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(57) ABSTRACT

An air conditioning device for vehicle includes a refrigem-
tion cycle including a compressor firr sucking, compressing
and discharging a refrigerant. a condenser for condensing
the high-temperature and high-pressure refrigerant dis-
charged from thc compressor. an expansion valve lhr
diuomprcssing thc rcfngcrmtt condmrscd ur the condenser
and an evapomstor for evaporating the refrigemsnt through
heat exchange between the refrigerant reduced in pressure
by the expansion valve and surroundmg air I'his air condi-
tioning device for veldcle increases an operation mote of the
compressor more than tint befirre a vehicle speed drops
bclosv a lirst pcnnrttcd vehicle speed lughcr than a I'uei cut
recovco/ vehicle speed %hen trn alr coruiitioncI Is on, at
which the compressor is actuated, when the vehicle speed
dmps below the first permitted vehicle speed during the
deceleration of a vehicle associated with a fuel cut.
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US 10,029
1

AIR CONDITIONLNG DEVICE FOR
VEHICLE AND AIR CONDITIONI I&G

CONTROL METHOD FOR VFHICLE

'l1&('I IN)('AI l1EI D

ilia prevent Invent&ou relates to an mr cond&lioning dev&ce
for veh&clc and an a&r conditioning control mcllx&d for
vehicle.

BACKGROUNDART

A teclmique is known in which an operation rate of a
contpressor is increased more than that duri&tg the non-
execution of a decelenst&on k&ck-up immediately after the
execution of the deceleration lock-up is started, an increase
of the operation rate of the compressor is finished upon the
eLspse of a predetem&&ned time Tup after the start of the
execution of the deceleration lock-up and the operation mote

of Ihc compressor &s reduced more than lhal duung thc
non-cxccut&on ol'he dccclcral&on loch-up inuned&ately after
th&s cnd Ol'he increase (JP 4399989B).

SUMhLARY OF INVENTION

In thc tecluuquc of JP 4399989B, evaporator cooling
power may become insutTicient or excessive between a
lock-up release vehicle speed when an air conditioner &s on
and that when the air condit&oner is ofl'due to the setting of
the predetermined time Tup.

The teclutique of JP 4399989B focuses on the lock-up io

re)case vehicle speed. Th&s concept cdn be possibly cxtcndcd
&0 d flu:I cul rccovcoi'nung. In Ihc case 01 fl&c concept
extended to the fuel cut recovery timing, the evaponstor
cooling poiver may become insutTicient or excessive
bet&veen a fuel cut recovery timing when the air conditioner is
is on and that when the a&r conditioner is ofl'ue to the
setting of the predetermined time Tup.

llic present invention aims to provide a teclmiquc capable
of dppropnately ma&ntauung evaporator cooling power also
bet&veen a fuel cut recovery timing when an air cond&tioner do

is on and that when the air conditioner is otT.

An air conditioning device for vehicle according to one
aspect includes a refrigeration cycle includin a compressor
for sucking. compressing and discharging a refrigerant, a
condenser for condcns&ng thc lugh-Iempcralure and high-
prcssulc rcf&1gcl'tu&l d&schdnlcd foul Ihc coniprcsson an
expansion valve for decompressing the refrigensnt con-
densed in the condenser and an evaporator for evaporating
the refrigerant thmugh heat exchange between the refriger-
ant reduced in pressure by the expansion valve and sur- so

rounding air. vehicle deceleration fuel cut execution means
for executing a fuel cut dunng thc dccelcrauon of a v chicle,
dnd control nuxu&s for ulclct&su&g an opci&uion Idle ol thc
compressor more than that befi&re a vehicle speed drops
belo&v a first pernt&tted veh&cle speed higher than a fuel cut &s

recovery vehicle speed when an air conditioner is on. at
which the compressor is actuated, when the vehicle speed
drops beloiv the first permitted velflcle speed durin the
dccclcldlion ol fl&c vchlclc.

En&bodaucnls and &alvin&IBgcs ol Ihc prcscnl uivcnnon Brc io
described in deta&1 below with reference to the accompany-
»'&g d&"Iv &ngs.

BRIEF DESCRIPTION OF DRAWINGS
Ss

Fl(i I is a schematic configuration diagram of an air
conditioniag device for vehicle of a first embodiment.

,539 B2

FICi 2 is a t&ming chart show&ng changes of a vcluclc
speed. a compressor operation mte„an evaporator tempera-
ture and thc l&kc durmg a dixclcrat&on fuel cut,

l&l(i 3 is a characteristic raph of a frequency d&stribution
ul rcldnon 10 vchiclc dccclcltulon.

FICi 4 &s a charac&enatic graph show u&g a veluclc spend
change when a fuel cul recoi cry vch&cle specs) when an air
conditioner is on is reached at an assunted maxinnun decel-
erat&on,

FICi. 5 is a characteristic graph of a first permitted vehicle
speed. a second permitted vehicle speed and the fuel cut
recovery vcluclc spcxd when Ihc air cond&boner is on in
relation lo rclngerant prcssure,

FICi 6 &s a flow char& showu&g a control ol'a compressor
duong the decelenstion fuel cut

l&l(i 7 is a characteristic araph of a frequency distribution
in relet&on to velficle dccelemtion caused by pedal switching
according to a second embodintent.

FICi 8 is a t&ming chart show&ng changes of a vcluclc
speed, a compressor opcral&on rate, an evaporator lcmpcm-
turc and Ihc like during d dccclcrauou I'ucl cut ol'hc sixond
embodiment,

l&l(i 9 is a flow chart showing a control of a compressor
dunng the deceleration fuel cut of the second embodiment,

FICi. 10 is a timing chart showing changes of an evapo-
rator lcmpcraturc, a ihcnno sw&lch, a compressor opcral&on
rale and the hhe dunng a normal opera)&on of a third
embodiment,

l&l(i I IA is a tiow chart showing a control of a compres-
sor dunng a deceleration fuel cut of the th&rd embodiment,
a&id

FICi IIB is a flow chart showing the control of the
compressor during the deceleration fuel cut of the third
nubodunent.

DESCRIPTION OF EMBODIMENTS

Here&nal'tcr. cmbodnnenls of thc prcscnt &nvenuon arc
dcscribcd with rclbrcnce Io thc draw&ngs.

First Embodunent

FICi I is a schematic coniigurat&on ihagram ol'n air
conditioning device I'or vclnclc of a iirst nnboduncnl. In
l&l(J. I, a refrigeration cycle 8 of the a&r condit&onu&g device
for vehicle includes a compressor I, a condenser 7. an
expans&on valve 10 and an evaporator 11. The compressor I
for sucking, compressing and discharg&ng a reibigemnt
includes an cleclromdgnciic clutch 2 lor u&lernutlcnt power
transmiss&on. Since power of an ntginc 4 is trtmsm&lied lo
the compressor I v&a lhc clectromaguct&c clutch 2 tmd a bc)i
3, the compressor I is intermittently operated by controlling
ener )ration and de-ene&gication to the electromagnetic
clutch 2 by an engine control module (ECM) 5 and an under
sv itch&n module (USM) 6.

Thc high-temperature;md lugh-pressure gaseous rcfrig-
crant d&schargcd lbom thc compressor I flows into thc
condenser 7 and &s cooled dnd coudn&sed tluough heat
exchange with outside air blov n by a cool&ng fan 8 'the
refrigerant condensed in the condenser 7 is decompressed to
a low pressure by the expansion valve 10 to enter a gas-
liquid two-phase state of loiv pressure. The low-pressure
relbigcrant lbom Ihc cxpans&on valve 10 flows into Ihe
evaporator 11. Thc evaporator 11 &s dnposcd u& an air
condil&oner case 21 ol Ihc mr cond&lio&ung dcv&ce for veh&cle
and the low-pressure refrigerant hav&ng tlowed into the
evaporator 11 absorbs heat from air in the air conditioner
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case 21 to be cvaporatcd. An exit of lhe evaporator 11 is
coupled to a suction side of the coinpressor I In this v ay,
the refri eration cycle I( constitutes a ckased circuit

In the air conditioner case 21. an air blower 22 is arranged
upstream of the evaporator 11 The air blower 22 includes a
blower fan 23 and a drive motor 24. At a suction side of the
blower Ibn 23. Bn outside air uilel pon 27 mid mi uisidc mr
in}ca port 28 arc opcncd and closest by an inside/outside mr
switching door 25 In this way, outside air (vehicle outside
air) or inside air (vehicle inside is sivitchingly introduced. Io
'I'he inside,'outside air switching door 25 is driven by an
electric driving device 26 composed of a servo motor.

On the other hand. a cold storage device 12 and an air
mixuig door 31 to bc desvnbed later are successively
drrmign! downstream of Ihe cvaporalor 11. A ho! water
heater core (heatmg heat exchanger) 33 for heating air using
tint ivatcl'cooliflg water) of ttlc cn tile 4 as a hc'n source Is

disposed downstream of the air mixing door 31 A bypass
passage 34 in wlfich air (cold air) I}ows wl»le bypassing the
hot vvater heater core 33 is formed lateral to (aixave) tlus bot io
water llctllcr ci11'c 33.

lite air nuxing door 31 is a rotatable plale-like dour and
driven by an electric drivmg device 32 composed of a servo
niotor. 'I'he air niixing door 31 adjusts an air vohune ratio of
hot air passiim through the hot water heater core 33 and
cooling air passing in the bypass passage 34. By adjustin
the air volume ratio of coo}in air nnd hot air. the tempem-
Iurc of mr blown into thc vcluclc uilenor is ad)usted.

An air mixin unit 35 is provided dowiwlrcam oi lhc hol
water heater core 33 Ilere, the hot air from the hot water ao

heater core 33 and the cold air from the bypass passage 34
are mixed to produce air of a desired temperature.

Further. a defroster opening 36, a face opening 37 and a
foot openin 38 are formed downstream of the nir mixing
unit 35. and the respective openings are opened and closed is
by a defroster door 39, a face door 40 snd a Ibol door 41 in
thc fomi of rotatablc plates. Tluix doors 39, 40 and 41 are
coupled to a comnion link mechanism and driven by an
electric driviim device 42 composed of a servo nxator via tlus
link meclmnism. For example, when the defroster door 39 is do

open, air is blov, n to an inner surface of a vehicle windshield
1 ia an u mt 1u stra lcd dei roster duck When the lace opeaung 37
is opni. mr is blown toward Ihe upper body of a vehicle
passenger via mi uiullustrated Ihcc duct. Further, whni thc
fiant opening 38 is opened, air is blown toward the feet of the
vehicle passenger via an unillustrated fiaot duct

An evaporator temperahare (evaporator blowiiig tempem-
ture) front a temperature sensor 52, an air conditioning
signal from an air comb lionuig switch 53 mid a st~cd} from
a thcnno switch 57 arc input to a control mnplilier 51 o

(compressor opcrauon rale control anntns). 111c control
amplifier 51 sends a signal fiir actuating the compressor I to
the engine control module 5 by a ('AN communication 56
ashen the air conditionin sv itch 53 is tumed on.

The control amplifier 51 sends a duty signal to the engine 11

control module 5 by thc CAN conunuiucation so that thc
evaporator tcmperdturc lies widiui a control range based on
d signal Ibom thc thermo switch 57 when the air conditioning
switch 53 is on It should be noted that the control amplitier
51 controls the blower fan drive motor 24 to attain a target io
air volume and drives the electric driving devices 26. 32 and
42 to automatically control a blowout port and a suction
pork

lite enguic control module 5 controls a Iuel injection
diilouiit Iiili1 lilt: ciigiiii: 4, 11 IUE'I iiili:cuian liilliilg Bixi ail Ss

ignition timing based on signals fmm various sensors fiar
detecting opemating states of the engine 4

A reibigerant prcssure from a rcibigerant prcssure sensor
54 and an accelerator pedal opening from an accelemator
snisor 55 arc input to thc cnginc control module 5. When
deternnning based on these sianals that the compressor I can
bc iaclualcxt, thc cnguic control module 5 scuds a compressor
ON signal to the under switchin module 6 by the (:AN
conununication 56. The under sivitching module 6 bavin
received the conipressor ON sigaaal from the engine control
module 5 turns on an air conditioner relay in the module 6

and connecm thc elcciromagnetic clutch 2 lo actuate Ihe
compressor 1.

Furflmr, to improic fuel economy. Ihc cnginc contml
nxadule 5 (deceleration hie} cut execution nieans) executes
a fuel cut dunng the deceleration oi'hc vehicle. Thc enguie
control module 5 (fuel cut recovery execution means)
releases the fuei cut at a faster fuel cut recovery speed when
the deceleration fuel cut is in execution and the air condition
is on than ivhen the decelemation fuel out is in execution and
tllC ail Coilditaoil Is Ofi, dill pCifoiitis d IUi:I i:Ul ii:Coveay.
Here. that the air conditioner is on means that the air
condiliotung switch 53 is on and that Ihc air coixhlioner is
of}'eans that the air conditioniim switch 53 is off

I'he cold storage device 12 is provided unmediately
downstreain of the evaporator 11. As shown in lii(i 1. the
cold storage device 12 is an configured that the total vohune
of cold air after passage tluough the evaporator 11 (total air
volume in lhe air conditioner case 21) passes lhcrelhrough
by being shaped Io hase thc Brune front surface area as thc
evaporator I I In this way, the cold stomage device 12 can
have a thin stmcture with a small thickness in an air floaving,
direction in the air conditioner case 21

The cold storage device 12 as a heat exchanger is con-
figured. for example, by fomiin tube-tile members of
alumuium or like mela} with excellent heal conductivity and
stonng and scaling a cold storage agent in thcsc tube-like
members. A multitude of tube-like mcmbcrs arc arrmiged al
predetermined intervals and air passes through clearances
between the nndtitude of these tube-hke members 1'he
configuration of the cold storage device 12 is not limited to
this and the cold store e device may be so confi ured that a
cold storage agent to be coolnl by thc rcfngcrant flowuig
tluough the evaporator 11 is seahxl inside.

A convnitional dci icc is know n which cxecutcs a contml
to increase a conlpressor operation rate iinnaediately atter
the start of the execution of a deceleration lock-up, finishes
an increase of the operation mate of the compressor I upon
the elapse of a predetermined time Tup after the start of the
dixclcralion lock-up dnd reduces the opcrauon mtc of Ihe
compressor I inunedialely after flus end of thc uicrcasc. Tlus
extends a fuel cut lime by nidbling a lock-up re}case vehicle
speed to be reduced from that when the air conditioner is on
to that when the air conditioner is ofi:

In the conventional device„ it is unavoidable that evapo-
rator cooling power becomes insufficient or excessive
bclwixn thc lock-up rccovcry vchiclc speed when thc air
conditioner is Un aml Ihdl when the air conditioner is oif duc
to thc scaling of lhe predetcnnuied umc Tup.

'I'he conventional device focuses on the lock-up release
vehicle speed I'his concept can be possibly extended to a
fuel cut recovery vehicle speed. In the case of the concept
extended to the fuel cut recovery vehicle speed, the evapo-
rator cooling power may become insuflicicnt or, conversely,
bixomc cxccssive bctw orna a fuel cut recovery vcluclc sperM
ar}acrcc when the air conditioner is on and that a 'rcx when Ihe
air conditioner is otf due to the setting of the predetermined
time 1'up
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Here. a case 0 here the evaporator cooling pow cr becomes
insufficient is particularly described with reference to liT(i.
2 Atimin chart oflil(i 2 shows hoiv the vehicle speed, the
coinpressor operation mate, the evaporator temperature and
the like change during the decelemmion fuel cut by models.
Changes in the case of the conventional device are shown by
brokmt linc and those in the case of thc present emboduuent
arc shown by solid linc. Il is assumed thai thc prcdctermincd
time lup is set to be relatively short in the conventional
device It shnuld be noted that a case of a coinpressor of a ln

fixed displacement type (hereinafter, merely referred to as a
fixed displacement type compressor) haviitg two values. i.e.
an ON state and an OFF state by simplifyin the operarion
of lhc compressor 1 is shown ui Ihe second rom ol'IG 2.
In Ihe case of a compressor of a venable displacement type
(hereinafter. merely referred to as a variable displacenlent
type compressor) capable of duty-controlling the conlpres-
sor operation rate. "ON" and "Ol'I"'or the fixed displace-
ment type compressor have only to be replaced ns follov s.
Specifically, "ON" has only to be replaced by n relative m
incrcdsc of thc compressor opcrauon raieand *'OFF" has
only io be replaced by a relative reduction of thc compressor
operation rate.

It should be noted that although the conventional device
is limited to "during the deceleration lock-up". "during the
deceleration fuel cut*'s considered as n concept including
"during the deceleration lock-up" in the present invention.
At flus time, '*duruig thc dccelcralion lock-up" of Ihe con-
t cnuoirdl dei icc can bc replaced by "dunng tlm dccelcration
fuel cut" of the present enibodiment ul

In I'I(i 2, when the deceleration of the vehicle is started
at timing tl frnm a lugh vehicle speed (e.g 100 km/h), the
vehicle speed linearly drops. In this case, in the convenriorial
device. the compressor I ls kept on for the predererrnined
ume Tup Ibom tinung 11 al which Ihe dccclcrauon of the ii
iehicle is started, and tumed ofl aficr thc elapse ol the
predetcrmuu:d time Tup. Thc prcdciernnncd ume Tup speci-
fies a period dunng which the compressor I is on. If tlus
predetermined time I'up is set to be a relative short period
from 11 to t2, the compressor I is turned ofi'at timin t2 at do

ivhich the velucle speed Is not sufficiently decelerated v.ith
respect 10 lite foci cion recovery vchlclc speci V'iciec wlicii
lite dir coiiditioiicr is oii, dl wluclt ilic coiilpicssor I ls
dmualed. Thus, Ihc evaporator tcmperdturc rises (i.e. thc
cooling power of the evapomstor li is reduced) and the efl'ect
of air conditioning in the vehicle interior associated with the
OFF state of the compressnr 1 is deteriomted when the
vehicle speed is decelerated to the fuel cut recovery vehicle
speed Vacrix when thc air conditioner is on.

To deal with such dctenoration of Ihe efliul of mr con- o

dilioning in the vcluclc interior, the fuel cul may bc Iiiushcd
and the cnmpressor I nlay be driven by the engine 4. fiir
example, at timing t3 I lowever, by this metlxid, the fuel cut
is finished before the fuel cut recovery vehicle speed Vrec
ivhen the air conditioner Is nfl's reached, thereby causing a s.
problem ilrdt I'ucl economy caiuiol be improved.

Accordingly, ui thc Iirst embodiment of thc present mven-
uon, thc operation rale of thc compressor I is increased morc
than that befnre the vehicle speed V drops being a hrst
pemiitted vehicle speed Vst higher than the fuel cut recovery ic
vehicle speed Vacrec w hen the air conditioner is on. ar which
the contpressor I is actuated, when the vehicle speed V
drops below the Iirsl pernutlcd vcluclc spccd Vsl duruig the
deceleration fuel cut. In other words, lhc compressor 1 is
forcibly turned on rcgnrdless of thc signal from lhe Ihcnmi si
switch 57 during a predetermined period iminediately before
the fuel cut recoveiy vehicle speed Vacrec when the air

conditioner is on is reached during thc dccelcration of thc
vehicle. (Vhen the vehicle speed drops and teaches the hiel
cut recovery vehicle speed Vacrec when the air conditioner
is on, the compressor I is returned to the 011'tate in a
vehicle speed region up to the hiel cut recovery vehicle
speed Vrec when the air conditioner is ofl'his

is desunbed again with refi:rcncc to FIG. 2. As
described above, a sohd line rcqtrcscnts the case of Ihe
present embodiment

In lii(i. 2. the cnmpressor I is on/ofl'contmlled as during
the nmi-executinn of the hiel cut in a vehicle speed region
from n deceieration fuel cut execution starting vehicle speed
Vfc to the first permitted velficle speed Vst. Specifically. the
compressor 1 is srw itched Ibom the OFF stale lo the ON siatc
since Ihe evaporator lempcralurc drops below a lower luiul
temperature (Tevalo) and the thermo switch 57 is turned otf
at tl l. 'I'his causes the evapnrator temperature to drop from
tli 1)ie compressor is sivitched front the ON state to the
OFF state since the evaporator temperature rises above an
upper limit temperature (Tevahi) and the thermn switch 57
is tumed on at t12. This causes the evaporator icmpcralure
to risc from t12.

I lowever, the vehicle speed V reaches the first permitted
vehicle speed Vst at timin t I 3 in(mediately after t12 Since
the conlpressor 1 is tiircibly turned on (the compressor
operation rate is increased more tlmn that before the vehicle
speed V drops below the first permitted vehicle speed Vst)
iii ii vcliiclc spcixl Icgloii fr oiti Vst 10 Va cree, llic cvapoiitlol
tcmperaturc dmps ut mt interval Ibom t13 to t14 Tlus can
prevent a reduction in the cooling power of the evaporator
11 before timing tl4 at which the vehicle speed V reaches
the fuel cut recnvery vehicle speed Vacrec when the air
conditioner is on. Although the cooing pow er of the evapo-
rator 11 is reduced if only the evapomntor temperature is
controlled based on lhc thermo switch 57, thc deterioration
of lhc cfii:ct of air conditioning in Ihc veluclc inlerior
associated with a reduction ol thc compressor opcmtion raie
can be prevented by forcibly turnmg on the compressor I

Next, hnw to set the first permitted vehicle speed Vst is
described. Fifi. 3 shows a frequency distribution in relation
to vehicle deceleration obtained by compiling data actually
colleclixl tluuugh a market research on how vclucles arc
diuclcraled. Il should bc notcxl that thc vehicle deceleration
is treated as an absolute i slue in thc prcsmit cmboduueni.
'I'hat is, it is assunled that the vehicle deceleration on a
honzontal axis of lil(i. 3 increases as the vehicle is more
rapidly decelerated. Since it is not reahstlc to cover all
vehicle decelerations in an actual market in the present
iiivi iilioii, Ilic vcliicic ilcccb'idlioii tit d po ~ ilioii 10 covet
diuclcralions up lo 80%a (predetcnnined rnte) from a low
sale is scl as an '*assumed nuiximum dccelcral ion" 0 hen Ihe
entire area of the frequency distribution is 100'%n I'I(i 3
Although the predeternlined rate is set at 50% here, there no
limitation to this mate.

Even when the vehicle is decelerated at the assumed
maxinnim decclcration prcdclcmuncd in Ihw way. thc Iirsl
pcrnutlcd vehicle spccd Vst is dctcrminixl by adduig a
rcquircmenl thai Ihc compressor 1 can bc kept on for a
predetermined time tac (e g. abnut several seconds) I iere,
the requirement that the compressnr I can be kept on for the
predetermined time is added for the foflov in reason. Spe-
cifically. a time during which necessary cooling power is
oblauicd is scl al thc predelcrmnu:d tune suice ncccssary
cooling power ol'hc evaporator 11 may not bc obtauied if
the compressor 1 is merely kepi on Ibr a short time.

lii(i 4 shoivs a vehicle speed change when the vehicle is
decelerated at the predetermined assunled maximum decel-
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cidtion Bnd rcBchcs thc foci cut recovery vchlclc spci'.0
Vacrec ivhen the air conditioner is on lirom 111(i 4. the
vehicle speed at a tinting before the predetermined time tac
fmm Ihe fuel cut recovery vehicle speed Vacrec v hen the air
conditioner is on is determined as the first permitted vehicle
speed Vst. In other words. the first permitted vehicle speed
Vst cdn bc calculated by thc lhllowing oxtuation.

Iasi Ia*r *+sssesned mn.nnnn deeeterst en ide

where tac predetermined time (cooling, necessary tinie) In

I lere. the fuel cut recovery vehicle speed Vacrec when the
air conditioner Is on on the nght side of the equation (I) Is
set according to the refrigerant pressure. This is shown in
FIG. 5. Vacrec Is lugher in B region where Ihc relngcrmit
prcssure is relauvcly high than in a region where thc
refrigerant pressure is relatively low 'I'his is tiir the follov-
ing reason Specifically, that the refrigerant pressure Is
relatively high means that the vehicle deceleration is rela-
tively high. If the vehicle deceleration is relatively hi h a
torque shock at the time of a fuel cut recovery is increased Io

by tluit much. Thus, Ihe lock-up relmsc velnclc speed
(nccoidinglv VBcrcc) ncixls to bc hlcrcascd. It shonk! bc
noted that Vacrec is constant at sides where the refrigerant
pressure is high and low due to the ability of the air
compressor 1.

Since Vacrec on the right side of the above equation (I)
is dependent on the refngerant pressure as just described, the
lirst pcrmittcd vchiclc speed Vst is set to bc luster ui thc
region where the rcfrigcrant prcssure is relatively lugh than
in die re ion ivhere the refrigerant pressure is relatively lov 10

accordin to the refogerant pressure as shown in 11CI. 5
'Ihe cooling necessary time tac on the right side of the

above equation (I) is detemiined by the ability of the
compressor 1 on a condition that an outside air temperature
is consnmt. For cxmnple, on the conibnon thai Ihc outside mr Ii
tcmpcraturc Is constnnk It m possible Io make flie cooling
nemcssary tune tac rclativcly short when thc ability of the
compressor I is relatively high and make the cooling nec-
essary rime tac relatively long Ivhen the ability of the
conipressor 1 is relatively low. SO

In the present embodiment. the outside air temperonire Is
Ihought Io bc constnnt. It should bc noted Ilmt Ihc lirst
pcrmittcd vclucle spccd Vst may bc corrected by flie Outside
mr tcmpcrature. For cxamplc, by seuuig the outside mr
tenipemture when a characteristic of I'ifi 5 i ~ applied as a
reference outside air temperature, the first permitted vehicle
speed Vst is corrected to be increased as the ontside air
tempemnture increases from this reference outside air tem-
pcI'dl are.

lhc control of thc compressor 1 dunng Ihe deceleration 0

fuel cut cxixutcd by the contml amplilicr 51 Is dcscrtbext In
detail ivith reference to a floe: chart of I'lti. 6 'I'he flow chart
oft'ICi 6 is executed at regular time intervals (e.g every 10
ms).

In Step Sl, the first permitted vehicle speed Vst Is s.
calmilated by searching a table havui FIG. 5 as contents
based on the refrigerant prcssure detected by the relhgcrmit
prcssure sensor 54. dks shown ui FIG. 5, thc tirst permitted
vehicle speed Vst is a value which is higher in the region
where the refri ennnt prename is rehntively high than in the oo

re ion where the refngerant pressure is relatively lov
according to the refri emnt pressure. This is because Vst Is
also dcpmidcnt on Ihe refngerant pressure since Vst Is
depcndcnt on Vacrim by thc above equation (I) and Vacrec
is dependent on the rclbigcrant prcssure. si

In Step S2, whether or not the decelemntion fuel cut is in
execution is deternimed I'or example, if the accelenntor

pixidl opening Is zcio (Iiccclcidtiir pixhll Is rctonlcd) Bnd fllc
vehicle speed V at that time is alxive the fuel cut execution
starring vehicle speed Vfc, a fuel cut perniission condition issatisfied

an a fuel cut flag I When the fuel cut flag I, the
en ine control module 5 executes the fuel cut. Thus, when
the fuel cut flag=fl, it is detemiined that the deceleration fuel
cut Is not ui cxccution and dn adi ance Is made Io SICTI S12.

In SICTI S12, a ixinndl compressor opcranon rate Is set.
qhat flic fiol'BIBI colnprcssol'pct lfion I,'Itc Is sct BIcails
that the compressor I is oniotTcontrolled based on a sigitat
from the thermo sivitch 57. I'he thermo switch 57 is tiir
maintaining the evaporator tempemnture in the control range
between the upper limit temperature Tevalu and the lower
hnut lmnpcraturc Tcvdlo. The Ihcrmo switch 57 is tumed Ofl
al a Iuning at wluch Ihe evaporator Imnperaturc drops below
the lov er liinit temperanire 'I'evalo and turned on at a timing,
at winch the evaporator tempemture ones above the upper
linut temperature I'evahi. In the contml aniplifier 51, the
electromagnetic clutch 2 is coiuiected to send a signal for
actuatin the compressor 1 to the engine control module 5
when thc thcmio switch 57 Is ons whereby the evaporator
tcmpcrature is returned Io the control range. On Ihc other
hand, the electromagnetic clutch 2 Is disconnected to send a
sigaal for deactivatin the compressor I to the engine
cmitrol module 5 Ivhen the thernio switch 57 is otT, whereby
the evaporator temperature is returned to the control range.

On the other hand, when the fuel cut flag=, it is deter-
mined tlmt thc dccelcrauon fuel cut Is In execution and an
advance Is made to SICTI S3.

Whether or not the conipressor operation rate is being,
increased is determined in Step 53 and whether or not the
compressor operation mte is bein reduced is determined in
Step S4. A compressor operation rate increase flag and a
compressor operation rate reduction flag (both are initialized
at zcm when Ihe enguie is started) arc Introduced, and Ihe
compressor opcrauon rate incrcasc flng=fl and the compres-
sor Operation rate reducuon flag=fl Inuncdiately after It Is
determined that the deceleration fuel cut is in execution
That is, an advance is made to Step S5 since the compressor
operation rate is being neither increased nor reduced.

In Step S5. Ivhether or not the vehicle speed V detected by
d vehicle speed scnsoi (not shown) hds droppixl to 01 below
thc first pcnuittcxt veluclc speed Vst Is dctermuicd. Since thc
vchlclc spev:0 Is dcLcctcd nnd thc first pcruuttix! vehicle
speed is calculated in every control cycle here, "V (last
time)" Is the vehicle speed detected at the last control timing
and "Vst (last time)" is the tirst permitted vehicle speed
calculated at the last control timing. It should be noted that
'W"'s Ihc veluclc spccd dctectcd at thc current control
timing and f Vsf* Is Ihc lirst pcmiittcd vcluclc speed calcu-
lated at thc current conu ol timing. In this cnsc, il'hc vehicle
speed V is not higher tlmn Ihe first perniitted velucle speed
Vst and the last value "V (last time)" of the vehicle speed V
is lar er than the last value pVSL (last time)'* of the tirst
permitted vehicle speed Vst, it is determined that the vehicle
speed has dropped to or below thc lirst permiued vcluclc
speed Bnd an ixlvimce is made to Step S6. Unless otherwise,
it Is dctemiincd that Ihe vchiclc speed has not dropped to or
below the first permitted vehicle speed and an advance is
made to Step S12

In Steps S6, S7. in which velucle speed region the vehicle
speed V lies is detemiined. Iqere, four difl'erent vehicle speed
regions arc dciinmk &I& casv where Vacrcc&V&Vst, &2&

case whcrc Vrec&VBVncrcc. &3& case whcrc VBVrcc and
&4& case where V Vrcc. Herc. '*V" Is thc velucle sperM
detected by the vehicle speed sensor, "Vst*'s the first
pernntted vehicle speed, "Vacrec" Is the fuel cut recovery



US 10,029,539 B2
10

I chicle spimd whmi llm air condiuoner is on mid '*Vrcc" is
the hiel cu( recovery vehicle speed when the air conditinner
is off. 'I'here is a relationship of Vst&Vacrec&Vrec among
these three vehicle speeds.

In the case &I&, i.e when the vehicle speed Vis below the
first permitted vehicle speed Vst. an advance is made fmm
Slap S6 lo Step S9 to incrcasc thc compressor operauon rate
morc tlnin thai bclbre thc vcluclc speed V drops below the
firs( permi(ted vehicle speed Vst. At this time, the cmnpres-
sor opens(ion mate increase flag is set to ] Ilere. that the lo
"compressor operation rate is increased" ineans that an
energization time to the electromaytetic clutch 2 per fixed
time is made longer than that before the vehicle speed V
drops below thc Iirst pcrmiucd vcluclc spimd Vst. Suicc thc
I aria blc displacement type compressor is used ui lhe presmil
embodimen(. the expression that the compressor operation
rate is increased more than that before the vehicle speed V
dmps below the first perniitted vehicle speed Vst is used.
However, the following control is executed in the case of a
fixed dispfiscement type compressor. Specifically. in the case Io
ol ihe lixed displacement type compressor, lhc compressor
1 is Ibrcibly tumed ou when lhe vehicle speed V drops below
the hrst permitted vehicle speed Vst, assuming that the
compressor I is turned off slightly before the vehicle speed
V drops beloiv the first permitted vehicle speed Vst In tlus
ivay, the evaporator tempemsture can be reduced and the
evaporator cooling power can be increased. Step Sg which
is not described yct is dcscnbcd later.

Sure(: lhc compressor operation m(c uicrcasc flag=l (i.ix
compressor openstion mate is being increased) in Step S3 io
fmm the next time, an advance is made to Steps S3, S6 and
)9 (o keep the mcrease of the compressor openstion rate as
ion as in the case &I &. In the case of the fixed displacernent
type compressor. the ON state of the compressor I is kept.
This is lo provide a vchiclc spccd condiuon fiir the Iirst ii
pernnucd i chicle spccd Vsl and scl d penod dunng which
thc ciiinp(cssor 1 ls ki:pl oil (pi:(i(id dili111g which lhc
compressor operatioii rate is increased) as a period of the
vehicle speed region of Vacrec&V&Vst I iere„since the hrst
permitted vehicle speed Vst is set to depend on lhe assumed do

maximum decelemstion Bs in the above equation (lk 80%
(prcdclenmncd rate) of all llm vehicle dccelcrauons ui thc
dctliill nidrlcl Iiri: covi:teil.

However. evmi in the vehicle spec&I rcg(on of
Vacrec&V&Vst, the evaporator temperature may excessively
dmp and the evaporator I I may be frozen if the compressor
operation rate is increased also when the evaporator tem-
perature is not higher than the second lower limit lempem-
turc Tlow. Herc, the second lower lunil (emperaturc Tlow is
scl al a value lower than ihc above lower lunil temperature o

Tevalo. Thus. whmi ihe evaporator iemperature is not lughcr
than the second lower linlit temperature qlow, the cmnpres-
sor operation rate is not increased more than that before the
vehicle speed V dmps below the first permiued vehicle
speed Vst. Thus, in Step S8 before Step S9. the evaporator 11

lempcralurc Teva dc(ected by the temperature sensor 52 and
the second lower lunil tcmperaturc Tlow are compared and
dn advmicc is made to Step S9 if the evdpomlor tcmpcraturc
'I'eva is above the second lower limit teinperature 'I'low An
advance is made fmm Step 88 to Step )12 if the evaporator io
tempemsture Teva is not hi her than the second lower limit
tempemshire Tlow.

If thc veluclc spccd V drops and thc above case &2& is scl,
i.e. ihe I clucle spccd V drops below lhe Varrec. mi advance
is made lo Step S11 via S(CTIS S3, S6 and S7 and the si
compressor operation rate is reduced more than that before
the vehicle speed V drops below the Vacrec At this time, the

compressor opcrauon rale increase flag=0 and thc compres-
sor operation rate reduction fls I 1lere, that "the com-
pressor operation rate is reduced" means that the eneigiza-
tion time to the electronmgnetic clutch 2 per fixed time is
made shorter than that before the velucle speed V drops
below the Vacrec. Since the variable displacement type
compressor is used in lhc prcsmit embodiment, thc cxprcs-
sion llrdt thc compressor opcrauon rale is rcduccd more than
that before the vehicle speed V drops below the first per-
nutted vehicle speed Vst is used. Iloivever, the tiilloiving
cmitrol is executed in the case of a fixed displacement type
compressor. Specificaliy. in the case of the fixed displace-
ment type compressor. the compressor I is switched from
thc ON state lo lhc OFF stale vshcn the vcluclc spec&i V
drops below Vacrec. In llus way. the evaporator lcmperaturc
can be increased and the evaponstor cooling power can be
reduced. Step Slfl which is no( described yet is described
later

From the next time. in Steps S3 and S4, the compressor
operation rate increase flag=0 Bnd the compressor operation
rale rcduc(ion flag=l. i.c. Ihe compressor operation rale is
being rcduccd. Al tlus lime, dn advmicc is made to Steps S3,
84, 87 and SII and the reduction of the compressor open-
tion rate is kept as long as in the above case &2& In the case
of the fixed displacenlent type compressor, the Oiili state of
the compressor I is kept. This is to set B penod durin wlfich
the compressor I is kept off (period during which the
compressor operation rale is reduce&I morc lhan thai bcforc
thc vchiclc spccd V drops below the Vacrcc/ as a pcnod of
the vehicle speed region of Vrec&VBVhcrec.

I lowever even in the period of the velucle speed region of
Vrec&VBVacrec, the evapora(or temperature may rise and
the evaporator cooling power may become insufliclent if the
compressor operation rate is reduced also when the evapo-
rator tcmperaturc is nol lower Ihmi a sixoud upper lunil
tcmpcrature Tiugh. Herc, thc second upper lunil lcmpcra lure
Thigh is scl al a value higher lhmi thc above upper lunil
temperature I evahi. 'ilius, when the evaporator temperature
is not lov er than the second upper limit temperature 'I'high,
the compressor operation rate is not reduced more than that
before the vehicle speed V drops below Vacrec. Thus, in
Step S10 bcfiirc Slap SII, the evaporator tcmpcraturc Tcva
dcliotcd by thc lempcralurc sensor 52 aud thc second upper
lit(lit iCinpC(iiiuli Thigh dic Conipa(C(l dilil Bil BIIVBIICC IS

made to Step Sll if the evaporator tempensture Teva is
below the second upper limit tenlperature 'I'high An
advance is made from Step S10 to Step S12 if the evapomstor
temperature Teva is not lower than the second upper limit
tcmpcrature Thigh.

If the velucle spccd V drops and ihc above case &3»s sei,
i.c. (hc vclucle spccd V Ilrops below thc Vncrec, an advance
is made to Step S12 via Steps S3. S4 and S7 liurther, in the
above case -.4-, i e if the vehicle speed V is above Vst. an
advance is made to Step S12 via Steps S3„S4 Bnd S5. In Step
S12. the normal compressor operation rate is set. i.e.. the
compressor I is on/olT controlled base&i ou a signai from thc
thcnno switch 57. Al llus iimc. the compressor operation
rale reduction flag is scl lo 0.

I Iue to the compressor operation mate reductiioa flag 0 in
Step SIT, mi advance is made to Steps 83, S4, 85 and S12
from the next time and the compressor I is on/off controlled
based on a signal from the thermo switch 57.

Herc. func(iona and clTects of(bc prcscnt mubodimenl are
described.

Thc prcscn( mnbodnnenl is provided with thc rclbigerd-
tion cycle I( includin the compressor I for sucking, com-
pressmg and dischar in the refngerant, the condenser 7 tiir
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condensing the lugh-tempcraturc and high-pressure refng-
erant discharged from the compressor 1. the expansion valve
10 for dccomprcssing thc rclbigeram condmlscd ul the
condenser 7 and thc evaporator 11 for evaporating the
refrigerant through heat exchange between the refrigerant
reduced in pressure by the expansion valve 10 and the
surrounding air. and the engine control module 5 (vehicle
deceleration fuel cut execution means) for execurin rhe fuel
cut during the deceleration of the vehicle. %Vien the vehicle
spccd V drops below thc first pcrmiucd vclnclc spcvd Vsl lii

lnghcr than llu: fiml cut rccovcry vehicle speed Vacrcc )shen
the air conditioner is on, at which the compressor I is
actuated. during the deceleration of the vehicle, the conl-
pressor operation mote is increased more than that before the
vehicle speed drops be)os the first permitted vehicle speed
Vst (see Steps S2. S3. S4. S5. S6 and S9 and Steps S2, S3,
S6;md S9 ol'ICi. 6). H'hc compressor operation rate can
be ulcrcascd morc than tlrdt before the vclucle speed drops
below the first permitted vehicle speed before the fuel cut
recovery vehicle speed Vacrec when the air conditioner is on 10

is reached. a reduction in the cooling power of rhe evapo-
rator 11 before the hie) cut recovery vehicle speed Vacrec
lvhen the air conditioner is on is reached can be suppressed.
How cvcr, the vehicle dccelcration Is normally nol constant,
but rather I aries. Thus, dcpcndulg on thc veluclc decelera-
tion, the fuel cut recovery vehicle speed Vacrec when the air
conditioner is on may be reached while a tiine for increasing
the cooling poller of the evaporator remains insuificient On
the other hand. since the first permitted vehicle speed Vst
hi her than the fuel cut recovery vehicle speed Vacrec v.ben so

thc air conditioner is ou is scl according lo lhc present
cmbodimcnt, il is possible to gain a lime required lo eiwure
the evaporator cooling power in the vehicle speed region
fmm Vst to 'v'scree 1his enables sufficient evaporator cool-
ing pov er to be ensured even if the vehicle deceleration ls
difi'ers in the actual market.

Since the hrst permitted vehicle speed Vst is a value set
based on the fuel cut rccovcry vehmle spcxd Vacrec when
lhe mr conditioner is on aud thc coolulg necessary lime lac
(tinle required to ensure the evaporator cooling power) and do

the predetermined assumed maximum deceleration (see the
aim e equation (I)) accordulg to the present embodiment,
80% (predetermined rate) of all the decelerations in the
actual market can be covered by the assumed maximum
IICC I:ICI d I I 011.

Second Embodiment

Thc flist cnlboihnlcnl Is ldrgclcil tu lhi: case whclc lhc
lehicle is deccleratixl only by relcasmg lhc accelerator o

pnla), i.e. Ihc vcluclc deceleration is rclauvcly lar e. The
vehicle is decelemsted not imly be releasing the accelenstor
pedal, but also by releasing the accelerator pedal and
depressing a bmke pedal in some cases. Here. a switch fmm
the accelerator pedal to the bmske pedal is hereinafier merely 11

rcfcrred lo as "pcdul swilchulg** below. A case where thc
I chicle Is dccclcra lcd only by releasing thc accelerator pedal
dnd a case where the vcluclc is diwcleratcd by pedal switch-
ing are different scenes. Accordingly. in the second embodi-
ment, a second permitted vehicle speed Vstotf which is a ro
permitted vehicle speed at the time of pedal sw:itching is
introduced in addition to the above first permitted vehicle
speed Vsl, considcnug a difii:rcncc belwcml thc scenes.
Spcvtfica)ly, the second pcrnuttcd velucle speed Vslofi's
detcrmuled by addulg a rcquiremcnt that lhc compressor I ss
cml be kept on for a predetermined time tac (e.g about
several seconds) even if the vehicle is decelerated at an

assumed maximum dccclcra non ulcludulg a pedal su itclung
time. Ilere, the assunled maximum decelenstion including,
the above pedal slvitchina time is referred to as a "second
assluned maxinnim deceleration" below In other words. the
second permitted velucle speed Vstofi'can be calculated by
the following equation with reference to the above equation
(I)

where tac: cooling necessmy time
Here. the second assunled maximum decelemstion on the

right side of the equation (2) is set similarly to the assumed
maxinnim decclerauon Ol'he lirst cmboduncnt.

FICi 7 shows a lbequency distribuuou ul relation to
vehicle decelenstion obtained by conlpiling data actually
collected thmugh a market research on how vehicles are
decelensted by pedal switching Also in the second embodi-
ment, the vehicle deceleration is treated as an absolute value.
That is. the vehicle deceleration on a horizontal axis of FICi.
7 ulcrcascs as the vcluclc Is morc rapidly decelerated). Since
il is nol realistic lo cover all veluclc dccclcralions ulcludulg
the pedal slvitching time in an actual market. a deceleration
at a position to cover decelerations up to 80% (predeter-
nuned rate) fmm a low side is set as a "second assumed
maximum deceleration" when the entire area of the Ihe-

quency distribution is 100% in FIC). 7. The second assumed
nuixlnulnl ilccclcldllon Is d vdluc sun)lier lian lhc dsslunix!
maxinnim dccelcrauon Ol'he lirst cmboduncnt. Although
the predetermined rate is set at 80'%ere. there is no
ilia)tat)oil to tins I'atc.

Since Vacrec on the right side of the above equation (2)
is dependent on the refrigerant pressure as described above
v ith reference to FIG, 5, the second permitted vehicle speed
Vstolf is also sel according lo lhc rclbigerant prcssure as
shovvu by bmken linc in ml os crlapping manner ul FIG. 5.
Spccilically, the second permitted vcluclc speed Vstolf Is scl
to be higher in a region where the refrigemsnt pressure is
relatively high than in a region v here the refrigerant pres-
sure is relatively loll. The second permitted vehicle speed
Vstoff is lolver than the above second permitted vehicle
speed Vsl duc lo thc aced lbr the pedal switching time and
a time until thc second assumed maxnuum dccelcralion is
reached aficr thc dcprcssion of the brake pedal is stencil

l)unctions of the second embodiment in the case of using,
the second permitted vehicle speed Vstoff are described lvith
reference to FIG. 8. A timing chart of FICi. 8 shou s how the
vehicle speed. the compressor operation rate. the evapomstor
tcmpcrature and lhc like clmngc during lhc dccclcrauon I'ucl

cul by models. Changes ul the case of thc lirsl cmboduuenl
drc show 0 bv bn)kcn linc dnil 1 hose ln 1 hi: cd sc of lhc second
embodinlent are shown by solid hne Also m the second
embodinlent, a case of a fixed displacement type compressor
is mainly shown in the second row of FICi. 8. In the case of
a variable displacement type compressor, "ON" has only to
bc rcplaccd by a relative incrcasc of the compressor opcm-
tion rale and "OFF" has only to bc rcplaccd by a rclauvc
reduction of lhc compressor opcrauou rale.

As shown in the uppermost row of l)lfi 8, the first
embodiment is not applied lvhen the velucle is decelerated
in a vehicle speed region below the first permitted vehicle
speed Vst. This is because an advance is made not to Step
S6, bul to Step S12 since thc I chicle spccd V w below lhe
firsl pcfullllcii vchlclc spccil Vsl cvca lf ll ls ilclcnnlncil In
Step S2 ol'IG. 6 that thc decclcratiou fuel cul Is in
execution and an advance is nlade to Step 85 'I'hus, in the
first embodiment. only the compressor I is on/off controlled
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based on a signal 1)om thc thermo switch 52 as shown by
bmken line ul the second row of )&it) 8 lf the vehicle &s

decelerated ul the vehicle speed region bein&v Vst. the fuel
cut is hnished at t3 before the h&el cut recovery vehicle speed
Vrec when the air condit&oner is ofl'is reached.

On the other hand, &n the second embodiment. the com-
pressor opcrauou rate &s incrcascd morc than thai before
pcxla) switching &I' vclucle speed at a pedal sw&tching
timing (Vfc) is higher than the second peunitted vehicle
speed Vstofi'hen the vehicle is decelenlted by pedal io

switching from the accelenltor pedal to the bulks pedal
during the travel of the vehicle in a vehicle speed region
below the tirst permitted vehicle speed Vst and not below
second pcmuucd vch&cle spiwd Vsiofl; In other words. thc
compressor I &s lire&bly tumed on at timing t21 at w luch thc
vehicle is decelerated by pedal switching in the vehicle
speed region of Vst)VCVstoff In this case, a tinting at
which the ON state of the compressor I is forcibly tin&shed
is as in the hrst embodiment, i.e. timing 123 at which the
vehicle speed V reaches the fuel cut recovery vehicle speed lo
Vacrcc when Ihc a&r condil&oner &s on. When Ihc vehicle
speed drops and reaches the fuel cut rccovcry veluclc speed
Vacrec v hen the air conditioner is on, the compressor I &s

returned to the OI&l& state as in the first embodiment in a
vehicle speed reg&on up to the fuel cut recovery vehicle
speed Vrec &vien the air conditioner is ofl:

As just described. &n the second embodiment. the com-
pressor 1 is forcibly turned on also when the vehicle &s

dimclcrdicd by pedal sw&tching in ihe veluclc spccxl re ion
belo&v Vsr 'I'hus, the evaporator temperature drops fmm t21, lo
wheretilre a fuel cut state can be maintained up to Vrec

A tlow chart of l&lti 9 &s for controlling the compressor
1 during the deceleration fuel cut of the second embodiment
and executed at regular time intervals (e.. every IO ms).
Thc same parts as &n FIC) 6 of thc lirst embodmlcnt are li
denoted by thc same Stop munbers.

FIG. 9 difli:rs from FIG. 6 of thc lira& mnbodimcnt ul Steps
S21 and S22 Parts different from the first embodiment are
nlainly described below.

In Step S21. the hrst pemlitted velficle speed Vst and the do

second permitted vehicle speed Vstoff are calculated by
searching a table hav&ng FICi 5 as contents bused on thc
refrigerant prcssure dctectcd by ihc refrigerant prcssure
smlsor 54. As show n &n FIG. 5, thc second permit& rxl veluclc
speed Vsrofl'is a value lower tlmn the first permitted vehicle
speed Vst I'urrher, similar to the first permitted vehicle
speed Vst. the second permitted vehicle speed Vstoff is also
a value which is higher in the region where the refrigerant
pressure is relet&rely h&gh thml ul thc region where the
relrigcrani pressure &s relet&vcly low according Io the rcfug- o

crau& prcssure. Th&s w because Vstofl's also dcpcndmlt on
the refri erant pressure since Vstoff is determined in depen-
dence on Vacrec by the above equation (2) and Vacrec &s

dependent on the refrigerant pressure.
In Step S2„v,hether or not the deceleration fuel cnr is in ss

cxecunon is dctenn&ncd Unless the dccclcraiion I'ucl cut is
in execution, an advm&cc &s made to Step S22 to deicnninc
whether or noi Ihc vch&cle spiwd V &s in Ihe veluclc speed
region below the hrst permitted vehicle speed Vst and not
belo&v the second pern&itted vehicle speed Vstoff and pedal io
s&vitching has been performed. Here, it is detemlined tlmt
pedal s&vitching has been performed when the accelerator
pcxla) is released (accelerator OFF) lrom d state where the
accelerator pedal &s dcprcsscd (accelerator ON). Ol'course,
ii may be deicnn&ncd that pedal switching lws been pcr- si
formed v hen a transition has been made from the state
where the accelerator pedal &s depressed to the state where

thc &iccclcldlo& pixldl &s n'8:dscd and thc ih:press&on of Ihc
brake pedal is detected. An advance is n&ade to Step S12
unless the vehicle speed V is &n the vehicle speed region
below the first permitted vehicle speed Vst and not beklw the
second permitted vehicle speed Vstofl'nd pedal switchin
has been performed. and the compressor 1 is onloff con-
trolled based on a signal liom tlu: thcnno switch 57.

Ou the other l&and. an ad&ance &s made io Step S6 and
subsequent Steps if the vehicle speed V is in the vehicle
speed region belov, the first peunitted veh&cle speed Vst and
not below the second pernlitted vehicle speed VstoIT and
pedal switclun has been perfomled in Step S22. In the first
embodiment. an advance is made to Step S6 and subsequent
Steps when the dcienmnauon of Step S5 &s Ycs Ou thc other
hand, in the second embodiment. an advance io Step S6 and
subsequent Steps is made also &vhen the detern&ination of
Step S22 is Yes. That is. a chance of proceeding to Step 86
and subsequent Steps is increased more than in the first
embodiment. Here, as slnlwn in the uppermost row of FICI.

8. a case where the detemlination of Step SZZ is Yes is a case
w herc thc v clue lc is dcccl era&cd by pedal sw& &clung at tunulg
t21 when the vclucle travels &n thc veh&clc spiwd reg&on
below Vst and not bein&v Vstofi'by depressing the accelem-
tor pedal.

If the vehicle speed V is above Vacrec in )tep S6. an
advance is made to Step S9 and the compressor operation
rate &s increased more than that before pedal switchin . At
th&s time, Ihe compressor operation rate increase flag &s sel
to 1. Since the vandblc d&splacemcnt t)pe compressor is
used also in the second embodiment. the expression that the
compressor operation rate is increased more than that before
pedal sv itching is used. Ilowever. the following control is
executed in the case of a fixed displacement type compres-
sor Specifically. in the case of the fixed displacement type
compressor, thc compressor 1 &s fi&rc&bly turned on when
pixlal switcl&ng &s perl'onncd, assuming that thc compressor
1 &s tumed olT slightly before pcxlal sw&ich&ng. In tlus way,
the evaporator temperature can be reduced and the evapo-
mltor cooling pov,er can be increased

Since the compressor operation rate Increase flag= (i.e.
compressor operation rate is bein increased) in Step S3
from ihc next t&mc, ml advance is made to Steps S3. S6 and
S9 Io kccp Ihc increase ol Ihc compressor opera&&on rule. In
thc case ol'hc lixed displacement type compressor, the ON
state of the compressor I is kept This is to set a period
dunng which the compressor I &s forcibly kept on (period
dunng which the compressor opemtion rate is Increased)
y hen pedal sv,itching is performed in the velficle speed
region below Vst and noi below Vstofl's a pcnod ol'

vchiclc spcixl region from thc veh&clc spccd at wluch pedal
swilclung &s pcrlormcd to Vdcrec.

It should be noted that an advance &s made to Step S22
also v hen the compressor openlr&on rate is neither increased
or reduced and the vehicle speed V has not dropped to or
below the first permitted vehicle speed Vst in Steps S3, S4
and S5 when Ihc dicclcraiion fuel cut &s &n cxccution.

As lust described, according Io thc second cmbodnucnk
thc conlprcssol opclai&on rdtc Is hlcrcascd nlorc lhiin Ihdl
before pedal sv,itching if the vehicle speed V at the pedal
switclnng tiining is higher than the second permitted vehicle
speed Vstoffi which is a vehicle speed lower than the first
penn&tted vehicle speed Vst and hi her than the fuel cut
recovery vchiclc specxl Vacrix when the a&r conditioner &s

ou, when thc vehicle is decelerated by pox)al sw&tclung from
the accclcraior pedal Io Ihc brake pcxlal during Ilm travel of
the vehicle at the vehicle speed lower than the first permitted
vehicle speed Vst (see Steps S2, S22, S6 and )9, )teps S2,
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S3, S6 and S9 of FICi. 9). In dus way, thc compressor
operation rate can be increased and a chance of ensurin the
cviipordlor coiihng power cdn bc hlcrcascd also when lhc
&chicle &s dccelcralcd by pedal sw&&clung al thc vehicle
speed loiver than the first permitted vehicle speed Vst.

According to the second en&bodimeot, the second perniit-
ted vehicle speed VgstO'is a value set based on the fuel cut
recovery vehicle speed xdacrec when the air conditioner &s

on, the cooling necessary time tac (time required to ensure
Ihe evaporator coohng power) and thc second assumed ui

n&dxanun& dccch:I'dt&on, which ls a valiic snlalicr thai& thc
assumed niax&mum deceleration (see the above equation
(2)) 'linis. it is possible to cover 80% (predetermined rate)
of all the deceiemstions in the actual market when the vehicle
is deceiemsted by pedal switclfing, I

1 bird limbo diment

A timing chart of FICi. 10 shows how the evaporator
ten&pemsture. the thermo switch (themto SW) 57. the corn- zo

prcssor operation rate and the like change mamly dunng a
nomial operation &n a Qurd embodiment by models. Changes
in the case of the first embodiment are shown by broken line
and those in the case of the th&rd embodiment are shown by
solid line.

As shown in FICi. 10. the thermo switch 57 is tumedofl't
each of timings t31. t33 at which the evaporator tempem-

lurc drops below thc lower lun&t tcmpcralure Tcvalo, and
turned on at each of tun&ngs T32, T38 at winch the evapo-
rator temperature rises above the lower limit temperature &o

'I'evahi As described above, the control amplifier 51 returns
the evaporator temperature to the control range by connect-
in the electromagnetic clutch 2 and sending a signal for
actuating the compressor 1 to the engine control module 5
when the thermo sw&lch 57 w on. On Ihc other hmid, when &s

thc thcnno switch 57 &s olf, the evaporator lcmpcralurc &s

returned lo the control range by disco&u&ecting lhc clcctro-
niagnetic clutch 2 and sending a signal for deactivating the
compressor I to the engine contml module 5

The third embodunent is also described. taki&18 a fixed do

displacement type compressor as an example. It is assumed
that a conunand to forcibly turn on lhe compressor 1 (tlus
conunand is hcrcinaflcr rcfcrrcx} lo as a "lbrccd DN com-
mand'*) is pcrmiucd al tun&ng t34 aller t33 al wluch thc
thermo switch 57 is turned off The evaporator temperature
that has risen tin&s far is thought to turn to dn&p and drop
below the lower limit tempemsture Tevalo again by pemtit-
ting this fi&reed ON command. The forced ON conmtand
mc;ms lo forcibly sel thc compressor 11 in lhc ON state for
a lixed period (compressor opcral&on rale is rclanvcly o

incrcdscd more than bcl'orc for lhe tixcd penod) witlx&ut
based on a s&goal from the thermo sivitch 57.

Next. if it is assumed that the forced ON conunand &s

permitted at t37. the evapomstor tempemsture is thou/it to
lar ely drop below the lower limit temperature Tevolo in &1

rcsponsc lo thc second I'orccd ON conunand (sec broken linc
in the uppcmiost rom of FIG. 10).

Here. Ss shown u& the third row ol FIG. 10, lhc force ON
command is prohibited for a period until a delay time elapses
after tinting t33 at wh&ch the thermo switch 57 is turned otT. Io
This is because the evapomstor temperature is thou ht to
largely drop from the low er limit temperature Tevolo only in
response lo the lirst forced ON command &f the lira& lbrccd
ON conunm&d &s pcrmiucd followuig t&nnng &33 al which the
thcnno sw&tch 57 &s tun&cd ofl; On thc other hand, &f the ss
delay time that elapses fron& timing t33 is provided, the
evaporator temperature is supposed to turn to rise and rise
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above lhc lower linn& Icmpcrdture Tcvalo duwng tlus delay
time. If the forced ON con&mand &s permitted after the
evaporator teinperature turns lo rise (i e. after the delay
time), the evaporator temperature does not largely drop
below the lower limit ten&pemsture Tevalo. As just described,
if only the hrst forced ON command is permitted, the
evaporator is thought lo be nol frozen evan»f the evaporator
tcmpcrature drops below thc lower hm&t temperature Tevalo.
I lowever, if the second and subsequent fi&reed ON com-
mands are also permitted folloivin the first forced ON
cmnniand, it is thought that the evaporator ten&perature
largely drops belolv the lower limit temperature Tevalo and
the evaporator 11 is frozen.

II'hc evaporator 11 experiences an excess&vc tempera turc
drop below the lower linn& temperature Tevalo, lhe thcnno
switch 57 is kept ofl'ntil the evaporator temperature rises
and the thermo switch 57 is turned on after being turned otf
at t33. 'I'hus, the thermo switch 57 cannot detect a reduction
of the evaporator temperature caused by the first forced ON
conunand from t34 to &35„}et alone a reduction of the
evaporator tcmperaturc caus&xi by the second forced ON
conunand from t37 lo &38.

Accordingly, in the third embodiment. the second and
subsequent forced ON commands (increase of the compres-
sor operation rate) are pmhibiled until the thermo switch 57
is switched from off to on after the first forced ON conunand
is permitted (after the compressor operation rate is
ulcrcdscd).

This is spec&lically described with rcfcrencc to FIG. 10. In
the third einbodiment. as shown m the lowermost mw of
}&i(i. 10, a compressor low-temperature side assurance flag,
is newly intmduced. }lie compressor low-tempemsture side
assurmce flag is s&vitched from zero to I at tun&n t32 at
v hich the thermo s&vitch 57 is switched fmm ofl'o on. The
fi&reed ON conunimd is penn&u &xi only when the compressor
low-tcmperaturc s&dc assurance flag=l. Convcrscly. Ihc
fi&reed ON conunand is prolubitcd when thc compressor
low-temperature side assurance tlag 0

An end of a period during ivhich the compressor loiv-
temperature side assurance fla =I is set at a timing after t35,
e . t36 so that the first fi&reed ON conunand after t34 is
pcrnutlcd. but thc sixond forced ON commm&d l}om t37 to
t38 &s prolubitcd. By introducu&g thc compressor low-lcm-
pcranirc s&dc assurance flag thai &s sel lo I at a l&ming al
v hich the thermo switch 57 is sw&tched front off to on (t32)
in this way, the second and subsequent forced ON com-
mands can be prohibited until the thermo switch 57 is
switched from off to on after the first forced ON command
is pcnniltcd.

A flow chart ol'IGS. 11A and 11B &s for controlling Ihc
compressor 1 duruig Ihc deca}orat&on fuel cut ol'he third
embodin&ent and executed at regular time intervals (e 8,

every 10 ms) I'he same parts as in I'l(i 9 of the second
embodiment are denoted by the some Step numbers. It
should be noted that a}thou/St the period dunng the decel-
crauon fuel cul is nol neccssdnly targeted ui FIG. 10, thc
concept dcscnbcd with rcfcrencc lo FIG. 10 &s apphed to thc
pcnod dumog Ihc dccclcral&on fuel cul

l&l(iS. IIA and ill} ditfer from I&l(i. 9 of the second
embodiment in Steps 831 to S37 Paris ditferent from the
second embodiment are mainly described below

In Step S31 of FIG. 11A, it is determined whether or not
the prcscnt nming &s a &mung at wluch thc thermo sw &lch 57
is sw &tchcd l}om ofl lo on. An advance &s made to Step S32
at Ihc liming at which Ihe Ihenno sw &&eh 57 &s sw&tchcxi from
of}'o on, and the compressor low-tempemoture side assur-
ance flag (initialized at zem ivhen the engine is started) is set
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Io 1. SICT& S32 n sk&ppcx) &I'hc present tmung &s &x&1 thc
tinting at which the them&o switch 57 is sivitched from otf
to on. 'I'he value of this compressor low-temperature side
assurance fla is stored &n a memory

An advance is made to Steps S3, S4 and S5 during the
deceleration hie) cut and an advance is made to Step S33 if
thc i chicle spccd V drops across thc first pemiitted vehicle
speed Vs& u& Step S5. Altcmat&vely, an advmice &s made from
Step S2 to S22 unless the deceleration fuel cut is in execu-
tion. and an advance is n&ade to )tep 833 ifthe vC&icle speed &a

V is in the vehicle speed region below the first perntitted
vehicle speed Vst and not below the second permitted
vehicle speed Vstoff and pedal switching has been per-
fornuxf.

In Step S33, thc compressor low-tcmperaturc s&dc assur-
ance fla is checked If the compressor low-temperature side
assurance flag I, an advance &s made to Step S34 to start a
tinier (timer value t 0) and, then. to )tep S6 of l&I(i ill).
This timer is for measuring an elapsed time fbom the timing
at winch the thermo sw&tch 57 is switched fbom off to on. &c

If the vclucle speed V is above 0&e fuel cut recovery
&chicle specxi Vacrcc &n SIC7& S6 of FIG. IIB. mi advance &s

niade to Step S36 to con&pare the timer value t and a forced
ON con&mand permiss&on time I lere. the fi&reed ON cont-
niand permission time &s set in advance„considering the
deLay time and an execution time of the first forced ON
coniniand. For example. a period of several seconds (e g.
aboill 5 six'Ouds) &s sct as I)le forceil ON coun&la&ld pcr&11&s-

sion nme. Inuncd&ately after thc orner &s startcsi, an advance
is niade to Step )9 since the timer value t is below the forced ic
ON coniniand permiss&on time. If the determination of Step
)5 is Yes and an advance &s made to )tep S9. the compressor
operation mate is increased more than that before the vehicle
speed drops below the first permitted vel»cle speed Vst. On
thc other hand, &f thc dctcrminanon of Step S22 &s Yes and &s

an advance &s made Io SIC7& S9, tile coulprcsso& i&pc&ation

rulc is increased more Ihan that bclorc pedal sw&tclun . AI
this rime, the compressor operation rate increase flag is set
to l.

Since the variable d&splacement type compressor is used sc
also in the third embodiment. the expression that the com-
pressor operation rate &s &ncrcascd more tlran that belbre thc
i chicle spccd drops below the first pcnnitted vehicle speed
Vst or before pedal sw&tching is usc&1 Howcvcr, the follow-
ing control is executed in the case of a fixed displacement
type compressor Spec&fically. in the case of the fixed d&s-

placement type compressor, the compressor I is fore&bly
turned on when the vehicle speed V drops below: the first
pernnticd &chicle speed Vst, assumuig &hat Ihe compressor
1 is turned oil'slightly bcforc the vchiclc speed drops below e

thc lira& pcmuucd vclucle spccd Vst. Alternauvcly. the
compressor I is forcibly turned on when pedal switching &s

performed, assuming that the compressor I is turned ofT

slightly before pedal switching. In this way. the evaporator
temperature can be reduced and the evaporator cooling i.
power cm& bc u&crcascd.

Su&co the compressor operation rale uter&wise flag=i &n

Step S9. an advance &s madefrom S&C7& S3 ol FIG. 11A to
)&ep S35 next t&me. Since the compressor low-temperature
side assurance flag I &n Step )35, an advance is made to ic
Steps S6 and S36 of FIG. IIB to compare the timer value t
and the forced ON conunand permission time. An advance
is made to Step S9 to kccp thc uicrease ol'he compressor
operation rate wh&lc thc tuner value I is below the forced ON
con&alii&id pc&ness&ou tul&c. I&1 illc crise of&lac fixcd ihsplacc- ss
nient type conipressor, the ON state of the compressor I &s

kep&

II'hc timer value I &s not below the forcixl ON conunand
permiss&on time in Step 836 of I&I(i. IH3, an advance is
made to Step S37 to set the compressor low-tempemature
side assurance flag to 0 and &hen to Step 812 to set the
normal compressor operation rate

An advance is made to Step S33 if the determination of
Step S5 or S22 becomes Ycs agaui dunng thc same dcccl-
era1&ou fuel cut thcrcafter. Howcvcr, s&nce Ihe compressor
low-temperature side assurance flag 0, an advance is not
made to Step S34 'I'here is thought to be no chance of
making determination Yes twice at shifted t&n&ings in Step )5
or Step SZZ during the first deceleration h&el cut. However,
if erroneous determination is included, the detemiination
Ycs may bc made twice at sluflcd tun&ngs. Even &f thc
second dc&emu»ation Ycs &s made in Step S5 or S22 dunng
the hrst deceleration fuel cut, the second increase of the
compressor operation rate (ti&reed ON command) is prohib-
ited

On the other hand, if the vehicle speed reaches Vacrec
dunng the deceleration fuel cut, an advance is made to Steps
S2, S3 and S4 ol'FIG. 11A mid Step S7 of FIG. 11B. If Ihe
vchiclc spccd &s above Ihe fuel cut rccovcry vchiclc sperM
Vrec when the air condi&inner is off in Step 87, an advance
is made to Step S38 to determine whether or not the thermo
sv itch 57 is otT.As shown in lil(i 10. in the case of the fixed
displacement type compressor, the compressor I is tumed
off when the thermo switch 57 is ofl'nd turned on when the
thcnno switch 57 is on as a gem:ral nile. According to tlus
gcncral rule, the Ihcmio sw&tch 57 &s supposed to bc olT in
the case of the fixed displacement type compressor since the
compressor I is tun&ed otT in Step Sl I Since a case where
the thermo sivitch 57 is on in Step 838 is theoretically
conceivable. Step S38 is added Since the general rule is
followed if the thermo s&vitch 57 is off &n Step S38, an
advance &s nuidc to Siep SII Io rcducc the compressor
opcranon rate morc than that bcforc thc veh&cle sperM V

drops and reaches Vrcc. In Ibc case of Ilm lixed displacement
type conipressor, the compressor I is turned off.

On tile other hand. it the conlpressor operation rate is
reduced more than that before the veh&cle speed drops and
reaches Vrec also &vien the thermo switch 57 &s nn in Step
S38, thc evaporator temperature nscs. To avo&d dus, an
advance &s made Io SICT& S12.

Thc Ihcmio switch 57 is kept olT unul the evaporator
temperature rises to or alx&ve the upper linnt tempemature
'I'evahi thereafier once the evaporator ten&perature drops to
or below the lovver limit temperature Tevalo and the thermo
switch 57 is tumed ofifi Tlute, the evaporator temperature
may cxccss&vcly drop below the lower 1&m&1 Icmpcrature
Tcvalo and thc evaporator 11 may be I'rozm& il'hc lbrccd ON
conunand is repeatedly permitted &n thc suite whcrc Ihe
thernio switch 57 is otT during the deceleration of the
vehicle On the other hand. according to the third embodi-
ment, the thermo s&vitch 57 is provided which is turned on
when the evaporator teniperature rises and reaches the upper
1&nut Imnpcra lure Tcvalu and Iurncxi off'when thc evaporator
tcmperaturc drops and reaches thc lower lun&t tcmperaturc
Tevalo. Snd thc second;md subsc&)ucnt forces) ON com-
mands (mcrease of the compressor operation rate) are pro-
hibited until the them&o s&vitch 57 is sivitched from off to on
after the first forced ON conunand (afier the compressor
operation rate is increased) (see Steps S31. S32, SZ. S3, S4,
S5, S22, S33 mid S34 of FIG. 11A, Steps S6, S36 and S9 of
FIG. 11B, Steps S2, S3 and S35 of FIG. 11A, Steps S6, S36,
S9 of FIG. 11B, S&cps S2, S3 and S35 ol'FI(i 11A, Steps S6,
836, 837 and Sl 2 of Ii)(i 11)3. S&eps S2. S3. S4, )5, 822 and
833 of FI(i IIA, Step S12 of I'l(i. Ill)). 'I'hus, the evapo-
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ralor Iempcraturc docs not largely drop below dte lower linul
tenlpemture 'I'evalo and the freezing of the evaporator 11 can
be avoided.

In the first embodiment, the second kiwer limit tempera-
ture Tlovv for preventing the freezing of the evaporator in
Step Sg of FIO. 6 and the second upper limit temperature
Thigh for prcvmiting thc dctcnoration of air condinoning
performance in Step Sg (Tlow, Tlugh dre both tlucslxild
values) are pmvided, and a control is executed so that the
evaporator temperature does not change beyond each thresh- I o

old value This is preniised on the vehicle including the
temperature sensor 52 for detectin the evaporator tempem-
nlre. but the present invention is applicable also to vehicles
in winch a Icmperaturc control is cxcculed by a Ihcmtoslal.

In the present cmbodunculs, Ihe case where Ihc fuel cul
recovery timing is the fuel cut recovery vehicle speed is
described 'lliis is because whether or not an engine stall
occurs can be determined based on the vehicle speed.
Another parameter may be used provided that it is a param-
eter capable of determirung v hether or not an engine stall zc

occurs. For example. thc fuel cul recovery tmung may be a
Iucl ciu u:covcry rotation speci.

1 he present invention is not limited to the embodinleilts
described above

1'he present application chsims a priority of .Iapanese
Patent Application No. 2012-142720 filed with the .Iapan
Patent Ofiice on Jun. 26i, 2012. all the contents of which are
hcrcby incorporated by reference.

'Ihe invention claimed is: Ill

I An air conditioning device for a vehicle, comprising
a refrigeration cycle including a compressor configured to

suck, compress and discharge refrigerant. a condenser
configured to condense the refrigemsnt dischar ed from
die compressor, mi cxpmtsion valve coniigured lo Is
dixompress the rcfngcranl condensed in Ihe condenser
dnd an evaporator coniigurcd to cvdpomlc lhc rcfng-
erant thmugh heat exclmnge between the refrigerant
reduced in pressure by the expansion valve and sur-
roundin air: do

a fuel cut execution unit configured to execute a fuel cut
duruig dccelcratiou ol Ihe vcluclc so as lo cut supply of
fuel Io an engine of Ihc vcluclc wlnle Ihc vchmlc is
uxii tiig; rind

a control unit configured to increase, when a vehicle speed
dmps below a first permitted vehicle speed during the
deceleration of the vehicle. an operation rate of the
contpressor for a predeteunined period so as to become
morc than thc opcranon rate of Ihe compressor before
the iehicle speed drops below thc Iirsl permitted o

I chicle specxI, thc first pcrmiucd vclucle speci being
higher than a fiiel cut recovery vehicle speed when an
air conditioner is on, the compressor being actuated
when the vehicle speed drops below the fuel cut
recovery vehicle speed and the air conditioner is on, the 11

prcdclorulincxl pcllod colrcspoudutg lo a pcilod
betwcmn a Iirst time when thc vclucle spccxl drops
below lhc Iirst pcrmiucd vehicle speed and a second
rime immediately before the vehicle speed dnips belov
Ihe fuel cut recovery vehicle speed sc

2. The air conditioning device for a vehicle according to
clailn I, wherein

ihe Iirsl permitted vcluclc sperM is a value scl based on the
fuel cut recovery vehicle speed when lhc air cond&-

uoner is on, a tlurd umc required io ensure cooling ss
poiver of the evaponstor and a predeterinined assumed
maxinlunt deceleration

3 Thc air condiuorung dei icc Ibr a veluclc accordut to
claim I, wherein

the control unit is confi ured to increase the operation rate
of the compressor more than the operation rate before
pedal a~itching if a vehicle speed at a pedal switchin
timin is higher than a second permitted vehicle speed,
thc second pcnniucd velucle spimd being lower than
thc Iiml pcmlillcd vchlcic spcixl dnd hlghci lhdu lhc
fuel cut recovery vehicle speed when the air condi-
tioner is on, Ivhen Ihe vehicle is decelerated by the
pedal sv,itching fmm an accelerator pedal to a brake
pedal during travel of the vehicle at a vehicle speed
lovver than the first permitted vehicle speed.

4 Thc air condiuorung dei icc Ibr a veluclc accordut to
clean 3, wherein

the first permitted vehicle speed is a value set based on the
fuel cut recovery vehicle speed when the air condi-
tioner is on, a third rime required to ensure cooling,
power of the evaporator and a predetermined assumed
maximlun deceleration, and

the second pcmnucd vclnclc speed is a value set based on
thc hicl cul rccoicrv'chlch: speci when lhc au cou-
ditimier is on. the third time required to ensure cooling
power of the evaporator and a second assunied maxi-
mum deceleration which is a value smaller than the
predetemtined assumed maxinnim decelemtion,

5 The air conditioning device for a velucle according to
clean I, comprisutg:

a thcnno switch conligurcd Io bc tumed on when s
temperature of the evaporator rises and reaches an
upper limit temperature and configured to be turned otf
when the temperature of the evaporator drops and
reaches a lower limit tempemture.

wherein the control unit is configured to prohibit an
oleic'dsc of Ihc opcl'illiou I'iuc ol lho coulpu:ssor nulli
thc thermo switch is switched Ibom ofi'o on after Ihc
operation rulc of Ihc compressor is incrcascd.

6 An air conditioning contml method for a vehicle, the
vchlclc coiupflsiilg

a refn eration cycle including a compressor configured to
suck. compress and discharge refri emnt, a condenser
conligurcd lo condense Ihc rel'ngcranl discharged I'rom

thc compressor. an expansion valve coniigurcd to
decompress the rcfngcrmil condcnscd in thc condenser
and an evaporator conhgured to evaponste the refrig;
erant through heat exchanae between the refrigerant
reduced in pressure by the expansion valve and sur-
rounding air: and

a fiml cul execution unii conligurcd to eximutc a luel cul
dumog dccelcrdlion of Ihc veluclc so as lo cut supply of
fuel to an cnginc of Ihc vehicle while Ihc veluclc is
fru1Vi ilg.

wherein the method comprises:
increasing. 1vhen a vehicle speed drops below a first

permitted vehicle speed during the decelemtion of the
vehicle, mi opcrauon rate ol'hc compressor liir a
prcdelcmtinixl pcnod so as to become morc than thc
operation rale of Ihe compressor bclorc thc vcluclc
speed drops below the first permitted vehicle speed,
'iful

actuating the compressor when the vehicle speed drops
below a fuel cut recovery vehicle speed and an air
conditioner is on. Ihc Iirsl permitted vcluclc sperM
bcuig higher tlmn thc Ihcl cut rixovery vchiclc sperM
when the air condnioner is on,

wherein the predetermined period corresponds to a period
betwemi a first time v hen the vehicle speed drops
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below lhc lirst pcrmiucd vehicle speed and a second
rime immediately before the vehicle speed dnips belov
the fuel cut recovery vehicle speed

7 An air conditioning device for a vehicle, comprising
a refrigeration cycle including a compressor configured to

suck, compress and discharge refrigerant. a condenser
conligured to condemc thc rel'rigeranl discharged from
Ihe compressor, mi cxpmision valve conligured lo
decompress the refngerant condensed in the condenser
and an evaponstor configured to evaporate the refrig- io

erant thmugh heat exclmnge between the refrigerant
reduced in pressure by the expansion valve and sur-
roundin air:

a fuel cul execution unit conligured to cxeculc a lucl cul
duruig deceleration ol Ihe vclucic so as lo cut supply of I

fiiel to an engine of the vehicle while the vehicle is
niovin; aiid

mi engine control niodule configured to increase, when a
vehicle speed dmps below a first permitted vehicle
speed during the deceleration of the vel»cle, an open- io
uon rate ol'hc compressor for a prixletennined pcnod
so as lo cxcimd Ihe opcrauon rale of lhc compressor
before the vehicle speed drops below the first perniitted
vehicle speed, the hrst permitted vehicle speed beiag

higher lhan a fuel cul rixovery veluclc spccd when an
air conditioner is on, and the compressor being actuated
when thc vcluclc speed drops below thc liiel cul
recovery vehicle speed and the air conditioner is on,

whcrcin the prcdctcmuntxt pcnod is after a drop of thc
vehicle speed beloiv the first permitted vehicle speed
and prior to a drop of the vehicle speed below the fuel
cut recovery vehicle speed, and

wherein. during the predeteunined period, the compressor
is actuated regardless ol a signal from a llmmio switch
configured to communicate ivith the engine control
iuodillc.

g 'l'he air conditionina contml niethod of claim 6,
wherein the vehicle further comprises an engine control
module in conuniuiication with the compressor: and

whcrcin Ihc method further comprises.
controlling. by thc cnguic control module. thc operation

litle of thc coiilprcssor so as lo iiicrcaso lllc operation
rate for the predetemiined period; and

actuating, by the engine control module. the compres-
sor when the vehicle speed dmps below the fuel cut
recovery vehicle speed and the air conditioner is on.
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