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1

AIR-CONDITIONLNG APPARATUS
INCI.URIS(i YIOTOR-DRIVKN

(:OMPRKSSOR FOR IDI,F. STOPPING
VKIII(:I.l 8

CROSS REFERENC:ES TO RELATED
APPLICATIONS

1'his is a divisional of U 8 application Ser No. 10,'132,
764. which was filed on Apr 2Cx 2002, now U.S. Pat No.
6,t)81,544. 'Ibis application relates to and incorpnrates by
reference the following Japanese patent applications: 2001-
131605. filed on Apr. 27, 2001; 2001-1 Ci 1921. file on May
30. 2001, 2001-206890, liled on Jul. 6. 2001, 2001-322607,
lilcd on Oct. 19, 2001, 2001-345038, tiled on Nov. 9, 2001,
and 2002-22723, filed on .Ian. 31, 2002.

BACKGROUND OF THE INVENTION

lhc present ulvmllion rclatcs lo a vclucle mr conditioning
systenl for use in a so-called idle-stop vehicle having an
engine stopped when the vehicle in a running state contes to
a tenlporary halt.

So-called idle-stop vehicles have recently been intro-
duced for saving I'ucl. Sulcc, such an Bile-stop veluclc slops
thc mlgine when llm vchiclc comes lo d lcmporary hall, the
mr-conditioning compressor. wluch is driven by Lhe mlgule,
and a mechanical pump for a heating unit are stopped, and
the air-conditioning system does not operate v bile the
engine is stopped

To prevent this. Japanese Patent Laid-Open Publication
No. 2000-130323 dmcloses lcclulolu y assoctatu! with a
hybrid compressor providixl ulle rally with an cleclric
motor. When Ihc cuginc is slopped. Lhe compressor is
operated by the electric motor to compress refrigensnt,
thereby operatmg a cooling unit

On the other hand. Japanese Patent Laid-Open Publica-
tion (JP-A) No. (Hei) 9-277818 discloses the provision of an
clccxnc pump aud a bypass channel in lhe coolin water
CIIC1111 Ol d hCBllllg 111116 Whcll lhC CugluC IS Slopped, lhC

healulg unit is opcralcd by dnvulg lhc clcclnc pump.
1'hese devices allow the opemstion of either the cooling

unit or the heating unit when the engine is stopped.
However. the devices disclosed in these publications are

insufficient if the air-conditioning system is assumed to
perform both coolin and heatin function~ tluoughout the
v't:dr Iu Bu idle-stop vehicle.

Il'hc devices are used ul combinauon, both thc cooling
and heating functions can be perforined satisfactorily I lov-
ever, this increases the number of parts, resulting in a
complicated and very costly system.

In another pmposed solution to this problem. Japanese
Patent Laid-Open Publication (JP-A) No. 2000-127753 dis-
closes the provision ol'n clectnc compressor dnven by a
battery-powered motor in addition to Lhe compressor of a
cooling unit During a stoppage of the engine. the cooling
unit is operated by the electnc compressor so that conhng is
performed„regardless of whether the engine is running or at
rest.

Tht: Illolor B Bcllvtitcd when lhc cugluc colucs Iti B slop,
and continues opemstmg while the engine is stopped ('n-
sequently, the battery may be ovenaxed, which may result in
insufficient battery strength the next time the en ine is
started. and the hfe of the motor may be too short.

In a further proposed solution, as dcscnbed ul Japanese
Patent I aid-Open Publication (.Ip-A) No. 2000-80348, some
systems reduce the load on the motor that operates when the

v clue 1c and engine ares topped. Spec ili cally, the operation of
the motnr is cnmbined with controls such that an air inix
door Is fixed to a full cool position or fixed in an inside air
circulation mode, and an evaporator anti-freezing tempera-
ture is raised by a predetermined value.

Also, when a vehicle stops tempomrily. since the com-
pressor intcndcd for the coolulg unit and the mechanical
pump inlmldcd for Lhe hcalulg unit arealso slopped, lhc
air-conditioning systems do not opemste ivhile the engines

la are stopped
As nleans ftir solving this problem, .Iapanese unexamined

patent publication (IP-A) No. 2000-127753 has disclosed
the provision of an electric compressor driven by a battery-
powcrcd motor to assist lhc compressor ol a coolulg uiun
During an engine sLoppdge, lhc cooling uiut is operated by
the electric compressor so that the coolmg fiuiction is
perfornled regardless of whether the engine is nuining or at
rest.

The motor is activated when the engine comes to a stop,
10 and continues operatin while the engine is stopped. Con-

scqumllly, thc battery capacity may full lo Ihc cxtcnl Ihal
there is insullicicnt battery capacity the next Lime lhe cngulc
is started, and the life of the nlotor is in doubt

As described in Japanese Patent l,aid-Open Publication
No 20(g)-80348, some proposals reduce the load on the
motor. Specifically, the operation of the motor and the
control of other devices is such that, when the motor
operates. Bn air nux door is lixed to a full cool position or
lixed Ill iiu inside Bll CIICiildnoll ulodc. Bud SUch lhal Bu

10 evaporator anti-freezing temperature is raised by a prede-
termined value.

As a consequence, the compressing load is reduced in
comparison to that when the engine is ninning, so that the
compressor consumes less poller„ tvhich reduces the load on

is the motor. The bauery power supply is thus prcvcntcd from
cxlraordlllarv dralulug.

Wlulc such proposals can reduce thc power used by lhc
cmnpressor under steady use conditions, variations are natu-
mslly expected in the cooling condition~. the frequency of

40 engine stops during nu&ving. and so foith dependin on the
passengers. Operatin the compressor accordingly even
under such uimleady conditions as higher cooling loads and
lollgcr cugluc stop tllucs Indy'v011BS thc btillcrv. Iu shot(,
thc biitlciy luav'c cxhiiiistt:il.

SUMittLARY OF THE INVENTION

Iu view ol thc forcgoiug, Il Is thcl'ifol'c Bil oblccl of lhc
present invention to provide a low-cost vehicle air-condi-
tioning system capable of performing both cooling and
heating fiulctions tluoughout the year in an idle-stop vehicle.

It is another object of the present invention to provide a
vehicle air-conditioning system capable of providing satis-
fdcloi 7 Bll-colulltlolllug pcl fonuaucc dUrlug du cugluc sltlp-
page while avoidulg imufiicient baucry capacity and a short
nxitor life

It is another object of the present invention to provide a
vchiclc coohng system that can dclivcr ml avcragc coolulg
pcrfotulducc dl UBch ludlvuhldl cugluc stop dud 111Us pic'vclll

tc a dead battery duc lo exccssitc motor opcrauom
In one aspect, the invention is a vehicle air-cnnditionin

apparatus for use in a vehicle in which an engine for drivin
lhc vchiclc Is sn)ppcd w'hell 111c vchu:10 coun:s 10 B Iculpo-
rary halt from a nnulmg state The apparatus includes a

ss cooling unit liir cooling air by comprcssulg a rcfrigcranl
with a compressor, ivhich is driven by torque from the
engine; condensing the compressed refrigemsnt; expanding
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the condensed rcfngerant, and cvaporatmg thc expanded
refrigerant 'I he apparatus further includes a heating unit for
heating the air by using. as a heat source. cooling tvater that
is circulated by a mechanical pump, which is driven by
torque from the engine. A compression unit compresses the
refrigerant. A pump unit circulates the cooling water. A
motor drives both thc compression uiul imd tlm pump unit.
Thc apparatus further includes a control unit lor conlrolhng
operation of the niotor, wherem the control unit causes the
nlotor to operate the coinpression unit if the engine 19 lil

stopped tvhen the cooling unit is operating and causes the
motor to operate the pump unit if the engine is stopped when
the heating unit is operating.

In another aspect, Ihc invenuon is a vclucle cooling
dppdldnls fof Usi: nl B vi:hlcli: hBvulg Bn I:ngnli: fllal Is I

stopped tvhen the vehicle comes to a temporary halt front a
running stare. 1he apparatus includes a battery, a motor, a
cooling unit, which includes a compressor, which can be
driven by the motor when the engine is stopped temporarily
to perform air conditioning of a passenger compartment of lo
thc 1 cluclc. Thc apparatus I'urthcr includes a pump urut for
clrmilating coolulg fluld that cools thc engine, and Ihc pump
unit is driven by the niotor. I'he apparatus further includes
nleans for controlling the openntion of the nxitor such that
the pump unit is dnven by the motor if there is a demand fiir
heating the passenger compartment and the compressor Is
driven by the motor if there is a demand iiir cooling the
pit99CngCI Cilnlpdflnli:nl.

In mlother aspect. Ihe ulvcnnon ls a vcluclc air-condi!ion-
ing apparatus fiir use in a vehicle having an engine that Is io
stopped tvhen the vehicle comes to a temporary halt front a
running state the apparatus Includes an engine-driven appa-
ratus. and the en ine-dnven appamtus is at least one of a
cooling unit for cooling air by compressin a refrigerant
w lib d cilnlprc9sof, which ls dnvcn bv tolquc lronl lhc li
cnginc. and then subiccnng thc rclngcrmlt Io condense!ion,
expansion. and evaporation, and a healuig uiut lhr healing
air with engine cooling water as a heat source, wherein the
cooling tvater is circulated by a mechanical pump powered
by torque from the engine. The apparatus further includes a do

battery-powered apparatus, wherein the battery-powered
apparatus is dnvcn by a motor, wluch is powered by a
bailcry,;md Is a compressor unit for comprcssuig Ihe refflg-
I:ldnl If lht: I:ngnlc dllvcn dppdl'IUUs ls Ihc cooing iull! Bnd
is a pump unit for circulatmg the cooling water if the engine
driven apparatus Is the heating unit I'he apparatus further
includes a control unit for controlling the operation of the
motor, such that the motor is driven by the control unit to
operate Ihc battery-powered apparatus when Ihc Ungula
comes to a stop. wlulc thc baucry pottered apparatus is In o

operation, and thc control unit causes Ihc motor Io operate,
while the engine Is stopped. to maintain. within a predeter-
nlined ran e, an air-conditioning state pniduced bv the
engine-driven apparatus prinr to the stoppage of the engine.

In another aspect. the Invention is essentially a vehicle ls
cooing dppdlfltUs fol usi: ui d vi:hlclc havnlg Inl cngulc Ihdl
is slopped w hml the vcluclc comes to a Icmporary Iialt from

ruiunng slate. Thc npparalus ulcludcs a refflgcratlon unit
includin a conipressor apparatus. Ivhich can be driven by a
battery-potvered niotor and by torque of the engine, and the fo
compressor apparatus Includes a siiigle compressor dnven
by both the engine and the motor or a first compressor dnven
by Ihc mlginc and a second compressor dnvcn by Ihe mo!or.
Thc apparatus further includes a control unit lor conlrolhng
thc operation ol thc motor, whereui Ihc motor Is operated by si
the contml unit to drive the compressor apparatus when the
engine is stopped while the refrigeration unit i ~ in operation.

Thc control unit opcralcs Ihc motor so Ihal thc ctumilanvc
opennting time of the motor per vehicle halt falls within a
predetermined time period.

BRIEF DESCRIPTION OF THE DRAWINGS

'I'hese and other objectives and advantages of the inven-
tion will beconle apparent from the following description
v ith reference to the accompanying drawings, wherein:

FICi. 1 is a schematic view showing an ovemll structure
of a iirst embodiment according Io thc present uivmitlon,

FICi 2 ls a diagrmn ol'a circuit connecting a control ulul
to a motor shown in FIG. 1:

lii(i 3 is a cross-sectional view of a whole electric
cmnpressor-pump shown in I l(i I,

FICi 4 is a flow chart illustrating control over the opera-
tion of the electric compressor-pump,

FICi 5 Is a circuit diagram showing a variation of thc
clcctnc compressor-pump shown in FIG. 2,

FICi 6 is a cross-sccnonal view of a compression urut
according to a first variation of a second enibodiment of the
Pl'CSCflt 1nvenlfofi;

FICi. 7A is a cross-sectional view of a compression unit
according to a second variation of the second embodiment;

FICi 7B Is a cross sectional view takml along the lute
7B-7B in FIG. 7A,

FICi 8A Is a cross-sectional view of a compression ulul
according to a third variation of the second enibodiment;

lii(i gl3 is a cross-sectional view taken along the line
8B-8B of FIG. 8A:

FICi 9 is a cross-sectional view of a compression unit
according Io a filurlh 1 ariatlon of Ihc second embodiment,

FICi 10A Is a cross-sccalonal 1 Icw of a compression urut
according to a lifth venation of a flurd mnboduncnn

lil(i 10B is a cross-sectional view taken along the line
10I3G-IOB(.'f FI(i IOA during mtation in a tiirward
direction:

FICi. 10C is a cross-sectional view taken along the line
10BC-10BC ol'IG. 10A during rotation ui a rearward
direction:

FICi 11 ls a cross-sccnonal view ol'n clcctnc compres-
sor-pump according to a fiiurfh embodinient of the present
IIIVefltlofu

FICi 12 is a cross-sectional view taken alon the line
12-12 of FIG. 11;

FICi 13A is a cross-sectional view taken alon the line
13A-13A ol'IG. 12,

FICi 13B Is B clo9s-stx'lion'll vli:w Idkcn dlong Ihc hnc
13I3-13I3 of IIICi. 12;

lil(i 14A is a cross-sectional view shoiving the opennting,
state of the pump unit sholvn in FICi 11 when rntating in the
fofward direction;

FICi. 14B is a cross-sectional view showing the operatin
state of thc pump um1 shown in FICi 11 when rotating in Ihc
riul&VBIII dnc'Ctlon,

lii(i 15 is a flow chart illustratin part of control over the
opemntion of the electric compressor-pump shown in I'l(i
11,

FICi 16 is a schematic diagram showing the ovemall
configuration of a fifth embodiment of the present invention;

lii(i 17 is a flowchar shotvin the operation control of
the electric compressor-pmnp in I'l(i 16,

FICiS. 18A-18E arc timing charts showing thc cnguic
opcranon, thc motor operation, an evaporator downstream
tcmpcraturc Te Itic tcmperdturc downstream ol'he cvapo-
matorj, battery capacity (', and a motor teniperature Tm
dunng the control procedure of I'l(i 17. respectively;
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FIG. 19 &s part of a flowchart showu&g thc operation
control pmcedure ofan electric compressor pump according
to a sixth embodiment:

11Ci 20 is a schematic diagram showing the overall
configuration of a seventh embodiment;

FIG. 21 is a flowchart shov ing the control procedure of
thc electric compressor of FIG. 20:

FIGS. 22A-22E arc 1&ming cl&arts for shov,u&g a vehicle
speed, an evaporator air flow rate, the evaporator down-
stream temperature 1e. the amount of the refrigerant in the &c

condenser, and the operation of the motor during the contml
procedure of the seventh embodiment. respectively;

FI(3S, 23A-23F are timing charts for showing the vehicle
spccd. thc evaporator a&r flow rale, a valve opening degree,
Ihe evaporator dowustrcan& Icmpcralure Tc, Ihe amounl of &

the refriaerant in the condenser, and the operation of the
motor during the control pn&cedure according to an eighth
embodiment. respectively;

FIGS. 24A-24D are tim&ng charts for showin the vehicle
speed. a condenser a&r flow mote, the evaporator downstream &o

tcmpcraiurc Te, m&d Ihe operation of the molor dunng the
control procedure accordu&g to a n&nlh cmbodm&cnl. respec-
tively:

FI(ig 25A-25D are tin&ing charts for shov ing the vehicle
speed, a displacement, the evaporator downstream tmnpera-
n&re Te„and the operation of the motor during the control
procedure of a variable displacement type compressor
accord&ng Io a tenth cmboduncnt, rcspccuvcly,

FIGS. 26A-26D are t&m&ng chans for showing the veluclc
speed. the displacen&ent, the evaporator downstrean& tens- &c

perature I'e. and the operation of the &notor during the
control procedure of an ON/Ol&l'ontrol type compressor
according to the tenth embodiment, respectively:

FIG. 27 is a schematic din@am showi»g the ovemsll
conligurat&on of an clevenlh embodiment of lhc prcseul &s

invention:
FIG. 28 &s a flowchari show&ng the control procodurc of

the compressor and the electric compressor in l&l(i 27:
FI(ig 29A-29D are tin&ing charts for shov ing the vehicle

speed, an accelerator throttle opening. the operation of the so
con&pressor, and the operation of the motor durin the
control procedure ol'IG. 28, respcctivcly;

FIG. 30 is a flowchart showu&g thc conlrol procedure of
d co&uprcssor dnd dn ch:ctric cou&p&csso&'&cco&dh&g to
twelfth en&bodin&ent;

11Cig 31A-3 II: are t&n&ing charts for showing the vehicle
speed. a determination of compressor stoppage due to accel-
eration. the operation of the compressor, the operation of the
motor. dnd Ihc cvaporalor downstream lempcralure duru&g
thc conlrol proccdurc of FICi. 30, rcspccuvcly. o

FIGS. 32A-32E are t&m&ng cha&ts lor showu&g the vehicle
speed, the determinat&on of a compressor stoppaae due to
acceleration, the opemsflon of the compressor. the operation
of the nu&tor. and the evapomstor downstream tempermue
during the control procedure according to a modified s.
example of the twelfth mnbodiment, rcspccuvcly.

FIG. 33 is a schcmat&c d&agram showmg a conlrol unil
accord&ng Io a th&rteenth mnbod&men&:

11Ci 34 is a flowchart showing the control procedure of
the electric compressor according to the thirteenth embod&- (c
ment;

FIGS. 35A-35E are timin charts for showing the work-
ing load on thc cng&ne, a cooling water temperature, the
operation of thc compressor, thc operauon of thc motor, and
thc cvaporalor don nslrcam temperature duru&g Ihe conlrol Ss

pmcedure according to the thirteenth embodiment. respec-
tively:

FICi 36 is a flowcl&art showu&g thc control procedure of
an electric compressor accordin to a fourteenth embodi-
nlcnt;

l&l(iS. 37A-371) are timin charts for showing the vehicle
speed. the operation of the compressor. the operation of the
motor. and the evaporator downstream temperature durin
the conlml procedure according lo the lhurlcenlh embodi-
ment, rcspcct&vcly;

l&I(i 38 is a flowchart showing the control procedure of
an electric compressor according to a hfteenth embodiment;

l&I(iS. 39A-39l: are timin charts for showing the vehicle
speed. the engine speed. the operation of the compressor, the
operation of the nu&tor, and the evaporator downstream
tcmperaturc duru&g Ihe control procixlurc accordu&g to thc
fifteenth cmbod&menu rcspcct&vcly,

l&l(i 40 is a schematic diagrmn show&ng the overall
configuration of a funher en&lx&din&ent;

l&l(i 4I is a schematic diagrmn show&ng the overall
configuration of a sixteenth embodiment of the present
invention:

FICiS. 42A and 42B dre graphs showu&g thc relationship
bclwiwn outside a&r tcmpcraiurc and a first predetcrnuned
time in a first pattern and a second pattern, respectively;

l&I(iS. 43A and 43l3 are graphs showing the relationship
between the outside air temperature and a second predeter-
m&ned time in a first pattern and a second pattern, respec-
tively:

FICi 44 is a flowchart showing the control pmccdurc lbr
thc motor of FIG. 41.

l&l(iS. 45A-45D are timing charts showing vehicle speed,
discharge pressure. the ON,'Ol&l& state of the motor aod a
motor current under the control procedure of 11(i. 4I,
respectively:

FICi. 46 is a schematic din~sam show&ng the partial
conligurat&on ol' seientccnth embodiment of thc prescnl
ulvon 0 on;

FICi 47 is a tlov cl&srt showu&g the control procedure of
the n&otor of FI(i 46;

l&I(iS. 48A-461& are timing charts show&ng vehicle speed,
engine speed, discharge pressure. the ON/OFF state of the
motor. battery capacity. and an evapomstor temperature under
thc control procedure of FIG. 46, respcctivcly:

FICiS. 49A-49E are luning charts show&ng velucle speed.
thc engine speed, the discharge prcssure, thc ON&OFF siatc
of the motor, and the evaporator ten&perature under the
control pmcedure of a eighteenth emlx&din&ent of the present
invention, respectively;

FICiS. 50A and 50B are gmsphs shov in the relationship
bclwiwn Ihe oulsulc air Imnperalurc and first, second, and
lh&rd prcdctcnuuuxl lcu&pcrdlurcs u& &I first pallc&n aud a
second palter&X rcspcclu ely,

I i(i 5l is a flowchart showing the control procedure of
a motor of a nineteenth en&lx&din&ent;

FICiS. 52A-52E are timing charts show&n vehicle speed,
the engine speed. the discharge pressure. the ON/OFF state
of Ihe motor. &O&d Ihc cidporator Icmperaturc of Ihc nmc-
tcenlh cmbod&men&, rcspeclivcly:

FICi 53 is a flowcl&art showu&g thc control procedure of
a motor of a twentieth en&bodiment of the present im ention;

l&l(iS. 54A-54l& are tin&ing charts showing vehicle speed,
the engine speed, the discharge pressure, the ON/OFF state
of the motor. the ON/OFF state of a starter, and a battery
voltage ol'hc Iwcntimh cmbodimcnt, respect&vely,

FICiS. 55A-55C arc nnnng charts showu&g vchiclc spccd,
the discharge prcssure, and thc ON/OFF slate of the motor
of a nventy-lirst embodiment of the present mvention,
respectively;
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FIGS. 56A-56D are tuning charts showmg veluclc spetd,
the ON/OI'I'tate of the compressor, the discharge pressure,
and the ONIOI&lt state of the motor of a tv enty-second
embodiment of the present &mention. respectively:

FIGS. 57A-57D are tuning charts showmg veluclc spetd,
the ON/OFF stale ol'hc compressor, the discharge pressure,
and the ON/Olttt state of the motor of an twenty-third
embodiment of the present &mention. respectively:

FI(iS. 58A-58D are timing charts sho&ving vehicle speed,
lhc ttlr flow rulc of B fdu, lhc dtschalgc press&tie, Btxi thc
ON/OFF state of thc motor ol' twenty-Iburlh embodunmu
of the present invention, Iuspectively;

FI(iS. 59A-59D are timing charts sho&ving vehicle speed,
the engine speed. the discharge pressure, and the ON/OFF
stale of the motor tn a Iirst paucrn ol' 1wmttv-ET(h embodt-
utcul t&I Ihl: pt'cscul utvcultou, rcspccuvclv,

FI(iS. 60A-60D are timing charts sho&ving vehicle speed,
the engine speed. the discharge pressure, and the ON/OFF
stale of lhe motor tn a second pauem ol lhe lwenly-fifth
mubodimcnt. respccuvcly, and

FIG. 61 is a schematic diapam showit&g the ovem&II

conligurauon of u further cmbodunenu

DETAILED DESCRIPTION OF THE
PRII11&RRED IIMIIODIMIINTS

First Embodiment

A specific stntcture of a first embodiment according to the
present invention will be described herein below with ref-
erence to FIGS. I to 4. A vehicle air-conditioning system
100 Is Ibr usc tn a so-called idle-slop velucle having an
cnginc 10 stopped when the vcluclc m a numing slate comes
to a temporary halt 'lite air-conditioning system 100 Is

composed of a cooling unit 110, a heating unit 120, a contml
unit 13U, and an electric compressor-pump 200.

'lite cooling unit I I U fomts a known refrigerating cycle in
which a compressor I I I for compressing a refrigerant under
hi h-temperature and Iugh-pressure conditions. a condenser
112 for condensing and fiquetying the compressed refnger-
ant. an expansion valve 113 for adiabatically expanding the
hquciicd rcfrigcranl, and an evaporator 114 for evaporating
thc cxpdndcd refugermtt aud lor cooling air by usutg la(col
heat resulting fmm evaporation are connected in succession
with a refrigerant pipe 115.

11&c compressor 111 is coniigured to be operated upon
receiving a driving force from the engine 10 transmitted via
a pulley and a pulley belt

11&e hcaung utut 120 ts a known unit in which a mechtuu-
cal pump I I provided in the engine I I and a heater 121 fi&r

heating air by using cooing water for cooling the engine 10
as a heat source are connected to each other with a cooling
&vater pipe 123. A v ater valve 122 for adjusthtg the flow mote

of the cooling wuter is pmvtdrxl on lhc coolm -water
in-conung side of thc hcatcr 121.

The mecharucal pump 11 is opemsted upon receivin the
doting force ol'hc engine 10 and ctrculalcs tlm coolutg
water in thc hcalcr 121.

The coolin water for the engine 10 is cooled by a radiator
124 proiidcd in lhc cooing water pipe 123C to perform
lcutpclttlttu: cot&nut.

11&e control unit 130 controls thc opcrauon of lhe mutor
210 of;m clcctnc compressor-pump 200, whwh will be
descubcd later. The control unit 130 opera(ca the motor 210
based on sigttats front various sensors not shown. I.e. a
vehicle speed sigital, an engine speed signal„an evapomstor

rear temperature signal, an tn-car lcmperdturc, and mt A/C
request sigttal, and the control unit 13 0 controls the direction
of rotation of the motor 210

Specificall, as shown in I'l(i 2, a circuit connecting the
control unit 130 to the nu&tor 210 by usin a tmsnsistor 131
is provided. The circuit has an energization pattern indicated
by the solid or broken lines to eflhct control of thc mtauon
of thc motor 210 in onc direction or In thc opposite direction.

Referring to III(i. 3, a structure of the electric compressor-
la ptunp 2UU as a principal portion of the present invention will

be described
The electric compressor-pump 200 is composed of a

compression unit Z20 and a pump unit 230 provided inte-
grally on both cnd poruons of the rotating shat't 211 of thc
motor 210.

'I'he motor 210 is a known DC motor having a mtor 213
and a stator 217 provided ivithin a motor housing 212 such
that the rotating shafi Z II extending tluough the rotor 213 is
supported by bearings 214C and 214b. The motor 210 is

Ic driven to rotate &vith power supplied from a brush 216 to a
conumttator 215.

Thc compression unit 220 is fonucd as a rotary compres-
s&oil &tart v;itch pcl'fol'itis B aorta;tl cotuprcssulg opcl'ation
only during mtation in one direction (heremafter referred to
as a forward direction) More specifically. the compression
unit 220 is founed as a scroll con&pression unit ln the present
embodiment.

Thc compression urn( 220 is composed ol' lixed scroll
223, a movable scroll 224, and au cccmttric shat't 225

sc pmvided in a front housina 226 and a rear housing 227 'the
eccentric shaft 225 is configured to be connected to one end
portion of the rotating shaft 211 of the ntotor 210 via a
unidirectionai clutch 260. The unidirectional clutch 260
allows the forward torque of the motor 210 to be transmitted

&I and used lo drive thc mo& able scroll 224, wlulc prcvcnlutg
the lorque Irom beutg lr;msnnttcd duung rotation ut the
riutwvBul thl Oct&on.

When the motor 21U is rotating in the forward direction,
therefore, the ntovable scmll 224 revolves by the unidirec-

do tional clutch Z60 and the eccentric shaft 225 such that the
refrigemnt flo&ving. (iuougvt an inlet 228, into a compression
chtunbcr 221 fonucd bc(worn& Itself und thc opposing lixed
scroll 223 ts comprcsscd (hcreinaficr referred lo as thc
uotulal coulprcssulg opctttuouj attd 01st:hdrgcd dlrotlgh Bu

outlet 229 On the other hand. the movable scroll 224 does
not revolve &vhen the motor 210 is mtating in the rearward
direction so that the compressin operation is not performed
(hereinafter referred to as a non-opemstlng state)

To prcvcnl thc rclngerant ut lhc compression utul 220
o from leaking toward thc motor 210, u shuft sealing utut 240

is provided bctwcen (hc motor 210 aud the compression utul
220, specifically between the rotatmg shaft 211 and the
eccentric shaft 225.

The pump unit 230 is composed of a centrifugal impeller
» 231 provided in a pump housin 232 formed with an inlet

233 mtd an outlet 234 each Ii&r thc coolutg water Thc pump
utut 230 is conligurcd to bc located ut thc other cnd of thc
rotating shaft 211 of thc motor 210

'I'he shaft 235 of the impeller 231 and the rotating shaft
ic 211 of the motor 210 are provided with respective magnetic

couphn s 250 so that the torque of the motor 210 is
trmtsmitted by the magnetic couplings 250 to the ~haft 235
to rotate the impeller 231.

Thc blade of thc impeller 231 and thc pump housutg 232
ss are configured to pump thc cooing water fhercinal'ler

referred to as a normal pumping operation) dming mtation
in the direction opposite to the fotward direction In which
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the urudirccuoual clutch 260 causes the compression unit
220 to perform the normal compressing operation l)ue to
the configurations of the blade and the pump housing 232,
the impeller 231 is designed to rotate idly (hereinafter
referred to as the non-opemtlng state) during rotation in the
forward direction.

A scpaltltor 236 ls plovulcil bi:twi:cn fllc nlB+lcttc coll-
plulgs 250 to prcvmlt thc cooling water in ihe pump umt 230
fmm flowing toward the nlotor 2(0

1he motor 21U, the conlpression unit 220. and the pump
unit 230 constitute the integral electric compressor pump
200 ivith the respective housings 212, 226, 227, and 232
thereof being connected to each other.

As shown in FICI. I, thc compression unit 220 of thc
clcctnc compressor-pump 200 is located ul the coolmg unit
I lfl such that the compression unit 220 is connected parallel
to the compressor 11( via the refrigerant pipe I 15a. Specifi-
cally, such that the conlpression unit 220 is connected
between the upstream side of the condenser 112 and the
downstream side of the evaporator 114.

lite pump unit 230 Is located in thc heating ulut 120 such
that thc pump unit 230 Is In sencs w 1th lhc mechanical pump
Il. specitically. such that the pump unit 230 is positioned
betiveen the mechamcal pump I I and the water valve 122.

1he cooling water pipe 123 is pnlvided with a bypass
channel 270 along which the cooling water from the
mechanical pump 11 passes through the pump unit 230 when
the motor 210 and thc pump unit 230 arc in thc non-
operating state. Thc bypass channel 270 is provided with a
check valve 200 for preventing a short circuit from the outlet
234 to the inlet 233 during the normal operation of the pump
111'ill 230

A description will of the operation of the air-conditioning
system folloii s When the vehicle is numing. i.e., when the
cnginc 10 Is operated. thc cooling ulut 110 imd thc heating
unit 120 opcratc like those of pnor art systems. In the
coolulg urn( 110, thc compressor 111 operates upon receiv-
ing torque front the engine 10 and coinpresses the refnger-
ant lhe compressed refngerant is condensed to be liquefied
in the condenser 112. adiabatically expanded in the expan-
sion valve 113„and then evaporated in the evaporator 114.
By using la(wit heat resulting Irom evaporation. Ihc mr
passulg tluough thc evaporator 114 is coolcxl.

In the hearing unit 120, thc mechamral pump 11 Is
operated upon receiving the driving filrce from the enyne 10
to open the water valve 122 and circulate the cooling water
in the heater 121. By using the coolin. water as a heat
source. the air passin through the heater 121 is heated

Since thc air-condiuonuig system is used ul an Idle-stop
I chicle, thc mlguie 10 Is stopped when the vehicle comes to
a tmnporary halt so that the compressor 111 and the
nlechanical pump li, each using the engine 10 as a driviag
source. do not opemte 'I'he electric compressor-plunp 200 is
configured to be opemted at this time.

The electric compressor-pump 200 is controlled by the
control umt 130 Thc control operation will be dcscubcd In
dctml with rcfi:rance to thc flow chart of Fit k 4.

First, in step S10, thc motor 210 is halted. In step S20, it
is determined whether or not there is a request filr a cooling
or heating operation based on an A (: request signal If there
is no request, the process returns to step S10 and the halted
state of the motor 210 Is maintained. If there is a request for
a cooling or hcitutg operation. It is dctcnnincd m step S30
whcthcl lhc rcqui:st ls lor II cooing opi:la(lou ilr II hcatulg
opcl"ation.

If it is deternlined in step S30 that the request is for a
cooling operation. the whole process advances to step S40

whi:ri: It Is ilcti:rulincd whi:lhcl or not thi: vi:hlclc Is hahixl
based on a vehicle speed sicnal. If the vehicle is halted, it is
deternnned in step S50 ivhether or not the engine 10 is
stopped If it is deternlined that the engine IU Is stopped. the
motor 210 is operated to rotate m the forward direction (the
direction of rotation which operates the unidirectional clutch
260) In step S60 such that the compression unit 220 per-
filrnw thc normal compressing operation fat this time, the
plunp 230 is in the non-operating state) I'hereafter, step 560

ia is sustained while the canine IU is halted so that the
cmnpression unit 22U is operated continuously

If It is determined in step S40 that the vehicle ls not halted
(is numin ) or if it is determined in step S50 that the en ine
10 is not stopped fis rotanng). (hc process rctunls to step SIU
so thin thc tao(or 210 is halted and thc compression unit 220
is halted

If it is determined in step S30 that the request is for a
heatmg operation, it is determined In steps S70 and SOU

v hether or not the vehicle and the engine 10 are halted,
Ic respectively. as in steps S40 and S50 If the velucle is at a

halt and thc mlgulc 10 Is at a stop. tlm motor 210 Is opera(Off
iu step S90 in the direction fthe direction of rotauon wluch
brings the unidirectional clutch 260 into the non-operating
state) opposite to the folivard direction so that the pump unit
230 performs the normal punlping opemtlon fat this tiine,
the compression unit 220 is in the non-opemtlng state).
Thereafter. step S90 is sustained while the engine 10 is
stopped so tlmt the pump umt 230 is operated conunuously.

II'it is dctemuncd In s(CTI S70 or SSO that thc vcluclc is not
lc halted (is running) or that the engine IU is not stopped (is

rotating), the process returns to step 5 I 0 so that the motor
2(U is halted mid the pump 230 is halted

A description of the eficcts of the invention follows. If the
en ine 10 is stopped wlule the cooling unit 110 is operating,

li the motor 210 is conuollcd to rotate In the forward direction
such that thc compression unit 220 pcrfonns thc normal
compressulg opcrauon. This allows the compression ulut
220 to compress the refrigerant in place of the compressor
111 used originally to compress the refrigerant and allows

so the cooling function to be performed continuously.
If the engine 10 is stopped while the heating unit 120 is

operating, the motor 210 is controlled to rotate ul thc
rearward diriotion such that the pump urut 230 pcrfilrms thc
normal pumping opera non. This allow s the pump unit 230 to
circulate the cooling water in place of the mechanical pump
11 used originally to circulate the cooling water and allows
the heatin operation to be performed continuously. In short,
both the coolin and heating functions can be performed
rehably tluoughout the year el en when thc cugule 10 Is

o stopped
Wlmt results Is a compaci and low-cost air-conditionulg

system that can be used selectively for the heating and
cooling operations by selecting the compression unit 220 or
the pump lulit 230 by changing the direction of the sin le

ss motor 210.
Since thc compression unit 220 Is located in thc coolulg

ulut 110 in parallel relauon to the compressor 111, thc
compression unit 220 and the compressor 111 do not allow
the refrigerant condensed under a high pressure to flow from

ic one to the other This obviates the need to excessively
increase the pressure strength of the inlet port of each of the
compression unit 220 and the compressor 111. thereby
preventing incrcascd cost

Sumc the pump unit 230 is located In thc hcaung device
si 120 iu scrics relation to thc mechanical pump 11, thc pipulg

is not complicated by incorporatin the pump unit 230 into
the cooling water pipe 123 of the heating unit (20 'I'his
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provides a constant supply of cooluig water flowing in thc
engine (0 to the heater 121 and prevents a reduction in
heating ability.

Since the compression umt 220 and the pump unit 230 can
be used selectively for cooling and heating operations by
changing the direction of rotation of the motor 210. a
low-cost mr-conditioning system is provided.

Since the compression unit 220 and fltc pump urn( 230 are
pmvided at the both ends of the mtating shaft 21( of the
ntotor 210. the nuntber of the shaft sealing units 240 fiir ic
preventina the refrigerant and the cooling water fmm leak-
ing tlirough the rotating shaft 211 can be minimized In
short, it is sulficient to pmvide the shaft sea)in unit 123 for
the rcfrigcrant bctwixu thc compression unit 220 and thc
motor 210 and to provide the sliaft sealing unit 241 for thc
cooling water between the pump unit 230 and the nuitor 210.
ln particular. the shaft sealing unit 241 between the pump
unit 230 and the motor 210 can be oinitted in the present
embodiment since the pump unit 230 is opemted to rotate by
the motor 210 via the magnetic couplings 250. zo

Since the unnlirixuonal clutch 260 is provided between
thc compressiou unit 220 imd the motor 210. thc normal
operation performed by the compression unit 220 or the
pump unit 230 when the motor 210 is rotating in the forward
or rearv ard direction can be used selectively.

The circuit for connecting the control unit 130 to the
motor 210 may use a relay 132 as shown in FICI. 5 instead
of using thc transistor 131 shown in FIG. 2. The dircxuon of
rotation of the motor 210 can be contmlled as indicated by
the solid lines and the bmken lines in the drawings so

'lite provision of the bypass channel 270 may be ontitted
depending on the load freskstance of ivater flow) received by
the mechanical pump 11 when the pump 230 is in the
non-operating state.

ss
Second I imbodiment

rk second embodiment of the present invention shows
3 arlatliiits of tile structure ilslllg, as tile colllpicssliiit ulllt
220. the rotary compression unit 220 wluch pcrlbnns the so
itoiittal ciiiIlprcsslllg opera(toit olll)'ul1llg rota(toil iit Illa
forward direction. 'I'he second embodiment omits the pro-
vision of the unidirectional clutch 260.

Spccilically. as shown in FIG. 6, thc second emboduuent
is obtained by takutg thc uuiihrcciionsl clutch 260 trway
from the scroll compression unit 220 descnbcd in thc lirst
embodiment. I'he second embodiment openstes the movable
scroll 224 of the contpression unit 220 via the rotational
shaft 211 and the eccentric shafi 225.

In the prcscnt embodiment, the compression unit 220 c

performs thc nonua1 compressutg operation when the moIor
210 is rotatin in the forward direction. while the puntp 230
is in the non-operating state When the motor 210 is nitating
in the reatward direction. the pump unit 230 performs the
normal pumping operation, while the compression umt 220 s.
is in Ihc non-operating state Spccflically, even il Ihc rotary
compression unit 220 having no suction valve is operated to
rotate in the rearward dirixtion. it docs no1 perform thc
refrigerant compressmg operation, and a vacuum pump
effect is exerted in the compression chamber 221 so that the io
power consumed by the motor 210 is significantly reduced.
This allows selective use of the nomtnl compressing open-
uon pcrfonncd by thc compression umt 220 during rotation
in thc lorward dirixuon and thc non-opcratutg state of the
compression uiut 220 dunng rotation in thc rearv,ard dirac- ss
tion mtd obviates the necessity to use the unidirectional
chttch 260

Likewise, a structure using a rolling piston compression
unit 220 in which the refriaerant is compressed by using a
revolving mtor Z20a and a vane 2206 as shown in I'l(i 7 and
a stnicture using a rotary vane contpression unit 220 having,
a rotor 2ZOa and a plurality of vanes 2206 as shown in FICI.

8 may also be used as other variations of the stnicture usin
the rotary compression urn( 220.

In thc pump urut 230 also. thc nupcllcr 231 may be
cmtnected directly to the shaft 211 of the motor 210 with the
shaft sealing unit 241 located as shown in Iil(i. 9

I'he bypass channel Z70 extendmg through the pump unit
230 may also be formed integmlly with the pump unit 230
as a bypass channel 271 provided with a bypass valve 281.

Third I imbodiment

FICi 10 shoivs a tlfird embodiment of the present inven-
tion. Thc third cmboihment is obtained by providing thc
scroll compression unit 220 according to Ihe six oud cmbodi-
mcnt shown in FIG. 6 with a releasing mechanism lhr
releasing the compression chmnber 221 ivhen the motor 210
is rotating in the reanvard direction, i e . a radius compen-
sating mechanism 222.

The radius compensating mechanism 222 is obtained by
forlllillg d tip portioit of Ilia ccrelllric sllafi 225 into a plaie
having a width across flat with intervmtuou of a bush 2204.
When thc motor 210 is rotating in thc lhrw ard direction. Ihe
nsdius compensating mecltsnism 222 functions to increase
the radius of revolution of the movable scroll 224 in the
direction a of the ividth across flat under a counterforce FI
resultutg from the compression of the refri emsnt. as shown
iu FIG. 108, thereby improi ing the seal with respect to thc
fixed scroll 223.

When Ihc motor 210 is rotating in thc rearward dircctiun.
however, the radius compensating mechanism functions to
reduce the radius of revohition of the movable scroll 224 in
the direction b under a frictional force FZ resulting from the
revolution of the movable scroll 224, as shov n in FICI. 10c,
thereby forming an uttcrscroll space 220e betwixn Ihe
movable scroll 224 and the lixcxl scroll 223. Tlus further
reduces a loss in the compression unit 220 when thc motor
2(0 is mtating in the reatward direction

If either one of the fixcd scroll 223 and the movable scroll
224 of thc scroll compression unit 220 is made of a resin,
vibration between Ihe lixed mtd movable scrolls 223 and 224
dunng rotation ut thc rearward direction and noise resultuig
from the interference benveen the scrolls is prevented

I'oilltli I 'intbiidiment

FICiS. 11 Io 15 show a fourth cmbodimcnt of thc prcscnt
iuvmttion. In contrast to Ihc lirst mnboduncnt, thc lourth
mubodunent brings each of the compressiou uiut 220 and thc
puntp unit 230 into the operatin state when each of the
cooling unit I(0 and the heating unit (20 is operating,
thereby performing a dehumidifying heating function. In
addition, the fourth embodintent has changed the position of
the shafi scaling unit 240 to rcducc power consumed by Ihe
motor 210.

liirst, as shoivn in i'l(iS 11 and 12, the pump unit 230 of
the electric compressor-pump 200 is configured to perfomi
the normai ejectin operation when the motor 210 is rotatin
iu each of Ihc I'orward mtd rearward dirixuous. Spccilically,
the pump housing 232 is fonncd with two outlets 234a and
234b. rk contra-flow presenting ball 237 aud a stopper 238
having a hole for stopping the moventent of the ball 237 in
the direction in which the cooling water flows and alloiving
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the passage Ol'hc coohng sister are located ui each of thc
outlets 234a and 2346 In the pump housing 232, the mdial
clearance betiveen the housing 232 aod the impeller 231 is
circuniferentially uniform, while the axial clearance
between the housing and the impeller 231 gmdually
increases in a direction from the counter-outlet side toward
thc outlet sale as shown by a, b, and c in FIGS. 13A and 13B,
SO Ilrdt (11C coolillg Wdtcr floWS lllolc slllootlilv floill (11C

counter-outlet side toward the outlet side
When Ihe motor 210 is rotating in the forv ard direction, IU

as shown in lii(i 14A. the ball 237 shown on the right-hand
portion of the dmwin is pressed toivard the stopper 238
under positive pressure fejecfion pressure) of the tlowing
cooluig water, wlulc thc bali 237 on thc leigh md portion of
the drawing is attracted toward Ihe impeller 231 under
negative pressure indicated by the broken line to block the
outlet 234(r. So that the cooling water is ejected front the
outlet 234U When the motor 210 is rotating in the rearv ard
direction. the direction in v hich the cooling water flows Is
reversed so that the cooling water is ejected from the outlet zo

234fr. Thus, the pump unit 230 is conti ured to perform the
nomial pumpin operation wlmn Ihc motor 210 is rotatuig in
each of the fotward and rearward directions Alternatively,
the outlet 234 of the pump housing 232 mav also be
composed of one outlet 234 extending radially front the
center of the impeller 231. allowing a reduction in pump
efficiency without providin the balls 237 and the stoppers
238.

On thc other hand, thc um directional clutch 260 is located
betiveen the motor 210 and the compression unit 220 (shown Io
herein as a rolling piston compression unit), similarly to the
firs embodiment. so that the compression unit 220 performs
the normal compressing opemtion when the motor 210 Is
rotating only in the fonvard direction (the compression unit
220 is in Ihc non-operating state when Ihc motor 210 is ii
rotating in Ihc rearward direction). The shaft scaling unit 240
Ihr preventing Ihc Icdkiigc ol tile refltgcrdllt is provtdcxl ai a
position closer to the compression unit 220, speciticallv on
the eccentric shaft 225 of the compression unit 220.

The operation of the electric compressor-pump 200 Is do

controlled based on the flov chart shown in FIG. 15. The
flow chart shown in FIG. 15 is basically fiie sane as that
fFIG. 4) dcscnbed in thc Iirst embodiment except that step
S31 is provided in place of stc)t S30 and step 61 is provided
in place of step 860 Specitically, conditions for deternnna-
tion when each of the cooluig unit 110 and the heating unit
120 is operating are added in step S31. If each of the cooling
and heating units 110 and 120 is opemting, the motor 210 Is
controlled to rotate ui Ihc Ihrward direction in step S61 such
that each Of tlu: compression uiut 220 mid ihc pump umt 230 0

pCrfiirlllS Illc tlorlllal OpCidtioll.
l3y chanaing the direction of rotation of the motor 210. the

compression unit 220 and the pump unit 230 can be used
selectively fiir each of the cooling and heating operarions.
When each of the cooling unit 110 and the heating unit 120 s.
is operating, the motor 210 is contmlled Io Operate ui thc
forward dirixuon, thcrcby allow ui each of the compression
urn( 220 and thc pump unit 230 IO operate. Wlmt results is
an air-conditioning system capable of perfonniog a dehu-
midif) in heating operation. SC

Since the shaft sealin unit 240 is provided at rhe position
closer to the compressor umt 220 (on the eccentric shaft 225)
in Ihe structure having thc uiudirecuonal clutch 260 pro-
s idcd bcivsccn the compressor urut 220 and the motor 210,
thc unidirectional clutch 260 is disconnected to bnng the si
compression unit 220 mto the non-operating state When the
pump unit 230 is to be opemted, the inotor 210 is not

subjected (0 Ihc sliding rcsistancc of thc shaft sealing urut
24U, so that poiver consiuned by the niotor 210 is reduced

Other Variations
Although, in each of Ihe first to fiiurth embodmients, the

operations of the compression unit 220 and the pump unit
230 are used selectively by controlhng the direction of
rotation ol'the motor 210. it is also possible to selcctivcly usc
the Operations ol'he compression unit 220 and thc pump
unit 23U by providing respective clutch mechanisms
between the compression unit 220 and the motor 210 and
between the pump unit 230 and the niotor 210 and inter-
mittently controllin the clutch mechanisms by using the
control unit 130. In tlfis variation. the motor 210 need not
rotdte ill IWO dilCC(lollsx OilC illrCC(loll ls SUfllclcltt.

This ensures selcctivc usc of thc compression unit 220
and the pump unit 230. II is also possible to sinniltaneously
opemte the compression unit 220 and the pump unit 23()
v hen each of the cooling unit I IU and the heatuig unit 12()

is operating. The result is an air-conditioning system capable
of performing a delnimidifying heating opemtion,

Each ol'hc compression unit 220 and thc pump uiut 230
may bc provided at thc same end ol'he rotating shafi 211ol'he

niotor 210

Fifh Embodiment

FI(iS. 16-18E shoe a IiT(h cmbodunmit ol'hc present
I I I Veil t1 (1 fl.

With reference to Iii(i 16. a vehicle air-conditioning
system 1002 is used in a so-called idle-stop vehicle, wlfich
has an engine 9102 that is stopped v, hen the vehicle comes
to iI iclllporarv llaln Tile vclilch: Blr-colldltlolllllg sv'stclll
1002 includes a cooluig umt 1102, a heating unit 1202, sn
clcctnc compressor-pump 2002. and a control unit 130.

'I'he cooling unit 1102 performs a kttown refrigemtion
cycle. Ilia cooling unit Ill)2 includes a compressor 1112. a
condenser 1122. an expansion valve 1132. and an evapomtor
1142 connected in series by refri emnt piping 1152. The first
compressor 1112 compresses a refugcrant in thc rclbigcrd-
tloll Cy'ClC IO lllgil ICmpCidlilrc Slid lllgll plcssUrm T11C

condcnscr 1122 condenses and liquciies thc comprcsscxt
refrigerant I he expansion valve 1132 expands the liquefied
refrigerant adiabatically The evapomtor 1142 evaporates the
expanded refrigerant so that air passing throu h the evapo-
rator 114Z is cooled by the latent heat of vaporization.

The first compressor 1112 is powered by the engine 9102
vui pulleys and a pulley bell.

Thc heating unit 1202 is well-known and includes s
mechanical pump 9112 and a heater 1212. which are con-
nected by cooling ivater pipin 1232. I'he mechanical pump
9112 is arranged in the engine 9102. The heater 1212 heats
air and employs the engine cooling s(ater as a heat source.
The heater 1212 is provided ivith an upstream v ater valve
1222 for iullusting Ihc flow rate of thc cooling water.

Thc michanical pump 9112 is powered by thc cnguic
9102 and circulates the cooling water thmugh the heater
1212.

Note Ilmt a radiator 1242 is arranged on cooling waicr
piping 1232a so that thc cooluig stater ol'he cnginc 9102 is
cooled, for tcmperaturc control.

The electric compressor-pump 2002 includes a motor
ZIUZ, a second compressor 2202, and a pump unit 2302. The
motor 2102 has a rota( uig shaft 2112, on both ends of wluch
the second compressor 2202 and Ihc pump urn( 2302 are
integrally arrangmi, rcspccuiely. A urudircctional clutch
2602 is located between Ihe motor 2102 and the second
cmnpressor 2Z02
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11&c motor 2102 is a well-lo&own known d&rcc& currm»
motor that is powered with a battery 9122 'I'he operation of
the motor 2102 is controlled by the control unit 1302. wluch
is described later 1be motor 2102 and the battery 9122 are
connected to each other with two relays 1322a and 13226
located between them, so that the control circuir 1302 can
cxcrcisc ON/OFF control and un&dirccuonal (hcreinaficr,
reicrrcd lo as forward) or rcversc ru&anon con&rol over the
n&otor 2102, the details of which will be given later.

1bc motor2102 also has a motor temperature sensor 2122 &0

arranged on a predetermined portion thereof, e g. on the
outside of the motor hous&ng. The motor temperature sensor
2122 detects changes in the tempemlture of the motor 2102
dunng opcrat&on and produces a signal accordingly. Thc
tempera&urc s&goal &s &nput to the control urut 1302.

'Ii&e second compressor 2202 compresses and discharges
the refrigerant when forward torque is trans&nitted from the
motor 21U2 through the unidirectional clutch 2602. Reverse-
rotating torque from the motor 2102 is not transmitted by the
clutch 2602, which renders the second compressor 2202 30

non-operational.
11&e pump u&ut 2302 is arranged on Q&e other cnd of the

rotating shaft 2112 of the motor 2102 fhe pump unit 2302
includes a pmnp housing. winch has a cooling water inlet
2332 and outlet 2342, and an unillustrated centrih&gal impel-
ler. The impeller is directly connected to the rotating shaft
2112 ofthe motor 2102. Bnd the impeller is rotated by torque
&raus&ui&tcd from thc motor 2102.

11&c blades ol'he nnpcllcr m&d (hc pump housing arc
confi ured so that the impeller dischar es the cooling water 30

(hereinafter. referred to as a normal discharging operation)
while mtatin opposite to the forward direction, in which the
unidirectional clutch 2602 causes the second compressor
2202 to perfbnn the normal compressing operation. In
forward ro&auon, thc unpeller rotates in an xllc mode (herc- li
ht&lficr, Iclcircd to Bs non-opcldllon) duc &0 lhc configure(&on
ol'ts blades and the pump housing.

1bc motor 21U2. second compressor 2202„and pump unit
2302 are all acconlmodated in a housing to constitute the
integral electric compressor-pump 2002. So

The second compressor 2202 of the electric compressor-
pump 2002 &s connect&xi u& thc cooling unit 1102 m a manner
parallel w&th the Iirst compressor 1112 w&th relhgcrm»
piping 1152u. Spec&lically, thc second compressor 2202 is
located benveen the upstream side of the condenser 1122
and the downstreanl side of the evaporator 1142

The pump unit 2302 is arranged in the heating unit 1202
to be in series with the mechanical pump 9112. Specifically,
thc pump umt 2302 is located bctwccn thc mccl&anicsl pump
9112 and tlu: water valve 1222. 0

Note tl&at the cool&ng water pipu&g 1232 has a bypass
channel 2702. tllrough which the cooling v ster fnlm the
n&echanical pump 9112 byT&asses the pump unit 2302 v hen
the motor 2102 and the pump unit 2302 are nor in operation.
A check valve 2002 is arranged on the bypass channel 2702 s.
&o avoid a short c&rcu&t between the oulle& 2342 and lhc inlc&

2332 duru&g the normal discharging operation of &hc pump
um& 2302.

Now, description w&ll be given of the control unit 1302
which is an essential part of the present invention (0

The control unit 1302 &s intended to control the operation
of the nnltor 2102 in the electric compressor-pnmp 2002
descnbcd above. Thc control u&u& 1302 turns thc motor 2102
on and oil and conlrols lhc dirccl&on of ro&anon of tlm mulor
2102 based on s&gnals from venous sensors which arc not si
sholvn The signals indicate vehicle speed„engine speed, the
evaporator downstreanl tenlperature le, the passenger conl-
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parnncnt tcmpcraturc Tr, lhc mo&or tmnpcra&urc Tm. 0&c

battery capacity (', and an A.('equest signal
Spec&fically, the motor 2102 is driven or stopped depend-

ing oa thc signals, I.e . thc A ( request signal, Bn;n&'-
conditioning state si nal (the evapomltor downstream tem-
perature Te and the passenger compartment temperature Tr),
a battery capac»y C s&g»al, and a motor &cmpcra&ure Tm
sign&ll when &hc vchlcpc sp&md slgnBI ls Ecru (vchlclc Is
halted) and the engine speed signal is Beni (engine is
stopped).

I'he A.C. request signal is for act&vating e&ther the cooling
unit 1102 or the heating unit 1202. When cooling is
requested. the relay 1322a is closed and the relay 13226 is
opened so that a currcn& lions u& the &fraction ol'hc
suhd-lu&cd arrow. Tins ro&ates the motor 2102 ul thc Ibrward
direction, thereby put tine the second compressor 2202 in the
normal compressing operation (here. the pump un&t 2302 is
not in operation) When heating is requested, the relay 1322a
is opened and the relay 13226 is closed so that a current
flows in the direction of the broken-lined arrow This rotates
the mo&or 2102 &n the rcvcrse direct&on, (lmrcby puuing (hc
pump un&t 2302 u& (hc normal d&sclrsrg&ng operation fi&crc,
the second compressor 2202 is not in openltion) 'ill stop the
nxltor 2102. the relays 1322o and 1322/& are both opened

In cooling, the air-conditioning state signal is represented
by the characteristics of the evaporator downstream tem-
perature Te. The predetermined mange shall cover the tem-
pcraturcs be(Bema 0 minunum allow uble (cmpcra&urc Tl and
a maxinuun allowable tcmpcraturc T2 (Tl&TZ) cstablishcd
in advance. In heating, the air-condit&oning state signal is
represented by the characteristic of the passenger compart-
ment ten&penlture 'I'r 'lile predetermined range shall cover
the temperatures between a tempemlture TI 0 and a tempera-
ture T20 (TfficTZU) established in advance.

Then, u& couhng, thc motor 2102 w active&cd in (hc
fulw»rd d&rcc&ion v,hcn (hc cvapora&or downs&ream &cm-

pcraturc Tc cxcecds &hc maximum allowable tmnpcra&ure T2
of the predetermined ran e 'I'he motor 2102 &s stopped when
the temperature 'I'e falls belov the nlin&n&un& alklwable
temperature T1 of the predetermined mange. Similarly. in
heat&n . the motor 2102 is activated in the reverse direction
when &1m passcngcr comparnncnt tempera&urc Tr falls below
thc min&mum tempera(urc TIU of the predetcnn&ned range.
Thc motor 2102 &s sLopped when the tempcraturc Tr cxcceds
the maximum temperature 'I 20 of the predetermined range

With regard to the battery capacity ('&gnal to be input
from the battery 9122, the minimum capacity required to
restart the engine 10 afier a stoppage is detem&ined in
advance as 0 prcdc&enmncd capac»y CI 11&c mo&or 2102 &s

stopped when thc baucry capac&ty C falls below the prcdc-
tcnmncd capac»y C1.

W&th regard to the motor temperature 1 m signal, a pre-
determined ten&perature (first predetern&ined tenlperature)
T3 at a representative location (here. the external housing as
mentioned above) during opemltion is determined in advance
in consulcrauon of the 1&fc of thc motor 2102. When thc
prcdc(crnuncxt lcmpera(urc T3 &s excccdcd. thc mo&or 2102
is stopped.

I laving described the configunltion, description will now
be given of the operation of the present embodiment

When the vehicle is moving. i.e.. the engine 9102 is
running. the cooling unit 1102 and the heating unit 1202
opera&c in 0 well known mmu&er More spec&lically, in &hc

cool&ng un&t 1102, lhc Iirst compressor 1112 &s dnven by (hc
engine 9102 &o compress refngcrant. Tlm compressed refrig-
emlnt is subsequently passed thmugh the condenser 1122, the
expansion valve 1132. and the evaporator 1142 for conden-
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sation. adiabatic expansion, and evaporation ui succession,
to cool the air passing thmugh the evaporator 1142 by the
latent heat of vuporivatton

In the heatmg unit 1202. the mechanical pump 9112 is
driven by the engine 910Z. The w uter valve 1222 is opened
to circulate the cooling water through the heater 1212 (in the
pump umt 2302, water passes through the bypass channel
2702). With the cooling water as the hint source, thc mr
passing thniugh the heater 1212 is heated

Nevertheless, since the air-conditioning system is
employed in an idle-stop vehicle. the engine 9102 is stopped
ivhen the vehicle comes to a temporary halt. The first
contpressor 1112 and the mechanical pump 9112 are pow-
ered by the engine 9102 and thus quit opcraung. Thc electric
compressor-pump 2002 is activaicd ui tlus tmtc.

'lite electric compressor-pump 2002 is controlled by the
control unit 1302 as mentioned above I lereinafier. the
control pmcedure will be detailed with reference to a tkiv-
chart shown in FICi 17

For the sake of simplicity. the following description will
dctll w itll tile crise wllcrc tile A.C. rcqucst siglial Iiir coollllg
is given. That is, to drive thc motor 2102. (Ite relay 1322u is
closed and the relay 13226 is opened. It fi))iowa that a
current ffoivs m the direction of the solid-lined arrow in Iii(i.
16 to rotate the motor 2102 in the forward direction. thereby
putting the second compressor 2202 into the normal com-
pressing operation through the unidirectional clutch 2602 (at
this tune. tlu: pump uiut 2302 becomes non-opcranonal).

Initially, at step S102. thc motor 2102 is stopped. At step
)202. the presence or absence of a request for ASS (cooling)
is detemiined fmm the A ('equest signal If none, the
pmcess returns to step S)02 so that the inotor 2102 rentains
stopped. If there is a request for cooling, the process moves
to step S302 to determine from the vehicle speed si rml
whether thc veluclc m halted or nou If thc veluclc is haltcx),
thc process moves to step S402 to dctemunc from the cnguie
speed signal whether thc engine 9102 is slopped or not.
Incidentally. in the case of a negative resuh at step 8302. the
pmcess returns to step S)02

If it is determined at step S402 that the engine 9102 is
stopped. the process moves to step S502 to determine
whether or not thc air-conditioning stsIc is v,itlun thc
prcdciernnncd range. More spccilically, i1 is detcrmuted
whether or not thc evaporator downstream tcmpcraturc Tc
falls ivithin the predeternimed temperatures 'I'I to 1'2 as
mentioned above

If the evaporator dov nstream temperature Te is deter-
mined to fail within the predetermined temperarures Tl to
T2, thc motor 2102 is nunntautcd in thc uutial stoppml state
at step S602. Thc process is then rcqteutcd from stcxs S502.

In other words, thc motor 2102 is not operated because the
temperature of the air originally cooled by the first cont-
pressor 1112 (evaporator downstreain temperature 'I e) v hen
the engine 9102 was operating can be maintained w:ithin the
predetermined temperature ran e (Tl-TZ) without activuring
the second compressor 2202 inuncdiatcly after thc stoppage
Of tile cliglliC.

Subsequently, il'hc result is negauvc at stcxs S502, or
equivalently, if the evaporator downstream temperature 1e
has increased gradually to exceed the predetermined mange
Tl-T2, or the maxunum allowable temperature T2 in tlus
case, the process moves to step S702. The motor 2102 is
acus uttx) so that the second compressor 2202 performs the
nomtul compressing opcrauon.

llien, ut step S802, whctlmr or not thc evapomtor down-
stream temperature 1e falls below the predetermined range
is determined again If the result is negative, the process

moves to step S902 to stoppage thc motor 2102 Thu»s.
after the motor 2)U2 is activated at step S702, the evaporator
downstream temperature 'I'e decreases toivard the minimum
allowable temperature Tl by the action of the second
compressor Z202. Consequently, falling belo~ the minimum
allowable temperature T I is considered to indicate excessive
cooling, mtd thc motor 2102 is thus stopped to conserve
power. Then, the process returns to step S402.

On the other hand, if it is determined at step S802 that the
iu evaporator downstremn tempemture 1e falls within the

mnge of 1'1-1'2 (in the pmcess of falling fmm T2 to 1'I). the
process moves to step S1002. Here, whether or not the
buttery capacity C is below the predetermined capacity Cl
is dctcmnncd. II the result is negative, the process moves to
step S1102 to dctemtinc whether or not thc motor tcmpcm-
nire 'I m exceeds the predeterniined temperature T3. If the
result is negative, the pmcess returns to step S702 to keep
the motor 2)02 operation

On the contrary, if the battery capacity C falls below the
)o predetermined capacity Cl at step S1020 or if the motor

tcmpcruture Tm cxccmds thc predctemuncd tempcruturc T3
at step S1102, the motor 2102 is stopped at step S902 for the
sake of battery capacity and niotor hfe. respectively.

If the engine 9102 is nuining at step )402. the procems
returns to step 8102 so that the motor 2102 is stopped

For heating control of the motor 2102. the following
modifications are made to the control fiow described above.
That is, thc passcngcr comparuncnt tempcraturc Tr is used
as thc air-conditioning state. Thc prcdctermuicd mn c is

so replaced with the temperature range 'I'10-)'2U. If the pas-
senger compartment temperature 'I'r falls below the mini-
mum temperature I'10 at step S5U2. the motor 2102 is driven
in the reverse direction at step S702. If the passenger
compartment temperature Tr exceeds the maximum tem-

)s pcraturc T20 at step S802. the motor 2102 is stopped ut stcqt
5902

Having descubed the conliguration and operation,
description v,ill noix be given of the effects of the present
embodinient.

so Unlike the prior art, the motor 2102 is neither activated
concurrently ivith the stoppage of the en ine 9102 nor kept
operated. Instcisl, as dcscribcd above, thc control fiow is
provided with thc dctenmnation fiow ol'tcqts S502 and
S802 for motor actn auon and motor stoppage. Thc motor
2)U2 is thus activated just as much as needed to maintain the
air-cmiditioning state within the predeternuned range ('I'I-
T2) as shown in timin charts of FICiS. 18A-18E. Conse-
quently. the air-conditioning performance can be ensured
while thc opcraung time of tire motor 2102 is rcduccd to

o prevent overtaxing the buttery 9122 and wear ou thc motor
2102.

Since the control flow includes the determination tlov: of
step 8502, the air-condi tioniim state at the start of the engine
9102 can be maintained within the predeteunined range

ss (Tl-TZ) immediately after the stoppa e of the engine 9102.
Thm eluninutcs thc need for the operation ol'he motor 2102.
which rcduccs the operating tune ol'hc motor 2102.

With regard to the mr-conditioning state. thc predetcr-
nuned range ('I'Irl'2 or T)0-1 20) is judged based on the air

io temperature at a predetermined location (here. the evapora-
tor downstream temperature Te or the passenger compart-
ment temperature Tr). Consequently. temperature si nuls
I)'plCall)'ses) ill Coiitlolllllg ills alr-colldltiolllllg sy's)Clll Call
bc utilized us is, witlxiut moddicatiou, which laciliuites the

ss control ol'he motor 2102.
Moreover. even after the niotor 2102 is dm en, the motor

2102 can be stopped ivhen the battery capacity ( falls beloiv
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the prcdctenmncd capacity C1 or thc motor temperature Tm
at a predetermined portion of the motor 2102 exceeds the
predeterniined temperature 13 It is therefiire possible to
reliably prevent overtaxmg the battery 9122 and a wear on
the motor 2102.

Sixth linibodiment

FIG. 19 shoivs a sixth embodiment of the present inven-
tion. The sixth embodiment differs from the fifth embodi- ia
ment ui that s(ep S1102 of the control flow is changes) to step
S 1112.

Herc. instead of thc motor tcmpcra(ure sensor 2122
arranged on the motor 2102, the contml unit 1302 is
pmvided with a tinier fiuiction for keeping the operatillg
time tm of the motor 2102. For a predetermined time period
(first predetermined time period) t1, the maximum operaring
umc pcr activation is previmisly calculated Ibom thc oper-
ating lili: ol'the motor 2102 When the operatui time tm of
the motor 2102 exceeds the predetcrmuied time t1, the motor 3(l

2102 is stopped at step S902. This provides the same etTects
as in the fifth embodiment

Scvcnth Embodiment

I 1(ig 20-22): show a seventh emlxidiment of the present
invention. The seventh embodiment is based chiefly on the
cooling unit 1102. Before the stoppage of the en ine 9102,
the tentperature of the evaporator 1142 is reduced in a
tcmpcra(urc down mode, so that thc evdpomtor 1142, when
thc mtginc 9102 is stoppixh pcrfonns cooling while less
poiver is consumed by the motor 21()2 In li)G. 20, as
compared to the hfth embodiment. the heating unit 1202 is
omitted and the electric compressor-pump 2002 is replaced
ivith an electric compressor 2012. 33

FIG. 20 shows the overall coniiguration ol'he vehicle
air-conditionin system lt)t)2, in which a fan (142rr fiir
sending air to the evapomtor 1142 is pmvided. 'I'he air tlow
rate of the fan 1142d can be adjusted by the control unit
1302. do

lite control uni( 1302 also has an engine stoppage pre-
dicting function for predicting w:hether the engine 9102 will
stop ivhile the vehicle is movino Specifically, this function
is based on the vehicle speed signal during deceleration. The
engine 9102 is predicted (determined) to come to 0 stop d-
ivhen the vehicle speed signal falls below 0 predetenuined
i chicle speed VI. which is cstabltsltcxi ui advance. If thc
stoppage of thc mtgutc 9102 is prcdictcd, (hc tlow rate of thc
fan 1142a is reduced in comparison to the tiine immediately
before the prediction 0

Now, thc control pcrfortucx) by the con(rol urut 1302 over
the f m 1142a und thc motor 2102 will bc dcscnbixi with
rcfcrencc to a flowchart shown in FIG. 21 tmd timing clmns
shoivn in I'I(IS 22A-22) 1 'I'he flowchart shown in Iri(i 21

is that of the fifth embodiment shoivn in I'l(i. 17 to which 3

steps S212-S232. S412, and S712 are added. Hereinafter,
description will be given with particular emphasis on these
dddltlolldl sa:ps.

Initially, the presence of an A.('equest is determined at
step S2()2. If the stoppage of the engine 9102 is predicted at 00

step S212 from the vehicle speed signal of the vehicle
moving under deceleration. the process moves ro srep S222
to miter the temperature down mode. That is. (he flow rate
ol'he fan 1142u w reduced in compdnson to thc time
immediately bcforc the prcdiction (FIG. 22B). As thc air si
floiv rate is reduced, the thermal load on the evaporator 1142
decreases As a result, the temperature of the evaponstor

1142, or cquivalcntly, thc et apordtor downstrctmi tcmpcm-
ture Te of the air cooled by the evaporator (142, dn)ps
further (lq(i 2Z(') 'I'hen. the amount of evaporation of the
refrigerant in the evaporator 1142 decreases with the
decreasing thenual load. Accordingly„ the refrigerant is
acciumdated in the condenser 1122 and the level of liquid
relyigcrant uwrmiscs duc to thc condcnsauon (FIG. 22D).
Herc, since the evaporator don nstream temp era turc Te drops
according to the reduction in the air flow rate of the fan
I (420, the level of cooling experienced by the occupants is
maintained.

After the engine 9102 is stopped. cooling is efl'ected at
step S41Z by means of the air from the lower temperature
evaporator 1142. At steps S502 and S602. thc cooling is
continued with thc motor 2102 stopped, until thc evaporator
downstream teniperature

'I'e reaches the maximum allowable
temperature I'Z.

When the evaporator doivnstreant temperature Te exceeds
the maxinnuu aflovvable temperature T2 at step S502 and the
motor 210Z is activated at step S702 (FICi 22E). the
tcmpcrature down mode of s(ep S222 w discontimicd at s(073

S712 That is, thc air )low rate of thc fan 1142a is restores)
to the level inunediately befiire the prediction of stoppage of
the engine 9(02 (Iii(i 22l3) Additionally. the liquid refrig-
ensnt accumulated in the condenser 1122 and the refrigerant
compressed by the operation of the motor 2102 (the opera-
tion of the second compressor 2202) are used for air cooling
(FIGS. 22C, 22D, and 22E).

H thc result is negative at either of a(cps S302 and S402.
i e., if the vehicle is not halted and the engine 91()2 is not
stopped, the temperature down mode of step S222 is dis-
continued at step S232.

As a result. the time that elapses before the evapomtor
downstream temperature Te reaches the maximum allowable
tcmpcrature T2 of thc prcdc(ennincd rungc (Tl-T2) can be
extcndixh with 0 further reduction in the operatuig time of
the motor 2102. Spimiiicdlly, the tune can bc extended by At
as cmupared to the case ivhere the temperatum down mode
is not employed as shown by the double-thsshed line in I'l(i
22C The operating time of the motor 2102 can thus be made
shorter than shown by the dotted and dashed line in FIC).
22E.

Additionally. the rcducixl thcrmul load dccrcascs thc
dllloullt of cvilpordtloli ii( (lie Ii:Irlgcldilt, so (liat 0 greati:3
amount of liquid refrigemnt can be accumuLated in the
condenser 11ZZ. When the motor 2102 is operated, the liquid
refrigerant accumulated can be used to reduce the work of
the motor 210Z. Consequently„aside from the efl'ect that the
stop time of the motor 2102 is extended by the cooluig from
the cooler evaporator 1142. thc load reducuig cfli:ct duung
the operation of thc motor 2102 allows u I'urthcr reducuon in
the power consuniption of the motor 2102 It is therefore
possible to avoid overtaxing the battery 9122 and to reduce
wear on the motor 2102.

liighth 1imbodiment

FICiS. 20, 21, and 23A-23F show an eighth cmboduuent
of the prcscnt uivention. Thc cigh(h cmbodnuent is a modi-
licd venation of thc scvcnth embodunmit, ut wluch the
temperature down mode of the evaporator 1142 includes a
valve opening contml of the expansion valve 1132 aside
from the air flow rate control of the fan 1142a.

Thc expansion valve 1132 in FICi. 20 is a solcnoal valve
that can bc ad)usted in 3 alve opening by thc control uiut
1302. If the stoppage of the en ine 9102 is predicted, the
pmcess moves to step S222 of I'IG 21 to enter the tem-
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pcrature ilown mode. Herc, thc air flow rate oi'he fmi 1142ir
is reduced to lower the evaporator doivnstreain temperature
'I'e as in the seventh enibodunent ft'IGS 22B and 22D) At
the same time, the valve openuso is reduced (lii(i. 22G) so
that the refri emnt flows to the evapomtor 1142 at a flow mote

smaller than immediately before the prediction of stoppage
ol'hc cnguic 9102. Iuculentally, when thc motor 2102 is
opemttxt, the tempcrnturc down mode is discontimwd a! step
S712 so that the air flow rate and the valve opening are
restored to the respective values inunediately before the in

prediction of stoppage of the engine 9102 (iil(iS. 23H and
23C).

Consequently, the amount of evaporation of the refnger-
ani in thc evaporator 1142 decrcascs, anil a greater unount
of liquid refugcrmit can be accumulated to thc condenser
IIZ2 flil(i. 23I:) than in the seventh embodiment Tlus
allows a fiirther reduction m the poiver consumption during
the operation of the motor 2102. Note that while the con-
denser 1122 accumulates a greater amount of liquid refrig-
erant, the flow rate of the refrigerant to the evaporator 1142 io
decreases. wluch dixreases thc tcmperaturc drop m the
evaporator downstream tcmpcrature Te. It is (luis desirable
to deterniine the size, or degree, of the valve opening to
balance these considerations

Ninth Embodiment

FI(iS 20, 21, and 24A-24D shoiv a ninth embodintent of
the present invention 'I'he ninth embodiment is a second
variation of the seventh embodiment. in wlfich the tempem- io
nire down mode of the evaporator 1142 includes control of
the air flow rate of n cooling fan 1122a of thc condenser
1122.

As shown in FICi 20, tlm condmiser 1122 has the cooling
fan 1122a tiir promoting condensation/liquefaction 'I he is
cooling fan 1122u is adjusted in the cooling air flow rate by
the control unit 1302.

In FIG. 21. if the control iutit 1302 predicts the stoppage
ol'the enguie 9102 at step 21. thc process moves to step S222
to cuter thc tempcraturc down mode. Herc, thc flow rate of (o
thc cooluig fan 1122ir is incrcascd in comparison to the time
immediately befiire the prediction of stoppage of the engine
91()2 (I'l(i 24I3). When the motor 21()2 is operated, the
temperature dov, n mode is discontinued at step S712 so that
the cooling air flow rate is restored to the level that existed ss
inunediately before the prediction of stoppage of the engine
9102 (FIG. 24B).

('onsequently, the condensation in the condenser 1122 is
promoted„which lov ers the discharge-side pressure of the
first compressor 1112. This increases the enthalpy difference o

across thc evaporator 1142, wluch unprovcs thc cooling
pcrfornumce and lowers thc evaporator downstream tmn-
pcrature Te /FIG. 24C). As a result, thc stop tnne of thc
motor 21()2 at step S6()2 after the stop of the engine 9102 is
extended, which reduces the poiver consumption of the s

motor 2102.

Tenth Embodiment

FIGS. 20. 21, and 25A-25D show a tenth mnbotliment of ro
the present invention 'I he tenth embodiinent is a modified
variation of the seventh embodiment. in which the tmnpera-
nire down mode of the evaporator 1142 includes control of
the discharge of the condenser 1112.

lite lirst compressor 1112 employed here is of variable ss
disp)acentent type ffiir example, a known swash plate type
variable displacentent compressor) the displacement per

rotation ol'wluch can be ad)usted by thc control uiut 1302 as
the thermal lnad on the coolin unit I IU2 increases In I'l(i
21, if the stoppage of the engine 9102 is predicted at step 21,
the process mnves to step S222 to enter the tempemture
down mode. Here. the displacenient is increased. consider-
in that the thermal load at this time has a higher value (FICi.
25B).

As a result, thc incrensed displacement uuprovcs the
cooling perfiirmance and lov ers the evapomtor downstream
temperature I'e fFI(i Z5( ) I'he stop time of the motor 21()2
after the stoppage of the en ine 9102 can thus be extended,
which reduces the power consumption of the motor 2102.

The first compressor 1112 is not limited to a variable
displacement type compressor. It is also possible to usc a
compressor that is controlled by on and olf sw i(clung. w luch
is perfomied by the control unit 1302 'I'hat is. the control
unit 1302 turns the compressor on when the air tempemture
at a predetermined location of the cooling unit lit)2 (fiir
example. the evaporator downstream temperature Te) is
hi her than or equal to a predetemiined temperature (second
prcdetcnninixl tcmpcraiure). In tlus case, as shown in FIG.
26B. thc predctcmnncxl tempcraturc has only to bc vaurxl to
a lower value when the stoppage of the engine 9102 is
predicted, so that the entire operation time is extended ivith
an increase in discharge.

Moreover, the control of the dischar e of the first com-
pressor 1112 may be combined with the control of reducing
thc air flow rate ol'he lhn 1142u dcscnbcd in thc scvmith
mubodunent. By so douig. the amount of the liquid refrig-
erant accuinulated in the condenser 1122 can be increased
for a further reduction in the poiver consumption upon the
activation nf the motor 21()2

Elcvcnth Embodiment

lil(iS. 27-29D show an eleventh emlxidiment of the
present invention. The eleventh embodiment is based pri-
marily on the cooling unit 1102 of the fifth embodiment.
This cmbodimcnt has an adiliuonal function of stoppui the
lirst compressor 1112 dc7tendutg on thc working load on the
engine 9102, so that thc power perfonnance, or acceleration
performance. of the enaine 91()2 intproveg without impair-
ing the cooling perfommnce of the cooling unit lit)2.

FICi 27 shows the basic conf uration of the present
embodiment. As compared to the tifth embodiment shown in
FICi. 16. the heatin unit 1202 is onutted and the electric
compressor-pump 2002 is rcplaccd with an clectuc com-
pressor 2012. In addition, a signal of an accelerator tluoulc
opening is input to the control unit 13()2 in order to grasp the
v orking load on the canine 91()2. If the accelemtor throttle
opening is operated to increase, the velficle is determined as
accelerating.

Thc pulley of the lirst compressor 1112 is provided with
an electromagnetic clutch (1126. which is engaged or dis-
eagaged by the control unit 13()2 As is well I nov:n. engag;
in the clutch 1112h transmits the torque of the engine 9102
to the first compressor 1112. When the electromagtetic
clutch 1112h is thscngagcd. thc lirst compressor 1112 stops
even if thc cnginc 9102 is running.

'I'he operation under the configuration will be described
v ith reference to a control flowchart shown in FICi. Zg and
timing charts shov:n in Fl(iS. 29A-29D Initially, at step
S2002, it is dctemiincd whether the vcluclc is movuig or in
an idle-stop state. If the i chicle is ui the idle-stop state, the
lirst compressor 1112 stops, at step S2102, when thc enguie
9102 is stopped. At step 522U2, the niotor 21()2 drives the
second cnmpressor 2202.
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On the other hund, if thc vcluclc ls dctcmuncd to bc

movina at step S2002, then it is determined at step S2302
whether or not the vehicle is accelerating. If not accelerat-
ing, the first compressor I)12 is polvered by the torque of the
engine 9102 at step S2402. At step S2502. the motor 2102
is stopped. That is, the second compressor 2202 is stopped.

If li is de(ennuied Bt step S2302 ilmt flle vehicle Is
accelcranng, mid more spccilically, lf 11 is dctcmuncs) ilmt
the accelerator thmttle opening is increased, as slxewn in
li)Ci. 29)3. then the process advances to steps S2102 and ic
S2202. I'he electroniagnetic clutch I I )2)I is disengaged to
stop the first compressor 1112. and the motor 2102 is dnven
to operate the second compressor 2202 (the operation of the
motor 2102 is shown by shadulg ul FIG. 29D).

Conscqucntly, thc power of the cnginc 9102 is conscrvcx),
since the tirst conlpressor 1)12 is not operated. 1 his allows
improved power performance for situations ivhere lfigher
working loaiks are needed. such as acceleration. 'I'he ntotor
2102 is duven to operate the second compressor 2202,
which allows the coo)in unit 1102 to continue functionin . 10

Whether thc cnginc 9102 ls acccleratulg or noi is detcr-
nnncd from Ihc accelerator tluotilc opemng of thc cngule
910Z. Iixisting control data used in controlling the engine
9102 can be used fiir this purpose

Otherwise. the determination that the vehicle i ~ acceler-
ating may be given v hen the accelerator throttle opening ls
greater than or equal to a predetermined opening Bnd ls

being utcrcascd. Aside I'rom t1m ac eel era 1 or iiu oi (le opmling,
the slgruils available to detcrmule acceleration include thc
engine intake pressure. the engine speed, the engine cooling 10

water temperature, and changes in the vehicle speed. 'I he
firrt compressor )112 may be a variable displacement type
compressor„ in which case the stoppage of the first com-
pressor 1112 mny be replaced with a near-zero-discharge
control by thc control unit 1302. ls

Tv elfth Embodiment

FIGS. 30 and 31A-31E show a twelfth mnbodimeni of the
present ulvenuon. Thc (wali'th cmbodunent difli:rs from the do
clcventh embodiment ul tlrdt thc mo(or 2102 remanm
stopped afler the first compressor l)12 is stopped during
acceleration of the vehicle, and that the motor 2102 is duven
at a point when the air-conditioning state of the cooliilg unit
1102 exceeds a predetermined level (the maximum allow- ds
able tempemsture TZ).

lllc present embodiment has the same basic conliguration
ds Ihat of thc clevcnth embodiment. Dunng acccleralion, thc
firrt conlpressor l)12 is stopped, and the inotor 2102 Is
driven to operate the second compressor 2202 at a point
when the air-conditionin state of the cooling unit 1102. or
the evaporator downstream temperature Te, exceeds the
maximum allowable temperature T2 of the predetermined
I J rig e.

As shov n in lii(i 30, the control flowchart is like that of 1

the eleventh embodiment, shown in FICi. 20. except that step
S2202 is chan ed to step S2212. (If n stoppage of the
compressor duc to acceleration ls dc(ernnncd, ihc motor
2102 is driven at a poult when thc evaporator downstremn
tcmpcraiurc Tc cxcceds thc maxuuum allowable tempera- ic
ture I'2 (See I'ICiS 3 ID and 3)ii)

In the prior Brt, stoppage of the compressor due to
dCCCICI'il(1011 h;IS CBOSCd a 11SC ln ihc Cviipiililtol iIOWIIS(ICB111

tcmpcraiurc Te as shown by thc double-dashed lute ul FIG.
31E, with a detcnorauon ul thc comfort 01 thc passcngcr ss
compartment. Ilowever, the operation of the compressor
unit 21U2 can improve the acceleustion pertormance of the

mlgulc 9102 with no deterioration in passenger comfort. A
motor stop time of tZ is used as shown in lii(i 31D after the
stoppage of the first conlpressor )1)2 1 he power consump-
tion of the motor 2102 is reduced accordingly.

In a I ariation of the tlveifth embodiment. as shown in
FICiS. 32A-3ZE. the evaporator downstream temperature Te,
at which thc motor 2102 is drn mt after thc stoppage of ihe
Iirst compressor 1112, may be changed) to a tempcraturc T21,
which is lower than the maxinlunl allolvable temperature I'2

(here, the stop time of the nloior 2102 decreases to t2)). As
a result, the stoppage time due to acceleration, which was
limited to t3 in the prior art, can be extended by t4 as shown
in FICi. 3ZB. This pemlits a luther unprovement in accel-
crauon capabihty as comp@Ox) io thc poor art shown by thc
double-dashed linc In FIG. 32A.

Otherlvise, the timing for driving the niotor 2102 to
openste the second compressor 2202 nlay be determined
from the time that elapses after the stoppage of the first
compressor 1112. To be more specific. the time that elapses
before the evaporator downstream temperature Te reaches
the maximum allowable tcmperaturc T2 (or a Icvcl lower
than that) since ihc stoppage of the Iirst compressor 1112 Is
determined in advance as a predetermined time (second
predetermined time) tZ, and the motor 2)U2 is duven after
a lapse of the predetemiined time period t2

This alternative can elinlinate the possibility of a delayed
response in detecting temperature and improve the precision
of thc controls (accclcratulg abihty, cooling perfonnance.
nlotol pow cr consunlptlon) ds colupdlcd (0 ihc con(1111

pmcedure based on the iempeusiure (evapoustor downstream
temperature I'e)

Thirtccnih Embodiment

lii(iS. 33-35)i shoiv a thirteenth embodiment of the
present mvention 'I'he thirteenth embodinient difFers from
the tv elfth embodiment in that. when a cooling water
temperature Tw, or the working load on the engme 9102 in
the vchiclc, cxcecds a maximum allowable cooling Osier
tcmpcrature Tw2, v hicl is predctemnucd, thc Iirst compres-
sor 1112 is stopped (high-coolulg water-tmupcraiurc com-
pressor stoppage) and the motor 2)02 is driven. in this
cmtnection, when the cooling v ster temperature 'I'w falls to
a mimmum aliowable cooling lvater temperature Twl wlfich
is set below the maximum allowable cooling u ster tempera-
ture TlvZ, the stoppa e of the first compressor 1112 is
discoutuuicd.

With ICgaril (0 thC bilSIC Ci111figurd(1011, II Signal 01 thc
engine cooling v, ster temperature is input to the control unit
13U2 as shown in lii(i. 33. I3ased on the engine cooling,
v ater temperature signal, the first compressor 1112 and the
motor ZIUZ are controlled while the vehicle is movin .

Thc coniml proccdurc appears In B flowchart shown in
Ill(i. 34. Initially, at step S3002. the motor is stopped At step
53102, whether the compressor is stopped due to high-
cooling water is detemtined. If in the hi h-cooling water-
temperature state. the process moves to step S3202. The
motor 2102 is dnv en io operate thc second compressor 2012
at a poult when ihc el Bporator don mlrcam tcmpcraiure Te
cxccmds thc maximum allowable tmnperdturc T2. Here. (he
nxitor 2102 is stopped for a rime t2 from the staiting point
of the compressor stoppage (due to high-cooling water-
temperature). In the case of a ne ative result at step S3102,
the process returns to step S3002 to repeat the process.

At step S3302, Ii is dctcmlincd whether or not ihe
cmnpressor stoppage hss been discontinued as a result of the
reduced working load on ihe en ine 9)02 (due to the
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stoppage of the first compressor), wluch lowers the cooling
water teniperature qiv to bekiw the minimum allnivable
cooling water tempemsture Tw:l. If the stoppage is discon-
timied, the process returns to step 53002 tn stop the nintor
2102. If not, the process moves to step S3402 to keep the
motor 2102 operating.

Ill illc prior drt, gilaraiiiccillg illc pet iomlilllcc of illc
cooluig unit 1102 (thc evaporator downstream temperature
'I'e) durin the stoppage due to high-cooling water-tiunpera-
ture has caused an increase in the frequency of operations of in

the first cnmpressor 1112 as shown by the double-dashed
lines in FICi. 35C. A radual increase has also occurred in the
cooling ivater temperature Tv of the engine 9102 as shown
by the double-dnshcd lines ui FIG. 35B. In contrast, accord-
ing io Ihc present embodiment, ihe operation of ihc second
compressor 2202 by the motor 2102 can guarantee the
cooling performance dunng the stoppage caused by high-
cooling water-tempemture and reduce the ivorking load on
the engine 9102 as, thus stabilizing the coolin water
tempemhire Tw and preventing overheating. 30

Herc. (hc motor 2102 is kept from ac(ivation duruig the
ume (2 bcforc the evaporator downstream tcmpcraturc Te
reaches the maxiniuni allowable teinperature 72 'I'lus
reduces the power consuniption of the inotor 2102.

Fourtccnih Embodiment

FIGS 36 and 37A-37)) show a tiiurteenth embodiment of
the present invention. 'I'he fourteenth embodiment is the
eleventh embodiment provided with an additional lute(ion 30

for driving the motor 2102 to operate the compressor unit
2102 dc)tendutg ou thc thermal load on flie coolmg urn( 1102
wlulc the velucle is under dccelcmiion.

lhc present embodiment has the same basic conliguration
as in 11I(i. 27 (the eleventh embodiment): hnwever. nindi- ii
fications are made in the control of the mntor 2102

The control flow appears in the floivchnrt of the seventh
embodiment shown in FICi 21. to which FI(i. 36 is con-
ncuied. Tliai is, having prcdicicd an enginestoppage during
thc dccelcration of thc vchiclc ai siep S212 01'IG. 21, the dc
process moves to step S4002 of FIG. 36 to dctenuuie
whether or nnt the them)el load on the cooling unit 1102 is
high Specifically. it is determined if the first compressor
1112 is in full operation and the evapomtor downstream
temperature Te is higher than or equal to n predeteunined (-
value T12.

II'so, the process moves to s(073 S4102 in which ihe motor
2102 is dnven io operate the compressor umt 2102. If ii is
deterniined at step 540U2 that the thermal load is lniv. or that
the evaporatnr downstream temperature 'I'e is higher than or
equal to the predetermined value T12 but the first compres-
sor 1112 is not in fiill operation (the electromagnetic clutch
11126 is engaged/disco aged repeatedly), the process moves
to step S222 io enter thc temperature down mode. The
tcmpcraiurc down mode may be those descnbcd ui the
seventh thmugh tenth embodiments. I'or example, the dis-
charge of the first compressor 1112 is increased (the elec-
tromagnetic clutch 11126 is kept engaged).

When it is detcnnined ai steps S302 mid S402 thai the
iehicle comes to a temporary hali and thc cngmc 9102 is ia
stopped. the motor 2102 is temporarily stnpped at step
S4202 (the conipressor unit 2102 is stopped) The prncess
advances to steps S412 and later so that the motor 2102 is
subjected to the control after the stoppage of the engine
9102. si

('onsequently, when the vehicle is under decelemstinn or
the stoppage of the engine 9102 is predicted front the
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diuclcraiion state. Ihe opcrdiion of Ihc lira) compressor 1112
is combined with the opemstion nf the second compressor
22U2 by the mntor 21U2 Since the flow mste of the refrig;
erant in the cooling unit 1102 can thus be increased to
improve the cooling perfonnance (FICi. 37D). a coolin
efl'ect can be given ivith a luther reduction in the required
operation time ol'hc motor 2102. As a result, it is possible
to reduce the potter consumpuon of thc motor 2102, wluch
avoids overtaxing the battery 9122 and extends the life of the
nxitor 2102. Incidentally, the pnwer of the motor 2102
cmisumed during the deceleration can be concurrently gen-
erated from the deceleration ener y (through regeneration)
without additional fuel consuniption.

Eleventh iinibodinient

FICiS. 30 and 39A-39E show an eleventh embodiment of
thc prcscnt invention. The eleventh mubodimeni diflbrs I'rom

thc tenth embodiment ui ihdi thc motor 2102 is also dnvcn
dc)tcndutg on ihc Ihcmuil load on thc cooluig uiut 1102
v hen the engine 9IU2 is restarted after a stoppage.

I iere, the control procedure of the motor 2102 for restart-
in the engine 9102 afier a stoppa e is added. as shown in
FICI. 30. That is. at step S5002, i( hether the engine 9102 has
biuu restart!xi or noi is dciennincd II restarted, thc process
moves to step S5102 io dc(ermine 0 hcther or not thc thcnnal
loinl on ihc cooling urn( 1102 is lust. Spccilically. 1( is
determined whether the evapomstor doivnstreani temperature
Te is higher than or equal to the niaximmn elk!wafle
temperature TZ.

If it is determined at step S5102 that the themis) load is
high, ilm process moi cs to step S5202 so that thc motor 2102
is duvcn io operate ihe second compressor 2202. On thc
other hand, if thc result is negative at s(073 S5102, thc process
moves tn step 55302. in ivhich the motor 2102 is stopped to
stop the second compressor 2202. At step S5102. the deter-
mination of whether the thernial load is not high is based on
a temperature determined by the function OT(t3), which is a
ii!CICSSillg iiioiiotoi!C lllCrC!lsillg fili!C(ioii Of illc Stop iiiiiC
period t3 of thc engine 9102 (ii is a constant). Iviore
spcclllcdll)3 wltll tile ciapordtor dowllsiri sill icillpcidiiile
Te 'I'2—iif(t3) as the criterion, the niotor 2102 is stopped
when the criterinn is not reached (lq(IS. 39)) and 39)i)

Consequently. the operation of the first compressor 1112
after the restart of the engine 9102 is combined with the
operation of the second compressor 2202 by the motor 2102.
Since thc flow rate of thc reliigcrant ui thc cooling uiui 1102
can bc increased to unprovc ihc cooling perfonnance, pas-
senger cnmfnrt (the expected level of cooling) can be
restored in a shnrter time than when the niininium necessary
cooling has been performed by the second compressor 2202
v bile the engine 9102 is stopped

A case where the test for determinin whether to stop the
motor 2102 is 33 hethcr the evaporator dow nstrcam

temperat-

uree saiislics thc cx)nation Te=T2 —iiT(t3), which uicludes a
function of the stnp time perind t3 of the engine 9102, has
been described 'I'he criterion is nnt so hniited, however. As
shown in FICi. 39D, the motor may be stopped when the
vehicle speed increases and when the vehicle accelemstes
with an increase in the dischar e of the first compressor
1112

Other Modifications
Thc mnbodimenis have dealt with cases where ihe air-

condiiiotung state is dciennined from the evaporator down-
stream imnpcraiure Tc or thc passenger compartment tem-
perature Tr. I'he factors for determining the air-conditioning
state are not sn limited. hoivever. and the air conditioning
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stale may be de(ennuied. among other methods, by thc
pressure of the refngerant, or the temperature of the cooling
water that is circulating through the heater 1212

'(lie seventh thmugh tenth embodiments illustrate cases
where the stoppa e of the engine 9102 is predicted from the
vehicle speed (321) under deceleration. The prediction may
how ct cr bc based on thc cnguie spccd or the brakm state
or by other opcraung clrdraclcristics. In any case. the stop-
page of the engine 9102 can be predicted easily.

Furthermore, the fifth through thirteenth embodinients
niay be modified as shown In I'ICi 40. 1hat i ~, the second
conipressor 2202 may be integrated ivith the first compres-
sor 1112. in tvhich case the compressor 1112 is configured as
d hybnd compressor 1112a to be ac)actively pov,ercsl by thc
migine 9102 and thc motor 2102.

Sixteenth Embodiment

Rcfcrring to FICIS. 41-45D, a velucle cooling systmn
1003 Is uses( In a so-cd)lcd idle-stop vehicle winch lais an
engine 9(03. which is stopped when the vehicle comes to a
teniporary halt wlule nioving The vehicle cooling systeni
1003 comprises a refngeration cycle unit 1103. a control unit
1303, and a battery 1403

lite rcfrigcration cycle uiul 1103, winch pcrfomis a
known refrigeration cycle, has two comprcssors 1113 and
1223. A lira( compressor 1113 is connected to a condenser
(123, an expailsion valve 1133, and an evaporator 1143 in
series by refrmerant piping 1153. The first ctimiprewsor 1113
conipresses a refrigerant to a high temperanire and hi h
pressure. The condenser 1123 condenses and liquefies the
comprcsscd rcfngcrant. Thc expansion valve 1133 expands
the liquclied refwgcrant adiabatically. Thc evaporator 1143
cvdpoidlcs lht: cxpdndix( rchlgcidnl so tlial pBssni Bir Is
cooled by the latent heat of vaporization 1he first conipres-
sor 1(13 is powered by torque from the vehicle engine 9103
through pulleys and a belt

The condenser 1123 has a fan 1123a, which sends air to
thc condenser 1123 lo promote thc liquefaction/condensa-
non oi'he refngcranl.

lite evaporator 1143 also has a fan 1143b. The Ibn 1143b
forces air through the evaporator 1143. which cools the air,
and the conditioned air is sent to the passenger compartment.
An evaporator tempemlture sensor 1143a for detecring the
temperature of the cooled air (evapomltor downstream tem-
perature) is located on the downstream side of the evapo-
IIIIOI 1143.

A second compressor 1223 is arranged m parallel with thc
firrt compressor (1(3 Specifically, the second compressor
(223 is connected between the upstremn side of the con-
denser 1123 and the downstremn side of the evaporator 1143
by refrigerant piping 1233. The second compressor 1223 ls
powered by a motor 1213, v hich is poivered by the battery
1403. The motor 1213 Imd thc second compressor 1223
consututc mi clcctnc compressor 1203. The second cum-
pressor 1223 is driven when the engine 9103 is stopped and
the (irst compressor 1113 is stopped

A currmit smisor 1403a Ihr detccluig thc clectnc current
duruig the opcrauon oi'he motor 1213 is located on a lead,
winch extends from thc baucry 1403 lo thc control unit
(303. A pressure sensor 1163 for detecting a discharge
pressure p is arranged on the discharge side of the first and
second compressors 1113 and 1223.

lite conliguration of Ihe control unit 1303, winch is an
csscnual part of tlm prcscnt invcnuon, will be descnbed with
reference to the figures The control unit 1303 is intended to
operate Ihe electric compressor 1203. fhe contml unit 1303

rcccivcs ilclcclitin sigiitils hiini lhc cvtipol'It(or lcnipcrdliuc
sensor l(43u, pressure sensor (163, and current sensor
14U3u, among other signals front various unillustrated sen-
sors, including a vehicle speed signal. an engine speed
signal. an idle-stop determination signal. an inside air tem-
perature signal, an outside air tempemlture signal. and an
A/C request signal. Accorduig to the signals. Ihe control uiu(
1303 controls thc motor 1213, which drives thc simond
cmnpressor IZZ3

IB lior normal operations of the refngeration unit 1103. the
cmitrol iuiit (3(13 perfoniis, as might be expected, on and otf
control of the compressor 1113 and actuation and air flow
rate control of the fans 1123a and 11436 ln accordlance with
thc signalw

In the prcscnl cmbodmienc a control program for oper-
ating the Inotor (213 such that the battery power is con-
served is stored for use by the control unit (303

Initially, a cunuilative operatin penod, during w:hich the
motor 1213 is operated while the vehicle is lialted and the

Io en ine 9103 is stopped (idle-stopped). is detemiined as a
Iirst predetermined nmc period t1. The first prcdctcrnuncx(
time penod t1 is dclennined. for example. from thc fre-
quency of idling occurrence~, which is estunated by simu-
lations of the vehicle moving conditions. and the depth of
discharge (use time) obtained from the number of tmies the
battery 1403 is used. In other words„while variations in
leach are naturally expected of repetitive idling periods, an
dvcrBgc value Is iiscd iis lite ciiniiilanvc opcrdnilg inuc (firsl
prcdclernuncx( lime pcnod 11) of the motor 1213 per idluig

1(i ln considenltiiul of the battery life time
As shown in FI(i 42A, Ihe first predetermined tiine

period tl is determined according to tbe outside air tem-
perature. The relationslfip of FICi. 42A ls stored in the
control unit 1303. Specifically„ the first predetermined time

is period 11 decreases when the outside mr lcmpcralure
dimrcascs. That is, suicc lower outside air tcmperaturcs
naturally rcqinrc less work Irom Ihc second compressor
1223, the operating time of the motor 1213 is reduced

I'he motor 1213 is openlted afier the lapse of a second
do predetermined time t2, or delay time„ from the point when

the vehicle comes to a halt and the engine 9103 is stopped.
Thc dc)ay time 12 is set such tluil thc discharge prcssure P of
thc rcfngcrant that lias hemi compressed by thc first com-
pressor 1113 drops to d predctermincd value (dischar c
pressure Pd) v,ithin the second predetermined time t2 from
the time the engine 9(U3 is stopped (the time the first
compressor 1113 is stopped). The motor 1213, when oper-
ated. Bctivates the second compressor 1223 at the reduced
discharge pressure Pd.

O As shown in FIG. 43A, (hc second prcdctennincd lime 12

is dclcrnuncd accorduig lo Ihe oumide mr lmnpcralure. The
relationship of IIICI. 43A is stored in the control unit 1303
Specifically, the second predeterniined time t2 increases
when the outside air tempemlture decreases. That is. since

ls lower outside air tempemltures naturally have less influence
on lhc coolhlg per(olnidncc. Ovcii with larger drops nl lhc
discharge prcssure P, thc delay tune is Incrcascd fiir lower
oulsulc Bu lcnlpcidliiit:s.

'I'he first and second predeterniined tinies tl and t2 are
to incorporated into the stored control prograni so that the

operation of the motor 1213 is controlled accordingly.
When the vehicle is moving. i e.. when the engine 9103 is

runnuig. thc reihgeration unit 1103 pcrfonns nomial opera-
tions. Morc spccilicnlly, thc compressor 1113 is driven by

ss the engine 9103 and compresses rcfrigcranl. Thc com-
pressed refrigerant is subsequently passed through the con-
denser 1(23. the expansion valve 1133, and the evaporator
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1143 for condcnsat&on, ad&abatic expans&o&u mid evaporation
in succession. to cool the air passing through the evaporator
1143

Since the cooling system is applied to an idle-stnp vehicle,
the engine 9103 is stopped when the vehicle comes to a
temporary halt. The compressor 1113 then quits operarin,
and (hc electric compressor 1203, &.e., thc motor 1213 &s

opemtlx).
1'he control of the motor 1213 by the cnntrnl uiut 1303

will be described with reference to the flowchau shov n in
l&ICi. 44 and the timing charts sholvn in I'IGS 45A-45)) in
the follolvin .

Initially. after the en ine 9103 is stopped. the motor 1213
is slopped at step S103. Nexu at step S203, thc lirst and
second prcdcterm&nixl &uncs 11 mid t2 dre dctenuinu!. Morc
specifically, as shown &n l&l(IS. 42A and 43A, the tirst and
second predetermined tinie periods tl and t2 are deternuned
fmm the respective graphs of the predetermined time peri-
ods t1 and t2 stored with respect to the outside nir rempem-
ture. Then. the elapse of time is measured for derennining
whciher tune pcnod 12 has clapscd.

Next. at step S303, whcthcr the second prcdcterm&ncd
time t2 has elapsed or not &s determined lf elapsed, the
pmcess moves to step S403 if not. step S303 is repeated

Next. at step )4U3, the motor 1213 is opemted Ilare. as
mentioned above, the second compressor 1223 opernres at
the dischar e pressure Pd tn which the discharge pressure
li:11 during the second prcdctenn&ncd ume t2. Al tlus point,
elapsed iimc is mcasurcd lo dclernnnc whether lhc first
predeternlined tinle period tl has elapsed

Next. at step S503, whether the first predeteunined time
period tl has elapsed or not is determined If elapsed, the
process moves to step S603 to stop the motor 1213. If not,
step S503 is repeated.

Hining descnbcd thc conliguration imd opcrat&on. the
advantages and cllbcts of the &llustratcd cmbod&maul will be
descnbcd. Accord&ng to Ihc present cmbud&ment. (he molor
1213 is precluded front operating beyond the first predeter-
nlined time period tl, which is established in advance.
Overtaxing„or over-dmining, the battery 1403 is thus reli-
ably prevented. S&nce the first predetermined time period tl
Is scl iu dn Jvctdgc viduc Iol rcpcllllvc sling occiurcilccs,
dn dvcrJ gc coolhlg pcl(omuulcc can bc acean:0 ilunng thc
idl&ng tunes.

'(lie first predetermined time period tl is a function of the
outside air temperature 'I'his avoids unnecessary consump-
tion of electric power. which reduces the power consump-
tion of the motor 1213.

Morcovcr. thc opcrat&ou ol'he moior 1213 &s preceded by
thc second predctem»ncd time 12, or delay time. The result
is that the discharge prcssure Pd ihmreases dunng the second
predetermined time t2 Since the motor 1213 of the second
compressor 1223 is act&vated at the reduced discharge pres-
sure Pd„ the second compressor 1223 consumes less power
than it lvould if activated to operate at the discharge pressure
Pd produced wlmn the cng&nc 9103 &s running. Thc power
consumpuon of thc motor 1213 is therefore relatively low.
Thc rush current at the act&vation ol thc motor 1213 is
reduced accordingly As a result, it is possible to prevent the
rush current front reducing the life of parts and to suppress
the voltage drop of the battery 1403. which will prevent
auxiliaries from mal functiomng.

11&e second prcdctem»ncd tune t2 &s a lunclion of the
outside air tmuperaturc. This also avoids u&ulecessary con-
sumpuon of clcctnc power and reduces motor rush currmu.

1'he first predetermined time period tl mav be set as
sho&vn in I'l(i. 4213, i e. such tlmt tl increases when the

oulsulc air lcmpcrdlure dccrcascs below a prcdclernuncd
value 'I'he secnnd predetermined time t2 may be set as
shown in l&IC). 43l3, i e, such that t2 decreases when the
outs&de air temperature decreases below a predetermined
value. This provides improved w indshield defogging durin
v intertime.

Thc Iirst and second pux)ctcmfincd tunes tl and t2 may be
liinct&ons of variables corresponding to thc cool&ng load on
the refrigeration cycle unit 1103. rather than the outside air

ln temperature

Seventccnth Embodunm&t

l&I(iS. 46-48F ahois a seventeenth embodiment of the
present invention I'he basic configuration appears in I&I(i

46. As compared to the sixteenth embodiment. the control
unit 1303 is provided with an engine start request function
for rcx)ucstu&g lhc stnrtuig of the eng&nc 9103 dcpcndulg on
thc bat(cry capacity C.

Morc spew&lically, thc bauery capac&ty C &s calculated
according to the signal from the current sensor 1403u. If the
battery capacity C falls belo&v a predeternlmed capacity ( I,
the motor 1213 is stopped. An en ine start request signal is
sent to an engine control unit 9113 for controllin the
opera)&on ol'hc cnginc 9103. In response to flus sig&mL lhe
engine 9103 is slartc&L

FICiS. 47 and 48A-48F arc a tlowchart and tinung charts
dunng the contml on the motor 1213, respect&vely As in the
sixteenth embodiment. the basic controls are performed at

&o steps S103 to S603. The battery capacity C is checked at step
S703. More specihcally. when the motor 1213 is operated
wh&lc flm eng&ne 9103 stoppcxl, thc baucry capac&ty C ol'hc
battery 1403 decrcascs. When thc bauery capac&ty falls
below thc prcdclermincd capacity Cl, wh&ch is csrabhshcxi

ls in advance. the mntor 1213 is stopped at step 5603. even if
the elapsed operating time of the motor 1213 is less than the
first predetermined time period t1. At step S803, the engine
start request signal is sent to the eng&ne control unit 9113 to
start thc engine 9103. Thc Iirst compressor 1113 &s tlnis

ao dnven w&th lhe enguie 9103 as thc dnv&ng source, wluch
rel&ably prevents over-drmmng the battery wlulc conlinuulg
the air conditioning. The battery 14U3 is charged after the
engine 9103 is started.

liiuhteenth iimbodiment

FICiS. 49A-49E show an mghlccnth muboduuenl of thc
present uivcnl&on. Thc mJ&&couth embodunm&t diffi:rs I'rom
the sixteenth enlbodiment in that after the motor 1213 is
stopped, the engine 9103 is started depending on a cooling
temperature. As in the seventeenth embodiment. the control
unit 1303 has the engine start request function.

Ini1&ally, thc evaporator 1143 scrvcs as a location fprrxlc-
termined lncation) to detect the representative cooling tem-
perature in the cooling systenl 1003 Aniong the evaporator
downstream air temperatures (hereinafter, evapnrator tem-
peratures) Te obtained by the evaporator temperature sensor
1143a, shown in FIG. 41, a maxunum allowable lcmpcralure
iu terms ol cooing perlomiance is prev&ously sct as a first

io prcdelcnn&nixl tempcralurc T1.
Then, as shown in FIGS. 49A-49E, the engine 9103 is

stopped. and the nultor 1213 is operated after a lapse of the
second prcxlctcmnncd lime 12. The motor 1213 is stoppcxf
when ils operating t&me reaches thc Iirst prcdclcrmincd time

ss period 11. Subscqucnfly. If thc cnginc 9103 &s kept stoppcxf
for a relatively long time, the evaporator tenlperature 'I'e

goes up When the evaporator tempemsture 'I'e exceeds the
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lira( prcdelennincd lempcmture Tl, thc cngmc 9103 is
started as in the seventeenth embodiment

Consequently, even if the slop time ol thc enguic 9103 is
lung wiih respixl to thc lira( predelcrmuied hme penod ll,
the motor 1213 can be stopped after the first predeternuned
time period tl to prevent a dead battery, while the hrst
conipressor 1113 ls powered by the engine 9103 for coolin
perfonnance when necessary.

Nineteenth Emboduncni

FIGS. 50A-52E show 0 mnetccnth embodiment of the
preseni uivenlion. In lhc uinctcenlh cmbudimenl. Ihe mulor
1213 is turned on and olfaud lhe engine is suirted dcpcnding
on the evaporator tempenlture Te. which represents the
degree of cooling

Initially, hrst, second, and third predetermined tempera-
tures 'I'I, 'I'2. and 1 3 of the evaporator are established in
advance on a charactenstic chart with respect to the outside
air tempemlture as shown In FICi. 50A. The first predeter-
mined tempemlture T1 is a maximum allowable temperature,
in terms of coohng perfonnance, thc second prcdctermincd
tcmpcralurc T2 is a minimum allowable tmnperaturc, and
thc third prcdelcnnincd tcmperaturc T3 an uilcrmcdiate
value. 'I'he predetermined temperatures Iq, 'I 2. and 13 are
stored in the control unit 1303

As shoivn in liltiS 51-52I i. the inotor 1213 is turned on
and otfand the engine 9(03 is started with the predeternuned
tenipemtures Tl, I'2, and T3 as criteria.

Fl(i 51 shows the same control flowchart as that of the
sixteenth embodiment of lilti 44. except in that step S203
is replaced with step S213 and except that steps S313. S513,
and S613 are added The control procedure will be descnbed
ivith particular emphasis on the added steps.

Initially, at step S213. the first to third predetermined
tempemltures T1. TZ. and T3 and the first and second tunes
tl and t2 arc de(ennuied from the graphs, v,hich are cstab-
lishcd in advmicc.

Next, after the lapse of the second predetermined time tZ
dt slap S303, thc process moves Io step S313 lo delcnninc
whether the evaporator lemperahirc Tc exceeds lhc llurd
predeterniined teniperature I'3. If not. this step is repeated,
suh that tinie elapses beyond the second predetermined time
t2. and the evaponltor temperature 'I'e increases When the
evaporator temperature Te exceeds the third predetermined
tempemlture T3, the motor 1213 is operated at step S403.
Thai is, 11 a waihug tune flial clapscs before the evaporalor
tcmpcralurc Tc cxcceds thc flurd prixlclennincd temperature
T3 is longer than the second prcdetcnninixl time t2, the
waiting time dominates the operation of the motor 1213

llic operahon ol the motor 1213 rrxluccs lhc evaporator
tenipemture 'le llefore a Lapse of the first predeternuned
tinie period tl. the pmcess enters step S513 to determine
whether or not the evaporator temperature 'I'e has fallen
below the second predetermined temperature T2. If the
evaporator temperature Te has fallen below the second
predetcrmuu:d tempcraturc T2, thc motor 1213 is stopped at
slap S603 cvcn if thc opcraluig tune ol lhc motor 1213 has
not reached the first predetermined time period tl.

llicn, ihe evaporator tcmpcmture Te uicrcascs again. Al
step S613. whctlmr or not thc evaporator temperature Tc has
exceeded the first predetermined teinperature 'I'I is deter-
mined If so, the engine 9103 is started

Consequently, aflcr thc engine 9103 is slopped, the cuol-
ing perfonnance up to the third predetermined temperature
'13 can be guaranteed, while the motor 1213 is prevented

from operating beyond the second predetcnnined time (2.
'I'his alloivs further conservation of energy

'I'he timing at ivhich the motor 1213 is openlted can be
deternnned from the third predetermined tempenlture 'I'3,

v hich is easier than using the second predetermined time tZ
for determining when to start the motor 1213.

In addition, if thc operation of the motor 1213 pmduccs
a suflicienl drop in lhe evaporator lmnperaturc Tc al an
earlier point, the motor 1213 is stopped accordingly 'I'lnis,

10 the power of the battery 1403 can be further conserved.
After the engine 9103 is started. the coolmg performance

is provided by the first compressor 1113.
In addition. the relationship of the first to third predeter-

mined tempcralurcs T1. T2, and T3 with respect to thc
outsulc air tcmperaturc nuiy be set as shown in FIG. 508.
i e., such that the predeterniined temperatures decrease ivhen
the outside air tempemture decreases below a predetermined
value 1'his provides improved windshield defogging during,
v intertime.

10 Moreover, the first to third predetermined temperatures
Tl, T2, and T3 may be associated w ith varrdblcs correspond-
ing lo thc cooling load on the refngcration cycle uiut 1103,
nlther thmi the outside air temperature

Twentieth limbodiment

FICiS. 53-54F slu&w a twentieth embodiment of the
present invention. The twentieth embodunent is one in
which a tlurd predetcnnuied time pcuod (3 is cstabhshcd,
such that the startuig of thc migine 9103 is dclaycd by Ihe

l(i
tlurd predetermined time 13 after the motor 1213 is stopped

I'his deLly time from the stoppage of the motor 1213 to
the start of the engine 9103. or the third predetemiined time
t3. is stored in the control unit 1303 The third predetermined

ls time t3 is set at or below 0.5 seconds. The control procedure
is perfomicd as shown ui FIGS 53-54F Gn FIG. 53, sieps
S103 to S503 arc Ihc same as ui thc sixteenth cmboduuenL
and a detailed description of these steps is omitted )

After the lapse of the second predetermined time period
t2. the motor 1213 is operated. While the opemlting time is

da
measured. whether a start signal for the engine 9103 has
been issued is detemtined at step S523. That ls, whether the
engine control umt 9113, shown in FIG. 46, has issued an
Upcrdlioil sigiliil lo till Uilillilsiratcd startcr, foi s(Brliilg Illc
engine 9103, is determined.

If it is deterniined that the start signal of the engine 9103
has been generated before the lapse of the tlrst predeter-
mined time period tl, the niotor 1213 is stopped at step
S603. A start request for the engine 9103 is issued at step
S813 In rcsponsc io lhc start rcqucst, thc starter is operated

0 dflet a lapse Uf lllc lllird prcih:tcrtilillcil tilllc (3, which is
measured from the stoppage of the motor 1213, and the
eitgine 9103 is started.

Consequently, the starter for starting the engine 9103 and
the motor 1Z13 are prevented from concurrent operation.

11
This reduces the voltage drop of the battery 1403, which
prcvcilts Buxtlhiilcs froiu iiliilfUilclioiiiilg

Sumc Ihc third prcdclennincd tune (3 is short (0 5 seconds
or lessb the engine 9103 can be started without an excessive
time lag and occupants can start dnving snioothly fnlm a
halt

Tlventy-first Embodunent

FICiS. 55A-55C show a twenty-lira( embodiment of Ihe
Ss prcscul uivcnlion. In thc twenty-Iirsl cmboduncnt, Ihc motor

1213 is operated dependina on the discharge pressure P of
the first compressor 1113
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Here. thc timing I'or operatulg thc mutor 1213 after thc

stoppage of the engine 9103 is determined fnim the dis-
charge pressure P of the first compressor 1113. More spe-
cifically, a pressure value that is lower than a nornlal
discharge pressure P of the first compressor 1113 and
acceptable in terms of cooling perfonnance is previously
established as u Iirsl prcdctcunined pressure PI. The mutor
1213 is operated if thc ifschargc pressure is less fiian fiie Iirst
predetermined pressure Pl

( onsequently, the motor 1213 of the compressor 1223 can lit

be activated at the reduced first predetermined pressure Pl
so that the cooling performance is satisihctory wlfile the
conlpressor 1223, as in the sixteenth embodiment, consuines
less power than when activated at thc discharge pressure P
producid when tlm cnginc 9103 ls runnulg. Thc motor 1213
therefore consumes relatively less energy 1'he rush current
at the activation of the motor 1213 is reduced accordingly.
As a result, it is possible to prevent the rush current front
reducing the life of relevant parts and to limit the voltage
drop of the battery 1403, which prevents auxiliaries from io
nuilfiulClliinlllg.

Tv enty-Second Embodiment

FIGS. 56A-56D show a twmlty-second mnboilimcnt of
thc present ulvenuon In lhe lwcnly-scconil embodunenl, the
motor 1213 is operatixl when thc discharge prcssure P of the
first compressor 1113 is controlled to a smaller value before
the stoppage of the engine 9103, or in the present case,
before the first compressor 1113 is tumed ofl; when the sc
engine 9103 is stopped

Conscqucntly, the second compressor 1223 can be actl-
3 atcsl di lhe dropped disclrdrgc prcssure P, so thai thc second
compressor 1223, as in thc sixtccnlh cmboduucnt, consumes
less poiver than it would if activated at the discharge is
pressure P produced when the engine 9103 is numing. 'I he
motor 1213 thus consumes less energy. The rush current at
the activation of the motor 1213 can be reduced accordingly.
As a result, ll is possible lo prevent lhc rush current from
rcslucutg Ihc hfc ol relevant parm and lo suppress the voltage do

drop of the baucry 1403, wluch prcvcn(s auxiliaries from
nialflulctionin

The first compressor 1113 is not limited to a compressor
that is controlled by being switched on and ofl'ul nuiy be
a venable displacement type compressor.

Tw mltv-Tlurd Emboilunent

FI(1S, 57A-57D show an tv enty-third embodiment of the
present invention. In the twenty-tlfird embodiment. the dis- o

charge prcssure of thc lirst compressor 1113 is lowered while
the vehicle ls dccclcrating and nol yct slopped (lhr example,
when the vchiclc spixd has fallen below a predetcrmuled
vehicle speed lyli 'I'he nlotor 1213 is operated after the
engine 9103 is stopped Specifically, the discharge pressure 3

P is lowered by turnin the first compressor 1113 off. Tlus
has the sante efl'acts as the twenty-second embodiment.

Tw enty-Fourth Embodiment
sc

FI(ig 50A-50I) show a twenty-fourth embodiment of the
present invention 1he twenty-fourth embodiment differs
from the twenty-third embodiment in that the discharge
pressure P is lowered by increasing the air flow rate of the
fan 1123a of the condenser 1123 shown in FI(i. 41. ss

Since the forced cooling of the refrigerant in the con-
denser 1123 lowers the discharge pressure P before the

operation ol lhc motor 1213. (he cflccts arc thc same as those
of the nventy-second and tv coty-third enlbodiments

Twenty-Fifih Embodiment

FIGS. 59A-60D show d twenty-Iifih embodiment of thc
present invention ln the twenty-hfth enlbodiment. the
openstion of the motor 1213 is precluded as an emer ency
measure v:hen the cooling load on the refri emotion cycle
unit 1103 before a stoppage of the engine 9103 is hi her than
a predctcrmined load.

Herc. the discharge prcssure P of the Iirsl compressor 1113
is used as a vauablc rcprcscntatlvc of thc cooing load on lhe
refrigeration cycle unit ill)3 iior a criterion, a second
predetermined pressure P2 is established above the first
predetermined pressure P1 of the twenty-first embodiment,
shown ln FIG. 55B.

Spccflically. as shown in FIGS 59A-59D, when thc
discharge pressure P bcforc thc stoppugc of thc cngulc 9103
cxcimds thc scmond prcdetcnnincd prcssure P2, thc cngulc
start request signal is input to the engine control unit 13()3
to prevent stoppage of the engine 9103 even if the vehicle
comes to a fault. The first compressor 1113 is kept operatin
(the motor 1213 does not operate) Moreover. as shown in
FIGS. 60A-60D. cvcn il'he engine 9103 is slopped, lhe
motor 1213 is kept Ibom operating.

Consequently, when thc discharge prcssure P cxciwds lhe
second predetermined pressure P2 and the cooling load is
extremely high, the niotor 1213 is entirely precluded from
operation as a safety measure. This prevents extreme power
consumption by the motor 1213, winch avoids overtaxing
thc baucry.

As shown ul FIGS. 59A-59D, when thc cnginc 9103 is
numiug, the cooling cmi bc perfouned by thc Iirst compres-
sor 1113

'I'he cooling load on the refrigeration cycle unit H 03 lnay
be represented by other factors such as the passenger com-
partment temperature and the evapomtor tempemsture Te.

Other I:mbodiments

The illustrated embodiments have shown cases where the
compressors consist of the first compressor 1113 and the
second compressor 1223, which arc duvcn by lhc engule
9103 mid lhc motor 1213. respixuvcly. Howcvcr, thc com-
pressors are not so limited. As shown in I'I(i 61, a so-called
hybrid compressor 1113a. v hich is selectively powered by
the engine 9103 and the motor 1213, may be used instead

The invention claimed is:
I A vehicle air conditioning apparatus for use m a vehicle

iu wluch an engine for drivulg thc vcluclc is slopped when
thc vehicle comes to d temporary lrdll Iyom a ruluung stdie.
thc appaldhls coulp11sulg:

a cooling unit for cooling air by a refrigensting cycle
comprising an engine driven compressor. a condenser,
an expanding device and an evapomtor,

a heating unit for heating the air by using. as a heat source,
cooling stater for thc engine circulated by an engule
ilrlvcn lncchdnlciil pinup:

an electric conipressor-pump including an electric motor
capable of slvitching rotating directions. a compression
unit operatively connected with the motor for com-
pressing a rclrigcranl ln thc relrigerauug cvclc as a
substuulc lor lhc compressor. and a pump ulul opera-
tively connectcxI with lhe motor for circulating lhe
cooling ivater as a substitute fiir the nlechanical pump;
arid
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a conlrol unit for controlluig the misting dirccuons of thc

nlotor so that the nlotor mtates in the first direction
when the engine is stopped during operating the cool-
ing unit. and mtates in the second direction when the
engine is stopped during operatin. the heating unit,
lvherein

the clcctrm compressor-pump uicludes:
means, provided ns a mechanical slnicnire lo enable or

disable the conipression unit and the puinp in response
to the rotating direction ofthe motor alone, for enabling ic
the compression unit to compress the refrigerant v hen
the motor rotates in the first direction, for disenabling
the compression unit v hen the motor rorates in the
second direction, and Ihr cnablm lhe pump unil lo
cuctllatt: lhc I:oolhlg walt:I Bl least when tht: nltuor I

rotates in the second direction
2 i he vehicle air-conditioning apparatus according to

Claltn I, 1VIICI'Clfl

the compression unit is connected with the refrigerating
cycle in parallel u ith the engine driven compressor. and lo
Ihe pump utul ts coruiectcd with a circuit oflhc cooling
water ul series with a heal exchan cr lo heal Ihe air.

3 'I he vehicle air-conditioning apparatus according to
claini 2, turther coiuprising

a circuit for switching current direction supplied to the
motor in response to the control unit.

4. The vehicle air-conditionin apparatus according to
clauu 3, whcrt:ui

Ihc means enables lhc pump uiul lo circulate Ihc cooling
water v hen the niotor rotates in the second direction, so

and disenables the pump unit when the inotor mtates in
the tirst direction

5. The vehicle air-conditioning apparatus according to
claim 3, wherein

the mtmls miables lhc pump unit lo circulate the cooling ls
w a ter when the motor rotates m either lhe lira l dirccnon
or Ihc second dtrccnon.

6 'I he vehicle air-conditioning apparatus according to
Clmoi 3, 1VIICI'Clll

the means is provided by a unidirectional clutch provided so
between the compression unit and the motor.

'7. The l chicle air-conihnonuig apparatus accorduig to
clauu 6, whcrt:ul

thc clectnc compressor-pump further includes.
a shaft sealing unit. provided at a position clo~er to the

compression uiun Ibr preventing lcakagc ol'hc refrig-
Cl tint.

8 Thc veluclc air-condtlionuig apparatus accordin to
clean 3, wherein

the means is provided by a rotary compression unit
provulcd as Ihc compression urul lhal pcrlhrms com-
pression only during roialion in thc Iirsl direction.

9 The vehicle air-conditionmg apparatus according to
clean 3, wherein

the means is provided by a releasing mecharusm provided
ul thc conlprcsston null, Iht: rclcas lug nu:chantant opcn-
uig a compression chamber dunng ronilion ui Ihc
second dircmuon.

10. The vcluclc air-condiuonulg apparatus according to
clean 9, wherein

the compression unit includes a scroll compressor. and
the releasing mechanism is a radius compensating mecha-

nlsnl.
ll. 'I'he vehicle air-conditioning apparatus according to

claun 9, wherein
the compression unit includes a scroll conipressor having

a fixed scroll and a nlovable scroll, and
the releasing mechanism is provided by at least one of the

fixed scroll and the movable scroll which is made of
resin.

12. I he vehicle air-conditioning apparatus according to
claim I, wherein

lhc compression uml and the pump unit arc located al
opposite ends of a mtating shaft of the motor

13. Thc vcluclc air-condiliomng apparnlus accordui lo
claim I, wherein

the electric compressor-pump farther includes:
a shaft sealing unit for preventing leakage of the refrig-

erant and being located between the compression unit
and the motor: and

a magnetic couplin to couple the pump unit with the
motor.
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