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(57) ABSTRACT

A device for controllin an engine for a vchiclc and an
air-conditioning device for a vchiclc capable of suitably
controlhng the blow-out rate of an air-conditioning com-
pressor at the time when the fuel supply has been cut by
estimating a load torque of the air-conditioning compressor
under a condition of resuming the fuel supply 'I'he air-
conditioning device for vchiclcs according to an embodi-
ment of thc invention comprises blow-out rate varying
means for varyin thc blow-out rate of the compressor
driven by a vehicle engine, aml load torque esumaun ~

means 1 or estimanng a physical quantity related to the load
torque of the compressor under a condition of resuming the
fuel supply after the fuel supply has been cut 'I'he blow-out
rate of the compressor is changed by controlling the blow-
out rate varyin means depending upon thc cstimatcd value
of physical quantity.

12 Claims, 9 Drawing Sheets
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AIR-CONDITIONING DEVICE FOR A
VEHICLE AND DEVICE FOR

CONTROLLIN('N ENGINE I'OR A
VEHICLE

mcreased or decreased depeniling upon whether lhe air-
conditioning device is in operation or not in operation
Therefore, fuel is xvastefully consumed in loxv cooling load
coiirliliotis

33ACKGROUNIJ OF 11IE INVLiNTION

l I ield of the lnventinn
Thc prcscnt invention rclatcs to a control device for

cutting thc supply of furl to an engine (intcrnai combustion «,
engine) for a vehicle xfuang the deceleranon of the vehicle
and to a device for controlling the blow-oui rale of a
compressnr in an air-cxiiiditioning device mounted on the
vehicle equipped xvith the above control device

2. Dcscnption of thc Related Art is
In the vehicles, so far, ii ts an accepted pracuce lo execute.

the so-called fuel-cut control operation for cutting the supply
of fuel to the engine of the vehicle in order to improve the
fuel cfflcicncy during thc deceleration operation in which thc
accclcrator operation amount (amount the acccicrator pedal zc

is dcprcsscrl) xs zero. In order to prevent thc vehicle en inc
from coming into a halt (to prevent the engine staling), in
this case, a prexfelerminexf lower-hmit rotational speed Neo
(e.g, 8(R) rpm) at which the vehicle engine still continues to
run even if the supply nf fuel is cut is set as a rntatinnal speed
for rcsctting thc cut of fuel supply. Thc supply of furl is
rcsumcd when thc cn inc rotational speed l&ccomcs snialler
than thc lower-limit rotationai speed Nco.

In a vehicle mounting the air-conditioning device, the
load exerted on the engine increases by the amount the
compressnr load torque exerts on the engine when the
air-conditioning dcvicc is in operation as compared to when
it is not in operation. Accordingly, the lower-liniit rotational
speexf Neo for resuming the supply of. fuel is sei lo be higher
by a predetermined amount a, (e.g., 200 rpm). That is, with
the air-conditinning device heing in operation, the supply of
fuel is resumerl when the engine rotational speed becomes
smaller than Neo+ex (e.g, f000 rpm).

Thc above-mcntioncd value+a has bern determined by xo
tal ing a maximum loaif torque of Ihe compressor into
consnferation lo reliably prevent the engine stalling.
I lowever, an inconvenience that is described beloxv occurs

That is, in small cooling load conditions, such as in spring
and in fall, the compressnr needs to blow out the conlant at
a low rate (low flow rate per unit time). When thc conipres-
sor is of thc variable capacity type, therefore, thc compressor
is operalexf in a low capacity state. The load torque of. Ihe
compressor varies in proportion lo lhe blow-oul capacity.
When the compressor is operalexf in a low capiaciiy slate,
therefnre, the supply of fuel is resmned at a high rotational
speed xvhich is Neo+a though the cut nf fuel supply can be
maintained cvcn at a rotational speed lower than Neo+a,
causing thc cnginc to wastcfuliy consume fuei.

Japanese Uncxamincd Patent Pubiication (Kokai) No.
8-312423 discloses an art in which a second selpoini rota-
tional speeif for resuming the fuel supply in the case that Ihe.

air-conditioning device is in operatinn is set to be higher
than a first setpoint rotational speed fnr resuming the fuel
supply in thc case that thc air-conditioning device is not in „,.I

operation, and thc supply of furl amount to thc engine is
controlled to bc lean when thc air-conditioning device is
operataf with the engine rotanonal speed lying between Ihe
lirst setpoint rotauonal speexf and the second seipoinl rota-
tional speed. 65

Liven according to this prior art, hoivever, the setpoint
rotational speed at the time of resuming the fuel supply is

SUMMARY Ol f1lL'NVL'NTION

In view of. the above-men«oned situation, it is an obfecl
of the present invention io provixfe a device for controlling
an engine for a vehicle capable of suitably controlling a

period in which the fuel supply is cut by estimating a load
torque of an air-conditioning compressor under a condition
for rcsuniing thc fuel supply.

It is another object of the present invention to provide an
air-conditioning, dcvicc for a vchiclc capable of suitably
conlrolhng ihe blow-oui rale of. the air-condiuoning com-
pressor by esnmaun ~ a load torque of the air-conditionin ~

compressor under the condition for resuming the fuel supply
The present invention was contrived in order to accom-

plish the above objects An air-conditioning device for a
vehicle according to an enibodimcnt of thc invention com-
prises blow-out rate varying means (19) for varying thc
blow-out rate of a compressor (I) driven by a vehicle engine
(4), aml load torque esnmaung means (S400) lor estimaung
a physical quantity relalexl lo ihe load torque of the com-
pressor (I) under a condition of resuming the fuel supply
after the fuel supply has been cut, xvherein the blow-out rate
of thc compressor (1) is changerl liy controlling thc blow-out
rate varying nicans (19) rlcpcndin upon an estimaterl value
of. physical quanuty output from the load torque esnmaun ~

means (S400).
This mal es il postubl, al ihe lime when the tuel supply

is cut, to set a suitable blow-out rate of the compressor
corresponding to an estimated value of the compressor load
torque under the condition of resuming thc fuel supply.

Concrctcly speaking, in this case, thc lilow-out rate of thc
compressor (I) can bc changed I by using a variable
capacity-type compressor, or 2 by using a lixexl capacity-
lvpe compressor (1) having a constant blow-out rate, by
interposing a speed-change apparatus, between the compres-
sor(1) and the vehicle en inc (4), of which the speed-chan e
ratio can be controlled by a control signal from an external
unit, and by chan~aug thc rotational speed of thc compressor
(I) by chan in thc spccd-change ratio of thc spccd-change
it p pit ra ills.

It is further allowable to set a rcfi:rcnce value rclatcd to
load torque of thc compressor (I) unrlcr thc condition of
resuming Ihe fuel supply and lo vary the blow-out rale of Lhe

compressor (I) so Ihat the as«mated value of physical
quaniily approaches Ihe reference value.

Accorihng lo this methotf, if the reference value of the
compressor load torque is sel to be a limit value at which the
operation characteristics of the vehicle engine (4) are still
maintained in a favorable zone, then the blow-out rate of the
compressor is changed so that the compressor load torque
under thc condition of rcsumin the fuel supply approaches
thc limit value at which thc engine operating characteristics
are sill maintained in the favorable zone.

Thcrcforc, xvhcn thcrc is a margin in thc cnginc output
while maintaining thc engine operation charactcnstics in thc
favorable zone, ihe blow-oui rate of the compressor is
mcreased to increase Ihe aioling abdity in Ihe relngerauon
cycle in order to increase the effect of recovering energy
during the deceleration.

The above reference value may be the load torque of lhe
compressor at the time of resuming the fuel supply under the
condition of a maximum air-conditioning load.
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In the air-i:omlitiomng device for vehicles according to
another embodiment of Ihe invention, a reference value
rclatcd to load torque of thc compressor (I) is sct under the
condition of rcsumin the furl supply, and thc blow-out rate
of the compressor (I) during the control operation for
cutting the fuel supply is increased to be larger than the
blow-out rale at Ihe lime when Ihe control operation for
cutung the tuel supply ts starterf in the case that the esti-
mated value of physical quantity output from load torque
estimating means (S400) is smaller than thc reference value, iu
and the lifow-out rate of the compressor (I) during the
control operation for cutting the fuel supply is decreased to
be smaller than the blow-out rate at Ihe time when Ihe.

control operation for culling Ihe fuel supply ts started in Ihe
case that thc cstimatcd value of physical quantity is larger
than thc rcfcrcncc value. 15

Thts makes it possible Io maintain the engine operauon
characteristics in the favorable zone as well as to increase
thc effect of recovering energy during thc deceleration by
increasing thc blow-out rate of the coniprcssor.

In the case that Ihe estimated value ot: physical quanuty is
smaller than thc rcfcrcncc value, thc blovv-out rate of thc
compressor (I) during thc control operation for cutting the
fuel supply may be forcibly brought to be a maximum
blow-out rate.

Thc load torque estimating means (S400) is capable of zs
estimating thc physical quantity based upon thc physical
quantity related to the load torque of the compressor (I) and
the rotational speed of the compressor (I) at the time when
the control operation for cutting the fuel supply is started,
and upon the rotauonal speerf of the compressor (1) unifer
thc condition of resuming thc fuel supply.

ftescribed below is the method for estimating the load
torque. Deceleration of the vehicle continues for only a short
penod of time and, hence, the lime for cutting Ihe fuel
supply inevitably bccomcs short. During this period,
thcrcforc, it is considcrcd that thc air-conditioning themial
load is maintained constant. While the control operation for
cutting the fuel supply is executed, therefore, the bloiv-out
rate of Ihe compressor is maintained constant from Ihe
standpoint ot: the air-conditioning thermal load. By utilizing
this relationship, it is possible to accurately estimate thc load
torque of thc compressor under a condition of resuming the
fuel supply from the compressor dynamic condition (torque
and rotational speed) at the time when the control operation
for cubing Ihe fuel supply is started and from the rotational
spec&i of the compressor under the condition for resuming rs
thc fuel supply

Here, the timing for starting the control operation for
cutting the fuel supply is not stnctly limited to only a timing
for starting Ihe cut of Ihe tuel supply, but may be fust before
or just after when thc fuel supply is cut. 50

Here, further, Ihe condition tor resuming the tuel supply
may concretely be a uming of when the rotational speed of
thc vchiclc cnginc (4) has dropped down to a prcdctcrmincd
rotational speed after thc fuel supply has bren cut.

A further embodiment of. the present invention is con-
cerned with a device for controlling an engine for a vehicle
which cuts the fuel supply to a vehicle engine (4) under a
prcdctcrmincd condition durin thc deceleration of the
vehicle, and which mounts an air-conditioning device hav-
ing a compressor (I) that is driven by the vehicle engine (4), eo
compresses the coolant in a refrigerating cycle aml blows Ihe.

coolant out, the rfevice for controlling the engine for a
vehicle comprising

load torque estimating means (S4UU) for estimating a

physical quantity relateif to the loarf torque of. Ihe 55

compressor (I) under a condition for resuming the fuel
supply; and

fuel supply resumption control means (S700u) for chang-
mg the timing for resuming the fuel supply depending
upon thc estimated value-of physical quantity output
from thc load torque estimating means (S400).

This makes it possible to suitably control the pened in
ivhich the fuel supply is cut by estimatmg the load torque of
Ihe air-conditioning compressor uniler the condiuon for
resuming the fuel supply and by suitably determining the
timin for rcsuniing the fuel supply (the timin for resetting
the cut of fuel supply).

The reference value related to load torque of the com-
pressor (I) is set under the condition for resuming the fuel
supply, and in Ihe case that Ihe esumated value ot: physical
quanuty is smaller than the reference value, the uming for
rcsumin the fuel supply may bc delayed so that thc opera-
tion characteristics of the vehicle engine (4) approach a
border line betiveen the defective zone (It) and the favorable
zone (L).

When Ihe estimated value relateil Io the load torque of Ihe
compressor is smaller Ihan Ihe reference value, i.e., when
thcrc is still a margin in thc engine output, therefore, thc
timin for resuming thc fuel supply is delaycrl to lengthen
the period in which the fuel supply remains cut, in order,to
decrease the consumption of fuel without detenoratin the
engme operauon characteristics.

The above reference value may be the load torque of Ihe
compressor at the time of resuming thc fuel supply under thc
condition of a maxiniuni air-conditioning loarl. in a rlcvicc
for controlling an engine for a vehicle according to a still
further embodiment of the present invention, a reference
value related Io load torque of the compressor (I) is set
under Ihe conilition of. resuming the fuel supply, the umin ~

for rcsumin thc fuel supply is rlclaycd behind the timing
that is set baserl on thc rcfcrcnce value when thc estimated
value of physical quantity is smaller than the reference
value, and the timin for resuming the fuel supply is
advanced ahead of Ihe timing that is set based on the
reference value when Ihe esumated value of physical quan-
tity is lar cr than the refcrcncc value.

Namely, vvhcn the cstimaterl value rclatcd to load torque
of the compressor is smaller than the reference value, the
timing for resuming the fuel supply is delayed to lengthen
Ihe penod tor cubing the fuel supply, m order to decrease Ihe
consumption of. fuel. When the estimated value related to
load torque of thc compressor is largn than the rcfcrencc
value, on the other hand, thc timing for resuming thc fuel
supply is advanced to avoid deterioration in the engme
operating characteristics in advance

The load torque estimating means (S40U) can estimate the
physical quanuty based upon Ihe physical quanuty related to
the load torque of the compressor (I) anil thc rotational
speed of the compressor (1) at the time when thc control
operation for cutting the fuel supply is started and upon the
rotational speed of the compressor (I) under the condition of
resettmg Ihe cui of luel supply.

Then, as descnbed earlier, it is possible to accurately
estimate Ihe load torque of. Ihe compremor uniler the con-
dition of resumin the fuel supply from the dynamic con-
ditions of the compressor (torque and rotational speed) at the
time vvhcn the control operation for cuttin thc fuel supply
is started and from thc rotational speed of thc compressor
under the condition for resuming thc fuel supply.

Numerals in parentheses in the above-mentioned means
are Io represent corresponilence to concrete means descnbed
in the embodiments appearin later

BRIEF DESCRIPTION OF THE DRAWINGS

The present invenuon will be more clearly un&ferstood
from the description as.set forth belmv with reference to the
accompanying drawin 5, ivherein:
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FIG. I is a diagram illustrating the whole constituuon of
a first embodiment of the present invention;

FIG. 2 is a dia ram of control characteristics of a variable
capacity-type compressor according to thc first embodiment;

FIG. 3 is a flowchart illustrating the air-conditioning
control operation according to the first embodiment;

FIG. 4 is a diagram concretely iflustrating the content of
control operation of part of FIG. 3;

FIG. 5 is a diagram of characteristics illustrating a rela-
tionship among the lnad torque ot'he cnmpressor, the high
pressure and the capacity control current;

FIG. 6 is a diagram of characteristics iflustrating a rela-
tionship between the load torque of. the compressor anil the.

engine rotanonal speeil (compressor rotational speed),
I'lti 7 is a diagram of control characteristics nf the

variable capacity-type compressor according to a second
cmbodimcnt,

FIG. 5 is a flowchart illustraung the capacity control
operation according to a third embodiment; o

FIG. 9 is a flowchart illustrating the capacity control
operation according to a fourth embodiment;

FIG. 10 is a diagram illustrating the whole consntunon
according to a tifth embodiment;

FIG. 11 is a flowchart illustrating the air-conditioning
control operation according to thc fifth cnibodinient;

FIG. 12 is a tlowchart illustrating the calculating opera-
tion of the engine rntationai speed at the time of resuming
the fuel supply accnrding to a sixth embndiment; and,

FIG. 13 is a flowchart illustrating thc calculating opera-
tion of the engine rotahonal speed at the time oi. resuming
the fuel supply accorrling to a seventh embodiment.

DESCRIP11ON OF THE PREFERRED
EM B0 II I M EN'IB

I irst Embodiment

FIG. 1 is a diagram illustratin thc whole constitution
xo

according to a first embodiment of thc present invention. A
rcfngcration cycle R of an air-conditioning device for
vehicles incluiles a compressor I which tal es in, compresses
and blows out the coolant. The motive power of a vehicle
engme 4 is transmitted to the compressor I through a pulley

LS
2 and a belt 3

As is witlcly known, thc vehicle engine 4 further drives
auxiliary devices such as a generator, a hydraulic pump for
driving the power-assisted steering system aml a cooling
water pump, in arldition to driving the air-conditioning
compressnr I, through power transmission means such as a
belt

In thc rcfri cration cycle R, the superheated gaseous
coolant of a high tcmpcrature and of a hi h pressure blown
out from thc compressor 1 flows into a condcnscr 6 where ss
the coolant is cooled and comlensed upon exchanging the.

heat with the external air blown by a cooling fan that is not
shown. The coolant condensed through the condenser 6,
then, flows intn a liquid receiver 7 where the coolant is
scparatcd into a gas and a liquid, and thr excess coolant „ti
(liquid coolant) in thc refrigeration cycle R is stored in thr
liquid rcccivcr 7.

The liquid coolant from the liquul receiver 7 is reduced in
pressure through an expansion valve fluessure-reducing
means) 5 to assume a two-phase state of. a gas aml a liquiii ss
at low pressure. The loiv-pressure coolant from the expan-
sion valve 0 flows into an evaporator (heat exchanger for

cooling) 9. The evaporator 9 is mstalled in an air-comhtioner
casing 10 of the air-conditioning device for a vehicle, and
the low-pressure coolant that tlows into the evaporator 9

evaporates upon absorbing heat from the air in the air-
conditioncr casin 10. Thc outlet of thc evaporator 9 is
coupled to thc intake sirlc of thc compressor 1 anil, thcrcby,
a closed circuit is constituted by the above-mennoned paras
constitutmg the cycle.

The air-conditioner casing 10 constitutes an air duct for
thc contlitioncd air. In thc air-conrlitioncr casing 10, a blov vr
11 is disposed on thc upstream of the evaporator 9. An
internal air/external air change-over box (not shown) is
disposed on the intake side of Lhe blower 11 (upper side in
FIG. 1). The air (internal air) in the compartment or the air
(external air) outside the compartment, ivhich is taken in
from the internal airiexternal air change-over box, is blown
by thc blower 11 into thc air-contlitioncr casing 10

On the downstream of Lhe evaporator 9 in the air-
conilitiomng case 10, there is installed a hot water-type
heater core (heat exchanger for heatin ) 12 for heatin the
air using the hot ivater (cooling water) of the vehicle engine
4 as a heat source A by-pass 13 is formed by the side of the
hot ivatcr-type heater core 12. Thc rate of mixing thc hot air
passing through thc hot water-type hcatcr core 12, and the
cool air passing through the by-pass 13 is adtusteil by usin ~

an air-mixing door 14. The air-mixing door 14 consututes
telnperature-adjusting means t'or adjusting the temperature
of the air blown into the compartment by adjustin the ratio
of the cool air and the hot air.

On thc downstream inrl of thc air-conditioner casing 10,
thcrc arc formed a face blow-out port 15 for blowing out thc
air onto Lhe upper parts of the occupants in the compartment,
a foot blow-out port 16 for blowmg out the air onto Lhe lect
of Lhe occupants in the compartment, and a defroster blow-
out port 17 for bloivin out the air onto the inner surface of
the front ivindshield 'I'hese blow-out ports 15 to 17 are
hanged-over and arc opcncd and closed by blow-out mode
doors that are not shown. Thc air-mixin door 14 and the
blow-out motte doors arc driven liy clcctric drive means
such as a servo motor vui a linking mechanism.

An evaporator blow-ouL temperature sensor (means for
detecting the cooling degree of the evaporator) lg consti-
tuted by a themiistor, is disposed in the air-conditioner
casing 10 at a position where the air is just blown out from
thc evaporator 9.

In this cmbotlimcnt, the compressor I is an cxternafly
capacity-varialile compressor which varies thc blow-out
capacity depemhn ~ upon a control signal from an external
unit. The externally capacity-variable compressor I is a
known one For example, it is a swash plate-type compressor
equipped with a capacity varying device 19 having an
clcctromagnetic prcssure controflcr that controls thc prcs-
sure in the sivash plate chamber liy utilizing a blow-out
prcssure anil an intake pressure. By controlling thc prcssure
m the swash phite chamber, the angle of inclination of the
swash plate ts vaned Lo rxintinuously change the stroke of
the piston, i.e, to continuously change the bloiv-out capacity
of the compressor over a range of nearly from 0% to I LLO'7r,

The electric current to the capacity varying device 19 is
controlled by an air conditioner control unit 5 For cxampkh
thc blow-out capacity of thc conipressor changes towarrl thc
increasing direction with an increase in the control current In
that flows into the capacity varying device 19. That is, Lhe

control current In flowing into the capacity varying device
19 directly determines a target value of a low pressure Ps in
the refrigeration cycle The target value of the low pressure
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Ps decreases in inverse proportion to an increase in Ihe.

control current In as shown in I'Itl 2 Therefnre, the
lilow-out capacity of the compressnr changes in the increas-
ing directinn with an increase in the control current In

It is thcrcforc possible to incrcasc or decrcasc thr low
prcssure Ps by increasing or decreasing the control current
In (by increasing or decreasing the blow-oul capacity of Ihe
compressor 1) for controlling Ihe coohng ability of. Ihe
evaporator 9 so that the temperature of. the evaporator 9

(temperature ot'he air liiown out from the evaporator)
becomes a predetermined target temperature (that corre-
sponds to a target value of thc low prcssure Ps). This niakrs
it possible to cxccutc such control operations as prcvcnting
thc evaporator 9 from frcczing, saving power consunied by
the compressor 1, etc. 15

Here, concretely spealnng, Ihe control current In is vened
liy cnntroliing the duty ratin 'I'he cnntrol current In,
however, may lie directly increased or decreased without
relying upnn cnntroiling the duty ratin.

In this cmbodimcnt, thc compressor 1 is capable of o

dccrcasing thc blow-out capacity down to about Oc/r.

Thcrcforc, thcrc is provided no electromagnetic clutch for
connecting or riisconnecting the compressor 1. It
however, also postuble lo provide Ihe compressor 1 wnh an

zselectromagnetic clutch in order to discnntinue the operation
of the compressnr 1 by cutting the flow of electric current to
thc clcctromagnctic clutch when thc bloiv-out capacity has
dccrcascd down to nearly Oe/r.

Thc air conditioner controi unit 5 receives detection
signals from a group of known sensors 20 that detect internal
air temperature, external air temperature, amount of
sunshtne, temperature of. the engine cooling water (hot
water), for controlling the air conditioner, in addition to
receiving the signal from the above-mentinned sensor 18
Further, operation signaLs are input front a roup of opera-
tion switches on an air conditioner control panel 21 installed
near the instrument panel in the compartment. The air
condittoner control unit 5 includes a compressor load torque
eslimaung umt 5n that v:ill be deacnberi later and a unit 5b
for calculating the compressor capacity when the fuel supply
to the vehicle engine 4 is cut.

I'urther, the air conditioner control unit 5 is connected to
the engine control unit 22 on the vehicle side, and the signals
are mput anil output between these two control units 5 and j5
22. As is well known, thc engine control unit 22 totally
controls the amount of fuci injection into thr vehicle en inr
4 and Ihe ignition timings based upon the signals from Ihe
group of sensors 23 that detect Ihe operation mmhttons of.

the vehicle engine 4. The engine control unit 22 is equipperi
with a fuel cut cnntrni unit 22a that will be described later

The air conditioner control umt 5 and lhe engine control
unit 22 are constituted by a commnn microcomputer or
separate microcomputers and the peripheral circuits thereof

Next, ilescwbed below is the operation of the lirst embodi-
ment. I'Itl. 3 is a tlowchart illustrating a basic air-
conditioning control operatinn by the air conditinner control
unit 5. At step S100, a timer and a control flag, etc. are
initializcd. Then, at step S200, various signais arc read in.

Concretely speaking, the air conditioner control unit 5
reads an evaporator blow-out temperature TE from thr
sensor 18, sensor signals such as internal air temperature TR,
external air temperature TAM, amount of sunshine TS anil
engine cooling water temperature TW from ihe group of.

sensors 20, as well as operation tugnals (setpoinl tempera- 65

ture I'set, etc.) from the group of operatinn sivitches on the
air cnnditioner control panel 21. Hy the communication

between the air conilitioner control unit 5 aml the engine
control umt 22, further, a preset engine rotational speed Ne1
corresponding to the accelerator pedal opcratcd by thc
occupant, a fuel supply cut signal FC, and a threshokl value
Neo for resetting the cut of fuel supply, i.e., fnr judging the
resumption of fuel supply are read in

Herc, thc fuel supply cut signai F('. is output from the fuel
cut control unit 22a durin the rlccelcration of thc vehicle in
which the amount of accelerator operation is vere I'he
threshold value Neo for judging the resumption of fuel
supply is a setpoint value that has been sel in advance, and
is output from Ihe fuel cut control umt 22n

Then, a variety of control values are calculated
(generated) at step S300 to automatically control the air
conditioning. The control values may bc calculatcrl in a
manner that has been known. If simply describcrl, thcrcforc,
FIG. 4 schematically illuslrales Ihe calculating operauon al
step S300 in which a target blow-out temperature TAO is a
temperature ol. Ihe air blown into the compartment to
maintain the interior of the compartment at a setpoint
temperature Tact set by the occupant irrespective of a change
in thc air-conditioning thermal loath Thc target blow-out
tcmpcraturc TAO is calculated iiascd upon thc setpoint
Lemperalure Tact, external air lemperalure TAM, internal air
temperature TR and the amount of sunshine TS

A tar ct blow rate SEW of thc blower ll is calculated
based on TAO, aml a target opening degree SW of the
air-mixing door 14 is calculated based on TAO, evaporator
bloiv-out temperature TL', and engine cooling water tem-
perature 'I W I'urther, a target blow-out temperature 'I'L'0 of
the evaporator 9 is calculated based upon TAO, 'I'AM, etc
Thc control current In for the capacity varying dcvicc 19 is
so calculated that thc rial evaporator blow-out tcmperaturc
TE is maintmned al Lhe target evaporator blow-out tempera-
ture TEO. In this embodiment, Ihe control current In and Lhe

low pressure Vs in the refrigeration cycle have a relationship
as shown in 11G. 2; i e, the low pressure Vs in the refrig-
eration cycle decreases with an increase in the control
current In.

Next, the routine proceeds to step S400 where the con-
dition for rcsctting thc fuel cut rluring the rlccelcration of thc
vehicle is predicted, i.e., thc load torque of thc compressor
1 at thc time of rcsumin the fuel supply is cstimatcd. Here,
Ihe estimation of the load torque will be described in detail.
Deceleration of the vehicle generally lasts for only a very
short period of time I'or the air-conditioning device for the
vehicle, therefore, the air-conditioning thermal load during
the deceleration of the vehicle does not substantially change
Therefore, the load torque of thc compressor 1 at thc
moment of rcsuniing thc fuel supply can bc estimated from
Ihe operation comhiion of Ihe refrigeration cycle at a

moment when the vehicle has started deceleranng.
That is, thc load torque of thc compressor 1 has a

correlauon to Lhe pressure dilferenlial between the high
pressure Ph anil Lhe low pressure Ps in Lhe relngerauon
cycle The larger the differential between the high pressure
and the ioiv pressure (Vh —Vs), the larger the load torque of
the compressor 1.

11G. 5 is a diagram of characteristics illustratmg relation-
ships among the hi h pressure Vh in the refngeration cycle,
thc control current In for thc capacity varying dcvicc 19 anil
thc load torque of the compressor 1. This diagram is
prepared based upon Lhe experimental data measured by
really operaung the refngeralion cycle or based upon Lhe

results of computer simulation, anil is stored in advance in
a ROM of a microcomputer in Ihe air conditioner control
unit 5.



US 6.463,749 B2
10

As descnbetl above, the low pressure Ps in the refngera-
tion cycle decreases with an increase in the control current
In Therefnre, the load torque of the compressor I increases
with an increase in the control current In or with an increase
in thc high pressure Ph. Thc compressor rotational speed
condition of FIG. 5 is thc compressor rotational speed
corresponding lo the engine rotational speed Neo used as a
threshold value for ludging the resumpuon ot: fuel supply.

Next, described below with reference to HG. 6 is how io
determine the engine rotational speed Nen as the threshold
value for judgment. In FIG 6,1inesA and 13 are equidynamic
lines of thc compressor along which thc products of the
torque and thc rotational speed of thc compressor 1 remain
constant, thc linc A rcprcsrnting thr product of vvhen the
air-i:onditioning thermal load is a maximum and the hne B
representing the pro)tuel of when the air-i:omhnomng ther-
mal load is smaller than a maximum lnad by a predetermined
amount (during lnw to medium load).

A line C is a liorder line fnr separating the defective zone
D from thc favorable zone E in the operation charactrristics —.

of thc vchiclc cnginc 4. Here, the operation characteristics
defective zone D is a region where Ihe engine may stall or
the NVH charactenslics are deteriorated, aml Ihe favorable
zone E is a region where the engine does nol stall and Ihe
NVH charactenstics are not deteriorated As is ividely
known, the NVH characteristics are the operation charac-
teristics cvaluatctl from the standpoint of noise (N), vibra-
tion (V) anti comfortableness (H).

Thc cnginc rotational speed for resuming the fuel supply
l))

is Neo from an intersecting point of. Ihe line A and lhe hne.
C so that the engine operation charactensncs will noL enter
into the defective mne D even ivhen the air-cnnditioning
thermal load become~ a maximum I'rom the intersecting
point of thc lines A and C, a reference load torque of thr
compressor corresponding to Nro becomes To.

At a moment when thc load torque of thr compressor is
estimated at step S400, if Ihe engine rotational speed is Nel
and the air-conditioning thermal load is low to medium load,
the rotational spec)1 Nel is apphed to Ihe equidynamic line
13 of the compressnr tn find that the load torque of the
compressnr is Tl I'hen, the real load tnrque of the com-
pressor at Nco when thc fuel supply is resumed increases to
TZ clue to thc characteristics of thc linc B. That is, the engine
rotational speerl decreases from Nef down to Neo and Ihe.

compressor rotational speed decreases from Ncf corre-
spomhng lo Nef down to Nco corresponding lo Neo,
whereby the blow-out capacity of the cnmpressor increases
liy an amount that correspondls tn a decrease in the rotatinnal
spccd, and thc load torque of the compressor incrcascs from
Tl to TZ.

Thc calculating operation at step S400 is to estimate thr
real load torque T2 ot: Ihe compressor at Neo at the lime of.

resuming Ihe fuel supply from the diagram of characteristics
of I'l(3 5

In H(3. 5, the high pressure Ph on the abscissa is detected
by a pressure sensor for detecting the high pressure, which
ts among the group of sensors 20. From thc characteristics
of FIG. 5, when Ph=Pho at a moment of cstiniating thr load
torque and vvhcn the control current In calculated at step st)
S300 is 0 4 A, it is eslimalerl from an intersecting point of
the charactenslic line of the control current In=0.4 A and
Pho that the load torque of the compressnr at the engine
rotational speed Neo at the time of resuming the fuel supply
is T2. 66

The diagram of characteristics (control map) of I)ID. 5
illustrate characteristics at the engine rotational speed Neo

at the ume of resuming Lhe tuel supply. As will be umler-
stood from the characteristics of the equidynamic lines of
the compressor of IIG 6, however, there exists a relation of
inverse proportion betiveen the load torque of the compres-
sor and thc engine rotational spccrl vvhcn there is a diagram
of load torque characteristics of thc compressor at another
en one rotauonal speed correspomlmg lo FIG. 5, therefore,
Ihe local torque of the compressor found trom another
diagram of characteristics may be multiplied by a rotational
speed ratio of the another en ine rotational speed and the
engine rotational speed Neo at the time of resuming the fuel
supply, in or(ter to estimate thc load torque of thc compres-
sor at thc engine rotational speed Neo at thc time of
resuming Lhe fuel supply. Namely, the load torque ot: the
compressor al Neo is estimaletl from the idea base&i on a
formula (I) appearing later.

After the load torque of the compressor is estimated at
step S400 as tlcscribcd above, the routine procccrls to step
S500 where it is tudged from a fuel supply cut signal FC
whether the fuel supply to the vehicle engine 4 is being cut
Here, the fuel supply cut signal FC is output from the fuel
cut control unit 22u during the deceleration of the vehicle
ivhere the amount of accelerator operation is zero. When the
cn inc rotational spec(1 rlccreases dovvn to a threshokl value
Nco for jud ment,thc fuel supply cut si nal FCis turne(1 otf,
and Ihe cut of. tuel supply is reset, i.e, the tuel supply is
resumed.

When the fuel supply is being catt at step S500, the routme
proceeds to step S600 where it is judged whether the
above-mentioned cstimatcd value (c.g., 12) of loatl torque of
thc compressor is in consistent with the above-mentioned
reference value To (FIG. 6). Here, the reference value To is
not strictly a sin le point bul lies over a range which is wide
to a certain degree I urther, the estimated value is a value
that is updated last and can virtually be regarded to be a
value at the time when the operation for cutting the fuel
supply was started.

When the estimated value of load torque ot: the compres-
sor is not consistent with Lhe reference value To, an inde-
pendent operation is executed at step 5700 for controlling
the capacity ivhile the fuel is being cut during the decelera-
tion. Concrctcly speaking, when thc cstimatcd value like 12
is smaller than the reference value To, the control current In
correspontling to the reference value To is selecte&l trom the
diagram of characteristics of FIG. 5. That is, when Ph=Pho
as described above, In=0.g A is selected from an intersecun ~

point of Pho and To Then, the target value of low pressure
Ps decreases from the characteristics of I I(l 2, and the
blovv-out capacity of thc compressor incrcascs.

That ts, when estimated value&reference value To at the
lime of resuming Ihe tuel supply, there is a mar in in the
output torque of the engine 4 In this case, therefore, the load
torque of the compressor (i e., blow-out capacity) is
increased up to a level of the reference value 'Ib that
corresponds to a maximum torque pcrmittcd under thc
cn inc operation characteristics. An incrcasc in the load
torque of the compresw)r (i.e., blow-out capacity) up to Lhe

level of Ihe reference value To makes il possible to recover
energy during the deceleration, to increase the coolant
blow-out rate of the compressor and to increase the cooling
ability of the refrigeration cycle (evaporator 9)

IL is therefore allowed to forcibly lower Ihe temperature of
Ihe evaporator during lhe decelerauon to obtain the el(act for
accumulating Lhe coolness. When the normal travehng is
resumed after the deceleration, therefore, the period is
extended in which the coolant blow-out rate of the com-
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pressor is maintained small, the compressor ts dnven with a
decreased force, and the fuel efficiency is improved.

When the estimated value evceeds the reference value To
due to any particular cause that usuafly does not nccur, the
control current In is pulled down to a lcvcl corresponding to
thc rcfcrcncc value To. This avoids, in advance, an occur-
rence that the engine operation charactenslics enter into Ihe
defective zone D of FIG. 5 due to an excess of load torque
of Ihe compressor while the fuel supply is being cut, causing
the engine to stafl or deteriorating the NVI I characteristicss

As described above, an independent operation is executed
at step S700 for controlling the capacity &vhiie the fuel
supply is bein cut during the dccclcration. Accordin ly, the
cnginc operation characteristics (drivcability) arc not dcte-
norated by the cut of. fuel supply and the fuel efficiency is
improve&1.

On the other hand, when Ihe estimated value of load
torque of the compressnr is consistent ivith the above-
mentioned reference value To at step S600, the routine

oprocccds to step SSUO to maintain the present capacity
control. That is, thc coincidence between thc estimated value
anil thc rcfcrcnce value To means that thc present state of
controlling the capacity is ariapled lo the condition at Ihe
time of resuming Ihe tuel supply. Therefore, the current In
for contrnlling the capacity is maintained unchanged

When it is judged at step S500 that the fuel supply is not
heing cut, the routine proceeds tn step S900 ivhere the
capacity control during thc normal operation is seiccted, i.e.,
thc capacity is controlled by the control current In calculated
at slap S300. Concretely speal ing, when TE becomes
greater than TEO, the control current In is increased to
increase the blow-oul capacity and to lower Ihe low pressure.
Ps Cnnversely, when TE becomes smafler than IEO, the
control current In is decreased tn decrease the blniv-out
capacity aml to increase thc low prcssure Ps. Therefore, thc
blow-out capacity is controlled so that thc real evaporator
blow-out temperature TE is mmntained at the larger evapo-
rator blow-out temperature TEO.

At step S10UO, various control vahies at step S300 anti Ihe
control current In finally determined at steps S700 to S900
are output to various devices to automaticaily control the air
conditioning (to contrnl the capacity of the compressor I, to
control thc blow rate of thc blower ll, to control thc opening
dcgrcc of thc air-mixing door 14, ctc.). as

As will bc understood from the diagram of characteristics
of FIG. 5, the control current In under the high pressure.
Ph=Pho can be directly found as In=0.S A from ihe inter-
secting point nt" I'n and Pho Accordingly, the control opera-
tions of steps S600 to SUOU can be cninbined tngether to sn
control thc capacity while the fuel supply is being cut.

Further, thc estimation of the load torque of the conipres-
sor at step S400 may, in cffcct, l&c executed at a niomcnt
when the fuel supply is going lo be cut. It is therefore
allowable to estimate the load torque of the compressor at
step S40U after it is judged al step SSUU that the fuel supply
is being cut.

Second Embodiment

The first embndiment emplnyed the evternafly capacity-
valtabtc compressor 1 (of the low pressure control type)
capable of increasing or decreasing thc biow-out capacity so
that Ihe low pressure Ps ts mainlained at a target value of low
pressure Ps that is set as shown in FIG. 2 by the control
current In that flows into the capacity varying device 19. The ss
second embodiment employs the externally capacity-
vanable cnmpressor I (of the blnw-nut rate cnntrnl type)

capable of increasing or decreasing Ihe blow-out capacity so
that the blowlout rate of the compressor (flow rate per unit
time) is maintained at a target tlow rate Gro that is set as
sho&vn in l&IG. 7 by the control current In that flows into the
capacity varying device 19.

If described more concretely, Ihe externally capacity
vanable compressor 1 of Ihe blow-oul rate control type
according to the second embodiment is provided with a
throttle unit on the blow-out side. 'I'he pressure differential
occurrin bct&veen bcforc anil after the throttle unit has a
proportional relationship to thc blow-out rate. Thcrcforc, if
Ihe blow-oul capacity is increaseil or decreased so that lhe
pressure dilferential occurring between before aml after the
Ihroltle unit bem&mes equal lo a target pressure differenual,
then, the blow-out rate of the compressor is maintained at
the target tlo&v rate (iro

Thercforc, thc volume varying tlcvice 19 is provided with
an electroma metic mechanism of which lhe electromagnetm
force is de(arm&neil by Ihe control current In, and lhe
electromagnetic force correspondin tn the target pressure
differential is determined by the electromagnetic mecha-
nisrn The capacity varyin device 19 is further provided
with a valve mechanism which increases or decrcascs thc
valve opening tlcgrcc relying upon a balance bctwcen the
eleclromagneuc force corresponding to lhe target pressure
differential and the lorce due lo the pressure differenual
occurring bet&veen before and after the throttle unit.

liy controlling the pressure in the s&vash plate chamber
relying upon the increase or decrease in the opening degree
of the valve mechanism, it is allowcrl to vary thc an lc of
inclination of thc s&vash plate anil to continuously vary thc
blow-out capacity of the compressor over a range of from
about Orrr. up lo IOOcg.

In Ihe externally capacity-vanable compressor 1 of lhe
blow-nut rate control type, if there is no change in the
thermal load condition of the vehicle or in the setpoint
temperature Tact that is set by the occupant, the target flow
rate Gro is maintaincrl constant. In the rc ion where thc
capacity can bc varied, thercforc, thc blow-out rate of thc
compressor is mmntained constant irrespective of a change
m Ihe rotational speed. That is, when the compressor rota-
tional speed decreases, the bio&v-out capacity of the com-
pressor increases to maintain the blnw-out rate constant In
particular, the deceleration of the vehicle takes place for only
a short period of time, and a change in thc thermal load
condition of the vchiclc is negligibly small. It can thcrcforc
be considered that lhe blow-out rate of Ihe compress or
remams constant dunng lhe deceleration of. Ihe vehicle.

The blow-oul rate of Ihe compressor is determined by
blow-nut capacityxrotational speed, and there is a one-to-
nne relationship between the blow-out capacity and the load
torque of the compressor. Thcrcforc, if the load torque of thc
compressor at a moment of estimating thc loatl torque of thc
compressor (at a nionicnt when the fuel cut is started for thc
decelerauon of. the vehicle) is denoleil by Tl, Ihe compressor
rot auonal speed corresponding lo the engine rotational speed
NI at that moment is denoted by Ncl, the compressor
rotational speed corresponding to Ihe en ine rntatinnal speed
Nco at a moment when the fuel supply is rcsumcd is dcnotcrl
by Nm, and thc estimated load torque at that moment is
denoted by T2, then, thc following formula (I) holds,

TIM'ct=.v U Ta TT=TI (¹l¹UI
In Ihe above formuhi (I), Nl anti Nco are known data

obtained by communication with the engine control unit 22
The load torque Tl is obtained from an output of a sensor
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that rlireclly rletects the lornl torque of the compressor or is
indirectly estimated from the operation conditions of Ihe
rcfngcration cycle.

Herc, thc sensor which directly detects thc load torque of
the compressor may he a distortion detector element which
converts the distortinn in the shearing direction caused by
the torque in Ihe compressor rotary shalt into a change in Ihe
electric characteristics As a method nf indirectly estimating
the load torque of the compressor, there can he exemplified
a method ot'stimating the load torque nf the compressor
based upon a diffcrencc between thc high prcssure and the
low prcssure in thc rcfrigcration cycle, etc, as described
earlier

According lo the seconil embodiment as descnbed above,
the load torque of the compressor at a moment of resuming
the fuel supply at step S400 in I'IG 3 can be estimated in
compliance with the above-mentioned formula (I)

According to thc second cmbodinient, further, the opera-
tion for controllin thc capacity at step S700 in FIG. 3 is
executed in Ihe manner rlescribed below.

Namely, v:ith Ihe externally capacity-variable compressor
I of the blow-nut rate control type of the second
embodiment, the hloiv-out rate Gr of the compressor
remains cnnstant during a short perind of time of decelera-
tion of thc vehicle and varies in proportion to thc control,,-
currcnt In as shown in FIG. 7. At thc time of cutting the fuel
supply due to the deceleration of Ihe vehicle aml ai ihe time.

of resuming the fuel supply, therefore, the control currents In
can he evpressed hy the follnwing formula (2),

ial«c)1 IT) x)Vrr)

1 2 1' )1&xn &i

C)1 = Grc

) )

)2)

In the above formula (2), a suffix *'I ** represents a timing
of cutting thc fuel supply and a suffix "2'cprc sents a timing
of rcsumin thc fuel suppiy. Thcreforc, Nc2 assunies thc
same value as Nco in thc formuia (I).

From the formula (2), the control current In2 for control-
hng the capacity al the lime of resuming the fuel supply can
he expressed as given hy the follnwing formula (3),

lx2=1xi IT2 V)2l)(TI 2" I) (&I

Herc, thc load torque of thc compressor at thc tinie when "

the cut of fuel supply is reset can be increased up io ihe.

reference value To which is a maximum allowable value.
I'herefore, the control current Infi for equalizing the esti-
mated value T2 of load torque nf the compressor at the time
of resuming the furl supply to thc reference value To, is '"
cxprcsscd as given by thc followin formula (4),

I a=1 I )&nxs 2)1(IL )1 I) (a)

According to the second embndiment, ivhen the estimated
value T2 of load torque of the compressor at the time of ..
resuming thc fuel supply is smailcr than the rcfcrcncc value
To in controllin thc capacity at step S700 in FIG. 3, the
control current In is increased up to a levci of Infi to increase
the blow-out capacuy thereby to increase the blow-oui rale.

Gr of the compressor. In case the estimated value T2 exceerls
the reference value 'I'n due to some particular cause, the
control current In is decreased doivn to a level of Infi to
dccrcasc thc blow-out capacity thereby to decrcasc thc
blow-out rate Gr of thc compressor.

By controllin thc capacity as dcscril&cd above, thc scc- ss
oml embodiment also exhibits the same function and el(act
as those of the first embodiment.

Thiril Embodiment

In the above-menhoned lirsi anil seconal embodiments,
Ihe load torque of ihe compressor at the ume of resuming the
fuel supply is estimated at step S700 in I IG 3, and the
control current In is calculated so that the est)materi value
becomes the reference value To According to a third
cmborlimcnt, thc control current In is calculatcrl by a dif-
fcrcnt method.

FIG. 8 illustrates ihe ix)nlroi operation at step S7(lfl
according to the third embodiment. At step S710, first, the
relationship of the magnitudes of the estimated value of load
torque of thc compressor and of the refcrcncc value To arc
judged. When thc cstimatcrl value is small, thc routine
procccds to step S720 to incrcasc the control current In by
a preiletermined rano (e.g., by 101)r) from the present control
currenL ai lhe ume of cutting Ihe fuel supply, thereby to
increase the bloiv-out capacity of the compressor.

When thc estimated value of load torque of thc compres-
sor is rester than thc rcfcrcnce value To, clue to some
special cause, Ihe routine proceeds to step S730 where ihe
control current In ts decreased by a predeiermineil rano (e.g.,
hy 10)y)) from the present control current at the time of
cutting the fuel supply, thereby to decrease the blow-out
capacity of the compressor

Fourth Embodiment

FIG. 9 illustrates the control operation at step S700
according to a fourth embodiment, wherein thc abscissa
represents ihe deviauon between Ihe reference value To and
Ihe estimated value of load torque of. the compressor and the
ordinate represents the ratio of correctin the control current
In The left side of "0'* on the abscissa of I l(i. 9 is a positive
rc ion of deviation (refercncc value To&est)mated value),
anil thc ri ht side of "0" on thc abscissa is a negative rc ion
of deviation (rcfcrencc value To&estimated value).

The characienstics of. FIG. 9 are set in advance in the form
of a map and are stored in a memory means (e g, ROM) of
a computer. 'Ibat is, a ratio of correction is founrl from a
deviation between thc refcrcncc value To anil thc cstimatcrl
value of load torque of the compressor, and thc prcscnt
conlrol current ai Ihe lime of culling Ihe fuel supply is
multiplied by Ihe rauo of. correcuon to calculate a control
current In thai has been rx)irected. The capacity is controlled
hy the corrected control current in

According to thc control operation using thc map of FIG.
9, thc control operations at steps 8600, S700 and S800 of
FIG. 3 can be execuleil in combination, together, by increas-
in ~ anil decreasing the ratio of correction

In the lirst io lourth embodiments descnbed above, ihe
load torque of the compressor at the time of resuming the
fuel supply is estimated, and the hloiv-out capacity of the
compressor is changed rlcpcnrlin upon the cstimatcd value
Thc blow-out-capacity of the compressor is chan crl in order
lo change ihe blow-oul rale of ihe coolant blown out from
Ihe compressor 1 (to change ihe flow rate per a unit ume)
Here, lhe blow-oui rale can be expressed by a product of Ihe
hloiv-out capacity of the compressor I and the rotational
speed of the compressor It is therefore also allowable to
chan e the blow-out rate of the coolant blown out from thc
compressor 1 by using the compressor I having a fixcrl
blow-out capacity, by interposing a speed-change apparatus
capable of varying Ihe speed-change ratio continuously or in
a muluphcity of steps between the compressor I and ihe
engine 4 and hy changing the speed-chan e ratio of the
speed-change apparatus.



15
US 6.46q,749 B2

Concretely speaking, in the case that the speed-change.
ratio is compressor rotational speed (output rotanonal
spccd)'cnginc rotational spccd (input rotational speed), the
spccd-chan c ratio is incrcascd when it is desired to execute
the control operatinn for increasing the blow-out capacity of
the compressor in the above-mentinned first to fourth
embodiment and, cnnversely, the speed-change ratio is
dccrcascd when it is dcsircd to execute thc control operation
for dccrcasing thc blow-out capacity of thc compressor in
thc above-mentioned first to fourth embodiments, thereby to
obtain the same function aml ellect as those of. the above-
mentioned Iirst to fourth embodiments.

FiTth Emborliment

In the Iirst to Iourth embodiments desenberl above, the
is

losel torque of the compressor at the time of resuming the
fuel supply is estimated, and the blnw-out capacity nf the
compressnr (or the speed-change ratio of the speed-change
apparatus for rlnving thc compressor) is changed depending
upon thc cstimatcrl value. According to a fifth enibodimrnt,

o
howcvcr, thc load torque of thr compressor at thc time of
resuming the tuel supply is estimated, and the timing for
resuming the fuel supply ts changed rlepenrling upon the.

estimated value.
The Iifth embodiment will now be desenberl by placing xs

emphasis on the ihlferences from the first embodiment. FIG.
10 is a diagram illustrating the whole constitution accnrding
to the fifth emliodiment, and ivherein an engine cnntrni unit
22 is provided with a fuel cut correction unit 22b in addition
to thc fuel cut control unit 22m Thc correction unit 22b
corrects the timing for resuming the fuel supply (hming for
reacting the cut of fuel supply) depending upon the output
of the compressor load torque estimanng unit 5a in the air
conditioner control unit 5

FIG. 11 is a llowchari illustrating the control operation
according to the tifth emlindiment, wherein the same por-
tions as those nf I'IG. 3 are denoted by the same reference
numerals liut their description is not repeated. At step S300,
vamous control values are calculated in the same manner as
at step S300 in FIG. 3. By usin thr control current ln that ao
is calculated at step S3UU as a final value, the control
operation Ior controlling the capacity of. the compressor 1

(the control operation for cnntrnlling the capacity under the
normal operatinn at step 5900 in I'IG. 3) is executed

At step S7UUa in FIG. 11, the timing for resuming the fuel
supply is controlled uniquely according to the fifth emlnidi-
ment ('oncretely speaking, the timing for resuming the fuel
supply is controlled for correction in a manner as described
below.

As described in the first emlindiment, it can be considered
that thc power for driving thr compressor (torqucxrotational
spccd) is maintained constant during thc deceleration that
lasts for only a short period of time. In FIG. 6, thcrcforc, if
the present compressor load torque at a moment of estima-
tion is Tl, the compressor rotational speed is Nc1 and if the
equidynamic line B of the compressor can be applied, then,
the limit loarl torque ot'he compressor ivhich permits the
operation characteristics of the engine, 4 to br maintained in
thc favorable region E can bc calculated to be To'rom the
intcrsccting point of thc lines B and C. i t)

That is, by setting thc characteristics of FIG. 6 in advance
anil storing them in a memory means (ROM) of a computer,

is possible to select the equxlynamic hne B of the
compressor Irom the present compressor lo;ul torque T1 anti
the compressor rotanonal speed Ncf at the esumahng ss
timing, anil tn calculate the limit load torque To'f the
compressnr frnm the intersecting point of the lines 0 and C

Based upon the limit load torque To'f the compressor
that is calculated, the corresponding engine rotational speed
can be found as Neo'rom the charactenstics nf the lines B
and C of I'lil 6 'I'he engine rotatinnal speed Neo's loiver,
by a prcdctcrmincd rotational specrl Neh than thc cnginc
rotational spccd Neo corresponrling to the refcrcncc value To
that is determined based on the equidynamic line A of the
compressor at the time of a maximum air-comlinomng load,
the predetermined rotational speed Nri heing the amount for
correcting the timin for resuming the fuel supply at step
S700a

The engine control unit 2Z sets an interrupt control
execu teil at a predetermineil time interval during the control
rouune, reads the engine rotauonal spec&I Neo'alculated at
step S700n in a manner of the interrupt control, resets the cut
of fuel supply at the en ine rotatinnal speed Neo', and
rcsumcs thc supply of fucL

When the load torque of the compressor esumated at step
S400 exceeds the reference value To, due to some special
cause, that usually does not occur, the engine rotational
speed (which is higher than Nen) found from an intersecting
point of the estimated value and the line C is used as the
corrcctcd cnginc rotational spccd Nco', the fuel cut is react
at an carly time relying upon thc engine rotational speed
Neo', and the supply of tuel is resumed. This avoidk, in
advance, an occurrence that the engine operation character-
istics plunge into the defective zone I) in lrl(i. 5 while the
fuel supply is being cut due tn a tnn large load torque of the
compressor and as a result that the engine stalls or the NVI I

characteristics arc dctcriorated.
Accorihng to this emboihment, therefore, when there is

still a mar un in the engine output, the engine rotational
speed at the time ivhen the fuel supply is resumed is pulled
down by a predetermined amnunt Nri, ivhereby the fuel cut
is maintained for an cxtcndcrl period of time to dccrcasc thc
consumption of fuel. At thc same time, as the amount for
correcting the timing for resummg the tuel supply is deter-
mined based on the limit load torque To'f the compressor
which enables the operation characterisucs of the engine 4
to be maintained in the favorable zone L', the deterinration
in the engine operation characteristics (dnveabihty) that
accompanies thc fuel cut is relialily prcventcrl.

Thc control operation for correcting the timin for resum-
ing the fuel supply according to the fifth cmbodimcnt is
irrelevant to the system fir controlling the capacity oi. the
compressor 1. In the Iifth embodiment, thereiore, the system
for controlling the capacity of the cnmpressor I may be
either one of the first embodiment nr the second embodi-
ment The tifth embodiment can similarly be executed even
by maintainin the bioiv-out capacity of thc compressor 1

constant and by intcrmittcntiy operating thc compressor 1 of
the Iixeil capacity to vary the ability of the compressor 1.

Sixth Lmbodiment

In the above-mentioned fifth embndiment, the timing for
resuming the fuel supply is cnrrected at step S700u of I'IG
11 so as to accomplish thc limit load torque To'f thc
compressor which still enables thc operation characteristics
of the cn inc 4 to lic in thc favorable zone E. According to
a sixth embodiment, however, the uming Ior resuming the
fuel supply is corrected by a dilferent method.

FIG. IZ illustrates the control operanon at step S700rr
according to the sixth emboihment. At step S710a, Iirst, the
relauonship of the ma mitudes of. the estimated value and the
reference value 'I'o of load tnrque nf the compressor are
judged When the estimated value is small, the routine
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proceeds to step S72Ua where Ihe engine rotauonal speed
Neo at the time of resuining the fuel supply is lowered by a
predetermined amount (e.g., I(f(f rpm) to lengthen the period
in which the fuel remains cut

When thc estimated load torque of thc compressor is
larger than thc refi:rcncc value To, duc to some cause, thc
rouune proceeifs to step S73Ua where Ihe engine rotational
spec&i Neo at Ihe time of. resuming the fuel supply is
increased by a preifetermineif amount (e.g., IOU rpm) io
advance the reset of fuel cut 16

Seventh L'mbodiment

FIG. 13 illustrates Ihe control operanon at step S7UUa
accordtng Io a seventh embodiment, wherein the abscissa
represents the deviation between the reference value 'I'o and
the estimated value of load torque of the compressor, and the
ordinate rcprcsents thc amount of correcting the engine
rotational spccd Nco at the time of resuming thc fuel supply.
The deviation along Ihe abscissa of FIG. 13 is expressed in
the same manner as that of. FIG. 9. c

The charactenstics of. FIG. 13 are set in advance in Ihe.

form of a map and are stored in a memory means (e.g,
ROM) of a computer That is, the amount of correcting the
engine rotational speed Neo is found from a deviation
bctwccn thc rcfercncc value To and thc cstimatcd value of
load torque of thc compressor, and is used for correcting thc
engine rotauonal speed Neo at the lime of resuming ihe fuel
supply determined basmf upon the reference value To of lo ail
torque of the compressor I'herefore, the seventh emlxidi-
ment also exhibits the same function and effect as those of"'he

hfth embodiment

Other bmbodiments

In FIG I, illustraung Ihe whole constitunon of: Ihe lira(
embothment, the mr conditioner control unit 5 is provided
with the compressor load torque estimating unit 5a and with
the unit 5h for calculating the capacity when the fuel is cut
Instead, however, the engine control unit 22 may be pro-
vitlctl with thc compressor load torque estimating unit Sa
anil with thc unit 5h for calculating the capacity when thc
fuel is cut Similarly, in FIG. LU illustrating the whole
constitution of the fifth embodiment, the engine control unit
22 may be proviifed with Ihe compressor load torque esti-
mating unit 5a

65
The above-mentioned embodiments all use the fuel cut

signal FC sent from the cnginc control unit 22. It is,
howcvcr, aLso allowable to of&tain a fuel injection aniount
signal from thc cnginc control unit 22 and render a judgment
that the fuel supply is cut when Ihe amount of: fuel infecuon

50
becomes smaller than a predetermined value.

While the invention has been descnbed by reference to
specific emborliments chosen for purpose of illustration, it

should be apparent that numerous modifications could be
made thcrcto by those skilled in thc art without departing 55
from thc basic concept and scope of thc invention.

What is claimeif is:
1. An air-i:omhhoning device for vehicles that cut Ihe

supply of fuel Io a vehicle engine umler preifetermineif
conditions during the deceleration of the vehicle, compris-
lllg:

a compressor driven by said vehicle engine to compress
anil blow out a coolant in a refrigeration cycle;

blow-out rate varying means for varying the blow out rate
of said compressor; and 65

load torque estimating means for estimating a physical
quantity related to the load torque of said compressor

under a comhnon of. resuming the fuel supply after the
fuel supply has been cut; wherein

the bloiv-out rate of said compressor is changed by
controlling said blow-out rate varying means depend-
in ~ upon the eshmated value of physical quannty
output from smd load torque estimating means

2. An air-conditioning rlcvicc for vehicles accordin to
claim 1, wherein a refcrcncc value rclatcd to load torque of
said compressor is set umler the mindiuon of resuming the
fuel supply, and wherein the blow-out rate of saint compres-
sor is changed so that said estimated value of physical
quantity approaches said reference value.

3. An air-contlitioning device for vchiclcs according to
claim 2, wherein said rcfcrcnce value is thc load torque of
thc compressor at thc time of resuming the fuel supply under
Ihe condinon of a maximum air-comfinomng load

4. An air-conditionmg device for vehicles secor&ling to
claim I, ivherein a reference value related to load torque of
said compressor is set under the condition of resumin the
fuel supply, and vvhcrcin thc blow-out rate of said compres-
sor during the control operation for cutting thc fuel supply
is incrcascd to bc larger than thc blow-out rate at the time
when Ihe conirol operation for culling the fuel supply is
started in Ihe case that said esfimated value of: physmal
quantity is smaller than said reference value, and the blow-
out rate of said compressor durin the control operation for
cuttin the fuel supply is rlccreased to lic smaller than thc
blovv-out rate at thc time when the control operation for
cuttin thc fuel supply is startcrl in the case that said
esnmated value of: physical quantity is larger than said
reference value.

5. An air-conditioning device for vehicles according to
claim 4, wherein in the case that said estimated value of
physical quantity is smaller than said rcfi;rance value, thc
blow-out rate of said compressor rlurin thc control opera-
tion for cuttin the fuel supply is forcilily brought to be a
maximum blow-out rate.

6. An air-condinoning device for vehicles according to
claim I, ivherein said load torque estimating means esti-
mates said physical quantity based upon the physical quan-
tity rclatcd to the load torque of saitl compressor anil thc
rotational spccd of said compressor at thc time when thc
control operation for cutting thc fuel supply is started, anil
upon the rotanonal speed of mid compressor under the
conilition for resuming the tuel supply.

7. An air-conditioning device for vehicles according to
claim I, wherein the condition for resuming the fuel supply
is a timing of when the rotational speed of the vehicle engine
has droppetl dovvn to a prcdctcrmincd rotational speetl after
the fuel supply has been cut.

g. A device for controlhng an engine for a vehicle which
cuts Ihe tuel supply to a vehicle engine umfer a predeter-
mined condition during the deceleration of the vehicle, and
ivhich mounts an air-conditioning device having a compres-
sor that is driven by said vehicle engine, compresses the
coolant in a rcfrigcratin cycle and blows thc coolant out,
thc device for controlling an cnginc for a vchiclc compris-
in

load torque cstiniating nicans for estimating a physical
quantity rclatcd to the loatl torque of said compressor
under a condition for resuming the tuel supply, an&i

fuel supply resumption control means for changing thc
liming for resummg Ihe fuel supply depending upon
said estimated vahie of. physical quantity output from
said load torque estimatmg means.

9. A device for controlling an engine fnr a vehicle
according to claim g, ivherein a reference value related to
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load torque of the compressor is set umler the comhuon of
resuming the fuel supply, and wherein in the case that the
estimated value nf physical quantity is smaller than said
reference value, the timing for resuming the fuel supply is
dclaycd so that thc operation characteristics of thc vehicle
cnginc approach a border line bctwcen thc dcfcctivc zone
and the favorable zone.

fU. A rievice ior controlling an engine for a vehicle
according to claim 9, wherein said reference value is the
load torque ot'he compressor at the time of resuming the
fuel supply under the condition nf a maximum air-
conditiomn load.

11. A tlcvicc for controiling an engine for a vehicle
according to claim g, wherein a reference value related to
load torque of. said compressor is set unrier the conriition of
resuming the fuel supply, and wherein the timing for resum-
ing the fuel supply is delayed liehind the timing that is set

based oh smd reference value when said esumated value of
physical quantity is smaller than said rcfi;rcnce value, and
the timin for rcsuniing the fuel supply is atlvanccrl ahcarl of
the timing that is set based on said reference value when said
esnmated value of physical quantity is larger than said
reference vahie.

12. A device for controlling an cnginc for a vchiclc
according to claim g, wherein said load torque esumaun ~

means estimates said physical quantity based upon the
physical quantity related to the load torque of said compres-
sor and the rotational speed of said compressor at the time
when the conirol operation for cutting the fuel supply is
started, and upon the rotational speed of said compressor

is under the condition of resuming thc fuel supply.


