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METHOD FOR OPERATLNG A VEHICLE
CLDIATE CONTROI. SYSTEM

('RO)S RlllllikiiN( E I'0 Rl!I,AI IID
APPLICATION

The present application is a divisional of U.S. patent
application Ser No 13/243.607. entitled "Ml(I IK)D I'OR
OPERATINCI A VEHICLE CLIMATE CONTROL SYS-
TEM," liled on Scp. 23, 2011. The entire contents of the
above-referenced apphcation are hereby incorporated by
Icfbrcncc ul tm cntlrct)'ol Bll purposes.

FIELD

lhc prcscnt descnpuon rclatcs to a method for operating
a vehicle climate contnll system. 'flic metlxld may be
particuhsrly useful for managing startin. and stopping of a
climate control system

BA(T((iROUNi) AND )UMMARY

Vi:hiclc air conditiolung systems can pmvidc a driver with
a cotnfortabie environment during waml and/or humid
dnlblcnt dnvhlg condluons. Alr honl thc vchlch: cBbhl ls
passed over an evaporator that cools the air and condenses
water vapor from thc air, thcrcby conditioning thc cabul air
lo unprove dnv er comlhrt. Air conditiolung systems may bc
sized with a hi h cooling capacity so tlmt the driver nlav be
comfonable during particularly warm days I iowever, it may
not be desirable to opemlte the air conditioner and air
conditioner compressor all the time once a desired vehicle
cabin temperature is reached.

Vehicle cabin lcmpcralure can be controlled I'or high
capilclt)'lr ciuldltlonlng svslcnls via tnccluulically coUphng
and decouplulg thc air comhlioner to thc source supplying
energy to the conlpressor I or exainple. the conlpressor
clutch can be activated when cabin temperature increases
above a desired cabin temperature by a predetermined
anlount. Conversely. the compressor clutch can be deacti-
1 atcxl when cabin tcmpcralure decreases below lhe desired
cabin tcmpemturc by a predetcnuuled mnount. However,
mecharucally couphng and decmiplulg the mr conditioner
compressor to the energy source can be noticeable and
objectionable to the driver of the vehicle

The inventors herein llave recognized the above-men-
tioned disadvantages and have developed method for con-
Irolhng Bn iur condlllonol conlprcssol of a vchtclc, conl-
pnsulg. reducing a rcl)igerant prcssunzatlon capacily of the
mr conditioning compressor before engagulg mid disengag-
ing the air conditioner compressor to an energy conversion
device that supplies rotational energy to the air conditioner
conlpressor.

By adjusting an air conditioner compressor displacement
conuuand bcforc cngagulg and dlscngd mg lhe mr cond&-

uoner Ibom an energy supply. Il may be possible to rcducc
torque disturbances of thc vehicle dnvelulc. For example,
when a length of stroke of an air conditioner compressor
piston is reduced, an amount of torque to turn the conlpres-
sor may be reduced. Consequently. changes in outpnt torque
of the energysource may be less noticeable to the vehicle
dnicr when Ihc air comhlioncr compressor is coupled lo an
cncrgy source while less torque is accessary to lum lhe mr
conditioner compressor Sunilarly. changes lo Ihe output
torque of the energy soume may be less Ixlticeable to the
driver ivhen the air conditioner compressor i ~ uncoupled

04,208 B2

Ironl thc cnergv source w'Elle h:ss torqUO Is Ilcccssaty 10 uuu
the air conditioner compressor.

Thc present descnpuon mdy provide scvcral advtmtages.
Specifically. the appmach nmy improve transitions between
lotuhng and UUIUBdulg Iul dlr condluoncr conlplcssor lo II

vcluclc powcrtrain. In addition, the approach may improve
fuel conlml when thc mr conditioner compressor is couplcxI
to an engine since chanaes in engine load may be reduced

'I'he above advantages and other advantages, and features
'" of the present description lviil be readily apparent from the

followul Detailed Description when taken alone or in
connection with thc ilcctunpBnvulg drawulgs.

Il should bc understood that the sununary above is pro-
vided lo introduce ul sunpldicd form a selection of conccpus
that are further described in the detailed description. It is not
meant to identify key or essential features of the claimed
subject matter. the scope of which is defined uniquely by the
clauns that follow the detailed description. Furthermore. the
cleaned subject maucr ls not lani led to Implementations that
solve any disadvantages noted above or ul any part ol'lus
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Thc advantages descnbcd herein w ill be more I'ully under-
stood by reading an example of an embodiment. referred to
herein as the I)etailed I)escription, when taken alone or ivith
reference to the drawings, where:

FICi. I is a schematic diagram of a vehicle air condition-
lo in system;

FICi 2 ls a schemauc diagram of thc cncrgy conversion
dcvicc of FIG. I where thc mlergy conversion device is an
euglflC;

ill(i 3 is a block dia ram of a control algorithm or method
ls for operating an air conditioning systenl of a vehicle;

FICi 4 is an example plot ofsinuilated si nels of interest
dunn air conditioning system operation„

FICi 5 is an cx unple plot of simulated sigoals ol'intcrcst
durmg air conditioner activation,

40 lii(i 6 is an example plot of simulated signals of interest
dunng air conditioner deactivation;

lii(i 7 is an example simulated plot illustrating air con-
ditioning system control tempemsture versus air conditionin
system torque;

FICiS. 8A-8C arc bar graphs Illustraung cxamplcs ol'ir
condiliotung torque control.

lil(i I) shows a method tbr contmlhng a vehicle air
cmlditioning system;

lil(i 10 shows a method for adjusting an air conditioner
so displacement demand: and

FICi H shov,s a metlmd for providing soft starting and
stopping of a vchiclc mr condiuoncr compressor.

DETAILED DESCRIPTION
11

Thc prcscnt description is rale(cd to controllulg an air
conditioning system ol' vchiclc. In onc non-lunitulg
cxtunplc, the air conditioning system may bc configured as
illustrated in I'l(i I Fluther, the air conditioning system

io may be coupled to an engine of a vehicle as illustmlted in
FILI. 2. In one example, the air conditionin system is
operated via a control system as diustrated in FICI. 3. FIGS.
4-6 show slgniils ol ultclcsl ihlrulg Bu'ondltlonulg svslcnl
operation. Air condiuomng system tcmpemturc can be

ss cxchangcxl for air conditioning system torque as iilustralcxI
in lii(i 7 Air condition system torque can be controlled as
illustmlted in I'l(i 8('o improve vehicle operation The
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methods of FICiS 9-11 provxle for controliulg an air con-
ditionin system with rapid response and smooth torque
transitions between different operating modes

Referring now to I'I(i l. air conditioning system 100
includes an evaporator 8 for cooling vehicle cabin air. Air is
passed over evaporator 8 via fhn 50 and directed around
iehicle cabin 2. Climate controller 26 operates Ihn 50
dccouhng til opixtltor scllnlgs tls well ds chnlau: sensols.
'I'emperature sensor 4 pmvides an indication of the tmnpera-
ture of evaporator 8 to climate controller 26. (.abin tenl-
perature sensor 3U provides an indication of cabin tmnpera-
uire to climate controller 26. Similarly, humidity sensor 32
provides climate controller 26 an indication of cabin humid-
ity. Sun load sensor 34 provides an indication of cabin
hcatulg Irom sun hght to clunatc controller 26. Chmatc
controller also receives operator inputs from operator inter-
face 28 and supplies desired evaponltor temperature and
actual evaporator temperature to energy conversion device
controller 12.

Operator interface 28 allows an operator to select a
dcsircxi cabul Imnperaturc, fan spccd. and dlstribuuon palh
for conditioned cubul air. Opcmtor ultcrface 28 nuiy ulclude
dials and push buttons to select air conditioning settings. In
some examplea operator interface 28 Inay accept inputs via
a touch sensitive display

Refrigerant is supplied to evaporator 8 via evaporator
valve 20 after being pumped into condenser 16. ('ompressor
18 recco as rcl'ugcrant gas fmm evaporator 8 and pressur-
Izcs thc rcfrlgcrdnt. HcB( Is cxlractix! front thc prcssurlzi'.0
refrigerant so that the refrigerant is liquefied at condenser
(6 The liquefied refugerant expands after passing tllrough
evaporator valve 20 causing the temperature of evaporator 8
to be reduced.

Compressor 18 Includes a clutch 24, a variable displace-
ment control valve 22, piston 80, tmd swash plate 82. Piston
80 prcssuuzes rclyigcrant in air condl(ioning system which
fiows from air coudiuoucr compressor 18 to condenser 16.
Swash plate 82 adjusts the stroke of piston 8(l to adjust the
pressure at ivhich refrigerant is output fnlm air conditioner
conlpressor 18 based on oil flow through variable dispLace-
ment control valve 22. Clutch 24 may be selectively engaged
dnd discngagcd to supply air conihtioncr compressor 18 with
rotdtioruil energy I'rom mlcrgy conversion device 10. In onc
example. cncrgy conversion device 10 is an engulc supply-
ing rotational energy to compressor 18 and ivheels 60 via
transmission 7U. In other examples. energy conversion
device 10 is an electrical motor supplying rotational energy
to air conditioner compressor 18 and wheels 60 via trans-
nnssion 70 Rotational cncrgy may bc supplied to air con-
ditioner compressor 18 from cncrgy conversion device 10
1 la bch 42. In one example. belt 42 mechalucally couples
shaft 40 ul air conditioner conlpressor 18 via clutch 24. Shatt
40 may be an engine cnlnkshaft, armature shaft, or other
shaft.

In this way, the system of FICi. I provides mtational
cncrgv to an dlr condluoncl conlpu:ssol to coiil thc cBbnl of

i chicle. Spccilicdlly, thc air condiuoner compressor pro-
1 ides a ncgauvc lorqiu: to loBU thc cncigv convulsion dcvicc
and compress the refrigenlnt so that the refrigerant can be
subsequently expanded in order to cool the vehicle cabin.
The amount of negative torque provided to the energy
conversion device by the air conditioner compressor can be
diltusung via thc cliltch tuul Bn tictuaiiir ol vBlvc lhB( Bilf lists
thc variable displacement pump.

Relbrung to FIG. 2, oue cxamplc of an energy conversion
device is sholvn In particular. ener y conversion device 10
is an internal conlbustion engine, comprising a plunshty of

cyhnders. onc cyluldcr of which w shown in FIG. 1, is
controlled by electronic energy conversion device controller
12. Engine 10 includes combustion chamber 230 and cvl-
inder walls Z32 lvith piston 236 positioned therein and
connimtcd to shafi 40 which is a crunkshaft Combustion
chanlber Z30 is sholvn communicating with intake manifold
244 and exhaust manifold 248 via respective intake valve
252 and exhaust valve 254 I iach intake and exhaust valve
may be operated by an intake cern 251 and an exhaust cern

iil
253 Alternatively, onc or morc ol'hc ultakeand exhaust
valves may be operated by an electromechanically con-
trolled valve coil und amuiturc assembly. Thc posiuon of
intake cmn 251 may be determined by intake cern sensor
255 Thc position of exhaust cern 253 muy be dctcrmincd by
exhaust cern sensor 257

Fuel injector 266 is shown positioned to mject hlel
directly into cylinder 23U, ivhich is known to those skilled
in the arf as direct injection. Alternatively. fuel may be
in( eclcd to an intake purl. which Is known to those skilled in
the art as port injection. Fuel injector 266 delivers liquid hlel
iu proportion to the pulse w Iddl of signal FPW I'rom energy
conversion device contmller 12 liuel is delivered to hiel
infector 266 by a fuel system (not shown) Includulg a fuel
tank, hiel pump, and fuel rail (not sholvn) liuel injector 266
is supplied opcraung current I'rom driver 268 wluch
responds to energy conversion device controller 12. In

addition, intake manifold 244 is shown comnnulicatin with
optional electronic throttle 262 v hich adjusts a position of

l(l throttle plate 264 to control air fkliv fmm air intake 242 to
intake malufold 244. In onc example. u low prcssure direct
infection system may be used. where fuel pressure can be
raised to approxundtcly 20-30 bar. Altcroativcly, a lugh
pressure, dual stage, fuel system nlay be used to generate
higher fuel prcssurcs.

l)istributorless Ignition system 288 provides an ignition
spark to combustion chamber 230 via spark plug 292 in
response to energy conversion device controller 12. Univer-

se sal Exhaust (fas Oxy en (UECiO) sensor 226 is shown
coupled to cxlmust manifold 248 upstream of calalytic
converter Z70. Alternatively. a two-state exhmist as oxygen
sensor may bc substituted for UEGO sensor 226

Converter 270 can Include multiple catalyst bricks, in onc
exanlple. In another exanlple, multiple emission contml
devices, each lvith nndtiple bricks, can be used ('onverter
270 can be a three-way type catalyst in one example.

Energy conversion device controller 12 is shown in FIG.
1 as a conventional nucrocomputcr Including. microproccs-

o sor unit 202, inpu(/output ports 204. read-only memory 206,
random access memory 208. keep ahvc memory 210, and d

cmlventional data bus I inergy conversion device controller
12 is shov n receiving various signals from sensors coupled
to ener y conversion device 10„ in addition to those signals

Ss previously discussed. including; engine coolant temperature
(ECT) from tempcraturc sensor 212 coupled to coolulg
slccvc 214, a position sensor 284 coupled to au accelerator
pedal 280 for sensulg force applied by Ibot 282, a measure-
ment of engine manitilld pressure (MAP) fmm pressure

io sensor Z22 coupled to intake manifold 244: an engine
position sensor from a Hall effect sensor 218 sensing posi-
tion of shaft 40: a nleasurement of air mass entering the
engine Irom sensor 220; mid a mcasuremcnt of duottle
position from sensor 258. Baromctuc pressure may also be

Ss smlscd (sensor not shown) for processing by energy cun-
version device contmller 12 In a preferred aspect of the
present description, engine position sensor 2lg produces a
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prcdclernnncd number of equally spaced pulscs every revo-
lution of (he crankshaft front which engine speed (RPM) can
be deterniined.

In some enibodinients. the engine may be coupled tn an
electric motor/battery system in a hybrid vehicle. The hybrid
vehicle may have u parallel confi urution, series configum-
hon. or vdnation or combinations thcrcof. Further, m some
cmbodimcnts. other engine configuraltons may be
employed. for example a diesel engine

Iyuiring opemstron. each cylinder rvithin the engine typi-
cally undergoes a four stroke cycle: the cycle includes the
intake stroke, compression stroke, expansion stroke, and
exhaust stroke. During the intake stroke, generally. the
exhaust valve 254 cloaca and inuikc valve 252 opens. Arr rs
introduced into combustion clrambcr 230 vta intake mruu-
fiild 244. and piston 236 moves to the bottom ofthe cylinder
so as to increase the volume within combustion chanrber
230 'I'he position at ivhich piston 236 is near the bottonr of
the cylinder and at the end of its stroke (e.g. when combus-
tion chamber 230 is at its largest volume) is typically
ref'crrcd to by those of skill in thc an Bs bouom dwrd center
(BDC). During thc compression stroke, in(akc valve 252 and
exhmist valve 254 are closed Piston 236 moves toward the
cylinder head so as to compress the air within combustion
chamber 230. The point at which piston 236 is at the end of
its stroke and closest to the cylinder hend (e.g, when
conibustion clinmber 230 is at its smallest volnme) Is
lypically referred to by (hose of sloll in Ihe srl as lop dead
cenlcr (TDC). In a process hcrcinafier relbrrcd to as ttrtm-
tion, fiiel is intmduced into the combustion chamber In a
pmcess hereinafter referred to as ignition, the injectrxf fuel
is ignited by krtown ignition means such as spark plug 292,
resulting in combustion During the expansion stroke. the
expanding gases push piston 236 back to BDC. Shaft 40
corri I:lts plslotl trrovclllclll llllo a ronrllolral hirqiic iif lire
rolary shaft. Finally, during thc exhaus( stroke. thc exhaust
i Blvc 254 opens to reliusc thc combusled air-I'uel nuxturc to
exhmist manifold 248 and the piston returns to 'I DC Note
that the above is shown merely as an example, and that
intake and exhaust valve openin and/or closing rimings
may vary. such as to provide positive or negative valve
overlap, laic intake valve closurg, or various other examples.

FIG. 3 is a block diagram of a con(roller filr operalillg Bll

mr conditioning syslmn of a vehicle. The controller may bc
execu(ed via insthrctrons in electmnic controller 12 operat-
ing in the systenis described by I'I(ig I and 2 (:ontroller
300 includes a first section 302-332 and 350 for adjusting
dispLacement of a venable displacement uir conditioner
compressor (c.g., compressor 18 of FIG. I). Con(roller 300
includes a second section 340-344 I'or Bdluslmg arr cond&-

tioncr compressor clutch smile wluch allows rolaltorral
energy to be selectively transferred to an air conditioner
compressor.

At 302, desired evaporator temperature is input to con-
troller 300. In one example. the desired evaporator tempem-
Iurc may bc requested I'rom a clnualc control module tn
Icspolrsc lo opera(or lllpUIB Slid Blr cotldllrorrrrrg sy'slclll
inpuls. Fur(her, the dcsrrrx! evaporatur lempcralure cmi con-
verge to an evaporator control tenrperature v hen the air
conditioner compressor clutch is activated 'I'he desired
evaporator temperature can converge to ambient rempem-
ture when the air conditioner compressor clutch is not
Bein B(txf. 11rc desired evaporator lemperalure ts directed lo
304 mid 350

Al 350. a fied If(ward gain is applmd lo Ifre dcsrrcd
evaporator tenlperature. hl one example. the gain is empin-
cally determined and stored in memory lior example, tf the

desired evaporator tcmpcralurc is 20'., a displacement
valve command of 6006 duty cycle may be extracted from a
table that is indcxcd Via the 20'. desired evaporalor
temperature 1'he 60vvb duty cycle niay then be directed to the
displacement valve. In one cxrunple, thc iced forrsrrrd guin
may be indexed via one or niore of the vahables of fan
speed. desired evaporator temperature„ambient temperature,
and solar load I'he feed forward gain rs directed fmm 350
to 326

I il
At 304. controller 300 dclcmrincs an cxpcclcd evaporalor

temperature in response to the desired evaporator tempera-
tUIC, SCIISixl cvapordlor ICIllpCIBIUI'C, dlld Blr Colldllrollci
cmnpressor clutch state In one example, the expected
i v lporator (cmperaturc is dclcrmincd accordurg to Ihc stille
of the air conditioner compressor clutch

During air conditioner compressor clutch ofl'onditions,
the expected evapomtor teniperature (exp evp tmp) is
given by exp evp tmp (K)=filt dsd evp tmp (K-n). Where
K ts an urtcgcr representulg the K" dctem»nation ol'cxp c-

vp tmp, n is an integer representing a delay time between
the prcsenl dclcrmrnalion of cxp cvp tmp and fill da-
d evp tmp, and where filt dsd evp tmp is the filtered
desired evapomltor temperature I he delay n nlay be enrpiri-
cally determined and stored in controller niemory via com-
mandurg the air conditioner compressor clutch to an ofi'state
from a clutch on state and recording an amount time befilre
tllC CVBpoldltir lcdChCS B Illlirl ICIllpC(BIUI'C lhdl rs baSCd Oil

ambient condiltons. Thc Bmounl ol time lo riuch mnbicnl
lc temperature is a function of the evaporator volume, fan

speed, initial evapomtor (empemlture. and anrbient condi-
tions. 11rus, exp evp tnip (K) takes on the value of tilt da-
d evp tmp delayed by n execution cycles of controller 300.

In one example, filt dsd evp tmp Is detemiined from the
ls dcsrrixl evaporator lempcralurc und first order tiller

expressed Bs filt dsd cvp imp (K)=lilt dsd evp Imp
(K— I)+(I —x, ) (dsd cvp Imp (K) — lilt dsd evp Imp
(K— I)) Where dsd evp tmp is desired evaporator tempem-
hire front 302, K is an integer representmg the Kw determi-

do nation of filt dsd evp tmp. x,& is reLlted to an air condi-
tioner compressor ofi'ilter time constant and the sampling
rale of dcstrcd cvuporaior iemperature. Thc mr conditioner
compressor ofi'ilter umc cotrstan( rcprcscnts a nsc rate of
desired evaporator lcmpcrdlure from lhc presmrl cvaporalor
temperature to the final evaporator teniperature. I'he final
evaporator temperature may be estirlrated as anrbient tem-
perature ivhile the present evaporator temperature may be
sensed ut 308. The air conditioner compressor ofl'ilter time
constant may bc cmpincally dctcmrincd and stored in B table

B or function lhal is urdexed vra the prcscnt evaporator lem-
pcralurc and (hc finnl ci aporator tempcralurc.

In tins way. desired evaporator tempemlture is filtered and
delayed before being used to determine an error between the
desired evaporator temperature and the actual evapomstor

s. temperature, By converting the desired evaporator tempera-
ture into mr cxpcclcd evuporalor tempcralurc, llm fcwdbrrck
section (c.g., 306-332) of controller 300 can compensalefor
thc delay time and Urc lime cotta(an( ol'hc physical syslcm
shown in I'I(IS I and 2 via allowing the actual evaporator

ic temperature to reach the desired evaporator tempemlture
before takin additional control actions beyond feed forward
guin operating on the desired evaporator tempemsture. Fur-
ther, an observed oulpul OI Ihc arr condtttomng syslem
illustrated ui FIGS. I and 2 does nol have to bc modeled and

Ss ill(ected lhrolrgh rl icily'o colllpalc willi lllc Bctilal cvdpo-
mltor tempemlture as would be done with a Smith Predictor
Instead, the control system input desired evaporator tem-



US 11,104,208 B2

pcrdture is modified before being used (o provule mt evapo-
rator temperature error signal or value.

During air conditioner compressor clutch on conditions,
the expected evaporator tempenlture (exp evp tntp) is

ivan by exp evp tmp (K)=filt dsd evp tmp (K—rn).
Where K is an integer representing the K"'etenninauon of
cxp evp Imp, m Is au uitcgcr rcprcscntuig a delay beIwecn
(lie prcsciil ih:Icrtillttatioti of cxp cvp utip aixl lilt ils-
d evp tmp, and where filt dsd evp tmp i ~ the tiltered
desired evaporator temperature. 'I'he delay tn may be empiri-
cally determined and stored in controller tnemory via cont-
manding the air conditioner compressor clutch to an on state
and recording an amount time before the evaporator reaches

final drawdown Imnpcrature Ilmt is based on the mr
conditioner compressor pump displacement and mnbtmit
conditions. 'I'hus, exp evp tmp (K) takes on the value of
filt dsd evp unp delayed by m execution cycles of control-
ler 300.

In one example, tilt dsd evp tmp is determined from the
desired evapomltor temperature and first order tilter
cxpresscd as lilt dsd evp Imp (K)=lilt dsd cvp Imp
(K— I)+(I —r„„).(dsd evp nnp (K) —lilt dsd cvp Imp
(K— I)) Where dsd evp tmp is desired evaporator tmnpera-
ture from 302. K is an integer representing the K"'etermi-
nation of tilt dsd evp tmp. l,„ is related to an air condi-
tioner compressor on filter time constant and the sampling
rate of desired evapomltor tempemlture, The Bir conditioner
compressor on lilter time constant rcprcsmits a drop rate of
dcstrtxl evaporator tcmperaturc lrom Ihe prescn( evaporator
tenipemture to the desired evaporator tetnperature. 'lite air
conditioner compressor on filter time constant ntav be
empirically deterniined and stored in a table or function that
is indexed via the present evapomltor temperature and the
desired evaporator temperature.

illus. cxpcctcd evaporator Icmpcrature can be dctermtncd
and updated whether thc air condinoncr compressor clutch
is engaged or discugagcd. As such, Ihe fixdback section
(e a., 306-332) of controller 300 openltes based on the
expected evaporator temperature rather than a difierence
between a desired evaporator temperature Bnd an actual
evaporator tempemlture By modifying the desired evapom-
Ior Imnpcrature Io provide an cxpccled cvaporalor Icmpcra-
Iurc, controller 300 cau nutigatc thc possibility of over
corrcctuig or dnwug thc air conditioner compressor dis-
placement comniand

At 308, evaporator teniperature is sensed or estimated In
one example„evapomltor temperature is sensed via a ther-
mocouple or a thermister as mdicated in FICrl 1. The sensed
evaporator tcmperaturc is passed on to 304, 306, imd 342.

At 306. actual evaporator tcmpcmturc is subtracted from
cxpccted evaporator Imnperaturc to provide mt evaporaIor
temperature error I'he evaporator temperature error is a
basis for feedback adjustnients to the displacement of the
variable displacement air conditioner compressor. Evapom-
tor temperature error is directed to 310.

A(310. controller 300 judges w hcthcr ur not Io evaporator
Iempcraturc error Is greater limn a Ilucshold level. If so,
controller 300 proceeds to 318. Othciwisc, controller 300
pmceeds to 310 'I hus. if the evaporator tempenlture ermr is
less than the threshold, a FID controller openltes on the
evaporator temperature error. Othenvise. a high gain ml
memory gain operates on the evaporator temperature error.

In;m alternative example. controller 300 may supply
evaporator tempcraturc error Io both paths composing 318,
312. 314, and 316 dunng selcctcd opcmfing conditions. For
example, if evaporator teniperature error is less than 5'.
but more than 3''.. 318, 312, 314, and 316 may receive the

evaporator temperature error value. However, il'vaporator
temperature error is greater than 6''.. only 318 receives the
evaporator temperature ermr value liurther, if evaporator
temperature error is less than 3" (' only 312. 314, and 316
receive the evaporator tentperature error value.

At 318, the evaporator tempemlture ermr is nuiltiplied by
d hlglt gaiii. TIIC hlglt gatti IIIIIV't: IIIICBI, qutldttiIIC, Or ill a
higher order. Alternatively. Ihc lngh gmn may bc a sutgle
value filr negative evaporator temperature errors or a single

IB value for positive evaporator temperature ermrs ln one
exantple, high gain determined from a function or table
stored in memory that is indexed via evaporator temperature
error. For exampie. if the evaporator temperature error is 10"

C., a table is indexed usuig 10' and the vanablc displace-
ment control valve conun;md is ad(usted by 16%. Thc lugh
gaul at 318 contains no memory so that only the present
evaporator temperature ermr is opemlted on by controller
3UU and not past ermrs in evaporator temperature. 1'he gain
output from 318 is supplied to 322.

Io At 322. controller 300 limits rate increases in the variable
dtsplaccmcnt control valve command Further, ui some
examples controller 300 applies a low pass lilter Io adlust-
ments for the variable displacement control valve. Itor
exantple, if a change in the variable displacenient cootml
valve is greater than 4(1%, the change in the variable
displacement control conunand is held at 40%. Further, the
change may be filtered to smooth adjustments to the variable
displacement conunanih lite limited varrdblc displacement
control valve conuunnd is directed Io sunmting (unction 326.

lc At 312. controller 3UU proportionally adjusts the evapo-
nltor temperature ermr sianal by multiplying it by a propor-
tional amount to pmvide a proportional air conditioner
compressor displacentent conunand adjustment tenn. For
example. if the evaporator temperature error is 10'., it may

ls bc multiplied by 0.5 to provide a value of 5. The propor-
tionately adjusted evaporator temperature error is directed Io
sunuuing (unction 324.

At 314. controller 300 intearates the evaporator tempem-
ture error and then nniltiplies the integrated temperature

do error by a predetermined value to provide an mtegral air
conditioner compressor displacement conmtand adjustment
tcml. Ill otic cxilillplc, (lie cvdporator Icilipcrdttltc crtot tltav
bc tntcgmtcd via a udpczoiddl method ol'ntegration. Tlnis.
thc uucgralcx( amount uicludcs present and past values of
evaporator teinperature error and is therefilre considered to
have memory of past evaporator temperature error. 'Ihe
integrated evaporator tempemlture error is directed to
v indup limiter 320.

At 320, controller 300 linuts Ihc maximum value of Ihe
O integrated evaporator Icmpcrdture error so that If thc evapo-

rator tcmperaturc error changes sign, controller 300 may
respond quickly ivithout havitm to clear a large integrated
value of evaporator temperanire Output front windup lim-
iter 320 is directed to sunmting )unction 324.

ls At 316. controller 300 takes a derivative of evapomltor
tcmperaturc ermr and multiplies it by a prcdcternuncd value
to provide ii dctlvdhvc Bir cottdttioticr cottlprcssor ilisplacc-
mcnt command ad(ustment tenn. In onc cxmnple, thc denva-
tive is determined fmm a change between a present and a

ic most recent past evaporator teniperature error as well as the
time between samples. For example, the denvative temi may
be determined as evap deriv=(evap tmp error (K-I)—
evap Imp error(K))/D where K ts Ihc prcscnt stunple mim-
bcr and D is thc number of seconds per sample. The

ss dcrivativc tenn is directed Io summing Iuncnon 324.
At 324, the proportional, derivative. and integral terms are

summed to pmvide an output to the PID portion of controller
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300. Thus. 1& hcn the evaporator error is less tlwn a tlucslx&ld
level. d&e evaporator ermr is operated on via a PID control-
ler I lo&vever, in some examples, if the evaporatnr error Is
greater than a threshold level, the output of sununer 324 Is
forced to zem. The output from summer 324 is directed to
sunmler 326.

At 326, the output ol'thc fccd forward gain at 350 ls added
to the output ol'he PID controller as sununcd at 324 and the
output of high ga&n limiter 322 Thus, during some condi-
tions, controller 3UU provides a control signal that is based
on feed forv ard gain and high gain control without using
menu&ry in the contml output. During other conditions,
controller 300 provides a control signal that is based on feed
forward gaul and a PID eccl&on that includes usmg memory
lo dclenmnc thc control output. Thus, controller 300
includes memory based output and me&m&ry-less output.
( ontmller 300 d&recta the output of su&nmer 326 to 328.

At 328, controller 3UU provides a soft start and stop
feature that acts to reduce disturbances to the energy con-
version device supplyin rotational energy to the air condi-
noncr compressor. In pnrncular. when controller 300 ludgcs
to ac(nate Ihc air cond&tioncr compressor clutch lo couple
the air conditioner compressor to the energy cnnversion
device. the air condit&oner compressor displacement valve ls
commanded to a reduced or nlinimum displacement before
the air conditioner compressor clutch is engaged. The air
conditioner compressor displacement valve is conunanded
to an i@crena&xl value n prcdctcrmincd amount ol'ime after
lhc dn condltloncr conlprcsso& clU(ch hi&s been cngBgcd In
one exmn pie, the air conditioner comp ress nr displacement Is

gradually adjusted, such as by filtering the command, or
rmnped, to a duty cycle as output fm&n 326 after a prede-
termined amount of time since the air conditioner compres-
sor clutch is engaged.

Convcrscly. when controller 300 judges lo dwlctivatc the
dn cond&none&'onlprcsso& clUIch Ill Uncouple lhc Bll con-
dlnoncr compressor to thc cncrgy convcrslon dcvwe, lhc mr
conditioner compressor d&splacement valve i ~ conunanded
to a reduced or n&inin&um displacement befnre the air
conditioner compressor clutch is disengaged. The air con-
ditioner compressor displacement valve is conunanded to a
dimreased value a prcdctcmunixi and (he mr condltloner
con&pl iwsor ch&tch is dlscngBgi'd II plcdctcnnnlcd anlount of
nnlc dftel thc Bn'ond&none& conlplcssiu dlsplBcenlcnt ls
degreased to a lower or m&nimmn displacement. In one
example. the a&r cond&tioner compressor displacement Is
ramped as soon as it Is decided to disco. age the air condi-
tioner conlpressor clutch. The soft start or stop adjusted air
condlnoncr compressor ihsplaccmenl control value is routed
from 328 lo 330.

At 330, controller 300 controls air cond&boner torque ln
response to powertrain torque requirement ~ and available
energy conversion device torque as described in greater
detail with regard to FICiS. 9-10. During some vehicle
operating conditions„ lt may be desirable to reduce the
ncgdtivc or rcsisnvc torque that Ihe a&r condlnoncr compres-
sor dpphcs to the mlergy convcrs&on device so that additional
torque may bc supplmd by thc energy convcrslon de&ice to
pmpel the vehicle or increase the output nf other vehicle
systen&s I'or example, during a condition where an operator
substantially depresses an accelerator pedal. it may be
desirable to reduce the amount of energy conversion device
torque consumed by thc air condltioncr compressor In
another example, a load of an allcmalor may ulcriu&sc 10 a
lcl cl whore it ls dcs&rnble to reduce thc (orquc supplied to
the air conditioner con&pressor to increase alternator nutput.
ln still another exan&pie, it may be desirable to reduce torque

supplied to an mr cond&noncr compressor during cng&ne idle
conditions where MAP pressure is greater than a threshold
so that MAP may be reduced to increase brake booster
vacuum. Tin&s, there are many cond&tions where it may be
desirable to reduce torque supplied to an air conditioner
compressor.

Onc way to reduce torque suppl&ed to an a&r conditioner
compressor is to opml Ihc air cond&t&oner clutch FIG. 88
described bein&v in greater detail descnbes how driveline

Io torque cm& be increased when there is an increasing request
for additional dri& eline torque from the energy conversion
device

In another example. as descnbed in greater detail with
regard lo FIGS. 8C and 10, mr condltioncr ncgal&vc torque
applied lo lhe cncrgy corn ersion dcv&cc cdn bc rcduccd in
response to an mnount of requested driveline torque
increase Iiy reducing air cond&tioner compressor negative
torque in proponion to an increase in requested driveline
torque, air conditioning cooling capacity can be reduced so

lo that the requested drive line torque may be provided. Simi-
larly, compressor torque mdy be adlustcd respons&vc to other
energy convcrs&on de&Ice lorquc roxtucsts. For example,
cmnpressor torque may be reduced In response to a power
take otf device for operating a hydrmd&c pump. and/or an
alternator load, ancUor a po&ver steering torque demand,
and/or a request for additional engine vacuum Controller
300 supplies an adjusted air conditioner compressor dis-
placement conunand to 332 al'tcr air con&it&oner compressor
torque may bc linutixl rcsponsivc to other torque demands

&o on the energy cn&we&sion device.
At 332, controller 31)0 adjusts stmke of the air conditioner

compressor piston via the displacement command to change
the pressure output of the air conditioner compressor. In one
example. air conditioner displacement conunand is adjusted

&s vn& varyhlg B dul&'ycle of a %1&vcfolnl con&ruling II vBlvc
(c g., 20 of FIG. I) Illa& rcgulatcs ilu&d liow lo control air
condign&oner compressor p&ston stroke In other examples, an
electncal motor or solenoid may be supplied a varying
voltage so as to control air cond&tioner compressor pressure

do capacity
In tits way, controller 300 adjusts the variable displace-

ment air condltloner compressor to prov&dc varying levels of
dlr cond&none& evapolator cooing ct&pact&3'hllc BI lhc
same nmc conlrollulg Ihc torque that lhc a&r conditioner
compressor applies to an ener y conversion device. In
particular, the evaporator cooling capacity may be increased
by increasing the stn&ke of the air conditioner compressor
piston. thereby increasing the pressure output of the air
condil&oner compressor.

o At 340. controller 300 rcceivcs operator and system
hlpum lol contlolhng II clUIch of Bn Bll cond&bouc& conl-
pressor that selectively allo&vs rotational energy to be sup-
phed from an energy conversion device to the air conditioner
compressor. In one example, the operator and system inputs

» include but are not limited to sofisr load. fan speed command,
cabin tcmpcralure demand, evaporator temperature, humid-
ity sensor, chmatc control mode (c.g., cool, heat: defrost).
Operator and system inputs arc passed lyom 340 to 342.

At 342, controller 300 applies logic to determine whether
oo or not to actuate an air conditioner clutch so that the air

conditioner compressor can pressurize refri emsnt to reduce
the temperature of an evaporator (e ., evapomstor 8 of FICI.

1). For example, if des&rial &chicle cabin tmnpcrature ls
grcalcr than acn&al cabul Imnperalurc, thc mr condllioncr

ss compressor clutch can beactivaled to allow rota&&onal
ener y to be transferred from an energy conversion device
to the air conditioner con&pressor so that evaporator tem-
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pcrdlure may be lowcrcd, thcrcby rcducmg vclnclc cabin
tenhpemture liurther, when the vehicle cabin temperature hs

cooled to a level that is less than the desired vehicle cabin
tenhpemture. the air conditioner compressor clutch can be
deactivated to stop mtational energy from beiitg transferred
front the energy conversion device to the air conditioner
compressor. Controller 300 ad)usta mr conditioning clutch
slate by directing signals to 344.

At 344, controller 300 adjusts the state of an air condi-
tioner compressor clutch In one example. the air conditioner
compressor clutch is electromechanically actuated. In
another example. the air conditioner compressor clutch may
be hydraulically actuated Thus. electrical current or hydrau-
lic fiunl may bc used to activate or dcacuvatc the mr
conditioner clutch. Further. thc ahr conditioner compressor
clutch conimand state output at 344 may be delayed fnhm the
desired air conditioner compressor clutch state determined at
342 in order to facilitate a soft start/stop of the air condition
system and air conditioner compressor. The amount of deLay
time may be constant or vary with nir conditioning system
operatmg conditions as dcscnbcd with regard to FIGS. 5 and
6.

Referrin now to I'lfi 4, an exainple plot of ~imulated
signals of interest during air conditioning system operation
is shown 'the signals of I l(i 4 may be provided via
controller 12 of FICiS. I and 2 executin instnhctions of the
controller described in FICi 3.

FIG. 4 includes two plots. Thc lirsl plot Ibom lhc top of
FIG. 4 is a plot ol'vapomtor tcmperaturc versus umc. Thc
X axis represents tinie and tune increases from left to nght.
'I'he Y axis represents evaporator temperature and evapora-
tor temperature increases in the direction of the Y axis arrow.
Curve 402 represents desired air conditioner evaporator
tempemsture (e, 302 of FICi. 3). Curve 404 represents
cxpccled mr condhuoncr evaporator tcmpemture (e.g.. 304 of
FIG. 3). Linc 410 represents an air conthlhoner evaporator
control lempcralurc lcvcl (e.g., a temperature lhc air cond&-
tionina evaporator is controlled to ivhen the air conditioner
compressor clutch is activated)

The second plot from the top of FICi. 4 is a plot of air
conditioner compressor clutch state. The X axis represents
umc mhd time increases I'rom left to right. Thc Y axis
rcprcscnls ahr conditioner compressor clutch stale and mr
condhihoncr compressor clutch stale hs open near lhc X axis
(e .. a low level) and air conditioner compressor clutch state
is closed near the Y axis arrow (e g., high level).

At time Ta, the air conditioner compressor clutch is
activated and the desired evaporator tempemture 402 (e g.,
302 of FICi. 3) as provided by a climate controller (e.g . 26
ol'IG. I) and thc expiwted evaporator tcmpcraturc 404
(e.g., 304 of FIG. 3) arc near thc air conditioner evaporator
control tempemhture level 410.

At time 'I'o the air conditioner compressor clutch is cycled
off so that rotational energy from an energy conversion
device is not transferred to the air conditioner compressor.
Thc mr conditioner compressor clutch mdy be cycled off'o
couscrvc cni:tgv. 111 tcspousclo d lequcsl fioat lhc vchlclc
opcraior, or in response to other ahr conditioning syslmn
111Plht

At tinie '11, the desired air conditioner evaporator tens-
perature 402 begins to move away from the air conditioner
evaporator contml temperature 410 since the nir conditioner
compressor clutch is dhscngagcd.

Al ume Ts. Ihc cxpcclcd mr conditioner evaporator tem-
perature 404 begins to uhcrease. The rale of expected mr
conditioner evaporator temperature increase can be less than
or equal to the mate of desired air conditiimer evapomstor

tcmperaturc uhcrcasc depending on llm lilter lime consuuil
selected at 304 of I'ICi. 3 Similarly, the rate of expected air
conditioner evaporator temperature decrease can be less than
or equal to the mate of desired air conditioner evaporator
temperature decrease depending on the filter time constant
selected at 304 of FIG. 3. The time between T, slid Tc
represi:nts lhc lime delay sclccled at 304 ol'IG. 3.

At time Td, thc mr conditioner compressor clutch hs

reactivated so that rotational ener y is transferred from the
lit ener 3 conversion device nh the air conditioner compressor

Shortly thereafter. the desired evaporator teniperature 402
and the expected evapomstor tempemsture 404 begin to be
reduced.

Thus, the cxpcclcd ei aporalor tempcraturc 404 hs delayed
1 Itonl lhc ilcsircil cvapoldhhr lclupctanu'c so thai lhc cvapo-

mhtor temperature error (e.g.. 306 of Ii1 1 i. 3) is more closely
related to the actual evaporator tempemhture Consequently,
oschlLhtions in controller output and actual temperature inay
be reduced even though there may a significant phase delay

io from the desired evapomstor temperature and the actual
evaporator lcmpcrdlure. Further, lhc magnitude of lhe
dcsirixl evaporator lempcralurc may bc rcduccxl dumog
dynamic conditions so as to reduce the possibility of over
driving the air conditioner compressor displacement com-
mand (e g., 332 of 111(i 3) during dynamic conditions

Referring now to FIG, 5. an example plot of simulate
signals of interest durin air conditioner activation is shown.
In particular. an example soft start ol'n air condithoiung
system hs shown. Thc signals of FIG. 5 may bc provided vha

hc controller 12 of lqtig I and 2 executing instnlcthons of the
controller described in li1(i. 3

lilfi 5 includes three plots The first plot from the top of
FICi. 5 is a plot of an air conditioner compressor piston
displacement or stroke control xi~i (e.g . 328 of FICi. 3)

hs versus time. Thc pumpuig prcssure capacity of the air
conditioner compressor uhcreascs as the piston displacement
conunand increases. The X axis represents tune mid time
increases from left to rigiht I'he Y axis represents compres-
sor displacement command and lhe ahr conditioner compres-

do sor displacement command increases in the direction of the
Y axis arrow. thereby increasing compressor pressure capac-
11 V.

Thc second plot lbom thc top of FIG. 5 is a plot of desired
air conditioner compressor clutch stale. The X axis repre-
sents time and time increases from left to nght. 'I'he Y axis
represents desired air conditioner compressor clutch state
and desired compressor clutch state is open near the X axis
(e g., a low level) and desired compressor clutch state is
closed near thc Y axis arrow (e g., high level). The dcshrcxi

o air conditioner clutch slate may bc detcnnined accorduig lo
air conditioner inputs as descnbcd at 342 of FICi 3.

I'he third pint from lhe top of Iilti. 5 is a plot of air
cmhditioner compressor clutch command state. The X axis
represents time and time increases from left to right. The Y

i. axis represents air conditioner compressor clutch conunand
state and compressor clutch conunand state opens thc air
conditioner compressor clutch near thc X axis (c.g., a low
lcvcl) and compressor clutch conunand slate cloaca lhe air
conditioner compressor clmch near the Y axis arrow (e.g,,

tc high level). The desired air conditioner clutch state may be
determined according to air conditioner inputs as described
at 342 of FICi. 3.

At time To, thc desired air conditioner compressor clutch
state hs at a low level indicating that thc ahr conditioner

ss clutch is nol to bc activated. The mr condhuoncr compressor
clutch conunand state is also at a low level indicating that
the ahr conditioner clutch is not activated I'urlher, the air
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conditioner cotuprcssor ihsplacculcut couuuauil st+1BI ls
also at a low level, thereby reducing the air condttinner
compressor pressure capacity and the anx&unt of torque
applied to the energy conversion device.

At time T,. the desired atr conditioner compressor clutch
state is cycled on so that rotational energy from on energy
coul crslou ilt:vlcc cau bc trans('crrcd to thc mr conditioner
compressor. Thc ntr condtnoncr compressor clutch may be
cycled on to start the air conditioning reducing vehicle cabin
temperature or after the air cimditioner cotnpressor has been
cycled off based on air conditioning system inputs 'I he air
conditioner compressor clutch conmtand state remains at a
low level mdicating that the air conditioner clutch Is not
immcdidtcly activated when thc desired mr conditioner
compressor clutch state is chmiged. Further, the air cond&-
tioner compressor displacement comtnand remains at a lov
or minimum level so that compressor pressure capacity Is at
a loiv or nluumum level

At time Ts. the desired atr conditioner compressor clutch
state remains in a state to en a e the air conditioner com-
pressor clutch. Thc atr conditioner compressor clutch cum-
ultlud stdtc lrdusltlous to II high lcvcl uuhctttulg thBt thc Blr
conditioniag clutch is commanded to an active engaged state
where rotational energy from the energy conversion device
is transferred to the air conditioner compressor I iowever,
the air conditioner compressor displacement control signal
renloins at o lov, er or mininnun level so that when the air
conditioner ciuupl'cssor clUtch ls cugagcd, d lov, Icvcl tot qUc
is applied to thc cncrgy conversion dcvicc. Tlnis, dunng mr
coltditioner compressor clutch engagement, only a small
load is applied to the energy conversion device from the air
conditioner compressor

At time Ts. the desired atr conditioner compressor clutch
state and the air conditioner compressor clutch conmtand
state arc held at higher lcvcls. Funher, the air conditioner
compressor dtsplaccmcnt commmid signal bcguls 10 be
romped Irom Ihc low or muumum lcvcl to B lcvcl tlmt
pmvides the desired evaporator temperature

1'he time beoveen 'I'1 and T, may be a constant or it may
be adjusted in response to atr conditioning system or ener y
conversion device operating conditions. For example. the
nmc from T, lo T., may bc a lira& tmiount of time when
mtgine speed is a lirst cuginc spccd. mid thc tune Iyom T, to
TS mdy bc a second amount of time, ihe second amount of
tinle shorter than the first amount of time, when engine
speed is a second engine speed, the second engine speed
rester than the iirst engine speed. Further, the time moy be

increased as the difi'erence between the initial and firml
cvttpordtor tculpcratUI'cs uu:rcBscs. Iu olhcl wouls. thc rtuup
rotc bct&scca initial evaporator tcmpcrature and linal evapo-
rator tmnperaturc can be adjusted according to cncrgy con-
version device conditions, air conditioning system condi-
tions, mid vehicle conditions

For example, when the energy conversion device coupled
to the air conditioner compressor is an ettgine. Ihe air
conditioner coulprcssor ihsplBcculcut coulluauil slgllBI iuav
r;mip up dt a lirst rate when thc air conditioner compressor
is acui atixl at mtginc idle spccd and load (eg., 800 RPM and
0 12 load). On the other hand, when the engine i ~ operating
at a higher speed and load (e.g, 2()00 RPM and 0 3 load), the
air conditioner compressor displacement control signal moy
ramp up at a second mte, the second mote greater than the iirst
rotc. The air condinoner compressor displacemmtl control
signal may ramp up nt n lughcr rate dunng conditions where
thc I'astor ramp rate ts less likely to be noticed by the
operator. 1&urther. the ramp up mate may be increased duriag
conditions where the energy conversion device can react

faster to counteract thc additional compressor torque. For
example. as mentioned above. o compressor displacement
conunand may bc ramptxl up I'aster so as to increase com-
pressor pressure capacitY when ail engine is operated at
speeds above nile specsl since higher cugutc spccd provules
additional combustion events. thereby reducing the time it
takes between and engine control adjustment and torque to
counteract the air conditioner compressor torque

A different compressor dispLscement ramping up strategy
I i 1

may bc provulcd v,hml the air coudiuoucr compressor is
coupled to an electric motor. For example, the air condi-
tlotlcl coulprcssol dlspldcculcut ciuututlud I'dlup lip I d&0 ulav
be increased at a first rate when the motor speed is less than
base speed (c.g., motor speed where full motor torque is
available and above &Yhich less than full motor torque is
available). However, if the electnc motor is at a speed
greater tlmn base speed. the air conditioner compressor
displacement command ramp up rate may be reduced as

10 coulpttrcd to the lirst rote 10 accoilut ior h:ss available Bio&or

torque at higher motor speeds.
In addition. thc air conditioner compressor displacement

mtup up rate may be adjusted depending on air conditioner
system operating conditions i&or exaniple, the ramp up rate
may be increased when the difierence between an initial
evaporator temperature ond a final or desired evapomstor
temperature is less than a first tlueshold (e.g . 10" C.). The
ramp up rate may bc decrcascd &1 hmi the dt i)i:rcucc bct&scen
thc uutlal cvilporatol Iculpcra&Urc dud thc ilcslrix! cvttpoi'tltol

so temperature is greater than a second threshold (e.g . 15" ( )
'I'he time bet&veen 'la and Ts allows the torque transfer

amount from the engine to the air conditioner compressor to
stabilize before the air conditioner compressor displacement
is adjusted. The anu&unt of time bet&teen T, and T, can be

&s dillUstcd 101 Bll coudltloucl sv'stein opcrdtulg conditions,
vchiclc operating conihnons, mid energy conversion device
conditions. For cxamplc. thc nme bct&scen Ti and Tl can be
increased if the energy conversion device has been operating
for less than a predetemlined amount of time In an alter-

do native example. the time between Tz uld Ts can be increased
when the ener y conversion device is an engine operating
wilh fc&scr tlmn tts total number 01 cyluiders. In particular.
when thc engine is operating with deacttvatixl cyluidcrs thc
time bctwiscn T, and Tl c;m bc incrcuscd as compared to
v hen the engine is opemting with a greater munber or all
eagine cylinders

In this way, the possibility of Large Increases in torque
between the energy conversion device and the air condi-
tioner compressor mdy be rmluced. As a result, acnvation of

o the air conditioner system acui ation may bc less noticeable
to a driver.

I&eferring nov, to i&1(i 6. an example plot of simulated
sigaals of interest during air conditioner deactivation is
shown In particular. an example soft stop of an air condi-

&1 tioning system is shown. The signals of FICi. 6 may be
provided via conuollcr 12 of FIGS. I and 2 executulg
iustnictions oi'he controller described In FIG. 3.

FICi 6 includes tllrcc plots. Thc lirst plot from thc top of
ltl(i. 6 is a plot of a compressor piston displacement or

io stmke control signal (e .. 328 of 11(i 3) versus time 'the
pumping pressure capacity of the air conditioner compressor
increases as the piston displacement conunand increases.
The X axis rcprcscnts time and time increases fmm lcfi to
right The Y axis rcprcsmlts compressor ihsplacemcnt com-

as mand and thc atr conditioner compressor displacement com-
mand increases in the direction of the Y axis am&w, thereby
hlcl'cashlg colllpressol'i'essllre capacity
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11&c second plot from the top of FIG. 6 is a plot of desired
air conditioner compressor clutch state. The X axis repre-
sents lime and tune incrcascs from left lo right. The Y axis
represents desired air conditioner compregsor clutch state
dnd dcsircd compressor clutch anile is open near lhe X axis
(en., a loiv level) and desired compressor clutch state is
closed near the Y axis arrow (e.g.. high level). The desired
air conditioner clutch state may be determined according to
air conditioner inputs as described at 342 of FIG. 3.

lite third plot Iyom thc lop of FIG. 6 is a plot of mr
conditioner compressor clutch conmtand state. The X axis
rcprcscnls tune aud tune incrcascs from Icfl lo nghl. The Y
axis represents air conditioner conlpressor clutch comnlaild
slate and compressor clutch command stale opens Ihc mr
collditioner conlpressor clntch near the X axi ~ (e g., a lov
level) and compressor clutch conunand state closes the air
conditioner compressor clutch near the Y axis arrow (e g.,
hi h level). The desired air conditioner clutch state may be
dclernnncd according to air conihtioncr inputs as dcscnbed
at 342 of FIG 3.

At lime To, the dcsircd air conditioner compressor clutch
state is at a hi her level indicating that the air conditioner
clutch is activatixl. The air conditioner compressor clutch
command state is also at a higher level indicating that the air
conditioner clutch is acnvalcxt. Further, thc air conditioner
compressor displacement command signal is also at a lfigher
level, thereby increasing the air conditioner compressor
pressure capacity and the amount of torque applied to the
energy conversion device.

Al lime T,. thc dcsircd air condinoner compressor clutch
state is cycled off so that rotational energy from an ener y
comersion device ciuulot bc trimsii:rred to lhe air cond&-

tioner compressor, but the air conditioner compressor clutch
Iclnailts cngagixl ill Ti Thc Bll conillllollci ciiluprcssor
clutch nlay be cycled off to stop the air conditioning so that
vehicle cabin temperature can be increased or to reduce
energy consumption 'I'he air conditioner compressor clutch
conlnland state remains at a higher level indicating that the
mr conditioner clutch is not inunedidlcly dcacnvatcsl when
the desired air conditioner compressor clutch state is
clrdnged. Further. thc air conihtioncr compressor displacc-
IUCIII Colnnland ICnlallls dl d bight'I IL'VL'I So lhBI CiiluprCSSOI
pressure capacity renlains higher.

At time 'I'l. the desired air conditioner compressor clutch
state is held at lov er level. Hinvever, the air conditioner
compressor clutch command state is held at u higher level so
that ihe air coudiuoucr compressor clulch remams eslgagcd
to allow torque transfi:r from Ihe cleclnc cncrgy conversion
device lo the air coudinoner compressor. In addition, lhc air
conditioner compressor displacement command signal
begins to be nlmped from the higher level to a lower or
minimum level that provides reduced compressor output
pressure and less compressor torque.

11&c lime betweml T, mid T, may bc d constant or il may
bc adluslcd ul rcspousc lo air conduioning system or energy
corn craton dcvicc operating conduions. For example, thc
tinle from 'I, to I'1 nlay be a first amount of time when
engine speed is a first engnte speed. aud the time from 'I, to
T. may be a second amount of time, the second amount of
time shorter than the first amount of time, when en ine
speed is d second cnginc speed, lhe second en mc speed
greater tluul the first engine spccib Further. Ihc time may be
incrcdscd as thc diffi:rance bctwecn thc iiulial and tiilal
evaporator temperatures increases In other ivords. Ihe ranlp
rate betiveen initial evaporator temperature and tinal evapo-

ralor lcmpcralurc can bc ailjuslcd accordulg to cncrgy con-
version device conditions. air conditioning system condi-
tions, and vehicle conditions

lior example, when the energy corn ersiou device coupled
to the air conditioner compressor is an engine. the air
conditioner compressor displacement command signal muy
ramp down al a lirsl rale when the air conditioner compres-
sor is deactivated Bl cngulc Idle speed and load (c.g., g00
RPM and 0.12 load) On the other hand. when the engine is

10 opemlting at a higher speed aud load (e g, 2000 ItPM and 0 3

load), the air conditioner compressor displacement contml
signal may ramp down at a second rate. the second rate
greater than the hrst rate. The air conditioner compressor
displacement control signal may ramp dow n at a lughcr rate
durmg conditions where the faster rump down rate is less
likely to be noticed by the openltor Additionally, the air
conditioner compressor displacement command ramp down
mate may be increased during conditions where the energy
conversion device can react faster to countemsct the addi-

Io tional air conditioner compressor torque. For example, as
meulioncd above, an air conditioner compressor displace-
ment conuuand may bc rampcd down faster so as to decrease
air conditioner compressor pressure capacity when an
engine is operated at speeds above idle speed since higher
engine speed provides additional combustion events,
thereby reducing the time it takes between and en ine
control adjustment and torque to counteract the air condi-
tioner compressor torque.

A diffi:rent air conditioner compressor displaccmcnl
io nlmping down strategy nlay be provided when the air

conditioner conipressor is coupled to an electric motor I'or
exanlple, the air conditioner compressor displacenient com-
mand ramp down rate nlay be increased at a tirst rate when
the motor speed is less than base speed (e ., motor speed

ls WhCIC fllll 1110101 lolllllC IS ai Bllablc dnd BbovC whlCII ICSS

than full motor torque is ai mlablc) However, If llm cleclnc
motor is at a spimd greater than base spimd, the mr condi-
tioner compressor displacement command ranlp down rate
may be reduced as compared to the first rate to account filr

do less available motor torque at hi/ter motor speeds.
In addition. the air conditioner compressor displacement

ramp down rale may be ddlusled dcpcnding ou mr condi-
tioner system operating conditions. For example. thc rimlp
down rate may bc ulcrcased when thc ihffi:rance bclwcen an
initial evaporator tempensture and a final or desired evapo-
nltor temperature is less than a hrst threshold (e.g . 10" ( )

The ramp rate may be decreased when the difference
between the initial evaporator tempemture and the desired
evaporator lempcralurc is grcalcr llrdn B second tlucshold

0 (c g., 16'.).
At time Ti, thc desired air conditioner compressor clutch

state remains in a state to disengage the air conditioner
cmnpressor clutch. Further. the air conditioner compressor
displacement control signai has transitioned to a haver level

ls so that when the air conditioner compressor clutch is dis-
mlgagcd. a low Icvcl torque is dccouplcxf Irom Ihc cncrgy
collvcrsioll ilcvlcc. Tllc dlr condlllollcl'omplcssol clUIch
conunand stale also Irmlsiiions lo B lower lcvcl al lime Ts
indicating that the air conditioning clutch is commanded to

io a disengaged state where rotational energy front the energy
conversion device is not transferred to the air conditioner
compressor. Thus. during air conditioner compressor clutch
illSCllgiigCIIICIIL OBIV d SIIIB11 lotid is UUCOUppcil flolli lhC

energy conversion dci ice.
ss Thc lime between Tl mid Ti allows thc torque trimsfi:r

amount from the energy conversion device to the air con-
ditioner compressor to stabilize before the air conditioner
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compressor is decoupled from the energy conversion device.
The amount of time between T, and T, can be adtusted for
mr conditioner system opcmting condinons. veiucle opera1-
ing conditions. and energy conversion device conditions.
For example. thc umc bctwcen Ti and T, ruin bc htcrcBscd
if the ener 1 conversion device has been operating fnr less
than a predetemuned amount of time. In an alternative
exampie. the time between 'I', and 'I', can be increased when
the energy conversion device is an en. ine operating v.ith
li:wer than Its total number of cyluidcrs. In parncular. when
the engine is operating with deactivated cylinders the time
bctwcmi T- mid T, cdn bc increased as compared to when thc
engine is operating with a greater nuinber or all engine
cyimdcrs.

In this way. the possibility of large reductions in torque
between the energy conversion device and the air condi-
tioner compressor may be reduced As a result, deactivation
of the air conditioner system activation may be less notice-
dblC 10 II drivCI.

Referring now to FICI. 7, a simulated plot ii)usuating air
condiliouiug svstcul control tculpc'IBIUic vcisiis Bu coudi-
tionina system torque is shown I'he Y axi ~ represents
evaporator temperature 'I'he X axis represents allowed air
conditioning. Sy'steat tot'qUc coiisiinlptiou (e 8,, toi'qiic coll-
sumed from an energy conversion device when an air
conditioner compressor clutch is engaged and an air condi-
uoner compressor displaccmcnt command is provnlcd Io an
mr condiuoncr compressor).

Marker 708 represents an amount of torque an air condi-
tioner compressor applies to an energy conversinn device
when an air conditioner coinpressor clutch is not engaged.
The small amount of torque is the torque it takes to rotate the
belt and the clutch hub. Marker 710 represents an amount of
torque an mr conditioner compressor apphcs Io Ate cncrgy
cons crslou device when thc du condi110uiu conlprcssor
clutch Is engaged and when the air conditioner compressor
disp)acentent coniniand is at a mininiuni level. I he aniount
of torque that is applied to the energy cnnversion device
increases since there is additional mass that rotates when the
air conditioner compressor clutch is en. aged and since the
du conditioner conipi'Lssoi hBs sonic'. pUnlpulg ctipiicfty',
albeit small when thc air condiuoncr compressor displace-
utcnt conIiuiiud Is dt a mnnnunu IL'vcl.

Marker 714 represents freexing temperature of water.
Marker 712 represents an anibient temperature Of cnurse,
ambient temperature can vary such that the shape of tem-
perature curve 702 Iiattens out as ambient temperature
dcmrcascs. Further, curve 702 may bestecpcr in tim center
sccuon when ambient tempcraturc Is uirreased. Fumily,
ambicni temperature can aili:ct the lowcs1 temperature I)mt
niay be reached when the air conditioner compressnr is
operated at fidl capacity

Curve 702 represents evaporator temperature and evapo-
rator temperature is reduced as the torque the air conditioner
compressor apphcs to thc cncrgy conversion device
increases. Curve 702 rotchcs a minunum value when mr
condiiioncr compressor torque Is at its highes1 level. Thus,
it can be observed that the air conditioner conIpressor may
pmvide a sniall load to an energy conversion device when
the air conditioner compressnr displacement conuuand is at
a lower level. Alternatively. the air conditioner compressor
may proiidc an Incrcascd load Io Ihe micrgy conversion
device when thc mr comhtioncr compressor displacement
comnumd Is at a higher level Thcrci'orc. 11 may bc desirable
to hrst apply the air conditioner compressnr load to the
energy conversion device with the air conditioner cmupres-

sor displacement conunand at a lower icvcl so that a cimn c
in tnrque is less perceivable to an nperator

Merticai marker 704 represents an amount of air condi-
tioner torque that is permissible while powertram torque
requirements (e.g., driver demand torque and en ine acces-
sory torque) are met by the energy conversion device. For
example, mi energy corn crsion device may have 400 N-M of
brake torque available at its crankshaft at a particular enguie
speed and an air conditioner conipressor niay apply 30 N-M

in of torque to the ener 1 conversion device when the air
cmiditioner cnmpressor cimch is engaged and when the air
conditioner compressor displacement command is at a maxi-
mum or a higher level. If the driver demand torque (e.g.,
dnvciinc torque output Io i chicle whccls ns rcqucstcd by a
dover via an accelerator pedal) and cnginc accessory torque
(e g, ail accessory loads except the air conditioner including,
but not limited tn alternator torque. poiver steering torque,
and vacuum piunp torque) is 380 N-M, then 20 N-M of air
conditioner torque is permissible while still meeting driver

Io demand torque and engine accessory torque. Thus, the air
conditioner compressor mdy bc opcratcd at 67% of capacity
while still providuig driver demand torque and enguie
accessory torque at fuil level 'lite area to the left of vertical
marker 704 is region where powertrain torque requirements
may be met. but where less than full air conditioner com-
pressor and air conditioning cooling capacity is available.
The area to the right ofvertical marker 704 is a re ion where
powcrtrain torque rcquircmmits will not bc met if thc air
conditioner compressor is operatixl at n higher icvci of

so torque.
I lnrizontal marker 706 represents an evapomstor tempera-

ture that inay be achieved when the air conditioner com-
pressor torque is at a level that provides for powettmsin
torque requirements. The area above marker 706 represents

is a rmigc oi'evaporator Icmpcrdture that is available when the
air conditioner compressor torque is at a level where pow-
ertrain torque rcquircmmiis cmi bc mct with the air condi-
tioner operating at or beioiv die air conditioner torque tiIr
meeting poivertmsin requirements. I'he area below marker

do 706 is a range of evaporator temperature that is not available
when the air conditioner compressor torque is at a level
where powcrtrdui torque requirements cnn bc met.

Thus, the plot of FIG. 7 shows that air conditioner cooiuig
capncity can bc adlustcd to meet powertrain rcxtuircmcnt In
one example as described by 111(i. Ill. fiill air conditioner
cooling capacity is available until powertrain torque require-
ments meet a thresiu&id level. If the powertrain torque
requirements exceed the tlueshoid level„ the air conditioner
compressor displacemmit command Is adlustcd such that air

IJ condilioncr conlpicssor torque ilccri uses proportlouallv
with the powcrtraui torque requircmcnt that cxcecds Ihe
threshnid level

Ifeferring now to 111(i SA, a bar graph that Illustrates a
condition v:here povvertrain torque requirements and air

11 conditioner compressor torque exceed the amount of avail-
able cncrgy conversion device brake torque (C.g., cnguic
brake torque) is shown. Spccilically, bar 802 represents an
amount Of avaiiablecncrgy corn craton device brake torque
available liar 804 represents an amount of powertrain

io requested torque. and bar 806 represents an amount of air
conditioner compressor torque applied to the energy con-
version device.

It can bc understood from FIG. SA that all torque demands
On thc energy convcI'sion des ice cxcccil thc IOISUc 0Ulpiu

ss capacity oi'hc cncrgy comcrsion device Thcrci'orc, less
torque thmi is desired is avaiiable to one or more of the
torque consumers of the energy conversion device As a
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rcsull. Ihe vehicle operator may notice thai less torque is
available to the vehicle driveline to propel the vehicle.
( onsequently. the vehicle operator may be disappointed
with the vehicle's perfonnance

Referring now to FICi. 8B, a bar graph tlmt illustrates a
condition lvhere the air conditioner clutch is disengaged so
thin powirtldul torqUc rixiUucnlcnts nlay'c ulct when alr
conduioncr compressor torque and pov,crtmul Iorque
requirements exceed the amount of available energy con-
version device brake torque is shown In panicular. bar 802
represents an amount of energy conversion device bnske
torque that is available. Bar 804 represents an amount of
powertrain requested torque. No bar is provided for air
conditioner compressor torque since (he mr conditioner
torque is dccouplcd from thc cncrgy conversion device.
Although the desired powertrain torque requirements are
satistied, the operator niay experience discomfort or dissat-
isfaction that the air conditioning system cooling, capacity is
deactivated.

Referring now to FICi. 8C, a bar graph that illustrates the
method of FICi. 10 is shown. Specilicdlly, thc amount of
torque consumed by thc air condiuonm system is reduced
or adjusted such that the poweitrain requested torque and the
air conditioner compressor torque may be provided by the
energy conversion device

Bar 802 represents the amount of available energy con-
version device bmske torque available. Bar 804 represents an
amount of powertrain rcqucstcd torque. mid bar 806 repre-
sents dn tuuount of all condllloncl coulplcssol lolqUc
applied to the energy conversion device.

It can be observed that the air conditiiouer torque is
reduced as compared to in ill(i 8A so that the sum of
powertmsin requested torque and air conditioner torque
match the amount of torque available from the energy
coilicrsiou device UuhoUI rcdUculg thc anloUUI of pow-
crtrain torque In tlus way, thc dnvcr demand torque may be
provided 10 acccleratc thc vcluclc while coolm capacuy
remains ivith the air conditioning system. Alternatively, the
air conditioner torque can be adjusted so that a proportion of
air conditioner torque is reduced so that powertrain torque
and air conihtioner torque are reduced at a desirable level.

Rcfcrring now to FIG. 9, a method for controllulg an mr
conditioning system is shown. Thc mcihod of FIG. 9 may bc
provided via ulstruchons cxccutcd by controller 12 of FIGS.
I and 2 in the systenl as described in Ill(iS. I and 2.

At 902. method 900 determines operating conditions.
Operating conditions may include air conditioning system
operating conditions„energy conversion device operating
conduions, and veluclc opcmting condihons. Operatm con-
du ious ulclude but arc not hmitcxl Io evaporator temperature,
solar load, cabin humiihty, cabul tcmperdturc, cngmc spccxk
engine load. motor current. and motor speed Method 900
pmceeds to 904 after operating conditions are determined

At 904. method 900 selects air conditioner compressor
clutch state. In one example. method 900 selects air condi-
uoner compressor clutch state as dcscltbcsl at 340-344 of
FIG. 3. In particular, method 900 rcceivcs operator and mr
conditioning system inputs. The mputs arc processed via
logic and desired air conditioner compressor clutch state is
selected Method 900 pmceeds to 906 after desired air
conditioner compressor clutch state is selected.

At 906, method 900 detemlines desired evaporator tem-
perature as dcscnbed at 302 ol'FIG. 3. In One example, the
dcstrcxI evaporator tcmpcraturc is conhnuously supplied Io
thc controller that opcratcs the energy conversion device and
the air conditioner conlpressor If the air conditioiung sys-
tem is deactivated. the desired evaporator teinperature may

bc sct 10 ambient tempcraturc. If the air conditioning system
is active. the desired evapomstor temperature may be allowed
to vary about an air conditioner evaporator control tempera-
ture as illustrated in li)Ci. 4. Method 90U proceeds to 908
afier dcsirixl evaporator tcmpcrature w de(ennuied.

At 9U8, inethod 9UU determined a feed forward air con-
ditioner compressor displacement command. The feed for-
v ard air conditioner compressor displacement command
may be determined as described at 350 of Fi(C 3. For

I i 1

example, the dcsircd evaporator tcmpcrature may uldcx a

function or table that outputs a vanable value of a duty cycle,
conunand voltage, command current, scalcr, that provnles
the desired evaporator temperature during ilonlinal operat-
ing condihons when Ihc variable is output to thc air condi-
tioner compressor displacement actuator (e g, control valve
20 of FICi. Ih Method 900 proceeds to 910 after the feed
fotward air conditioner compressor displacement conunand
is detemlined.

At 910, method 900 detcrmnu:s cxpccted evaporator
temperature. In one exanlple, expected evaporator tempera-
ture is dctcrnuncd us dcscnbcd with regard to 304 ol'IG.
3 and liiCi. 4. Specifically. a delay and biter tinie constant are
applied to the desired evaporator tenlperature In other
exanlples. a delay and a predetermined rate limit of tem-
perature rise or a predetemtincd rate limit of temperature
decay may be applied to the desired evaporator temperature.
Method 900 proccmis to 912 after thc cxpixtcd evaporator
tcnlpelilturc is dctcruuncxl.

so At 912, method 9UU deternlines an evapomstor tempera-
ture error. The evaporator temperature ermr may be deter-
nuned by subtracting the actual evapomstor temperature from
the expected evaporator tenlperature from 910. Method 900
proceeds to 914 after the evaporator tempemsture error is

ls dctcrnuncik
At 914, method 900 Iudges whether or not thc evaporator

tCulpCiiihllc. IhreShold IS gh:dtCr Ihiul d picdCh:rullncx!
threshold. If so. nlethod 900 proceeds to 918. Otherwise,
method 900 proceeds to 916.

do At 918, method deternlined air conditioner compressor
displacement conunand adjustments (e.g.„adlustments to air
conditioner piston strokcj Irom proporhonal, uucgral, and
dcnvativc (PID) terms. In onc example, thc air conditioner
compressor conuuand adlusuncnts from PID tcrnw arc
deternnned as described at 312-316, 320, and 324 In
particular, the evaporator error is nlodihed via proportional,
integral, and derivative terms. The integrral teml is limited to
a predetermined level so that the controller doesn*t continue
to adjust duc to a value in Ihc integral tenn when Ihe

o evaporator tempcraturc error is near acro Thc PID air
condihoncr compressor displacement commmld adjustmmlls
are added together and method 900 proceeds to 920

At 916, method 9UU determines air conditioner compres-
sor displacement adjustments via a high aln memory less

ls operation. In one example. method 900 detemlines air
conditioner compressor adtusuncnts according to 318-322
of FICi 3. For example, thc evaporator tmupcraturc error
may be multipluxl by a parabolic fuucuou that ulcreases thc
air conditioner compressor displacement adjustment expo-

io nentially as the evaporator temperature ermr increases
Method 900 proceeds to 920.

At 920. method 900 determines the air conditioner com-
pressor displaccmcnt commmld by sununing thc PID. Iugh
gain memory less, mid Ibol forward air coudiuoncr com-

as prcssor displacement comnumds. Method 900 procccds to
922 after the adjusted air conditioner compressor displace-
ment conunand is determined
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A(922. method 900 provides sofi star( and s(op star( for
the air conditioner conipressor when the air conditioner
compressor is stopped or started ln one example, metlxld
900 provides soft start and soft start to the air conditioner
compressor as described at 328 of FICi. 3. FICr'S. 5-6. and
FIG. 11. The soft start/stop allows a smooth torque transition
when ihe air conti(loner compressor clutch is active(cd and
deacuvatcd. Method 900 pmcccds Io 924 alter mr cond&-
tioner clutch commands and air conditioner compressor
displacement signals are adjusted to provide soft air condi-
tioner compressor stopping and starting

At 924, method 900 provides for limiting and/or adjusting
air conditioner compressor displacement conunand to soft
stat( and stop start Ihr thc air conditioner compressor when
Ihc dn conditioner conlprcssol 19 sloppix! 01 stalIixL In onc
example. method 900 pmvides soft start and soft start to the
air conditioner compressor as described at 328 of ISICi. 3,
ill(iS. 5-6. and l1(i ll I'he soft start/stop allov 9 a sntooth
torque transition when the air conditioner compressor clutch
is activated and deactivated. Method 900 proceeds to 924
dficr air conditioner clutch conunands and mr conditioner
conlprcssor ih9plBccnlcnt signals tile tiiljUstixl 10 plovldc soft
air conditioner conlpressor stopping and starting

At 924, nlethod 900 limits and/or adjusts the air condi-
tioner compressor displacement cominand to control air
conditioner compressor torque to a desirable level given
energy conversion device available bral e torque Bnd pow-
er(rain torque rcquircments. In onc example, Ihc mr cond&-

uoner compressor displacement commaitd is ad)us(ed and/or
linlited as described at 330 of ill(i. 3, Ill(i. 8CL and Ill(i 10.
Specifically, the air conditioner compressor displacenlent
command can be adjusted so that the powertrain torque
requirements are met If the power(main torque requirements
cannot be met via reducing the air conditioner compressor
displacement command, Ihc mr condi(ioner clulch may be
opcnl:0 Io UncoUplc Ihc tilt condltlonc'I conlprcssol floni Ihc
cncrgy conversion device. The mr condiuoncr clutch may be
deactivated afier the air conditioner displacement comnland
is set to a minimum level Method 900 proceeds to 926 after
the air conihtioner compressor displacement command Is
adjusted based on powertraln torque requirements and
mlergy corn craton dcioce available brake torque.

A(926, method 900 outputs the air conditioner compres-
sor displacement command and Ihe air coitdtt toner compres-
sor clutch conlmand 'I'he commands Inay be output via a
duty cycle. controller area netw:ork (('AN), data bus. analog
channel. or other known output type. Method 900 proceeds
to 928 afier the air conditioner commands are output.

At 928, method 900 ad)usta torque output from thc cncrgy
conicrslon dcvu:c 10 conlpcnwi(c fill chBngcs hi Ihc pow-
er(rain torque requiremcnm torque dnd Ihe mr conditioner
compressor torque In one example, where the energy con-
version device is an engine, engine output can be increased
via opening an engine throttle furfiter and increasing an
anlount of fiiel injected to the engine. Engine spark timing
may also be adjustcxl Io ad)ust cn inc torque. Conversely, lf
Ihc powclli'dnl torque rcqUncnlcnls Bnd/01 Ihc Blr condl-
uoner compressor torque rcquiremenls are rcducuL thc
engine torque can be decreased via closing, the engine
throttle and reducing the amount of fuel injected. 'I he engine
torque demand can be adjusted according to the sum of the
powertmsin torque requirements and the air conditioner com-
pressor torque up to Ihe WOT engine Iorque lunil.

In another example whcrc thc cncr 0 conversion device Is
an clcctnc motor, thc motor torque can be adjus(cd via
adjusting current applied to a field of the motor. I'r
example, if additional niotor torque is requested field current

may bc incrcascd. On ihe oiher hand, Iield currcn( can bc
decreased to decrease nlotor output torque

'illus, the method of FI(i. 9 incorporates the contmller as
described in ill(i. 3 to adjust the air conditioner clutch and
air conditioner compressor of FICiS. 1 and 2. Further, the
method of FICi. 9 coordinates clutch conunands and air
conditioner compressor displaccmcnt conunands as illus-
trated in FIGS. 5 and 6.

l(eferring now to l1Ci 10. a method for hniitmg and/or
Io ad)ustmg mi air conditioner displacenlent denland is shown

1'he method of ill(i. 10 may be provided via mstructions
executed by controller 12 of FICiS I and 2 in the system as
described in FIGS, 1 and 2.

At 1002, method 900 detennincs available energy con-
I version ilcvlcc bldkc lorqUc. In linc cxdnlplc where thc

energy conversion device is an engine, available engine
brake torque may be detemiined empirically by opensting,
the engine at selected engine speeds at lvide open throttle
CWOT) or full load. WOT en ine brake torque for the

lo selected engine speeds may be held in a table or function that
is stored In memory. The table or funcuon may bc Indcxcxl
using Ihc present cngulc spccd and thc table or func(ion
outputs the WOT engine bnske torque which is interpreted as
the available engine bmke torque.

If the ener y conversion device Is a motor. the available
motor torque may be empirically determined and stored in a
table or function based on the present motor speed and field
strength or currmlt available Cc.g., maxunum Iield current) al
thc present mo(or spccxL Thc available brake torque may bc

Io deternnned via indexina the table or function using the
present motor speed. Method 1000 proceeds to 1004 after
the energy conversion device brake torque is determined

At 1004, method 1000 determined powertrain torque
requirements. Polvertrain torque requirements may include

ls operator rcqucs(cx) dnvclule torque and engine accessory
torque other than mr conditioner torque. Thc operator
requested dnvcline torque may be dctennuicd via rcadulg a
sensor coupled to an accelerator pedal or via another type of
openstor input ln some examples. the requested driveline

do torque may be provided by a hybnd controller or another
controller. Torque of en ine accessories may be determined
vnl nlodlls of thc Bccc990rn:9 or Ironl cnlpu1ctillv dcu:I-
mined look-up tables that arc uldexcd accordulg to operatulg
conditions. For exmnplc, a power stccring load may bc
deternnned based on steerina lvheel angle, vehicle speed,
and ener 1 conversion device speed Alternator load may be
determined based on alternator field current and alternator
speed. The polvertrain torque requirement is the sum of the
operator rcqucs(cx) dnvclule torque and engine accessory

o torque. Method 1000 procccxls to 1006 aficr powcrtrain
Iorqtlc ls dc(counted.

At 1006. method 1000 determines an available amount of
air conditioner compressor torque In one example, available
air conditioner compressor torque may be determined by

ss subtractin the powertrain torque requirements from the
available cncrgy conversion device brake torque. Thc
rmuainder of torque nuiy be made avmlable to thc air
conditioner compressor. For example, If thc available cncrgy
conversion device brake torque is 400 N-M and the pow-

io ertram torque requirements are 380 N-M. then 20 N-M of
torque is available to the air conditioner compressor.

The air conditioner compressor torque may be estimated
vui a model Iha( sums air conditioner compressor fnc(ion
Iorqtlc, iilr condltloncl ctinlplcs901 hu:IIIII Iorqtnx Bn condl-

Ss tloncr pumping torque Ce.g.. a compressor torque based on
air conditioner compressor head pressure. air conditioner
cmnpressor clutch speed and air conditioner compressor
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displacement), and mr conti(toner dynimuc pumping torque
(e .. a change in air conditiimer head pre%sure) The model
may also be mverted to determine the adjustment to torque
output of the energy conversion device.

In other examples. more sophicticated ways to deterinine
avaiLable air conditioner torque may be provided. For
cxtunple, powcrtrmn torque requiremcn(s may bc added to
thc mnount torque to opcralc an air conditioner compressor
at a desired cooling capacity to determine a consumer torque
(e a., an amount of energy conversion device torque
demmided via the operator, air conditioner. power steering,
alternator. etc.). The consumer torque is then subtracted
from the energy conversion brake torque. If the remainder is
positive. Ihc mr comb(toner compressor may bc operated al
the desired cooluig capacity (c.g., thc mr condinoner com-
pressor may be operated with a stmke where air conditinner
compressor output pressure capacity meets the desired cnol-
ing capacity). 'I'he amount of air conditioner compressor
torque to opemlte at a desired cooling capacity may be
empirically determined and stored in memory for subse-
quent relricial. On Ihc other lmnd, If lhc remamder is
negative, thc remmndcr may bc multiplied by a constant or
function to deternline an amount of torque reduction in the
air conditioner compressor torque applied to the energy
conversion device 'I'hus, the air conditioner torque may be
reduced to exchange air conditioning cooling capacity for
driveline torque or torque for accecsories other than the air
coildilloncr.

In onc example, where thc available cncrgy conversion
device brake torque is 390 N-M. powertrain torque require-
ments torque is 370 N-M, and torque to operate the air
conditioner at fidl capacity is 40 N-M, the energy conversion
device brake torque capacity is 20 N-M less than the
consumer torque (390 N-M-(370 N-M+40 N-M)=-20
N-M). Thcreforc, al least 20 N-M of torque has to be
removed from thc air conditioner torque and/or the pow-
er(rain lorquc rcquiremcnt In order lo kccp consumer lorque
below available energy conversion device torque I lowever
in some exanlples. an additional amount of torque may be
retuov&. For example. 105% of the difl'erence between the
available energy conversion device bral e torque and con-
sumer torque may bc rcmovcd from Ihe air conditioner
dnd/or pow crlrnin rcquircmcnls torque to provide an excess
torque bulibr In this example. thc mr conditioner compres-
sor torque may be reduced by 10 N-M so that powertrain
torque can be reduced by 10 N-M. 'I'hus, the energy con-
version device torque requested by the air conditioner com-
pressor and the powertrain torque requirements is less than
or equal Io lhc available energy conversion device brake
torque. In Ibis way. Ihc air condilioner requested torque is
rnluccd by an amount that iwcounis I'or 50% ol'he amount
of torque requested that exceeds the available energy con-
version device brake torque to pa)vide the available air
conditioner compressor torque of 30 N-M. The powertrain
requested torque is reduced by an amount that accounts for
50% ol Ihc amount of torque requesled lhal exceeds thc
available energy conversion device brake torque. bul thc
torque reduction is only 3% ol'uwerlrain rcquirmncnls
torque. Ofcourse. other percentages of torque reduction may
be prm ide via changing functions or constants that allocate
torque between the powertram requected torque and the air
conditioner torque.

In other examples, whcrc the air condiiioncr compressor
rogues(cd torque is less than is used liir full air conditioner
compressor cooling capacity al a time when lhe powerlrmn
torque and the air conditioning torque exceeds the available
energy conversion device torque, the air conditioner conl-

prcssor cooluig capacity at ihe presmit nmc may be reduced
according to a constant or hinction. For example. where the
avtulablc energy conversion device brake torque is 390
N-M. powertrain torque requirements torque is 380 N-M,
and torque lo opcrdlc Ihc air conditioner al 80% of lull
capacity is 35 N-M, the energy conversion device brake
torque capacity is 25 N-M less than the consluner torque
(390 N-M —(380 N-M+35 N-M) 25 N-M) I'heretilre. 25
N-M of torque has to be removed from the air conditioner

i it
torque and/or powcrumn torque requirement. Thc air cun-
ditioner compressor torque may be reduced by 15 N-M so
that pow crtrain torque is rcduccd by only 10 N-M lo reduce
the requested consumer torque to 390 N-M 1 bus. the air
conditioner rcx)ucs(cd torque is reduced by an imiount lhal
accounts for 60'%f the amount of consumer torque
requested that exceeds the available energy conversion
device brake torque to provide available air conditioner
compressor torque of 20 N-M. The pov ertrain requested
torque is riduccd by an amount that accounts for 40% ol'hc
amount of consumer torque requested that exceedc the
dvtiilBblc cncrgy'oilvcrslon dci lcc brake IUIOUE', or )Usl
about 3% of the poivertrain torque requirenients In this
exanlple, the air conditioner compressor cooling capacity at
the present time is reduced according to a constant or
function calling for 60% reduction in air conditioner com-
pressor torque.

Thc constant or funcnon thai adjusts thc requested air
conditioner compressor torque to provide Ihe available air

lc conditioner compressor torque may be indexed based on the
mate of change of the desired operator requested driveline
torque. For example. if the desired operator requested driv-
eline torque changes at more than a predetermined mote, 80%
or more of the reduction in consumed torque may be a

lc reduction ul available mr condinoner compressor lorquc.
However, of thc dcsirmi operator rcqucstixl dnveluic torque
changes at less than the prcdclermunxl rate. less thim 80% ol
the reduction in consumed torque may be a reduction in
available air conditioner conlpressor torque. 'I'lms, if the rate

do of chan e in desired operator requested driveline torque is
less than a first amount, the amount of reduction in the
available air condiuoner compressor torque I ~ reduced by a
first amount. If Ihc rale ol clmngc ui desired operator
rcqucslcd dnvcline lorquc is greater than the lira( amounL
the amount of reduction in the available air conditioner
compressor torque is reduced to a second amount. the
second amount greater than the hrst amount. In this way. the
reduction in available air conditioner comprecsor torque
may bc based on Ihc rale ol'hange in thc desired operator

o requested drivelulc torque. Method IOOO proceeds to 1008
aficr llm available air conditioner compressor torque is
determined

At 1008. Inethod 1000 limits the air conditioner displace-
ment conunand. In one example. the air conditioner dia-

ls placement command is limited to the available air condi-
tioner compressor torque. For example, il'he available air
conditioner compressor torque is 20 N-M, thc air condi-
tioiiCI disphICCIUCUI Cotnnlaili! IS IIIIIIIIX) to B VBIUC lhdl
pmvides 20 N-M or less of a load on the energy comersion

ic device via the air conditioner conlpressor 1 bus. the com-
bined available air conditioner compressor torque and the
requested poiveruain requirements torque is less than or
I qiid I Io 1hC tivalla blC CIICI gy'OIW CIS1 oil bi Ikc loi 9UC. 111 lhlS
way, Ihc available air condiiioncr compressor torque can be

Ss rcdiiccd oi lncicdsixi ds ieqUesled powcrtraiii loiqUc vBncs.
Method IOOO proceeds to exit after the air conditioner
displacement comnland is limited
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Rcfcrring now to FICI 11, a method for providui sofi
stewing and stnpping of a vehicle air conditioner cnmpressor
is shown. 'I'he method of Iil(i. Il may be provided via
instructions executed by controller 12 of lil(iS. I and 2 in the
system as described in FICIS. I and 2. Method 1100 may
provide the example sequences shown in FICIS. 5 and 6.

At 1102, method 1100 ludgcs whc(hcr or not there is a
ICOOCS( Iol Bll'olldltlollcr Coillpl assoil s(B(c ChilligC. A
request for air conditioner compressor clutch state change
ntay be made ul response in to an operatnr's request to
activate or deactivate an air conditioning system I'r
example, an air conditioner clutch state mny be changed
from an open state to a closed state when additional vehicle
cabin cooling is rcqucsted. Funhcr. a rcqucst for a chmigc in
mr conditioner clutch state may bc uuuatcd in response to an
increase or decrease in vehicle cabin temperature If metlxid
I l(IO judues a request to change state of the air conditinner
compressor clutch. method 1100 proceeds to 1104. Other-
wise, inethod 1100 proceeds to exit.

At 1104„method 1100 jud es whether or nor the request
to clmngc air conditioner compressor clutch s1aie is a rcx(ucs(
to close thc air conditioner compressor clutch. If so, method
I I OU proceeds to 1106 Othetwise. method 11(IO pmceeds to
1112 1 lnis. method I I UO provides two different sequences
for closinu (e g, starting the air conditioning system) and
opening (e.g., stopping the air conditioning sysrem) the air
conditioner compressor clutch.

Ai 1106, method 1100 closes thc air condnioncr compres-
sor clutch. In one cxump Ic, the mr conditioner clu toit may bc
closed via directing a current or voltage to the air conditinner
clutch so that the air conditioner clutch is electnimechaiu-
cally closed. In other exa(up)ca. the air conditioner clutch
may be hydraulically closed. The air conditioner compressor
dispLacement command is also reduced to a low level (e g.,
nummum lcvcl) bcl'orc 1106 il'i is not imtially at a low
lci cl. Method 1100 procccds to 1108 alter ihc mr condition
compressor clutch is closed.

At 1106. method I I UO delays a predetermined amount of
time before making further air conditioner compressor
adjustnients. For example. the delay may be a constant or
variable depending on opemting conditions as descnbed
with regard to FICi. 5. Method 1100 procircds io 1110 after
the delay tinu: has expired.

Ai 1110. method 1100 mmps up ihe mr conditioner
compressor displacement command. 'I'he air conditinner
compressor displacenient command increases the air condi-
tioner compressor's capacity of pressurize refrigeranr and
cool the evapomtor when it ic mmped up. In one example,
rampuig up ihc air conditioner compressor displaccmcui
comnumd incrcascs ihc stroke of ihe mr conditioner cum-
pressor piston. The ramping of air condiuoncr compressor
disp)acentent may be at a constant rate as slxiv n in I'l(i 5
or dependent on a predetermined function (e 8, . a parabnlic
ranip mate). The air conditioner compressor displacement
coniniand completes the ramp when the air conditioner
compressor displaccmeui conunand roaches a level equiva-
lent io ihc sum ol the li:ed forward gain, thc PID output, and
the high gain as dcscribcd with regard (o FIGS. 3 imd 920
of I'l(i. 9 Method l(0() proceeds to exit after the air
conditioner contpressor displacement command is tinished
ramping.

At 1112, method 1100 mmps down the air conditioner
compressor displaccmcni conunand. The mr conditioner
compressor displaccmmii conunand dccrwiscs the mr con-
ditioner compressor's capacity ol'prcssurizc refrigerant and
cool die evaporator when it is raniped down In one example,
ramping down the air conditioner compressor displacement

so 'I'he invention c)aimed is:
I A system for controlling an air conditioner of a vehicle,

Ciiil(Pl1Slllg:
an air conditioner compressor iucluduig a pm(on and a

venable displaccmmii control vulva I'or adiusung a
simke ol'he piston,

a clutch mecltunically coupled to the air conditioner
cnmpressor;
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conunand decreases ihc stroke of the mr conditioner com-
pressor piston I'he rampinu of air conditioner compressor
displacement may be at a constant rate as shown in I'l(i 6

or dependent on a predetermined function (e.g . a parabolic
ramp rate). The air conditioner compressor displacement
conunand compietes the ramp when the air conditioner
compressor displaccmeni conunand reaches a low or nuni-
mum Icvcl. Iiicthod 1100 proceeds to 1114 after thc air
cmtditioner compressor displacement con(mand is finished

io mompmg down.
At 1114, methnd 1100 delays a predeterntined amount of

time before openin the air conditioner compressor clutch.
For example. the deLsy may be a constant or variable
dc3tcudutg on operating condiuons as descnbed with regard
to FIG. 6. Method 1100 proceeds io 1116 aficr thc delay iimc
has expired.

At 1116, method 11Uii opens the air conditioner compres-
sor clutch. In one example, the air conditioner clutch may be
opened via stoppiiig current or voltage supphed to the air

zo conditioner ciutch so that the air conditioner clutch is
elcctromcchanically opmied. In other cxumplcs. the mr cun-
diiioncr clutch may bc hydrauhcally opcncd Method 1100
pmceeds to exit after the air conditioner contpressor clutch
is opened.

In this way, a tnrque load ofan air conditioner compressor
is reduced before the air conditioner compressor is coupled
or decoupled from an energy conversion device Further. the
progrcssioll of apply'lllg ol rciiiovlllg torque lo thc cllcrgy
coilvcrsloli iicvicc Iriim tire Bil colxlltlolllilg colnprcssol Is

io ad)usted to accoiuit for opemting conditions of the energy
conversion device so as to reduce the possibility of disturb-
ing the vehicle driver Further still, operation of the energy
conversion device is allowed to stabihze at a condition
v here air conditioning compressor load is low before the

ii compressor is dccouplcxl from ihc energy conversion device
or bcliirc iulditional torque is applied io thc energy conver-
sion device via thc mr condiuoner compressor.

As will be appreciated by one of ordinary skill m the art,
routines described in lil(IS 3 and 9-11 may represent one or

Bo more of any number of processing strategies such as event-
driven, intermpt-driven, multi-tasking. multi-threading. and
thc like As such, vanous steps or fuuctiom illustrated may
bc pcrformcxl ui the scqucncc illustrated, ui parallel. or in
some cases onutied. Likewise, ihc order ofproccssuig is not
necessarily required to achieve the objects. features, and
advantages described herein. but is provided for ease of
illustration and description. Although not explicitly illus-
trated. one of ordinary skill in the art will recogmze that one
or morc of the illus(ra(cd steps or funcuons may bc rcpcai-

o edly pcrfiinned dcpcnding on ihc particular strategy beuig
1.1 SCiL

I'his concludes the description The reading of it by those
skilled in the ait would brin to mind niany alterations and
modifications ivithout departing from the spirit and the

s. scope of the description. For example, 13. 14, 15. V6, Vg,
VIO, and %12 cn ines opcratuig in natural gas, gasoline.
dicscl, or alternative I'ucl coniigurations could usc thc pres-
mii dcscnption io advantage.
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1111 I:lcclftc tilolor supplytilg lolalltinttl cilclgy'o lhc dtr

conditioner compressor: and
a controller including tnstnictions. executed by the con-

troller, for adjusting the stroke of the piston in response
to an evaporator tempemsture error. the evaporator
temperature error bemg a dificrence betw:een an
cxpccted evaporator lcmpcralure mid a measured or
Iiifcrici! evaporator lcillpcldlulc, lhc cxpccu:il cvdpo-
rator temperature determined from a desired evapomstor
teniperature received at the controller„and liir deter-
minin air conditioner compressor torque applied to the
electric motor and a torque adjustment to the electric
motor in response to the torque of the air conditioner
compressor, whermn thc stroke adlusuncnt ts lmuted
based on available mr condiuoncr compressor torque,
wherein the expected evapomstor temperature is deter-
niined according to an engagement state of an air
conditioner compressor clutch and filtering of the
desired evaporator temperature.

2. The system of claim 1, wherein the controller further
includes instrucuons for dctcnnirung avmlablc air cond&-

uoncr compressor torque by sublracung powertrain torque
requirements front available electric tnotor brake torque.

3 '1'he system of claini 2, wherein the controller further
includes instnictions for estimating an air conditioner conl-
pressor torque by summing two or more of conditioner
contpressor friction torque. air conditioner compressor tner-
ua torque, air coudiuoucr pumping torque, mtd atr cond&-

uoner dynanuc pumping torque.
4 'I he system of claini 1. wherein the adjusting the stroke

includes. responsive to air conditioner compressor requested

torque being less fiimi full mr conditioner compressor coul-
ing capacity at a time when pov,ertmin torque and air
condiltotung torque cxcceds as mlablc elccluc motor torque,
reducing the air conditioner compressor cooling capacity at
thc prcscnt lime according lo a function that Is based on a

mate ofchange ofdesired operator requested drivel ine torque

5 The system of claim 1, wherein the controller further
includes instrucuons for dclennimng available air condi-
tioner compressor torque based on a rate of change in
desired operator requested driveline torque

6 The system of claint 5„wherein the controller 1'urther
includes instruction to determine if the rate of change in
desired operator requested drn cl inc torque is less than a first
amount, and rcspomtvc thereto reduce an amount ol'reduc-
tion in the available air conditioner compressor torque by a
first amount, and further to determine if the mate of change
in desired operator requested drivehne torque is greater than
the first amount, reduce the amount of reduction in the

Io available air conditioner contpressor torque to a second
amount, lhc second mnounl grcalcr than lhc lirsl amounm

7 Thc system ol'claim 1, where thc expectixi evaporator
tcmpcrature ts based on mi cxpcctcxt mtc of drop in an
cvtipordtor icillpci'II otic wfeil lhc alt coildtltoticr coillpi ca so 1

clutch is closed

5 lhe systeni of claim 1, where the expected evaporator
temperature is based on an expected rate of use in an
evaporator tempemsture when the air conditioner compressor

„clutch Is opened.
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