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HYBRID AIR-CONDITIONING SYSTEM AND
METHOD THEREOF FOR HYBRID

LLECTRIC

VLHICLL'IELD

OF THE INVENTION

Thc present invention relates to a direct coupled motor-
drivcn vchiclc, and in particular, to an air-conditioning
system anrf method I or a three t couplerf motor-dnven hybrirf iu
electnc vehicle.

13ACK(IROUND OF l1IE INVLiNTION

Typically, a direct coupled motor-driven vehicle has a
powertrain system such that a motor is interconnected
between an engine and a transmission. I'his motor is used for
starting and driving thc vehicle, and as a encrator.

Conventional parallel hybrid electnc vehicles and direct
couplerf type 42V vehicles typically utihze convennonal air
conditioning systems Such cnnventional air conditinning
systems require torque from the engine to nperate
Thcrcforc, when thc air conditioning systeni is activated, the
cnginc must be running. This is inefficient. Also, when the
engine rpm is low in a vehicle equipped with a conventional
air conditioning system, the rpm of Ihe compressor is also
low, thereby ifegrading the coohng performance of Ihe, air
conditiomng system I'urthennore, in conventional air con-
ditiomng systems, the compressor uses engine tnrque such
that thc opcratin performance of the vchiclc is degraded,
particularly when accclcratin or when thc vehicle is driving"'p

an incline.

SUMMARY Of l1 ILi INVL'N'llON

In a prcfcrrcd cmbodimcnt of thc present invention, the
method Rir controlling a hybrid air conditioning system of. a
direct coupled motor rfriven hybrid electric vehicle com-
pnses: detecting operating conditions of. the hybnd air
conditiomng system and controlling the hybrid air condi-
tioning system The hybrid air conditioning system includes
a mechanical air conditioner driven by an cnginc and an
clcctric air conditioner driven by electric power of a battery.

It is preferable that detecnng operating comhtions of. Ihe.

air conditioning system includes: detecting an on off state of
an air conditioning system switch; calculating a temperature
diQcrcncc bctwccn a dctccted interior temperature and a
target tcmpcrature if the air conditioning system switch is
on; and dctccting operating condition of thc vehicle.
Preferably, the ifelecting an operating condition of the
vehicle includes determining whether or not Ihe engine is in so
an idle stop state and detemiining whether or not a state-
of-charge of a battery is greater than a predetermined value
when thc cnginc is in thc idle stop state. The controlling the
air conditioning system includes stoppin operation of the
mechanical air conditioner when thc state-of-charge of the;;
battery is greater than a predetermined value and starling
operation of Ihe electric air conrfitioner when a refrigerant
temperature in an evaporator of the electric air conditioner
is greater than a predetermined temperature

It is further preferable that the detecting an operating
condition of thc vehicle includes; determining whether or
not thc cnginc is in an idle stop state; determining whether
or not a slate-of.-charge of. a battery is grealer than a
predetermined value when the engine is in the idle slop stale;
and restarting the engine when the slate-of.-i:harge of Ihe as
battery is lielow the predetermined value The controlling
the air conditinning system includes stopping operation of

Ihe mechanical air condiuoner when the vehicle surkfenly
accelerates and startin operation of the electric air condi-
tioner ivhen a refrigerant temperature in an evaporator of the
electric air conditioner is greater than a predetermined
tcmpcraturc.

Preferably, the detecting an operating conrfilion of the
vehicle includes. determining whether or not the engine is in
a state of idle stop; and determining whether or not the
vehicle is suddenly accelerating, when the engine is not in
thc idle stop state. Thc controlling the air conditioning
system inclurlcs; stopping operation of a mechanical air
conilitioner aml starling operauon of the electric air comh-
lioner if. a refngerani temperature in an evaporator of the
eleclnc air condinoner is greater than a predetermined
temperature, when the vehicle suddenly accelerates

It is further preferable that thc dctccting an operatin
condition of thc vchiclc inclurlcs: dctcrmining whether or
noi Ihe engine is in an idle stop state, and determining
whether or nol the vehicle sutklenly accelerates, when lhe
engine is not in the state of idle stop The controlling the air
conditioning system includes starting operation of the
mechanical air conditioner when a refri eranl temperature in
an evaporator of the mechanical air conrlitioncr is greater
than a prcdctermincd tcmpcrature, and starting operation of
Ihe electrical air conditioner when a refrigerant temperature
m an evaporator of: the electnc air condiuoner is greater than
a predetermined temperature, in the case that the vehicle is
not suddenly accelerating.

Preferably, thc detecting an operating condition of thc
vehicle includes. determining whether or not the engine is in
an idle stop state, anil delermimng whether or not a state-
of.-charge ol: a battery is greater than a predetermined value
ivhen the engine is in the idle stop stale; restarting Ihe engme
ivhen the state-of-charge of the battery is below the prede-
termined value; anil rlctemiining whether or not thc vchiclc
is suddenly accclcrating when the engine is restarted. Thc
controlhng lhe air conditioning system includes: starung
operation of the mechanical air rondiuoner when a refng-
eranl iemperalure in an evaporator of Ihe mechanical air
conditioner is greater than a predetermined temperature and
starting operation of the electrical air conditioner when a
rcfri erant tcmpcrature in an evaporator of thc clcctric air
conditioner is @eater than a predctcrminerl tcmpcraturc, in
a case that Ihe vehicle is suddenly accelerating.

In another preferred embodiment of the present mvention,
the hyiirid air conditioning system of a direct cnupled motor
driven hybrid electric vehicle includes an operating condi-
tion detector, an electric air conditioner, a mcchamcal air
conditioner, and a control unit. Thc operating condition
detector detects al least one operaung coniliuon of the
hybrid air condinoning system. The eleclnc air comhtioner
is driven by electric power of a battery, and the mechanical
air conditioner is driven by an en ine I'he control unit
controls the hybrid air conditioning system based on the
operating condition inputtcrl from thc operating condition
detector.

It ts preferable that the operating comhtion detector
includes an air conditioning system switch, an interior
temperature detector, an engine rpm detector, a fiattery status
detector, a first evaporator refrigerant tempcraturc dctcctor,
anil a second evaporator rcfrigcrant tcmperaturc dctcctor.
The air conditioning system switch turns the hybnd air
conilitiomng unit on aml olf. The intenor temperature detec-
tor detects temperature inside the vehicle. The engine rpm
detector detects en ine rpm. The battery status detector
detects state-of-charge (SO(:) of the battery The hrst evapo-



rator refrigerant temperature detector detecLS reftngeran&
temperature in an evaporatnr of the mechanical air condi-
tioner The second evapnrator refrigerant temperature detec-
tor detects refrigerant temperature in an evaporatnr of the
clcctrical air conditioner.

It is further preferable that the meehan&cal air cond&I&oner
includes a mechanical compremor, a condenser, an expan-
s&on valve, an evaporator, and a blnwer unit. The mechanical
compressor compresses the refrigerant using mechanical
power from thc cnginc. Thc condenser condenses the rcfrig-
crant from thc mechanical compressor by radiatin heat of
the refrigerant The expansion valve expamls the reirigerant
from the condenser. The evaporator vaporizes the reirigerant
by absorb&ng heal from outs&de. The blower un&t blows air
refngerated around the evaporator into target space

It is aLso preferable that the electric air conditioner
includes an electrical compressor, a condenser, an expansion
valve, an evaporator, and a blower unit. The electncal
compressor compresses Ihe reingerant us&ng electric power
of a battery. I'he condenser cnndenses the refrigerant from o

the electrical compressor by radiating heat of the refrigerant
'I'he expans&on valve expands the refrigerant from the con-
dcnscr. Thc evaporator vaporizcs the rcfri orant by absorb-
ing heat from outside. Thc blower unit blows air refrigerated
arounri the evaporator into a target space. zs

BRIEF DESCRIPTION OF THE DRA)&iINGS

The accnmpanying drawings, which are incorporated in
and constitute a part of the specification, illustrate an
cmborhmcnt of thc invention, and, together with the
descnption, serve to expla&n Ihe pnnciples of Ihe invent&on,
where:

I'IG I is a block diagram illustrating a hybrid air cnndi-
tioning system of a direct coupled motor driven vehicle SS

accordin to a preferred embodiment of thc present inven-
tion,

FIG. 2 &s a schema&&c v&ew ifiustraung an air conditioning
system adopterl to a direct cnupled motor driven vehicle
according to the preferred embodiment nf the present inven-
tion, anti

FIG. 3 to FIG. 5 are fiowcharts &Bustraung a method for
controlling the hybmd mr cond&I&on&ng system of. ihe d&rect
coupled motnr driven vehicle according to the preferred

LS
embod&ment of the present invention

DL&TAB.L&D DILSCRIPTION Ol'l ifi
INVENTION

A preierred emboihment of the present invention w&ll be so
described hereinafter with reference to the accompanying
drawings. In the following detailed description, only the
prcfcrrcd cmbod&ment of thc invention has been shown and
dcscribcd, simply by way of illustration of thc best niode
contcmplatcd by thc inventor of carrying out the invention.
As wtll be realized, the invention is capable of morlilicauon
&n various obv&ous respects w&&bout deparung from Ihe.

invention, and accordingly, all draivings and description are
to be regarded as illustrative in nature, and not restrictive.

An air cond&tinning system for a direct coupled motor-
drivcn hybrirl clcctric vehicle accordin to a prcfcrrcd
cmborhmcnt of thc present invention will now lic described
w&th reference to FIG. I and FIG. 2. The mr condition&ng
system includes an operating conriition detect&on un&L 210, a
memory un&t 220, a controfier 23U, and a hybrid a&r condi- as
tinning unit 240. 'I'he operating condition detection unit 210
detects the operating conditions of the air conditinning

system of the vehicle. The operaung condiuon detecuon unit
210 mcluiles an a&r comliuon&ng sys&em switch 201 ior
turning thc hybrid air conditionin unit 240 on and oif; an
interior temperature detector 203 for detecting tcmperaturc
inside the vehicle; an en ine rpm detector 205 for detecting
engine rpm of the vehicle; a battery status detector 207 for
detecung a sta&e of. charge (SOC) of a battery 280; and a

refmgeran& temperature detec&or 209 (ag;b) for de&acing the
tcmpcraturc of the rcfrigcrant in an evaporator (not shown).

The memory unit 220 preferably includes a read only
memory (ROM) and a random access memory (RAM) for
s&onng data assoc&ared with Ihe a&r cond&tioning system of
thc vehicle. Thc controller 230 includes a microprocessor for
con&rolhng Ihe air conditioning system, &hat is, Ihe o&ntrofier
230 analyzes parameters received from the operating con-
dit&on detecuon un&L 21U, and compares the analyzed data
with the air conditioning system associated data prev&ously
stored in the memory unit 220 so as to generate control
signals for controlling the air conrlitiomng system 200. Even
though thc memory unit 220 is scparatcly provided in the
prcscnt invention, thc memory unit 220 can bc intc rally
implemented in Lhe controller 23U.

Thc controficr 230 includes the microprocessor, a
memory, and other rehited hardware and sofiware so as to be
programmed for perfiirming the air cond&uon&ng method
according Lo Lhe preferred embod&ment of the present inven-
tion to be described beloiv 'I'his hardware and software &s

apparent to those skilled in the art, and, therefnre, &t ivifi not
bc dcscribcd in detail.

The hybrid air conditioning unit 240 operates according to
a control signal from the controller 230 so as to perform air
conditioning within thc vchiclc. Thc hybrid air conditioning
unit 240 includes a nicchanical air conrlitioncr 250 for
perform&ng a&r cond&tioning using eng&ne torque of Lhe

veh&cle, and an electnc air conditioner Z60 for performing
air conditioning using electric power from the battery 280

As shown in FIG. Z, i& is pret arable tha& Lhe mechanical air
condiuoner 250 &s respons&ble for the iront seats, with a iirst
evaporator 256 and a first blower unit 258 installed at the
front of the vehicle, and that the electric air conditioner 260
is responsible for thc rear seats, with a scconrl evaporator
266 anti a second blower unit 268 instafied at thc rear of thc
vehicle. Accorrlingly, the hybrid air conditionin unit 240
according Lo Lhe preferred embod&ment of the present inven-
tion is appropnate for a luxury veh&cle of which the rear
seats are most highly regarded.

The mechanical air comhuoner 250 includes a mechanmal
compressor Z52, a lirst ix&ndenser Z54, a lirst expansion
valve 255, a first evaporator 256, and a first blower unit 258
The mechanical compressor 252 is connected to the engme
via a belt so as to con&press low tempcraturc loiv pressure
rcfri crant into hi h teniperaturc high prcssure rcfrigcrant.
That is, the nicchanical compressor 252 comprcsscs thc
refmgerant us&n ~ Ihe mechamcal power of Lhe eng&ne.

Thc first condcnscr 254 conrlcnscs the high tcmpcrature
high pressure gaseous refngerant into a h&gh temperature
high pressure hqu&d refngerant. That &s, the lirst condenser
254 em&ts Ihe heal of the reingerant outside so ss to
condense the refri erant. The first expansinn valve 255
e&q&ands the high temperature high pressure liquid refnger-
ant into thc low prcssure liquid refrigerant. Thc first evapo-
rator 256 converts the low prcssure liquid refrigerant from
Ihe lira& expans&on valve Z55 &n&o Ihe low pressure gaseous
refmgerant. Tha& &s, Lhe refrigerant &s evaporate&1 by absorb-
&n ~ heat around Ihe lira& evaporator Z56 The lirst blower unu
258 blows the air refrigerated around the first evaporator 256
to a preset target space preset in the vehicle.



The eleclnc air conditioner 260 includes an eleclnc
compressor 262, a second condenser 264, a second expan-
sion valve 265, a secnnd evaporatnr 266, and a second
I)lower 3 unit 268 The electric compressnr 262 nperates
using clcctric power provided from the battery 280 of thc
vchiclc so as to compress thc low temperature low pressure
gaseous refngerant into Ihe high temperature high pressure
gaseous refrigerant. That is, Ihe electnc compressor 262
compresses the refrigerant using electric poiver from the
battery 280. io

Thc second condenser 264 condenses thc high tempera-
ture high pressure gaseous refngeranl from the electnc
compressor 262 into the high temperature high pressure
hqutd refngerant. That is, the secoml condenser 264 dissi-
pates the heat of the refrigerant outside so as to condense the
refngerant I'he second expansion valve 265 expands the
high tcmpcraturc high pressure liquid rcfri erant fcd front
thc scconrl condenser 264 into the low pressure liquid
relngeranl. The seconri evaporator 266 converts Ihe lower
pressure liquid refrigerant l rom the second expansion valve.
265 into Ihe low pressure gaseous refrigerant. Thai is, Ihe.

refrigerant is evaporated by absorbing heat amund the
secnnd evaporator 266. I'he second blniver unit 268 bloivs
thc air rcfrigcratcd around thc second evaporator 266 to a
prcsct target space preset in thc vchicic. zs

Returning lo FIG. 1, Ihe refrigerant temperature detector
209 includes a tirst refrigerant temperature sensnr 209a for
sensing the temperature of the refrigerant in the first evapo-
rator 256 and a second refrigerant temperature sensor 209()

) )for sensing thc tcmpcrature of the rcfrigcrant in thc second '

evaporator 266. Thc controller 230 analyzes thc signals
inpulteil from the operating comhtion detection unu 210 anil
generates control signals according to Ihe dnving conrlilions
of the vehicle so as to transmit them tn the hybrid air
conditioning unit 240.

The controller 230 coinputes a difference ( f I&) between a
prcscnt interior tcmpcraturc (Tin) and thc preset temperature
(Tact) so as to dctcrminc an rpm of thc electric coniprcssor
262 based on thc diff):rcncc (TD).

The hybrid air comhnoning method according lo Ihe.

preferred embodiment of the present invention will be.

described hereinafter with reference to FIG I to 11G. 5 As
shown in HG. 4, the controller 230 obtains parameters oii
the operating cnnditions from the operating condition detec- j5
tion unit 210 at steps S410 to S420. For example, thc
controller 230 dctcrmines whether thc air conditioning sys-
tem switch 21U, which turns the hybnd air comhuoning unit
on anil off, is on or olf at slap S41U.

If the air comhtioning system switch 2U1 is on, Ihe so
controller 230 obtains the parameter of the interior tempera-
ture (Tin) ot'he vehicle using the interior temperature
dctcctor 203 at step S412. That is, if thc air conditioning
system switch 210 is turned on, thc controller 230 computes
thc diffcrcncc (TD) between thc present interior temperature 55

(Tin) of Ihe vehicle aml the detured temperature (Tact) sel by
the rlnver The ihlference value (TD) computed al slap S412
is used fnr rletermming the rpm of the electric compressor
262 when the electric cnmpressor 262 operates

The controller 230 then obtains the operating or running 8)
conditions of thc vchiclc from thc engine rpm detector 205
at step S414 If it is dctcrmined that thc vehicle is in the state
of *'idle slop'ased on the engine rpm, Ihe controller 230
gleans the slate of. charge (SOC) of. the battery 280 lrom Ihe
battery status detector al slap S416. The stale of. ")die stop*'5
is when the engine is stopped liecause the engine is in an idle
state for longer than a predetermined perind, such as three

seconds, in a direct coupled motor driven vehicle The
controller 230 determines ivhether or not the status of charge
(SO(:) is greater than a preset value (sav 80'xr) at step S416

If the SO(: is greater than the preset value at step S416,
thc controller 230 operates thc clcctric air conditioner 260,
as pcr FIG. 6. On thc other hanrl, if the SOC is bcloiv thc
preset value at slap S416, the controller Z30 enters an engine
restart procedure al step S418.

If. ihe engme is not in an "idle slop'late or if Ihe engine
restart procedure has been completed, the controller 230
determines whether or not the vehicle is in a sudden accel-
eration state at step S420 It is preferable that it is determined
whether thc vchiclc is in a sudden acceleration state bascrl on
a throttle opcnin amount. In other words, thc controller
230, determines thai the vehicle is in the sudden accelerauon
stale if. the ihrolile opemng amount is greater than a preset
throttle opening amount

If the vehicle is suddenly accelerating, at step S420, the
controller 230 stops the operation of the mechamcal air
conditioner 250, according to the control proccrlurc as
shown in FIG. 6, at step S610, and starts operation of thc
electric air conditioner 260 accordin to thc refrigerant
temperature (Teva elec) inputleil from ihe seconrl evapo-
rator detector and Ihe ihlference value (TD) at steps S612 to
S616.

On the other hand, if the vehicle is not suddenly
accelerating, at step S420, i e., il is operating in a normal
driving state, thc controller 230 enters thc procedure shown
in FIG. 5, so as to control the mechanical air conditioner 250
according lo the refrigerant temperature (Teva mech)
detected by lhe lira( refrigerant temperature detector.

Rcfcrrin to FIG. 5, thc controller 230 dctcrmines
whether or nol ihe refngeranl temperature (Teva mech)
detected by the lira( refrigerant temperature detector
greater than a preset temperature (0 5'', and generates a
control signal and transmits the control signal to the
mechanical conditioner 250 if the refrigerant temperature
(Tcva mech) is rester than the preset tcmperaturc at step
S512. On thc other hand, if thc rcfrigcrant tcmpcraturc
(Teva mech) in the first evaporator Z56 is below ihe preset
temperature (0.5'.) at step S510, Ihe controller Z3U stops
the operation of the mechanical air conditioner 250 at step
S518.

If. Ihe mechanical air coniliiioner 250 is operated, ihe
controller 230 controls the electric air conditioner 260
according to the refrigerant temperature ('lbva elec) of the
second evaporator 266 detected by the second refrigerant
tempcraturc dctcctor anil the teniperaturc diffcrcncc (TD) at
step S514. That is, while thc mechanical air conrlitioncr 250
operates, the control urn( 23U generates a control signal so
as io operate the electric air condinoner Z6U if ihe refngerant
temperature (Teva elec) of the second evaporator detected
by the second refrigerant temperature detector is rester than
the preset temperature (U.S'1) at step S516 On the other
hand, if the rcfrigcrant tempcraturc (Teva clcc) of thc
second evaporator is below the prcsct tcmpcrature (U.S'.)
at step S514, the controller Z3U stops the operation of ihe
elecinc air conilitioner 26U ai step S5ZU.

As dcscribcd above, thc air conrlitiomng system accord-
mg io ihe preferred embodiment of. the present invenuon is
controlled by determining ihe rpm of the electric n)mpressor
262 iiased on the difference value (TI3) computed according
to the interior temperature (Tin) of the vehicle and the
driver*s sct tempcraturc (Tact).

Also, if the vehicle is in the "idle stop'* mode or the
sudden acceleration mode, the air conditioning system is



controllerf such that the mechanical compressor 252 does nol
operate and the rpm of the electric compressor 262 increases
such that the air cnnditioning perfnrmance is enhanced

Also, the mechanical and electric cnmpressors 252 and
262 arc controlled to stop operation when thr refrigerant
tcmpcraturcs in thc first and second evaporators arc below
the preset temperature (0.5'.) so that condensed water on
the surface of the lirst anil secoml evaporalors 256 and 266
does not freeze.

As descrilied above, in the hybrid air conditioning system
and method nf the direct coupled motor driven vehicle, the
mechanicaf air conditioner stops operating and only the
clcctric air conditioner operates while thr vehicle is acccl-
crating or driving up a slope such that the operating perfor-
mance of the vehicle can be improverf without degrarfauon
of Ihe air conihlioning performance. Also, even when Ihe.

idle stop and go function is activated, which is a feature of
the direct coupled motor driven vehicle, air cnnditioning can
lie perfnrmed.

oEven though thc compressor for thc mechanical air con-
ditioner docs not operate when the cnginc stops, the air
conditiomng function can be maintained since the electric
air conrfitioner operates. Furthermore, both Ihe mechanical
and electrical compressors operate for air cond)honing of Ihe

zsvehicle, such that each compressnr is only required to
operate at half the capacity of a conventional cnmpressor
Since thc capacity of thc mechanical compressor can be
rcduccd by as much as half of the conventional one, it is
possible to mimmizc the volume of the compressor to open

l))
iufifeif space in the engine compartment. Still further, Ihe.

energy generated in bral ing Ihe vehicle can be relneved as
electric energy by operating the direct coupled motnr as a
generator and the electric energy can be used for driving the
clcctric compressor, resulting in a furl niilcage improvc-
mcnt.

In thc case of a vchiclc equipped with only a niechanical
air conditioning system, as the engine rpm decreases, Ihe
rpm of Ihe compressor also decreases such that Ihe air
condittomng performance ts degrarfed. In lhe hybnd air
conditioning system of the present invention, the electrical
compressnr compensates for the degradation of the mechani-
cal compressor pcrformancc when the cnginc rpm is low or
thc cnginc is in thr idle state, such that it is cxpcctcd to
maintain reliable air cond)honing performance.

In Ihe mechamcal air conrfilioning system, Ihe in)Luil
cooling clown performance is not optimal, aml il lakes a long
time to reduce the interior temperature of the vehicle to the
target temperature. In a vehicle equipped tvith the hybrid air
conditiomng system of the present invention, it is possible to
lower thc interior temperature (Tin) to a target temperature
by operating the clcctric compressor at a high rpm so as to
improve the initial cooling performance.

Generally, in the case of. a vehicle which is not equipperf
with an adihlional air conihhoner for the rear seats, Ihe, rear
temperature is higher than the front part of the vehicle ln a
vehicle equipped with the hylirid air conditioning system of
thc prcscnt invention, it is possible to improve thc rear air
conditiomn, and it is also possible to indcpcndcntly control
thc front and rear temperatures of thc vchiclc. w)

Although prof):rrcd embodiments of the present invention
have bccn described in detail hereinabove, it should br
clearly understood that many vahations and/or modifica-
tions of the basic inventive concepts herein taught which
may appear lo those skilleif in the present art will sill fall as
within the spirit and scnpe of the present inventinn, as
defined in the appended claims

Throughout Ibis specdicalion and the claims which
follow, unless exphcitly describeil to the contrary, the word
"contprise*'r variations such as "comphses" or "comphs-
in 'ill be understood to imply thc inclusion of statcrl
elements but not the exclusion nf any other elements

What is claimed is
E A method for controlling a hybrid air contfihoning

system of a direct coupled motor dnven hybnd electnc
vehicle, comprising:

detecting operating conditions of the hybrid air condition-
mg system; and

controlling the hybrid air conditioning system includin a
mechanical air conditioner driven by an engine and an
electric air conditioner driven by electric poiver of a

battery;
whcrcin said detecting operating conditions of thc air

cond)honing system includes detecting an on,'olf
slaie of an air conditioning system switch;
calculahng a Lemperalure dilference between a

detected interior temperature and a target tempera-
ture if the air conditioning system switch is on;
anti

detecting an operating condition of thc vchiclc;
wherein said detecting an operating conilition of lhe

vehicle includes determining whether or not lhe
engine is in an idle stop state amf determining
whether or not a state-of-charge of a battery is
greater than a predetermined value when the engine
is in the irllc stop state; and

wherein sairl controlling thc air conrlitioning system
includes slopping operahon of the mechanical air
cond)boner when Ihe slate-or-charge of the battery is
greater than a predetermined value and starhn ~

operation of the electric air conditioner when a

refrigerant temperature in an evapnrator of the elec-
tric air conditioner is rcater than a prcdctermincrl
tcniperaturc.

2. A method for controlling a hybrid air contfihoning
system of a direct coupled motor dnven hybrid electnc
vehicle, composing.

detecting operating conihtions of the hybrid air condihon-
in ~ system; anil

controlling thc hybrid air conditioning system including a
mechanical air conilitioner driven by an engine and an
eleclhc air comhhoner dhven by electric power of a
battery;
ivherein said detecting nperating conditinns nf the air

conditioning system includes detecting an on)off
state of an air conditioning system switch;
calculating a tcmpcraturc diffcrcncc betwccn a

detected inlehor temperature anti a target tempera-
ture iT the air conililioning system switch is on,
and

detecting an operating conditinn of the vehicle;
wherem said detecting an operahng comfihon of lhe

vehicle includes:
determining ivhether or not the en ine is in an idle stop

stale;
dctcrmining whether or not a state-of-charge of a

battery is rester than a prcdctermincd value when
the en une is in the state of idle slop; and

restarting the engine when the state-of-charge of the
battery is beloiv the predetermined value; and

wherem said controlling the hybrid air contfilioning sys-
tem includes.
stopping operation of the mechanical air cnnrlitioner

when the vehicle suddenly accelerates and starting



operation of. Ihe electric air cond&boner when a
refrigerant temperature in an evaporator of the elec-
thc air conditioner is greater than a predetermined
temperature.

3. A method for controlling a hybrid air conditioning
system of a direct coupled motor driven hybrid electric
vehicle, composing.

ilelecting operating comhuons of the hybriri air condition-
ing system; and

controlling the hybrid air conditioning system including a
mechanical air conditioner driven by an engine and an
electric air conditioner driven by electric power of a
battery;
whcrcin said dctccting opcratin conditions of thc air

conditioning system inchiries detecting an on/off
state of. an air conditioning system swilch,
calculating a temperature difFerence between a

detected interior temperature and a target tempera-
ture if the air conditioning system sivitch is on;
anti

dctccting an operating condition of thc vehicle; and
whcrcin saitl detecting an operating condition of thc

vehicle includes.
determining whether or nol the engine is in an idle slop

state; and
determining whether or not the vehicle suddenly accel-

erates when thc engine is not in thc state ot'dle stop,
and

whcrcin said controlling the air conditionin systcni
includes:
stopping operation of a mechanical air conditioner and

slarhng operation of. Ihe eleclhc air conditioner ii. a
refrigerant temperature in an evaporator of the elec-
thc air conditioner is greater than a predetermined
tcmpcraturc, when the vehicle is in the state of
sudden accclcration.

4. A method for controlling a hybrul air conditioning
system of a riirecl coupleri motor dhven hybrid electhc
vehicle, composing.

detecting operating comhtions of the hybrid air condiuon-
ing system, and

controlling thc hybrid air conditioning system including a
mechanical air conditioner dhven by an engine aml an
electric air con&hi&oner dhven by electnc power of a
battery;
wherein said detecting operating cnnditions of the air

cnnrlitioning system includes detecting an on off
state of an air conditionin system switch;
calculating a temperature dift'ercnce l&etwcen a s,&

detected inlehor lemperalure and a target tempera-
ture if the air conditioning system switch is on;
and

detecting an operating cnndition of the vehicle;
wherein said detecting an operating condition of. Ihe

vehicle includes
determining whether or not the engine is in a state of

idle stop; and
dctcrminin whcthcr or not thc vchicic suddenly acccl-

cratcs when thc engine is not in thc state ot'idle stop, st&

and
whcrcin said controlling the hybrid air conditioning sys-

tem incluiles
starting operation of the mechanical air conditioner

when a refhgeranl lemperalure in an evaporator of. SS

the mechanicai air conditioner is greater than a
prerletermined temperature, and starting nperation of
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the eleclhcal air condihoner when a refhgerant tem-
perature in an evaporator of. the eleclhc a&r comh-
tioncr is rcatcr than a prcrlctcrmincd tcmperaturc,
where thc vchiclc is not suddenly accclcratin .

5. A method for controlling a hybrid air conditioning
system of a direct coupled motor dhven hybrid electric
vehicle, composing.

detecting operating conrlitions of the hybrirl air condition-
ing system; and

controlling thc hybrid air conditioning system including a
mechanical air conrlitioncr driven t&y an cnginc and an
electric air conditioner driven by electric power of a
battery;
wherein said delechng operating condition of the air

conditioning system incluties detechng an on,'oif
state of an air conditioning system switch;
calculating a temperature diffcrcncc bctwecn a

dctcctcd interior teniperaturc and a tar ct tempera-
ture iT Lhe air conditioning system switch is on;
aml

detecting an operating condition of the vehicle;
wherein said detechng an operating comhtion of the

vehicle inchides:
determining ivhether or not the engine is in the idle stop

state; and
determining ivhcthcr or not a state-of-charge of a

battery is rester than a predetermined value when
thc engine is in the idle stop state;

restarhn ~ the engine when the state-of-charge of Lhe

bahery is below the predetermined value; and
detehnining whether or not the vehicle is suddenly

accelerating when the engine is restarted, and
wherein said controlling the hybrid air conditioning sys-

tem includes
starting operation of the mechanical air conditioner

when a refrigerant tcmpcrature in an evaporator of
thc mechanical air conditioner is rcatcr than a
predetermined temperature and starting operahon of
lhe eleclhcal air conditioner when a refri erant tem-
perature in an evaporator of. the eleclhc a&r comh-
tioner is greater than a predetermined temperature,
where the vehicle is suddenly accelerating

6. A hybrid air conrlitioning system of a tlircct coupled
motor driven hybrid electric vehicle comprising

an operating condition detector for detectmg al least one
operating contlition of the hybritl air conditionin sys-
tem;

an electric air conditioner driven by electric power of a

battery, and a mechanical air contlitioncr driven by an
cn inc; and

a control unit for controlling the hyt&rid air conditioning
system t&ascd on at least one operating condition input-
ted from the operating condition dctcctor; and

wherein thc operating condition tlctcctor inclurlcs:
an air conditioning system switch for turning thc hybrid

air comhliomng unit on and off
an interior temperature detector for detecting Lempera-

ture inside Ihe vehicle,
an engine rpm detector for detecting engine rpm;
a battery status detector for detecting state-of-charge

(SOC) of the battery;
a first evaporator rcfri crant tempnaturc tlctcctor for

delecting relri eranl Lemperature in an evaporakir of
the mechanical air conditioner; and

a secoml evaporator refhgerant temperature detector
for detectin refrigerant temperature in an evapora-
tor of the electrical air conditioner.



7. The hybnd air comhtioning system of claim 6, wherein
the mechanical air conditioner includes

a mechanical compressor for compressing refrigerant
using mechanical power from thc engine;

a concfenser for concfensing the refngeranl from Ihe
mechanical cnmpressor by radiating heat of the refrig-
erant;

an expansion valve for expandin the refrigerant from thc
comlenser;

an evaporator for vaporizing the refrigerant by absorbing
heat from outside of the vehicle; and

a blower unit for blowing air refrigerated around the
evaporator into a Largel space.

8. The hybnd air comhtioning system of claim 6, wherein
the electnc air conditioner includes:

an clcctrical compressor for compressing refrigerant
using electric power of a battery;

a concfenser for concfensing the refngeranl from Ihe
electricaf compressor by radiating heat nf the refriger-
anr;

an expansion valve for expandin the refrigerant from thc
comlenser;

an evaporator for vaporizing the refrigerant by absorbing
heat from outside the vehicle; and

a blnwer unit for blowing air refrigerated around the
evaporator into a target space.

9. A hybnd air conditioning system of a direct coupled
motor driven hybnd eleclric vehicle comprising:

an operating comluion detector for detecung al least one
operaung condition of the hybnd air conditioning sys-
tem;

an electric air cnnditioner driven by electric poiver nf a
f&attery, and a mechanical air conditioner driven by an
cnginc, and

a control unit for controliing thc hybrid air conditioning
system based on at least onc operating condition input-
ted from the operating condition detector;

wherein the control unit is programmed lo perform a
method for controlling a hybnd air conditioning
system, the method comprising:
detecting operating conditinns of the hybrid air condi-

tioning system; and controliing a niechanical air
conditioner and an electric air conditioner of thc
hybricl air conditionin system based on thc detected
operating conchuons,

wherein saul detecting operaung conditions of Lhe air
comhuons system includes.
detecting an cutof state of an air conditioning system

switch;
calculating a tempcraturc differcncc l&ctwcen a detected

interior tcmpcraturc and a target temperature when
Ihe air conditioning system switch is on, and

detecting an operating comhlion of the vehicle, and
wherein sant detecting an operating condition of Ihe.

vehicle mcfudes:
determining whether or not the engine is in an idle stop

state, ancl
dctcrmining whether or not a state-of-charge of a

battery is grcatcr than a predetermined value when
Ihe engine is in the &elle stop state, and

wherein said controlling a mechanical air conditioner ancf

an electnc air conchlioner of Ihe hybnd mr conditioning
system includes stopping nperation ot'he mechanical
air conditioner when the state-of-charge of the battery

iu
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is greater than the predetermined value and starun ~

operation of the electric air conditioner when a refrig-
erant temperature in an evaporator of the electric air
conditioner is reater than a predetermined tempera-
ture.

10. A hybrid air conclitioning system of a direct couplccl
motor driven hybnd electric vehicle compnsing:

an operating condition clctector for detecting at least onc
operating condition of thc hybrid air conclitioning sys-
Lem;

an electric air conclitioner clrivcn by clcctnc power of a
bauery, aml a mechanical air condiuoner dnven by an
engme, aml

a control unit for controllin thc hybncl air conditioning
system based on al least one operating conciiuon input-
ted from the operating condiuon detector;

whcrcin the control unit is programmed to perform a
method for controlling a hybnd air comfiuoning
system, Ihe method composing:
detecting operating conditions of the hybnd air condi-

tioning system; and
controlling a mechanical air conditioner and an electric

air conditioner of the hybrid air conditioning system
based on thc dktected operating conditions;

wherein said detecting operating comfiuons of the air
cond&nona system includes.

detecting an on'off state of an air conditionin system
switch;

calculating a temperature ditference between a detected
interior tcmpcrature and a target tcmpcrature when
thc air conditionin system switch is on, ancl detect-
ing an operating comhuon of the vehicle; and

wherein said clctcctin an operating conclition of thc
vehicle includes:
determining whether or nol the engine is in an idle stop

slate,
determining whether or not a state-of-charge of a

battery is greater than a predetermined value when
thc engine is in the idle stop state; and

rcstarting thc cn inc when thc state-of-charge of thc
battery is below thc prcdctcrmincd value, and

wherein said controlling a nicchanical air conditioner and
an clcctric air conditioner of thc air conclitiomng sys-
tem includes.
stoppmg operation of the mechamcal air comhtioner

when the vehicle suchienly accelerates anil starun ~

operation of the electric air conditioner when a

refrigerant temperature in an evaporator of the elec-
tric air conditioner is rcater than a prcdcterminccl
tcniperaturc.

11. A hybnd air conditioning system of a direct coupled
motor driven hybnd electric vehicle compnsing:

an operating condition clctector for detecting at least onc
operating comhuon of the hybrid air comhtioning sys-
Lem;

an electric air conclitioner clrivcn by clcctnc power of a
bauery, aml a mechanical air condiuoner dnven by an
engme, aml

a control unit for controllin thc hybncl air conditioning
system based on al least one operating conciiuon input-
ted from the operating condiuon detector;

wherem Lhe control umt is programmed to perform a

method for controlling a hybnd air comfiuoning
system, Ihe method composing:
detecting operating conditions of the hybnd air condi-

tioning system; and
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controlling a mechanical air conditioner and an electnc

air conditioner nf the hybrid air cnnditioning system
based nn the detected operating conditions;

whcrcin sairl dctccting operating conditions of thc air
comlitions system includes.
detecting an on/olT stale of an air condiuoning system

switch;
calculating a temperature difference between a detected

interior temperature and a target telnperature ivheli
thc air conditioning system switch is on; and

dctccting an operating condition of thc vchiclc; and

wherein saul detecting an operating condition of Ihe.

vehicle mciudes:

rlctcrmining whcthcr or not the engine is in an idle stop
state; and

ilelermining whether or nol Ihe vehicle suddenly acceler-
ates when the engine is not in the idle stop state, and

wherein said controlling a mechanical air cnnditioner and
an electric air cnnditioner ot'he air conditioning sys-
tem inclurlcs
stopping operation of a mechanical air conditioner and

slarhng operation of. Ihe eleclhc air conditioner ii. a
refrigerant temperature in an evaporator of. Ihe elec-
Inc air conditioner is greater than a predetermined
temperature, when the vehicle suddenly accelerates

12. A hybrid air conditioning system ot' direct coupled
motor driven hybrid clcctric vehicle comprising:

an operating condition detector for dctcctin at least onc
opcratin conrlition of the hybrid air conditioning sys-
tem;

an electric air conditioner dhven by electuc power of. a

battery, and a mechanical air comhuoner duven by an
engine; and

a control unit for controlling the hybrid air conditinning
system based on at least one nperating cnndition input-
ted from thc opcratin condition detector;

whcrcin thc control unit is programmed to perform a
method for controlling a hybrid air conditionin
system, the method compritung:
detecting operating conditions of Ihe hybnd air condi-

tiomng system; and
controlling a mechanical air conditioner and an electric

air conditioner of thc hybrid air conditioning system
bascrl on thc dctcctcd operating conditions;

whcrcin said dctccting operating conditions of thc air
comhuons system includes.
detecting an on/olT slate of an air conditioning system

switch;
calculating a temperature diff'erence betiveen a detected

interior temperature and a target temperature when
thc air conditionin system switch is on; and

dctccting an operating condition of thc vehicle; and
whcrcin said detecting an operating condition of the

vehicle includes:
determining whether or nol the engine is in an )rile slop

state, and
determining whether or not the vehicle suddenly accel-

cratcs when thc cnginc is not in thc idle stop state,
and

whcrcin sairl controlling a mechanical air conditioner and
an electric air conriitioner of the mr comhuomng sys-
tem incluiles
starting operation of the mechanical air conditioner

when a refrigerant temperature in an evaporator of
the mechanicai air conditioner is greater than a

iu
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predelermmed temperature and starung operation of
the electrical air conditioner when a refrigerant tem-
perature in an evaporator of the electric air condi-
tioner is greater than a predetermined temperature, in
thc case that thc vchiclc is not suddenly accekrating.

13. A hybrid air conrlitioning system of a direct couplcrl
motor driven hybnd electric vehicle composing:

an operating condition rlctector for detecting at least onc
operating condition of thc hybrid air conrlitioning sys-
Lem;

an electric air conrlitioner rlrivcn by clccthc power of a
bauery, aml a mechanical air condiuoner dhven by an
engme, aml

a control unit for controllin thc hybnrl air conditioning
system based on al least one operating conhiiuon input-
ted from the operating condiuon detector;

whcrcin the control unit is programmed to perform a
method for controlling a hybud air comliuoning
system, Ihe method compos)ng:
detecting operating conditions of the hybnd air condi-

tioning system; and
controlling a mechanical air conditioner and an electric

air conditioner of the hybrid air conditioning system
based on thc dhtected operating conditions;

whcrcin said detecting operating conditions of the air
conditions system includes:
dctectin an on)off state of an air conrlitioning system

switch,
calculahng a temperature difference between a detected

interior temperature and a target temperature when
the air conditioning system sivitch is on; and

dctcctin an operating conrlition of the vchick; anrl

wherein said detecting an operating condition of the
vehicle includes:
determining whcthcr or not thc engine is an idk stop

state;
determining whether or not a slate-of-charge of a

bahery ts greater than a prehielerminehi value when
the engine is in lhe idle stop state;

restarting the engine ivhen the state-of-char e of the
battery is beloiv the predetermined value; and

detcrminin whether or not the vchiclc surldenly
accclcrates, when thc engine is rcstartcrl, and

wherein said controlling a mechamcal air conditioner and
an electric air conditioner of thc hybnrl air conditioning
system includes:
starling operahon of lhe mechanical air comlihoner

when a refngeranl temperature in an evaporator of
the mechanical air conilitioner is greater than a
predetermined temperature, and starting operation of
the electrical air conditioner when a refrigerant tem-
perature in an evaporator of the clcctric air condi-
tioner is grcatcr than a prcdctcrmincd tcmpcraturc, in
the case that the vehicle suddenly accelerates.

14. A method for controlling a hybnd air conditionin ~

system of a direct coupled motor dnven hybnd electnc
vehicle, colnprising

detecting operahng m)ndihons of the hybnd air condhion-
ing system; and

controlling the hybrid air conditioning system including a
mechanical mr conditioner dnven by an en ine and an
electric air conditioner driven by electric power of a

battery;
wherem said detecting operaung conhiilions of the air

conditionin system includes detecting an on/off state
of an air conditionin system switch;
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calculating a temperature dilference between a detected

interior temperature and a target temperature if. Ihe
air conrhtioning system switch is on; and

detecting an operating condition of thc vchiclc;
wherein saul detecting an operating condition of Ihe.

vchiclc includes:
determining whether or nol the engine is in an idle slop

slate, ani.l

determining whether or not a state-of-charge of a
battery is grcatcr than a prcdctcrmincd value when

iu
the engine is in the idle stop state;

restartmg the engine when the state-of-charge of the
battery is below Ihe predetermined vahie;

determining whether or not the vehicle suddenly accel-
erates when thr engine is not in the state of idle stop;

rcstartin the cnginc when thr state-of-charge of thr
battery is below the predetermined value; and

determining whether or not the vehicle is suddenly
accelerating when the engine is restarted,

whcrcin said controlling the hybrid air conditioning sys-
tem includes. o

stopping operation of thr mcchanicai air conditioner
when the state-of-charge of the battery is greater than
a predetermined value and starting operation of the
electnc air comhuoner when a refngerant tempera-
ture in an evaporator of Ihe eleclnc air conrlilioner is
rcatcr than a predctcrmincd temperature;

stopping operation of the mechanical air conditioner
when the vehicle suddenly accelerates and starting
operation of the electric air conditioner &shen a
refngerant temperature in an evaporator of lhe elec-

) )Inc air conditioner is greater than a predetermined
tcmpcraturc;

stopping operation of a mechanical air conditioner and
starting operation of the electric air conditioner if a
refrigerant temperature in an evaporator of the elec-
Inc air conditioner is greater than a predetermined
temperature, when the vehicle is in Ihe slate of.

su)i)lan acceleration,
starting operation of the mechanicai air conditioner

when a refrigerant temperature in an evaporator of
thc mechanical air conditioner is greater than a so

prcdctcrmincd tcmperaturc, and starting operation of
thc electrical air conditioner when a rcfrigcrant teni-
perature in an evaporator of the electric mr condi-
tioner is greater than a predetermined lemperature,
where the vehicle is not suddenly accelerating; aa

starting operation of the mechanical air conditioner
when a refrigerant temperature in an evaporator of
thc mechanical air conditioner is greater than a
prcdctcrmincd temperature and starting operation of
Ihe electrical air conriitioner when a refrigerant tem-
perature in an evaporator of the electric air condi-
tioner is greater than a predetermined temperature,
where the vehicle is suddenly accelerating

15 A hybrid air conditioning system of a direct coupled
motor driven hybnd clcctric vehicle con&prising:

an operating condition detector for detecting at least one
operatmg condition of the hybrid air conditioning sys-
tem,

an clcctric air conditioner driven l&y electric power of a
battery, and a mechanicai air conditioner driven by an
engine; and

a control unit for controlling thc hybrid air conditioning
system based on at least one operating condition input-
ted from the operating condition detector;

whcrcin thc control unit is programmed to perform a ss
method for controliing a hybrid air conditioning
system, the method comprising:

detecung operating conditions of the hybnd air comli-
tioning system; and

controlling a mechanical air conditioner and an electric
air conditioner of the hybrid air conditioning svstem
bascrl on the detcctcd operating conrlitions;

whcrcin said detecting operating conditions of the air
conditions system inclurlcs:
detecting an on'off state of an air conditionin system

switch;
calculatin a tcmpcrature rliffcrcncc bctwccn a dctcctcd

interior tcmpcrature and a target temperature when
lhe air conilitioning system switch is on; and

delecung an operaung coniliuon of the vehicle, aml
wherein said rlctcctin an operating conrlition of thc

vchiclc includes:
determining ivhether or not the en ine is in an idle stop

state; and
dctcrmining whether or not a state-of-charge of a

battery is greater than a predetermined value when
the en nne is in the idle stop state;

restarting the engine ivhen the state-of-charge of the
battery is beloiv the predetermined value;

determining whether or not the vehicle suddenly accel-
cratcs when thc cnginc is not in the idle stop state;

rcstarting thc cn inc when thc state-of-charge of thc
bauery is below the predetermined value;

determining whether or not the vehicle suddenly
accelerates, when the en ine is restarted; and

wherein said controlling a mechamcal air conrliuoner and
an electric air conditioner of thc hybnrl air conditioning
system inclurlcs:
stopping operation of the mechanical air conditioner

when the state-of-charge of the battery is grc ster than
thc prcdcterniincd value anil starting operation of thc
eleclnc air conihtioner when a refngeranl lempera-
lure in an evaporator of Ihe eleclnc air conditioner is
greater ihan a predetermined temperature,

stopping operation of the mechanical air conrlitioner
when the vehicle suddenly accelerates and starting
operation of thc electric air conditioner ivhcn a
refrigerant tcmpcrature in an evaporator of thc elcc-
Inc air conditioner is greater than a prerlelermined
iemperalure,

sloppmg operation of a mechanical air conrlilioner and
starting operation of the electric air conditioner if a

refrigerant temperature in an evaporator of the elec-
tric air conditioner is rcater than a prcdctermincrl
tcniperaturc, when thc vchiclc surldenly accclcratcs;

starling operauon of lhe mechanical air comliuoner
when a refngeranl temperature in an evaporator of
the mechanical air conilitioner is greater than a
predetermined temperature and starting operation of
the electrical air conditioner when a refrigerant tem-
perature in an evaporator of the clcctric air condi-
tioner is grcatcr than a prcdctcrmincd tcmpcraturc, in
the case thai the vehicle is not suddenly acceleraung,
and

starting operahon of. the mechanical air comhtioner
ivhen a refri erant temperature in an evaporator of
the mechanical air conditioner is greater than a
prcdcterniincd tcmpcrature, anil starting operation of
thc clcctrical air conditioner when a refrigerant tem-
perature in an evaporator of. the elecuac air comh-
lioner is greater than a pre)let ermined temperature, in
the case that the vehicle suddenly accelerates.


