;é,3e#P=#M4458>9 =6V=T= CONTROL DEVI CE FOR HYBRID VEH CLE Field of the
. «Invention The present invention relates to a control device for a parall el

type hybrid vehicle having an engine with deactivatable cylinger d in
particular, relates to a control device for a hybrid vehicle, m%m,ﬂm@wmmmas
an i nprovenent in fuel consunption while npintaining brake pe :
Description of the Related Art A hybrid vehicle having not only ans9ayi ne

but also an electric notor ' wn in the art.

As a type of hybrid vehicl gﬁfﬁﬁﬁéﬁﬁﬁgi{%gﬁ?%@ nown that uses

an electric notor as an auxiliary drive source for assisting the engine
output. In the parallel hybrid vehicle, the power of the englne

by the electric notor during acceleration traveling. On the othe m”ﬂﬂwummm Im
during decel eration travel i n(JACKGREAINDrQF dhiE INVEENTK@Nar e char ged w8
decel erati on regenerating operation. According to various control

oper ati ons i rrgdladF tHe Thientidgove, the remaining battery charge (remaining
el ectri c energy) of the battery is maintained while also satisfying the

driver’s demands. %;ﬁ’%@ﬁ]ﬁ@erﬂlph\@a{eﬁq& d&{trotlﬁ 19@fo?|21 g}alllgylgfglre Iﬂgﬁ/r?ch' cle

conprises the engl ne or cou e engl e

whol e system i ein struc ur e,

okt bi 1oy el R A srgine M@cmé%?@? e, B tnliat oSt ar ar 1 o
hybrid vehicle, tw types of h brld vehlcles are known; one is disclosed
in, for exanﬁp@trolﬁ&wﬁé@@a Whigh-¢na kﬁﬁmreawementmﬁsq CORIMPLIRN| on
hb. 2000=97068, in which a cIutch i s di sposed between the engi ne and the

2 notor in orvddle maintsiring brake peffiermehtact of engine friction (i.e., engine
brake) during the deceleration regenerating operation; the other is

di sclosed in, for exanple, Japanese Unexam ned Patent Application, First
Publication No. 2000-125405, in which the engine, the motor, and a

transm ssi on rkerstidnestithy ReRRASG ed in series in order to ul ti mat el y
simplify the structure.

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 parallel hybrid
vehicle is known that uses an electric motor 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
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



TH_e hybrid vehicle of the fornmer type exhibits di sadvantages in that the

--sinstallability of the power train is degraded due to the conplexity in the

constitution of the clutch, and the transm ssion efficiency of the power
‘train may be reduced during normal traveling as well due to the use of the
clutch. On the other hand, the hybrid vehigle of the latter type exhibits a
di sadvantage in that the driving power assisted by the electric notor

(assi sted power,) is restri.cte ec e . .el ect.r| erqy i
reduced due txgoth@ %{98'#&?@8‘{1?"3%@%? egtﬁgti ee%%fn??{x?%oﬁfhgg S’iﬂ’a‘% ﬁr@g%ngégrtie to
reduce the engine friction during decel er ti_og,, an el ei]%troni ¢ control
throttle nmecHisrslersian jeasaeratingiongiation; theathesis disclosgddn, forexample. Japansge open
during deceleration so as to greatly reduce the punping |oss and to

i ncrease t he' UnaxgminadcRatant P@pgcaggp,n, Fisstdublicationdm Qg&‘rﬂ gﬁﬂ%, nwhich thef enging
air directly flows into the exhaust system during decel eration, which may
| ower the terthenmitdt] &ndod trénsaiésidnyaié directlyadonaedted inderiecinorderao ditinpatelg cause
i nappropri ate exhaust gas control. A cylinder deactivation technique has

been proposed;t.Q; above problem however, the cylinder
deacti vati on%ééﬂlﬁhyﬁﬁ%e't ed in order to retain a sufficient negative

pressure in the master, vag for. t br ake syst ..and consequent | not nuch
regenerative ener giﬁ'&m%ﬂg V§g\9§cf’l}gv‘ {Ongrr té'\éﬁ Sﬁthﬁs %Fad&ﬁlglﬁ%% 1p Et?aé ¥}feon.
SUWARY. OF THE I NVENTI ON I n consi der atign é’f t he above .circunmstances, an
obj ective of ibsiallahilityofthe pqwey &ain is degradedydugtg hegomplexityip ghe epnstiiiion gf 5
hybrid vehicle which can provide a nore frequent cylinder deactivation

oper at i on whithechidhnand thietegnsthissibn affisiguey bt 1 trai roayale reducedgiusing

i nprovenent in the fuel consunption of the vehicle due to a reduction of
engi ne fri ctimmmallipaveling aewell dae td ths iseasfihe tlutdh. t IOn the ethenhand) therttybeid

provi des a control device for a hybrid vehicle having an engi ne and a not or

for out putti nghRMESthé Ptteftypk ieRBibitE disBHNkAZe INVDRE Bl AriingG e hstidtaEbPihake
is used during deceleration traveling of the vehicle in accordance with a

decel eration . r ' ' . .

deact i vat abl eeﬁ(%:c)?ﬁt“l’err?ég? (g\ﬁs}:eﬁiar{?)gv&eg6%?{9}%%12%%%&%#?%8&#&%?%@%? Ilgbgﬁy tr avel i ng
of the vehicle, The control. device conprises: a deactivation determ ning
section for Jg@%ﬁeﬁﬁnﬁﬁ@%&%@?ﬂ%@%ﬁ@&f ?‘i‘ﬁi‘["&bl e cylinder is allowed to be
deactivated in accordance wwth a traveling state of the vehicle;, a
deactivation cancel/SHEr AESHRINT acesfélegpgﬁe Ftop dveae AReFlptionan
deactivation during deactivation operation; an_intake pressure sensin
section for rRieetignicrentpl thiptde meekanism mayibgusekwhigh sarfeoly e thragleamlyierte be and
a control 'val ve operating section for opening/closing a secondary air
passage of t hweadgiing déalergtiamvsodisng gatly réduce thaipunipinglosswndi tntindreasp dies age
by operating a secondary air valve, wherein the control valve operating
section oper a’éﬁéhei'dlﬁe aerghoiRywever, fa coasiderable aauhtofledsdsr diktlydandatothéi r
passage when the intake pressure nmeasured by the intake pressure sensing

section is a &aggk kydent ﬂhﬂﬁg HEREati R hRhRASABURE tHeAGHpdratudd oft d¥a8a R afd
during deceleration travelinhg of the vehiclé. Accordingly, because the

control val ve, 0pesali0oop 564 4l QRSE | °§ro§>H§te%§ﬁ£{Bf’ Softirb, V@l Ve so as to
age when n 0

cl ose the secondary arr pass ake pressure 1's a negative
val ue lower than th redeterm ned first threshold at .the . instapce of
starting decel erat ifgﬁglmc%\l;g?a}c%&lqnﬁgcl‘%%sggﬁ}@-gg?s&ﬁtttmolw@e@ﬁay%e can be -
efficiently utilized to ensure_the negati_ve pressure in the nmaster vac is
suf fi ci ent | y Rreblem; haweyesdhe aylindepdeactivatianperiod dslimited inqsderto etpindyi des a
control device for a hybrid vehicle having an engi ne and a notor for
out putti ng ponéficiémimegativeiprepsttiedn thehhaster, vaoiienthe hrake systpmendtconseqbenlye i s
used during deceleration traveling of the vehicle in

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

S,

SUMMARY OF THE INVENTION

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



accordance wth a deceleration state thereof, and the engi ne includes at

-l east one deactivatable cylinder which is deactivatable during decel eration
traveling of the vehicle. The control device conprises: a deactivation
determ ning section for determ ning whether the deactivatable cylinder is
al lowed to be deactivated in accordance wigh a traveling state of the
vehi cl e; a deactivation cancellation determ ning section for canceling

cyl i nder deagt] i Is ty i gt | ons st er vac negative
oy essure sendrtiRbhatobYiRPa HERR AL R S30BHR e RlealhilR Pir ot e adbHEac
whi ch communi cates w.th an intake passage of the engine and which assists a
braki ng f or cdegye %%d%%e?‘ﬁ’tvék@ B@}S‘I‘t@g’s‘i"]@% maintpg therhreke performprceandki ng
operation by the operator of the vehicle; and a control valve operating
section for cpablenygrhbisiprgveansnt iothd fuel cansumpiion afj theofehichedwertgiaredifction of
providing auxiliary air into the intake passage by operating a secondary
air val ve, weagefriétioh. control val ve operating section operates the
secondary air valve so as to close the secondary air passage when the

negative pressure iy thix@nABSEifE asé@& dﬁl?esv%i?géét E}I\(rgeﬁti@ ]%T‘E%d% a Y&firdl ROAES ¥

pressure sensing section IS a negative an a predeterm ned

second thres . i decel eration traveli of the vehicle.. Accordingly,
because t he tclglﬁ't‘g pgweblgﬁe\}éavggearnaqng% agg@tnilcﬁﬂr @88}’@%‘@%‘8@%’6&@%@%5}%}1?% r.
valve so as to .cLeosgl t he secondary ajr, pas gg_e when the negative pressure
in the mast ervehigle, phersina regencrativehrake isiugerbduring:decelpratipn travaling af thegvehiclond
threshold at the instance of starting deceleration traveling, the intake
depr essi on ofin a¢perdange mithaadectleratiph stateghereof, and thezpgine indedss etleestione
negative pressure in the master vac to a sufficiently | ow val ue. 5 A
third aspect defctiviambler @diadér winick ix deactivatablé dedngadeceleiatioh tdeslinpeoflthe véhicle.
hybri d vehicl e having an engine and a notor for outputting power for
driving the vihiceh®ol dMRERbMprisdses BBRTIFhiEINAifng Sechidh ForHbtdrAthing |
deceleration traveling of the vehicle in accordancé with a decel eration

stat e ther e0fyhe AR ild\RaBifhdbfe LIPS B1BHed AR ARG ARG b RARL Srifidd | nder

whi ch is deactivatabl e during atron traveling The
control devi ri.ses:; a gdeactivation deter.mni section f.or

det er i ni ng &ﬁg@ﬁ@stgﬁg?%gg 1"%61?:95?%“'8 &l ?‘ﬁﬁ’@?lmlué’nglgfegwé’é“gc et facti vat ed -
i n accordance w i,.h atr vgl i ng sta(iﬂcla_i of  the vehicle; a deactivation
cancel | ati on “B¥E P&ﬂﬁ‘?fffgr gactivetipny Giring dsactivation eRAratipns an Hiake nIossuieFRNHNg | ng

deactivation operation; an intake pressure sensing section for measuring

ai r pressur e Seqtioafor measuaing gis pagpsursfin ap intekegiassage af thesngineyand axoyirol vaive
pressure sensing section for neasuring negative pressure in a master vac
whi ch communioperatisg séction for apeninkllgsingsaspeomdary hie passagenel therengiin foln prosddiag s a
braki ng force by nmeans of intake depression in accordance with the braking
operation by athitianer mtodthe dihtakdassRiby| dperatifig adecondhryQlir valhey WheRet @i NQ
section for opening/closing a secondary air passage of the engine for

provi di ng auxbhtralMAlvRI dpetalihg sédidniopbated IRARESURPYir 9RSE 86 hd'Q @os%?lﬁl@ndary
air valve, wherein the control valve operating section operates the
secondary aifr a I i { n the.

i nt ake pr essﬁ?c\gﬁ%gsaé?%ag%%}%é%?eﬁ %Eg pgeﬁgtg-gﬂfegéfuggdné ﬁ%ﬁétg*gﬁ) }ggsﬁr%geggmg
negative value lower than a predeterm ned,first reshol d anpd, the negative
pressure in FT‘%’%‘A%?EFg@XE vﬂglggq}yeégﬂw Prﬁgetﬁ%flﬁ‘i HV&@”?%@%‘{]%gBF%%T‘Z‘E?@
sensing section is a negative value higher than a predeterm ned second
threshol d dut@kgingefdheyehi¢len traveling of the vehicle. Accordingly, the

i ntake depression of the engine can be efficiently utilized to decrease the
negative pressure Ascondinglydteause the contral wlifef aperating sgctionwpemtasehedeeonddng
negative pressure in the master vac is not sufficiently low prior to the

cylinder deaairivabieistas GPEIOSS the Beconddry Airf pabiabh wheh eHelintke pRSsubé RSAgative
i nvention provides a control device tor a hybrid vehicle, wherein the

trol I [ j . i t
Close the seeangayr i 8 bl holngl o8 Tl A0 HRlate OO kB Beeifon

the deacti Vag‘.r'a\cz)eriin%? he infake cri]éi)rgs%ﬁ)tnl of the engine can be efficiently utilized to ensure the

negative pressure in the master vac is sufficiently low.



Accordingly, the secondary air valve is closed so that the intake negative
-pressure can be ensured to be sufficiently low prior to the cylinder
deactivation operation. A fifth aspect of the present invention provides a
control device for a hybrid vehicle, wherein the predeterm ned first
threshold is determned in accordance withga runni ng speed of the engine.
Accordingly, the predetermned first threshold is appropriately determ ned

in accordance with the runni eed of .the.engine. A sixth aspect .of .the
bresent. i mvont o i SR BB TRE Gl el Gt Ries £ oSt drTEF B aibra
the second threshold,is determned in accordance with a traveling speed of
the vehicle. Vﬁﬁw@rhﬁvmﬂ ap engpie @é@mmt%'QBWBF"@E@W%BFG‘EMI&@? yeldeleer ni ned
in accordance with the traveling speed of the vehicle, where the second

t hr eshol d r elvdtessin oegenerative bitake é&s ysed dstmgddcalerdtionrimyeling oftbe whiclh in s
utilized to decrease the traveling speed of the vehicle. A seventh aspect

of the presenicirddeatwitia décelerAiRdn stut€BBicos and & éh@idedhcladdiydd ldast otehi cl e,
wherein the control systemfurther conprises a deceleration state

det er m ni ng %@g&iﬁ&bfe liﬂﬁzére\{'mmsr&a@ti\g?ﬂﬂ@wtgi &%Qlﬁ*a‘ﬁ%ﬁttf‘agairg ofttﬂfiv%hri]cle.

vehi cl e, and ereln the deactivation cance on determ ni Ng sec

cancel s the | i nder, deacti vat.i on en the ree of decel erati on exceeds a
ot edet or i ned FSPOES! dRTiES ARPRERSH = SCRTERHY SPeTing seston oAl riRRag, ¢ o
have hi ghest priority . therefore, a_cylinder deactivation operation is
not execut ed Wi ihrdeaeivaiablosyligderds allavedio hedeagiveteddn ageardanse Withent |

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a bl ock diagram show ng the
gener al st r udtayelingdtate ofitherviellicles hidesativatiorneaneettation detetmumdngyyedtionyfaro t he
present invention. FIG 2 is a flowhart show ng the operation for

sSW t chi ng i nteanceliay ikt dekaiohtionaduring depetivatiomopdrition) a edted vaendgatite t he
present invention. FIG 3 is a flowhart showi ng the operation for

determ ni ng WaakiRsehdhty RicBofRRFdaBirgdiega@RrbdsARSnRGhAGdrVaB GHidhe Cyl i nder
deactivation operation are satisfied in an erbodi ment of the present

i/\ﬂ\é'?mair O? heFlcgknmlkn{-icsateﬁ WittPHERMiE pRaW BBint BRIRPSIAVRRR alflts §8ERED A%y |

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 negative pressure in the
master vac measured by thg 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 predetermined 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.



deactivation cancellation conditions are satisfied in an enbodi rent of the
-present invention. FIG 5 is a flowhart show ng the operation for
selecting air control node in an enbodi mrent of the present invention. FIG
6 is also a flowhart showi ng the operation for selecting air control node
in an enbodi nent of the present invention.sFIG 7 is a flowhart show ng
the operation for selecting air control node in another enbodi nent of the

present invention. fr V| . | J? variabl e val ve .tim ng
mechani sm used in gl;{h?%%cﬁgﬁheg?&%ﬁtéhgéﬁgég%ﬂﬁ%g%rﬁoﬁ%ﬂf é)elyrc&sr @E?’be{}fg] 9B
show t he vari aﬁj FF val ve tinjng gechanitsm used, i n the_enpodi nent qf the
present i nverfehislk havinganengingand a matey fog auipRRing Pewer B driving the dehieles he nai n
part of the variable valve timng nechanismin a cylinder activation state,
and FI G 8 viiBrein euegenciative brake i usod dufing deselerationgraveling ofithe velicle &l e
valve timng nechanismin a cylinder deactivation state. FIG 10 is an

enl arged vi ewcedrdanve with a\dqealetation staté3hereof, REGEHY difineinédad ekt 1faRFHINERRED
EMBODI MENTS Preferred enbodi nents of the present invention will now be

expl ai ned W (@ iRARLRNGAnd& WIEh ARRABERE LI Md%g(%rc(l:lgfaﬁgﬂ YrabSlidg & \Xﬁégﬁhi%lﬁ.e

di agram schematically i"lIlustrating a parall el icle to |
enbodi nent s %et he present i nventi . ses an
e

tiqn are.applied. and whi.ch, conpr

engi ne E, an ec(Q,Pt?I‘?lc M1 g?mmlseghaﬁgac?ly%{ho&ﬂ%gegnéﬂnq_ Sgtion £o1 %P?e Ped to |
each other in series. The driving force generated by both the engine E and
the el ect ri c st T deactiyaigbleiider is alowsdo bedeagiateddin egrordansaithous| y
variable transm ssion) as the transmssion T (the transm ssion T may be a
manual t r ansriayelingytate of theyghicleh e deactivptienscanc¢lation detesraining sation fone dri vi ng
force is transmtted fromthe driving wheels W to the electric notor M
during decel eandeling cplindehdedetibatich dueingaeactivatien epeeation; an imakerprédstitersendions
as a generator for applying a so-called regenerative braking force to the
vehi cl e, i . esectioh€or measuring air pressure in an intake passage of the engine; a master vac

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,



ki netic energy of the vehicle is recovered and stored as electric energy.

- -The driving of the notor Mand the regenerating operation of the notor M
are controlled by a power drive unit (PDU) 2 according to control comands
froma notor CPU 1 Mof a notor ECU 1. A high-voltage nickel netal hydride
‘battery 3 for sending and receiving electrgc energy to and fromthe notor M
is connected to the power drive unit 2. The battery 3 includes a plurality

of nodul es connect edgi: ' in . dul a ity of, cell
units are connect e?’ Ifo%xﬂgégé égﬁ&ft‘:ﬁ@gﬁ%ﬁ@éf@gﬂ&qv (FeF ﬁcﬁoﬁki&é’“’f?‘-’%ﬁlfmd
auxiliary batte,r?/ 4 for enerqgi Zli nig vari gus accessories. The auxiliary
battery 4 is vehigleswhersin thg comfrqlyalvs opetatips seclipp opergtonshecsecandasy g valvesn b
converter. The downverter 5, controlled by an FIECU 11 (a part of the
control val ves tpapsst the geowedary air)passagk ahen hplindst deagtivdtionns prohititedtbytie 3
step-down and charges the auxiliary battery 4. The notor ECU 1 conprises a

battery CPU UetivatiopdaémehingGedtivmn, battery 3 and cal cul ating the renaini ng
battery charge thereof. In addition, a CVTECU 21 is connected to the

transm ssion T, whi i : i . 11
controls, in addi tﬁ%ﬁox{d@%%&?&@}é@%? ét]ﬁsghgg\}\%gﬁlgﬁgn E%a%fggel
supply anmount_controller (not sho .faor .controlling.th nount . of fuel
supplied to {})ﬁe‘gstgﬁg'fl%ée E}S(lée%stf’ %FPWC%@X#OYRBPI @Hhﬁ&l}ncﬁbﬁ?ﬁcﬁgﬁl% n ng,

etc. To this end, the FIECU 11 receives various signals such as a signal
froma speedOE%‘ﬁQ%‘P- for sensing vehicle speed, a signal from an engine
revol ution speed sensor for sensing engine revolution speed, a signal from
a shift position sénfithaspsct afdhe pregent investion propules & comtralfdevice farracybnidssi on
T, a signal froma brake switch for detecting the operation of a brake
pedal , a si gwahicke} wherincthe prddetenhingt firqithrdsiiodd isi deterinliRdan atcdtd@0e ¥itha
clutch pedal, a signal froma throttle opening-degree sensor for sensing
the degree ofufRgNépedd of the chpimet t! e valve 32, a signal froman intake
negative pressure sensor for sensing negative pressure in the air-intake
passage, a signal fy i L . I o §

ref erence synbol Bgc?%g?lcgg]’gfs; H@g%%@@gg&grssggxg?sg?@dg\E}ﬁﬁp%ﬂ%ﬁg?ta emﬁg(lj%l, in
whi ch a nast vac negatjve pressur nsor. i s provided for sensing
negative pr egé‘i?f%aqcﬁ“?ﬁleth%ﬂ’%@grﬁ’gf‘g?tstsﬁgn%lﬂ%r einafter referred to as
master vac negative rﬁssure) The master vac negative pressure sensor is
connected to. the FIAE%S pspeck gt the peespifripyrndion providssiarcoatipl dayicedpr 3 hyuid nt ake
negative pressure sensor S 1 (a part of an intake pressure sensing section)
provi ded in Aehigley whereinithe pecond duedold is determinetl én agsordance wishadmvelogsypeeds?,

a nmaster vac negative pressure sensor S3 (a part of the master vac negative
pressure sensfthg wshicld. on) provided with a conmmunication passage 31 10
connected to the air-intake passage 30, and a knocki ng sensor S4 are shown
in FIG 1. 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,




The air-intake passage is provided with a secondary air passage 33 for air

- -communi cati on between the upstream portion with respect to the throttle

val ve 32 and the downstream portion, and the secondary air passage 33 is
provided with a control valve 34 or a secondary air control valve. The
‘pur'pose of providing the secondary air pasgsage 33 is to supply a small
anmpunt of air into the cylinders even when the air-intake passage 30 is

control Ted by BRERRE A pfinds Yelichifol BisiRiolfis upbBisE 04 When RAGHRE Wi 11 ¢ e

i nt ake negatici/e pressure rr,easgr eggbly the intake negative pressure sensor S
1. APOL (oi ecgleralion isgongidered to Be great. 5 o enoid of a spool valve 71, and a
TOL (oil tenperature) sensor S6, all of which will be explained below, are
al so connected to the FIECU 11. The knocking sensors S4 are provided for
detecting a msfire state in the cylinders having a variable valve timng

mechani sm VT. The engi ne E BRIHRDBSCRIFEON DFI THE DRAWINGSated with the
vari abl e valve tim ng nechanism VT on both an intake side and an exhaust

side, and a cyli ”dquGf?‘§?&fbl%éggiag#a&ﬁ‘slﬁw&iﬂ@ﬁﬁ%hé}ﬂﬁé&u\éﬁh&/ ﬁ%%?d‘(‘re%ﬁ@lm ch

has no relation to the cylin eact1vatTon operation. er words, the

engine E is a_deactivatabl e.engipe in ich the operation state may be
al ternat ed bet\WEe dHB?‘H&F“’&B‘é‘Sg? ﬂ}g,pr'—Sﬁ%y@ﬁmgll four cylinders including

t hree deacti vat abl yli.nders are active and a cylinder, deactivation
operation in whi oh Tl &és aibawohartahoning s opsation forswitching into @ cylimderhe
engine E, the operation of the intake valves |V and exhaust val ves EV
associ at ed widenctivation eperatiomingnl embodimend of thequesebkinventisor ari | y st opped by
means of the variable valve timng nechanism VT. Next, the variable valve
ti mi ng mechani sm VFIGL Blis dfowzlreshoedng the dpéraiion furideterrafntrigewhethérahd | GS. 8
to 10. 11 FIG 8 shows an exanple of an SOHC engi ne provided with the

vari abl e val feldeaBtivati SR ons pMnivdtgGhe tylirddAddaRtvitidh dpefatibh aféesattishﬁeed in

deactivation operation. The cylinder (not shown) is provided with

i nt ake val ve aﬁl\énﬂ{b\%&é}ﬁ o?ﬁ%?%é%n%ﬁwnﬁioﬁv whi ch are biased by val ve springs
Ich closes 1

51 in a direction e I ntake port (not shown) and exhaust port

brovi ded on'a cans APt Tae NSRS PE%i5R e 3rratan BXgefriiv whebsiiBe cam

lifting rockey arm54a for lifting the in .val ve_and an exhaust cam
Lifti ng r ock é{eacﬁvmlon canceflatgon congl‘ctllons are sattls 1e3 in an embocﬂment 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 air 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 variable 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.



54b for lifting the exhaust valve, both of which are rockably supported by

- .a rocker armshaft 62. The rocker arm shaft 62 al so supports val ve

operating rocker arns 55a and 55b in a rockabl e manner, which are | ocated
adjacent to the camlifting rocker arnms 54a and 54b, and whose rocki ng ends
‘press the top ends of the intake valve IV @nd the exhaust valve EV,
respectively, 'so that the intake valve IV and the exhaust val ve EV open
their respectjyV orts. As sho in FIGS and 9B, -the proxinal, ends
(opposi to ¢ nOBATSaoss PR ohihe T ofdhe Fitableyahie Gphedtohamistor ar
arns 55a and 55b _are adapted so as to be able to engage a circular cam 531
provi ded on toyindesdgpctivationsstate; GS. 9A and 9B show, as an exanple, the cam
lifting rocker arm 54b and the val ve operating rocker arm 55b provided in

t he exhaust val ve $HIGel0 fxansmtatped viewloGthe Bdinpart i®BIG.al.hydr aul i ¢ chanber 56
is formed in the camlifting rocker arm54b and the val ve operating rocker
arm55b in a continuous manner, which is |located on the opposite side of
the rocker armshaft 62 with respect to the lift cam 52. The hydraulic
chanber 56 is provided } i i I b both of
whi ch are slidable and]%$%§%§"?9§H§§%?ﬁgp%gﬁg?gﬁ??ﬁgﬁg%% e$N§§n154b by
means of a pin spri 58, The,rocker, armshaft 62 is,provided with, jnits
Mol e, a hydrau | Esed GROGY eSSt i MR ey R ooy b SR iegd Wit
passages 59a and 59b by a partition S. The hydraulic passage 59a is

connect ed t o refigeenge i thaappendnd AEing6 at t he position where the di sengaging
pin 57b is located via an opening 60 of the hydraulic passage 59b and a
conmmuni cati on port RG] iswa bloek diagram §chemgticatlykibustating 5 $hralldlisblig dehiclei to
passage 59b is connected to the hydraulic chanber 56 at the position where

the pin 57a ivwhitlpgrteatbodinderddlofOhe piedent dveation e dppRéddhd Whibﬁsa%ﬁ%ﬂ_sé% and a
communi cation port 61 in the valve operating rocker arm 55b, and is adapted

to be further, st i . i:-n FI G
on. the pi n SOERETEGh Ry M 3hd o BASSASGoA Tl tlp Uilipledts Bl I O

lifting rockef. rathng rocker .arm55b when, ..
hydraul i ¢ pr gérsl%; ?1?’ glarr]lgpl %aftf)’%%ﬁ\ég&é.%%%? %8%@8?5@??@ aﬁlgg‘lgeaedgcigggx.o?wt%e

ot her hand, when hydraul.ic pressure is applied via the hydraulic passage
59b in accor d¥HB! tvpp,gorcgﬁ%pw chété’l"flgg‘iquéw ‘?Pgﬁ&ﬁ{an sHoprasthe pin 57a
and the disengaging pin 57b slide toward the val ve operati ng rocker arm 55b
agai nst the Bqaagmﬁglopa}@@a BINSHRISIQI) 'F,mgpj,bierqgmggl,al transmission) to front wheels Wf as

driving wheels.

When the driving force is transmitted from the driving wheels Wf to the electric
motor 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 1M of amotor ECU 1. 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 series. The hybrid vehicle includes a

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



and the interface between the pin 57a and the di sengaging pin 57b

- -corresponds to the interface between the camlifting rocker arm 54b and the

val ve operating rocker arm 55b to di sconnect these rocker arnms 54b and 55b,
as shown in FIG 9B. The intake valve side is also constructed in a simlar
‘manner. The hydraulic passages 59a and 59bgare connected to an oil punp 70
via the spool valve 71 which is provided foor ensuring hydraulic pressure of

the variable valve tim chani sm VT. As.sho in FILG 10, assage for
deact | vat i on 7Be5ed fohd B ERE T9h R nrels FOSBEDR opitrickc; The AEWENEE:
hydraul i c passage 59b in_the rocker armshaft 62, and,a passage for

cancel i ng de&entroliad byranAEGUL hE I??étqafrtb?ﬁqf}‘i@a ¥plye pperatingseption)smakesthet ed. t o
the hydraulic passage 59a. The PO L sensor SS is connected to the passage
for cancel i ngoltegecfromahé batter33 steheloRBland sharges thS Suxiliaryt attsryrd, dr'Ehel mator
pressure in the 13 passage for canceling deactivation 73, which exhibits
| ow val ues dWECG cBmpeiassd VaichPOPOAS fk Rﬁd%eo%ﬂﬁ@ tIRXBtRly $ ahd elciladingage duri ng
normal operation. The TO L sensor S6 (shown in FIG I ) is connected to an

ormal operat i on . wn | nect ed
out 1 ot of "1 neehn Lt M e St I Ra AT Y PEETOR, SARRREINY e

ti il_to th iLne .E { [ t he t t f th
operat i ng of ISR e WhiSTkiS oL -Aorconiiblinedte F8% a oyl i nder deacti vati on

operation, which will be described belqw, is satisfied, the spool valve 71
is operated in accdm@dREEU T gongols; mpdditiondarthetaoter EEY b and the doppueriansSi &
pressure is applied to the hydraulic chanber 56 via the oil punp 70 and the
hydraul i ¢ padselgepp$ bmonntexntrotlernpishaive) fexlcontrallidg thetrmmint vbfuebsupphiabto
Subsequently, the pins 57a, which have been bridging the camlifting rocker
arns 54a, S4hhéé&tbitdE, ¥/ahve niRer @bt hownddksitioatiminget. J2rhiseae] the FIRCUh
the di sengaging pin 57b, slide toward the valve operating rocker arms 55a, .
55b, and the 1938 diVdstviaRfud é_?g&ﬂ% s@ﬁ%a%ﬁalMHa%BEEdHEEsoY%Ns%nﬁ:?EQéﬁié]@g _
rocker arns 55a, 55b are diSconnected. In this State, although the cam
lifting rock I T8: ' . Ny 2, the
novenments ar :sb?]%f H?ltggélgfﬁ‘léggggﬂg SQ% e H{;ilg?{\%geé%sg}rl%ﬁ? ifélgste?%}éé: gl?édéér #ﬁ’gglg]géand
55b whi ch have en. disconnected fromthe caml.iftling.4ocker 54a and
Sab. A a1 oShrEh DB AR AR nsyleRSphets g rbe ke it AENERAAR S50 are

not

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 whigh 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



driven 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 perforned. Operation for switching into cylinder deactivation operation
Now, the operation for switching into a cylinder deactivation operation
‘will be explained with reference to FIG 3g 14 The term "cyli nder
deactivati on operation” herein nmeans an engi ne operation state in which
both of the intake and exhaust val ves.remai.n in their 0Si 0osi.t i ans by
moans of |t e COMEAI hEAU B AR a L AhocRng Agispr §4 Bsnar iR el T
condi tions during regenerative deceleration, and it is perforned in order
to reduce engine fdiheeirdntakepassegs ispravided witea secondary pB PesBERB 2 &Il | ng
deceleration. In the flowhart shown in FIG 2, a flag (i.e., cylinder
deact i vat i on cememmidatign bétagef thelupStream potied with resptetiotthe tirottla vdlve 82rmndi ng
section) used to alternate the engine operation state between a cylinder

deactivation tlihod‘dv%sitx‘é&n%ﬁidih?h'i@!he QBRnBhlyQhr padsapli38hs prbiided Withdeecntrdl €
active is set and reset "at a predeterm néd period. In step S 100A, it is

det erm ned whei hegr, the val f i i .ation
state deter mvﬁfvﬁ}‘soé@t F%O%"figﬁ'sa%' ‘io%.trf(’lrﬁ%v‘%:'l m&%‘gh %g?%?%g}egsgg&m ce[leIa
cancel l ation of the c¢cylinder deagtivation,operation |s required when the
degree of deé’é?ség%lg? srfo isgplﬁ)é PAMAY @mpugt AT I{RLA oY CFSe%VGﬁthGPC%]B%@r'mtake
determnation in step S 100A is "YES', the operation proceeds to step S
114, and whempassage 3@isomplefelyabysed byishegheatide valve 32.ocBreontrel valeh34is100B. | n
step S 100B, it is determ ned whether the value of a flag F GDECVA

(i ncl uded i n cohteolibeldesl rmeas iof thesi @tak frdet the FIECUJ 19 atdoodance withthe intakke f | ag
F- GDECMVA is provided since cancellation of regenerative deceleration is
requi red whemepiiveqRaiae rdastied Bl SRedintk8 negativelpddssive lsinsof SRL - AWGIN, (ofle
result of the determnation in step S 100A is "YES", the operation proceeds

to step S 11$res§15}g%¥1%§& 494 sB%ﬁbnlilgtof laSpodiTalvel 1S aRPETAIL g(%]le%ﬁ‘%%%g%é) defscit EP

S 1 01 The'reason for providi the"determnation in A 1s that

L b, et ok B SRS REARA SRR R e o
o P SoC e b0 AP SO RIS D bl by DG 155

subsequently, there is a high possibility that the engine operation state
may return td’aﬁ@blprﬂﬁlvéﬁéﬂagn@ﬁﬁm%\’ﬂhe cyl i nder deactivation operation
with a high possibility (the logic will be discussed belowin relation to
step S 160); t her eflTheengink& ioyludestbreedytinddry asspciated paéthathe variabieovalve tming
cancel | ed during high deceleration traveling. The reason for providing the
det er m nat i oinéchasikaV Bod B0 dnsinfaketide tnd an &diatstrsidepind ocylidletiissodiited
cylinder deactivation operation in order to protect the battery froma
rapidly incr e@geslcoReRticHabvalvE nRbtRmisnh Whthaad Yio @élhfidiDtolthd By IHRIELRCaVAtRA
traveling. The flag F GDECCS and the flag F GDECVA are flags which are set
to be "1" W“S)Bexta gndegree of deceleration is equal to or greater than a
predet erm ned value (for exanple, 0.3 X 9.8 ns2). The degree of

decel eration is calcul.ated based on a. fl uctuyat] of . engi ne.revol ution NE
and & fhuct uat; on- 8% PRk RerS- U sngPedis Bl Berd iR el f Bpitthel o s
100A and S 100B constitute the deceleration state determning.section. The
degree of dedttemay bealieragted betywesn apgﬁﬁweraﬁowwh@ha owrcypdars gibiing | n
step S101, it is determi ned whether designated fail-safe signals have been
det ect ed. \Whdhree deactizatable cylinddreangactiveranska ¢ydimderdesetéyation opevation in which, t he
operation proceeds to step S 102, and when the result is "YES', the

oper ati on pr akeedsadtivatableeybndetdrare thactivper hithe engihoB] tie ppaatiarof the iftale way
because it is better not to execute the cylinder deactivation operation

when the engiiReddy 2@ ERhABNHIVRIEV 4Q8ciated wiltARe dddtbvathble cHlistRE£&am vaed
whet her a flag F ALCSSOL 1s "1". Wen the _

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.



-fI\,ag F ALCSSOL is "1 ", it neans that the solenoid for a cyli nder

- -deactivation operation in the spool valve 71 is ON. Wien the result of the

determnation in step S 102 is "YES", the operation proceeds to step S 1
5, and when the result is "NO', the operation proceeds to step S 103. In
step S 103, as will be explained below, itjjis determ ned whether the
pre-deactivation conditions permtting the cylinder deactivati on operation

16 are satisfied (kAL B JU oper ation st

5204 The oyl i nder TSR Pormempls o i OFC Bpf ar @it Wit fiecrsritne vaie
pre-deactivation conditions are satisfied in step S 103,. In step S 104, it
i s det er ni nedimingmrshanisra Whphichas adepteg pmeyhrniéraéqqcmtm@rppgtaam b¥h§ | ag F
ALCSSTB is "1". The flag F ALCSSTB is set to be "1" when the

pre- deact i vatdytinderdnoti shown}is previdat wish thedniake sslep\Gaddthe exhabist salseEVt o be
"0" when the pre-deactivation conditions are not satisfied. According to

the flag F ALK Be bidsell by Yelve sprinps s 1h atduettiey which cRsédth Rgie Iﬂﬁ‘@@bi vation
e o0

operation nmay be executed in accordance with the operation stat t he

vehi cl e. V\he eac% %{)}tgﬁotgﬂ) ﬂ&ﬁédtﬁf@lg’ s:}ﬁ% %hc\s, é%%ﬂf ) 1n)ﬂ% "es aWhi ch

neans t hat the pre n co s ar e operation

Dt 6 deact | vanlfbRE BRYGELGRS SHBRR 5o TR e SR TaseP T B0 AR HIE (o

step S 114. In step. S 105, as will be explained below, it is determ ned
whet her the dHtng ragkes am Hadorliftingitamintaks ypive 9nd an exhayst qast liftine rocker @asTP
JUD); then, the operation proceeds to step S 106. Wen the deactivation
cancel | at i on Sbrfor hifting sheagthasst valye; tedh phwhichprerotkably supportyd bydeocker arm
deactivation operation will not be executed. In contrast to the judgnment on
t he pre-deactshyfason conditions, the judgnent on the deactivation

cancel lation conditions is always perfornmed (conti nuously nonitored), when

the operation showrlehofleParms shatt &XR6HE onk Qalst sgeén ckdrlarin$ 5s'§£xﬁfsgbned
whet her the val ue of a deactivati on can | ati on ALCSSTP i s

The deactivat; h%@o&&ﬂ&%hﬁ%} 1£ﬂ§'rgll&a@d fi@%t(tb ‘Elié &é\i}ﬁﬂﬁﬁg &geg&?sl §4a"a?1&' on

cancel | at! on determning Se€ction set vatl on
cancel | ot on gl 008 8. Sy BPorheie AR Vit bk O

valve EV, respectively, so that the intake valve IV and the exhaust valve EV open their
respective ports. As shown in FIGS. 9A 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 hydraulic passage 59



deactivation cancellation conditions are not satisfied. According to the

- -flag 17 F_ ALCSSTP, it is determ ned whether or not the cylinder

deactivation operation nay be cancelled in accordance with the operation
state of the vehicle during the cylinder deactivation operation of the
‘engi ne. Wien the result of the determ natijgn in step S 106 is "YES', which
nmeans that the cancellation conditions are satisfied, the operation
proceeds to st.ep S 114, ,and en.the result 1S NO' ., whic ns, t hat. t he
cancel | ati on %ﬁaisﬂ}‘é‘ﬁid gy%h%?ﬂgcaqaisgafg%géa %“ﬁ‘?%ﬁaaﬁ thorgﬁ;.ggﬁlé%lgdt?@th& ep S
107. In step S 107, it is determ ned whether the value of a sol enoid ON
del ay tiner PapgDPaiscenpgoiad tadhehydranlicehambeinif atithe pesitionglagse thee r esul t
of the determination in step S 107 is "YES", which neans that a

pr edet er mi nedligpagaging pias57pds beated viasanogpenigi 66rof phelnyelealdictpassmge pIBanid8, and
when the result is "NO', which neans that a predeterm ned period has not

passed, the qpgimdidi®fioRpeRWGIAA theahi BRing rddi@r atni 548, PTH2 hhdfaulid passage 59b is
predet erm ned val ue #TMALCS2 is set in a solenoid OFF del"ay timer TALCSDL2

for the spool i . . Thi
procedure is cgégéc\c()e?rrtééh g %?‘erc:k %&Bgﬁ%&rtgﬂeaﬁ’ é:sg?(?’g‘?t?\er%g}efﬁéﬁngmtjl ?%ée%‘taléan
passed from conpl etion of the determpation in step S 1 OS to conpletion of
the OFF oper APFBRESP o fhe tygraisipassess > Jarndaesspmyabebnpps 6 iBhevibva ;o
which will be expl ai ned bel ow, when the engi ne operation is alternated from
the cylinder QPERHNE JeRkehamH A, and isradapted & be.furthsesonnpeable fo\a draimpassags, t he
flag F ALCSSOL of the solenoid for the cylinder deactivation operation is
set to "1 ", (hotshownhe sol enoid for the cylinder deactivation operation in
the spool valve 71 is set to be ON, then the operation proceeds to step S

110. In step S 110,Ad shows i ®1@rIA kel piy57aliepiididned &R pibSpMAESH &Y as to
hydraul ic pressure is actually produced after the solenoid for the cylinder

deactivationup Eﬁié&ﬂnﬂﬁﬁg%@él{e}wg%%d ée%ivéiosala{ rdcker BmOSbakHELned

i
whet her or notﬁgngl ne oil pressure POL Is equal to o% greater than

(21, 2° kg ey O RRREE FLAT P fe i R SRRME R, ufeatplfane, ™ 7

"YES", which ans .that engine oil. pressure. POAL is a he hi ressure
side, the opeTEHyArsRG oEade s elieh v harkiniy nastae® oah i eebpfinP SERE
(there is hysteresis),, the operation proceeds to step S 118. An oil
pressure sw t@ﬁn&ﬂﬂeﬁélvﬁp%ﬁlﬂﬁs bath of the pir.o % #0d ks disengagingdin S i slidse POl L
sensor S5. In step S 111, it is determ ned whether the value of a cylinder
deact i vat i on tewaudith¢ valvelepergting nockerpasBiS Yy hgainst'the biasing faree of the pirsspring 438,
certain period of time has passed fromwhen the spool valve 71 is swtched
on to when oiandphicintnfaee betweew theqdnl 57a/%einthe disengagingtpinb57h berratpomistotdat | on
in step S 111 is "YES', the operation proceeds to step S 112, and when the

result is " NGhterfb&bedRedrAtht @am HFESERREReri@mSI4B A tHe?Rive d ra&ingpoe?kjelaﬁm 35b
timer value #TMNCSDL2, which is retrieved froma table depending on the

engi ne runni Qsd&e&ﬁfécmﬁeséracx&%wms@o&idéswsgﬂfmgmeré N PRIGENE Jhiven
delay tinmer TCSDLY2. The reason for setting the tiner value #TMNCSDLZ

dependi ng on J 9. AGLASAUNRY SRBEhAREL S 1HBYahilfe Pldbadtt 555 HiPsSPRRONSE

changes dependi ng on e engine running spee t he
[ [ d NE is, th t he t] . | ue, CSDL2 i s.
engtne runni r}:%ng&(tae% to an olllspump ‘?0 %El%?e s%roo va?ve Hr&'[nch\{sz-i pr%%1£l or ensur?ng S

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



In step S 113, the cylinder deactivation executing flag F ALCS is set to "1
, and the control operation-of this flowis termnated. In step S 114, it
is determ ned whether the value of the solenoid OFF delay tinmer TALCSDL2 is
"0". When the result of the determnation in step S 114 is "YES", which

‘means that a predeterm ned period has pasggd, the operation proceeds to
step S 115, and when the result is "NO', which neans that a predeterm ned

period has naqt passed, the eratj.o r eds at: .en. S 115,
D br edet or m eaga K¢ adelie ARPMSTTE ETRR UG 3 SRR sithy A ferblif@ionra ¢
SDL 1 for the spool valve 71, then the operatjon proceeds_tq step 116.
19 Thi's pr ocethgrationand exlibitsiigh valugs @E%ngtr@f@ﬁ]s‘me@%é’nce&gﬁfl‘ﬁ’?{jé?rfSBHg@f time
has passed from conpl etion of the determnation in step S 1 OS5 to an ON
operation of (shovisinl il jiisfconnacted topo ofl supplymg passage ¢4 ahich raghahbomiahe
engi ne operation is-alternated fromthe cylinder deactivation operation to

nor mal oper atpagérge bonrikthy the blflet dfftke dil pamp 70LASHELspod] ahe Halndratiich f or t he
cylinder deactivation operation is set to "0", i.e., the solenoid for the

cyl i nder deact, [ i - Bs j
t hen the ope?sgk) ]}{on Og)r@%agggggttet) gﬁse;nglf){e?s ﬁgft@@ﬁg@g@%&ﬁg@ﬁof}@e glgetr&e@:r% ned
by the PO L sepsor SS whether hydraulic pressure is actually reduced after
the sol enoi d ®or the cylinder deactivation operation was set to be OFF.
Specifically, it is_determ ned whether, or not eg(gqi ne ojl ,pressure P&h i's
equal to or |ess t hWhertheicaadition forentering A acxHadar dgaqtiyation PPesstiods ¥

#PO LCSL (e.g., 98 kPa (=1.0 kg/cmZ)cz’. VWen the result of the determnation
in step S 117wilkbe'deggibedibielorh igsatisBed, thet spealgvatie Hi is operatediin ecqoiance withta t he
| ow pressure side, the operation proceeds to step S 118, and when the
result is "NGQigral fetrethe FIEQU 18 @i Ip)draulib praspee &4 apphie twthe dhgdratlic shambe56.11.
An oil pressure switch nay be provided for the determ nation instead of the

PO L sensor Sia tHebibhilRp 0 ddPthe hiydiatli€lpassad¥ 5984n Bodithe intdikeakal g eRhadshe

cylinder deactivation cancellation delay timer TCSDLY2 is "0" in order to

creure & cer R A o9 Raldl, O nAMANRR bpsRRe Lok 1 1o

switched off toO en ol ersre
det i nat i i t is,"YES', the ti d S 119,
and when- t he PEKRIE &4 1 ahd the Vapreiopb RS FREELATE Bh SRRt R s op

S119, a tiner value #TMW 1, which is retrieved froma bl e. dependi ng on
an engine rurfifngagpaem ﬁg)ls-li@ tewprd; the yafxe erﬁwcggMF ’isgh’aé‘ﬁ Utd"dn

delay tinmer TCSDLY1, then the operation proceeds to step 5120A. The reason
for setting tlhéingrogker grasfdasSribnmdthe valepeneasting ropker BENS A, Aéb Aenni ng speed
NE i s that

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

explained with reference to FIG. 2.



20 the oil pressure response changes dependi ng on the engi ne running speed
-~NE. Therefore, the | ower the engine running speed NE is, the greater the
timer value #TMNCSDL1 is. In step S 120A, a tiner value #TMCSCEND (e.g., 30
seconds) is set in a cylinder deactivation conpul sory cancellation tiner
"TCSCEND, then the operation proceeds to stigp S 120. The cyl i nder
deactivation conpul sory cancellation timer TCSCEND is provided to

conmpul sorily cancelthe cyli.nder, deact.i vati on qperati on when a .

pr edet er mi ned per i J&’CR%@’ p"é'l‘gaﬁf df?ﬂ&@%l?%Bpﬁ%?%ﬁ'ieﬁedn gicapgan egine gpsration
deactivation operation. In step S 120, the cylinder deactivation executing
flag F ALCS istateisxwhigh both of shgjintake and axhayst vabves aemain intheitralesing pasitions by
term nated. Qperation for determ ning whether the pre-deactivation

condi ti ons peanedns bf thg viatieble yhiva dieringl eechanismt V@hudpepreté¢termiaedcadlitioski ed
Next, the operation for determ ning whether the pre-deactivation conditions
perm tting thRriay !ré%%ﬂ&fatid@@é‘éeleY@dan_ﬁhﬁPﬁsrﬁfoﬁﬁe&frfora@t}tté%d&g ehginé Ffdior 103

shown in FIG 2 will be explained with reference to F 3. This operation

will be repe ] nari S Y rm ned
whet her anbi 23%1? ‘i'? gﬁnﬁ%?g{hggggéxq%%ﬁ%a%ﬁidr?%ggg# %é%%e@lrﬁ &é?}%%él‘g%ﬂaﬁ Sﬂg{vﬁ i
whet her the ient .tepperature TA satisfies,t f ol |.ow ng. i uality:

| owest permi ?"ggb?’e@‘ gﬁﬁ){lrgm"y %‘#ﬁgF%ﬁnﬁ?téonf%‘rec‘éthi T— %HMS%*‘#TAALCSL
(e.g.. 00 s TA s highest perm ssible anbient tenperature for cylinder
‘deact i vat i on deativatigmd¢terminingsgetjon) ypesojalteingtethe engingereration state petween a

that the anbient tenperature TA is 21 within the predeterm ned range, the
oper ati on pr ayledty deactatign &ekdtion Atklarormal operatieondn whivhcll dydindérk arecactiveist
tenperature TA is out of the predeterm ned range, the operation proceeds to

step S 144. Tsei sndaest etupredétsrmingd pelesll. because the cylinder deactivation
operation may nake the engi ne unstabl e when anbient tenperature TA is bel ow

t he | owest perm ssi i : : 7 i ' iQON
HTAALCSL or "when the “Sho GOk i SIS IR @ oYl OR nAEP DK

8152 1§ s CRhER ) ERBGI A Bk By ol AR 2, PR SRS G TP

provided since cancellation 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 S100B.

In step S100B, it is determined whether the value of a flag F GDECMA
(included in the deceleration state determining section) is “1”. The flag F_ 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



a predeterm ned range, i.e., whether cooling water tenperature TWsatisfies
.sthe followng inequality: |owest perm ssible cooling water tenperature for
cylinder deactivation #TWALCSL (e.g., 70C) ~ TA <hi ghest perm ssible
cooling water tenperature for cylinder deactivation #TWALCSH (e.g., 100C).
"Wien it is determned, in step S132, that the cooling water tenperature TW
is wthin the predeterm ned range, the operation proceeds to step S 133.
When it is determ ned that, the, cooljn fer tenperature TWis out of the
bt edet or m nedUaREBaY: hoedpe hiah oo piid BB Ee chSER sporatamsrae b ttin Boaur <
is provided because the cylinder deactivation operation nay make the engine
unst abl e whemomual lopexgtiormfrom the eplindst deastivaiyansonseation witea hlﬁé@%Sﬂpbb’rﬂl’@si bl e
cooling water tenperature for cylinder deactivation #TWALCSL or when the
cool i ng wat ejodiewilbbadiscisdd/Below abrelationhe step $166Y; theeefvres thetdlylindsrol i ng wat er
tenperature for cylinder deactivation #TWALCSH. In step S133, it is

determ ned whe dﬁ%ﬁme?&fon@h?ﬁla%%aﬁe%llbédmigh@ewergﬁ@ﬂtr@aenh an a | ovest

perm ssi bl e anbi ent pressure for cylinder deactirvation #PAALCS (e.g., 77.3
kPa (=580 nmmHg)). en the.resul.t. of, t y . nat W '

22 VES . whi o medE RO Ko RES ol e oo b BR00m8 it Bttt
than the | owest permn ssiple anbient pressure #PAALCS, th eration
proceeds to & @Echte%Ql?ylH’ﬁlar &W@W%"W@ opgrafipR in %‘de‘i\fe'l’,mf?ﬁéﬁ%g&e& F‘BW Pr oceeds
to step S 144. This procedure is provided because it is undesirable to
execut e the eapidliydesreased cegdeverntivineleqiae andrgy duiinghigh deealdrption trgyelisg.ur By s
relatively |l ow For exanple, when the cylinder deactivation operation is
execut ed unddlagFuGDECCHand thedlag Fn GRRECMA gre dagiwbichnrd $ee tanees’t1€rwheadhd or
the brake system may not be ensured to be sufficient for the braking
operation. | QegfeBf deckffationtis bqualles 6 grealecthilig bhdeterfiined geluy Bop Exdnfidle, 0.3

12-volt auxiliary battery 4 (power supply voltage) is equal to or greater

th I t I RS I f l. i jpvati A Cy
1005 V). ier< PRIV Az ke gfeh 3Pt Ral iy HacEf B SR B bER 2:
means that the voltage VB is equal to or greater than the | owest

per i ssi bl e vevolutipa I&Exmg@pctun@om@reatql@wepd seaaged by wheel spesdisgasorsnd when

the result is "NO', the operation proceeds to step S 144. This
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 S102, and when the result is “YES”, the operation 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 whethelr 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



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
relatively low. In addition, this procedure is provided in order to protect
the auxiliary battery 4 when the voltage thereof is decreased under a | ow
"anbi ent tenperature or when the auxiliaryjpgattery 4 is deteriorated. In
step S 135, it is determ ned whether battery tenperature TBAT of the

battery 3 is equal.to or | hi ghest perm ssi bl e battery

t enper at ure P@rqsaeyﬁqdrﬁeﬂ&?%mwﬁﬁ?mﬁ%m npEoggeds t&’d‘@’% ]\Rﬁenn‘ﬁe

result of the determnation in step S 135 is "YES', the operation_ proceeds
to step S 136ylinded dedetinatianeopezationtis executedonly wkendhe prerdesatiyation senditions st ep
S 144. In step S 136, it is determ ned whether the battery tenperature TBAT
of the batt enie satibfledigutdp S1030r greater than a | owest permissible battery
tenperature for .cylinder 23 deactivation #TBALCSL (e.g., 10C). Wen the

result of the detenrqieakiod if i déleRRined ¥thePthe VaRie of bRGlIARS UBACHIRdN Oceeds
to step S 137, and when the result is "NO', the operation proceeds to step

S 144. Steps vi;ded exrt bt ' l, ecute
the cyl i nder Séggé’? ?ggt]lﬁ%nl‘%%ﬁ% i c%n' \Az%ﬁﬁ?#g—‘%té%%%?%? %%Z%o @‘?lhﬁv}%eglttﬁér y 3
is out of the predetermneq range. | tep 5 it.is deternined whether a
fuel cut-of f PEuASasHvaions08 ‘é‘PP%?’Feisémg'@ah@g@Réi&’éﬂééﬁ%m%@m"g‘%@ her a
fuel cut-off flag F FCis "1 ". Wen the result of the determ nation in
step S 137 i pre-deustivationecopgisions igmopsatishedis Aesordingtoshe fag FaALGRdR, ithe
result is "NO', the operation proceeds to step S 144. This procedure is
provi ded becdsteemineé whether stipgtlaycylindér deactivhtigrpepbrationonay be exeestetd imn of t he
cylinder deactivation operation. In step S138, it is determ ned whether oil

tenper at ure ‘hEddrddnze Withth® operBfiigthte ofitHea@hich) 0 Whén e resohiefltey oi |
tenperature the TOL satisfres the follow ng inequality: |owest permssible

oi | tenperat WeyhOhiGy |d 16468V ESAL KB FESR-GrithE PrdddeactPtlon bOhditis
hi ghest per m'ldgf,:?l D e_1(8)1|¥_}Ii %igﬁn%e?gi?ur e‘sf’_or cyﬁ %tr dea?{i v?tcﬁon #_TOALéans
,E 2&8& a'g- S?g) foavﬁw% 1,Q@écfmt}|{eﬁqu lea{t%;lrf)]r@c%gds to r%te%tselBS,S an]d?’wl?dn t{‘lg lsutt Ii]se“l\?(b’l’, 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 JU D); then, the
operation proceeds to step S106. When the deactivation cancellation conditions are
satisfied in step S105, the cylinder deactivation operation will not be executed. In
contrast to the judgment on the pre-deactivation conditions, the judgment on the
deactivation cancellation conditions is always performed (continuously 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
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



the predeterm ned range, the operation proceeds to step S 139. Wen it is
-determ ned that oil tenperature TOL is out of the predeterm ned range, the
operation proceeds to step S 144. This procedure is provi ded because the
response in alternation between normal operation and the cylinder
‘deactivation operation of the engine may kg unstable if the cylinder
deactivation operation is executed when the oil tenperature TOL is bel ow

the | owest p 1 SSl 0i |, tenperat,ur.e for | iRder. deagt ivati . CSL
or uhen t e G4 ALCHRGE A tdst PR, hedss oEhorite hliRes SEBE R crBRutT ey
tenperature for 24 cylinder deactivation #TOALCSH. In step S139, it is
det er mi ned whetcaeeelled i gegordaneg with theaperation stagridhe yehicls duang the-oylindarag F
ALCSSTB is "1 ", which is set through the operation shown in FIG 3. Wen
the result ofdehdtivaton eperatiat ofithe emgind. e fWEerl he resmit'of B! detérindnasiparinsiep®106
proceeds to step S 142, and when the result is "NO', the operation proceeds

to step S 14Qs«“VYBSS!vHcIPmb4fs thhilthé Saridellfionl copditibheare g4tisfied ake opagiér Ve
pressure PBGA in the intake passage, i.e., intake air pressure, is higher

(i.e., ¢ 0Selprb e @gﬁﬁ;ﬁf@;@ﬁw}e@w% NOPSIITLR feRh EnAGHa bAnBIAIAS S Ur

for cylinder , the first predeterm ne
threshol d). The perm ssible pegative pressure. for cylinder deactivation
#PBGALCS is roanf @G%ﬁeﬁg?ﬁ?ﬁﬁfgg?e@%m%@ﬂ %cge%tpisﬁeﬁ $4- accordance with the
engi ne runni ng speed NE such that the greater the engine running speed NE
is, the | ess (closdpstep SIQZutiipdetarained whether Ehee"amﬁgfé?ai W@nﬁlde@glﬁ%@Y#%ALCS
is. For exanple, the perm ssible negative pressure #PBGALCS nmay be set to
be -80 kPa (_TABOSDit}-is)widlt becaxplanmgdrbelavy i Ty  Slesmcthéviesolt ofheaietepminaiibn s
procedure is provided in order not to i medi ately execute the cylinder
deacti vati on iaRRPB100 s “YBS”, vthic@eaisehdt ArefetsrRinedipesibd Bas pssdd, Heng t he

i ntake negative pressure for ensuring negative pressure in the nmaster vac

when the | oadyRfatio pr&aeisS s'te,? OB SirdsK1RR the fHsE1REs “NOE whilReddiitBka _
negative pressure 1S |lower (closer to vacuum than the perm ssible negative

#PB | . ] I i S 140 i
pressure %‘%‘8’\4%3 gr}r{g ﬁ&rﬁgss‘%ﬁ &1@‘38&%&{ é’?;@éd'fﬁ%StglgSﬁ&P IS

"YES" (i.e., gative pressu erat’i on proceeds

to step S 141, and when resylt i.s YNOQ' (1. e.~dy9h l.oad and |

negative pressure) ,Ints%é? %Bg’r%ﬂegﬁe‘ﬁ?lﬂﬁ%ggge %m%%%%@ alsﬂlaeg?lggl‘gg %{%y a
flag F DECPBUP is set to "1 ", then the operation proceeds, to st S 145.
The flag F DREPSUPAKGSOLAdon the spas] aalyp 75 jben theepetionaracyecsite s6aside. I n
step S 140, the determination nmay be nade based on naster vac negative 25
pressure MPGATlisprosedirois penforined okerderdg gnsure a gertain perod-eiitine has passed frame,
when the master vac negative pressure MPGA is |ower than a perm ssible
negati ve pressumpietionrofthadéternsinatin inftep Bl Df thecomislettdri ofthé OFFoperatiosof thee. |

t he second predetermned threshold), the flag F DECPBUP is set to "1" in

step S 143, tdmmotdfor ERaypabl RivelT1068&3S 116, whieh will bd expldined beloae atlen the
corresponds to the second enbodi nent of the present invention. In step S

141, the flagenEirQFo?%ﬁ'ﬂBﬂiissal at%?ﬁ‘(')'lg'ﬁae &8 J@c@%%ﬂbg&ﬁti&i RReAA1 L0 step
S 142. In step S 142, the cylinder deact’ivation stand-by flag F ALCSSTB i s
set to "1" bec%gazi% pre-deactivation conditions are satisfied, and the

control opera%pl 8f this flowis ternminated. On the other hand, in step S

S'145. In siep S 148502, e e r_ALESSCTaet bbb AR RaE dehciivaish "

operation is set to “1”, i.e., the solenoid for the cylinder deactivation operation in the

spool valve 71 is set to be ON, then the 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




F ALCSSTB is set to "0" because pre-deactivation conditions are not

- .satisfied, and the control operation of this flowis term nated. Wen 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 unqgr a certain condition. |In other
words, when it is determned that the engine is under a high | oad

condition, t er ry.ai a e 33.5hS osed..(step 5 o »CYyl i nder
deacti vati onﬁﬁi?ggﬁgrﬂfn? Y- nwe&stﬁéa%éﬁﬁf’é%&%r‘fﬂ’%}‘@n H’nsgeq %ﬁﬁ))c%n | 2
operation is restarted fromstep S 131. Wien it _|s determnned, in step S
140, that th&hich mgansibysngipe ofmeesswed Phapattbe resspiesifle; eapsrational ue,
the control operation is triggered to proceed to steps S 141 and S 142,

t hen the prepuwseds teatepdii 1¢ pandi whemrthe sasult dke'8¥@ U (thare lischysteresis)j thd operation t he
cylinder deactivation stand-by flag F ALCSSTB is set to "1". Accordingly,
the cylinder pgereds mteﬁcmmpemtdimessare@«%ﬁtnw 5 prévided fod thd @eterndRation
negative pressure in the master vac to be sufficient by closing the

secondary ai &, BaSSFUe PonMentdlSPegi nni ng of deceleration traveling.
Because pressure in the master vac is sufficiently low, the braking force

is sufficiently assiste ve en negative pressure in.the nmaster vac is
reduced by the braiﬁl ﬁt@p%bﬁ},é{%ﬁ%@ﬂp@;&ﬁ%%; Y E’@IO%éﬁﬁgﬂ‘?Fﬁle%ﬁﬁlvP’émbreat |y
i nproved because the cylinder deactjvation operation is |ess frequently
cancel | ed an@X¢a¢jendelay timer dGSDYY | i “D in grdgg tojenswrg a ceytein perioh of Bme has
determ ni ng whet her the deactivation cancellation conditions are satisfied
Next, the op@assed fnonf whenithe spenlivalvg Altieswidehet lon toden bil préssure ¢aprodudedt i on
conditions shown in step S1 OSin FIG 2 are satisfied will be expl ained
wi t h ref er enGEhdmth€ késult4f thehdesermpeitiah instepSl 11 Be YBSIehE @geratio@proceeds to
predeterm ned period. In step S 151, it is determ ned whether the val ue of

the cylinder g mtl'ayéfdimnqxamahﬁgr‘wa’qwéﬂ@aﬂo%@r&ée@&rtoﬁécﬁ AlLs "0".
Wien the result of the determnation in step S 151 is "YES", the operation

proceeds to step Sylggh aps ieh IR ASTNCSTILe wohie HA%RRSEA k yg” 0cceds

to step S 152, becaus rvation operation shou

cancel | ed when the val ue of. the cylind deact. vat i.on conmpul sor .
cancel | ati on%ﬁ?@?ng‘lﬁéﬁﬁﬁlflg m’é“r?/g ﬁpﬁe‘@t(lgpm?;etllg?,cy lf‘d‘?@e%’t"é‘ﬁ?ﬁ MCW@Pher
the value of the fuel cut-off flag F ECis "1 ". Wen the result of the

det er mi nat i Qﬂe\g‘ﬁ tiggeg I C§h5 j sTheygagon fopsettingthe timep value ¢ EMINCSIBLZt ep 5153,
and when the result is "NO', the operation proceeds to step S 166. This
procedur e i s dgpepdingcen the engine runningrpegrbNE ipthat the odlyiressuisreshoass ¢hangéson
operation is to further obtain regenerative energy equivalent to the
reducti on i ndepapiding dir the engine namirlgt spaefd MEe n Thirefdreighe bwepkhe dngiretropying
during deceleration traveling. In step S 166, a cylinder deactivation
ending flag bpdCIENDHeSreetér thotimer valbd#TMNESDRE]sat i on proceeds to step S

169. 27
° In step S113, the cylinder deactivation executing flag FfALCS 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 TALCSDL1 for the spool valve 71, then the operation proceeds to step S116.



In step S 153, it is determ ned whether the value of the cylinder

- .deactivation ending flag F ALCSEND is "1". Wen the result of the
determnation in step S 153 is "YES', the operation proceeds to step S 169,
and when the result is "NO', the operation proceeds to step S 154. In step
'S 154, it is determ ned whether decel eratijgn regeneration is being
performed. When the result of the determnation in step S 154 is "YES", the

operation prqogeeds tp ste 155, and when the result is .'NQ', the

operat i on pr qdeteoerdirE sgriembin Gersy afpves 4 Sytais Periad QRaims s R e
the value of an MI/CVT indication flag F AT is "1 ". Wen the result of the
det er m nat i orfompledion®f therdsterminatigmin stgp SEQ5 faan{INtapsration ef heselenpidiferthe| e
enpl oys an MI' (manual transm ssion), the operation proceeds to step S 156,

and when t he spesdualveid it ¥te$'S10Mwheh theeamginet dpetatiohds gdtemsated fromtthetydindapl oys
an AT (automatic transm ssion) or a CVT, the operation proceeds to step

S167. In st eplesktib@fon bperhforPRirRiMhINRratlog!t her the val ue of an in-gear
indication flag F ATNP is "1 ". en the result of the determnation in

1 Wh
step S 167 is "NO', i a ely ey | Mhs ot
operation proceeds I?\é\{égt%g;%&gﬁgggépan%b\gﬁg‘rff ﬁgé goééslﬁ)llé fe}r;ﬂd"iyg@g‘?{ﬁ\%ﬁﬁvﬁhﬁ@ans
that the transmssion is in N (neutral,) or. P ki,ng). position, th
operat i on pr deeEdon faetfosisPsho ¢S Solpfeid 55 tee siibter perttvdlnsihon et her
the value of a reverse position indication flag F ATPRis "1 ". Wen the
result of thepeltvahvei Hasiserio bp e hes theswperadionyrereedsiistsp Wddns t hat t he
transm ssion is in reverse position, the operation proceeds to step S 169,

and when the resul tlnstep"SI@Y, it ishietimired by thé1BOIL bensor Shwhethed lydrawdicipressure
position other than the reverse position, the operation proceeds to step

S158. Thr oughs hdt@alBf rREEEHdaESr the s6lchid for the Cyuidtr eak@Batidnpefation MBS Iset to be
deactivation operation is cancelled in NNP or reverse position. In step

S156, it is qggper rsgfeeﬁ“lc PR defeRRinkA WHefids 0BG enBiRie bil pPltsNERAIS, i€eHiAl o 28
to or higher than | owest” perm ssi bl e gear position for cylinder

goact v Lon SR e e Rl as oS AL ST iy 10
RN A = SE TR IR R RN SN
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 TCSDLY2 is “0” in order to ensure a certain period of time has
passed froin when the spool valve 71 is switched off to when oil pressure is reduced.

When the result 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



pr'_ocedure is provided because the regeneration efficiency is reduced in | ow

. .gear positions, and to avoid a frequent alternation into the cylinder

deactivati on operation when the vehicle is in a traffic jam In step 5157,
it is determ ned whether the value of a half engaged clutch indication flag
"F NGRHCL is "1 ". Wen the result of the dgtermination in step S 157 is
"YES', which indicates a half engaged clutch state, the operation proceeds
to step S 16 and when the result is "NO' he er.ati.on ds to step
S 158 5y pr oA Gl PSR womot Ehhess dhenie op W o B BR AT ST o o
cylinder deactivation operations which may se .an engi pe stall when the
clutch is pl dbewstorn, the lower thagpginesugriag épqeeﬁjeﬁpﬂméeat@'ﬁﬂ%mﬁr wugn
insufficient accel eration performance the clutch is placed in a half
engaged st at #TMINC8PAL iposition shifting to accelerate the vehicle. In step
S 158, it is determ ned whether an engine revolution decrease anount DNE i s

equal to or gr_eate'lnEtéﬁﬂlfo)@,i%ﬁéiv%#ﬁh‘{@sghﬂm(&%ﬁﬁ) §eR¥AdsY is ehindecr ease
anount for cylinder deactivation #DNEALCS (e.g., 100 rpm. en the result

of the determ i b e nfﬁl{ﬁ I So : i JEAG t i ne
revol ution |§&@g&neg?§%clrng%ﬁ/n ‘%e re%sl:%g?nct eoggigr%arﬁton pr%b@ggghet %rsat?iggl S 169, -
d when th t,is "NO., i ds, t t 159. Thi
rocedure. 1 PEIGHRIT P10 nt AULGeT e R AGEN B8 B R PR R S er at i ons
whi ch may cause an _engi ne stall when {he enIgi ne revolution,is rapjdl

decreasi ng. IHESGRYD & powided fo comprdsasyranssl the svlinder deastinationonsprtion V‘)(/h@ni s

within a predeterm ned range, i.e., whether the vehicle speed VP satisfies
t he foll ow ng pred®@gerimieqpetiod has passesbtingssherbeginning of/thhicyliedes deastivhtion
continuation of cylinder deactivation #VPALCsL (e.g., 10 kmih) s VP s

hi ghest per mopeiatib® vehi cl e speed for continuation of cylinder deactivation
#VPALCSH (e.g., 60 kmih). When it is determned, in step S 159, that the

vehi cl e speed VP i §, Wb Bit 90 RScAAELIREMNARH ckébifg BT ARSI k&ho POOGRES
to step S 160. Wien it is determned that the vehicie speed VP is out of

the predeter %g&{o\gg&gmiéﬂh&tﬂi@qﬁwf’s%hgﬁaq&peds to step S 169. Accordingly,

the cyli nder ion operation’is cancéelled when the vehicle speed VP
is below the | owest perm ssible vehicle speed for cylinder deactivation
continuation #VPALCSL or when the vehicle speed VP is above the highest

erm ssi bl e vehicle speed for cylinder deactiyvation continuat,ion #VPALCSH.
P Operation forp getermining uyhether the pre-ﬁeactwattlon condlotl%ns 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 FIG. 2
will be explained 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 Shighest permissible ambient temperature for cylinder deactivation #TAALCSH

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



In step S 160, it is determ ned whether the master vac negative pressure

- -MPGA is equal to or lower than (closer to vacuun) the perm ssible negative
pressure for continuation of cylinder deactivation #MPALCS (i.e., the
second predeterm ned threshold). The perm ssible negative pressure for
-continuation of cylinder deactivation #VPALCS is retrieved froma table
whi ch was defined dependi ng on the vehicle speeds VP such that the greater

t he vehicle speed, VP i t he .l ower .(closer to vacuu p i ssi.bl e
negat | ve. pr e SUULE pEARleE e S, 1k DRPREhn KRS e STR 0 SR Bibal cs 1 s
preferably determined in accqordance wth the kinetic energy of the vehicle,
i.e., the veHr:f@memgé)Q@aﬂw&h@tﬁm%@eo%ﬂh@ﬁ&&e@em@%t ressure
MPGA to stop the vehicle. For exanple, the perm ssible negative pressure
#MPALCS nmay bperation procéeels t®step B344.  TEoprocedyre istpravidethbeshusesheeylinder of 40
kmih. In step S 160, when the master vac negative pressure MPGa is | ower
than the per gegsivilich sjR8a1on\RayPBIRSHE @nfife ufQaBlé Whah hmBicat tefipetadde TA is
deacti vati on #MPALCS, 30 which neans that the master vac négative

pressur e MPCRcjoS b Fidst hmi AL BublchPcARSrAlk 05 BMiRGE RMlacthRuch FPARLER
g IS Nl g

When the master vac negatlive pressure er than the permssible
negative pressure for gontinuation .cyl i nder, .deactivation # CS, which
neans t hat tﬂéWﬁﬁ%#@rm@ﬂ%‘“ﬁ%%?f‘w ﬁé%éi?rvg g8 P%?éb?e g/gﬁospheri c
pressure, the operation proceeds to, stelp S 169. This procedure is provided
because it i dempraatyrefaprdindsr desstivation #IdeAGPHnder deactivation operation
when the nmaster vac negative pressure MPGA is not sufficiently low In step
S 161, it is det er in stepl Sh3d;titie detarmimed iwhiethgr eerling matertiemperatQBATW is withithi n a
predeterm ned range, i.e., whether the remaining battery charge QBAT

sati sfies tha préeetepininivd rimfegila| whithel eoting waer tingsrdtne TWsatisfiesghdat t ery
charge for continuation of cylinder deactivation #QBALCSL (e.g., 30% S

QBAT S hi ghe%umwﬁ&a{,gktg\: remai ni ng battery charge for continuation of
cylinder deactivation #QBALCSH (e.g., 80% . Wien it is determned, in step

S 161, that [ [U: { I i I D tegym ned
range, the otpl)(te\rs‘?is}tE ﬁ%ﬁ&%ﬁﬁ(}g52@?&6‘%%2{%%%%%@&-;\%%&%Pgééglvég?‘é%ﬁ%g“ﬁ at the
oper at i on gsggggégo%sgﬁ%g%gﬁf@e%%}m fe dobfn Watts leanperatare fof Oylfider "

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 because 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 #TWALCSH.

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

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



Accordingly, the cylinder deactivation operation is cancelled when the

- .remai ning battery charge QBAT is bel ow the | owest perm ssible remaining
battery charge for cylinder deactivation continuation #QBALCSL or when the
remai ni ng battery charge QBAT is above the highest perm ssible remining
-battery charge for cylinder deactivation ggntinuation #QBALCSH. This
procedure is provided because electric energy supplied to the notor Mfor
assi sting the, J ne. drivin nnot, .be _ensur when .the remai pin attery
char ge. QBAT 1Y b, Wit Mo ol PEROIictE gEStG P Bah b SR DA hedPie
when the remai ning_ battery charge mT is too high. 31 In step S 162, it
i s det er mi nedewnistibleranbientanesswe AP oMYy thereregation nracegfly 19; stepsS edndt wheti ned
range, i.e., whether the engine running speed NE satisfies the follow ng

i nequal ity: [theveestlt piNGD’S shodperativgi preceedsitoistep Sldde d Thisrproeedtireris ptavadedof
cylinder deactivation #NALCSL (e.g., 800 rpm sNE hi ghest perm ssible

engi ne runni ngcaRe®ds (iRdesEAHIE ket fheddylimder didetivatien opérafidn GRert tNelanbibnt
(e.g., 3000 rpm. Wien it is determined, in step S 162, that the engine

runni ng spee%rg\%ﬁ‘leﬁs yx{lgt%& dltgw_e Rof %éaxﬁf‘eﬂ éﬁg%ﬁrde} i g{ég&kl%ciegds

to step S 16 en i termne I'ne running s

out of the predeterm ped range,.!the operation progceeds to ste 69.
Accor dingly. SHREEY RS ehaiteR: pR e Sor e e meda B RETRREke: he
engi ne runni ng speed NE is bel ow t he | owest Berm’ ssi bl e engi ne running
speed for cylsypigeymaengttbeeasyred tackasuificientiforthe kpakim opsratifRen t he engi ne
runni ng speed is above the hi ghest perm ssible engine running speed for
cyl i nder deacti vat ilnistep@184#nitistdetmmitiddiv@Sther Toltage N B o€ therl@-vadt pxdiarged
because the regenerative efficiency may be low or, hydraulic pressure for
al ternating ivatterytdipooset hipdey vélegey ik eqial elongestar tﬂu@:ﬁlaufﬁyesnﬁémbssilﬂa SoltRe
when the engine running speed NE is too |ow, and because the operation oil

for executi ngoAAMde EIBEHHRRAWVERLES (OPSIRE VON WPieniRe RAGIESSh¥E! y consumed
when the engine running speed NE Is too high. in step S 163, it is

det er m ned . Lhe. . i@l ] i ndl i is "1
". Wen t he%&%ﬁnégp Sf%%&ggg %{rlﬁ‘l na Sfibeﬁlﬂlgg ngkt%g%ajé{ @gﬁ@&@l{‘é&mﬁ’fé ch means
that the throttle of the engine.is .,not. co | osed.. the operation
braceeds o drenRinte TaRa? prgsawE Spusf i FACLY e SifiFtion MEsFRS I NS e
throttle of the engine is conpletely closed, the operation A@roceeds to step
~ S 164. Thi SlgPerivhen the respitis ‘NQ™.tthe enereiton nraceeds 1o e 1 deadbisvat i on
operation even when the throttle is slightly 32 opened froma conpletely
cl osed st at e mwocedhretis proviideddiscause yheaksponss ofcthe spawl valveiihssdegtaded whendhe S
164, it is determ ned whether the engine oil pressure POL is equal to or
greater than wltagewWBtofptke h2-sslt bindliaylbapergisis redatively loont ilnaddition, this cyl i nder
deactivation #POALCS (e.g., with a hysteresis range from98 to 137 kPa

(from 1.0 to prodedkeris pRvided\i @Fdek Beprofstithe agkilibkycoattetyes Whaiheadlthge theRpf S
162 is "YES', the operation proceeds to step S 165, and when the result is

"NO', the op i 169 } prolel=t j i ded
because hydrglgjlaiédégdgsﬂggﬂe?gq%ﬁa&g&éngﬁniﬁﬁg theOI(I?\;hI%inwder geﬁgl%??tsee{f?gérﬁ
operation (e. eri %g%aul ic pressure for operating the spool valve 71)
cannot be ens F&? n the engine oil pressure POL is |less than the | owest
perm ssible oil pressure for, continuatiqn of cylinder deacfivatiqon #PQOALCS.
In step S 165, the Tp sieniS1 B Seit Isrdstermineday eﬁr&rbﬁ%erxmm@re%% iof the; hatpery
operation are not satisfied;, therefore, the deactivation cancellation flag
F ALCSSTP i s Xistequal to or loswer thantachighest penmissibleebattety tenweratire fori oydindesn
operation, and the control operation of this '

deactivation #TBALCSH (e.g., 40°C). When the result of the determination in step

S135 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



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". Wen the result of the determ nation in
step S 169 is "YES', the operation proceeds to step S 170, and when the
‘result is "NO', the operation proceeds toxgtep S 171. In step S 170, the
cylinder deactivation ending flag F ALCSEND is set to " then the

1",
operation progeeds,.to 71, t S 17 he .condi ti.ons_f.or
cbncel i ng | ndeegeHbErThARCIIG R J0°CEcr Rt e el PR R0 B P e ¢ e
deactivation cancellation flag, F ALCSSTP is set to "1 ", and the control
operation of YIAPds TYBWitke erRsraHoRprecse Wét%fﬁydé?d Wé%[b@"F\?%?Pltdﬁ Még»itiiﬁ flag
F ALCSEND i s provided so as not to cancel the cylinder deactivation
oper at i on unlopsmtide pedceedsttod stepfSldh. ctepoldS arel Hécere proviledibecasgitng r et ur ns

to a nornal operation state, i.e., to avoid hunting in control. 33 _
Operati on fonndedible tb @xédute ey hifler ABAE v opekdtRnGRARMAh Rihpefitue O @fet | Ng
air control node will be explained with reference to FIGS. 5 and 6. The

pur pose of ”ﬂag%%%ro‘al oﬂﬂ@éﬁeﬁl@@ﬂnin@d}&ﬁppr opriately open/close the

control valve of the 'sec ary alr passage 33 in accordance with the
engi ne runni ng state. Thi.g,aperation w l.l be repeate t. a.predeter.m ned
peri 0d. I st ep: 08 sep132 B lenihed Wit arSelzal- 8 gring pbSeRRlenLF bPG
nmode according to whether the value of a starting mode flag F STMD is "1
Wien the c&seHted gpcording @ewlaﬁﬂpﬁrﬁafpfl&ﬁt-p?f pI60ig 117.s Whemsthe regplt of the
operation proceeds to step 5205, and when the result is "NO', the operation
proceeds to dsletgpmBagian in step S&}7 B2VES athk opdtation pfaceggdsio FiBp iS4 38,end wden alie
and in step 5206, the engine operation state is deened to be in starting
mode i n whi chesulicie "N Ntha peiation brozeédsits sepSud4d, Thib procediie icgrovided
operation of this flowis termnated. Wien the feedback flag F FBis "0",
the opening drgnre tl@ﬁ&l%pﬁ&%ﬁé?'bc}ét%ﬁé‘d r'td eRQLuti6R BE f1lch Biher ResttivagstPack
manner. In step S202, it 1S determ ned ether the throttlfe is in a wdely
opened stateq?)gﬁ\%gi ng to whether the value of a throttle opening flag F
THI DLE is "1 ™. en the result of the determnation in step S202 is "YES",

whi ch means that t l}rel s%eg rg%g,l ifis' determined whether oil 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 temperafure 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



wi dely opened state, the operation proceeds to step 5221, and when the
-.result is "NO', the operation proceeds to step S203. In step S203, it is
determ ned whet her the value of the fuel cut-off flag F FCis "1 ". Wen
the result of the determination in step S203 is "YES', the operation
-proceeds to step 5216, and when the result,is "NO', the operation proceeds
to step S204. In step S204, it is determ ned whether the vehicle speed VP
is greater than a predetern ned threshold #VAIC. Wen the result of the
det er ni nat i ofYiinfes desstizoteon BOALGaH: vES'  which neans that the vehicle is
traveling at a high speed, the operation proceeds to step 5207, and when
the result is "NO' Instep SdpRritisideterpined adether thesalng oftheicylindersleagtivetior, t he
feedback flag F FB is set to "0", and the control operation of this flowis
term nated. lstandtbgHlagZl WLESSTBisdar ewhich éxcserdheduphrthé biseratidrshoom ih FEGNT/ CVT
indication flag F AT is "1 ". Wen the result of the determ nation in step

S211 is "NO', ﬁ@réﬁ%ﬁ%?.tﬁe"t?&erﬁa%ﬁ@ié%?%@é kuG@s@mg%ﬁraaan ckdBAyal

transm ssi on), e operation procee tep 5213, an en the result is

"YES", which t hat the, present. vehicle enploys a Ul mati ¢
transni ssi on)s{%ﬁlgzﬁ?%,“’]?%th Eé?lgfsi A\X&p?%ec%%e&%qpotnéxg‘feggs éﬂ%’aéjllt@ step S212,
it is determ ned whether the value of the in;(%ear indication flag . F ATNP is
"1 ". Wen the resdhstepSlihdt gdetermingdwhsther intakeasgatvepressure\RBGA ip then
means that the vehicle is in driving node, the operation proceeds to step
5208, and whéntakepassagsyl.¢., intake wiEpiressuvia; ishighsn fis.,tcheser toratmpsphesaDEs$we) i s in
N (neutral) or P (parking) position, the operation proceeds to step S213.

In step S208 thdrta peamrissitie Atgatide pessunefor ichlindot desctiohtion FRBGAECSAT e.| the fikst” .
The flag F IAT is provided to indicate that feedback of nunber of engine

revol ution atyifdid-RAghddIhREVIAPI T qtle Q%ﬁiéﬁbléﬂ&%dﬁvﬁ%ssﬁk FrCoyliNhiGehéifvaties ul t

r
of the deterr% nation in step 'S208 is "YES", ich " nmeans that the engine is

LN i gear oneRa B0Ps SORIAkd B fRfe wiflkh O géﬁlﬁdm&%m@e wimﬁeeg@g%eo

step 5209, a e resu ~operati on 'r'oceeds_ to
SRR EEE S IR Tt R IR NI Kl
certain am)ur;t o ai){;mia > eri]ssslijbrlg gegta%vggli'egéu?tia QPﬁEii%%Sni%f %Qreer;(’anfp?e? ﬂ%ont rol
oper ati on of @Np&M pgm
permissible negative pressure #’BGALCS may be set to be —80 kPa (= —600 mmHg) at
an engine running speed NE of 3000 lrpm. |
This procedure is provided in order not to immediately execute the cylinder
deactivation operation, but to execute the operation after utilizing the intake negative
pressure for ensuring negative pressure in the master 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 #PBGALCS. 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 “1”,
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



termnated. In step S213, the feedback flag F FBis set to "1 ", in step
- .S214, a feedback anbunt IFB is calculated, and in step S21 S, the engine
operation state is deenmed to be in 35 "FEEDBACK" node, then, the control
operation of this flowis termnated. In step S216, the feedback flag F FB
is set to "0", and in step S217, it is detyerm ned whether the value of the
flag F DECPBUP is "1 ". The flag F DECPBUP i s set or reset in steps S 143
and S 141 as shown_in FIG 3., Wen the result of the determ nation in step

S217 is " YESTICSWE MPEAdnstesd ofithe tiake negativedyessprePBGAY s 60 Wheadhe i s

"NO', the operation proceeds to step S218. The control valve 34 is closed
(correspondi myastey va¢ aegafize prassuré MBGA )is lomen thahe peyrhissitifernegdatinet presstirechor
operation is not allowed (corresponding to steps S 143 and S 145, and step

S217 in FI G dentindafiofi o€ ByliibBdeadti fRToAHAP XL EBI(1.€.0the 8€dona PredeRimtnedur i ng
decel eration IDEC is calculated, then, .the operation proceeds to step S219.

I n step S219, t ” unt
|DEC S 70" ttt%é*tdlmﬁrf?§mw@%@gt KT AE SRE R, Bl e R5RR0A BGRT
whi ch rreans t.hat rrectlon no the c nt r ol
operati on of t?ﬁegtsﬁﬁéw Jiréls Wﬁtcglaesl’ﬁﬂgs \R#E?tsetgﬂ’é&’@g?fﬁgep gft | ch
means that there is sone correction amount (i.e., IDEC ~ 0), the operation
proceeds to sitl\éﬁ@tlSQZO In step 5221, the feedback flag F FBis set to "0".
In step S222, it is determ ned whether the engine revolution speed NE is

greater than a thrdaktepdl14NEhelagh DECRBEIP et tof0”,dixngherppaxaii@mproteeds to
entering into a deactivation node. Wien the result of the determnation in

step S222 is stepES142. Wi §t8p BB42)$hd ¢Ydindéihdealtivgition sta¥-Bl Ylap PN ASIEISTB | set to
relatively high, the operation proceeds to step 5224, and when the result

I's "NO', which»geahise ﬁﬁ@&eaéﬂf'\%tlﬁﬂgbﬁtﬁu&%\’éi’é WitisBBd %BQ%Q: dositrb Z&Htib?ﬂdftﬂlﬁ’w

t he control operatl onof this flowis termnated. In step S22 because
pressure int s%%}ﬁfiatg ssage becones cl oser to atnospheric pressure, the
engine is con nter into a deactivation node in which the control

valve 34 is cl OSEd (? Oth h?her %ar?c? tirll gtgp g'iflﬁstﬁg ﬁag F_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 S145), and the control operation is restarted from step S131.
When it is determined, in step S140, that the intake negative pressure PBGA becomes a
predetermined value, the control operation is triggered to proceed-to steps S141 and
S142, then the pre-deactivation conditions are deemed to be satisfied, i.e., the cylinder
deactivation stand-by flag F_ALCSSTB is set to “1”.

Accordingly, the cylinder deactivation operation is executed after ensuring



36.is generated in the intake passage, then, the control operation of this
flowis termnated. Accordingly, in this enbodinent, it is included in the
control operation that the operator of the vehicle intends to stop the
vehi cl e when the vehicle experiences decel eration by a braking operation of
‘the operator and the degree of deceleratigp is greater than 0.3 G (0.3 X
9.8 nls2), the vehicle can quickly stop in accordance with the operator's
desire without entering into the cylinder deactivation operation, On the

ot her hand, W§&aiveEessRIsiin the m%St‘?’fd’G%Foa‘Peeﬁ‘ﬂfHﬂE’&t&Y osinghthe Seqondey A RASTRSE i on
of a cylinder deactivation, i.e., the operation for determ ning whether the
pre- deact i vat33at thedregirmingaf deceletation traveling. cBE¢avsepresusein theymastar wasdg at i on
are satisfied, as shown in FIG 2, is performed. In this process, when the

i nt ake negat isvffiddtiyIowetheBahingfotdeds buftisieatlp asisadiceves wheinaegdtive pressurk aser
to vacuun) than the perm ssible negative pressure for cylinder deactivation

#PBGALCS, th ' ' a ; S
123 shown i n 4 s Plofs Ree P BEBRKIE rkrdlofl ™ FltadrRoNS A SORBPTORR D,

t he i ntake passage for suring negative pressure in t.h st er ,vac n
the oyl | nder BRABMPRYCR Peter derainges dhedth Bt ortenbat B By RlnesiRl
FIG 3 and step S 120 shown in FIG 2). Upon conpletion of preparation, the
secondary ai ranéagmg@nseemeggicxscfgl&duwedhe control valve 34. Accordingly,
negative pressure in the master vac is efficiently ensured by utilizing
negative pressure in the intake passage. Wen negative pressure in the

master vac is ensured and pressure in the intake passage (intake pressure)

i s increased,Opdigtichofol debmiipigatietier tife deattisgeivg dareygllitiinscontitivheajersassfiede
(step S 140 shown in FIG 3), the control valve 34 is closed (step S 141

shown in FIG 3), %@&t,tthsogéfhﬁ&%f daeasihingaiieRer gREdeatfiifioh SafosRsided (step
S 142 shown in FIG 3 and step S 113 shown in FIG 2). Wen the cylinder

deacti vati on Oﬁ@{tﬁ}%f noghlsiggsn %Ceﬁel:OE ¢ Ff@rfaﬁ'g IQ:«tltES?i%d will be lelﬁiglg?ll gﬁﬁli(rgﬁre%:e to

whet her the d® 21 Tat’i on ‘conditions are s own In
FIG 4 and st 1 shown in FlI G t he ine enters into normnal
operation (st@g"' i 15%&?8%01‘ W‘W#F?Erepfﬁzt)?d %%Brreg&g@“ ?(Fﬂeé{fgti ve pressure in
the master vac which is influenced by the cyl.i ndcler deactivati on gperation
can be ensured so J8 step Shail rit i dstermizied 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
“17, 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 _the. 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.



brake performance while enabling a great inprovenent in the fuel
.consunption of the vehicle due to the cylinder deactivation operation. As
expl ai ned above, in this enbodinment, it is possible to maintain negative
pressure in the naster vac at |ow pressure side.(closer to vacuun);
-therefore, negative pressure in the mastenpvac is efficiently utilized for
ensuring the assist force for the braking force so that the braking effort

of the operator is,redu Jn ditiaqgn ecause,th ermi ssi bl e.negative
ot esoure Tor oyl | ndbseRSTe it F i tneHEr T ania it BEGTRRPL R FARIR, e
negative pressyre PBGA is set in accordance with the engine revolution
speed, negat ichdingflagdu ALGSENTRds Tha'st dYhepdhe reshlt ghths determmation i e 8 s
Furt hernore, because the perm ssible negative pressure for continuation of
cyl i nder deacdtYE& theropeeion O®cagdsdo step 8469 asd fwhenttheeresult s N3 theragpgeatione
pressure MPGA is set in accordance with the vehicle speed, negative
pressure in tpeceadstostep/SiG4can be sufficiently ensured in accordance with
the vehicle speed. FIG 7 shows a flowchart according to another enbodi nent

of the present i nvﬁﬂéflﬁg@‘rlﬂ},rh %{E&Eﬂ‘ém}@% b deir) i@ﬁgiﬂgf’%‘iﬁg% Eeifr? the

previ ous enbodi men wn in I'sS substitute wchart shown

in FIG 7; thergefore, e remaini operatiqons .w | | . h pl.ai ned .agai n.
Because ¢ he MEUREREE: Whepe ool hdkierBliogfidn it bish STSh il nEYE ik gperason
control node along with the flowhart of FIG 6, reference will be made to
FIG 6 in thé’rP‘Eﬂeg%WiSFR? YHedeandsvhenthe repult i N OGthe pperatienspragreds i step &16%7 | s
the same as FIG 5, the sane step nunbers are assigned for the sane
operations, and  38sepIS}5§fitisdieteimined odwther the taduecol@ndVRLIV T ndication flag
enbodi nent significantly differs fromthe previous one in that an operation
for det erm nifigATMzet her Wiher tireassudt ofithe detegwihatien iprseps8isé iMAEA” ) which wzans
(closer to vacuun) than the perm ssible negative pressure for continuation

of cylinder dBAGhd MRbdnPNeHIMBRAPRYsanIMT I(dREh] tanShiSHon2the opeftidh p¥dtedds 5! G
7. In other words, in this enbodi'nent, the secondary air passage 33 is

I d by th t |- Ve '

VPCA 15 hi ghaiirr gemd Photndfeeltiy YEST ot BB Thar A RSO i B RN ©

negative pr AT (Ju?(gmgtlocqtrallnrs]rlﬁ?s:[s}o%sl of Il 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 result 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



cylinder deactivation #WMPALCS. Specifically, in step S217, it is determ ned
-whet her the value of the flag F DECPBUP is "1 ". Wen the result of the
determ nation in step S217 is "YES', the operation proceeds to step S223,
and when the result is "NO', the operation proceeds to step S218. In step
-S222, it is determ ned whet her the engi neggevol ution speed NE i s greater
than the threshold #NE which is used for determ nation of entering into the

deactivati on_ node. n the result t Lerm nat LD S222 is
eS| i on GREREnotEh Aol sf pETAEL R MR APURRR 077 e
operation proceeds to step.5224, and when the result is "NO', which neans
that the engNORALEH (¢.Bothinigean. | Vhea the result of thgdetermmation in #ep dGiat i on
of this flowis termnated. In step 5224, the engine is controlled to enter
i nto the dea¢¥E$3}ieoshigmgeanpositioohthe loperation pokeadaltw steg 8157 and wdhen thet hen,
the control operation of this flowis termnated. In step S223, it is
determ ned whahligs “NOe, iMBAIbREr HAE positiia, itheSorefA1oa Preceddiib step $1G0al Thiz or
| ower (closer to vacuun) than the perm ssible negative pressure for
conti nuation Is : j ' Abof ; ' negative
pressure. vpaRTceEEiEpRYIEA Rl E ke Msfiphemoey 1/ 0 Rh By o
continuation _of... 39 | i nder .deactiyation .ZVPAL whi ch.neans that the
st er vac negutipye opf I aiiER R alhai ndht aingh SRR psRlon
operation of this flow.is term pated. Wien the naster vac negative pressure
MPGA i s hi gh&rhenpagvabirde jsdpgiteadlielag. negat i ve pressure for continuation of
cyl i nder deactivation #MPALCS, which neans that the naster vac negative
pressure MPGA is cllostep S1 57,4t isdststroined whethes theg/aluerod adplfrengagad outoteeds to
step S224. Accordingly, in this enbodinent, as in the above enbodi nent,
when t he vehiisdieation figde NGRHZLAeCE!. erwihémibe résnk of dieatersrmination iwstep B&57
cylinder deactivation, i.e., the operation for determ ning whether the
pre- deact i vatd opESoRHitH PakaRs b HalficnpapedRfutely sthis 0@ o?&@ﬁ&ﬁ PrRCEQR toRgp at i on
n

are satisfied, as showmn in FIG 2, is performed. | hi s process, when the

| ncake negat oo RBSIESHERG: L NS ddbRKRAIIORN oS uB%, ( BySroviBhgser

to vacuun) than the perm ssibl e negdtive pres or c e ctirvdation

#PBGALCS, the .secondary. air age .33 is.prepared to he ¢losed (step.S 143
shown i FI CispAgEe P fosHBERS Beil BnbRpERITNG: s al P SRtaiodt FRichhe

i nt ake passage for ensuring gatiye pressure in t mast er vac, and, the
cyl i nder deadancaRomM Wﬂgwg%&ﬁafméy@@iﬁcs%% %{@Be@a& stafeduiopihe ¢ 3
and step S 120 shown in FIG 2). Upon conpletion of preparation for closing
t he secondar yehicle, prarsingeffigignt aqcelerntign perfeintange Wiecdwieh isstlecedamaer vac
negative pressure MPGA is equal to or lower (closer to vacuum than the
permi ssi bl e helfsngagedstas forrgearf positionrshiftingtol asoelefatectht vehiele. deact i vat i on
#MPALCS. When the master vac negative pressure MPGA is not sufficiently
low, i.e., when thenkepB8ll58,af isideRrilhied Whetirt bwendine fivoluticn decredse wmourt FI G
7 1s "NO', the engine 1s controlled to enter into the deactivation node

(step S224 siyNgid &bl t@or%}eaitémm{ £highfe pSaiMsla bxgia fevBRIHDAU6crédelatouhos ed
by the control valve 34. Accordingly, negative pressure in the master vac
is efficientl g i SSKE, i ke
passage. V\her{grncgg% %’S%agtilvé‘?é}&% €1n t(g%@n%é}/@&@c ﬂﬁntﬁ%}%ﬁéh?%’ and
pressure in the intake.pass Iee ke pr ssureghg' i ncreased.. the control
bperati on |'s dterieRanibges aFS & ERE wht s thal g B5HE B ShR S n F o
3), the control valve 34 is closed (step S 141 showm in FIG 3), and the
cyl i nder deacPnsiderplly degrensed; e operaiuuprgeeads tastep SH% and swhentheiresulis, 3 and
step S 113 shown in FIG 2). Wen the '

“NO”, the operation proceeds to step S159. This procedure is provided to avoid

undesirable cylinder deactivation operations 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



cylinder deactivation operation is cancelled through the determ nation of

- .whet her the deactivation cancellation conditions are satisfied (shown in

FIG 4 and step S 1 GS shown in FIG 2), the engine enters into: nornmal
operation (step S 120 shown in FIG 2). Accordingly, negative pressure in
"the master vac which is influenced by theggylinder deactivation operation
can be ensured so as to maintain the brake performance while enabling a
great inprovenment,.in the fuel consunption of the vehicle due to the

cyl i nder dea&lﬁq'y%lft?'bn operation. As explained above, in this enbodinent,
because it is directly. determ ned et her negatjv ressure.in_ th ter
vac i s ensur ,eséﬁ%}ml??éﬁéHﬁlPF]GISP?Fo@lV%é"%mP%U% Qﬂﬁﬁngﬁﬁ@ﬁaﬂé’ﬁﬁ?’? -ngngiur e
in the master vac is not ensured (the result of the determnation in step
S223 shown i ife.gl T kit/h)s S WXShigliest peanissibbavehicle speed durarohtineation of tflaaer i n
t he above enbodinment, it is possible to operate the control valve 34 in

accor dance %%%@F@gx?&rﬁ?&%%}g@%%?éo COWMER it 0 adibiBniRBE i brelf 350, U0 e

i nprove relia e pres i'nven ?on i'S ho e dbove
enbodi nment s. ternatjyvely, . for exanple,. the secpondary.air passage be
cl osed when' TRBCEPerEY By ithipans pedBerainedtanae s nerimmebaas e Siso

| ower (i.e., closer to vacuum than the perm ssible negative pressure for
cyl i nder dead¥hensit isoletermieditins theyehigle apac &/ Rrigoutef the pradetgamingd rangestber e
MPGA is higher (i.e., closer to atnospheric pressure) than the perm ssible
negati ve presperatiof procesiistto stepiSil 691 oAcawdinglgethe dgbinder dedctivatichiVipiation is

I ndustrial Applicability 41 As expl ai ned above, according to the first

aspect of theaideBs®Mheh HetRhichspeBEVRUS BelbWah€ RivckOpermidsite AiMidl@tpoed for
section operates the secondary air valve so as to close the secondary air

passage when c&ﬁg‘dér BE;?%*%at’?&Féo%'(t}Bﬁaﬁo% W%ﬁ% | gw}ﬁéﬁ Vel speéd V??é abdfve .

vacuun) than predetermned first t at the I nstance of starting

decel eration traveling, .the int.ake d essian of the. enqgine can be

et cient Iy ot REBestPtpitale v N Spbttor fRlser St ol IRt BRe st er vac
is suffici entl‘%) llg(\éé Accordi ngly, because pressure in the master vac is

mai nt ai ned t & Wl i ¢ ently low, the braking force is sufficiently

assi sted even when _negative pressure in the master vac is reduced by the

br aki ng oper at i on. IiFeiep Ré60nit is deterrpined ayhsthepthieapastes vge aegatiye pwpmwﬁ’GA
because the

is equal to or lower than (closer to vacuum) the permissiBle 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,



cylinder deactivation operation is |less frequently cancell ed 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 master vac is a nggative value higher than the
predeterm ned second threshold at the instance of starting decel eration

traveling, the.i,ntake essi,on of the engin be efficientl tilized
o decr exse. ticHnBaR 8T BEUE wRinchlie TESIE MG sRbF Rt | | G
val ue. Accordingly, because pressure_in the master vac, i s nai niyﬁ;rged to be
suf fici ent |y opgration proceedsite sigPSdpbe When thepmastes yer pegptive presspre MG AR n
negative pressure in the master vac is reduced by the braking operation.
Fur t her nor e, highet thao tlse parnissiblé seggtivapiessurefor consthuptiomokeylinter depttivation
deactivation operation is |less frequently cancell ed and regenerative energy

is fully uti HvIEALCHCWRICH nt@nd that e nidbief dacutdpative pressufeMPGRS Brdlosernoent i on,
because the intake depression of the engine can be e~ciently utilized to

decrease the aﬂﬁ%@h&ﬂ@eﬁgﬁﬁé ‘fﬁ@oﬂe?atfoﬂﬁ:ﬁé@:éa% s¥ep3s 169, aTﬁi&‘jﬁr&&HﬁﬂtiL Prolvfﬁé’d

val ue when the gati Ve preéessure In e nmaster "'vac 1s 2 not sufficiently
| ow prior to,the cyl.inder. deactivation operati.on,. negative. pressyre in the
mst or vac whEEHSGlds ndesiratd iy capfinye the Hlindes ey Ct operioR o len S woe T der
deactivation operatjion so that the braking effort of the operator is
reduced. Accdpeinegptive prasaure MPGH isagisuthicisntlydeWpr esent i nvention, because
the secondary air valve is closed so that the intake negative pressure can
be ensured to be sdmbtepiSdat,iyisldetermined whethet & geraihing bettersichange RBADN
operation, it is possible to ensure negative pressure in the master vac
prior to theicyithindepredaaiinstbiangd) i.e) evhathenthe réaaining bagetyachttpe QBATh aspect
of the present invention, because the predetermned first threshold is

appropri at el )éaﬁmegqﬁgf@ggwiﬂgiggﬁ_@ﬁ@ance with the running speed of the
engi ne, negative pressure in the nmaster vac can be sufficiently decreased.

rccord na i Sy - of - ti he: d
thr oshol 4 | 5 s By R el el R R LB e YRR B IR "
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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.



which is .utilized to decrease the traveling speed of the vehicle,’
.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 w thogy executing the cylinder
deactivation operation when the degree of deceleration is considered to be

great, it is possible t I, €.,0 tor'.s desi nat,'ons of
et o ence Symbor o ThsiepSiblyigkeftineg SpeBer B thebe HHAC weBk REMIORE .
passage; 33: secondary air passage; 34: contro] valve ‘(Esecondar air
control val veyedererminedirange, M- Vraether.thesening nning SpeadNE vatishies the followiags or
(intake pressure sensing section) S3: naster vac negative 43 pressure

sensor (nast ghequalitynegati ve pressure sensing section) 44 \What is clained
Is: A control device for a hybrid vehicle having an engine and a notor for

out putting p%’@ést berniskibl¥ eRging ﬂhﬂmges?b@d for c&ﬁtﬁ{uﬁhéh 8f &ymBaelcattivboRr ake is
used during deceleration travelin said vehicle in accordance with a

deact | vat abl AN CHabrE o) e T PralG R B e on  ave i ng

of said vehicle, said control device conprising: a deactivation determ ning
section for dentéation nficylindehdeactieation #eetdiCIE(ap) 20@ipmde Whes itisl owed to
be deactivated in accordance with a traveling state of said vehicle; a

deact i vati on deefgilell dhistsp S16Rethai the Begifeainhing spe¢d NEic withinghe predaganined
deactivation duri ng deacti vation oper ation; an i nt ake pressure sensi ng

section for fEASUeRPedtibn Efo%@édért@ step S363.] n%@ﬁ’ itRe3&aeaned thabind eRgige Ne; and
a control valve operating Section for openlng/cI03|ng a secondary air

B ;‘S 2 gg (ra aﬂ . ; 6}%&%@% %Legg I]\{/E)fs Rk SY i o el et 3ngeltle opBlaBof BhodebditfkRpRIBS 20E

Accordingly, the cylinder deactivation operation is 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 S169, 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




air valve, wherein said control valve operating section operates said

- .secondary air valve so as to close said secondary air passage when the

i nt ake pressure neasured by said intake pressure sensing section is a
negative value | ower than a predeterm ned first threshold during

-decel eration traveling of said vehicle. 23A control device for a hybrid
vehi cl e having an engine and a notor for outputting power for driving said

vehi cl e, wherein regenerati.ve, brake is ed M. el eration,traveling
of 'sai d ven: GPERS IO SGPTAEEY HERE S5iesd hl Pibe R0, AR Ve b R
engi ne includes at | east one deactivatahle cylinder which is deactivatable
during 45 decel edBstenS164.dbisidetegmired yeethey the engine oilyressuis RO is ggual de
conprising: a deactivation determ ning section for determ ning whether said
deact i vat abl er gydatendlean a lowebt peraisibte dibprdssacd fov abmtthuatioracayliddercieacti viahiom
traveling state of said vehicle; a deactivation cancellation determ ning
section for GRUALCYE.EYWithdlysERARKrhyYRIr6R 9846 | FDKPEERIm Yaltb Q™ Igpend).i on;
a master vac negative pressuré sensing section for neasuring negalive

pressure in Sher | eh. conmuni. b t e o f, said
engi ne and mayg%?%gsr?ssﬁ gbf\émo(?cé‘f( nrém!rngrngg{eg;g lﬁ%ggﬁsf ’|mr?t E‘S‘Bg@?‘%g%‘?séﬂ in
accordance wth r aki operatjon_ by, an operator of said veghicle;.and a
control val véte@pgglpgt ?’Efg"r‘}geé’cf‘fe 6‘??“’(%? I@%eﬂﬁ%@&gf‘%@ W@ceﬁd§g)c§d§?ﬂj§r€£?' aﬁr}"spassage
of said engine for providing auxiliary air into said intake passage, by
operating a mﬁa@rlypmwdedgqewse widrerligpressuge 05 sxecuting tecylindes dgegtiygtion
section operates said secondary air valve so as to close said secondary air
passage when dpheatine §ag., inpdrpulésprassers for epdratingatht spool yelved s canadt teyensaried
master vac negative pressure sensing section is a negative val ue higher

than a predetvenith€ehghRE il grebiiire PO 6 1645 thatDthd d6west padnmisyible bil \pedskirg fof sai d
vehicle. 3. A control device for a hybrid vehicle having an engine and a

mot or for 0Ué:Big!fiﬁﬁa‘?iQng?%‘ﬁfnée?ﬁeééfi.\réﬂdﬂgimﬁb&ehi cle, wherein a regenerative

brake is use uring deceleration traveling of said vehicle in accordance

W th a decelerati qugtEes\tﬁ6B &L ggl%!ét{iﬂ%{gq’orsggg?lg{éghgg%lgrﬂfélrH&%ﬁvaq}onlo%@ﬁattiogne

deactivatable cylin IchTs VZ:) ur i

“are not satisfied; therefore, the deactivation cancellation flag F_ALCSSTP is set to “0”
50 as to continue the cylinder deactivation operation, and the control operation of this
flow is terminated.

In step S169, it is determined whether the value 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”, the operation proceeds to step
S170, and when the result 'is “NO”, the operation proceeds to Step S171.

In step S170, the cylinder deactivation ending flag F_ALCSEND is set to “17,
then the operation proceeds to step S171. In step S171, the conditions for canceling the
cylinder deactivation operation are satisfied; therefore, the deactivation cancellation flag
F_ALCSSTP is set to “1”, and the control operation of this flow is terminated.

The cylinder deactivation ending flag F_ALCSEND is provided so as not to
cancgl the cylinder deactivation operation unless deceleration fuel cut-off is ended and

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



decel eration traveling of said vehicle, said control device conprising: a

. .deactivation determ ning section for determ ning whether said deactivatable

cylinder is allowed to be deactivated in accordance with a traveling state
of said vehicle; a deactivation cancellation determ ning section for
-cancel i ng cylinder 46 deactivation during deactivation operation; an

i ntake 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

i nt ake passage of  said engine, and which assists braking force by neans of

i nt ake depreg%l?eﬁﬁlanfohﬁeé ngareonfrelinedenr aki ng operation by an operator of
said vehicle; and a control valve operating section for opening/closing a
secondary air passapxt,dhe speratiomnfgr sedecting aproouireli modeawiitl be explaimedrwitint o sai d
i nt ake passage by operating a secondary air valve, wherein said control

val ve oper at irgfgrenes td PIGS) Beal6es The plrpdSe ONHRIconabI opépdtio iSH sppropriatelpse
sai d secondary air passage when the intake pressure neasured by Said intake

pressure sen %Ilp ﬂ’gfr‘i;)gg E}jﬁ%nf-rél VAIECHRYE (HEsbBh iy Eﬂ}ﬁg&ﬁgé;ﬁ; irPacBbradfide SR gm%gy

first thresho e negative pressure In sa I vac neasure

sai d master vac, negat.i ve pressure sensi section Js a,negatiye val ue
higher than APEPEAURERGTHEY JBISREAAR SUN BF FFRGAEN AL HESEFEPRRY BRRG avel i ng
of said vehicle. 4. A control systemas clainmed in any one of clains 1 to

3, wherein said codRpsEp Szawélsc%mmeﬁgﬂ@&@rﬂwnsw@rl&t%argas mode aenoading air
val ve so as to close said secondary air passage when cylinder deactivation

i s prohi bit edo whether thedmhetdf aatartimg medeflag Ri $IEMOIrisi“OR. WheA theoesulodf thy st em
as claimed in claiml1l or 3, wherein said first threshold is determ ned in
accordance Wideferidation imgep S2ENisoYES the @peratién procdeds to step S205, and when the

result is “NO”, the operation proceeds to step S202.

In step S205, a feedback flag F_FB is set to “0”, and in step 5206, 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 S202, 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



6. A control systemas clained in claim2 or 3, wherein said second

-.threshold is determ ned in accordance with a traveling speed of said

vehicle. 7. A control systemas clained in any one of clainms 1 to 3,
wherein said control system fiuther conprises a deceleration state
~determ ning section for determning a degpge of decel eration of said
vehicl e, and wherein said deactivation cancellation determ ning section

cancel s cyli deacti vati gn en, t eqgr,ee of cel eration ceeds
pr edet er m'yneE} " which means t att\i\llgvehlc &is gragelﬁlg ata hldg% spee ,?he opera%%n proceec?s
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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 operation proceeds to step S220.

In step S221, the feedback flag F_FB is set to “0”. In step S222, it is
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 $222 is “YES”, which means that the 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, 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
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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 operation is not executed (step S145 shown in FIG. 3 and step
S120 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
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influenced by the cylinder deactivation operation can be ensured so as to maintain the
brake performance while enabling a great improvement in the fuel consumption of the
| vehicle due to the cylinder deactivation operation.

As explained above, in this embodiment, it is possible to maintain negative
pressure in the master vac at low pressure side (closer to vacuum); therefore, negative
pressure in the master vac is efficiently utilized for ensuring the assist force for the
braking force so that the braking effort of the operator is reduced.

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 the 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, thé 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
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deactivation #MPALCS is included in step S223, as shown in FIG. 7

In other words, in this embodiment, the secondary air passage 33 is closed by
the coﬁtrol valve 34 only when the master vac negative pressure MPGA is higher (closer
to atmospheric pressure) than the permissible negative pressure for continuation of
cylinder deactivation #MPALCS.

Specifically, in step S217, it is determined whether the value of the flag
F_DECPBUP is “1”. When the result of the determination in step S217 is “YES”, the |
operation proceeds to step S223, and when the result is “NO”, 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



1i10% & ()- 10% & ()-S10% & ()- 10M 10M 10Ms9g 10%VE ()-7 10%VE ()-n26dEbC
S 1i110% & ()-,10% & ()- &10% & ()-10% & ()- y10% & ()-9! 10% & () - 65( dELC
1if,310% & ()-9*ml0% & ()- (10% & ()-¥%B 10% & ()-#9! 10% & () -!

10% & ()-(q) ~dE:/ 10" 10 " 910% & ()-37 10% & ()-5 10% & () -

-10% & ()-0110% & ()-.-10% & ()-/3xY:/ 10 ¥90% & () -

L 110% & ()-10% & ()-110% & ()- 10% & ()-f10% & ()- 10! medE: /

1 15 () SR S e FEOR R bt
180E/o g‘ 13’ 213%8(\) is G@@%t& veguugy theyogngrol gperatiamafshis floy is¢erminagpd.  When the
10% & ()-10% & ()- f10% & ()- 10: 10: 10:f;!10% & ()-&99310% & ()-.} TdEbC
10" & 10% & ( )mastayMpe&négatigd poesiré M%&d@/hi&u(r)the}mth&@%rﬂm{lble h@gﬁtiﬁz'e(p}reslifﬁé déth C
10°# 10% & ()-! 10% & ()-&Y10% & ()-f10% & ()-& 10% & ()-10% & ()- _"dEbC
10" 110% & () cohtidiifosiof ¢ylindkPeadtivatiohFMBAD.GS (Whidh ndddfié thaf the HidstePYack () -
M xnbC 10" y10%W&' ()- 10: 10: 10: 9F10% & () -

negative pressure MPGA is closer to atmospheric pressure, the operation proceeds to

step S224. |

Accordingly, in this embodiment, as in the above embodiment, when the

vehicle is moderately decelerating, the determination of the cylinder deactivation, i.e.,

the operation for determining whether the pre-deactivation conditions permitting the

cylinder deactivation operation are satisfied, 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 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 vacuﬁm) than the permissible negative pressure for confinuation of cylinder

deactivation #MPALCS. When the master vac negative pressure 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
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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
cylindef deactivation operation is cancelled through the determination of whether the
deactivation cancellation conditions are satisfied (shown in FIG. 4 and step S105 shown
in FIG. 2), the engine enters into normal operation (step S120 shown in FIG. 2).
Accordingly, negative pressure in the master vac which is influenced by the cylinder
deactivation operation can be ensured so as to maintain the brake performance while
enabling a great improvement in the fuel consumption of the vehicle due to the cylinder
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 embodirhents. Alternatively,
for example, the second@ 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 #BGALCS, 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
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because pressure in the master vac is maintained to be sufficiently low, the braking force
is sufficiently a;ssisted 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 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 master vac is a negative value higher than the
predetermined 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. 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



109’ () - S10%E ()- 10M PtdE:/ 10M 109 ()-
1098’ () - 109%VE () - 910%VE' () - 10%v&' ()-9! 1098v& ()-1 qdE:/ 10MD* ! 109%VE ()- (
10988 () - % 109V&' ()-# ! 109%VE ()-!! 10%E& ()-1S 10%& ()-1 edE: /
10MB7s! 10%VE' ()-5@ 10%v&' () - 2s! 10%v&' () - 09109%V& () - . f
-10%v& ()-f,10%& ()-~_@10MD 10%E& ()-s MWK ()-f!V 109MV& ()-fyl0%E ()-
10M 10M 10M 9109%v&' () -1 GH JMuV7 10M 10%VE' ()- 109%VE' ()-f10%v& ()- 10MM 10MM
iomm[!!10 ") - . f 0A/R, -+ L TO9VR: ()= TO9K. -YS
Tova ()= LN 5eﬁﬁﬁ%%@?®%@§%¥efaﬁaﬁ%%@%%m&?% e
0 0 O O

ig @/EL 0( ? 1%%@3/?6rypc mgt; the q&%fé&e *slqy;mgg P)'IOI' to the cylinder deactivation
109V’ () - 8Y4.0%VE () - 24567dYNC 10M 10M 10M 10NS; SLO%E () - &9

10%V&' ()- &61@3&»@1@1sqﬂmmr(ﬂgmgcﬁqumw&e(operatarzm_evlmdlo|v| 10% & () - Yf
10% & ()-,- 10% & ()-910% & ()-10% & ()-f10% & () - P+dEYNC 10M |
10% & () - &@0% & ()Ackoidifig 1% the foutB4sSedt bf theQrestnt(ihvestibabetaisetS8Sed brvddsy 10M
L f 10% & ()-) 10% & ()- & 10% & ()-9%40% & () - #z

10% & ()-!! 1000 @idd is Q@E&f Nﬁh&pﬁﬁa mtake ne atlve ressure can be ensured to be sufficiently
£910% & ()-6M 1006 & () - 4: 1006 & () - &21 (530

low prior to the cylinder deactivation operation, it is possible to ensure negative pressure

in the master vac prior to the cylinder deactivation operation.

According to the fifth aspect of the present invention, because the
predetermined first threshold is appropriately determined in accordance with the running
speed of the engine, 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 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 vehicle, 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 fhe 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
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1. 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 includes 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 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 said engine; 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 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 includes at least one deactivatable cylinder which is deactivatable during
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a master vac negative pressure sensmg section for measuring negative pressure

in a 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

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 air valve so as to
close said secondary air passage when 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.

3. 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 includes 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 deactivation cancellation determining section for canceling cylinder



10% & ()-010% & ()-3.10% & ()-, 10% & ()-&)-10% & ()~ 10% & ()-d99:f:g: h:i:
~.1:::bC8\ 10MSLO%E ()- SLO%E ()- 10: 100 10: @

10% & ()-9M 10% & ()-6Z10% & ()-::::::c::<nN 10% & ()- Y9! 10% & () -
10% & ()- 10% & ()-310% & ()-f10% & ()- 10M

- 10MkA<<=0={ ==dEnN 10% | * 10% & () - @ 6

10% & () - &10‘3/&()-'100/&() ,10% & () - 16/&()-__3>>>>B’?dEnN/100/ 10% &
()-*10% & () - 10‘V - % V&é% #10% & ()-1Y 10% & () - B’)’)’)@@AAAdE/ 10°
- 10°S; 10% & (5’63&%4‘ “&mé cgoty. )8%?“{3‘1°n410fV& ()-s010% & ()-Y. @10% & ()-A
A#AKAAB\ BBXY: / 10°1| _ , o s

10% & ()- @ 10% & (3n intakpgpeessyre seupingsection fHygueapgyringiainpresspye in an intake

10" BB*C} CCCVDAE: / 10" S! 10% & ()-910% & ()-10% & ()-10% & () - -

10% & () - 10%pdisdge-ofBuidmpiserdE: / 107, ,10% & ()-' 10% & () - %

10% & ()-#M 10% & ()-!10% & ()-110% & () - FWFF GRGGGIE: /

10" &9' 1'10% & () - 6- 1 Q04 (dc AkdRVl fre slm@s%ﬁs{% sé&mﬁ@Mﬁk&é@xﬁh eokti@ prossure
10% & () - GCHDHEHFH HUHHHDC 15 1096 & () - & ()- 10% & ()= yﬁ) 10t

1008 & () Loodtie TStk e shtioht mmmitios with an dniple passaggfsaid epeing med she

10" 9%40% & ()-#109 ) -
10% & () - | 10%5@5(% rabb firee by mespsgfinieke denressigiessedance with a braking
10° 7410%& ()-210% & ()-010% & ()-VY.T 10%& ()-@@
10% & () -' z10psratiqn byvnapesaonpiprnebEleendm 10% & () - 10% & () - @
10% & ()-yl0% & ()- 10t 10t 10t 99910% & ()- O OOP#PbC
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 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
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.

4. A control system as claimed in any one of claims 1 to 3, wherein said control
valve operating section operates said secondary air valve so as to close said secondary
air passage when cylinder deactivation is prohibited by said deactivation determining

section.

5. A control system as claimed in claim 1 or 3, wherein said first threshold is

determined in accordance with a running speed of said engine.
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system further comprises a deceleration state determining section for determining a
degree of deceleration of said vehicle, and wherein said deactivation cancellation
determining section cancels cylinder deactivation when the degree of deceleration

exceeds a predetermined value.



