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AIR CONDITIONER FOR VEHICLE
CAPAIII,K Olr RKCOVKRI~ (; VKIIICI,K

l)KCKI,KRATIOW KNKR(IY

IJACKOROUND OF THE INVENTION

I liield of the 1mention
The present invention relates to an air conditioner for a

vehicle that recovers vehicle deceleration ener y by storing
cold (cooling micrgy) in a cooluig heat cxclrangcr during thciii
period ol vclnclc dccclcration

2. Description of the Related Ait
Conventionally. thcrc is an air conditioner, for a vehicle,

in which thc tcmperaturc of mr cooicxI by an evaporator (a
cooling heat exchanger) is detected and a compressor is
driven and controlled so that the detected temperature
beconies equal to a target cooling temperature. Cnd during
the period of vehicle deceleration. the target cooling tem-
perature is rcxluccd to a Icmpcraiurc lower than that before
diwclcraiion ui order to incrcasc Ihe raIc ol opcrauon (rate of Za

opera iron tune with respect to loni 1 time uicluduig rcs1 luna)
of the compressor and vehicle deceleration energy is recov-
ered by storing cold in the cooling heat exchanger (refer to,
for example„Patent document I and Patent document 2).

On the other hand. thcrc is miothcr air conditioner for a
i chicle, in which a fuel consiunpiion savuig ellbc! is
achieved by keeping a compressor in a resting state for a
predeterniined time during the period of vehicle deceleration
(refer to. for example. Patent document 3).

[Patent Document I]
.Iapanese Unexanimed Patent Publication (Kokai) No.

67-44311
[Ptiicnt DocunIcnt 2]
Japanese Unexamined Patent Publication (Kokai) No.

2001-105346
[Patent Document 3]
Japancsc Unexamined Patent Publication (Kokm) No.

3-295131
However. in Patent documents I and 2 relating to the air sy

condiiioncr Ibr a vchiclc according to a prior ari. which mr
conditioner is dcscubcd lirst above, no method is disclosed
fiir improvmg the fuel consumption saving elfect by efftx-
tively utilizin the energy recovered during the penod of
deceleration (the stored cold heat (cooling energy)) wlule
the feelings of passengers are taken into account.

On the other hand, the object of the air conditioner for a
vehicle according to a prior art, ivhich air conditioner is
described second above. is also to aclfieve the lhel consurnp-
tion saving efi'ect and no control that takes into account the sc
liwluigs of passengers is ihscloscd in Patent document 3.

The applicants of the present invention have focused on a
control to be performed v hen stored cold heat is utilized
because it sccms possible Io achicvc a morc marked fuel
consumpuon saving cllbct by clfccuvcly utilizing thc stored
cold hear. while the feelings of passengers are taken mto
accoinit. in an air conditioner for a vehicle that recovers
vehicle deceleration energy and ctorec cold in a cooling heat
cxchaiigcr,

sc
SUMICLARY OF THE INVENTION

lhc prcscnt invcntiou has been developed with thc abovc-
mcntioncd problcnw being taken uito account and thc object
thcrcof is to provide an air conditioner lor a vciucle capable sc

of achieving a more niarked fuel consumption saving effect
while niaintaining better air-conditioning fiir passengers.

In order Io aitiun Ihc above-mmiuoncd oblect, ui a Iirs1

aspect according to the present invention. an air conditioner
fiir a vcluclc compnsing: a cooling heat cxclranger (6) lor
cooling air to be discharged into a vehicle compartment; a
tcmperaturc deIcc lion means (13 ) for dciccting Ihc lcmpcm-
turc ol'Ihc air immediately after bein coohxl by thc cooluig
heat exchanger (6), a compressor (2) duvcu by an cnguic
(ii) of the vehicle and compressing and dischar ino a
refrigerant having passed through the cooling heat
exchm er (6); and a control means (14) for calculating a
target cooling temperature (TEO) of the air to be discharged
into thc vcluclc comparunmit when cooled by the cooluig
hca1 exclmngcr (6) aniL ai Ihc same umc. controllui Ihc
operation ol thc compressor (2) so Ilrat a dctcclcxt tempera-
ture ('lit) of the temperanire detection means (13) becomes
equal to the target cooling temperature (I'KO), wherein a
traveling state judgment means (19) for judging whether the
vehicle is in a travelin state is provided. The control means
(14) controls thc opcranon of the compressor (2) so IItat
cold (cooluig energy) is stored in thc cooling lmat cxclmngcr
(6) when Ihe traveling state judgment means (19) Iudgcs Iha1
the vehicle is in a decelerated tmveling state, and sets an
upwardly-modified tar et temperature ('ll (OK) higher. by a
predetermined value, than the target cooing temperature
(TEO) before the vehicle is brought into the decelerated
Irilvclillg state illld, at Ihc sallic tllllc, coiltrols illc opcialioll
of the compressor (2) so thai thc detcctcd tmnperaturc (TE)
biwomcs equal to Ihc upwardly-modilicd target Icmpcraiurc
(TEOK) when the traveling state judynent means (19)
judges that the vehicle has conipleted the decelerated tnsv-
elin state.

Accorduig Io tins aspcci, ii is possible to clli:ctivcly uiihzc
the cold heat stored in Ihe cool uig heat exchanger duruig Ihc
period of vehicle deceleration after the decelemted traveling
state is completed while maintaining good air-conditioning
for passengers by setting the upivardly-niodihed target tem-
perature (TEOK) to a level that does not give pacsengers an
uncomfortable feeling. Therefi&re, it is possible to achieve a
morc marked fuel consumpuon saving ellcci wlulc main-
taiuuig Ihc good air-conditioning for passcngcrs.

In a second aspect according to the present mvention,
when the traveling state judynent means (19) judges that the
vehicle is in a decelerated traveling state, the control means
(14) acts a downwardly-modfiicd target temperature (TEOS )

lower, by a prcdctcmuncd value. thun Ilm target cooluig
tcmperaturc (TEO) before thc ielucle is brought uiio thc
decelemted traveling state and, at the same time, stores cold
in the cooling heat exchanger (6) by controlling the opera-
tion of the compressor (2) so that the detected temperature
(TE) of the temperature detection means (13) becomes equal
to the downwardly-moddiixl target temperature (TEOS).

According to the second aspect. it is possible to easily
store cold in the cooling hear exchanger (6) by only dowi1-
v ardly modifying the target coohng teniperature fi'l)O)

In a Ihird aspect according Io the prcscnt uivcniion, thc
control means (14). controls Ihc operation ol'hc compressor
(2) so thai thc deiccu:d Imnperaturc (TE) of the tcmperaturc
detection means (13) beconies equal to the upwardly-modi-
fied target temperature (Tl!OK) when the traveling state
judynent means (19) judges that the vehicle linc completed
the decelerated travelin state and is now in a rectin ctate;
and removes the selling of Ihc upwardly-modt(icxt target
tcmpcrature (TEOK) and controls thc operation of Ihc
compressor (2) so Ilmt ihe detected Icmpcraiure (TE) of Ihc
temperature detection means (13) becomes equal to the
target cooling temperature fl IIO) when the tmveling state
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judgmmil means (19) Iudges that thc veiucle has buan pul in
motion from the resting state.

According to the third aspect. the operation of the com-
pressor (2) is controlled based on the upwardly-modified
target temperature (TEOK) only when the vclucie is at rest.
Therefore, il is possible lo ctli:ctively ulthze Ihc coki heal
stored during the period of deceleration while the vehicle is
at rest during which the engine etficiency is comparatively
poor. In addition, it is possible to prevent the control based
on the upwardly-modified tar et temperature (TEOK) from Ia

lasting after the vehicle is put in motion and the feelings of
passengers from being adversely alii:cled.

In a tiiurth aspect according to the present invention,
when the setting of the upwardly-moditied target tempem-
ture (TEOK) is removed. the control means (14) prevents the
re-setting of the upwardly-moditied target temperature
(TEOK) regardless of the travelin stale of lhc vchiclc until
thc dcleclcd tempcralurc (TE) ol Ihe tcmpcralure detection
nieans (13) falls below the target cooling temperature
(Tl X)) 2C

According to the fourth aspect, afler the control based on
thc upwardly-modtticst target lcmpcrdlure (TEOK) has been
once perfomu d, thc control based on thc upwardly-moditicd
target temperature ('lllOK) is not pertiirmed again until the
detected teniperature ('ill) of the temperature detection
means (13) drops below the target coolin tempermue
(TEO). In other words, the control based on the upwardly-
modified target tempemsture (TEOK) is not performed until
d stale in wluch cold cnn be stored sutlicmnlly in the cooling
heal chmigcr (6) is rcachisk llicretiire, it is possible to
prevent the feelings of passengers from being adversely
affected, which will be caused by the control based on the
upwardly-modified target temperature (TEOK) in a state in
which cold cannot be stored sufliciently in the cooling heat
exchanger (6). is

'lite symbols in the parenthesis attached to each nieans
described above indicate a corresponding v ith a specihc
means in embodiments to be described Inter.

1'he present invention may be more fully understood front
the description of the preferred embodiments of the inven-
tion set forth belov „ to ether with the accompanying dmw-
lligs.

BRIEF DESCRIPTION OF THE DRAWINGS

In Ihe drawings.
FIG, I is a schematic diagram showing an entire general

configumtion of an air conditioner for a vehicle according to
dn mnbodimcnt ol'hc present uivmition.

o
FIG. 2 is a sectional view showing a configuration of a

compressor accorduig Io au cmbodunenl ol tim present
invention.

FIG, 3 is a flow chart showing a compressor control
process by an air coudiuoning control unit 14 accorduig to
dn mnbodimcnt ol'hc present uivmition.

FIG. 4 is a characteristic diagram of a target cooling
tcmpcralurc TEOK moihlicd toward lugher Icmpcraturcs.

FIG, 5 is a time chart showing an operation example of an
air conditioner for a vehicle according to an embodiment of ic
itic piesciil iiivctilioii

Dl iS('RIP'I'ION Oli 'I'I IE Pt(l itit it(RI'.I )
I:Ml)OI)IMIiN'IS

ss
Enibodinients of the present invention are explained

below with reference to drawings

FIC) I is a gcncral block diagram of an air conditioner lhr
a vehicle according to an embodiment of the present inven-
tion A refrigerating cycle device I for air-conditioning a
vehicle is provided with a compressor 2 that sucks in,
compresses. and discharges a refngerant. A superheated gas
refri erant ofhigh tempemsture and hi h pressure discharged
from thc compressor 2 flows into a condcnscr 3, where heal
exchange is cflbclcd bclw cmi Ihe refngcraut and thc oulsule
air supplied by a cooling fan (not shown) and the refrigerant
is cooled and condensed

Next, the refrigerant that has condensed in the condenser
3 flows into a receiver (gas-liquid separator) 4, within wlfich
the gas and liquid of the refrigerant are separated and excess
rcfrigcidiil (liquni Iclrigci'aiil) iii itic rcfrigcldliiig cvclc
device I is stored ui thc rcmciver 4. Tlm liquid refrigerant
from the receiver 4 is reduced in pressure by an expansion
valve (a pressure-reducing means) 5 and bmught into a
gas-liquid two-phase state I'he refrigerant of kiw pressure
from the expansion valve 5 tloivs into an evaporator 6. The
evaporator 6 is a cooling heat exchanger installed in an air
condiliotung case 7 making up an nir passage in thc air
conditioner for a vcluclc mid Ihc rcfngcrant of low prcssure
that has floived into the evaporator 6 absorbs heat from the
air inside the air conditioning case 7 and evaporates.

I'he expansion valve 5 is a thermo-sensitive expansion
valve having a temperature detecting patt 5a tlmt detects the
temperature of the refrigerant at the outlet of the evapomstor
6 and Ihc expansion 1 ah c 5 dilj usia the opmung ol'hc valve
(thc flow rale of lhe refrigerant) so as lo keep thc supcr-
heatmg level of the refrigerator at the outlet of the evapo-
nstor 6 at a predetermined value I'he cycle components (2
to 6) described above are connected by a refrigemsnt pipe g,
making up a closed circulation channel.

The compressor 2 is driven by an engine (E/Ci) 11 for
vchiclc traveling via a power transmission mcchaiusm 9, a
belt 10, clc. Thc compressor 2 is a vanablc displacement
type compressor. v,hich will bc dcscrtbcst later. In Ihe
present embodiment. the power transmission meclmnism 9
is a clutch mechanism (for example, an electromagnetic
clutch) that can select transmission or cutofi'of power by an
electncal control front the outside„but the mechanism 9 may
also bc a clutch-less mechanism Ilmt docs uot havesuch a
clutch mechanism mid that is always in thc power lransnus-
sion mode.

'I'he air conditioning case 7 is provided with a fan 12 and
the air inside a vehicle compartment (the inside air) or the air
outside a vehicle compartment (the outside air) sucked in
from a iveli-known iimide/outside switching box (not
shovvu) is supplied uilo d veluclc compartmmil through Ihe
air conditioning case 7 by thc fan 12. Al'tcr passuig tluough
the evaporator 6, Ihc supplied air passes through a hcaier
unit (not shown) and is discharged mto a vehicle compart-
ment tluough a discharge outlet

In the air conditioning case 7. an Inunediately down-
stream part of the evaporator 6 is provided v ith an evapo-
rator discharge tcmpcralurc sensor (a tmupcralure detection
means in thc present cmboduncnt) 13 comprisuig a ther-
mistor llml detects lhc Imuperalurc of Ihc discharged air
inimediately after havina passed through the evaporator 6

'I'he heater unit described above is well known and is
provided with a hot-water type heater core (a heating means )

that heats again the cold air having passed through the
eviipordtor 6, aii air iiiix diior llial scivim tis a u:itipcidliiic
adluslmcnt means for diljusling Ihc hcaung lcvcl in Ihe
hol-water type hcalcr core, a hol-water flow mtc control
valve, etc. Moreover, at the downstream end of the air flos
in the air conditionin case 7, a face discharge outlet from
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w luch mr &s d&scharged toward thc upper body of a passenger
in a vehicle comparhnent. a foot discharge outlet from which
air is discharged toward the feet of a passenger in a vehicle
compartn&ent, and a defroster discharge outlet from which
air is discharged toward the inner surface of the windshield
in a velucle compartment are fomted and a discharge mode
door lor sw ilchu&g bc&ween Ihc openm and closmg of lhcse
d&scha&gc outlets &s provulix!.

1he compressor 2 descubed alx&ve is an external variable
disp)scen&ent type co&npressor having an electronlagnetic
disp)scen&ent control valve (a discharge displacement con-
trol n&echanism) 15 controlled by an electrical signal from
an air conditiorun control unit (A'CECI J. a control means
in the present embod&ment) 14 tmd cl&an ing thc ihschargc
d&splacemenl by chang&ng Ihe contml prcssure using thc
control valve 15 Detected s&gnals of a sensor group 16 for
automatically controllmg air conditioning and operation
signals of an operation switch group of an air conditioning
operation panel 17 are inputted to the nir conditioning
control unit 14

To bc spec&lic. thc sm&sor group 16 includes m& uwidc mr
sensor (an ins&de air tempcraturc delcclion me&ms), an out-
side air sensor, a solar radiation sensor. a humidity sensnr (a
lnunidity detection means), an engine water temperature
sensor. etc.. and the operation switch gmup of the air
conditioning operation panel 17 includes a temperanue
setting switch, an air flow rate switching switch. n discharge
mode swilcluu sw&lch. an &ns&de/oumxlc mr sw&tclung
switch. Bu B&r cond&uoncl swnch thai Issues &I couuuaud lo
operate the compressor 2, etc

Moreover, in the refrigerating cycle device I, a high-
pressure sensor 18 for detectu&g a high pressure (a contpres-
sor discharge pressure) is provided in the circulation channel
of high pressure fmm the discharge side of the compressor
2 lo lhc inlet of the cxpans&ou valve 5 m&d thc dctectu! sig»al
ol'hc h&gh-prcssure semor 18 &s also input&cd lo lhc mr
cond&t&oning control un&t 14. In lhe example shown u& the
figure, the hi h-pressure sensor 18 is provided on the
refrigerant pipe at the outlet side of the condenser 3

Still nu&reover. the air conditioning control unit 14 &s

connected to an en@ac control unit (E/Cr'EGU) 19 installed
in the velucle control space m&d s&goals can be transmitted
bc&worn& both the control u&uts 14 and 19. As is known
w idcly, the eng&nc control un&1 19 loudly conlrols par&uncters
such as the flow rate of fuel to be injected to and the ignition
tin&ing of the vehicle eng&ne I I based on the signals front a
sensor group 19a for detecting the state of operation of the
vehicle engine 11, etc.

In thc presm&t embod&ment, thc engine control urn& 19
transmits infonuauon about thc engu&c spimd. Ihe vehicle
speed, the lluotlle ope&ung, thc accelerator opening clc lo
the air cond&tioning control unit 14 and the information &s

used when a judgn&ent is made whether a vehicle is u& a
decelerated traveling state, a resting state, or a re-starting
state, etc., which will be described later. The engine control
urn& 19 &s a travel&ng stale Iudgmcnt mca&w u& lhe presmu
mubodimcnt.

FIG. 2 &s a sectiooal v&ew of the external vanable capacity
compressor 2 used in the present e&nbodiment. In the cnn&-

pressor 2, a target tlow rate Cin& of the compressor discharge
flow rate is specified by a control current (that is. n control
current signai) In of the electromagnetic displacement con-
trol valse 15 aud thc ihschargc d&splaccmenl &s mcreased or
dimrcsscd so that the compressor disclrsrge flov, rulc is kc7&I

al Ihc large& flow rute Gro (a d&scl&urge displacement control
type) 'I'o be specific, the target flow rate (iro increases in
pmportinn tn the increase of the control current In.

As shown u& FIG. 2, the compressor 2 &s a s&nglc-headod
swash plate type variable displacen&ent compressor and the
variable displacement mechanisnt itself is mell kno&vn 'lhe
power of the vehicle engine 11 is transmitted to a mtating,
shaft ZO via the power transmission mechanism 9. etc.,
shown in FICi. 1. The left end of the rotating shafi 20 in FICi.
2 &s a connccl&on part w&lh Ihc power lrausm&ssion mcchs-
n&sm 9. A swash plate 21 is conncc&cx) to thc rotaung shaft
20 both integrally and mtatably and, at the same time, the

la angle of inclination of the swash plate 21 can be adjusted by
a spherical hinge n&echanism 22. 'I he position of the swash
plate Z1 indicated by the solid line corresponds to a state in
which the angle of inclination with respect to the rotation
shafl 20 &s small (a small displacement state) and a posit&on
21a indicated by lhe ellcmale long and two short dashes lu&c

corresponds to a state in which the angle of inclination ivith
respect to the rotating shafi 20 is lar e (a large displacement
state)

A plurality of pistons 24 (for example, tive pistons) are
&o connected to the swash pLate 21 via shoes 23. In this

coniigurat&on, Ihc plurality ol'he p&stons 24 arc made lo
rec&procsle se&)uenfiafly i&a the shoes 23 by rolatu&g Ihe
sv ash plate 21 together with the mtating shaft 20 so that the
volume of a cylinder chamber (an operation chan&ber) Vc is
increased and decreased in order tn suck in and compress a
refrigemnt,

In order to change the dischar e displacement of the
compressor 2, thc stroke of llu: p&ston 24 &s changixi by
ch&u&gu&g lhi Bugle of h&chant&ou of lhc swBsh plBIc 21.

&c v hich is achieved by changing a pressure Pc in a crank
chan&ber (a s&sash plate chamber) 25 &n wh&ch the swash
plate 21 is accon&modated In other words, an increase in the
an le of inclination of the swash plate 21 causes the piston
stroke to increase and as a result, the dischar e displacement

&s is u&crcascd, and a dccreasc u& Ihc angle of u&cl&nation ol Ihe
swash plate 21 causes Ihc p&ston stroke to decrease and as a
result, thc d&sch&ugc displsccmcnt &s decreased.

I'his means that the crank chamber 25 plays also a mle as
a contml pressure chamber for changing the dischar e

so displacement of the compressor 2. The cmsnk chamber (the
sv ash plate chamber) 25 is conumuucated with a suction
ch&unbcr 27 of Ihc compressor 2 through a duoule passu c
26.

Ou thc other hand, a lira& discharge chamber 29 and a
second dischar e chamber 30 are formed in a rear housing,
28 of the compressor 20 m&d the first discharge clmmber 29
is comm&u&icated with the second dischar e chamber 30
through a tluottle communication passage (a throttle part) 31
having a prcdclernuncd tluoltlc hole d&ametcr. Thc refrig-

o erant d&sch&ugcd lbom the opcrauou chtunbcr (thc cylinder
chamber) Vc of each piston 24 flow s &nto aud collects u& Ihe
first disclmrge chamber 29 via a d&scharge port 33 and a
discharge valve 34 of a valve plate 32, and thus the dischar e
pulsat&on is smoothed. The second dischar e chamber 30 is
connected to an external refrigerant d&scharge pipe via a
d&scha&gc outlet 35.

Morcovcr, the rear ious&ng 28 &s prov&ded w&th a suet&on
inlet 36, tluough which Ihc low-pressure gas refrigeranl
from the outlet of the evaporator 6 is sucked in, and the

ic suction chainber 27 into &vhich the refrigerant tlov:s through
the suction inlet 36. The refrigerant fmm the suction cham-
ber 27 is sucked into the operation chamber Vc via a suction
port 37 m&d a suet&on valve 38 ol'hc vulva plate 32.

A prcssure loss is produced win:n Ihc rcfngcranl from Ihe
ss lirst discharge chamber 29 passes tluough thc lluoulc com-

nn&nication passage 31 and tlows toward the second dis-
char e clmmber 30 and, therefore, a Pressure Pdr in the
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second discharge chamber 30 becomes lower than a prcssure
Pdo in the first discharge chamber 29 by a predeternuned
pressure difl'erence AP The pressure dilference AP between
flie nvo portions before and after the throttle communication
passage 31 is proportional to the flow rate of the compressor
discharge refrigerant.

llic cleclromagnclic dmplaccment control valve 15 makes
up a discharge capacity contml mechanism for ciiirti'iilling a
pressure Pc in the crank chamber 25. which plays also a role
as a pressure control clmmber. and the electromagnetic
dispLacement contml valve 15 is armsitged at the side near the
rear lxiusing 28 of lhe compressor 2. Next, a specific
cxiiiliplc of d i:oiiligoriitioll of lite ilisplsci:iiiciil i:oiiliol valve
15 is explained. The control valve 15 is provided with. a lirst
control chamber 40 to which the pressure Pda in the hrst
discharge chamber 29 is guided through a communication
passage 39: and a second control chamber 42 to which the
pressure Pdr in the second dischar e chamber 30 is guided
tlnough a connnunicdtion pasmdgc 41. Thc control clmmbers
40 and 42 arc scparalcd by a cyhndncal mcmbcr 43 that is
slidable therewith. In tlus contiguralion. a force duc to thc
pressure difference AP between the two contml chambers 40
and 42 is apphed to one end of a push md 44 via the
cylindrical member 43, etc., which serves as a force in the
valve-opening direction.

Morcovcr, thc control valve 15 is provided also with a
discharge pressure chamber 45 to which the pressure Pda in
the first discharge chamber 29 is intniduced and a contml
pressure chamber 47 that is comnninicated with the crank
chamber 25 through a communication passu e 46, and the ill

discharge pressure chamber 45 and the control pressure
cluunbcr 47 arc conununicdtcd with each other fluou h a
tlirotfle-passage 48, thc sectional area ol thc opeiun of the
throttle passage 48 is ad)usted by a valve body 49 of the push
rod 44. and thus the pressure in the control pressure chantber is

47. that is, the pressure (the control pressure) Pc in the craink
chamber 25 can be adjusted

On the otlmr hand, an electromagnetic mcxhaiuam perl 50
ol Ihc control valve 15 applms a liirce ui opposition to a

do
valve-opening fiirce due to the pressure difl'erence AP, that
is, a valve-closing-force. to the valve body 49 (the push rod
44). The valve body 49 is integrally connected to a plunger
(a movable iron core) 51 of the electromagnetic mechanism
pari 50 and an chxtromagncuc sucnon force induced by an
cxcitmg coil 52 m Bppltcx) to thc plunger 51. In oflier words,
Ihe plunger 51 is arranged in opposition lo a lixwl magnetic
pole mentber (a fixed iron core) 53 at a predeternuned
distance and the plunger 51 is displaced in the axial direction
(upward direction in FICi. 2) toward the fixed magnetic pole,„
member 53 by the electromagnetic suction force induced by
thc exciting coil 52. Due to the displacement of lhc plunger
51 in Ihc axial direction, lhc valve body 49 is moved ui the
i Blvc-opcliliig dirt:i:licit.

Moreover, a coil spring 54 is arranged between the
plunger 51 and the fixed magnetic pole member 53 as an
elastic means for producing an elastic force in opposition to
dii cli:i'troiliiigiictii: Iorcix

In the present enibodiment. it is possible to apply a
desired electromagnetic suction force (that is. a tiirce in the io
direction of closing the valve body 49) to the plun er 51 by
controliin the control current (the control current signal) In
to be passed tluough the exciting coil 52 (for cx unple, by
controlluig the break-make ratio, lltal is, lhc duly ralio Dt of
thc conlrol current In). Thc contml current In thai passes ss
through the exciting coil 52 is controlled by the air condi-
tionina control unit 14 descnbed above

As thc clectromagnclic displacement control valve 15 is
configured as above. if the force of closing the valve body
49 is increased by controlling the control current In, the
valve body 49 is displaced upward in liili 2 and the
sectional area of opening of the throttle passa e 48 is
decreased and, therefore, the pressure in the control pressure
chamber 47, that is, Ihc pressure Pc in thc crank chamber 25,
is rixluccd, the angle of incluiation of thc swash plate 21 is
increased as shown by the alternate long and two short
dashes line 2la in )1G 2 and as a result. the dischar e
displacement is increased

Conversely. if the force of closing the valve body 49 is
decreased by controlling the control current In, the valve
body 49 is displaced downward in FICi. 2 by thc fiircc ol'hc
coil spriiig 54 dini llic scclioiidl BrcB of opi:iiiiig of flic
throttle passage 48 is increased and. therefiire, the pressure
in the contml pressure chamber 47. that is. the pressure Pc
in the crank chamber 25. is increased. the angle of inclina-
tion of the swash plate 21 is decreased as shown by the
position indicated by the solid line in FICi 2 and as a result,
llic disclliirgc ilisplaci:illcilt is dci:rcascil.

On lhc other lmnd, when lhe spixd ol'lm cnguie 11 is
increased and that of the contpressor 2 is also increased, the
flov rate of the discharge refrigensnt discharged from the
cmnpressor 2 is increased in conjunction with this, but if the
flov rate of the discharge refngerant is increased, the
pressure difl'erence t)P benveen the first and second control
chiunbcrs 40 and 42 becomes grcalcr and, thcrcforc, thc
valve-opening force becomes greater, thc push rod 44 and
the valve body 49 are moved downward in liili. 2. the
sectional area of openin of the thmttle passage 48 is
increased and as a result. Ihe discharge displacement of the
compressor 2 is decreased.

Converseiy„v:hen the speed of the engine 11 is decreased
and that ol'hc compressor 2 is also dccrcascd, thc flow raie
of thc disclmrge rcfngcrdnl discharged Ibom thc compressor
2 is decreased ui conjunction with tlus, bul il'hc flow raie
of the discharge refrigermit is decreased. the pressure dif-
ference AP benveen the firs and second control chambers 40
and 42 becomes smaller and, therefore, the valve-opening
force becomes smaller. the push md 44 and the valve body
49 are moved upward ui FIG. 2, thc sectional arcs of
opening ol Ihc tluotlle passage 48 is dccrcascd and as a
result. thc discharge displacement of thc compressor 2 is
increased

At tlus tiine, the push rod 44 and the valve body 49 are
moved to a position svhere the valve-closing force and the
valve-opening force reach a state of equilibrium, and this
means flmt the discharge displacement of thc compressor 2

mechaiucally clmngcs unul the pressure dilfi:rcncc AP
bclwixn thc first and second control chambers 40 and 42
reaches a predetermined pressure difference determined
unequivocally by the valve-closing force (the electromag-
netic suction fiirce), that is, a target pressure diflerence ZIPO.

Therefore. as described above, it is possible to change the
flow rate of thc discharge rcibigerant actually discharged
from lhc compressor 2 by changing the target pressure
dilfi:rance APO, wluch is dclcrmincd unequivocally by thc
valve-closing force (the electromagnetic suction force) by
the control of the control current In, and by thus changing,
the dischar e dispLscenlent thereof.

Next. the operation control of the compressor in the air
conditioner Ibr a vehicle in Ihc present embodiment is
explauicd below based on the conligurauon dcscrtbcx)
above

liifi 3 is a flow chart shoivin the basic control process
of the compressor by the air conditioning contml unit 14.
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First, Ihc mr conditiorung contml unit 14 ludgcs whether
the air conditioner sxvitch of the air conditioning operation
panel 17 is turned on (step SI00) and monitors. when it is
not nirned on. the air conditioner switch until it is turned on.
When the result of the judgment in step S100 is that the air
conditioning switch is tunxed on, whether the vehicle is In a
dcmcleratcd traveling state is judged (step S110). To be
specific, infonuauon about those such as thc vehicle spcxxf,
the engine speed, and the accelerator opening is inputted
fmm the sensor y oup I 9u via the engine control unit 19 and
the judgtuent whether the vehicle is in the decelerated
traveling state is made. In the present embodiment. the
vehicle is judged to be in a decelerated traveliixg state when
Ilxc vclxicic spcixl is gri a(el Ilxaix ol cqilsl to ix klxl/lx. tlxc

mxgine speed Nc is greater than or cxfuai to 0 rpm. and thc
accelerator opening is less than or equal to 0 deg

When the result of judgment in step Sllfl is "NO". an
li('AC flag is set to "0" and a iuxixxlal cixirtnxl of flxc

compressor is performed (step S120). In step S120. the
control current ln to be output to the electromagnetic dis-
placement control valve 15 of thc compressor 2 is controlled
so ihal ihe dctectcd Icmpcrature TE ol thc evaporaIor
discharge temperature sensor 13 becomes equal to the target
cooling tempenxture 1 IXO calculated based on the txunpera-
ture of Ihe outside air, etc

When the result of judgment in step S110 is 7YES **, in
other words„v, hen the vehicle is judged to be in a deceler-
ated Iraveluxg state, Ihe FCA('?ag is set io '*I" and TEO is
modilicd to a lower tcmperaturc by, '. and thc target
cooling temperature (the downwardly-modified target tens-
perature) 1 IXOS is set in order to pertorm the control of cold
(cooling ener y) storage 'I'hen the control current ln to be
output to the efectmmayxetfc displacement control valve 15
of the compressor 2 is controlled so that the detected
tcmpcraturc TE ol'hc evaporator ihsvharge temperature
sensor 13 bixomes equal Io Ihc target coolmg temperature
TEOS moddicd toward lower temperatures (stop S130)

Afier either of steps S120 and S130 is perfixnned, v hether
the I'('A('lag lxas changed fnxm "I" to "0" or whether a
state in winch the FCAC fla is "0*'ontinues after the
FCAC fla has changed from "I*'o "0'* is judged (step 140).
When thc result of judgment made in step S140 is '*NO", in
other words, when the vehicle is judged Io be in a decelcr-
atcd trai cling state, the process rctums Io step S100.

When Ihe result of judgnxent made in step 5140 is "Yl:S",
whether the vehicle is at rest is judged (step S150) Specifi-
cally, information about the vehicle speed. the engine speed,
the accelemxtor opening, etc is inputted from the sensor
group 19a via thc cnginc control uiut 19 and whether the
x chicle is at rest is fudged ln thc prcscnt embodmxcnt. the
x chicle is judged to bc at rest when thc vehicle spxmd is less
than ix kmih or the engine speed Ne is less than jl rpm. and
the accelerator opening is less than or equal to 0 deg

When the vehicle is jud ed to be at rest in step S150. a
('OAC flag is set to "I" and the target cooling temperature
TEO is moddicd to a lughcr Icmpcrature by predetcrmuxed

tempera lures and Ihe target cooling Icmpcra lure (thc
upwardly-modilicd target Icmpcrature) TEOK is sct. Then
whether the detected tenxperature Tll of the evaporator
discharge tenxperature sensor 13 is higher than or equal to
the target coohng temperature TEOK modified toward
hi her tempemstures Is judged (step S160).

lhc target cooluig Icmpcrature (thc evaporator discharge
target Iempcraturc) TEOK set here is thc upwardly-modified
TEO, which is in accordance with Ihe outsslc air tempera-
ture correction value. and the extent of modification is so
small that passeixgers do not notice the change in the

tcmperaturc ol'onditioned air discharged uito a vcluclc
compartment (passengers are unlikely to feel uncomfiirt-
ablc), as shown in FIG. 4. In the prcsmit embodiment. when
the outside air temperature correction value TAMdisp is in
thc rmigc bctw ccn 30 mxd 35'., the tcmperaturc w modflicd
to a lugher temperature by about 6" C

When the result ol'udgment made in step S160 is fliat thc
detected teinpenxture I'I: of the evaporator discharge tem-

iit pcraturc sensor 13 is higher than or equal to thc upwardly-
modilicd target cooling temperature TEOK, thc COAC flag
is set to *'0** and thc control current In to be output Io Ihe
electromagnetic displacement control valve 15 of the com-
pressor 2 is controlled so that the detected tempenxture '11'.

I
of the evaporator discharge temperature sensor 13 becomes
equal to the target cooling tempemsture TEO (step S170).

Wlmn thc result of judgment made in step S160 is that Ihe
detected temperature Tii is lower than the target cooling
temperature I EOK, the COAC flag is set to "I" and the
cliltxpressor 2 is brourht to rest (the displacement is reduced
to zero) (step S180). When either of steps S170 and S180 is
perfomxed, the process returns to step S100.

On the other hand. when the result of judgment made in
step 5 150 is that the vehicle is not at rest, in other words, the
vehicle is judged to be put in nxotion. the ('OAC flag is set
to "0'* and the control current In to be output to the
electromagnetic displacetnent control valve 15 of the com-
pressor 2 is controlled so that Ihc dc(ected Imnpcrature TE
of thc evaporator discluirgc temperature semor 13 becomes

xc equal to the target cooling temperature 'll IO (step 8190), and
the process returns to S100.

According to the configuration and operations described
above. while the velficle is in a decelemxted traveling state,
thc air conditionuxg conuol unit 14 acts thc downwardly-
modificd target tcmperaturc TEOS, which is lower than thc
target cooling tenxperature 'I'I IO by 7

" ('.. and. at the saine
time, drives and controls the compressor 2 so that the
detected temperature TE of the evaporator discharge air
temperature sensor 13 becomes equal to the downwardly-

xo modified target coolin temperature TEOS. Due to this. cold
is sIorcd ux thc evaporator 6.

liy the storage of cold into the evaponxtor 6, the drive
power of the compressor 2 after the vehicle has completed
the deceleration can be reduced and a fuel consumption
saving effect can be aclfieved,

Morcovcr, when thc vehicle has completed deceleration
and is now at rest, and the cold heat stored during the period
of deceleration is utilized. Ihe target cooling tempenxture

„TEOK, wluch is set to a tempemxture more or less higher than
the target cooling temperature TEO during the period of
normal Iravchng mouon. is cxuploycxf as a value lor Iudg-
ment and thc compression and discharge of a rcl'ugerant are
pcrfiinned by thc compressor 2 only when the dctcclcxf
temperature I fi exceeds the target cooling temperature

s.
TEOK so that the air-conditioning feelings ofpassengers are
not affected adversely.

Duc Io the control described above. Xt w possible Io
aclxlcvc XI lxxorc lxxai kcd hiel i oiisulxlptloil wi v1lxg clfcct w litle
maintaining the better feelings of passengers

The control to brin the compressor 2 to rest (to stop
refri erant discharge) is performed only while the vehicle is
at rest. This is because the cnginc efficiency is relatively
poor wlulc Ihc vchiclc is at rest and a fiml consumption

si saving eflhct can be improved by kccping thc compressor 2
in a resting state as long as possible while the vehicle is at
rest, and it is possible to ensure a cooling perfonnance by
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doling Ihc compressor 2 wlulc thc cngmc cflicmncy is
re)ativeiy aood. that is, while the vehicle is in a traveling
nloti on.

l1Ci 5 is a time chart showing an openltion example of the
air conditioner for a vehicle in the present embodunent.
When judgmg that a vehicle has changed from a constant
speed Irdvelulg state into a dccclcraicxI traveling slate. based
on mformat&on about thc vclucle spccd, thc accelerator
openin, and the engine speed as shown in lii(i 5(u). the air
conditioni&m control un&t 14 in the present embodiment sets &a

the li( A('ll to "I *'nd sets the tar et cooling temperature
to TEO-1 (TEOS) by lowerin the target coo)i&&g tempem-
nire TEO by 1

" C., as shown in FIG. 5(b). At rhis time. the
compressor 2 &s duven so thai thc dc&ected temperature TE
of ihe evaporator ihschargc tcmpcraiure sensor 13 becomes
equal to 'IIIOS and cold is stored in the evaporator 6 as
sholvn in I'ICi 5(c)

Next. when judging that the vehicle has changed from a
decelerated trave)in state into a restin. smte based on
information about those such as the vehicle speed. the lc
accelerator openu&g, and the cngulc speed, Ihc air condition-
ing control urut 14 acts thc FCAC flag Io '*0", as shown ul
IIICi. 5(b) and the ('OA('lap to "I", and sets the target
cooling tenlperature to 1'IIOK by modifying the target
cooling temperature '1110 toward higher temperatures as
shown in FICI. 4. At this time, the compressor 2 is brought
to rest and air conditioning is performed by utilizing rhe cold
hcdi su&&Oil 111 Ihc cvdpo&dtor 6. Alilloilgh 1&ot show&1 ill Ibis
opera&&on cxamplc, wlmn the dctectcd tcmperaturc TE of thc
evaporator discharge tempenlture sensor 13 exceeds 'I'IIOK lc
while the vehicle is at rest, the compressor 2 is driven so that
the detected tempemture 1 li becomes equal to 'I'I:0

Generally in a prior art, when a decelemlted trave)i&&g state
is detected. cold is stored in the evaporator 6 bur the target
coolulg Iemperauirc &s sct Io TEO wlule a velucle is ai rest li
(refer io the altcmaic-long-and-iwo-shorl dashed linc &n

FIG. 5(b)). Thercforc, when thc dciecied tcmperaturc TE of
the evaporator discharge temperature sensor 13 becomes
higher than or equal to 1'IIO, the compressor is driven and
as a result„ the period during which the compressor is nt rest do

is relatively short
According to thc prcscnt cmbod&mmu, u &s possible to

lengthen Ihc pcnod during wluch thc compressor 2 is al rest
w'flic a vchlch: ls Bi rest without Bdvclsclv ilflccilllg thc
feeling of Ihe passengers (refer to I'l(i 5(i&)) and a nmre
marked fuel consumption saving effect can be achieved

OTHER EMBODIIvIENTS

In the enlbodiment described above, each time a vehicle o

comes Io rest aller dccelcration, Ihe target coolul Icmpcra-
iurc TEOK, which lms bccn moihlied toward ln her tcm-
pcrdiures so llrdt Ihc evaporator 6 can cfli:ctn ely ul&lizc cold
air. is set but it may also be possible, after the control based
on the tar et cooling tempenlture 1'I'.OK has been once
perfi&rnled, to prevent the setting of the upwardly-modified
target cooling tempemture TEOK from being made 1 ain
and noi to pcrlhnn thc control based on thc tar ei cooling
tcmpcraiurc TEOK until thc detected iemperature TE of the
evaporator d&schargc iempcmture sensor 13 falls below the ic
target cooling tenlperature Tl!0

In other words, &t may be possible not to perform the
control based on the upwardly-modilicd large& temperature
TEOK until a state, &n which thc temperature of thc evapo-
rator 6 falls to TEO Bnd cold cim be stored sufiic&cntly, &s si
reached Accordmg to this embodiment, it is possible to
prevent the feehngs of passengers fnlm being adversely

aifi:ctcd, wluch will bc caused by pcrfi&nnu&g thc contml
based on the tar et coolin temperature 'lliOK in a state in
v hich cold cannot be stored sufficiently m the evaponltor 6

(for exanlple, when a vehicle is put in motion again but is
decelerated and brought to rest m a short period of time and,
therefore, the temperature of the evaporator 6 is relatively
high).

Moreover, in the embodiment descnbed alx&ve, whether a
vehicle is in a decelemted travehng state or whether a
vehicle is at rest is judged based on the vehicle speed, the
en ine speed. and the accelerator opening, but the infomla-
t&on on wluch the judgment is based is not lunitcd io these
p&CCCS Of llllh&11&BI&011. A&IV Illforluatlo&1 Cd&i bc BCCCptBblC

pmvided that v, hether a vehicle is m a decelerated traveling
state or vhether a vehicle is at rest can be Iudged l&or

exanlple, a judgntent may be made based on any one of the
vehicle speed, the en ine speed. and the accelemtor openh&g,
or based on the state of the current being supplied to a bmlke
lamp (the state ol'hc stop operation s&gnal).

Still moreover, in Ihe embodiment described above, the
compressor 2 is a compressor of venable displacement type,
but not limited to this type. The present invention can also
be effectil ely applied to a compressor of fixed displacement
typo.

While the invention has been described by reference to
specific embodiments chosen for the purposes of illustration,
it should be apparent that numerous modification~ could be
made thereto by those skilled in the art v ithout departing
from Ihc basic concepi and scope of Ihc &nvenuon.

'I'he invention c)ain&ed is:
I An air conditioner for a vehicle comprising:
a coolulg heat cxchdngcr for coolulg a&r to bc dischargcxI

into a vehicle compartnlent,
a temperature detection means for detecting the tempera-

ture of the air umncdiaiely aficr bcu&g cooled by Ihe
cooling heat cxchangcr.

a compressor driven by an engine of the vehicle and
colllplcsslllg Blul il&schilrglllg II refllgcl din hBvlllg
passed tluough the coolulg heat exchanger, and

a controi means for calculating a target coolin tempera-
ture (TEO) of Ihc mr io bc d&schargcxI Into the vehmle
compartment when cooled by thc coolulg heat
exclmnger and, at the smne time. controlling the open-
tion of the compressor so that a detected ten&perature
(TE) of the temperature detection means becomes equal
to the target cooling tenlperature (TEO),

wherein a traveling, stare judgment nleans filr judging, a
traveling state of the vehicle is pmv&ded, and

wherein the contml memls:
conlrols Ihe operation of Ihc compressor so Ihai cold is

stored in the cooling heat exchanger when the traveling,
state judgntent means jud es that the vehicle is in a
decelerated traveling stare: and

sets an upivardly-modified target temperature (1'IIOK)
higher, by a predeternlined value. than the target cool-
ing temperature (TEO) before the vehicle &s brought
into the decelerated traveling state and, at the same
time, controls the operation of the compressor so that
thc dc&ac&cd Icmpcrdiure (TE) bccomcs equal Io thc
upwardly-modilied target tcmperaturc (TEOK) when
the traveling state judgment means judges that the
vehicle has completed the decelerated traveling state.

2 Thc a&r condit&oner for a vehicle as sct R&rth ul claim I,
wherein when the tmveling state Iudgment nleans judges
that the vehicle is in a decelerated traveling state. the contml
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means sets a dowmvardly-modilicd target Iempcraturc
('I'liOS) lower, by a predetermined value, than the target
cooling tenlperature (Tl X&) before the vehicle is brought into
the decelemted traveling state and. at the same time, stores
cold in the cooling heat exchanger by controllillg rhe open-
tion of the compressor so that the detected temperature (TE)
ol'hc tcmpcraturc dctccnon means becomes equal to the
downwardly-modilicd target temperature (TEOS).

3 1 he air conditioner for a vehicle as set forth in claim l,
wherein the contml means

controls the opemtion of the coinpressor so that the
detected temperature (TE) becomes equal to the
upwardly-modified target tempemsture (TEOK) when
thc Iraichng stnle )udgment means ludges Iha! thc
iehicle has complctcd thc decelerated travclm state
and is now in a restmg state; and

rcluovcs Ihc sctnng of Ihc upwardly'-nlodlllcil target Icnl-
perature (l'l(OK) and controls the operation of the
compressor so that the detected tenlpemture
becoines equal to the target cooling tenlperature (1'I IO)
when the travelin state judgnlent means jud es that
the vehicle has been put in motion fmm the restin
slate.

4 Thc air conditioner for a vehicle as sct filrth ul claim E
wherein v hen the setting of the upwardly-modified target

I a temperature ( I'l )OK) is removed. the control means prevents
the settmg nf the uplvardly-nlodihed target temperature
(TEOK) from bein made again regardless of the traveling
state of the vehicle until the detected temperature (TE) falls
below thc target cooling tcmperaturc (TEO).

I


