0 6 DEC 2005 1 CONTROL DEVI CE FOR HYBRI D VEH CLE BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to a contrcdD Blgyim? for
a parallel type hybrid vehicle having an engine with deactivata f?e
cylinders, and in particular, relates to a control device for a hybrid

vehi cl e, which enables an inprovenent in fpel consunption while maintaining
brake performance. Description of the Related Art A hybrid vehicle having

not only an engine but als bCos r i source has been
known in the art. As a typ‘goﬁi‘lﬁéﬁﬁ%}@ﬂ@ﬁé{@@&aﬁﬁ@ﬁybn d vehicle is
known that uses an electric notor as an auxiliary drive source for assisting
the engine output. In the parallel hybrid vehicle, the power of the engine
is assisted by the electric notor during acceleration traveling. On the

ot her hand, during decel er at BACKGROANDAOF THEINVAENGIONand t he-1i ke are
charged via a deceleration regenerating operation. According to various

contr ol Oper}iqad)éﬁhéﬁﬁ»leﬁ% g the above, the remaining battery charge
(remaining electric energy) of the battery is nmaintained while al so

satisfying the driver's denmands. Because the.dri.ve.train t he parall el
hybrid vehicle conphi Er§§ergf'1‘évengﬂﬁfe§@e%‘?oa ‘E"r‘i’go}rg‘?vd?e o584 e[ gp?ﬁgg% gine in
series, the whole systemis sinple in structure, light in_weight, and has
great fl exi brohielghavng pnengine sthgisactivatabde Gdimderseandiin pagticudar; whdedp & he
paral l el hybrid vehicle, two types of hybrid vehicles are known; one is

di scl osed i montrot devienfor @ hybadarkisk, Whicham:bles a®ahproteApt in dad iconsuniitioat

Publ i cati on No. 2000-97068, in which a clutch is disposed between the engine
and the 0 6 Whiffe faag@4Ring brake performance.

Description of the Related Art

A hybrid vehicle having not only an engine but also an electric motor as the
drive source has been known in the art.  As a type of hybrid vehicle, a paraliel hybrid
vehicle is known that uses an electric motor as an auxiliary drive source for assisting the
engine output.

In the paralle] hybrid vehicie, the power of the engine is assisted by the electric
motor during acceleration traveling. On the other hand, during deceleration traveling,
the battery and the like are charged via a deceleration regenerating operation.
According to various control operations including the above, the remaining battery
charge (remaining electric energy) of the battery is maintained while also satisfying the
driver’s demands. Because the drive train of the parallel hybrid vehicle comprises the
engine and the motor coupled to the engine in series, the whole system is simple in
structure, light in weight, and has great flexibility for installation in the vehicle.

As variations of the parallel hybrid vehicle, two types of hybrid vehicles are
known; one is disclosed in, for example, Japanese Unexamined Patent Application, First

Publication No. 2000-‘97068,. in which a clutch is disposed between the engine and the



2 notor in order to elimnate the effect of engine friction (i.e., engine
brake) during the deceleration regenerating operation; the other éﬁ

di sclosed in, for exanple, Japanese Unexam ned Patent Applicatidh, Eﬁﬂgﬁ
Publ i cati on No. 2000-125405, in which the engine, the notor, and a

transm ssion are directly connected in serbes in order to ultimately
sinplify the structure, The hybrid vehicle®of the forner type exhibits

di sadvantages in that the installability of the power train is degraded due
to the conpl edteyinjonderiie ehminaté theteffoet dfenginedtigtion Gis,, eagipe tnake) darirgwhssi on
efficiency of the power train may be reduced during normal traveling as

wel | due to tbeleragowfegbhatitgibsdatio thielrhatindiscloasidlin, fdrexamplel fapavebi cl e of .
the latter type exhibits a disadvantage in that the driving power assisted

by the el eCUHeﬁarHer?rPg(éﬁ?%bgﬁ&%ﬁ%@%ﬁd&%%&.%@6—1@?@@5”?ﬁ’ %H@Eﬁ"éix%

el ectric energy Is educe ue to orenentioned engiie friction.

anot her neasuyre to reduce the engine frjction during decel.eration, an

Gl ect roni o C BN SRS iy HReHELtn WS Gom PenaeBhr ot t1 o
valve to be open during deceleration so as to greatly reduce the punping

| oss and to simapldsshe stiveture.r egenerati ve energy; however, a considerable
anmount of new air directly flows into the exhaust system during

decel eration, whi cThehybfidveticl e tHeconaertype exltbitadisadvahiages antat ther air fl ow
sensor and coul d cause inappropriate exhaust gas control. A cylinder

deactivati onidspGRBilfAy6f iﬁ@?o%?ﬂaiﬂwﬂéﬁﬁ&je& QeS8 Ec ISl fBPNEhe PERBWEISN of

however, the cylinder deacCtivation period is |imted in’order to retain a

consequent | y HESES, RRTRF il Pub GECRALY e R L cbliGull B FooldSd Sl on o

engi ne friction. SU ARY COF THE | NVENTI I n_consi deration, of the above
ci r cumst ancel0T9A tERpling s elbdug igd ?)Pifs‘gr\?l{le g]@t‘%EC g other hand, the hﬁ’“d

vehicle of the latter type exhibits a disadvantage in that the driving power assisted by the

electric motor (assisted power) is restricted because regenerated electric energy is
reduced due to the aforementioned engine friction.

Aé another measure to reduée the engine friction during deceleration, an
electronic control throttle mechanism may be used which controls a throttle valve to be
open during deceleration so as to greatly reduce the pumping loss and to increase the’
regénerative energy; however, a considerable amount of new air directly flows into the
exhaust system during deceleration, which may lower the temperature of a catalyst and
an air flow sensor and could cause inappropriate exhaust gas control.

A cylinder deactivation technique has been proposed to solve the above
problem; however, the cylinder deactivation period is limited in order to retain a
sufficient negative pressure in the master vac for the brake system, and consequently,

not much regenerative energy can be saved by the reduction of engine friction.

SUMMARY OF THE INVENTION

In consideration of the above circumstances, an objective of the present



3 invention is to provide a control device for a hybrid vehicle which can
provide a nore frequent cylinder deactivation operation while ngjgba&wﬂyg

t he brake performance and enables a great inprovenent in the fu 200
consunption of the vehicle due to a reduction of engine friction. To this
end, a first aspect of the present inventipn provides a control device for

a hybrid vehicle having an engine and a notor for outputting power for
driving the  vehicle, wherein a regenerative hrake is used durin

 decel er at i onitveRbias is i pestvideecopdied 8@@% for adybud yelhels wipeh cap ﬁ@a&ge@rra@rieon
state thereof, and the engine includes at | east one deactivatable cylinder
whi ch i s deafttqueat eylireletl deactigatibmomieentimnivdiilet maineskiing thef bralteparérinahe: andThe
control device conprises: a deactivation determ ning section for determ ning
uhether the dRaekia@taBradhlellR e e bbRUR bR oPhedRBRA 1l @G fefluction of
accordance wth a ravell ng state of the vehicle; a deactivation
cancel l ati on_determ.ning section for canceling cylinder deactivation during
deactivatioﬁqﬁﬂﬁé£$83 an intake pressure sensing section for measuring
air pressure in an_intake passage of the engine; and a control valve _
operating section Tothippedhiafisicaspedt 0§ the mewshimaestion propidssagentyr deviee &igi ne
for providing auxiliary air into the intake passage by operating a
secondary aiahytaidreshicih@reinp atleagine and & aloterdy eutppiting tpiomgr feclriving thper at es
the secondary air valve so as to close the secondary air passage when the

i nt ake pressyihec]EBARIERGH fRYerleh@iviebraldeds RERISHHNG REE1SIa6N taPElidgT thSvehicle
negative value |ower than a predetermned first threshold during

decel er at i oty LEAUELINGPL dbiFerfRH GhE mACHOLH BYleKeinDSEAURS o REGRRt O

val ve operating section operates e secondary air-valve so as to close the

nd i hep t he.intake. i tive, |
Chan tne. pr eirebart g e Rt st BuReitiBai fite e SrBEo3 ot Fling T veRe!
decel eration_ traveling, the intake depressjon of the engine can be
ef fici ent|y THS$qnieldeyceprapprses fodeagiypiion detesmudng sectiph 1o deterpunigg vac s

sufficiently | ow
whether the deactivatable cylinder is allowed to be deactivated in accordance with a

traveling state of the vehicle; a deactivation cancellation determining section for
canceling cylinder deactivation during deactivation operation; an intake pressure sensing
section for measuring air pressure in an intake passage of the engine; and a control valve
operating section for opening/closing a secondary air passage of the engine for providing
auxiliary air into the intake passage by operating a secondary air valve, wherein the
control valve operating section operates the secondary air valve so as to close the
secondary air passage when the intake pressure measured by the intake pressure sensing
section is a negative value lower than a predetermined first threshold during deceleration
traveling of the vehicle.

Accordingly, because the control valve operating section operates the secondary
air valve so as to close the secondary air passage when the intake pressure is a negative
value lower than the predetermined first threshold at the instance of starting deceleration
traveling, the intake depression of the engine can be efficiently utilized to ensure the

negative pressure in the master vac is sufficiently low,



06 DEC 2005 4 A second aspect of the present invention provides a control
device for a hybrid vehicle having an engine and a notor for outputtin

power for driving the vehicle, wherein a regenerative brake is uﬁédﬁﬁammng
deceleration traveling of the vehicle in accordance with a decel eration
state thereof, and the engine includes at Aeast one deactivatable cylinder
whi ch is deactivatable during deceleration traveling of the vehicle. The
control device conprises; a deactivation determ ning section for determning
whet her the deact i Palcapmbaspyetiordls Presens IMvenken Provises asapirohdsvic forp hybrid
accordance with a traveling state of the vehicle; a deactivation

cancel | at i onveldtlemhavingng cagitieiaad afhootor foaoopiting mowler fistalriviemtheivehicleon duri ng
deactivation operation; a master vac negative pressure sensing section for

measuring negats 6o | i i j ERETNNbERE ieli an
i nt ake passagighlc‘;:]\‘maiflir:}ir gﬁgflﬁeebﬂglr{\%mv\r{%é%ﬁﬁrgg%?escygﬁfbgr aki ng ?or cgfé%lyelrreans of

i ntake depression in cordance. wi t h the braki.,ng oper.atiqn. t he operator
of 't he von BardnrEwEEGHRAERRG b iR R PLaRORLAR et Fis El sl ng a
secondary air passage of the .engine for providing auxiliary _ air_into the

i nt ake passa@@cgyatélﬂércﬂm@ﬂj whicly sdsaeiiaiablg during deselepgiiopdrayelingoliha velyrle.

val ve operating section operates the secondary air valve so as to close the
secondary ai Thpessaddevibenompesas egddactieatpmeizsarmening s¢dtien fomddtenmimiag neasur ed
by the master vac negative pressure sensing section is a negative value

hi gher than @h@hedst deadtiafbresUndertih ABSHE] & wilddabey AerialREqthnR Wity el | ng
of the wvehicle. Accordingly, because the control valve operating section

oper at es  t neyaGaaRdahy o Bk leliBle € aSRiBRISPobb AR ARRRAIA AR, Passage
when the negative~pressure Irn the master vac is a negatl val ue hi gher
than the pr eglet . M nﬁddse(ﬁond tthr zishol :a at. tﬁe i nstance of St arti ng

decel erati on WS(%& PITRICT FFECH FRUQRSVEBR PRV RO PP HE e A JRRET YRR YE
efficiently utilized to decrease the negative pressure in the r %;ter vac to
a suf fi ci entPrgssure sensing section for measuring negative pressure in a master vac whic

communicates with an intake passage of the engine and which assists a braking force by
means of intake depressi;_)n in accordance with the braking operation by the operator of
the vehicle; and a control valve operating section for opening/closing a secondary air
passage of the engine for providing auxiliary air into the intake passage by operating a
secondary air valve, wherein the control valve operating section operates the secondary
air valve so as to close the secondary air passage when the negative pressure in the
master vac measured by the master vac negative pressure sensing section is a negative
value higher than a predetermined second threshold during deceleration traveling of the
vehicle.

Accordingly, because the control valve operating section operates the secondary
air valve So as to close the secondary.air passage when the negative pressure in the
master vac is a negative value higher than the éredetennined second threshold at the
instance of starting deceleration traveling, the intake depression of the engine can be
efficiently utilized to decrease the negative pressure in the master vac to a sufficiently

low value.



| ow val ue. 06 DEC 2005 5 A third aspect of the present invention provides a
control device for a hybrid vehicle having an engi ne and a not or 6 DEC 2005
outputting power for driving the vehicle, wherein a regenerative ra&e I'S
used during deceleration traveling of the vehicle in accordance with a
decel eration state thereof, and the enginesincludes at |east one

deacti vatabl e cylinder which is deactivatable during deceleration traveling

of the vehicle. The,contro vice canpri.ses: a,deactivatian determ.ning
Section for det er nn iy SRATERHBE PINETABGEHPY RIS ASROr S RSP ISHER 1 be
deactivated in accordance with a traveling state of the vehicle; a

deact i vat i onvelaele bpyiagian sngiae endr mater foeevtpaminggowes frchivingytheyehister
deactivation during deactivation operation; an intake pressure sensing

section for whasida Rgeddriti W gabeisaistddaing dicakeativaseaghin®bf thbeeckioiine;, a
master vac negative pressure sensing section for measuring negative

: re s . : y f th
pressure 1 n |°§ﬁﬁ}“% wﬁﬁ%dé@%?ﬁﬁxoﬁ?ﬂ%%&z%@,%ﬁd%ééﬁ Oflhfz‘ltrtlltﬁg{aet@%g?@&e of the

engi ne and assists a braking force by nean pression in
accordance w,th.t br aki peratjion.b he operator of . the vehicle.. and a
contror val VisBuEP Rl BT B et Bl e RBSlRE Rte o civaling StibF Vel age
of the engine for providing auxiliary air into the intake passage by
operating a Theewiwhdgvies eomprises; 2 dgetieationtdeterabning s¢ctipalfoeddganaineng
section operates the secondary air valve so as to close the secondary air

passage whenwhéther tht dkectivateblsuwytindeas allegedty betdeectivatakia goc@adsnoeeviieansi ng
section is a negative value lower than a predetermned first threshold and

the negati veirpreBiag izt ofithé HehidRSs 8acHagtiRARLIRHoR etchRinBE iRtioN & negative
pressure sensing section is a negative value higher than a predeterm ned

TS, i LSS AR W el B g distichan s
the negative, &S Fi easihild Br PRIGEL in'AlintaRe 3aSULL bR Wnbhe! PWaYRI Ui, When the
negative pressure sensing section for measuring negative pressure in a master vac which
communicates with an intake passage of the engine and which assists a braking force by
means of intake depression in accordance with the braking operation by the operator of
the vehicle; and a control valve operating section for opening/closing a secondary air
passage of the engine for providing auxiliary air into the intake passage by operating a
secondary air valve, wherein the control valve operating section operates the secondary
air valve so as to close the secondary air passage when the intake pressure measured by
the intake pressure sensing section is a negative value lower than a predetermined first
threshold and the negative pressure in the master vac measured by the master vac
negative pressure sensing section is a negative value higher than a predetermined second
threshold during deceleration traveling of the vehicle.
Accordingly, the intake depression of the engine can be efficiently utilized to
decrease the negative pressure in the master vac to a sufficiently low value when the

negative pressure in the master vac is not sufficiently low prior to the cylinder

deactivation operation.



negative pressure in the master vac is not sufficiently low prior to the
cylinder deactivation operation. 0 6 DEC 2005 6 A fourth asPqu)%@Fﬁﬂﬁ
present invention provides a control device for a hybrid vehicle, r |%
the control valve operating section operates the secondary air valve so as
to close the secondary air passage when cylinder deactivation is prohibited
by the deactivation determ ning section. Accordingly, the secondary air
valve is closed so that the intake negative pressure can_ be ensured to be
sufficiently | ow pdileprth gsnesbolihr prrient imetion paavidas a eparheevee fopatybrid
aspect of the present invention provides a control device for a hybrid

vehi cl e, whevdiicle} Wherpinatie tetrol vablefopesiting bectioh@perates theseondargdirivalve so
accordance with a running speed of the engine. Accordingly, the

predet er m neg i disde twge%gﬂc?irx]g alr$af BE AEh BYIEdér GELELRGPE %&gpmﬁence

with the running speed o engi né. A siXxth aspect of t

i nvention prﬁvi ﬂest. a nt r.ol de\{i ce for a hybrid vehicle, wherein the
second t hr eshFFHY PR ST RE G°FH accor dance with a traveling speed of the
vehicle... Accordingly, the second threshold is appropriately determned in

accordance with thAceqrdingly. thy ssperdirppir valve yerpwdso thdheintae negatbid
threshold relates to the negative pressure in the naster vac which is
utilized to plesueasa hdenstired\te be sgffepadd lof prioetovthé celiwler Aeaivenéth aspect of
the present invention provides a control device for a hybrid vehicle,
wherein the gapitigl. system further conprises a deceleration state

determ ning section for determ ning a degree of deceleration of the

vehicle, and wher ej&'hﬁﬂ"&'spect of the present invention provides a control device for a hybrid

vehicle, wherein the predetermined first threshold is determined in accordance With a
running speed of the engine.

Accordingly, the predetermined first threshold is appropriately determined in
accordance with the running speed of the engine.

A sixth aspect of the present invention prévides a control device for a hybrid
vehicle, wherein the second threshold is determined in accordance with a traveling speed
of the vehicle.

Accordingly, the second threshold is appropriately determined in accordance
with the traveling speed of the vehicle, where the second threshold relates fo the
negative pressure in the master vac which is utilized to decrease the traveling speed of
the vehicle.

A seventh aspect of the present invention provides a control device for a hybrid
vehicle, wherein the control system further comprises a deceleration state determining
section for determining a degree of deceleration of the vehicle, and wherein the
deactivation cancellation determining section cancels the cylinder deactivation when the
degree of deceleration exceeds a predetermined value.

Accordingly, stopping of the vehicle may be set to have highest priority,



deactivation cancell ati on determ ning section cancels the cylinder
deactivati on when the degree of deceleration exceeds a predeter é}gg val ue.
Accordi ngly, stopping of the vehicle my be set to have highest :ﬁ HQHS 0
6 DEC 2005 7 therefore, a cylinder deactivation operation is not executed
when the degree of deceleration is considered to be great. BRI EF

DESCRI PTI ON OF THE DRAWNGS FIG | is a block diagram showi ng the general
structure of a hybrid vehicle in, an enbodi ment accordi ngbto t he present

i nvention. Fiberetore; acyindepdeastiv RaHeRFHpRIIR BOLIXEFHES Bhenbhe &gFecti ng into a
cylinder deactivation operation in an enbodi nent of the present invention.
FIG 3 is a fdcelecitamtis shasidener tonkee grpatr at i on for det erm ni ng whet her the
pre-deactivation conditions permtting the cylinder deactivation operation
are satisfied in an enbodi nent of the present invention. FIG 4 is a

fl omchart showi ng the operation for determ ning whether the deactivation

cancel l ati on conditions ar t he present
invention. FIG 5 is a fl omgfﬁ%%moﬁgﬁoper nWIIﬁEO}IS sel ecti ng air
control node in an__ _enbodi nent of the present invention. jF is. also a
flowchart showing ¥K& ldpebdrckatiagram %W&E&@ﬁ@%@rﬁl SHFEES P %Bﬂé’lq Yebigle in

enbodi nent of the present invention. FIG 7 is a flowhart show ng the
oper ati on f om embedimienigacaordingtotthe prasedénventionnot her enbodi ment of the
present invention. FIG 8 is a front view show ng a variable valve timng
nmechani sm used i n BIG. 295 AabwWeRRs sRbwing@hP6SGEMEn foR ¥RREMAR into a cylinder
deac.tivation operation in an embodiment of the present invention.

FIG. 3 is a flowchart showing the operation for determining whether the
pre-deactivation conditions permitting the cylinder deactivation operation are satisfied in
an embodiment of the present invention.

FIG. 4 is a flowchart showing the operation for determining whether the
deactivation cancellation conditions are satisfied in an embodiment of the present
invention.

FIG. 5 is a flowchart showing the operation for selecting air control mode in an
embodiment of the present invention.

FIG. 6 is also a flowchart showing the operation for selecting gir control mode
in an embodiment of the present invention.

FIG. 7 is a flowchart showing the ope;ration for selecting air control mode in
another embodiment of the present invention.

FIG. 8 is a front view showing a variéble valve timing mechanism used in an
embodiment of the present invention.

FIGS. 9A and 9B show the variable valve timing mechanism used in the

embodiment of the present invention; in particular, FIG. 9A shows a cross-section of the

main part of the variable valve timing mechanism in a cylinder activation state, and FIG.



FIGS. 9A and 9B show the variable valve tim ng nmechanismused in the

enbodi nent of the present invention; in particular, FIG 9A shovvﬁ zraﬂ
cross-section of the main part of the variable valve tini ng nmec z§ E§nzﬂﬁl5n a
cylinder activation state, and FIG 06 DEC 2005 8 9B shows a cross-section
of the main part of the variable valve tigéng mechanismin a cylinder
deactivation state. FIG 10 is an enlarged view of the main part in FIG 1.
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Preferred enbodi ments of the
present i nveABisbowai ictospeortiva afithe mamaurtafithe varegbls warlvetimang ivechapisaniaad
drawings. FIG 1 is a block diagramschematically illustrating a parallel
hybrid vehi ctdirder deticdtione®atenbodi ments of the present invention are
applied, and which conprises an engine E, an electric notor M and a
transm ssion T di rp Ipo &Qﬂl%%ij% %&ﬁlﬁf‘t nﬁ laHmF%If)S The driving force
generated by both t e engi ne nd the e |pc motor Mis transmtted via,
for exanple, a CVT (continuously vari abI e transm ssion) as the transm ssion
T (the transmssion T may be a manual transmission) to front wheels W as
driving wheels. Wen the driving force is transmtted fromthe driving
wheels W to the el ect PESCRIBTHINPIHIBERRGEERREPEVSOBIMENd Shybr i d
vehicle, the electric notor Mfunctions as a generator for applying a
so-cal | ed regener aPief@rdd aikbotimbnts o€ tHeprédent ivebntidnewill nawv be tXydainkd withi ¢
energy of the vehicle is recovered and stored as electric energy. The

driving of thgaRdcb thd Anbded erating operation of the notor Mare
controlled by a power drive unit ( 2 according to control conmmands from

a motor  CPU 1M of gy nolor lgc%Jdlgt%rﬁﬁgsjaé%Hat c% m&{lﬁggéaﬁéﬂ#yb%(i{e ﬂ?e to

battery 3 for sending and recel energ rom notor M
i S connect edwin

ch ttﬂe el%g(\),@men{si o\% the present invention are applied, and which comprises an
engine E, an electric motor M, and a transmission T directly coupled to each other in
series. The driving force generated by both the engine E and the electric motor M is
transmitted via, for example, a CVT (continuously variable transmission) as the
transmission T (the transmission T may be a manpal transmission} io front wheels Wt as
driving wheels.
‘When the driving force is transmitted from the driving wheels Wf to the électric
moto;‘ M during deceleration of the hybrid vehicle, the electric motor M functions as a
} generator for applying a so-called regenerative braking force to the vehicle, i.e., the
kinetic energy of the vehicle is recovered and stored as electric energy.
The driving of the motor M and the regenerating operation of the motor M are
controlled by a power drive unit (PDU) 2 according to control commands from a motor
CPU IMofamotor ECU1. A high-voltage nickel metal hydride battery 3 for sending
and receiving electric energy to and from the motor M is connected to the power drive
unit 2. The battery 3 includes a plurality of modules connected in series, and in each
module, a plurality of cell units are connected in serigs. The hybrid vehicle includes a

12-volt auxiliary battery 4 for energizing various accessories. The auxiliary battery 4 is



unit 2. The battery 3 includes a plurality of nodul es connected in series,
and in each nodule, a plurality of cell units are connected in{ﬁ@nt@%% The
hybrid vehicle includes a 12-volt auxiliary battery 4 for energi zing

vari ous accessories. The auxiliary battery 4 is 06 DEC 2005 9 connected to
the battery '3 via a downverter 5 or a DC§)C converter. The downverter 5,
controlled by an FIECU 11 (a part of the control valve operating section),
makes the voltage fromthe battery 3 step-down and charges the auxiliary
battery 4. Thewgstedto ttedatiercdivisra vartphd eep Y EPG sommerter:  Jhstdovnveiderthe
battery 3 and calculating the remaining battery charge thereof. In

addi ti on, a CMiEQSdDY anFIEQRhEL (agebrt of thdreonttal ankwiopsiating Fectioh), cimkies the CVT,
for controlling the same. The FIECU 11 controls, in addition to the notor

ECU 1 and th%l@é@é"’ﬂ/&ﬁ HRY badtery®3 st%b'-%wﬁ%&'cﬂa@@?ﬂﬁtauﬁﬂﬂ}j Bitlepy¥ 4 NPhe Sogn) for
controlling the amount of fudel supplied to "the engine E, & starter notor

(not shown), H~gpition.tim.n et.Gr t hi nd,., t Fl ECU. 11 recej,ves

vari ous si gnglcg’fi HURPEES & bsa?taﬂra(?f’lf]Qmogpgoggcglggécg%gﬁeq E@%S#&?lﬁgn% icle
speed, a signal .from an engine revol ution speed sensor for sensj ngt engi ne
revol ution &seaseing haterychpreetlgreef. sl addijenia G ¥AECENSbis copreciehioithyy t he
shift position of the transmssion T, a signal froma brake switch for

det ect i ng t heawgpassaen Gnwbichas bCAKE fpeubaltrolling the gmat. from a clutch switch for
detecting the operation of a clutch pedal, a signal froma throttle

openi ng- degr ee senshé FIECUIwhiigls) ileddigonae tef mowe BOW 1 ahd thetdvvalveher 3/al ve
32, a signal froman intake negative pressure sensor for sensing negative

pressure 10 aPauly ahfb@eeaBonaatt shaud) Mbult Ml Gl BORRERIMIA R0, |

the like. In rence s I cates a booster asso

the brake pegdal,..in which a master.vac,negativye.pressur ensor i vi ded
for sensing ﬁ’é&&%ﬁ‘\?? aﬁ};ﬁg@g HHoLOs (ﬂotﬁlFSWB?’é%‘g%ﬂ%gngﬁ ’\FZCC (’Jﬁoetil 5 ffhgilﬁg erred
to as nast'er vac hegative pressure). ,Th91 ster vac ne%ati Ve pressure '
sensor is cohh&Ecewgs yzgqqqq@gﬁaéégcllgs_amgna om a speed sensor Tor sensing vehicle

speed, a signal from an engine revolution speed sensor for sensing engine revolution
speed, a signal from a shift position sensor for sensing the shift position of the
transmission T, a signal from a brake switch for detecting the operation of a brake pedal,
a signal from a clutch switch for detecting the operation of a clutch pedal, a signal from
a throttle opening-degree sensor for sensing the degree of opening of a throttle valve 32,
a signal from an intake negative pressure sensor for sensing negative pressure in the
air-intake passage, a signal from a knocking sensor, and the like.

In FIG. 1, reference symbol BS indicates a booster associated with the brake
pedal, in which a master vac negative pressure sensor is provided for sensing negative
pressure in the brake master vac (hereinafter referred to as master vac negative pressure).
The master vac negative pressure sensor is connected to the FIECU 11.

For the purpose of clarification, only an intake negative pressure sensor S1 (a

- part of an intake pressure sensing section) provided in an air-intake passage 30, a throttle
opening-degree sensor S2, a master vac negative pressure sensor S3 (a part of the master

vac negative pressure sensing section) provided with a communication passage 31



For ‘the purpose of clarification, only an intake negative pressure sensor Sl
(a part of an intake pressure sensing section) provided in an g@mmt ke
passage 30, a throttle opening-degree sensor S2, a master vac negati
pressure sensor S3 (a part of the master vac negative pressure sensing
section) provided with a conmuni cation paﬁﬁage 31 0 6 OEC 2005 10 connected
to the air-intake passage 30, and a knocki‘ng sensor S4 are shown in FIG 1.
The air-intake passage is provided with a secondary air passage 33 for air
communi cat i overinectae énthelwir-intpde pestagp oP.tandri kuiocking sepret B4 tare sheevn inddGt 1
valve 32 and the downstream portion, and the secondary air passage 33 is
provided with a comlhé gir-intukd ysap 10 providericwinisl a sycoatliryehniaselge B3l fueair The

pur pose of providing the secondary air passage 33 is to supply a small

amount of aif,. ; | [N S%ﬁ& IS
conpl etely c(fooﬂélg cégﬁg&ﬁ%ﬁ% I%E%%P%W?ﬁﬁ]eé%%eﬁ% %@E%arlo@% 4 ?533‘91 d
controlled b% geans of the, si from,t he.Fl ECU rJ?él n agf rdggce with the

i ntake negaflf GEWPFEA, PAUQRY B SHPIARY ATHASRABE Hd JSPI, ear U nsor
S1. APO L(oil pressure) sensor S5, a solenoid of a spool valve 71, and a
TOL (oil tevabes 34 or ejecondaypair cgptrohvalverf Vi mpeselof previdingthe seeendsey o, ar e
al so connected to the FIECU 11. The knocking sensors S4 are provided for
det ecting a passiger3d istafwpiyna tinell eylountdsfi=dr inayiha gybindeysieveabllenvht wie-ititakd ng
mechani sm VT. The engine E includes three cylinders associated with the

vari abl e valy@sddergong compleidpcpiedly aR ke vdvé B2 akensidh@opislvans axhaust
side, and a cylinder associated wth a conventional valve nechani sm which

has no el atj@iohiga hDenl bAELiASAELRMAL AU ARSh Aldcillmck Byl HE Tty dS. the

engjne E is a deac e engrmne 1n ( e operation state may be

o Lernat o e EE oL TEL SReL oL B0 Ay L B LUt 1) Lodery bc) i o

operation | npr\évsho,iugeg sensor S5, a solenoid of a spool valve 71, and a TOIL (oil temperature) sensor
56, all of which will be explained below, are also connected to the FIECU 11. The
knocking sensors S4 are provided for detecting a misfire state in the cylinders having a
variable valve timing mechanism VT.

The engine E includes three cyligders associated with the variable valve timing
mechanism VT on both an intake side and an exhaust side, and a cylinder associated
with a conventional valve mechanism which has no relation to the cylinder deactivation
operation. |

In other words, the engine E is a deactivatable engine in which the operation

_ state may be alternated between normal operation in which all four cylinders including
three deactivatable cylinders are active and a cylinder deactivation operation in which
three deactivatable cylinders are inactive. In the engine E, the operation of the intake
valves IV and exhaust valves EV associated with the deactivatable cylinders can be
temporarily stopped by means of the variable valve timing mechanism VT.

Next, the variable valve timing mechanism VT will be explained in detail with

reference to FIGS. 8 to 10.



- three deactivatable cylinders are inactive. In the engine E, the operation
of the intake valves IV and exhaust valves EV associated with theél 6 DEC 200
deactivatabl e cylinders can be tenporarily stopped by neans of the variable
val ve tim ng nmechanism VT. Next, the variable valve timng nechanism VT w ||
be explained in detail with reference toH/IGS. 8 to 10. 0 6 DEC 2005 11

FIG 8 shows an exanple of an SOHC engi ne provi ded with the variable val ve
timng mechani sm VI_which is adapted for %@l nder deacti vation_gperation.

The cylinder (not F&Hohayowsanmxgipifcef 'CW$(H gmsraReded B the/variakle ydve

exhaust valve EV which are biased by valve springs 51 in a direction which
cl oses the i tirdkgneohdnigmMT whichunddapted fox haylstdepdedctiaiddin spepation. The
respectively. Reference synbol 52 indicates a |lift cam provided on a

canmshaft 53. iRl (Adt sE&MPS Ek@l@é@i&ﬁi@l@ﬂle%fake 3RIvE TV ke tl&‘eaéﬂhahétfvtawégiv ocker
arm 54a for I|ft|ng t he i ntake val ve and an exhaust cam | |ft|ng rocker arm

54b for lifti t he,exh val ve o} r Qc ed by a
rocker arm gﬁ’ 4g 1aselc2§ F%}gﬁ@?’r"%s%?s}ﬁafc{“ V\Q‘B }sl%hs Seslb} ?éggg%grati ng
rocker arns 55a and 55b in a _rockable manner h are | ted adj acent to
the cam | i f t SRRYBIGEKSKhashBOmE Mot sheyn) 5%?3%%1% rr%wam& Zﬁ%lén F48S t he

top ends of the intake valve IV and the exhaust valve By, res_pectl vely, so
t hat the i nt ikeavaprowided onndamskateihaulhe kifilcem 2\s opgaged mailran intakp earhi ve
ports. As shown in FIGS. 9A and 9B, the proximal ends (opposite the ends

contacting t Héingadovles)armfs4h ier iehy ¢hedptikatvalvg ahdak exhaknTand it dckblrmr e
adapted so as to be able to engage a circular cam 531 provided on the

canshaft 53. sk £53-1irfAy 3G RS DAVE, Rth BPWRIATN Rckd ﬁﬂmﬁﬂeﬂf by QR GkRr arm

54b .and the valve opeérating rockeér arm 55b provide e exhaust val ve
side. As shomﬂ& FIGS. 9A and 9B, a hydraulic chanber 56 is fornmed in the
cam ) :

The rocker arm shaft 62 also supports valve operating rocker arms 55a and 55b
in a rockable manner, which are located adjacent to the cam lifting rocker arms 54a and
54b, and whose recking ends press the top ends of the intake valve IV and the exhaust
valve EV, respectively, so that the intake valve IV and the exhaust valve EV open their
respective ports. As shown in FIGS. SA and 9B, the proximal ends (opposite the ends
contacting the valves) of the valve operating rocker arms 55a and 55b are adapted so as

- to be able to engage a circular cam 531 provided on the camshaft 53.

FIGS. 9A and 9B show, as an example, the cam lifting rocker arm 54b and the
valve operating rocker arm 55b provided in the exhaust valve side.

As shown in FIGS. 9A and 9B, a hydraulic chamber 56 is formed in the cam
lifting rocker arm 54b and the valve operating rocker arm 55b in a continuous manner,
which is located on the opposite side of the rocker arm shaft 62 with respect to the lift
cam 52. The hydraulic chamber 56 is provided with a pin 57a and a disengaging pin
57b both of which are slidable and biased toward the cam lifting rocker arm 54b by
means of a pin spring 58.

The rocker arm shaft 62 is provided with, in its inside, a hydrat_ﬂic passage 59



lifting rocker arm 54b and the val ve operating rocker arm55b in a

conti nuous manner, which is |located on the opposite side of thegggﬁfgmﬁarm
shaft 62 with respect to the Iift cam52. The hydraulic chanber i
provided with a pin 57a and a di sengaging pin 57b both of which are
slidable and biased toward the camliftingyocker arm54b by neans of a pin
spring 58. The rocker armshaft 62 is provided with, inits inside, a
hydraul i ¢ passage 59 .0 6, DEC 2005 .12 which js divided .into hydraulig
passages 59a Ydueh isgiviged mtghydrpplicoppssagesida s Wb & ParHHeR Sge Tﬁeéﬁw@uhc
connected to the hydraulic chanber 56 at the position where the disengaging
pin 57b is | pestgelS9% ia camnazpeintorthe Bpiredlic dhentbgdfGed the ppatisaghetsdbe and a
comuni cation port 6.1 in the camlifting rocker arm 54b. The hydraulic

passage 59b idfenSMIEHHSILEOIERIREIN P e TPRRRE hifadlic pAA8adR0TbtdngR Wher e

the pin 57a is |l ocated via an opening 60 of the hydraulic passage 59a and a

[0 be T ur thor RamiserahPete ] i P G AASEINRS arG1B  Thehiadu Spile® ROR

9A, the pin 57a is positioned by the pin spring 58 so as to_ hrjdge,the cam

. g
lifting rock&prnnseipdda thediyiraulic chamber Hpeithe Pesiiionwhere thy pinogp 1gieepted via an
hydraul ic pressure is not applied via the hydraulic passage 59b. On the
ot her hand, optrang h§ df thelliydramlie pessage §%a aphd cedmuhigatidrepdry @ authe valyassage
59b in accordance with a cylinder deactivation signal, both of the pin 57a
and the di seppagii@riekér kD55, afleis ddaped o bé Quritrt YenreprbRitb AdriiaPheag@r m 55b
agai nst the biasing force of the pin spring 58, and the interface between

the pin 57a gms%&?n)d' sengagi ng pin 57b corresponds to the interface
between the cam |1 ft1ng rocker arm 54b and the val ve operating rocker arm

55b 'to disconnect ,these ro rqg Ar 5 and 55b S .shown i.n & 9B. The
i ntake val ve si de‘ﬁsssg%\’vgén Eﬁﬁ-&fﬁ&ﬁ?gl&%ﬁ Isapgﬁlﬁ?qegﬁjyﬁ{%% I@rspn?ﬁghr%/(?? ulic
passages 59ab§9€e t?lgbcal%rlffting rocker arm 54b and the valve operating rocker arm 55b when

hydraulic pressure is not applied via the hydraulic passage 59b. On the other hand,
when hydraulic pressure is applied via the hydraulic passage 59b in accordance with a
cylinder deactivation signal, both of the pin 57a and the disengaging pin 57b slide
toward the valve 6perating rocker arm 55b against thé biasing force of the pin spring 58,
and the interface between the pin 57a and the disengaging pin 57b corresponds to the
interface between the cam lifting rocker arm 54b and the valve operating rocker arm 55b
to disconnect these rocker arms 54b and 55b, as shown in FIG. 9B. The intake va.lvé
side is also constructed in a similar manner. The hydraulic passages 5%9a and 59b are
connected to an oil pump 70 via the spool valve 71 which is provided for ensuring
hydraulic pressure of the variable valve timing mechanism VT.

As shown in FIG. 10, a passage for deactivation 72 branching from the spool
valve 71 is connected to the hydraulic passage 59b in the rocker arm shaft 62, and a
passage for canceling deactivation 73 branching from the spool valve 71 is connected to
the hydraulic passage 59a. The POIL sensor S5 is connected to the passage for

canceling deactivation 73. The POIL sensor S5 monitors hydraulic pressure in the



connected to an oil punp 70 via the spool valve 71 which is provided for
ensuring hydraulic pressure of the variable valve timng nechanigquf.ﬂ@§
shown in FIG 10, a passage for deactivation 72 branching fromthe spo&
valve 71 is connected to the hydraulic passage 59b in the rocker arm shaft
62, and a passage for canceling deactivatjson 73 branching fromthe spool
valve 71 is connected to the hydraulic passage 59a. The PO L sensor S5 is
connected to the ssage.for, cancel] deactivation 73. The FQ L sensor S5
moni t or s hyd@&iﬂagg?%ﬁé%%eapg deaetivRom 7 Vieh SYuits low P ring 3 deadtialpn ng
deactivation 73, which exhibits | ow values during a deactivation operation
and exhi bi t s opemgton andiesshibiteligly valoendiringperaal operativie  Tlhel T@Enseosor (shown
in FIG 1) is connected to an oil supplying passage 74 which branches from a

passage conngsiowitintfe, PHik leefincRfed!tban@ill suppiiihg ffhsaipe 7uhehish binchas!fien 41 and
whi ch supplies operating oil to the engine E so as to nonitor the

oy P der deadtioels PR e BP oultor OGP o 1S 76208 dhd ol QAVET BE Bl © @
sati sfi ed, the}gﬁ ool valve 71 .is gﬁgr ted in accordance with from

si gnal
the FI EQU 11 SuERFSRpEFEs piL 6ihe SuBine 5 %0 axgpBdor o REPRAUFAA e SeRaMBer 56
via the oil punp 70 and the hydraulic passage 59b in both the intake val ve

and exhaust odal ve sides. Subsequently, the pins 57a, which have been
bridging the camlifting rocker arnms 54a, 54b and the val ve operating
rocker arnms 55a, S53Phdnapethalition foi ehteeing hits angtigiddrglepetivahidh opahticke vihdoiar d
the val ve operating rocker arns 55a, 55b, and the cam Ilifting rocker arns

54a, 54b and wi)®e iR Be@BELAM {SNGtiSHK Ble PHIByaPRAT1 é%eﬁ&é’d indecSGaAReSHAh | N
this state, although the camlifting rocker arns 54a“and 54b are driven by

the | rotatingellfofia Abet I, HRHSHRRLS plstrd S RN b A e L s6e

operating ro
via the oil pump 70 and the hydraulic passage 59b in both the intake valve and exhaust

valve sides. Subsequently, the pins 57a, which have been bridging the cam lifting
rocker arms 54a, 54b and the valve operating rocker arms 55a, 55b together with the
disengaging pin 57b, slide toward the valve operating rocker arms 55a, 55b, and the cam
lifting rocker arms 54a, 54b and the valve operating rocker arms 55a, 55b are
disconnected.

In this state, although the cam lifting rocker arms 54a and 54b are driven by the
rotating lift cam 52, the movements are not transmitted to the valve operating rocker
arms 55a and 55b which have been disconnected from the cam lifting rocker arms 54a
and 54b. As aresult, 'becausé the valve operating rocker arms 55a and 55b are not
dﬁven and the intake valve IV and the respective ports of the exhaust valve EV remain

closed, a cylinder deactivation operation of the engine can be performed.

Operation for switching info cylinder deactivation operation
Now, the operation for switching into a cylinder deactivation operation will be

explained with reference to FIG. 2.



arnms 55a and 55b whi ch have been di sconnected fromthe camlifting rocker
arnms 54a and 54b. As a result, because the val ve operating rockerﬂ QQF? Eﬁga
and 55b are not driven and the intake valve IV and the respective p g f
t he exhaust valve EV remain closed, a cylinder deactivation operation of

t he engi ne can be perfornmed. Operation for, swtching into cylinder
deactivation operation Now, the operation for switching into a cylinder
deactivation operation will be explained with reference to FIG 2. 0 6 DEC
2005 14 The ter m Toykdrmdayliddaratenstatation opgretiat’i lemein mesapis an wegine operaténgi ne
operation state in which both of the intake and exhaust valves remain in
their cl osi ngtaRAs iviHiSNBotRYf tHEiRREe @hd gy eyalvRIremyml ivehdit Slofigg FB&hemy tym VT
under predeterm ned conditions during regenerative deceleration, and it is

perforned in ' AP ' .ener gy
regener at ed g%%ﬂsﬁ%f%ggéﬁ%rfgt%lgﬁ%ﬁ% %ﬁ%ﬁ#%?v\ghar egﬁ%é\gn%?lﬁﬁl%glc@(ﬁgg&a flag
(i.e., cylinder. deactivation executing flag,F ALCS included in a .. .

deact | vat i onCHERBRGPRITHEY SCE IR ARkT! S RoEr T e errRemsdnsioon
state between a cylinder deactivation operation and normal operation in
whi ch al | cyhidtdansreasedhacudrgy régenersted danidg deesderation.a lorthel@vwrchirhgwwedni od.
In step S 100A, it is determ ned whether the value of a flag F_GDECCS

(i ncl uded i nFEGAEedl@r(Bt] eylirtlent eacteittmdxebitthgsfat F o).CBSnélhded iflae flag F
GDECCS is provided since cancellation of the cylinder deactivation

. operation is ] \eéé.gﬁ f I s I : I r,eat .

When t he resg%a?ﬂgéﬁc?ﬂ% et Itlaltrnﬁ'lgﬁ%ti gﬁ&i‘ﬁr%gsa'lttglglﬁ&éﬁﬁ %gﬁﬁﬂ?gb &e/iré%ﬁ ;ﬁgﬁe\ﬁ’g{‘%‘aﬁgf‘ ation
proceeds to en, S.114. and when the result is. "NO' . .th ration. proeceeds
Po step s | Dty ety opfition i rgBidl cpetaliondmnicdl FREEGarOR B %S
flag F_GDECMA (i ncluded in the ddecel eration state determ ning section) is
1" TThe it @:iesejﬁ@,\medetermme period.

In step S100A, it is determined whether the value of a flag F_ GDECCS
{(included in a deceleration state determining section) is “1”. The flagF GDECCS is
provided since caﬁcellation of the cylinder deactivation operation is required when the
degree of deceleration is relatively great. When the result of the determination in step
S100A is “YES”, the operation proceeds to step S114, and when the result is “NO”, the
operation proceeds to step SiOOB.

In step S100B, it is determined whether the value of a flag F_GDECMA
(iﬁcluded in the deceleration state determining section) is “1”.  The flagF_ GDECMA
is provided since cancellation of regenerative deceleration is required when the degree of
deceleration is relatively great. 'When the result of the determination in step S100A is
“YES”, the operation. proceeds to step S114, and when the result is “NO”, the operation
proceeds to step S101. The reason for providing the determination in step S100A is
that it is better not to execute the cylinder deactivation operation when stopping of the
vehicle has the highest priority.

~ When a braking operation of high deceleration is applied, negative pressure in

the master vac is greatly reduced (i.e., the absolute pressure is increased), and



is provided since cancellation of regenerative deceleration is required when
the degree of deceleration is relatively great. Wen the result @é %@3
determ nation instep S100A is "YES', the operation proceeds to s B %54,
and when the result is "NO', the operation proceeds to step S 101. The
reason for providing the determ nation ini%ep S 100A is that it is better
not to execute the cylinder deactivation eration when stopping of the
vehi cl e has the highest priority. Wen a braking operation of high

decel er at i orsubsequepily,dbkre heyhighpesgbidiss hatthe sngme@paresiva stateaway wtgndat | y
reduced (i.e., the absolute pressure is increased), and 0 6 DEC 2005 15
subsequent | ynorirabogeratforefrbimghe pagrieptddctiyatidnedpetdtibnenigh B&ighpissibilion(th¢ at e
may return to normal operation fromthe cylinder deactivation operation

with a hi gh jaaasi it dideuttdield 8 oidtohlio BEp d1801IRELRAE UL gEe! at  on to

step 5160); erefore, the cylinder eacti1 vati ol operation ‘should be
cancel | ed duting high decel erati,on trayeling. The regson for providing the
det er i nat i o‘{?af:ﬂvaélto ﬁpgraﬁoﬁfé?‘flg%ﬁ ﬁ%’%ceﬁ?é flgl%i%]?]lggrdeﬁ%?mﬂ?%g@fgg]@ﬁt e the
cylinder deactivation operation in order to protect the battery froma

rapi dly increased Fegeawndor pevidieg thei detesménagipn dusiepg 100G hs Batiiisheser vt
traveling. The flag F_GDECCS and the flag F_GDECMA are flags which are set

to be "1" wherexthee thdegliaderafeactixatibe bptration insordegial proteciohe hatsay dont han a
predeterm ned value (for exanple, 0.3 X 9.8 ms2). The degree of

decel erat| OWaFﬁlfﬁakﬁﬁkéﬁ RPcRASOR Mbtidc &l SR ghideeehith rhRN@EUt TRE NE
and a fluctuation of vehicCle speed neasured by wheel speed sensors. Steps S

oo 2, L OO RSO M AR iy T

degree of dec asured by an atcel eroneter (not sho In

step 5101, it is t erm ned. whet her desi ted fail-safe_si | s _have en
det boted. wiise il SEufRRcH el Ger e oo eraed it (Rt Sxaigyie. O
operation proceedg to step S 102, and when the result is "YES', the
oper ation pr&deknss).o Bregdegree of deceleration is calculated based on a fluctuation of engine’

revolution NE and a fluctuation of vehicle speed measured by wheel speed sensors.
Steps S100A and S100B constitute the deceleration state determining section, The
degree of deceleration may be measured by an accelerometer (not shown).

In step S101, it is determined whether designated fail-safe signals have been
detected. When the result of the determination in step S101 is “NO”, the operation
proceeds to step 5102, and when the result is “YES”, the operatibn proceeds to step
S114. The operation should proceed in this way because it is better not to execute the .
cylinder deactivation operation when the engine has some abnormalities.

In step S102, it is determined Whethe-r aflag F_ALCSSOL is “1”. When the
flag F_ ALCSSOL is “1”, it means that the solenoid for a cylinder deactivation operation
in the spool valve 71 is ON. When the result of the determination in step S102 is
“YES”, the operation proceeds to step S105, and when the result is “NO”, the operation
proceeds to step S103. In step S103, as will be explainéd below, it is determined

whether the pre-deactivation conditions permitting the cylinder deactivation operation



S114. The operation should proceed in this way because it is better not to
execute the cylinder deactivation operation when the engine hasﬂgggng
abnormalities. Instep S 102, it is deternined whether a flag F_AL @%
“I". When the flag F_ALCSSOL is "I", it neans that the solenoid for a
cylinder deactivation operation in the sqgol valve 71 is ON. Wen the
result of the determnation in step S102 i "YES', the operation proceeds
to step S 105, and when the result is "NO', the operation proceeds to step
S103. | nst epa® saigiedds WLASSHSB_dWB)atbaedhe eperation proceeddde sleniSi8d  Theet her
the pre-deactivation conditions permtting the cylinder deactivation

operation O tylier 2€{2fivdtfon @regatiatib sidoatkd(dnlyAvEESTHR plbldkactivation cdrdtions
operation proceeds to step S 104. The cylinder deactivation operation is

execut ed onl y..whedsdqh &@gactivation conditions are satisfied in step S
103,. In stepe\ggl%‘}l, ?ts%s g’ei'erm' ned whet her the value of a cylinder

deactivation stang- .F. ALCSSIB.ig "1".. The fl E. ALCSSTB is set to
be 1+ when the - presteshBR i dsiramtRd vhenis the wuc of Loiades P w08 T0s.
and is set to be "0" when the pre-deactivation conditions are not
satisfied. Aseed-8yilgetfo ARSI IRy RALCErBag Fr ALESSIS ssafitadd “Whathpetheor not

a cylinder deactivation operation nay be executed in accordance with the
oper ati on st pieedeatiitdtien\cehdicioas atdsetisfieddn sep 103 pdndiibect tabe E0°rwhed then i n
step S 104 is "YES', which neans that the pre-deactivation conditions are

satisfied, the-opeliviticaroRIGSREHS oPsaitsARd.S 188 ording t¥WARITIdsTe ATRSINTR,iifis" NO',
which neans that the pre-deactivation conditions are not satisfied, the

operation pr @%@ﬁ%ﬁe& thaﬁl\%ﬁgl:[ I%etsa]c?rhlgélé} é%&&ﬁﬁoxjfggeraﬁén Wal lbe REcXd @i ned

below, it is determ ne activation canceflation conditions

are "satisfiedch ALCSSTP, JUD) ; 'thﬁ?ﬂé &e ratdon pr.oce ds {10 step S 106.
8%; ﬁ.ﬁ t of the

Wien the deatSPURPFoNRARE 8T &y CrYeRee: o g hen theresu

determination in step S104 is “YES”, which means that the pre-deactivation conditions
are satisfied, the operation proceeds to step S1 OS,Aand when the result is “NO”, which
means that the pre-deactivation conditions are not satisfied, the operation proceeds to
step S114.

In step S105, as will be explained below, it is determined whether the
deactivation cancellation conditions are satisfied (F_ALCSSTP JﬁD); then, the
operation proceeds to step S106. When the deactivation cancellation conditions are
satisfied in step S103, the cylinder deactivation operation will not be executed. In
contrast to the judgment on fhe pre-deactivation conditions, the judgment on the
deactivation cancellation conditions is always performed (contiﬁuously monitored),
when the operation shown in FIG. 2 is executed.

In step S106, it is determined whether the value of a deactivation cancellation
flag F_ALCSSTP is “1”. The deactivation cancellation flag F ALCSSTP (included in

|‘.|’.159

the deactivation cancellation determining section) is set to be “1” when the deactivation
cancellation conditions are satisfied in step S105, and is set to be “0” when the

deactivation cancellation conditions are not satisfied. According to the flag



satisfied in step S105, the cylinder deactivation operation will not.be
executed. In contrast to the judgnent on the pre-deactivation conditions,
t he judgnent on the deactivation cancellation conditions is al vvaaﬁ DEC 2005
performed (continuously nonitored), when the operation showmn in FIG 2 is
executed. In step S 106, it is determ ned lxynet her the value of a
deactivation cancellation flag F ALCSSTP is "1". The deactivation

cancel lation_flag F _ALCSSTP (included in the deactivation cancel]| ation
det er ni ni ng Eeéth B4t i§ deteprgingd whetheppppotihecByler i\fQFéZfIV@FPn QEFREORIBR on
conditions are satisfied in step S 105, and is set to be "0" when the
deact i vat i onbz earcellédini axnordendt witlothe opertino stateatfi thé veldcle duciog dieeylindert he
flag O 6 DEC 2005 17 F- ALCSSTP, it is determ ned whether or not the
cylinder deagddchaitidopRPRIAIIIIME dline, DAVESIGE R of ThePdthdARToh iistdp 106
operation state of the vehicle during the cylinder deactivation operation
of the enging.« n_the result of th t enni Lon_i.ns I:s.. " YES",
whi ch neans ft‘%hat hgvtl%chr{ggqqsél?artgthe %agﬁ%}ﬁt%fﬁgﬁgn@ﬁéms% Fés}fsltﬁgg’, t%% %gergtp@? ation

proceeds to step S 114, and when the result is "NQ', which rr@ans ttlat t he
cancel | at i onProgeRddite sisRS 1at.cndovhendhs wsnley ‘N vapeh meppvihat he saysliapnsi ep S
107. In step S 107, it is determ ned whether the value of a solenoid ON

del ay tinmer condiiE®Blard notastisfidd theeperabaprsdedsebotep S167 0". When the result
of the determination in step S 107 is "YES', which neans that a

predet er m ned peri pcki6RS1 PR HSE deteihited Opethat e Valie@fagdiknbid ONeRIdy thl&, and
when the result is "NO', which neans that a predetennined period has not

passed, the PREFANIAN 1P S@@%ql&‘ﬂe&ta&@wsisl‘@e: WhetRPresuit BBiheUeRiRSIGHEA M Ned
val ue #TNLALCS2 s sét in a solenoid OFF delay tinmer TALC SDL2 for the

] I . ‘ i of d > . ' d
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conpletion of the determination in step S 105 to. etign of the OFF
OpreTP ation ofOReﬁ@?On proceeg] to step Ql(ﬁé} ané w%en the resutlsg‘ J, W 1(:% means that a

predetermined period has not passed, the operation proceeds to step S116.

In step S108, a predetermined value #IMALCS?2 is set in a solenoid OFF delay
timer TALCSDL2 for the spool valve 71, then the operation proceeds té step S109.

This procedure is performed in order to ensure a certain period of time has passed from
completion of the determination in step S105 to completion of the OFF operation of the
solenoid for the spool valve 71 in step S116, which will be explained below, when the
engine operation is alternated from the cylinder deactivation bperation to normal
operation.

In step S109, the flag F ALCSSOL of the solenoid for the cylinder deactivation
operation is set to “17, i.e., the solenoid for the cylinder deactivation operation in the
spool valve 71 is set to be ON, then ’;he operation proceeds to step S110.

In step S110, it is determined by the POIL sensor S5 whether hydraulic pressure
is actually produced after the solenoid for the cylinder deactivation operation was set to
be ON. Specifically, it is determined whether or not engine oil pressure POIL is equal

to or greater than cylinder deactivation permissible' oil pressure #POILCSH (e.g., 137



solenoid for the spool valve 71 in step S 116, which will be expl ai ned
bel ow, when the engine operation is alternated fromthe cyli nderﬂ DEC 7
deactivation operation to normal operation. in step S 109, the fIa% E:Q_‘M_CSS
OL of the solenoid for the cylinder deactivation operationis set to " | ",
i.e., the solenoid for the cylinder deact ilgati on operation in the spool
valve 71 is set to be ON, then the operati'fn proceeds to step S 1 10. In
step S1 10, it is determned by the POL sensor S 5 whether hydraulic
pressure i skBaxtat ky'cmpfNdubdendle wsult héthe detenwimitiboin st S ¥0 isTOEES”,
deactivation operation was set to be ON. Specifically, it is determ ned

whet her or nghicBnEdRAE ik bnBhe 67 PERIIPIPOILSs @ﬂmahg%ge@mw@@;&m opeR@idn
cylinder deactivation pen-nissible oil pressure LCSH (e.g., 137 06 DEC
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pressure side, the operation proceeds to . step S111, ,ang when the result is
"NO' (there Procesisierter pd)8. (A of passsuiesvitep mpydidyoyided faghadatgrmingficr |
pressure switch maybe provided for the determ nation instead of the POL
sensor S5. |inswsadpf e POILisensos Sdet er mi ned whet her the val ue of a cylinder
deactivation execution delay tinmer TCSDLYl is "0" in order to ensure a

certain period of gt $BAg, itRAd&aeshibe@WhethentieRansrIal cylinliMaleddivagiosW t ched
on to when oil pressure is produced. When the result of the determ nation

|0 Step, S Ldsehtrion @iy obbPTORBTYI 8R0PLRGAED d:ys 3R, bERa cfifhothen e

result is erafi on proceeds to step a timer

¥t ng  spectrerdd ot et g oo SR LI Tl Bale SRR BN Al bOuEHE,

timer TCSDLY2. The reason for sefting the tiner value #TMNCSDL2 dependi ng

on the engi n&hen i mgpltofdhe dyermiationin ferS bl | ispYESS uthes opewion §@C§?F§ﬁ@es
step S112, and when the result is “NO”, the operation proceeds to step S120A.

In step S112, a timer value #TMN CSDLQ, which is retrieved from a table
depending on the engine running speed NE, is set in a cylinder deactivation cancellation
delay timer TCSDLY?2. The reason for setting the timer value #TMNCSDL2
depending on the engine running speed NE is that the oil pressure response changes
depending on the engine running speed NE. Therefore, the lower the engine running
speed NE is, the greater the timer value #TMNCSDL2 is.

In step S113, the cylinder deactivation executing flag F_ALCS is set to “1”, and
the control operation of this flow is terminated.

| In step S114, it is determined whether the value of the solenoid OFF delay
timer TALCSDL2 is “0”. When the result of the determination in step S114 is “YES”,
which means that a predetermined period has passed, the operation proceeds to step
S115, and when the result is “NO”, which means that a predetermined period has not
passed, the operation proceeds to step S109.

In step S115, a predetermined value #TMALCS] is set in the solenoid ON -

delay timer TALCSDL]1 for the spool valve 71, then the operation proceeds to step S116.



dependi ng on the engi ne running speed NE. Therefore, the |l ower the engine
running speed NE is, the greater the tinmer, value #TMNCSDL2 i s. Iﬁﬁs{}@&ﬁt
113, the cylinder deactivation executing flag F ALCS is set to "1"", 18 he
control operation of this flowis termnated. In step S 114, it is

det erm ned whet her the value of the sol enciipd OFF delay timer TALCSDL2 is
"0". When the result of the determ nation®n step S 114 is "YES', which
nmeans that a predeterm ned period has passed, the operation proceeds to step
S 115, and is procednzesis perfognedN@ordanite ehsunea nertaihacried i tide has passasddiqer i od
-has not passed, the operation proceeds to step S 109. In step S 115, a

predet er m negorpletion $TiMBdERrrhiriatios &t sttHS 1 PFRtoSe] @NQpardtldn &€ tiRysoldndRT fol MeCSDL
| for the spool valve 71, then the operation proceeds to step S 116. 0 6 DEC
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ti me has pas rom co mnatiron in s to an ON
operation of .the splenoid for the,K spoal valve 71 in step S 109 when the
engi ne oper at§asHY téoneﬂPFeqﬁﬁ’&tt‘éHOW%ﬁpgﬁgo’&yl i nder deactivation operation to
normal operation. In step S 116, the flag F_ALCSSOL of the solenoid for the
cyl i nder deact i vat Inostep Sl thei fhag F sAl@8SOD of thie solenwid foritlee edinderodadctivation he
cyl i nder deactivation operation in the spool valve 71 is set to be OFF,

then the opesmiratvh BcQABE0S ileq tBd &ferdid fok The ¢ylirdeedesdfitationl dpeiBioted e ned
by the PO L sensor S5 whether hydraulic pressure is actually reduced after

the solenoi dyfo@l vii0e7¢Yd deDRFEe éﬁﬁ,&?ﬁ%ﬁk?ﬁ&@ra%ﬁ?%de@@s WagpSei17t 0 be OFF.

Specifically,” it 1s determ ned not engine oil "pressure POL is
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OFF. Specifically, it is determined whether or not engine oil pressure POIL is equal to
or less than cylinder deactivation cancellation oil pressure #POILCSL (e.g., 98 kPa (=1.0
kg/cm?)). When the result of the determination in step S117 is “YES”, which means
that engine oil pressure POIL is at the low pressure side, the operation proceeds to step
S118, and when the result is “NO” (there is hysteresis), the operation proceeds to step
S111. An oil pressure switch may be provided for the determination instead of the
POIL sensor S5.

In step S118, it is determined whether the value of the cylinder deactivation
cancellation delay timer TCSDLY?2 is “0” in order to ensure a certain period of time has
passed ﬁoﬁl when the spool valve 71 is switched off to when oil pressure is reduced.
When the resuit of the determination in step S118 is “YES”, the operation proceeds to
step S119, and when the result is “NO”, the operation proceeds to step S113.

In step S119, a timer value #TMNCSDL1, which is retrieved from a table

- depending on an engine running speed NE, is set in the cylinder deactivation execution
delay timer TCSDLY 1, then the operation proceeds to step S120A.  The reason for

setting the timer value #TMNCSDL1 depending on the engine running speed NE is that



S 118, and when the result is "NO' (there is hysteresis), the operation
proceeds to step S111. An oil pressure switch maybe provi ded forsﬂélﬁ
determ nation instead of the POL sensor S5. In step S 118, it i EC 2005
determ ned whet her the value of the cylinder deactivation cancellation
delay tinmer TCSDLY2 is "0" in order to ensyre a certain period of time has
passed from when the spool valve 71 is swit'ched off to when oil pressure is
reduced. Wien the result of the determ pation in step S 118 is "YES', the
oper at i on prgcedkpressure wspqsSchanges deptndingronttheengisefunning spget NE: he
operation proceeds to step S 113. In step 5119, a tinmer val ue #TMNCSDL1,
whi ch i s r et Thex¢fite, ftholover i gincepaindispeediNE a1 tlengieater theniméryahpeed NE, is
set in the cylinder deactivation execution delay tinmer TCSDLYl, then the
operation prmg@g@&gglﬁt_ep S 120A. The reason far setting the tiner val ue
#TMNCSDLI dependi ng on the engine running speed NE is that 0 6 DEC 2005 20
the oil pressure rgspon hanges dependi e _epgi ne _r.unni speed NE.
Therefore, the |omﬁ%ﬁ%gf%i%&Fﬁﬁﬁ%@qﬁ%m&-&; gﬁﬁ%coﬁfj§é§ éegqrt‘ﬂe timer
value #TMNCSDLL1 is. In step S 120A, a tiner value #TMCSCEND (e.g., 30
seconds) is edindendesctivatianrrgarpudiway eancallation thaerplt SEEND: Hitodhe apdretion i mer
TCSCEND, then the operation proceeds to step S 120. The cyli nder

deact i vat i onpoosgalslts siey S¢atc eThatylmdet demetivatibaSChiDIdosy parpellatiz timer

conmpul sorily cancel the cylinder deactivation operation when a
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deactivation operation. In step’S 120, the cylinder deactivation executing
flag F_ALCS ] : rati : i | S
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conditions pernitting the
operation.

In step S120, the cylinder deactivation executing flag F_ALCS is set to “0”, and

the control operation of this flow is terminated.

Operation for determining whether the pre-deactivation conditions permitting the
'cylindér deactivation operation are satisfied

Next, the operation for determining whether the pre-deactivation conditions
permitting the cylinder deactivation operation are satisfied in step S103 shown in F IG. 2
will be expléined with reference to FIG. 3.  This operation will be repeated at a
predetermined period.

In step S131, it is determined whether ambient temperature TA is within a
predetermined range, i.e., whether the ambient temperature TA satisfies the following
inequality:
lowest permissible ambient temperature for cylinder deactivation #TAALCSL (e.g.. 0°C)

= TA =highest permissible ambient temperature for cylinder deactivation #TAALCSH

(e.g., 50°C). When it is determined, in step S131, that the ambient temperature TA is



cylinder deactivation operation are satisfied Next, the operation for
determ ni ng whet her the pre-deactivation conditions permtting the cylinder
deactivation operation are satisfied in step S 103 shown in FIG UZ%DE;}; dg be
explained with reference to FIG 3. This operation will be repeate 5
predeterm ned period. In step 5131, it i szﬁiet erm ned whet her anbi ent
tenperature TAis within a predeterm ned“range, i.e., whether the ambient
tenperature TA satisfies the following inequality: |owest permssible

anbi ent t enpeithinihe prasietesypiried dangeddcmetdion propTsAR e8P §182g. Wipm)it is

TA: hi ghest perm ssible anbient tenperature for cylinder deactivation

#TAALCSH ( edgermiB@that thelamtdaitesmiporettire TA is beiofHShredétbabintd eangathent
tenperature TAis 0 6 DE C 2005 21 wthin the predeterm ned range, the

oper ati on pr ggagds, hoc e@}&é%%m'\h%h eSS4 R IR Bl oAl o1

tenperature TA IS redet erm oper atioh proceeds to
step S 144. rocedure i S I’OVI ed becaus | in deactivation
operation na‘geaﬁﬁfé 1 RPCERLgN ARA: u‘ﬁ@lfea F@nﬁﬂgﬁngﬁgf? n%g%eg&é éat’ﬁ&f 5 bel ow
the | owest perm ssi bl e anbi ent tenger ature for cylinder -deactivation

#TAALCSL  orbelpwrihe lesveshprrminsitle apbieat iempemie Jorgybinden dractivajion #T AALCSL
perm ssi bl e anbient tenperature for cylinder deactivation #TAALCSH In step

S 132, it i sordwhar thik aebiss einfyerato@ol A igatwat elie highgyeparinisdblEWnbend t hin  a
predeterm ned range, .i.e., whether cooling water tenperature TWsatisfies

the foll ow @ghjenesidabi ?Mmdgmgﬁva@%mmgﬂcool ing water tenperature for
cyl i nder deactivation #TWA ¢ TA: highest perm ssible cooling

nater temper ature fLofgu B0 d%@{e@ﬁ&a YRR oSETAR R o SipBranurd 9P it 1t

is dpterm ned, ins

a predetermined range, i.e., whether cooling water temperature TW satisfies the
following inequality:
lowest permissible cooling water temperatﬁre for cylinder deactivation A TWALCSL
(e.g., 70°C) =TA<=highest permissible cooling water temaperature for cylinder
deactivation #TWALCSH (e.g., 100°C). When it is determined, in step S132, that the
cooling water temperature TW is within the predetermined range, the operation proceeds
to step S133.  When it is determined that the cooling water temperature TW is out of
the predetermined range, the operation proceeds to step S144. This procedure is
provided becausé the cylinder deactivation operation may make the engine unstable
| when cooling water temperature TW is below the lowest permissible cooling water

temperature for cylinder deactivation #TWALCSL or when the cooling water
temperature TW is above the highest permissible cooling water temperature for cylinder
deactivation s TWALCSH.

In step S133, it is determined whether ambient pressure PA is equal to or
greater than a Jowest permissible ambient pressure for cylinder deactivation #PAALCS

(e.g., 77.3 kPa (=580 mmHg)). When the result of the determination in step S133 is



cooling water tenperature TWis within the predeterm ned range, the
operation proceeds to step S133. Wen it is determned that the @B%I hr}ﬁﬂ

wat er tenperature TWis out of the predeterm ned range, the oper L6 b
proceeds to step S 144. This procedure is provided because the cylinder
deactivation operation may nmake the engine unstable when cooling water
tenperature TWis bel ow the | owest perm sstl e cool | ng water tenperature

for cylinder deactivation #TWALCSL or when the cooling water tenperature TW
i s above t he “NiEffewhichancdns thab tie apdotitpgessateetA iseampel taton gecdtarthaythe halesst
deactivation #TWALCSH. In step S 133, it is determ ned whet her anbi ent

pressure PA ipsreRtile dnfbidit préORUPA ATNES) tBe biMREIn POEFAIS 36 blep SABDI REtwhen
pressure for cylinder deactivation #PAALCS (e.g., 77.3 kPa (=580 mmHg))

uni ch moans. G thl ST ARl iPalebiSl SRt | il PoPbird W iinteq 0=

| owest perm ssi bl e anbj ent. pressure #PAALCS, .the operation proceeds [0 step
S134, and whéfCAUSRE if Badpsirabls to N@cytettﬁ%% FatsasHvEioBQperiopshandpe amtiga
This procedure is provided because it is undesirable to execute the

cyl i nder deagtdsyatiiorlaiyelydvivon Faheranle, windu thetylingiee dsastivation opdratianie| y

| ow. For exanple, when the cylinder deactivation operation is executed

under such aeg&ttidinder stRBGAondRioR] RBAHTEplebord B KiBler VAE fdr@ke baRe br ake
system may not be ensured to be sufficient for the braking operation. In

step S 134, Uali flBHRHEL Bt R SSheali 0P Brflng Bfecdfqyol ¢ auxi | ary

battery 4 (p y voltage) 1s equal to or gr an a | owest

perm ssi bl e voltag fo l. nder deacgti,vati on, #V e.d...10..5 V). Wen
Pre Tt ooult Cof Ct he  TaakB 1o it BaRterhef wpelle SRt Vh g Hran by ot
the voltage VB is equal to or _greater than the | owest pernissjhle voltage
#VBALCS, t he @ity dtpoverpphomiitage 18 paypl toamgeatstanadawedt @erpissible voliageno |
the operation proceeds to step S 144. This

for cylinder deactivation #VBALCS (e.g., 10.5 V). When the result of the

determination in step S134 is “YES”, which means that the voltage VB is equal to or
greater than the lowest permissible voltage #VBALCS, the operation proceeds to step
$135, and when the result is “NO?”, the operation proceeds to step S144. This
procedure is provided because the response of the spool valve 71 is degraded when the
voltage VB of the 12-volt auxiliary battery 4 is relatively low. In addition, this
procedure is provided in order to protect the auxiliary battery 4 when the voltage thereof
is decreased under a low ambient temperature or when the auxiliary battery 4 is
deteriorated.

In step S135, it is determined whether battery temperature TBAT of the battery
3 is equal to or lower than a highest permissible battery temperature for cylinder
dea.ctivation‘ #TBALCSH (e.g., 40°C). When the result of the determination in step
$135 is “YES”, the operation proceeds to step S136, and when the result is “NO”, the
operation proceeds to step S144.

In step S136, it is determined whether the battery temperature TBAT of the

battery 3 is equal to or greater than a lowest permissible battery temperature for cylinder



procedure is provi ded because the response of the spool valve 71 is degraded
when the voltage VB of the 12-volt auxiliary battery 4 is relatqui %@rL
In addition, this procedure is provided in order to protect the auxi’l y
battery 4 when the voltage thereof is decreased under a | ow anbient
tenperature or when the auxiliary battery ? is deteriorated. . Instep S135,
it is determ ned whether battery tenperata e TBAT of the battery 3 is equal
to or lower than a highest permssible battery tenperature for cylinder
deact i vat i ondeagtimsic H@L@gL (2pC) 0°Chh e Whemethe easultof dfe detremaationrin algpi on
instep S 135 is "YES', the operation proceeds to step S 136, and when the
result is "NI36 ik FFESOpbBE aperation paceatiso trpS16p, Hdbdken tharsukps SNO3Gheit is
determ ned whet her the battery tenperature TBAT of the battery 3 is equal
to or great 1£Si tL.ar weylinder O 6
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determ nation jns S136 i.s "YES', .the eratian proceeds to step,.3137,
and when- t hdAESETE fo.seRie e fYnTg AR YT SPEEEER D 0% G PREHS D5Ens 135
and 136 are provided because it is undesirable to execute the cylinder
deact i vat i orbasiget Ais ot ohherrredptermingseiengaire of the p battery 3 is out of
the predetermned range. In step S 13 7, it is determ ned whether a fuel
cut-of f during declelsespal i3gnitisddieiniged ekethet @ thehcotesitdming deceleedtivaris aeihgel

cut-off flag F_.FCis "I". Wen the result of the determnationin step S 13
7 1s "YES", éx'é@ut@@ﬁ&c%ﬁrdiﬁ@ tPWREREHS fleP oSl P11 F3r8.is and WoREh hBSesult@FWhd 1S
"NO', the operation proceeds to step Sl144. IS procedure is provided

because the sl SHRRY 1y%h139% SHEERGH: Bk lon SoXBEH 1P Pls, LR YA bpder

deaqti vation 0]

result is “NO”, the operation proceeds to step S144. This procedure is provided
because the fuel supply must be stopped prior to execution of the cylinder deactivation
operation. |

In step S138, it is determined whether o0il temperature TOIL is within a
predetermined range, i.e., whether oil temperature the TOIL satisfies the following

inequality:

A

lowest permissible oil temperature for cylinder deactivation #TOALCSL (e.g., 70°C)
TOIL = highest permissible oil temperature for cylinder deactivation #TOALCSH (e.g.,

100°C). When it is determined, in Step S138, that the oil temperature TOIL is within

the predetermined range, the operation proceeds to step S139.  When it is determined
that oil temperature TOIL is out of the predetermined range, the operation proceeds to
step S144. This procedure is provided because the response in alternation between
normal operation and the cylinder deactivation operation of the engine may be unstable
if the cylinder deactivation operation is executed when the oil temperature TOIL is

below the lowest permissible oil temperature for cylinder deactivation #TOALCSL or

when the oil temperature TOIL is above the highest permissible oil temperature for



In step S 13 8, it is determ ned whether oil tenperature TOL is within a
predeterm ned range, i.e., whether oil tenperature the TOL satisfies the
following inequality: |lowest permissible oil tenperature for cyl 0AdEE 2005
deactivation #TOALCSL (e.g., 70*Q TOAL:_S~ highest perm ssible oil
tenperature for cylinder deactivation #TOALCSH (e.g., 1000C). Wen it is
determ ned, instep S138, that the oil tenﬁérature TOL is within the

predet er~m ned range, the operation nrocee.ds to sten S 139~ Wien it is;
determ ned thisideodéactieatimr ZTOAECSH.L i s out of the predeterm ned range, the
operation proce eds to step S 144. This procedure is provi ded because the

response in alterngf ii9h Siped, WER MeteRATI¥E WHRRRE #ld Rilu@eKtht Btk Hé‘e@ﬁﬂia’cwn
deactivation operation of the engine may be unstabie if the cylinder
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or when the_aoil terrperature TAL is above the h}glrtjest perm ssi ble oil
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139, it is determ ned whether the value of the cylinder deactivation
st and- by f| agef SMZ38TRies thd result wHiNG”,ithe epratidir progdeds bestep8i4d.i on shown in
FIG 3. Wen the result of the determnation in step S 139 is "YES", the

operation proceedsd Qep S1AR itSs Yérmed wHea{Rr tligkd Rgutive bRssUNPBGIANG the
operation proceeds to step S 140. In step S 140, it is determ ned whet her

i nt ake negat h}nﬁ(e aSsh gr ee Pﬁgﬁ% gig Iptn%gure 9% %r aesscqgs%r td at ospli[eﬁitgﬂalfcgss@ef

pressure, i gher 0 atno |c pressure

perm'ssible ative, ssurefor ctivatio (i.e., th
First pr ede{fﬂéﬁﬁimgam%f oS Drese 8 xﬁ%f%r@%c Bt PR ACATES et
cylinder deactivation #PBGALCS is retrieved froma table which was defined
i n accor danceredptermiond tapdiohd.  r Uhnpergrissile gesptivemsrsstsder eisidey daetévatione

engi ne running speed NE is, the |less (closer
#PBGALCS is retrieved from a table which was defined in accordance with the engine

running speed NE such that the greater the engine running speed NE is, the less (closer
to vacuum) the permissible negative pressure #PBGALCS is. For example, the
permissible negative pressure #PBGALCS may be set to be —80 kPa (= —600 mmHg) at
an engine running speed NE of 3000 .rpm. |
This procedure is provided in order not to immediately execute the cylinder

deactivation operation, but fo execute the operation after utilizing the intake negative
pressure for ensuring negative pressure in the maéter vac when the load of the engine is
considerably great, i.e., the intake negative pressure is lower (closer to vacuum) than the
permissible negative pressure #’BGALCS. When the result of the determination in
step S140 is “YES” (i.e., low load and small negative pressure), the operation proceeds
to step S141, and when the result is “NO” (i.e., high load and large negative pressure),
the operation proceeds to step S143. In step S143, a flag F DECPBUP is set to “17,
then the operation proceeds to step S145.  The flag F_DECPBUP is used to close or
open the secondary air passage.

In step S140, the determination may be made based on master vac negative



to vacuun) the perm ssible negative pressure #PBGALCS is. For exanple, the
perm ssi bl e negative pressure #PBGALCS may be set to be -80 kPa (= -600
nmHg) at an engine runni ng speed NE of 3000 rpm This procedurQﬁqECQQQV|ded
in order not to i Mmedi ately execute the cylinder deactivation operation,

but to execute the operation after Utl||Zbgg the intake negative pressure
for ensuring negative pressure in-the naster vac when the | oad of the engine

is considerably great, i.e., the intake negative pressure is |ower (closer
t o vacuun) t hessurbdPGAInstesl dltbe gatnegatiyer mesureeP BERGALCS:is Visenwhdmethe esul t
of the determnation in step S 140 is "YES' (i.e., low |oad and smal |

negative pr eﬁﬁb'treﬁt)/ac ﬁé%n@ﬁfe%ir@m&‘fseﬁ%r tHaf aSfeBiisaiblelnegaiive pleeind e

result is " | oad and | arge negative pressure) the operation
proceeds to 143 "1

t hen the ope?‘%ﬁﬁgﬁ I?ﬂ%fcé’il&gert@%%ttlgéégfﬁp‘&#ﬁg (t‘Tg%lgp sed to

cl ose or %g the secondar al assa e..Ln. step S 140, the determ nation
may be made 5@?&’ e&se © 07 én Ber S2 88shesthe pperation srqgpts

i nstead of the int ake negatlve pressure PBGA. In this case, when the naster
vac negati vetoptegsSiise NR@pioseduwevesri¢spandssopier secend ﬂhbodimgat@ﬁ/the pressgure for
continuation of cylinder deactivation #MPALCS (i.e., the second

pr edet er m neghvettidyeshol d), the flag F DECPBUP is set to "1" in step S 143,
then the operation proceeds to step S 145. This procedure corresponds to

the second enbodi mﬁfﬁl%lh%&ﬂ%sﬁ%ECPﬁw?%E&% ccfyh) tﬁénetﬂeg{]re %{%gjéédﬁn step

F DECPBUP is set to nperatl on proceeds to
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of this flow,is termnated. - i X
1”” because pre-deactivation conditions are satisfied, and the control operation of this

flow is terminated.

On the other hand, in step S144, the flag ¥ DECPBUP is set to “0”, then the
operation proceeds to step S145. In step S145, the cylinder deactivation stand-by flag
F_ALCSSTB is set to “0” because pre-deactivation conditions are not satisfied, and the
control operation of this flow is terminated.

When the value of the flag F_DECPBUP is “1”, the secondary air passage 33 is
closed under a certain condition, and when the value of the flag F_DECPBUP is “0”, the
secondary air passage 33 is opened under a certain condition.

In other words, when it is determined that the engine is under a high load
condition, the secondary air passage 33 is closed (step S143), the cylinder deactivation
operation is not started (step 8145), and the control operation is restarted from step S131.
When it is determined, in step $140, that the intake negative pressure PBGA becomes a
predetermined value, the control operation is triggered to proceed-to steps S141 and
$142, then the pre-deactivation conditions are deemed to be satisfied, i.e., the cylinder
deactivation stand-by flag F_ALCSSTB is set to “17,

Accordingly, the cylinder deactivation operation is executed after ensuring



On the other hand, in- step S 144, the flag F DECPBUP is set to "0", then
the operation proceeds to step S145. In step S 145, the cylinder
deactivation stand-by flag F ALCSSTB is set to "0" because pre- @eaFfi(i g i on
conditions are not satisfied, and the control operation of this flowis
term nated. When the value of the flag F DECPBUP is 'T', the secondary air
passage 33 is closed under a certain condiion, and when the val ue of the
flag F_DECPBUP is "0", the secondary air passage 33 is opened under a
certain condinkggive pkdssaiclie themigds, vashebe bifficendet elosinpelk dcbanddrpeireagage i S
under a high load condition, the secondary air passage 33 is closed (step
S143), the cyki § ggﬁﬁ;gi I ; @N | ), and
t he control g%nglt%ibgﬁ I'S rdﬁegtg,?rgg frgﬁ]éﬂsn ép%c%EP%aﬁgﬁgfﬁgﬁi%ﬁi ned,
in step 5140 f@gat the i tgk .hegati.ve rech]ure.E[’B becli)rres a. .
pr edet er m nedPiRSIEHEY 9% Braking ORisds SEHISITITE apsiste BY RS THea i werressy site ps
S 141 and S 142, then the pre-deactivation conditions are deenmed to_be
satisfied, ithemasi¢reragys redied bytae braking erswationan Fuphemaig frelgoossr@ioniss et
to "1 ". Accordingly, the cylinder deactivation operation is executed after
ensuring O 6gffly 2@ipfovad betrmgathe\cglipdes slsautvation bperatimsis dess faquéntlyb@ncelled
sufficient by closing the secondary air passage 33 at the beginning of
decel erati on,{d ayehdrAgve BREAUSFuIRf @PISAHe I n the master vac is sufficiently
|l ow, the braking force is sUffici'ently assisted even when negative pressure
in the master vac is reduced by the braking operation. Furthernore, fuel
consunption is greatly inproved because the cylinder deactivation operation
is less frequently cancelled and regengrative enerqgy.is fully utilized,
Operation f o POEHER Tof GRISTERHAGOREHSE IS GrASEAOR SRR IR SIS ATCBHERES ons
are satisfied Next, the operation for determn ning whether the deactivation
cancel | ati on condi NewhshestnsvationfordeernEningsvhetherfig deactyasionsenesilation wi | | be
expl ained with reference to

conditions shown in step S105 in FIG. 2 are satisfied will be explained with reference to

FIG. 4. This operation will be repeated at a predetermined period.

In step S151, it is-determined whether the value of the cylinder deactivation
compulsory cancellation timer TCSCEND is “0”. When the result of the determination
in step S151 is “YES?, the operation proceeds to step S169, and when the result is “NO”,
the operation proceeds to step S152, because the cylinder deactivation operation should
be cancelled when the value of the cylinder deactivation compulsory cancellation timer
TCSCEND is “0”.

In step S152, it is determined whether the value of the fuel cut-off flag F FC is
“1”. Whén the result of the determination i_n step S152 is “YES”, the operation
proceeds to step S153, and when the result is “NO”, the operation prdceeds to step S166.
This procedure is provided because the purpose of the cylinder deactivation operation is
to further obtain regenerative energy equivalent to the reduction in engine fric.tion
resulting when thé fuel supply is stopped during deceleration traveling.

In step S166, a cylinder deactivation ending flag F ALCSEND is set to “0,

then the operation proceeds to step S169.



FIG 4. This operation will be repeated at a predeterm ned period. In step S
15 1, it is - determ ned whether the value of the cylinder deactivation
conpul sory cancellation timer TCSCEND is "0". Wen the result of GH8EC 2005
determnation in step S 15 1 is "YES', the operation proceeds to step S
169, and when the result is "NO', the opejption proceeds to step S 152,
because the cylinder deactivation operation should be cancelled when the

val ue of the cylinde ivati onc cel | t|o TCSCEND i s
"0". In step S 152%,5@,@%@ RSB i S4i08 P e PP R VAR —of 1
Rag FfCis "I". Wen the result of the determ nation instep S152 is "YES",
t he oper at i oendpedtaeddALCSENBEs 8171 53Whemthewhsnit efithe defsmhination inN@p, S k5B ds
operation proceeds to step S 166. This procedure is provided because the

purpose of t YRS tHedperionprdotadd t0RtePEIEAL athwhén the @edultris RO 0thedpBration
regenerative energy equivalent to the reduction in engine friction

resulting wh ly is stopped during deceleration traveling. In
step S 166, 3905 Ss%hrljeggflvatlon ending flag F-ALCSEND is set to &%
then the operation proc .S 169.. 6 C..2005 27 S 153,
TS dotermt ned-wHBEHBR DR il ed; whethsr defiele S igR IRt S ng flag
F_ALCSEND is "1". Wen the result of the determination in step S153 is
"YES', the operfatheh pWberethtgesult ofttepd@ern@gatiemin sitpePl MHe “YESU the ogeratvd’ |
the operation proceeds to step S. 154. In step S 154, it is determ ned

whet her decelpes@icdOn stqoRIts; atid when Shelresultds “NEry theropdrativh @rodebds toasapl 3160f
the determnation in step S154 is "YES', the operation proceeds to step S

155, and when the ngsbisiks, it quterﬁﬁfed%?e&ﬁéﬂﬁ@vm@sﬁﬁpm/evqtﬁelc&l&ﬁ@a% I'n
step, S155, it is determ ned whet her the value of an MI/CVT indication flag

FAT is "I ". F‘fﬁeﬂsh I?e r%‘éhttheolfesﬁlpgf tﬂgﬁgtre%ﬂﬁ{lbﬁ) th §t5§§?§35 g%", éﬂqgean@h' ch

nmeans

that the present vehicle employs an MT (manual transmission), the operation proceeds to
step S156, and when the result is “YES”, which means that the present vehicle employs
an AT (automatic transmission) or a CVT, the operation proceeds to step S167.

In step S167, it is determined whether the value of an in-gear indication flag
F_ATNPis “1”. When the result of the determination in step $S167 is “NO”, which
means that the vehicle is in driving mode, the operation proceeds to step S168, and when
the result is “YES”, which means that the transmission is in N (neutral) or P (parkihg)
position, the operation proceeds to step S169.

In step S168, it is determined whether the value of a reverse position indication
flagF_ATPR is “1”. When the resuit of the determination in step S168 is “YES”,
which means that the transmission is in reverse position, the operation proceeds to step
S169, and when the result is “NO”, which means that the transmission is in a position
other than the reverse position, the operation proceeds to step S158.

Through the procedures in steps S167 and S168, the cylinder deactivation
operation is cancelled in N/P or reverse position.

In step S156, it is determined whether the previous gear position NGR is equal



that the present vehicle enploys an MI' (manual transm ssion), the operation
proceeds to step S156, and when the result is "YES', which neans that the
present vehicle enploys an AT (automatic transmission) or a CvTU6tHHé 2005
operation proceeds to step S 167. In step S 167, it is determ ned whet her
the value of an in-gear indication flag FKRATNP is "1 ". \Wen the result of
the determnation in step S167 is "NO', \M%ch nmeans that the vehicle is in
driving node, the operation proceeds to step S 168, and when the.result is
"YES", whi chimedrghartthan a leavest pevenissihde gearipssition Kpr(aydladeradeacyaton( par ki ng)
position, the operation proceeds to step S 169. In step S'168, it is

det er m ned WHNGRALCB¢e gathinl gdarp rWhet te rgadi dfitnddtahiaatiomin stdp $IF6hHs ATPR
is "1". When the result of the determ nation instep S168 is "YES', which

nmeans t hat tl;gggn’q@rﬂlv-\ge'ﬁ%[@ﬁjfosh{b r?l\é_eg fdlt\ilgﬁﬁc;éeﬁ’ totr?eh%.g)ge/r %ﬁd@zﬁgﬂh@ceeds

to step S. and resu [ whi ¢ ns that t

transm ssion_ is in.a pasition other..th the reverse Siti t .

operati on or BB P07 a8 eeesht PRrGOmAR HeTHSLBat<eS Ut HeRSLY Stit67 and
S 168, the cylinder deactivation operation is cancelled in NP or reverse
posi tion. | nprcedrsis pevided beeaude therragenstitigh effitiencyte reshieed Bulowggear posi ti on
NGR is equal 0 6 DEC 2005 28 to or higher than a | owest perm ssible gear

posi tion forpesitibmgiend teaold ¥ ftdwmt alfdieRAInGhtd the gylindebidesktiyation opatieon t he
result of the determnation instep S156 is "YES", i.e., higher gear

posi tion, th@,hg@%ea‘tejhmegriggqpﬁﬁciagl_step SI 57, and when the result is
"NO', i.e., lower gear position, the operation proceeds to step S169. This

procedue | s oV Hes BSSoNSn. g ARRITALIL B0 S L1t Bl b eSheRS, 1 | o
deacti val o, cpcration ; WS RS MM LB 08 WAL IherLam, B S99 19
is “YES”, which indicates a half-engaged clutch state, the operation proceeds to step
' 8169, and when the result is “NO”, the operation proceeds to step $158. By providing
this procedure, it is possible to avoid undesirable cylinder deactivation operations which
may cause an engine stall when the clutch is placed in a half-engaged state to stop the
vehicle, or an insufficient acceleration performance the clutch is placed in a
- half-engaged state for gear position shifting to accelerate the vehicle.
In step S158, it is determined whether an engine revolution decrease amount
DNE is equal to or greater than a highest permissible engine revolution decrease amount
for cylinder deactivation #DNEALCS (e.g., 100 rpm).  When the result of the
determination in step S158 is “YES”, which means that the engine revolution is
considerably decreased, the operation proceeds to step S169, and when the result is
“NO”, the operation proceeds to step S159. ”fhis procedure is provided to avoid
undesirable cylinder deactivation operationé which may cause an engine stall when the
engine revolution is rapidly decreasing.
In step S159, it is determined whether a vehicle speed VP is within a

predetermined range, i.e., whether the vehicle speed VP satisfies the following



indication flag F~-NGRHCL is "I". Wen the result of the determ nation instep
S157 is "YES", which indicates a half-engaged clutch state, the E% 2@5
proceeds to step S169, and when the result is "NO', the operatl% g eds
to step S158. By providing this procedure, it is possible to avoid

undesi rabl e cyl i nder deactivation operathgs whi ch may cause an engi ne
stall when the clutch is placed in a half-&ngaged state to stop the

vehicle, or an insufficient acceleration performance the clutch is placed in
a half- engag@ﬂﬂ@h%ke for gear position shifting to accelerate the vehicle.
In step S158, it is determ ned whether an engi ne revol ution decrease .anmpunt
DNE i s equal Idtmmpeny_tim?}ble welibkrspaediglvestimpaomof sylbider dergtinationsiddP ALCSh
decrease anount for cylinder deactivation #DNEALCS (e g., 10 O rpm. Wen

the resul t ofgtheg piehe Hﬂ/paitﬂ.l%g g%rﬁ{ %gblg‘vélﬁcl% gb&: F§5nt1ﬂt43{1&bof§@] A hat

the engine r N fution cons ecrease e operation p oceeds to
step S 169, and when the result is "NO', the ogeratlon proceeds to step

S159. This prercdivatien ¥¥PALEPEIEE 1 @) lélvﬁl)d Wheadsis dgisrmingd) inyirarS datked T’h@.tl on

operations which may cause an engine stall when the engine revolution is
rapi dly decr galsickRgpeddVBiepithinlthe Predieterinined etraperihe egemtion pesceadsvo BieplSd 68 peed
VP is within a predetermned range, i.e., whether the vehicle speed VP

satisfies theyfd]it RQMcAGmbhed tREGhSOORRIpbddevP R duft}of the (FUBIEmRREI RS, Rl
vehi cl e speed for continuation of cyli nder deactivati on #VPALCSL e.g., 10

kmih) : VP : ehi i nder
deacti vation Q%ﬁﬁ%qegé’d%&&egﬁ Q hf&&%\ﬁ%ﬁﬁﬁﬁwc 18 %n&r m neirilog%l"‘tglfmtlgﬁli 8159,
that the vehicl ed VP Wi t hi re erm ned .r 0 ation
broceeds 1o it BB thANRBvIS Trord VELE B RIS R PSS OR ENEIASPOROTP |«
out of the predeterm ned range t he Wperatl on proceeds to step 5169

Accor di ngl y, cYlinses Jeactiviationroasnpstian HRPAbESkor svhen dhe vehicle speed VP is above

the highest permissible vehicle speed for cylinder deactivation continuation
#VPALCSH.

In step S160, it is determined whether the master vac negative pressure MPGA
is equal te or lower than (closer to vacuum) the pennissiple negative pressure for
continuation of cylinder deactivation #MPALCS (i.e., the second predetermined
threshold). The permissible negative pressure for continuation of cylinder deactivation
#MPALCS is retrieved from a table which was defined depending on the vehicle speeds
VP such that the greater the vehicle speed VP is, the lower (closer to vacuum) the
permissible negative pressure #MPALCS is. The permissible negative pressure
#MPALCS is preferably determined in accordance with the kinetic energy of the vehicle,
i.e., the vehicle speed due to the use of the master vac negative pressure MPGA to stop
the vehicle. For example, the permissible negative pressure #MPALCS may be set to
be —60 kPa (= —450 mmHg) at a vehicle speed VP of 40 km/h.

In step S160, when the master vac negative pressure MPGA is lower than the

permissible negative pressure for continuation of cylinder deactivation #MPALCS,



cancel | ed when the vehicle speed VP is below the | owest perm ssible vehicle
speed for cylinder deactivation continuation #VPALCSL or when thﬁ ﬁehi cle
speed VP is above the highest perm ssible vehicle speed for cyli GEC 2005
deactivation continuation #VPALCSH In step S 160, it is determ ned whether
the master vac negative pressure MPGA is3®qual to or lower than (closer to
vacuun) the perm ssi bl e negative pressure continuation of cylinder
deactivation #WMPALCS (ij.e,, the second predeterm ned. threshold). The

per mi ssi bl e »@gﬁtmwspfh@&w@stﬁbvawwmﬁ% MP G4y s ¢lemsr togasdmy dhei on
#MPALCS is retrieved froma table which was defined dependi ng on the vehicle
speeds VP supératiiaprocbalsdo sepail 61 heWhehithd mastpeed NéRati e pressard MBEIA {scl oser
to vacuum) the pernissible negative pressure #MPALCS is. The perm ssible

negative pr eﬁﬁg%ﬁthaﬁWe%e@%ﬂsﬁﬂ@h@éaﬁ{/@ﬁeﬁs@@f&rclﬁhﬁﬁ@htioﬂ ACTREERAERtMAfidh t he
kinetic energy of the vehicle, i.e., the vehicle speed due to the use of

t he master vg For l e, the

perm ssi bl e nfé%%% &l ?géﬁg%ﬁp%s{e?vgﬁﬁgggﬂv@? re‘é?x%% (i\hlg%A g glo é—%q{;rBfSO
nmMHg) at a vehicle sp eed VP of 40 knmih. In 60, .when t mast er, vac

negative pred34RAse FISCIACTUTS, SR9PEHIGH Hrwe%@r%ﬁ&gi e 'ﬁéﬁéﬁf’ic?/fg“%%sé’égﬂﬁ%dfor

continuation of cylinder deactivation #MPALCS, 06 DEC 2005 30 whi ch neans

t hat the masbegausalt ineyizsitatde pr extionethvRr@inds debgsivation opsrationuwhen the master

operation proceeds to step S161. When the nmaster vac negative pressure MPGA

i's higher thaondgadvppresiins MPEAnEgRIsuiigtiedswr e for. continuation of

cyl i nder deactivation #MPALCS, which neans that the master vac negative

pressure MPGA is Chpﬁgﬁ sm_,iﬁ%@@éﬁrﬁl@u%h@f}ﬁ%%ﬁammgeoa% aﬂ%nﬂmceeds to
step,S169. This procedure i's provided because it is undesirable to continue

the oy LT nder  Aeagh LAl linORel AbLOR e IRLHLP B TBRk fing ¥RR-/BHRRI B AT co5Ur e

MPGA is not Su
satisfies the following inequality:

lowest permissible remaining battery charge for continuation of cylinder deactivation
#QBALCSL (e.g., 30%) =QBAT=highest permissible remaining battery charge for
continuation of cylinder deactivation #QBALCSH (e.g., 80%). When it is determined,
in step S161, that the remaining battery charge QBAT is within the predétermined range,
the operation proceeds to step S162. When it is determined that thé remaining battery
charge QBAT is out of the predetermined range, the operation proceeds to step S169.
Accordingly, the cylinder deactivation operation is cancelled when the remaining battery.
charge QBAT is below the lowest permissible remaining battery charge for cylinder
deactivation continuation #QBALCSL or when the remaining battery charge QBAT is
above the highest permissible remaining battery charge for cylinder deactivation
continuation #QBALCSH. This procedure is provided because electric energy supplied
to the motor M for assisting the engine driving cannot be ensured when the remaining
battefy charge QBAT is too low, and because regenerative energy cannot be drawn when

the remaining battery charge QBAT is too high.



In step S161, it is determined whether a renmining battery charge QBAT is
within a predeterm ned range, i.e., whether the remaining battery_charqge
BAT satisfies the following inequality: .lowest perm ssible renﬁiﬁrﬂfﬁgmfi
battery charge for continuation of cylinder deactivation #QBALCSL (e.g.,
3099 - QBAT- hi ghest perm ssi bl e remaining bﬂttery charge for continuation of
cyl i nder deactivation #QBALCSH (e.g., 80%"." Wwen it is determned, in step
S 161, that the remaining battery charge AT is within the predeternm ned
range, the operat ﬂ%ﬁtebﬁgéééﬁb‘?@e rEned T thgenging rungingespesdiVhde Withiaxa ¢ he
remai ning battery charge BAT is out of the predeterm ned range, the

oper ati on pr peglettsmiredshigge, Se.1 6Actherihe engineginning speed WE sutisfiestha doliowdhg on
operation is cancelled when the renaining battery, charge QBAT is bel ow t he
| owest perm s bhigyr emai ni ng battery charge for cylinder deactivation
continuation #BALCSL or when the remaining battery charge QBAT is above

the hi ghest permssible . ,renaining.batte char.qe .f or . nder deagctivation
continuation %’&S‘%}AE%%}&ES?HJEFB%FE%‘%&‘E& %)ef\’é¥cgr°89{ng'éa(§108e0£§ii§%&éﬁee%‘glrvla{éo%ner gy
supplied to the nmotor Mfor assisting the engine driving cannot_ be ensured
when the rendNAIASL (rag-t 804/ rmama SNE Sanghestpersussioengine rvwing speed &jener at i ve
energy cannot be drawn when the remaining battery charge BAT is . .too high.

06 DEC 2005 3dntirhAtish §Pcy$inli§12d¢£c¥ivét§)ndmﬂﬂ}$ﬂe{@.g\./yf’.'}@t)b%m?.heWﬁBJQ:itriﬁ runni ng
speed NE is within a predeterm ned range, i.e., whether the engine running

speed NE sati;sfj e I i i L idoYa 8)98 N: S S is

runni ng spee&%@?ﬁg%’gﬁis% a%lg\gdh@lgghg%ﬁg ﬁger dnegolé I V§EI %ﬁh@m%gde %}g{dﬂeed 800
rpm) cNE: hi ghest perm ssi bl e engine r L ng eed. fo continuati on of

cyl i nder dealiRgGdPr GREANAR PSSR .tﬁ.sfep%g% r}yﬁ{z’.“ IWé]ﬁ{eF’E‘mie d’?ﬁglﬂee‘?nrg?lﬁed, in
step S 162, that the engine running speed NE is within the predeterm ned

. running speed is out of the predetermined range, the operation proceeds to step S169.

Accordingly, the cylinder deactivation operation 1s cancelled when the engine running
speed NE is below the lowest permissible engine running speed for cylinder deactivation
continuation #NALCSL or when the engine running speed is above the highest
permissible engine running speed for cylinder deactivation continuation #NALCSH.
This procedure is provided because the regenerative efficiency may be.low or hydraulic
pressure for alternating into the cylinder deactivation operation may not be ensured
when the engine running speed NE is too low, and because the operation oil for
executing a cylinder deactivation operation may be excessively consumed when the
engine running speed NE is too high.

In step S163, it is determined whether the value of an idling indication flag
F_THIDLMG is “1”. When the result of the determination in step S162 is “YES”,
which means that the throttle of the engine is not completely closed, the operation
pfoceeds to step $169, and when the result is “NO”, which means that the throttle of the
engine is completely closed, the operation proceeds to step'S164. This procedure is

provided to cancel the cylinder deactivation operation even when the throttle is slightly



range, the operation proceeds to step S163. Wen it is determ ned that the
engine running speed NE is out of the predeterm ned range, the o Eﬁq @ﬁf}
proceeds to step S 169. Accordingly, the cylinder deactivation o@i is
cancel | ed when the engine running speed NE is below the | owest perm ssible
engi ne runni ng speed for cylinder deactivajjon continuation #NALCSL or when
t he engi ne running speed is above the hig t perm ssible engine running
speed for cylinder deactivation continuation #NALCSH. This procedure is
provi ded becapewdiftm asgoplstelyiclased statecioghetymarkgtabalitysf the vehjele aagnhenced.
pressure for alternating into the cylinder deactivation operation may not be

ensured when the @&ngepslsdinisnigteperd Wisthe thoend@w oilpressheCROH eisteleal to
operation oil for executing a cylinder deactivation operation may be

excessi vel i : ' IeB : j St e
S 163, i1 1o HERARE A e hen R ] RS ROLRROGsiorRof Qnlibftapi i) °F
THIDLMG is "1.~. the.result of the determ naLj j.nst S162 i,s > YES",
whi oh means FROATEC Eh Bith BESPreRtarattgt o 800 fae EonigTet SRS drekein We
operation proceeds to step S 169, and when. the result is "NO', which neans
that the thr &hdnghetesuliof regleteminptionnpbiep SilP2 iy CE&ES ™, theepedpariasaedsioceeds
to step S 164. This procedure is provided to cancel the cylinder '

deact i vat i onstep@nés, amd vwherthwbsolt tfENONrthe bpeaticn plroglts o K DD, 2ABEs 32
opened froma conpletely closed state so that marketability of the vehicle

i s enhanced. Ffd&e&&r@li’s ﬁ%@ﬂi’ed ibbcduSe H?drﬁﬁlm ﬁ&%%u‘ﬁ@ﬁir'&%fcc{lﬁﬁg BRRG1IRAr dRERSAHSE
POL is equal to or greater than a | owest perm ssible 0il pressure for

con o SO R o) vV RIS,
ST I NLEC AT e IR EN TS TR
e 1 Doconimmation of cylimder dealivaton SIAGS. 1" © for executing the cylinder
In step S165, the conditions for canceling the «z¥linder. deactivation operation
“are not satisfied; therefore, the deactivation cancellatiozs flag F_ ALCSSTP is set to “0”
so as to continue the cylinder deactivation operation, azed the control operation of this
flow is terminated.
In step S169, it is determined whether the values of the deactivation cancellation
flag F_ALCSSTP indicating the result of the operation in this flowchart is “0”. When
the result of the determination in step S169 is “YES™, thse operation proceeds to step
S170, and when the result 'is “NO”, the operation proces=ds to step S171.
In step S170, the cylinder deactivation ending #lag F ALCSEND is set to “17,
then the operation proceeds to step S171. In step S17%, the conditions for canceling the
cylinder deactivation operation are satisfied; therefore, the deactivation cancellation flag
F_ALCSSTP is set to “17, and the control operation of this flow is terminated. |
The cylinder deactivation ending flag F_ ALCEEND is provided so as not to

cancel the cylinder deactivation operation unless decelexation fuel cut-off is ended and

the engine returns to a normal operation state, i.e., to avizdd hunting in control.



operation (e.g., hydraulic pressure for operating the spool valve 71) cannot
be ensured when the engine oil pressure POL is |ess than the | owest

perm ssible oil pressure for continuation of cylinder deacti vat ildn)EEPIRYCS.
In step S 165, the conditions for canceling the cylinder. deactivation
operation are not satisfied; therefore, tg'lge deactivation cancellations flag
F ALCSSTP is set to "0" so as to continué the cylinder deactivation
operation, and the control operation of this flowis termnated. In step S
169, it is determ ned whether the value of ‘the deactivation cancellation
flag F ALCSSTP indicating the result of the operation in this flowhart is
"0". When t Operatisnlfér eiectibganledmrotinmaiel on in step S169 is "YES', tae
operation proceeds to step S 170, and when the result is "NO', the operation

proceeds to step: SNEfL thel dpepdiRR f*érls%%cﬁhgﬁir%hﬁ@l%ad@l@ﬂpﬁé ¥ailhiass ¢adi ng Sl ag
j} ALCSEND is set to "1", " then the opefration proceeds to step S171. Instep

ot sfi ea; {RAPERrB IS, S SRRAC riolriise bR ERRFRN ko fprdERY O 31 ©

to "1", and the control operation of his flowjs terni nated. The cylinder
deact i vat i onCRSHRIP the eptrol Aplve Briofithe sseondage air assage Adin sordeape with thee
cylinder deactivation operation unless deceleration fuel cut-off is ended
and the engénging enningsstdte allieopabtiopeilhbs mpested ks predeteymined peried.4d
hunting in control. 0 6 DEC 2005 33 (Operation for selecting air control node

Next, the operati O dte ST, aGE deemained GABiHePtherBRgmeWs 1d stheing xRldeiabestdinpt h
reference to FIGS. 5 and 6. The purpose of this control operationis to

appropri at el wf?éi‘ﬁél(tﬁ%@%ﬁﬁee bPg sGAN rxﬁ&devﬁ’al%ﬁ Lot iFt‘JTe. S GARRGRL Yesitt Pfﬁgzsage

3 3 in accordance wt engl n€ runni State. This operation w
,[ ﬁgegaggngt i czet r%%ggtz% 1?1}%6%%523) rlg‘g‘ggg,"&ﬁh%%ﬁ rat?oznogg'focciaéds itc? stgg LSEE)?J a?lg%hvgﬂ%eher
| result is “NO”, the operation proceeds to step S202.

In step 5205, a feedback flag F_FB is set to “0”, and in step S206, the engine
operation state is deemed to be in starting mode in which a certain amount of air is
ensured, then, the control operation of this flow is terminated. When the feedback flag
F_FB is “0”, the opening degree of the control valve 34 is not controlled in a feedback
manner.

In step $202, it is determined whether the throttle is in a widely opened state
according to whether the value of a throttle opening flag F_ THIDLE is “1”. When the
result of the determination in step S202 is “YES”, which means that the throttle is in a
widely opened state, the operation proceeds to step S221, and when the result is “NO”,
the operation proceeds to step S203.

In step S203, it is determined whether the value of the fuel cut-off flag F_FC is
“1”. When the result of the determination in step S203 is “YES”, the operation
proceeds to step S216, and when the result is “NO”, the operation proceeds to step S204.

In step S204, it is determined whether the vehicle speed VP is greater than a

predetermined threshold #VAIC. When the result of the determination in step S204 is



to whether the value of a starting node flag F_ STMOD is "1". \Wen the result
of the determnation in step S201 is "YES", the operation proceeds to step
S205, and when the result is "NO', the operation proceeds to stepb 82020051 n
step S205, a feedback flag F~ FB is set to "0", and in step S206, the engi ne
operation state is deenmed to be in startigg node in which a certain anount
of air is ensured, then, the control operation of this flowis term nated.
When the feedback flag F FB is "0", the opening degree of the control valve
34 is not coRYESTwch means thatithaokhicledn trevelingnt athigh $20d, thé opérstiokeprecesdned
whether the throttle is in a Wdely opened state according to whether the

val ue of a t{yaés $200pedivhen tHeagsifit (BHNDR EtheSopetation\hedeeldhid stéeS2U L Gh stepe
determ nation in step S202 is "YES', which neans that the throttle is in a

i del i . h
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determ ned et her the value of the fuel cut-off flag F_ FCis "I1"'. \Wen
the result ofTPH¥ et ermi nation instep S203 is "YES', the operation
proceeds to step S216, and when the result is "NO', the operation proceeds
to step S204. |n slepiersdDU, itiis determimed whicthst thehaluseaf thedM /el eindicsiierelag/P i s
greater than a predeterm ned threshold #VAIC. Wen the result of the
determ nati oR_ATistEp S¥Beh the résult dDiKe 208middtion’ MEED, S2NiisNOEawkich hddand he
vehicle is traveling at a high speed, the operation proceeds to step S207,

and when t hegpegilgresest velidie eﬁlgﬁ)y’é’ﬁﬁw {RBmR R6R808si60), HePDeribh prdediSP
S207, the feedback flag F FB 1S Set to "0", and the control operation of

Lo b S e M LR b R SRAE A P s v
determ nati O j@%s(tég om%tzlc::L %rahésmlssl\lgn} Orvw&%q.’ ﬂgaorf)%ration proceeds to step S212.
In step S212, it is determined whether the value of the in-gear indication flag
F_ATNPis “1”. When the result of the determination in step 8212 is “NO”, which
means that the vehicle is in driving mode, the operation proceeds to step S208, and when
the result is “YES”, which means that the transmission is in N (neutral) or P (parking)
position, the operation proceeds to step S213. |
In step S208, it is determined whether the value of a flag F_TAT is “1”. The
flagF_IAT is provided to indicate that feedback of number of engine revolution at idling
is prohibited during an in-gear state. When the result of the determination in step S208
is “YES”, which means that the engine is in in-gear open loop control mode for idling,
the operation proceeds to step $209, and when the result is “NO”, the operation proceeds
to step S213. In siep S209, the feedback flag F_FB is set to “0”, and in step S210, the
engine operation state is deemed to be in “AT OPEN" mode in which a certajn amount
of air is ensured to maintain creeping, then, the control operation of this flow is
terminated.

In step S213, the feedback flag F_FB is set to “17, in step S214, a feedback

amount IFB is calculated, and in step S215, the engine operation state is deemed to be in



that the present vehicle enploys an MI' (manual transm ssion), the operation
proceeds to step S213, and when the result is "YES', which neans that the
present vehicle enploys an AT (autonatic transmission) or a CVT, 06WEL 2005
operation proceeds to step S212. In step 5212, it is determ ned whether the
val ue of the in-gear indication flag F ATNR.is "1 ". Wen the result of the
determ nation in step S212 is "NO', which ans that the vehicle is in
driving node, the operation proceeds to step 5208, and when  the result is
"YES", whi ch ‘FEERBAGK! made. thentbarerrd eremtipn ofthinBewistermaated. (par ki ng)
position, the operation proceeds to step S213. Instep S208, it is determ ned
whet her the val ue dh stepfd246, the Téstiback fldg'F Fihis sef fod)” FarldAh step $210yitded to

i ndi cate that feedback of number of engine revolution at idling 1is

prohi bi t ed duel g R Vkke Be Vi SFmINER F DECERAI I <qb. ! e gk o DML [ 1

step S208 is "YES", Ich means that the~™engine I1s in in-gear Open |oop

control node.for, idling,,6 t e }oN procee t 209 ng. when t he
result is "Néi*,Sett"ﬁéessg‘grsﬁ’ﬁgﬁ"%%&ig%gas 3?18“@‘[1]83.?%2@33&&‘%&?% eggg%&hFhe
feedback flag F FBis set to "0", and instep 5210, the engjine operation
state is deemgtprminasien imstepy2 BPBENY Bipel thejaperahion preceeds o444 wrduntd when ey i s
ensured to maintain creeping, then, the control operation of this flowis
term nat ed. hesudtie INSZ1Re opbmtibe potivaeds tblsteg S21EB The sartral valvie'34 is nlostde p
S214, a feedback amount IFB is calculated, and in step 5215, the engine

operation st @@rdspostBESRAtPSTRY in'FI10. 6) Whén 2Q%1iB8r déE&E@B@@K%erﬁ@&ﬁis dohen,
the control operation of this flowis termnated. In step S216, the feedback

vai e of tho T ag Eotoasuf s SUTEN L, ahd s fERl B BRE I Teset i n
det or mi nat fon i SUBRCRSPISAL ey S qireirarean: praeluSl e B DE s,
and when the calculated, then, the operation proceeds to step S219.
In step S219, it is determined whether the secondary air correction amount
IDEC is “0”. When the result of the determination in step S219 is “YES”, which
means that there is no. correction amount (i.e., IDEC=0), the control operation of this
flow is terminated, and when the result is “NO”, which means that there is some

correction amount (i.e., IDEC#0), the operétion proceeds to step 5220.

In step 8221, the feedback flag F_FB is set to “0”. Instep 5222, itis
determined whether the engine revolution speed NE is greater than a threshold #NE
which is used for the determination of entering into a deactivation mode. When the
result of the determination in step 8222 is “YES”, which means that the engine
revolution speed is relatively high, the operation proceeds to step $224, and when the
result is “NO”, which means that the engine revolution speed is relatively low, the
control operation of this flow is terminated. In step S224, because pressure in the
intake passage becomes closer to atmospheric pressure, the engine is controlled to enter

into a deactivation mode in which the control valve 34 is closed so that negative pressure



result is "NO', the operation proceeds to step 5218. The control 'valve 34 is
closed (corresponding to step 5224 in FIG 6) when the cylinder
deactivation operation is not allowed (corresponding to steps S Uﬂ{ECam S
145, and step 5217 in FIG 5). In step 5218, a secondary air correction
anount during deceleration IDECis cal culﬁsted then, the operation proceeds
to step S219. In step 5219, it ls det erm ned whet her the secondary air
correction anpunt |IDECis "0". Wien_ the result of the determ nation |n step
S219 is " YESIS esisraied inthainiakensssagraihen.ithe eentiod operation At ﬁ%ﬁw 1§ ferrpinated.

| DEC=O), the control operation of this flowis termnated, and when the
result is "NO', whiAdeorixaiy, ittt etbedimndng isizrmcludslindlod cemrod opemtiorn thatthe

| DEC * 0), the operation proceeds to step 5220. In step S221, the feedback

flag F_FB is op@latdr®f i vehlcle ké@Rs R2$8p the vdhicle dBELIHE natt1vbgidiehcdshe engi ne
revol ution speed NE is greater than a thresho d WE which is used for the

determ natio e |ntoa d of the
determ nati Oﬁc?e%ergﬁérbﬁ g?kll {235332‘8%“?%3 eo?ﬁecelergﬁérnel\slol ution
speed is relativel g@ t he operﬁtl on proceeds to step 8224 and when the
result is "Nereat 493 ¥ h&m/sHethe ehicle cewsickly ep Bpessardases withtheyel y

|l ow, the control operation of this flowis termnated. In step S224,

because presgpé@tdr debige Mtﬁé@@te@ﬁhﬁﬁ%&h@@ﬁﬁmﬁ d&dcB§Rior peddtigaspheri c
pressure, the engine is controlledto enter into a deactlvatlon node in .

whi ch the control \Cﬂhl‘lqﬂgol?rfé{h%ddv&%ﬁ%esx‘?’ehm@sﬁ?%%&t’gl‘éﬁ%e?%@ e4,06 DEC 2005

36 is generated inthe In e’ passage, ?atlon of this

flowis term.nated. .Accordi.n t hi s. enhodi nent ISIn.C|U t he
control oper SPRBTEISS SFh Y deae By ik pien for iRt fhe
vehi cl e when the vehicle experiences, deceleration by a braking operation of
the oper at or PEneeacHEatipggoditions peraultoedhs exlindsr dw@aﬁt&n enesation asesatighesl, X 9. 8

m s2), the vehicle can quickly stop in accordance with the
as shown in FIG. 2, is performed. In this process, when the intake negative pressure

PBGA in the intake passage is lower (i.e., closer to vacuum) than the permissible
negative pressure for cylinder deactivation #PBGALCS, the secondary air passage 33 is
prepared to be closed (step S143 shown in FIG. 3) in order to efficiently utilize negative
pressure in the intake passage for ensuring negative pressure in the master vac, and the
cylinder deactivation dperation is not executed (step S145 shown in FIG. 3 and step
$120 shown in FiG. 2).

Upon completion of preparation, the secondary air passage 33 is closed by the
control valve 34.  Accordingly, negative pressure in the master vac is efficiently
ensured by utilizing negative pressure in the intake passage. When negative pressure in
the master vac is ensured and pressure in the intake passage (intake pressure) is
increased, the control operation is triggered by this intake pressure (step S140 shown in
FIG. 3), the control valve 34 is closed (step S141 shown in FIG. 3), and the cylinder
deactivation operation is executed (step S142 shown in FIG. 3 and step S113 shown in

FIG.2). When the cylinder deactivation operation is cancelled through the



operator's desire without entering into the cylinder deactivation operation.
On the other hand, when the vehicle is noderately decel erating, b%
determination of a cylinder deactivation, i.e., the operation fo DEC 2005
determ ni ng whether the pre-deactivation conditions permtting the cylinder
deactivation operation are satisfied, assshown in FIG 2, is perforned. In
this process when the intake negative pressure PBGA in the intake passage
is lower (i.e., ¢loser to vacuu t han the perm ssible negat|v$§? Essute for

cyl i nder dead%qrmmt@ﬁqémec@e gaetialion sepnellaten condizons s&e sptisfied (SRPwR AT ed
to be closed (step S 143 shown in FIG 3) in order to efficiently utilize
negative prid€sdmead stept3id5ishvak én PEsZ)gbe togine asters inty megat oparatpongs®pre in
the master vac, and the cylinder deactivation operation is not executed

(step S145 F1QWRhiwnf BG 3nandhcsb@ihgly, hePatilrPMessivt iflke mdster HROFhieRTEP! etion

of preparation, the secondary air passagé 33 'is closed by the control valve

34. Accor di whxencgﬁgg& GBS RUE ol iElTBR LTyl SLLHE WER 1S Ur o

by utilizing negati passage at’ive pressure
in the master vac.is ensu d an ressure in the i ssa (1 ntake
pressure) i PrakeReTOFRARES Wh ewainge SER3E HRPTOYFMFRL mﬁ?f'gé@lr Do of it ake
pressure (Steﬁgs 140 shown in FIG 3), the control valve 34 is closed (step

5141 shown ivehigleGiuedp thmndlrxdhed@ytwatw@ropem@anu vation operation is executed
(step 5142 shown in FIG 3 and step S1.13 shown in FIG 2). Wen the

cylinder deacti vatAssxphiiesddtioss, inghis anbedinggt tinisgegdiblehe ndiaiideg20@5 37
determ nati on of whether the deactivation cancellation conditions are

satisfied ($hQufelin theFﬂlgi‘teIAva%’h@' 16 BRssard Sde BE104A 16 Oadﬁhfﬁ}) fhbrefdrBEndsiid e

enters into normal operation (step S120 shown in Accordingly,

negal i ve DI Gealie ih B HEIRSLSL MRG0 G, Lorr LA HEIREARY cibereild nder

deactivation operation can be ‘ensure o Mel n
per T or MaNCe o i fosoe sy thacthd HAGSS ofrooPhe Tperator Is fedfioed ! ®!  CONSUMPLIon of

In addition, because the permissible negative pressure for cylinder deactivation
#PBGALCS as a threshold for the intake negative pressure PBGA is set in accordance
with the engine revolution speed, negative pressure in the master vac can be sufficiently
ensured.

Furthermore, because the permissible negative pressure for continuation of
cylinder deactivation #MPALCS as a threshold for the master vac negative pressure
MPGA is set in accordance with the vehicle speed, negative pressure in ths master vac
can be sufficiently ensured in accordance with the vehicle speed.

FIG. 7 shows a flowchart according to another embodiment of the present
invention. In this embodiment, only the flowchart of the previous embodiment shown
in FIG. 5 is substituted by the flowchart shown in FIG. 7; therefore, ths remaining
operations will not be explained again. Because the flowchart of FIG. 7 shows the
operation for selecting air control mode along with the flowchart of FIG. 6,. reference
will be made to FIG. 6 in the following description. In addition, because most of FIG.

7 is the same as FIG. 5, the same step numbers are assigned for the same operations, and



vehicle due to the cylinder deactivation operation. As explained above, in
this enbodinent, it is possible to naintain negative pressure in the nmaster
vac at |ow pressure side (closer to vacuunm; therefore, negativeg Preggyre
in the master vac is efficiently utilized for ensuring the assist force for
the braking force so that the braking efggrt of the operator is reduced. In
addi tion, because the perm ssible negative pressure for cylinder
deactivation #PBGALCS as a_threshold for the intake negative pressure PBGA
is set in acldy sl ereppesivitlie epbansd. r evol uti on speed, negative pressure in
the master vac can be sufficiently ensured. Furthernore, because the

per mi ssi bl e negat i Thds pmbsedintent Significamtyi diffets fbomdhe preylousdee indthatcni vat i on
#MPALCS as a threshold for the naster vac negative pressure MPGA is set in

accordance WgehitioRGor @hbialiRingRARTher MROBhItMEY RRE N Lprefutd WPIRS Is9bwiaC  can
be sufficiently ensured in accordance with the vehicle speed. FIG 7 shows a

flowchart a r.di r I t NV k Q0; this
erbodi ment - G Prat Bk e SRR ot LGB, B Ehu BHE R Oflinek s
is substituted by the flo arg 0 in G 7;,there , the renaining
operations WERFUHER W&%&giw@&f“g&g’ﬁ@B é%ilé‘é*%‘@ﬂ%&ﬁart of FIG 7
shows the operation for selecting air control node along with the flowhart
of FIG 6, refereroethanvdrdgén thaslembedife®, the jenondaey fiophsaganp Bebwsed pyi on.
In addition, because nost of FIG 7 is the sane as FIG 5, the sane step

nunber s ar e thssogrd dalve34tondy sasetheptdstl ivat scgaivd pdGseEGIPGASs Bhen(clostihe
differences will be explained. This enbodi nent significantly differs from

the previoug, Qﬂﬁoépﬁeﬁ@%tﬁss’%ﬂe) tﬁ&?ﬁéﬁﬂeﬁﬂiséﬁiﬁfe AShevdhieifg RhebREualifgofmast er
vac ;negative pressure GA I's | owe (closer "to vacuun) than the perm ssible

negative pregfyig 4oQL%R0h kA1 S8 of cylinder

Specifically, in step 5217, it is determined whether the value of the flag
F DECPBUPis “1”. 'When the result of the determination in step S217 is “YES”, the |
operation proceeds to step S223, and when the result is “Nb”, the operation proceeds to
step S218.

In step S222, it is determined whether the engine revolution speed NE is greater
than the threshold #NE which is used for determination of entering into the deactivation
mode. When the result of the determination in step S222 is “YES”, which means that
engine revolution speed is relatively high, the operation proceeds to step S224, and when
the result is “NO”, which means that the engine revolution speed is relatively low, the
control operation of this flow is terminated. In step S224, the engine is controlled to
enter into the deactivation mode in which the control valve 34 is closed; then, the control
operation of this flow is terminated.

In step S223, it is determined whether the master vac negative pressure MPGA
is equal to or lower (closer to vacuum) than the permissible negative pressure for
continuation of cylinder deactivation #MPALCS. When the master vac negative

pressure MPGA is lower than the permissible negative pressure for continuation of



deactivation #MPALCS is included in step S223, as shown in FIG 7. In other
words, in this enbodinent, the secondary air passage 33 is cl 022(3 [gx U@he
control valve 34 only when the master vac negative pressure MPGA'I I"gl her
(closer to atnospheric pressure) than the perm ssible negative pressure for
continuation of cylinder deactivation #I\/l_,?é\LCS. Specifically, in step S217,
it is determ ned whether the value of the“flag F DECPBUP is "I ". Wen the
result of the determnatjon instep S217 is "YES', the operation proceeds to
step S223, avdingpedeactvatioastVPALES; nbich mepas gheé ther masierpras dsaetsvemessiteep S21
S. In step S222, it is determ ned whether the engine revolution speed NE is
greater thaviPCyeiddloes holsbudE thehdontrol speusa dfohis deteisnemeahated oWhentler i ng
into the deactivation node. Wen the result of the determnation in step

5222 15 " YEShasithikhodBiSyrbiate VOO RigiRY tddthOBetESMeirBpdiRlcdrbsseloioh! oh,

the operation proceeds to step S224, and when result

means that the .engine revolutjon.speed, s, +&bati.vely |o he aont r ol
operation Ofcopﬁpg&}qnoqlgrqy “il%frdr?f‘ﬂéﬁa@a‘? QW‘A&@% Vgﬁﬁﬁn}éﬁse%ﬁgh eﬁ%asfeg YBGntrol | ed
to enter into the deactivation node in whjch the control valve 34 is

cl osed; t herflegalee pisptreMPGpay elpse o atmasphaicrpresiures theimerationdyoceeds 9t ep
5223, it is determ ned whether the master vac negative pressure MPGA 1is
equal to or stegwB224.cl oser to vacuun) than the perm ssible negative pressure
for continuation of cylinder deactivation #MPALCS. Wen the master vac

negative pressur eAB&?ﬁiﬁn%%r, P erhbRiméhteaiarnhe sisovielcenboaeaétyRhéd dgsure for
continuation of 0 6 DEC 2005 39 cylinder deactivation #MPALCS, which neans
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MPGA i's hig qﬁé of:tehr%{fortl Po% d%{aernnminsiﬁé \Qv Ether t%gtpirexgea%{iga fo1 ceonfdﬂfons permitting the
cylinder deactivation operation are satisfied, ﬁs shown in FIG. 2, is performed. In this
process, when the intake negative pressure PBGA in the intake passage is lower (i.e.,
closer to vacuum) than the permissible negative pressure for cylinder deactivation
#PBGALCS, the secoﬁdary air passage 33 is prepared to be closed (step S143 shown in
FIG. 3) in order to efficiently utilize negative pressure in the intake passage for ensuring
negative pressure in the master vac, and the cylinder deactivation-operation is not
executed (step S145 shown in FIG. 3 and step S120 shown in FIG. 2).

Upon completion of preparation for closing the secondary air passage 33, itis
determined whether the master vac negative pressure MPGA is equal to or lower (closer
to vacuu;m) than the permissible negative pressure for conﬁnuation of cylinder
deactivation #MPALCS. When the master vac negative preésure MPGA is not
sufficiently low, i.e., when the result of the determination in step S223 shown in FIG. 7
is “NO”, the engine is controlled to enter into the deactivation mode (step S224 shown in
FIG. 6) in which the secondary air passage 33 is closed by the control valve 34,

Accordingly, negative pressure in the master vac is efficiently ensured by utilizing

negative pressure in the intake passage. When negative pressure in the master vac is



continuation of cylinder deactivation #WPALCS, which neans that the naster
vac negative pressure MPGA is closer to atnospheric pressure, tlﬂgﬂgﬁgmti on
proceeds to step S224. Accordingly, in this enbodinent, as int

enbodi ment, when the vehicle is noderately decelerating, the determ nation
of the cylinder deactivation, i.e., the gperation for determ ning whether
the pre-deactivation conditions permtting the cylinder deactivation
operation are satisfied, as shown in FIG 2, is perfornmed. In this process,
when t he i nteaREehapdprosare febs intakppspageintphe prassured ipasreasel, ihe qostirl (i . e.
cl oser to vacuum than the perm ssible negative pressure for cylinder

deact i vat i orperdHBGM 1tiggetet by ks dmelar presiure (saepsigd® sBdwnsn Fi@pd)r thd conirdle

cl osed (step S143 shown in FIG 3) in order to efficiently utilize negative

pressure i nyvhiR 341k dlRePaEpaR 1fsBbwanRs FIGND), aﬂlﬁlﬂ@ﬁ:?ﬂlﬂi& Hesdagon Bpdritfonmast er
vac, and the cylinder deactivation-operation is no executed (step S 145

shown in FIG a e Q.s I I - C Rt i f :
preparation %’?ecgfégs(?tr%%gtl %e%&no% rYB%n 5 Sggssﬁé%éyg‘gg i Eﬁl)sﬁ dg\?leegrfhh %ed
er, vac negative pressure MPGA is equal .tqg or cl oser
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cylinder deactivation #WMPALCS. Wen the nmaster vac negative pressure MPGA
is not suf fdeadtiatiby campallationezonditions atelratisfasi(shovat int FI&. detndrstapri@ttdochown st ep
S223 shown in FIG 7 is "NO', the engine is controlled to enter into the

deacti vat i ofn FE.E2)( Sleapging 2dtcsdiddndrihal bhépati®y) (step SH20Ghotvhen SEE.@)dary air
passage 33 is closed by the control valve 34. Accordingly, negative

pressure in Adasrdi@%iy EfegiBbe presdbd inthe Makiér SASWRRH iOMMENddadlyiBe cRg@aL | ve
pressure in the intake passage. When negative pressure in the naster vac is
n

05 CEC 200 i SNBH LRSS R Dl I L PR G o
(step S 140 exslgqu ai gnreaFtI i%pr(%)ehle%p i the Ii“llge:rl %lonsumption of the vehicle due to the cylihder
deactivation operation.

As explained above, in this embodiment, because it is directly determined
whether negative pressure in the master vac is ensured, and the control valve 34 is closed
when negative pressure in the master vac is not ensured (the result of the determination
in step S223 shown in FIG. 7 is “NO™), in addition to the advantageous effect in the
above embodiment, it is possible to operate the control valve 34 in accordance with the
state of negative pressure in the master vac, and to improve reliability.

The present invention is not limited to the above embodﬁﬁents. Alternatively,
for example, the secondﬁ air passage may be closed when the intake negative pressure
PBGA in the intake passage is lower (i.e., closer to vacuum) than the permissible
negative pressure for cylinder deactivation #PBGALCS, or when the master vac

negative pressure MPGA is higher (i.e., closer to atmospheric pressure) than the

permissible negative pressure for continuation of cylinder deactivation #MPALCS.

Industrial Applicability



valve 34 is closed (step S 141 shown in FIG 3), and the cylinder
deactivation operation is executed (step S 142 shown in FIG 3 %Lbd@'ﬁ]zegﬁis
113 shown in FIG 2). Wen the cylinder deactivation operation i | ed
t hrough the determ nation of whether the deactivation cancellation
conditions are satisfied (shown in FIG 4,nd step S 105 shown in FIG 2),
t he engine enters into normal operation (step S 120 shown in FIG 2).
Accordi ngly, negative pressure in thg‘ mast er_ vac vvhléjg,gil s influenced by the
cylinder deacti vafP &R abph acconding te e fielpspert o8 thePrsanh e Rt e br ake

performance while enabling a great inprovenent in the fuel consunption of
t he vehi cl e Heseusothe kentegllviahawerperating seéticatdperatesibe atdondary/Asr wlyd s asd¢d above,
in this enbodi nent, because it is directly determ ned whether negative

pressure in tlage BSE&ndYAait aseitpuiiagh the fifalid e sary K alneyatiivevabde losveg | 0sed
when negative pressure in the master vac is not ensured (the result of the

determ natio J I RSN} i Ltd t he
advant ageous&é?%eg?ts\; a?nmﬁﬁél%nzig%%déetﬁ%%h&ng%tl,t}ﬁf%ﬂx;gégtptgésg}s gé Pg&(%rgél ate the
- control valvg 34 in accordangce, wi.th the, st? e of, nega iv? (gre sut.e i.n the
master vac, STFGIERIOUHRVERS.1RE [nidke depiFssion ﬁ?“’é%‘&ﬁie & SERAFtSUtEEd 19 i t ed
to the above enbodi ments. Alternatively, for exanple, the secondary air
passage may ewsurd theethie wagativepaessvre ai thermogsdet vae ipsuisisigndy lvBGAARordingly: nt ake
passage is lower (i.e., closer to vacuum than the perm ssible negative
pressure forbaplisestessueteiache uatieovaciPBGAIESd oo bavhdficichily s tihe bradimg force
negative pressure MPGA is higher (i.e., closer to atnospheric pressure) than

the perms ﬁs@hﬁw@ﬁ%ﬂ@tea 9SS WhéEn ﬁ%a%%@ st tin 218 iMstér Wat IHRAukastithyat i on

#MPALCS. [ndustri al plicability O 2005 41 As expl ai ned above,

accor di ng tobx%ﬂﬁzg&iy%ﬁa&ioﬁ.s pﬁﬁé?égatsnok Fudl bt éatioﬂ‘{g &é&ﬁf impx%%&'%%até@eeth‘éom rol

val ve operati ng t1on oper e secondary al al ve® so as

cylinder deactivation operation is less frequently cancelled and regenerative energy is
fully utilized.

According to the second aspect of the present invention, because the control
valve operating section .operates the secondary air valve so as to close the secondary air
passage when the negative pressure in the maéter vac is a negative value higher than the
predetermined second threshold at the instance of starting deceleration traveling, the
ihtake depression of the engine can be efﬁcieﬁtly utilized to decrease the negative
pressure in the master vac to a sufficiently low value. Accordingly, because pressure in
the master vac is maintained to be sufficiently low, the braking force is sufficiently
assisted even when negative pressure in the master vac is reduced by the braking
operation. Furthermore, fuel consumption is greatly improved because the cylinder
deactivation operation is less frequently cancelled and regenerative energy is fully
utilized.

According to the third aspect of the present invention, because the intake
depression of the engine can be efficiently utilized to decrease the negative pressure in

the master vac to a sufficiently low value when the negative pressure in the master vac is



cl ose the secondary air passage when the intake pressure is a negative val ue
| omwer (closer to vacuum than the predetermned first threshold at the

i nstance of starting deceleration traveling, the intake depressilbhlbf 2i§e
engine can be efficiently utilized to ensure that the negative pressure in
the master vac is sufficiently low Accordjngly, because pressure in the
master vac is maintained to be sufficiently low, the braking force is
sufficiently assisted even when negative pressure in the naster vac is
reduced by t ket suifigirnthyloyppriet foche CRdenegastvaionfansratiosnaegslive pressuse bridat | y

i mproved because the cylinder deactivation operation is |ess frequently
cancel | ed anchastgenewhichvesienahigrakmg forek iyensutdd privg fo Aeaytidderglehetiviation
second aspect of the present invention, because the control valve operating

section Oper%ﬁxﬁti&'ﬂ@o ¢ HRARAMN Effox}f%&“t’lﬁ: HRrASr ik Pecdiicfge the secondary air

passage when e negative pressure in the'master vac Is a negative val ue

hi gher than th det.er m ned d threshold at the inst fostarti
decel erat  on tr ave ARG (hF U GRS LG RIR <Bf v ol s sooncdry ' ™

efficiently utilized to decrease_the negative pressure in the nmaster vac to
a suffici ent Bif vebig iy glosed sonjbatibaiintgksneggivapmasuse eshe enspred to e sylisicatlyvac
is maintained to be sufficiently low, the braking force is sufficiently

assi st ed evelowhdnr ebeatilslep dessivaion oparatonyids possitdetd ensnedegaiiveyyredshe
braki ng operation. Furthernore, fuel consunption is greatly inproved

because the gyiHenfi@er vieBfibi Mathe OflimRe dedctiofidSopepfonl r equent |y cancel | ed
and regenerative energy is fully utilized. According "to the third aspect

of the present i nvantbor, BAEHAR s b8k Fesc ORI ERRORAlsd g enoi ne_can

be efficiently ut i creas e negative pressire in the naster vac
0o Do B SRR S BEhEPRLY YE P ReR ) Bl R S ©
operati on, ngge%%i o\%ef‘hepe.gllejgsir?c-:l,J ;ggailtﬂretprr]&sure in the master vac can be sufficiently decreased.
According to the sixth aspect of the present invention, because the second
threshold is appropriately determined in accordance with the traveling speed of the
vehicle, where the second threshold relates to the negative pressure in the master vac
which is utilized to decrease the traveling speed of the vehiclé,'negative pressure in the
master vac can be sufficiently decreased in accordance with the traveling speed of the
vehicle.
According to the seventh aspect of the present invention, because .Stopping of
the vehicle may be set to have highest priority without executing the cylinder

deactivation operation when the degree of deceleration is considered to be great, it is

possible to prioritize the operator’s desire.

Explanations of Reference Symbols
11: FIECU (control valve open/close section); 30: intake passage; 33: secondary air
passage; 34: control valve (secondary air control valve); E: engine; M: motor; S1: intake

negative pressure sensor (intake pressure sensing section) S3: master vac negative



master vac which assists the braking force is ensured prior to the cylinder
deactivation operation so that the braking effort of the operat@B ig 0
reduced. According to the fourth aspect of the present invention, gé gd@e
the secondary air valve is closed so that the intake negative pressure can
be ensured to be sufficiently |ow prior te the cylinder deactivation
operation, it is possible to ensure negative pressure in the nmaster vac
prior to the cylinder deactivation operation. According to the fifth aspect
-of the preseRESFHGEPRI0DANABAUCRGIELHHE PIHBRESEBHAS FEHYOR rst threshold is
appropriately determned in accordance with the running speed of the

engi ne, negative pressure in the master vac can be sufficiently decreased.
According to the sixth aspect of the present invention, because the second
threshold is appropriately determ ned in accordance with the traveling speed
of the vehicle, where the second threshold relates to the negative pressure
in the master vac which is utilized to decrease the traveling speed of the
vehi cl e, negative pressure in the mster vac can be sufficiently decreased
in accordance with the traveling speed of the vehicle. According to the
seventh aspect of the present invention, because stopping of the vehicle
may be set to have highest priority without executing the cylinder
deactivati on operation when the degree of deceleration is considered to be
great, it is possible to prioritize the operator's desire. Explanations of
Ref erence Synbols 1 I : FIECU (control valve open/close section); 30: intake
passage; 33: secondary air passage; 34:. control valve (secondary air

control valve); E engine; M notor; S 1. intake negative pressure sensor
(intake pressure sensing section) S3: master vac negative 06 DEC 2005 43
pressure sensor (naster vac negative pressure sensing section)



44 06 DEC 2005 What is clained is: 1. A control device for a hybrid vehicle
havi ng an engine and a notor for outputting power for driving said vehicle,
wherein a regenerative brake is used durddhg decel eration travelﬁﬁ@fﬁﬂmﬁaid
vehicle in accordance with a deceleration state thereof, and said engi ne has
at | east one deactivatable cylinder which is deactivatabl e during

decel eration traveling of said vehicle, said control device conprising: a
deacti vati og,det erd ni,ng section for determ ni ng whet her said deactivatabl e
cylinder is afS“%ﬂHFglge deactivated in accordance with a traveling state
of said vehicle; an intake pressure sensing section for neasuring air
pressure in an intake passage of said engine; and a control valve operating
section for opening/closing a secondary air passage of said engine for

provi ding ayxi | | aMoﬁwgiaﬂéélfoF@';%\gg%ﬁ&@ QoY aftPBHok 90 aifig ! Sa”

air valve, wherein sard contro |'ve operdating-sectlon operat

secondary apowardbndziviig sasl viehiclel wharcinsaeginaeticridale)is ased doass dagpelention t he

i ntake pressure neasured. by said intake pressure sensin section is a
negat | ve. varEIG AP VAT i BrOGDET Wiihe e e SR daHaT P than gae s
decel er at i Of jeaktf A% Bldchthtle rWaithGd Ractatable AN RbeldlaivdEvERle dspybrid -

vehi cl e having an engine and a notor for outputting power for driving said
vehi cl e, wheshiile sad canfrehdavive corepiigingke i s used during decel eration traveling

of said vehicle in,accordance with a deceleration state thereof, ~.and said
engine has at | eASEEBIHEON S YR e &g e RRRR R T g Qe Ut o
during decetginddriPdlotved it RE:tiRfite$Riadeord@bd witlea rHRlifk 428 bF Qld WRNece .
conprising: ‘a deactjvation determ ning section for determning whether said
deactivat abl e cy#intile plegsup sersgceetion e neResiB g vl Pressurhingo dorksdassegewt h a
traveling s{ai &, fe,gg&d vehicl e; a master vac negative pressure sensing
section for neasuri'ng negati ve pressure in a

a control valve operating section for opening/closing a secondary air passage of said
engine for providing auxiliary air into said intake passage by operating a secondary air valve,
wherein

said contro] valve operating section operates said secondary air valve so as to close
said secondary air passage when the intake pressure measured by said intake pressure sensing
section is a negative value lower than a predetermined first threshold during deceleration

traveling of said vehicle,

2. A control device for a hybrid vehicle having an engine and a motor for outputting
power for driving said vehicle, wherein a regenerative brake is used during deceleration
traveling of said vehicle in accordance with a deceleration state thereof, and said engine has at
least one deactivatable cylinder which is deactivatable during deceleration traveling of said
vehicle, said control device comprising:

a deactivation determining section for determining whether said deactivatable
cylinder is allowed to be deactivated in accordance with a traveling state of said vehicle;

a master vac negative pressure sensing section for measuring negative pressure ina
master vac which communicates with an intake passage of said engine and which assists a
braking force by means of intake depression in accordance with a braking operation by an

operator of said vehicle; and



master vac which communicates with an intake passage of said engine and

whi ch assists a braking force by nmeans of intake depression in agﬁﬁﬁﬂgﬂﬁf
with a braking operation by an operatord4dof said vehicle; and 45

2005 a control valve operating section for opening/closing a secondary air
passage of said engine for providing auxiliary air into said intake passage
by operating a secondary air valve, wherein said control valve operating

section operates sai econdary. air .vakve s to clos sai d secondary air
passage vhen t he REyET VAR MBEYnR Rt it Snfilion R 5o B utio RS AR H
naster vac aggatfbivgoRtRgIukiBars ait$ntd gai @tikicPassage By SiREANE ¥ 8edtdlluf aidivgiver t han

a predeterm ned, second threshold during deceleration traveling of said
vehicle. 3.WATEWntrol device for a hybrid vehicle having an engine and a

notor for outputt]g f | Midag J j L erative
brake is used dur%a%cog{e}gl\é@g?g?‘?%tﬂ{ésﬁdgvg?%gs 0 seg(%ngmy\éﬁﬁéﬁg&f%tggggépdance
wi t h a decesaid sscomdarsdinpassideerieafthe magdtiwapressaredgn nad nasteavac heasted dgeaid

deactivatabl e cylinder which is deact.ivatabl e duri decel er at;ion.travel i ng
of said voRREe DoRNVeTETIE eRgE Seon S BFETy R AN EeS Eh § BRATRTHR er i ni ng

section for sgiamRinHdrvg abhrfaisatavelgastsivatRBle  cylinder is allowed to
be deactivated in accordance with a traveling state of said vehicle; an

i nt ake pressure sensing section for neasuring air pressure in an intake

passage of ,said engine;, a naster. vac.negative pressure sensing section for
measuri ng ndgat | vg "g?%@é‘ﬁ}“ég?‘%fﬁ 3o @Efeg‘%?é{ﬁlgmeeﬁn% _ Pt@ﬁfoéguwif%ﬂg an

i ntake passa@or @ dFiRing sA0 GeHGe, e SEendSHveHrSke iPHRY diithe REQGatdn Means of
i nt ake depression in accordance with a braking operation by an operator of

sai d vehi c| eavelingiofgaid yehiele in agegrdance pith adpasteration slals therent, apg said enginsihesitng a
secondary ajegst Bgesfe%&l%a‘[%{:le %?ﬁn%er which is deactivatable during deceleration traveling of said
vehicle, said control device comprising:

a deactivation determining section for determining whether said deactivatable
cylinder is allowed to be deactivated in accordance with a traveling state of said vehicle;

an intake pressure sensing section for measuring air pressure in an intake passage of
said engine;

a master vac negative pressure sensing section for measuring negative pressure
in a master vac which communicates with an intake passage of said engine and which assists
braking force by means of intake depression in accordance with a braking operation by an
operator of said vehicle; and

a control valve operating section for opening/closing a secondary air passage of said
engine for providing auxiliary air into said intake passage by operating a secondary air
valve, wherein

said control valve operating section operates said secondary au valve so as to close said
secondary air passage when the intake pressure measured by said intake pressure sensing
section is a negative value lower than a predetermined first threshold and the negative pressure
in said master vac measured by said master vac negative pressure sensing section is a negative
value higher than a predetermined second threshold during deceleration traveling of said

vehicle.



engine for providing auxiliary air into said intake passage by operating a
secondary air valve, wherein said control valve operating secti o) opE) es
said secondary au valve so as to close s#id secondary air passage when the
i nt ake pressure neasured by said intake pressure sensing sectionis a

negative value | ower than a predetermned first threshold and the negative
pressure in said nmaster vac neasured by said naster vac negative pressure

sensi ng section i,S e LV | i gher n edet er m d

t hreshol d d%‘ri ngA eoggﬁgier achgcaﬁ%\(}éﬁiaﬁ)ég% Ofs‘gl l\a/tgﬁ’gfq%mﬁ%m(gggﬁég&g%% 4,
A control deptrgtigasctioh @perads said estyndaneaiotaled @i 8o Lloko sadd savbadaey air padsabe
control valv oper.atjng. section qperates, said secondary air valve so as to
cl ose said gfg%wg@év deps igHeR oI QiR PYSpid; Jraivatien FPPHRING RSOy ohi bi t ed
by sai d deactivation determ ning section. 5. A control device as clained in
claim1 or 3, wherein said first threshold is determned in accordance with
a runni ng speed &fcostadldederpiswRimdl in Alaiw hor 3 whdein sal first tokshioldasidétermitdedi m 2 or
3, wherein said second threshol ddi?fsa}.éjeter m ned in accordance with a

travel i ng sPEEHTHHCSHITY 2 PEHINEISReC @EHr ol device as clainmed in any one

of claims 1 to 3, further conprising: a deceleration state determ ning
section for _deter,mnj a. degr,ee qf. decelerati.on.of ..said.vehicle: and a
Geact Lvat 1 oft canbaPripsfict BPRFef in B8R Bf 5vR8eS i dBPA SRRl er
deacti vat i OfetéliHinedGn StRAGEMEMHiThAr=QEIREpded Bf saih@hRid) sai d deactivation
cancel l ati on determ ning section cancels cylinder deactivation when the

degree of deceleration determ ned by said deceleration state determ ning

scetion exceeds ,a pf QUehel M NG44 lm‘iSFOne of claims 1 to 3, further comprising:

a deceleration state determining section for determining a degree of deceleration of
said vehicle; and

a deactivation cancellation determining section for canceling cylinder
deactivation during deactivation operation, wherein

said deactivation cancellation determining section cancels cylinder deactivation when
the degree of deceleration determined by said deceleration state determining scetion exceeds

a predetermined value.



