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(57) ABSTRACT

27 Claims, 17 Drawing Sheets

An air conditioner for a vehicle uses a hybrid compressor (4)
including a first compression mechanism driven by a first
dnvc source (2) ancl a scconcl compression mechanism
dnvcn by a second drive source (5), ancl a single discharge
port connected to the lira( aml the second compression
mechanisms. The operanon of. the hybnd compressor is
controlled by a controller (15) in accordance with a control
mode 'I'he controller has a first operation mode in which the
first compression mechanism alone is driven, a seconcl
operation mode in &vhich thc second compression mecha-
nism alone is driven, a third operation mode in which thc
lirst ancf the second compression mechanisms are simulta-
neously dnven, and a fourth operanon mode in which the
lirst ancf the second compression mechanisms are simulta-
neously stopped Depending upon vanous conditions, the
controller selects, as the control mode, one of the first, the
sccoml, the third, and the fourth operation moclcs.
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VEHICLE AIR CONDITIONER USING A
HYBRID COMPRESSOR

BACKGROUND OF THE INVENTION

This application claims priority to prior applications JP
2002-014032, JP 2()02-013391, and JP 2002-015393, thc
clisclosures of which arc incorporated hcrcin by rcfcrcncc.

This inventinn relates tn an air conclitioner for a vehicle ic
and particular to an air conditioner comprising a hybnd
compressor ivhich is adapted to obtain drive force from a

prime mover, i c., an cnginc mounmd on thc vchiclc ancl
front an clcctric motor dificrcnt from thc prime mover.

There is known an air condiuoner mounted on a vehicle,
i e., an automobile Such an automobile air conditioner
includes a refrigerating or refrigerant cycle The refrigerat-
in cycle comprises a compressor connected as onc of
components thereof. Thc compressor may bc of a type
dnven by an automobile engine or a type duven by a special zo
electric motor mounted on an automobile.

.fapanese Unexamined Utility Model Publication No.
I I(iig7678 (.IP 6-57675 U) discloses an automotive air con-
clitioner using a compressor which can be clrivcn by onc of
an automobile cnginc ancl an clcctric motor, i.e., a hybncl 'ompressor.In the automouve air condiuoner, the compres-
sor is duven by the automobile engine when the automobile
engine is operated When the automobile engine is stopped,
the compressor is driven by the electric motor

However, in case where thc compressor is driven by thc
automobile engine, a dnving speed of the compressor
depends upon the rotauon speed of the engine. If an air-
comhtioning load is great, an air-condiuonmg ability may
sometimes he insufficient. On the other hancl, if the com-
pressor is dnven hy the electric motor, the rotation speed of s-

the compressor is rcstncted if the capacity of an clcctric
power source of thc automobile is insuflicient. In this case
also, if the air-conditioning lorn) is great, the air-conditionin ~

ability may someumea be inaulficient. The above-mentioned
disadvantages result from the fact that the compressor is
driven only hy a selected nne of the automobile engine and
the electric motor.

SUMMARY OF THE INVENTION

It is thcrcforc an oblcct of thc present invention to provide
an air comliuoner for a vehicle, using a hybud compressor
and capable of achieving an excellent mr-conditioning abil-
ity

It is another nbject of the present invention to provide an
n

air conditioner of the type described, which is iinproved m
performance by appropriately controlling operation of a
hybrid compressor.

It is still another object of thc present invention to provide
an air conditioner of the type descubed, which allows
reducuon in power consumption of: a hybud compressor
during high-speed rotation of a pnme mover as well as
decrease in torque shock known in the art

It is yet another object of the present invention to provide
an air conclitioner of thc type dcscribcd, which is capable of co
minimizing variation in air-comlitioning ability cvcn if thc
rotation speed of a prime mover for driving a hybncl
compressor is vened.

It is a further oblect of the present invention to provicle an
air comhtioner of the type descubed, in which an electuc as
motor for driving a hybricl compressor can be optimally
controlled even if an electric power is restricted.

It is a still further obtect of the present invention to
provide an air conditioner of the type described, which is
capable ot miliimizing variation in air-conclitioning ability
when a hybrid compressor is dnven simultaneously by both
of a prime mover ancl an clcctric motor.

Other objects of the present invention will bc clear as thc
clescupuon proeeecfs.

According to an aspect of. the present invenuon, there is
providecl an air conditioner for a vehicle, compnsing a

hybud cnmpressnr ivhich inclucles a first compression
mechanism driven by a first drive source, a seconcl com-
pression mechanism driven hy a second drive source, and a

singe chschargc port connected to thc first and thc second
compression mcchanisnis, a rcfrigcratin cycle conncctcd to
the hybrul compressor, and a controller connected to the
hybrid compressor for controlling an operauon of the hybuci
compressor in accordance ivith a control mode, the control-
ler includes an operation mode setting portion for setting a
first nperation mode in which the first compression mecha-
nism alone is driven, a second operation mode in which thc
sccoml compression mechanism alone is driven, a third
operation mode in which the lirst and the second compres-
sion mechanisms are simultaneously dnven, and a fourth
operation mode in which the lirst and the second compres-
sion mechanisms are simultaneously stopped, encl a mode
selecting portion connected to the operation mode setting
portion for selecting, as thc control moclc, onc of thc first, thc
second, thc third, and thc fourth operation modes

BRIEF DESCRIPTION OF THE DRAWING

FIG I ts a system diagram of an air condiuoner according
to a first embodiment of the present invention;

I IG 2 is a block diagram of a controller in the air
conditioner illustrated in FIG. I;

FIG. 3 is a system dia ram of an air conclitioncr accordin
to a second en)I&odimcnt of thc prcscnt invention,

FIG. 4 is a block diagram of a controller in thc air
comhtioner illustrated in FIG. 3;

FIG 5 is a system diagram of an air condiuoner according
to a third embodiment of: the present invenuon,

I'IG 6 is a block diagram of a controller in the air
conditioner illustrated in I'IG 5;

I'IG 7 is a block diagram of another controller which can
bc used in thc air conditioner illustrated in FIG. 5;

I IG 5 is a system diagram of an air conditioner accorcling
to a fourth embodiment of the present invention;

I'IG 9 is a block diagram of a controller in the air
conditioner illustrated in I'IG 5;

FIG 10 ia a system diagram of. an air condiuoner accorci-
ing to a fifth embodiment of the present invention;

FIG ll is a view showing the relauonship between an
automobile speed aml a heat load upon a refngeraung cycle,
illustrating an example of a compressor drive source switch-
ing condition;

FIGS. 12A aml 12B are views showing the relauonahip
between an automobile speecl and an outside air
temperature, illustrating an example of the compressor drive
source switching condition in prescncc and in absence of
solar irradiation, rcspectivcly;

I'IG 13 is a system diagram of an air conditinner accorcl-
in to a sixth embodiment of thc present invention;

I IG 14 is a block diagram of a controller in the air
conditioner illustrated in FIG. 13;

I'IG 15 is a control characteristic chart showing an
example of the relationship between an engine rotation
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speed and a motor target rotation speed in the controller
illustrated in I'IG 14,

FIG. 16 is a charactchstic chart showing an cxampic of
control in the controller illustrated in FIG. 14, in which the
rotahon speed and input electnc power of an electric motor
are controlled dunng electhc power resthcuon,

I'IG 17 is a control characteristic chart showing an
example in case whcrc thc clcctric motor is controllably
turned on anil ofi, and

lo
FIG. 18 is a secuonal view of a hybhil compressor whmh

can be used in Lhe air condiuoner illustrated in each of FIGS.
I, 3, 5, 8, 10, and 13.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Although descnphon will be made as regards an air
comhtioner which is mounted on an automobile and there-
fore may be called hereinunder an automoliile air
conditioner, the present mvention is broadly applicable to zo

various air conditioners for a vchiclc vvithout being linutcd
only to the automobile air conditioner.

Refernng to FIG. 1, descriphon will be made about an air
comhtioner accorihng to a Iirst embodiment of the present
invention.

To a refngcrating cycle 1, a hytirid compressor 4 is
connected as onc of components thcrcof. Thc hybrirl com-
pressor 4 compnses a Iirst compression mechanism driven
by an automobile pnme mover alone and a secoml com-

ic
pression mechanism driven by an electric motor alone and
integrally coupled to the first compression mechanism. The
autoniobilc pnme mover, i.c., an engine 2 gcneratcs drive
force which can bc transmitted througrha belt and an
electromagnetic clutch 3 to thc first compression mechanism

35of the hybnd compressnir 4. The elec(he motor 5 generates
dnve Rirce which can be transmiued directly to the secoml
compression mechanism of the hybrirl compressor 4 A
specific example of the hybnd cnmpressor 4 will later lie
rlcscribcd in detail

LO

In Lhe relngerahng cycle 1, a hi h-temperature high-
pressure refrigerant compressed by the hybhd compressor 4
is supplied to a condenser 6 as an external heat exchanger
and cooled by heat exchange with outside air to be con-
densed and put into a liquirl phase. 'I'he refrigerant is
separated bv a liquirl rcccivcr 7 into a gaseous-phase refrig-
erant and a liquid-phase rcfri crant. Thc liquid-phase refrig-
erant is rerluced in pressure by an expansion valve 8 into a
Iow-pressure liquid-phase relingeranL The low-pressure
refngerant llows into an evaporator 9 as an internal heat
exchanger and is subjected to heat exchange with air blown
by a fan or a blower 12 to be evapnrated intn a gaseous-
phasc rcfri crant. Thc gaseous-phase refrigerant is sucked
a ain into thc hybrirl compressor 4 to be comprcsscd.

An air rluct 13 for passage of air for room air-conrlitioning 55

ts provided with the blower 12, the evaporator 9, an air-mix
damper 10, and a heater core 11. Alter passmg through the
evaporator 9, the air passes through the heater core 11 at a
ratio determined by an aperture of the air-mix damper 10 to
bc heated. On a downstream cnd of thc air duct 13, discharge
ports 41, 42, and 43 such as DEF, VENT, and FOOT arc
fornicd. By rlampcrs (not shown) corrcspondin to thc
respective discharge ports, a prerletermined one or ones of
the ihscharge por(s are selected io deliver conilitioned air
lilhi a room 55

The automotive air conditioner illustrated in I I(i I has an
evaporator outlet air temperature sensor 14 fnr detecting an

evaporator outlet air temperature Toll, i.e., an air tempera-
ture after the air passes through the evapnrator 9 'I'he

evaporator outlet air temperature sensor 14 produces a signal
representative of the evaporator outlet air temperature Tnif
thus dctccted and supplies thc signal to an air-conditionin
controller 15. Furthermore, thc air-conrlitiomng controller
15 is supplied v:iih a signal group 16 representative of an
ou(stde air temperature Tout, a room air temperature Tr, a

switching damper position INT of an inside/outside air
switching damper 19, an en ine rotation speed Ne, a blower
voltage BI.V, and an evaporator inlet air temperature 'Ibva
As output signals, an clcctric motor rotation spccd control
signal 17 and a clutch control signal 18 arc produced.

When the scend compression mechanism of ihe hybnd
compressor 4 is driven by the electric motor 5, the clutch 3
is turned off by the clutch control signal 18 Then, the
electric motor rotation speed control signal 17 as a duty
signal is supplied to thc electric motor 5 to control Lhc

rotation speed of the electnc motor 5 On the other hanrl, in
case where the Iirst compression mechamsm of the com-
pressor 4 is dhven by Lhe engine 2, output of Lhe electric
motnr rotation speed control si nal 17 is stnpperl and the
clutch 3 is turned on

In case where thc hybrid compressor 4 is driven simul-
taneously by the engme 2 aml the electnc motor 5, the clutch
3 is turned on by the clutch control signal 18 and Lhe electric
motnr rotation speed control signal 17 as a duty signal is
supplied to the electric motor 5 to control the rotation speed
of the electric motor 5

Thc air tcmperaturc after the air passes through thc
evaporator 9 is controllerl by controlling thc motor rotation
speeil anil by mntrolling one/olf of the clutch when the
compressor is dnven by the electhc motor 5 and when the
compressor is dnven by the engine 2, respectively.

Referring to Fl(i 2 in addition, an operation of the
air-conditioning controller 15 ivill be described.

With reference to the evaporator outlet air temperature
Tofi, thc outside air tcniperaturc Tout, thc room air tcmpcra-
turc Tr, the switching danipcr position INT of thc inside
outside air switching damper 19, the cnginc rotation spccd
Ne, the blower volta e BLV, and the evaporator inlet air
temperature Teva, the air-comhtioning controller 15 esti-
mates and calculates power consumption or refrigerating
ability I.B which is given by

LB=f(LVT. Tout VW Tr, BLV, Te a, Toff)

Hcrcin, the air-conditionin controller 15 scrvcs as a power
eshmating porhon or an abihty estimating porLion.

With reference to the power consumpuon or Lhe reling-
erattng ability LB, Lhe mr-conditionin ~ controller 15 serves
as a compressnr drive control portion anti controls driving of
the hybrid cnmpressor 4 in accordance with a control mode
which will presently bc dcscribcrL

In thc air-conditioning controlln 15, sclcction is made of
a Iirst operation mode in which Lhe Iirst compression mecha-
nism alone is dhven, a second operahon mode in which the
secoml compression mechanism alone is driven, and a thiril
operation mode in which the hrst and the second compres-
sion mechanisms are simultaneously driven, and a fourth
operation mode in ivhich the first and thc scconrl compres-
sion mechanisms arc simultaneously stopped. In this case,
the air-i:omhtiomng controller 15 serves as an operation
motte aethng porhon.

Furthermore, ihe air-comhhomng controller 15 selects, as
the cnntrnl mode, one of the first, the second, the thirrl, anti
the fourth operation modes with reference to the power
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consumption or the relngeraung ability LFL In this case, the
air-conditioning controller 15 serves as a mode selecting
portion.

Referring to I'ljn 3, descriPtion will be made of an
automotive air conditioner according to a second embodi-
ment of thc prcscnt invention. Similar parts arc dcsignatcrl
by like reference numeraLs and descnpuon thereof will be
omined. In this automonve air condifioner also, the air-
conditioning controller 15 selects, as the control mode, one
of the first, the second, the thirrl, and the fourth operation io

modes
In the automotive air conditioner illustrated in FIG. 3, the

signal represcntativc of the air kmpcraturc rlctccted by the
evaporator outlet air temperature sensor 14 is supplied to the
air-conditiomng controller 15. Furthermore, the air-
conditionin controller 15 is supplierl with the signal group
16 representative of a condenser inlet air temperature fi:on,
a condenser inlet air speed Veen, the evaporator inlet air
tcmperaturc Tcva, an evaporator inlet air humidity Heva, an
evaporator inlet air spccrl Vi:va, and thc like. Thc clcctric zo

motor rotation speerl control signal 17 and the clutch control
signal 15 are supphed from the air-conditionm ~ controller
15 to the hybrid compressor 4.

Referrin to I'IG 4 in addition, an operation of the
air-conditionin controller 15 will be described

With refcrcncc to thc signal group 16 rcprcsentative of the
condcnscr inlet air tcmpcraturc Tcon, thc condenser inlet air
speed Vcon, the evaporator inlet air temperature Teva, the
evaporator inlet air humidity Heva, the evaporator inlet air
speed Veva, and the like, the air-conditioning controller 15 io

estimates and calculates a heat losel in an automobile, i e, an
air-conditioning load I.A given by:

LA=fjT on. Veen, Teve Hevn Vevn).

Herein, the air-comhhoning controller 15 serves as a heat zs
load estimating porfion

With reference to the relationship between the air-
conditioning load I.A anil a predetermined value d, the
air-conditionin controller 15 serves as a compressor drive
control portion anil controls driving of thc hybrid comprcs- &o

sor 4 in accordance with the control mode to select simul-
taneous operation of the lin I and the secoml compression
mechanisms or operanon of the iirst or the seconil compres-
inon mechanism. Speciiically, if IA~d, the simultaneous
operation is selected. On the other hanrl, if M&d, the
operation of the first or the &econr) compression mechanism
is selected. Thus, when thc load is reat, thc simultaneous
operation is sclcctcd so as to avoid insuffiiciency in air-
comhtioning abihty. When the load is small, the operation of
the lirst or the secoml compression mechamsm is selected so o

as to produce desired air-conditiomng ability with small
povver consumption without affecting other apparatuses and
other operating conrhtions

Rcfcrring to FIG. 5, description will bc made of an
autoniotivc air conditioner according to a third embodiment s
of the present invenuon. Similar parts are designated by like
relerence numerals and descnption thereof will be ominerl.
In Ihts automofive air conditioner also, the air-conditiomn ~

controller 15 selects, as the control mode, one of the first, the
second, the third, and the fourth operation modes ro

In thc automotive air conditioner illustratcrl in FIG. 5, thc
signal representative of thc evaporator outlet air tcmpcraturc
Toll detected by the evaporator outlet air temperature sensor
14 is supplied to the air-condnioning controller 15
Furthermore, the air-conrlitioning controller 15 is supplied os

with the si nal group 16 representative of the outside air
temperature Tout, solar irradiation Rsun, the room air tem-

perature Tr, an automobde speed SP, a refngerant pressure
Pd in a high pressure part, and the like. 'I'he electric motor
rotation speed control signal 17 and the clutch control signal
lg are supplied from the air-conditioning controller 15 to the
hybrid compressor 4.

Referring to FIG. 6 in adrlition, an operation of thc
air-conditioning mntroller 15 will be descnbed.

With reference to the signals representafive of, for
example, the outside air temperature Tout, the automobile
speed SP, and the solar irradiation Rsun, the air-conrlitioning
controller 15 estimates and calculates the air-conrlitioning
load LA given by:

LA=IIToui, SP Reun)

Herein, Ihe air-conditioning controller 15 serves as a heat
loarl estllliatiflg poetic)i

With reference to the relationship between the air-
conrhtioning load LA and the prcdctcrmincrl value d, thc
air-conditioning controller 15 scrvcs as a compressor drive
control portion and controls drivin of thc hybrid compres-
sor 4 in accordance with the control mode to select simul-
taneous operation ol. Ihe lira) and the secoml compression
mechanisms or operation of the first or the second compres-
sion mechanism Specifically, if I.A~d, the simultaneous
operation is selected. On thc other hand, if LA&d, thc
operation of thc first or thc second compression mechanism
is sclcctcd. Thus, ivhcn thc load is great, thc simultaneous
operation is selected so as to avoid insulficiencv in air-
comhtioning abdity. When the load is small, the operation of
the first or the second compression mechanism is selected so
as to produce desired air-conditioning ability with small
power consuniption without affccting other apparatuses or
other operating conditions.

Rcfcrring to FIG. 7 in addition to FIG. 5, description will
be made of another example of the air-condinomng control-
ler 15. This air-i:omhhoning controller 15 also selects, as the
control mode, one of the first, the second, the third, and the
fourth operation modes.

In this cxamplc, with rcferencc to thc signal rcprcscntativc
of thc high-pressure-part refrigerant prcssure Pd, thc air-
conditioning load LA in thc automobik is cstimatcd and
calculated bv:

LA=tjPd)

Herein, the air-conditioning controller 15 serves as a heat
load cstimatin portion.

With rcfcrcncc to thc relationship bctwccn thc air-
comhtioning load LA and the prerletermined value d, the
air-cond)Honing controller 15 serves as a compresaoir dove
control portion and controls dmving of the hybwd compres-
sor 4 in accordance vvith the control mode to select simul-
taneous operation of the first and the second compression
mechanisms or operation of thc first or thc scconrl compres-
sion mechanism. Specifically, if LA~d, thc simultaneous
operation is selected. On the other hand, if LA&d, the
operation of the lira) or the second compression mechanism
is selected. Thus, when Ihe load is great, the simultaneous
operation is selected no as to avoid insufficiency in air-
conditioning ability When the load is small, the operation of
thc first or thc second compression mechanism is selcctcd so
as to produce a desired air-conditioning ability with small
power consumphon without ailecfing other apparatuses or
other operating cond)fons.

Refermng to FIG. 5, description will be made of an
automotive air conditioner according to a fourth embodi-
ment of the present invention. Similar parts are designated
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by like reference numeraLs aml descmpnon thereof will be
omi«ed. In this automonve air condi«oner also, the air-
conditioning controlkr 15 sclccts, as a control mode, onc of
thc first, thc seconcl, thc third, and the fourth operation
modes

In the automotive air conditinner illustrated in Fl(i 8, the
signal representanve of the air temperature detected by the
evaporator outlet air temperature so«stir 14 is supplied to the
air-conditionin controller 15. Furthermore, thc air-
conditioning controller 15 is supplied with the signal group lo
16 representative of the outside air temperature Tout, the
room air temperature I'r, the inside/outside air switching
damper position INT, the automobile speed SP, the blower
voltage BLV, aml the evaporator inlet air humidity Heva, and
the like. The electric motor rotation speed control signal 17
and the clutch control signal 18 are supplied from the
air-conditioning controller 15 to the hybnd compressor 4.

Referring to I'l(l 9 in addition, an operation of the
air-conditioning controller 15 will be described

With reference to the signal group 16 representative of the
insiclcioutsidc air switching damper position INT, thc out-
side air tcmpcraturc Tout, thc automobile speed SP, the room
air temperature Tr, the blower voltage BLV, the evaporator
inlet air humiclity Heva, and the like, the air-comlitioning
controller 15 ex«mates and calculates the air-conclitioning
load I.A in the automobile bv

LA=I(INT. Tout, SP Tr HLV, Hexa/

Harem, the air-comhtioning controller 15 serves as a heal
load estimatin ~ portion.

With reference to the relationship between the air- io

conditionin load I.A anil the predetermined value d, the
air-conditioning imntroller 15 serves as a compressnr drive
control portion and controls driving of thc hybrid compres-
sor 4 in accordance with thc control mode to select simul-
taneous opera«on of the lirst and the second compression ss
mechanisms or opera«on of the lirst or the second compres-
sion mechanism. Specifically, if LA~d, the simultaneous
operation is selected On the nther hand, if I.A&d, the
operation of the first or the second compression mechanism
is selcctcd. Thus, when thc load is great, thc simultaneous Io

operation is sclccted so as to avoid insufhciency in air-
comhnomng abihty. When the load ts small, the opera«on of
the lira( or the secoml compression mechamsm is selected so
as Io produce desired air-c:omhtiomng ability with small
power consumption without affecting other apparatuses or
other operating conditions

With each of the above-mcntioncd automotive air conCh-
tioncrs in FIGS. 1, 3, 5, and 8, thc drive systems of thc
hybmcl compressor is appropmately sw«chad so that sutii-
ciently large air-c:onchuoning abihty can be exhibited in o

dependence upon the situahons, thereby avoiding insutii-
ciency in air-conditioning ability. I'urthermore, in depen-
dence upon various other cnnclitions related to the heat load
of the automobile, thc operation of onc of thc prime mover
and thc elcctmc motor and thc simultaneous operation by s
both of. Lhasa dnve miurces can be optimally switched. As a

consequence, it is possible to achieve optimal control oi.

air-conditioning under any situation. As a result, it is pos-
sible to realize both of comfortable air-conditioning and
power saving. ao

Referring to FIG. 10, clcscription will bc macle of an
automotive air conditioner according to a fifth embodiment
of Ihe present invenuon Similar parts are designated by like
reference numeraLs and descnption thereof will be omitted.
In Ibis automotive air conciitioner also, the air-comlitiomng as
controller 15 selects, as the control mode, one nf the first, the
second, the third, and the fourth operation modes

In the automonve air conditioner illus(retail in FIG. 10,
the signal representative of the evaporator outlet air tem-
perature 'Ibff detected by the evaporator outlet air tempera-
ture sensor 14 is supplied to the air-conditioner controller 15
for controlling air-conditioning. Furthermore, thc air-
conditioning controller 15 is suppliccl with thc signal group
16 including the outside air temperature Tout, the room mr
temperature Tr, ihe solar irradiation Rsun, a heater hot water
temperature I'w, a residual char e Bt of a battery as electric
power supply means (ivhich is detected by electric power
source detecting means), the engine rotation speed Ne, the
automobile speed SP, and an accelerator apcrturc AC:C. As
output signals, thr electric motor rotation spccd control
signal 17 aml Ihe clutch control si nal 18 are produced.

The air-conditioning controller 15 alsni serves as selecting
means for selecting a compressor drive snurce In case
where the hybrid compressor 4 is driven by the electric
motnr 5, the air-cnnditionin controller 15 is responsive to
thc clutch control signal 18 anil turns off thc clutch 3. Then,
thc air-conditioning controller 15 supplies thc electric motor
5 wtth the electnc motor rotation speed control signal 17 as
a cluty signal to control Ihe rotation speed of the electric
motor 5. On the other hand, in case where the compressor 4
is driven by the engine 2, the air-conditioning controller 15
stops output of the electric motor rotation speed control
signal 17 and turns on thc clutch 3. Thus, the evaporator
outlet air temperature Toft's controlkd by controlling thc
rotation sped of. ihe electric motor 5 and by controlling
on/off of Ihe chitch or the displacement of the compressor
when the compressor is driven by the electric motor 5 and
when the compressor is driven by the engine 2, respectively

Hereinafter, various embodiments of control will be
closer lliccl.
&Switchin Condition upon High-speed Run«in»

In case where the, compressor is dmven by the engine, the
rotation speed of the compressor is increased following an
increase in rotation speed of Ihe engine when the automobile
is running at a high speed (for example, 80 kmih to i 20
km/h) In a fixed displacement compressor in which the
evaporator outlet air tcmpcraturc Toff is controlled by con-
trollin on,'ofi of thr clutch 3, an onioff cycle of the clutch
is shortened follov:ing an mcrease in the dnving speed of the
compressor so that stop aml restart of the compressor are
frequently repealed. Al Ihe restarL of the compressor, torque
shock may be caused when the clutch is turned on and
additional pnwer will be consumed in orcler to re-establish a
dift'crcnce in prcssure bctwccn a clischargc side and a suction
side. Therefore, tvhilc the automobile is running at a hi h
speecl so that Ihe on/ofi: cycle of the clutch is shortened, the
compressor is dnven by Ihe electnc motor. In this event,
on,'off control of Ihe clutch is not earned out. It is thereiore
possible to prevent occurrence of the torque shock anti
increase in compressor power consumption as mentionecl
aliovc.

Not only when thc automoliilc is runnin at a high speed
but also when Ihe heat load upon the refngerating cycle is
low, for example, when the outside air temperature is low,
on/off control of the compressor clutch is frequent.
Therefnre, also in the situation ivhere a refrigerating cycle
heat load is loiv, it is preferable to select the electric motor
as thc compressor drive source. It is noted herc that thc
refrigerating cycle heat load is a value corrclatccl with thc
compressor power and estimatecl by the outside air
temperature, the room air temperature, the blower air
clehvery, the inside/outside air switching mode, the evapo-
rator outlet air temperature Toff, the solar irradiatinn, anti so
on
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For example, control may be carneci out as illustrated in
FIG. 11. Specilically, as the refngerating cycle heal losel is
incrcasccl, a stvitching point of switching from the engine
into thc electric motor is sct al a higher automobile spcccl. It
is assumed that the automobile sfteeds at the switching
points under the refrigerating cycle heat loads ql and q2 are
represented by sf and s2, respecuvelv. Then, if qf&q2, the
relationship sf &s2 holds true. Thus, when the refrigeratin ~

cycle heat load is rcduccd ancl when the automobile spcccl
(or thc cnginc rotation spccd) is increased, lhc compressor is

lo
driven by the electric motnr

It is preferable that, by detecting the three factors includ-
ing ihe ouLside air temperature Tout (during inlroduclion of.

the oulsicle air) or the room air temperature Tr (duwng
circulation of thc inside air), the evaporator inlet air tem-
pcraturc Tcva, and thc blower volta e BLV, thc rcfrigcrating '-'ycle

heat load O is estimated by

(dur n nt odu i on ol outs de a

(dunno, ctrculatton ol'nstdc atr)
Q = t(Tout. Tees. BLV)
Q = f(Tt. Te a. BLV)

zo

Alternatively, the refrigerating cycle heat load may he
estimated by the outside air temperature and the solar
irradiation. In this case, as illustrated in I'IGS 12A and 12B,
thc switchin point is changed in dcpcndcnce upon
prcscncerabsencc of solar irradiation to dctcrminc thc com-
pressor drive sourm. Since lhe refrigeraung cycle heat load
during inlroducuon of the ouLside air is diiferent from that
during circulation of the inside air, the switching point may to

fie changed in dependence upon the intrnduction nr the
circulation mode llerein, let the autnmnbile speeds nf the
sivitching points at particular outside air lcmpcraturcs tl encl
t2 bc represcntecl by sl and s2, rcspectivcly. Then, if tl&t2,
the relauonship sf &sZ holds true. Thus, when the outside air ss
temperature is lowered aml when the automobile speed is
increased, lhe compressor is dnven by the electwc motor
&Compressor drive source Switching Control When Auto-
mobile is Stopped&

It is assumed that thc automobile is in an idling state and to
that thc engine is automatically stopped by an iclling stop
mechanism, for example, in a hybnd automobile. In this
event, the dnve force of the engine is not available. In view
of the above, it is preferable that lo detect the engine rotation
speed and, if the engine rotation speed is not higher than a
predetermined value (for example, not higher than f000
rpm), to clrivc the compressor by thc clcctric motor.
&Rcquiremcnts for Ekctric Motor Drive&

Basically, the compressor dnve source is determined by
the above-mennoned switching conciilions. It is noted here o

that, in order to use the electnc motor as the compressor
drive source, the uncler-mentinned conclitinns must he met.
&Switching Condition by Refrigerating ('ycle I leat I.oad&

In summer, thc room air tcmpcraturc al the start of thc air
conditioner is often kept at a high temperature of 60—70'. s
After lhe air comliuoner is started, a seat, a clashboard, aml
other parts hold heat. Therefore, if the ability of the com-
pressor is msuflicient, the room air temperature may quickly
fie elevated by after heat nf the seat and the like

In view of the above, if the electric motor alone is selected co

as thc compressor clrivc source and if the room air tcmpcra-
turc is quickly clcvatcd bccausc of a large amount of after
heal of lhe seat and lhe like, the engine must immecliately be
selected as the compressor dnve source. Therefore, if the
compressor dove source is swucheci from lhe engine into the oS

electric motor alone and when the room air temperature after
switching is elevated by a predetermined value 'I'y' (for

example, 5'.) or more with respect to lhe room air
temperature at the time instant of stvitching, the engine
should be selected as the compressor drive source at the time
instant of temperature elevation by the predeterminecl value

If the value of Ty is too small, idk stop will bc cancclcd
cvcry time so that thc engine will be operated when thc
automobile is stopped at a red light. Therefore, lhe value of:

Ty is preferably equal to about 5'.
Consideration tvill be made about the case where the

room air temperature is slowly elevated while the cnmpres-
sor is driven by the electric motor alone. In this case, if 'I'v

is equal to 5'., it takes a time bcforc thc room air
tcmpcraturc is clevatcd by 5' from a clcsirccl tcmpcraturc.
This may result in long-hme conlinuauon of an uncomfort-
able situation where the room air temperature is higher than
the desired temperature 'I'aking the above into
consideration, the value of 'I'y is reduced by a preselected
value at the time instant tvhen a predetermined time period
(for cxampic, onc minute) has lapsed after the clrivc source
is switched into the electric motor. For example, Ty may bc
changed from 5'. Lo 3'. In this event, if: lhe room mr
temperature is elevated by 3' or more from lhe desired
temperature, the drive source is stvitched from the electric
motor intn the engine. It is therefore pnssdile to prevent
long-time continuation of the uncomfortable situation where
thc room air temperature is clcvatcd by 5', or morc from
thc dcsircd tcmpcraturc.

Thus, v:ith the automotive air condiuoner illustrated in
FIG. 10, it is possible to reduce power consumpnon of the
compressor particularly tvhen the automobile is running at a

high speed and to prevent occurrence of large torque shock
particularly when the compressor is rotated at a high speecl

Referring to FIG. 13, description will be made of an
automotive air conditioner accorcling to a sixth cmbodimcnt
of the present invenuon. Similar parts are designateci by like
reference numerals aml descwpuon thereof will be omiueci.
In this automotive air conditioner alscr, the air-condiuoning
controller 15 selects, as the control mode, one of the first, the
second, the third, and the fourth nperation modes

In thc automotive air conclitioncr illustrated in FIG. 13,
thc air cluct 13 is proviclcd with an outsiclc air inlet port 22
ancf an inside air inlet port 23 formecl on an inlet or upstream
encl thereof ancf switched by lhe switching damper 19 in
order to select sucl ed air. Furthermore, by adlusting an
aperture ot'he air-mix damper 10 using an air-mix clamper
actuator 21, a mixing ratio of the air passing through the
evaporator 9 alone and the air passing through the hcatcr
core ll is adjusted. On a doivnstream cnd of the air duct 13,
the cfischarge ports 41, 4Z, and 43 such as DEF, VENT, and
FOOT are formed. By dampers Z4, 25, and 26, a predeter-
mined one or ones of lhe discharge ports are selected.

I'he air-conditinning controller 15 includes a main cnn-
troller 31 and a clutch drive 32 for controllably dnving the
ckctromagnctic clutch 3. Thc main controller 31 supplies
thc above-mentioned clutch control signal to thc clutch drive
32, a motor control signal to a motor dnve of the electric
motor 5, and an air-mix damper aperture signal to the
air-mix damper actuator Z1.

Referring to FIG 14 in addition, description will con-
tinue

Various sensors for controlling air-conditioning include
thc evaporator outlet air tempcraturc sensor 14 for dctcctin
the evaporator outlet air temperature Toff, a room air tem-
perature sensor 27 for detecting the room air temperature Tr,
an oulsicfe air temperature sensor 28 for detecung lhe outside
air temperature qiiut, and a solar irradiation sensnr 29 for
detecting the solar irradiation Rsun
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The main controller 31 incluries a switching ume motor
target rotation speed calculator 33, a motor mtation speed
feedback calculator 34, a dnve snurce switching controller
35, a clutch dnve enntroller 36, a motor target mtation speed
calculator 37, anti a motor rlrivc controller 38. Thc switching
time motor target rotation spccd calculator 33 is supplicrl
with the engine rotation speed signal Ne and calculates a lirst
motor target role non speed Nmoi. The motor rotation speed
feedback calculator 34 calculates a second motnr target
rotation speed Nmo2 ivith reference to an evapnrator tem-
perature target value 'Ib and the evaporator nutlet air tem-
pcraturc Tohg Thc drive source switching controller 35
produces a switching control signal with refcrcncc to the
high-preasure-part refngeranl pressure Pd, the automobile
speed SP, the solar irradiation Rsun, aml lhe outside air
temperature 'I'out The clutch drive controller 36 produces
the clutch signal with reference to the evapnrator tempera-
ture tar et value To and the evapnrator outlet air temperature
Totf. Thc motor target rotation speed calculator 37 calculates
thc sum of thc first and the second motor tar cl rotation
speeds Nmol and Nmo2 to produce a motor target rotanon
speed Nmo. By the use of the motor target rotation speed
Nmo, a motor rotation speerl Nm, motor electric pnwer
consumption W, and the switching control signal, the motor
drive controller 38 calculates a motor drive cnntml signal D
given iiy:

I)=l'(t m,t ml

If W&C, the motor dnve control signaI D is nnt increased.
Herein, C rcprcscnts a prcrlctcrmincd value of motor input
electric power. Thc motor driver control si nal D is supplicrl
to a motor dnve 39. The clutch dnve 32 controLs the
operation of the clutch 3 in response lo the swnching control
signal and the clutch signal

When the hybrid compressnr 4 is driven substantially
simultaneously by both of the engine 2 and the electric
motor 3, control is carried oul in the following manner

With rcfcrencc to thc cn inc rotation specrl Ne of the
automobile, lhe switching lime motor target rotation speed
calculator 33 calculates the Iirst motor target rotation speed
Nmol as a feed-forward value, given by:

Nm i=t'(Nel

Furthermore, with reference to the evaporator temperature
target value 'Ih and the evaporator nutlet air temperature
'Ihff, the motor rotation speed feedback calculatnr 33 cal-
culates the second motor target rotation speed Nmo2 as a
feedback value, given by:

Vm 2=I'(u, 'I ll1

Thc motor tar ct rotation spccd calcuhitor 37 calculates a
sum of thc first anti thc second motor target rotation spccds
Nmol and Nmo2 to produce thc motor target rotation spccrl
Nmo as.

Vmo=gmol+Vmo2

The motor target rotation spccd Nmo is supplicrl to the
motor dnve controller 38. With relerence to the motor target
rolanon speed Nmo and the motor rolauon speetl Nm, the
motor drive controller 38 produces the motor drive control
signal 17 iven by:

I i=I(t o,t

'I'he motor drive control signal is rlelivered to the motor
drive 39 to control the rntatinn speed of the mntor

For example, characlerisucs illustrated in FIG. 15 are
obtained by the above-mentioned control I'IG 15 shows the
result of calculatinn of the motor target rotation speed Nmo
with respect to the engine rotation speed Ne unrler a given
condition.

Gcncrally, it is rcquircd to drive the hybrid compressor
simultaneously by both of. Ihe dnve sources when the
cooling ability of Ihe, cooler is inautiicient by the use of only
one nf the drive sources. In this event, with respect to the
evaporator telnperature target value, the motnr rntation
speed is controlled in response to the venation in engine
rotation speed and variation in evaporator outlet air tcm-
pcrature Totf. Basically, the above-mcntioncd control is
cerned out, for example, in the following manner.

When the engine rotation speeil Ne is reduced, Nmo ia
increased arid Nm is increased

When the engine rotation speed Ne is increased, Nmo is
decreased or maintained and Nm is decreased nr maintainerl

In the control dcscriiicd in conjunction with FIG. 14, thc
zo motor rotation speed is controlled in thc following manner

with relerence lo lhe electnc power consumption W of the
motor and with respect lo the prerlelermined value C of the
motor input electric poiver A specific example of the control
when the electric power is restricted is illustrated in I el(i 16
Specitically, if the motor input electric power is higher than
thc prcdctcrmined value C, thc motor drive control signal D
is not increased. For example, thc motor rotation spccd is
decreaseil. If the motor input eleclnc power is kiwer than the
predelerminerl value C, control ia carried oul in the manner

io similar to that mentioned above
I nr example, if the motor can not be controlled (started)

at the target rotation speed due to the restnction in electric
power or restriction in rotation spccd at which thc clcctric
motor can be starterl, thc motor rotation spccd may bc

zs controlled in Ihe following manner. Specilically, the motor ia
started at a possible start-up rotation speed. At a predeter-
mined lime inlerval, start-up operanon ol. Ihe eleclnc motor
(at the rotation speed at which the motor can be started) anti
motor stop nperation or low-speed rotation are repeatedly

Io alternately carried out. An example of thc control is illus-
tratcrl in FIG. 17. In thc figurc, thc rotation at thc rotation
speed allowing the eleclnc motor lo start up and the atop of
the electnc motor are repeatedly alternately cerned oul at the
predelerminerl time interval.

In the control described in conjunction with I'l(i. 14,
when the drive source of the compressor is switched, i e,
from thc motor drive to thc engine drive or from thc cnginc
dnvc to the motor drive, switching control may bc carried
out, for example, by determining the necessity of switching

o with reference to the heat load (outside air temperature, solar
irradiation, automobile speed, elc.) of Lhe refngeraling cycle
of the automobile

Iiy the above-mentioned control, when the compressor is
rlnvcn simultaneously by both of thc engine anti thc motor,

s it is possible to optimally control, particularly, thc motor
rotation speed in dependence upon the situation, thereby
appropriately conlrollin ~ Ihe temperature ol. Lhe cooler lo
suppress the venation m discharge temperature For the
insudiciency in refrigeratin ability, appropriate control of

I o the cooler temperature is possible In case where the electric
power is restricted, thc rotation spccd of thc clcclric motor
and conscqucntly the electric poivcr consumption of thc
electric motor can be appropriately controlled.

Therefore, in the automotive air conrlinoner illustrateri in
os FIG. 13, il is posiuble to optimally control dnving of the

compressor when the hybrid compressor is driven simulta-
neously by both of the drive sources Lven unrler the
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14
intuauon in which the refngerating ability of the refrigerat-
ing cycle is insufficient, appropriate control of the reeler
temperature can be carried out If the engine natation speed
is varied, appropnate control of the cooler temperature by
thc electric motor is carricrl out. It is thcrcforc possible to
make a passcngcr fccl comfortable without variation in
cooler temperature or discharge temperature. Since the
appropriate control by the electnc motor can be cerned out
even if the electric power is restricted, the electric power
consumption of the electric motor can be reduced. ln

With reference to I I(i 18, description will be directed to
the hylirid compressor 4.

In FIIB 18, thc hybrid compressor 4 has a first comprcs-
inon mechanism 51 and a second compression mechamsm
52. The hybnd compressor 4 is used, for example, in a

refrigerant cycle of an air conrhtioning system mounted in a
vehicle known in the art

The first compression mechanism 51 comprises a hrst
fixed scroll 60 having a first fixe end plate 60n and a iirst
fixed spiral clement 606, a first orbital scroll 61 having a iirst zo

orbital encl plate 61a, and a lirst orbital spiral element 6(b.
The lirst lixed scroll 60 and the Iirst orbual scroll 61 engage
to form a first plurality of pairs of fluid pockets 62. 'I'he hrst
compression mechanism 51 also comprises a iirst drive shaft
63, which engages the first orbital scroll 61 and pnivides an
orbital niovemcnt to the first orbital scrofl 61, anil an
electromagnetic clutch 64 corresponding to thc abovc-
menuoned clutch 3 The electromagnetic clutch 64 com-
poses a clutch armature 64a lixed to the fitst tlnve shaft 63,
a pulley 646 connected to an engine or electric motor (nnt io

shoivn) of a vehicle via a belt (not shown), and an electro-
magnet 64c for connecting anil disconnecting the clutch
armature 64u anil thc pulley 646. Further, thc first compres-
sion nicchanism 51 comprises a first rotation prcvcntion
device 65 for preventing the rotation of ihe iirsi orbital scroll zs
61, aml a lirst inlet port 66 formeri through a casing. A lirst
discharge port 6Un's formed through a lirst surface of the
first end plate 60u of first fixed scroll 60. 'I'he engine of a
vehicle for use in drivmg first compression mechanism 51
may include cithcr an internal combustion cnginc or an to
electric motor for driving a vehicle.

The seconrl compression mechanism 52 composes a

second iixetl scroll 70 having a second lixed end plate 70a
and a secontl lixed spiral element 706, a secontl orbital scroll
71 having a seconrl orbital encl plate 71rt anil a second orbital
spiral element 71iz The second fixed scroll 70 and the
second orbital scroll 71 cngagc to form a second plurality of
pairs of fluid pockets 72, the second compression mecha-
nism 52 also composes a second drive shaft 73 en aging,
which engages the second orbital scroll 71 and provides an o

orbital movement to the second orbital scroll 71, a second
rotation prevention device 74 for preventing the rotation of
the second orbital scroll 71, and a second inlet port 75
formed through thc casing. A second dischar c port 70a's
formed through a second surface of thc scconrl fixcrl cnd s
plate 70n of the seconrl lixeri scroll 70. An electric motor 76
ts provided for dnving the second dove shaft 73 of the
second compression mechamsm 52. The electric motor 76
has a rotor 76a which is fixed to the second drive shaft 73
and a stator 766 so

Thc first tixed scroll 60 of the first compression mccha-
nisni 51 and thc scconrl fixe scroll 70 of thc scconrl
compression mechanism 52 are disposed back-to-back, and
the lixed scrolls are formed integrally. Thus, together, the
end plates 60a aml 70n iorm a shared end plate.Adischarge as
path 80 is formed between the end plates 60u and 70a and
within the shared end plate. An outlet port 81 is formed at

a tlownstream end of the discharge path SU. The iirst
thscharge port 6Un'ormed through the iirst end plate 6Un of
thc first compression nicchanism 51 and thc second dis-
char c port 70u'ormed through thc second cnd plate 70u of
the second compression mechanism 52 are connected to an
upstream cnd of thc rlischargc path 80 via a check valve 82.
Thc first compression nicchanism 51 and thc second com-
pression mechanism 52, thus configured, are formed inte-
grally in the hybnd compressor 4.

When the hybmrf compressor 4 is dnven by an engine, the
electromagnetic clutch 64 is activated, the rotational output
of the engine is transmitted to the first drive shaft 63 of the
first compression mechanism 51 via thc clutch armature 64rz,
and thc first orbital scroll 61 is driven in its orbital movc-
mcnt by thr first drive shaft 63 Thc rcfrigcrant introduced
irom the lirst inlet port 66 flows into the tluid pockets 62.
The fluirf pocl ets 62 move towarrl the center of the lirst lixed
scroll 60 while heing reduced in volume, whereby the
refrigerant in the fluid pockets 62 is compressed. The
comprcsscd refrigerant is discharged to thc rlischargc path
80 through the first dischar c port 60u formed through thc
first cnd surface of the first end plate 60rz of thc fixed scroll
60 via the check valve 82. The discharged then flows out to
a high pressure stile of an external reingerant circuit through
the outlet port 81

In this condition, electric power need not be, anil gener-
ally is not, supplied to the electric motor 76 provided for
dnving thc second drive shaft 73 of scconrl compression
mechanism 52 and, consequently, the clcctric motor 76 docs
not rotate. Therefore, the secoml compression mechanism 52
tloes not operate. Because the second discharge port 70rr'f
the second compression mechanism 52 is closerl by the
check valve 82, the refrigerant discharged from the first
compression mcchanisni 51 does not flow backward into thc
second compression mechanism 52.

When thr hybrid compressor 4 is driven by thc clcctric
motor 76, the electnc motor 76 is acuvated, the rotational
output of. the electric motor 76 is transmitted to the seconri
dove shaft 73 of the second compression mechanism 52, and
the second orbital scroll 71 is driven m its orbital movement
by thc second drive shaft 73. The rcfrigcrant introduced
from thc second inlet port 75 flows into the fluid pockets 72.
Thc fluid pockets 72 niove toward thc ccntcr of thc second
lixerf scroll 70 while being retluced in volume, whereby the
refrigerant in ihe fluid pockets 72 is compressed. The
compressed refrigerant is dischar ed to the discharge path
80 through the second discharge port 70u'ormed through
the second end surface of the seconrl end plate 70u of the
second fixed scroll 70 via thc check valve 82, and thc
rhschargcd refrigerant then flows out to a high prcssure side
of an external refngerant circuit through the outlet port Sl.

What is claimed is.
I An air conditioner for a vehicle, comprising:
a refrigerauon circuit, wherein said refrigerauon circuit

composes.
a hybrid compressor comprising

a tirst compression mechanism driven by a first drive
source;

a second compression mechanism driven by a second
drive source; and

a single rhschar e port connected to each of said iirst
compression mechanism and said second com-
pression mechanism; and

a controller connected to said hybnd compressor, wherein
sairf controller is adapted ior:
estimating an amount of poiver consumed by sairl

hybrid compressor; and
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selecung a particular operauon mode for saiil hybnd

compressor from a pluralny of. operation modes,
whcrcin said particular operation mode is selcctcd
based at least on said cstimatcd amount of power
consumed by said hybrid compressor, ivherein said
plurality of operation modes comprise
a lirst operation mode in which said first drive source

doves said lirst compression mechanism;
a second operation mode in which said second drive

source cloves said second compression mecha-
nism; and

a third operation mode in which said first drive
source doves saitl first compression mechanism
and said secoinl dnve source drives saul seconrl
mmprcssion mechanism.

2. The air comhtioner accordin ~ to claim 1, wherein said
controller is further adapted for.

estimating a cooling capacity of said air conditioning
system; and

selectin said particular operation mode based at least
on sairl coolin capacity of said air conditioning
svsti:m.

3. The air comhnoner according to claim 1, wherein said
controller is further adapted for.

cstiniating a heat loarl on said refrigeration circuit, and
receiving a particular specrl signal, whcrcin said particular

spccd is rclatcd to said vchiclc; and
selecting said particular operation mode based at least on

said estimated heat loarl of said refrigeration circuit and
said particular spccd.

4. The air comhtioner accordin ~ to claim 3, wherein said
parncular speed is a speed of said vehicle.

5. The air comhtioner accordin ~ to claim 3, wherein said
particular speed is a driving speed of said first drive source.

6 The air conditioner according to claim 3, ivherein said
controller sclccts sairl second operation mode v hcn sairl
particular spccd is grcatcr than a variable, prcrlctcrmincrl
speed, anil selects said first operation mode when said
particular speed is less than or equal to saiil variable,
predetermined speed.

7 The air conditioner according to claim 6, wherein said
controller is further adapted for varying said varialile, pre-
dctcrmincd spccd based on said estimated heat load on said
refrigeration circuit.

8. The air comhtioner accordin ~ to claim 7, wherein said
variable, pre&lelermined speed is ddlerent in an outside air
introducnon state, where outside air is mtroduceil into said
vehicle, than in an inside air circulation state where inside
air is circulated

9. The air conrhtioncr accorrling to claim 3, further
comprising:

a. bloiver; and
an air duct for guiding air feel by said blower to the inside

of said vehicle, wherein said controller estimates said
heat load on said refngeratinn circuit based at least on
an outside air tcmperaturc, a tempcraturc of air inside
said vchick, an air tempcraturc at an outlet of an
evaporator of said refrigeration circuit, anil a physical
quantity related to an air delivery of said blower in an
outside air introduction state where outside air is mtro-
duced into said air duct.

10. The air conditioner according to claim 3, further
coniprising:

an outside air temperature sensor for detecting an nutside
air tcmpcraturc; anil

a solar irradiation sensnr fnr detecting an amount of solar
irradiation, wherem said controller estimates said heat

lorul on said refrigeranon circun based at least on saiil
outside air temperature anni said amount of solar irra-
diation.

11. Thc air conditioner according to claim 1, further
comprising means for detecting an air temperature within
said vehicle, ivherein after said controller transitions said
particular operation mode from said first operation mode lo
said second operation mode, said controller is further
adapted for transitioning said particular operation mode

lo
from said second operation mode to sairl first operation
mode when a difference betiveen said air temperature within
said vehicle at a time ivhen said controller transitioned sairl
particular operation mode from sai&l first operanon mode to
saul secoinl operanon mode and a current air temperature
within said vehicle is @eater than a prcrlctcrmincrl tcmpcra-

'-'urc difference.
12. The air conditioner acmrding to claim 11, wherein

after said controller transitions said particular operation
moile from smd first operation mode or said third operation
mode to said second operation mode, said controller is

zo further adapted for transitionin said particular operation
morlc from said second operation motte to sairl first opera-
tion mode or said third operation mode after the expiration
of a predetermined aniount of time.

13. Thc air conditioner according to claim 1, whcrcin said
refrigeration circuit comprises a cooler for cooling air lo be
supplieil into an interior of said vehicle, said air condinoner
further compnsing means l or tlat ecting a temperature of said
cooler, wherein ivhen said particular operation mode is sairl
third nperation mnde, said controller controls said secnnrl

io rlnvc source at least based on sairl tcmperaturc of said
cooler.

14. The air comhnoner according to claim 13, wherein
said first drive source is a prime mover of said vehicle, anil
said second dnve source comprises an electnc motor.

zs 15 I'he air cnnditioner according to claim 14, further
comprising means for detecting a rotational speed of said
first drive source, wherein said controller controls the rota-
tional speed of said electric motor based at least onc said
temperature of said cooler anil the rotauonal speed of smd

so first dove source.
16. The air comhnoner secor&ling to claim 15, wherein

said controller controls the rotatinnal speed of said electric
motor, such that the rotational speed of said electric motor
increases when thr rotational speed of said first clove source

as rlccrcases, and thc rotational spccd of said clcctric motor
rlccrcases when thc rotational spccd of said first rlnvc source
increases.

17. The air comhnoner according to claim 13, wherein
said controller is further adapted for calculating a desired

so temperature for said cooler, ivherein said mntroller controls
thc rotational speed of said electric motor at kast liased on
said desired temperature for sairl cooler.

18. Thc air conditioner acmrding to claim 13, wherein
saul controller is further adapted lor detecung an input
electric power supphed to said electric motor, wherein said
controller restricts the rotational speed of sairl electric motor
when said input electric power is less than a predeterminerl
amount of electrical power value.

19. Thc air conditioner accordin to claim 13, wherein
to sairl controller is further adapterl for varying thc rotational

speed of saul electric motor at a pre&lelermined interval.
20. An mr comhuoner for a vehicle, compnsing.
a refrigeranon circuit, wherein said refrigeranon circuit

compnses.
es a hybnd compressor comprising

a tirst compression mechanism driven by a first drive
siiiirce;
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a secoml compression mechanism dnven by a secoml
dnve source; and

a single discharge port connected to each of said hrst
compression mechanism anil said second cnm-
prcssion mcchamsm; and

a controller connected to said hybnd compressor, wherein
said conuoller is adapted for.
estimating a cooling capacity of said air conditioning

system; and
selecting a particular operation mode for said hybnrl

compressor from a plurality of operation modes,
wherein said parucular operation mode is selected
based at least on sa«l estimated coolmg capacity of
said air condiuoning system, wherein saiil plurality
of operation modes cnmprise 3

a hrst operation mnrle in which said first drive source
drives sairl tirst compression mechanism;

a second operation mode in which sairl scconrl drive
source dnves said second compression mecha-
nism, anil 30

a third operauon mode in which snd lirst dnve
source dnves said first compression mechanism
and said second drive snurce rlrives said second
compression mechanism.

21. An air conditioner for a vehicle, comprising:
a refngerauon circuit, wherein said refngerauon circuit

comprises
a hybrid compressor comprising

a first compression mechanism driven by a first drive
30soufciq

a scconrl compression mechanism driven by a scconrl
ilnve sourm; and

a single discharge port connected to each of sairl lirst
compression mechanism and said second com-

33pression mechanism; and

a controller connected to said hylirid compressor, whcrcin
said controller is rulapted for.
estimating a heat load of said vehicle, and

lecting a parucular operauon mode liir saul hybnd
compressor from a plurality nf operation modes,
ivherein said particular operatinn meric is selected
based at feast on said cstimatcd heat load of said
vehicle.

22. The air comhuoner according to claim 21, wherein
sairl rcfrigcration circmit furthn compnscs:

a condenser connected to said hybrid compressor; anil

an evaporator connected lo said hybnd compressor.
23 The air conditioner according to claim 22, wherein

sairl controller estimates said heat loarl of said vehicle based
on at least one physical quantity selected from the grnup
consisting of a tcmpcraturc of air passin through said
conrlenser, a speed of said air passing through said
condcnscr, a tcmpcraturc of air passing through said
evaporator, a humidity of said air passing through said
evaporator, and a speed of said air passing through said
evaporaliir.

24. The air conditioner accordin to claim 22, further
comprising a blower for dclivcring air to said evaporator,
wherem said controller estimates said heat load of said
vchiclc based on at least onc physical quantity sclcctcd from
the group consisting of. an outside air temperature, an mr
tcmpcrature in said vehicle, information rclatcrl to whether
said air condiuoner is in an outside air introducing state or
in an inside air circulation state, a speed of said vehicle, sairl
blower, and a humidity of said air passing through said
evaporator

25. The air comhuoner according to claim 21, wherein
said controller estimates said heat load of said vehicle baserl
on to at least onc physical quantity sclccted from thc group
consisting of a running speed of said vehicle, an amount of
solar irradiation, and an outside air tcmpcrature.

26. The air comhuoner accorrling to claim 21, wherein
said controller cstiniatcs said heat load of sairl vehicle based
al least one a reingerant pressure in a high pressure portion
of said refrigeration circuit

27. The air comhuoner accorrling to claim 21, wherein
said controller is further adapted for

calculaung a dilference between an ounside air tempera-
ture and a target temperature for air inside said vehicle
to produce a calculated value; and

estimating a heat load of said vehicle based at least one
said calculated value


