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(57) ABSTRACT

An air condiuoner system for vehicles has an exterior heat
cxchan er, svhich is userl as an evaporator at thc time of
heatin operation. Acontrol unit monitors the heating opera-
tion and stores a defrost tla when the heat&ng operation
continues for a predetermined time period, e g., 20 minutes,
under a low extenor air temperature below a predetermined
temperature, e.g., 5'. When an electric vehicle is at rest
after thc heating operation to charge its secondary battery
with an electric power from an external power source, thc
control unit first starts a defrosting operation and starts a
charging operation of the secondary battery after the
completion of. the defrosung operauon.
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FIG. I
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US 6.178

ELECTRIC VEHICLE AIR CONDITIONER
SYSTEM AND METHOD FOR EFFECTING

DLI(ROSTIN('PERATION BEIrORE
BATTERY CHAR('*IN('PERATION

('.ROSS-RL'I L'RL'N('L( I'0 REI.AIL'D
APPLICATION

This application relates to and incorporates herein by
rcfcrcncc Japancsc Patent Application No. 10-271202 filed

1(i
on Scp ZS, 1998

BACKGROUND OF THE INVENTION

Thc prcscnt invention relates to an air conditioner system
anil method for clcctric vchiclcs. is

Heat pump type air con(br(oner systems employing
electrically-driven compressors are used widely as air con-
ditioners mounted on electric vehicles from the standpoint of
cnsunng a self heat gcncrating source, reducing air pollution
anil saving electric power energy. In those heat pump type ao

air conrlitioncr systems, however, thc exterior heat
exchanger is used as an evaporator al the ume of. heating
operatton to exchange heal between low temperature, low
pressure refrigerant and exterior air. Thus, frosting occurs on
the surface of the heat exchanger at the time of heating
operation. Thc frosting lcsscns thc operation perforniancc of
cxchan ing heat with thc exterior air and hence thc heating
operation pcrformancc.

U.S. Pat. No. 5,SSS,737 (IP-A-7-212902) proposes to
defrost the heat exchanger in the course of battery charging
by using excess electric power generated immediately
bcforc completing thc battery charging. Thc heat exchanger
will not bc rlcfrostcd sufflcicntly when thc battery charging
is stopped midway of. the battery charging, that is, before. Ihe.

battery charging is completed. As a result, a suflicient
heating performance for a quick heating (ivarm-up) cannot
lie provided as the heating operation starts with frost still
remaining on the heat exchanger

SUMMARY OF THE INVENTION

It is therefore an oblect of Ihe present invenuon to provide.
an electric vehicle air conditioner system and method
vehicles which ensures a defrosting operation to improve a
heating operation.

According to thc prcscnt invention, an air conditioner
system for electric vehicles has an exterior heat exchanger,
which is used as an evaporator at thc time of heating
operatton. A control unit monitors the healing operation
during a vehicle running. When an electnc vehicle is at rest so
after the heating operation to charge its secondary battery
with an electric power from an external power source, the
control unit checks whether the monitored heating operation
continued for a prcdctcrmincd time period under a low
cxtcnor air tcmpcraturc below a predetermined tcnipcraturc.
The control unit drives a refrigeration cycle for a defrosung
operation and starts a charging operation of. the secondary
liattery after the completion of the defrosting operation,
when the control unit determines that the heating operation
continued for thc prcdctcrmincd time period. Preferably, thc
control unit varies a dcfrosting operation period to be longer
as thc cxtcnor air temperature is lower.

Alternatively, Ihe control unit executes Ihe delrosting
operatton when a compressor rotation speed and a refnger-
ant pressure in a refngeralion cycle are within a delrosting es
range determmed by the compressor rotation speed and the
refngerant pressure

,760 Bl
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, fcaturcs and arlvantages of
thc present invention will become more apparent from thc
following detailed descripuon made with relerence to the
accompanying drawings. In the drawings:

11G. I is a schematic diagram shmvmg an air conditioner
system for clcctric vchiclcs accordin to a embodiment of
thc prcscnt invention;

FIGS. 2A aml 2B are tables showing, respecuvely, rela-
tions among electromagnetic valves and a four-way switch-
ing valve in each operation mode of the embodiment, and
relations amon compressor operations, sensor outputs and
exterior fan operations in each operation morlc of thc
cmborlimcnt;

FIG. 3 is a front view showing a air conilitioner control
panel in the embodiment;

FIGS. 4A, 4B and 4C arc graphs showing, rcspcctivcly, a
relation between a tempcraturc feeling and a sct tcmpcraturc
m the emboihmenl, a relauon between an exterior air tem-
peraiure and an exlenor air temperature deviation in the
embodiment, and a relation betiveen a solar rad(ation and a
solar radiation deviation in the embodiment;

FIG. 5 is a flow diagrani showing an entire operation of
an air conditioner control umt in the embodiment;

I'IG. 6 is a tlow diagram showing a defrosting operation
of the air conditioner control unit in the embodiment;

FIG. 7 is a graph showing a relation bctwccn an exterior
air temperature and a defrosting ume penod in a modilied
embodiment, aml

11G. 8 is a graph showing a relat(on between a high
pressure and a compressor rotation speed in another morli-
ficd cnibodinicnt.

DETAILED DESCRIPTION OF THE
PRL(l ERRLD LM13ODIMLN'I'he

present invenuon wifl be descnbe&l in more detail
with reference to various embodiments.

Referring first to I IG. I, an air cond(tioner system 20 for
electric vehicles has an air bloiver casing 21, which is
provided with an exterior air inlet 22 for introrlucin ambi-
ent or cxtcrior air, and a pair of interior air inlets 23 and 24
for mtroducing intenor air in a vehicle compartment An
mtenor/exlenor air mixing damper 25 is mounted between
the exterior air inlet 22 and the interior air inlet 23.

The damper 25 is driven by a servo motor 26 to variably
regulate the ratio of mixing the air introduced from the
exterior air inlet 22 anil thc interior air inlets 23 and 24, so
that thc intake air tcmperaturc is varied. Blowers 27 and 28
are mounted downstream of. the damper Z5 aml the intenor
air inlets Z3 aml 24, respectively. The blowers 27 and 28 are
coupled with a rotary shaft of a blower motor 29, which is
driven by a bloiver driving circuit (13D(') 30.

An evaporator 31 is disposed downstream of the blowers
27 and 28, and the downstream side of the evaporator 31 is
divided into two air passages, an upper air passa c anil a
loivcr air passage, liy a partition plate 32.

A condcnscr 35 is dispose(I in thc lower air passage as an
mtenor heat exchanger. The upper part of Ihe condenser 35
ex(anile into Ihe upper air passage 33. A forced-n(ohn ~

damper 36 is disposed above the condenser 35, so that the
damper 36 is driven by a servo motor 37 to vary the amount
of air bypassin thc condcnscr 35.

A oommunication damper 38 is disposed in a communi-
cation opening 32u provided in the partition plate 32 at the



downstream of the condenser 35. The communicauon
damper 38 is driven by a servo motor 39 to vary the amount
of air passing through the cnmmunication opening 32n of
the partitinn plate 32, sn that the resistance to air floiv is
rcrluccd in thc single operation mode such as a FACE mode
anil a DEF morlc.

A ilefroster air outlet 40 and a face-side mr outlet 41 are
provirled at the downstream sirie of the upper air passage 33.
Dampers 48 and 49 are proviried in the air outlets 40 and 41
to be driven by servn motors 50 and 51, respectively. A
foot-side air outlet 52 is provided at the doivnstream side of
thc lower air passage 34. A danipcr 54 is prnvidcd in the
foot-sirlc air outlet 52 to bc driven by a servo motor 53.

Thc evaporator 31 and the condenser 35 arc a part nf a
relngeration cycle of. a heal pump type. This refngeration
cycle 55 also includes a compressor 56, a lour-way switch-
ing valve 57, an exterior heat exchanger 58, check valves 59
and 60, a capiflary 61, electrnmagnetic valves 62, 63 and 64,
a pressure decreasing valve 65, and an accumulatnr 90
Those parts of thc rcfri oration cycle 55 arc connectcd —.

opcrativcly through pipes.
Thc clcctromagnetic valves (EMVI 62, 63, 64 and thc

four-way valve (4-SV) 57 are turned on or olf as rlefined in
the table shown in FIGS. 2A and 2B in correspondence v:iih
operation mnrles of the refrigeration cycle 55

As understood from the table, in the heating mnde, the
four-way valve 57 is sivitched tn the ofl'-position as shown
by a solid linc in FIG. 1, so that the refrigerant discharged
from thc outlet 56u of thc compressor 56n recirculatcs tn the
inlet 566 of the compressor 56 through the condenser 35,
pressure reriucing valve 65, checl valve 60, exterior heat
exchanger 58, electromagnetic valve 62 and accumulator 90.
I'hus, the high temperature gas refrigerant discharged from
the outlet 56n of the compressor 56 radiates heat and is
liqucficd in thc condcnscr 35 to heat thc air passin thcrc-
through with the radiated heat.

In thc dehumidifying mode (H) shoivn in FIGS. 2A and
2B, the four-way switching valve 57 is switched Lo lhe
posttion shown by a solid line in FIG. I and Lhe electro-
magnetic valves 63 and 64 are turned off and nn, respec-
tively. Thus, a part of the liquefied refrigerant supplied to the
exterior heat exchanger 58 is afso supplied to the evaporator
31, which in turn rlchumidify thc air passing thcrethrough by
its cooling operation. As thc heat absorbed in the evaporator „s
31 aml the exterior heat exchanger 58 is raduued in lhe.

comlenser 35, which re-heats the cooled aml dehumiddied
air, the air passing through the condenser 35 has an increased
air temperature.

In the dehumidifying mnde (C) shown in ILIGS 2A and
2B, thc four-way switching valve 57 is switched to thc
position shovvn by thc solid linc in FIG. I, and thc clectro-
ms nctic valve 63 is turned on so that the exterior heat
exchanger 58 operates as the condenser as well as lhe
condenser 35. Thus, the refngeranl liquelied by lhe con-
denser 35 and the exterior heat exchanger 58 is supplied to
the evaporatnr 31, and the evapnrator 31 cools the air
passing thcrcthrough by its cooling operation. In this dchu-
midifyin mode (C), thc heat absnrl&cd by thc evaporator 31
Ls radiated by both of thc condenser 35 and the cxterinr heat au
exchanger 58, the air passing through the evaporator 31 has
a ilecreased air temperature.

Here, lhe extenor heat exchanger 58 has an extenor lan 89
driven by a fan motor 69n for forced coohng. The lan motor
89u is switched lo a high speed "Hi', a low speed "Eo'nd as
a stop "OH a'n correspondence with the operation modes of
the refrigeration cycle 55 and the nutput data of various

sensors as shown in FIG. ZB. For instance, in the otoltn ~

mode, the fan motor speed is sivitched to '*ili'* ivhen the
exterior air temperature Tam detected by an exterior air
temperature sensor 78 rises above ZS'., while it is
switched to "Lo'vhcn thc exterior air tcmpnaturc Tam falls
below 22'. In thc heating morlc, on thc othn hanrl, thc fan
motor speed is switched Lo "Hi'* when the extenor air
temperature Tam falls below 25'., while it is switched to
"I m** when the exterior air temperature 'I'am nses above16''

niotor 66 for the compressor 56 in thc refrigeration
cycle 55 is driven by an inverter 67. The inverter 67 conver(s
a direcL current elecinc power of 200—300 V supphed from
a secomlary ban cry 9Z, which is an electnc power source lor
a vehicle running, into an alternatin rurrent electric power,
sn that the rotation speed of the motor 66 is cnntrnlled in
accordance with thc altcrnatin current frcqucncy of thc
alternating current electric power. Thc secondary battery 92
is rechar cable by an external electric power source Hll
through a charge circuit 93.

An electronic air conditioner cnntrnl unit (air cnnrhtioner
ECU) 68 is provided to control the inverter 67, the servo
motors 26,37, 39, 50, 51 and 53, the fan motor 89n for the
exterior fan 89, and thc driving circuit 30 for thc blower
motor 29.

The mr condiuoner ECU 68 compnses primanly, as
I nown well in the art, a CPU 69, RAM 70, ROM 71, A,D
converter 72, I 0 circuit 73 and the like, and is rendered
operative ivith the electric power supplied from a storage
battery 74 through an key switch 76.

The air conrlitioner ECU 68 rcceivcs various rlctcction
si nals from thc following sensors. An interior air tempera-
ture sensor 77 detects an interior or compartment room air
Lemperature Tr, and an exterior air lemperature senmir 78
detects the exterior or ambient air temperature 'I'am A solar
radiation sensor 79 detects a solar radiatinn 'I's incident to a
vehicle compartment. An evapnrator outlet temperature sen-
sor 80 dctccts the temperature Tc of thc outlet of thc
evaporator 31, anil a condenser outlet tcmpcrature sensor 81
detects the temperature of. air immeihalely downstream of
lhe comlenser 35 (condenser outlet temperature) Tc. A
refrigerant discharge pressure sensor 88 detects the refrig-
erant discharge pressure Pd of the compressnr 56. An intake
air temperature sensor 46 detects the temperature of air
taken into thc evaporator 31 (intake air tempcraturc) Tin, anil
a rcfrigcrant rlischar c tempcraturc sensor 91 dctccts thc
dischar ed refngeranl temperature Td.

Further, lhe ECU 68 receives a signal lrom a temperature
setting device 8Z, by which a sense of temperature Sset as
a temperature control target is instructed manually by pas-
sengers The temperature setting device 82 has a cooling key
82n and a warming key 826, and is providcrl on an air
conditioner control panel 83 as shown in FIG. 3. Further, thc
ECU 68 rcceivcs instruction signals from an air conrhtioner
switch 85, a rear defogger switch 86, a Iront delroster switch
87, and a pre-air condiuoning switch 99, which are provirled
on the air conditioner control panel 83 to be operated by the

p assr iigo is
The air conditioner control panel 83 also has a tempera-

ture display 84, in which a plurality of light emitting
elements 84n arc arranged in linc in thc lateral direction,
above Lhe temperature setting ilevice 8Z. The temperature
display 84 is for displaying lhe set sense of temperature Sset
ms a rough target of. a set temperature Tact which is varied by
the coolin key 82u and the warming key 82ii. I'he sense of
temperature Sset is an indication nf the degree of cooling



and warming relative to a reference temperature gs'. as
shown in 11G. 4A

Thc ECU 68, particularly thc CPU 69, is programnicd to
execute various controls shown in FIGS. 5 and 6.

First, counters and fla s to be used in thc following
controLs arc imttafizcd at step S100, and then various
instruction signaLs and dctcction signals arc read in at step
SLLU. The instruction signals include the sense of tempera-
ture Sset, and the detection signals include the in(amor air
temperature I'r, exterior air temperature Tam, solar radiatiot)
I', evaporator outlet temperature 'I'e, condenser outlet tem-
pcraturc Tc, and intake air temperature Tin.

The set temperature Tact is calculated as a function of. Ihe
set sense of temperature Sset, the exterior temperature Tam
and the solar radiation I', based on the following equation

Ta t=/(S I. I'm, I')=I: I+ATam+A'I)

Here, as shown in FIGS. 4A)o 4C, Tse)1 ATam and ATs are
delined as Tact'=25+0.4 Sset, Tam=(10—Tam),'~0, aml Ts=-
Ts'10(KI.

Then, the heat amount OAO required to maintain the
interior atr temperature at the set temperature Tact is calcu-
lated based on thc following equation (2) at step S130, with
Kl, K2, K3, K4 and C bein constants.

QAO=A'I Tact—A't—KS Tam—KI Ta+C

Next, combinations of a blow-off air temperature TAO
and a blow-off air amount VAO which satisfy the following
equauon (3) are determined at step S14U. In this equation
(3), Cp. 7. and Tin imhcate the specdic heat of air, Ihe.

specific gravity of air and the temperature of air taken in the
evaporator 31.

QAO=Cp ', VAO (TAO-Tttu

Thc maximum blow-offair amount VAO and thc blow-off
air temperature TAO at that time, which further sausfy Ihe.

following equation (4) are determined at step S150 from Ihe.

combinations of: the blow-olT air temperature TAO and Ihe.

I)low-off air temperature VAO, Ivhich satisfy the above

equation (3)

so

.I'=/ I I/Z+/O (I, — 5)—/a (
. — S)+/a (St —/I )I —li

In the above equation (4), S indicates the sense of
temperature which is an indicator of comfort of air
conditiomng, ta the temperature ('C.) of air blow-off to
passcngcrs, va thc flow speed (ni/s) of biow-off'ir, St thc
solar radiation (I cal,'m h) impinging on passengers, aml kl
to 17 constants.

The parameter S is set to lietiveen — I and 0 in summer ao

time (cooling operation) and bctwccn 0 and +I in winter
time (heating operation) from the standpoint of both comfort
and electnc power saving in electric vehicles according to
the embodiment. In normal engine-powered vehicles in
whtch less elec)wc power saving is required, the parameter as
S is set to —2 in summer time and to +2 in winter time from
the standpoint of comfort.

The temperature of. air ta blow-ofl: to passengers may be
calculated from the follotvin equation (S).

Ta-TAO Kt ac'AX"

llere, Kt indicates a constant determined by the configu-
ration of the air outlet, (a a tlow reduction constant, A an
area of opcnin of thc air outlet, X a distance from thc air
outlet to passengers, and m an index dctcrmincd by the
configuration of thc air outlet.

The air flow speed va may be calculated from the fol-
lowing equation (6), with Kv and n being constants deter-
mined by the configuration of the air outlet.

Vt=VAO Ka TAX"

The solar radiation St impinging on passengers may bc
calculated from thc following equation (7), with Ks being a
constant determined by the solar sensor charactenstics and
Ts being the output of. the vo)lar sensor 79.

St=Ka Ta

Thus, the maximum blow-off air amount VAO and the
blow-ofl'ir tempcraturc TAO ivhich satisfy the equation (4)
are dctcrmincd by thc usc of thc equations (I) to (3). Thc
blow-olT mr temperature TAO is set a little higher than
conventional at the lime of. cooling operauon, and the
blotv-off air temperature TAO is set a little smaller than
conventional at the time of heating operation. The blow-off
air amount VAO is set a little larger in both cooling operation
and heating operation than conventional.

Folloiving step S150, at step S160, thc opening degree of
Ihe inteoor)extenor air mixing damper 25 is calculated to
reduce Ihe temperature d)ITerence between the intake air
temperature Tin and the blow-ofl air temperature TAO. The
operation mode of the refrigeration cycle 55 is determined to
either one of the cooling operation or the heating operation
at step S170.

Thc opening dcgrces of the rlampcrs 36, 38, 48, 49 and 54
are determined at step S180 based on the blow-oiT air
temperature TAO and the blow-ofl: air amount VAO calcu-
lated at step SLS(l. Further, Ihe blow-ofl mode is determined
to either one of "IACLu*, '13 I.*', "I'OUT*', "I'OOT/OL'I '*

and "OLlr* I'inally, at step S190, the LCU 68 outputs the
control data calculated anil determined as above to corrc-
spondin actuator driving circuits.

The ECU 68 further controls the defrosung operauon as
shown in FIG. 6.

First, it is checked at step SL whether the vehicle is in
operation If the determination at step Sl is YL'S, it is further
checked at step S2 whether the air conditioner 20 is in the
hcatin operation. In response to YES dctnmination at step
S2, it is further chcckcrl at step S3 whether thc dcfrosting
condiuon holds. If the determinauon is NO at step S2, the
processing returns to step Sl. The defrosting comhtion holds
when the heating operation conunues more than 30 minutes
under the condition that the exterior air temperature ts l)clew5'' defrost flag is stored at step S4 tn response to YES
determination at step S3, ivhilc thc processing returns to
heatin operation checking step S2 in rcsponsc to NO
determine/ion at step S3.

If. Ihe determmauon at step SL is NO, it is checl ed at step
S5 whether a bauery charge switch 1U2 is turned on, that is,
whether it is the time to charge the secondary battery 92 If
the determination at step S5 is NO, the processmg returns to



step Sl. If the determination at step S5 is YES, it is iurther
checked at step S6 whether the defrost flag is stnred.

The de frosting operation is continued for a predetermined
period, e g, 20 minutes, at step S7 After the defrosting
pcmorl, thc defrost fla is reset at step Sg to discontinue thc
dcfrosting operation. Thc battery charging is started at step
S9 The electmc power required for the defrosung operation
is supplieri from the external power source 101 anti not from
the secondary battery 92

It is preferrerl to variably set the defrosting time period To in
in dependence on the exterior air temperature I'am. That is,
as shown in FIG. 7, thc dcfrosting time period To is sct
longer as thc cxtcrior air tcmperaturc Tam is lower. Further,
it is preferred to disable the defrosting operation at tempera-
tures above a predetermined reference. Thus, the defrosung
operation can be reduced to a necessary minimum to save
the electnc power consumption.

It is also preferred tn design the air conditinner system 20
to bc opcrablc with both Htfl V and 200V of the cxtcrnal
power source 101. As thc defrosting performance becomes "o

high when operated with 20(t V external power source, the
defrosting time periori To is shortened than in the case, of.

operation with IO(l V external pnwer source tn improve the
defrosting efliciency

The air conditioner system described above provides the xs
following advantages.

(a) As it is checked based on the prcscnce and absence of
the rlefrost flag whether the defrosting operation is required,
the system coniiguranon is simplilied. That us it is not
required tn detect the refrigerant temperature at the outlet of .iti

the exterior heat exchanger and check ivhether the de frosting
is necessary based on the detected refrigerant temperature

(b) As thc battery charging is started after thc defrosting
operation is comp lctcd, thc defrosting is completed when thc
vehicle is operated next time. Thus, the heating performance is
is not lessened at the next heating operauon even when the
battery charging is stopperi before full bauery charging.

In the air conditioner system using the heat pump cycle,
the warm or heated air is generated by the use of condensing
heat in thc interior heat exchanger at the time of heating xo

operation. In this instance, thc condensing heat dcpcnds on
the refrigerant pressure. This refrigerant pressure is depen-
dent on the rotation speed Nc of. the compressor 56. If. the.

exterior heat exchanger has no troat thereon (normal
operation), the rotation speed Nc has a normal balanced as
relation relative to the refrigerant pressure Fd as shnivn in
FIG. 8.

Howcvcr, ivhcn thc exterior heat exchanger has frost
thereon, the frost reduces the amount of. heat exchange v:iih
the exterior air. Thus, the refrigerant pressure at the low so

pressure side is lowereri, and the refrigerant pressure at the
high pressure side is lowered responsively. As a result, the
heating perfnrmance is lessened Therefnre, it is desired to
raise thc rotation speed Nc of thc compressor for niaintain-
ing thc same rcfrigcrant prcssure Pd. Here, thc rotational ..
speeri of the compressor 56 may be detecteri by the inverter
67 from the waveform of. the counter electromotive iorce.
generateri in the motor 66.

According tn a modified embodiment, a frosting detemii-
nation reference is determined as shown by the dot-and-
chain linc in FIG. 8 and stored in thc EGU 68, prcfcrably in
EEPROM. This refcrcncc defines thc relation between thc
refngerant pressure and the compressor rotauon speeri Nc.
The rotation speeri Nc may be rietected by a rotauon sensor
(not shown) attacheil to the compressor 56, and the refrig- ss
erant pressure may be detected by a pressure sensor (not
shown) disposed in a refrigerant pipe in I'IG. l. In this

mstance, step S3 in FIG. 6 is modilied to checl whether the
defrosting condition holds, that is, whether the operation
point determined by the refrigerant pressure and the com-
pressor rotation speed Nc is above the reference line in I IG
8. This modifie enibodimcnt also provirlcs a similar arlvan-
tagc as thc above advantage (b).

The present invention havmg been described above may
be modiiied lurther without deparung from the spint and
scope of the present invention.

What is claimed is
1. An air conditioner system for an electnc vehicle

char eablc ivith an external electric pown source and hav-
ing a rcfri eration cycle, comprising:

a secomlary bauery mounted on the vehicle,
charge means for charging the secondary battery with the

electric poiver from the external power source;
a compressor disposed in the refrigeratinn cycle and

driven electrically ivith an clcctric powi'f supplied from
one of the secondary liattcry and thc cxtcrnal power
source for compressing a refrigerant;

an extemor heat exchanger disposed in the reingerauon
cycle at a posiiion extemor to a vehicle compartment,
and

control means for controlling the refrigeration cycle for an
air conditioning operation in which the exterior heat
cxchan er operates as an evaporator in a heating
operation, control means being further for controlling
the rcfri eration cycle to cxccute a rlcfrostin operation
prior to a chargmg operation of the charge means when
a charging of. the secondary battery is instructed under
a condition that the defrosting operation is required.

2. An air conditioner system of claim I, wherein the
control means is further for shortening a period of thc
dcfrostin operation as a voltage of the external power
source is higher.

3. An air conditioner system of claim 1, wherein the
control means controLs is further for executing the deirosun ~

operation with only the electric power of the external power
source.

4. An air conrlitioncr system for an clcctric vchiclc
char calile with an external electric power source anil bav-
in a rcfri cration cycle, comprising:

a secomlary bauery mounted on the vehicle,
char e means for charging the secondary bauery with the

electnc power from the external power source,
a compressor disposed in the refrigeration cycle and

driven electrically with an electric power supplied from
one of the secondary battery and the external power
source for compressing a refrigerant;

an cxtcrior heat exchanger rlisposcd in thc rcfngcration
cycle at a position exterior to a vchiclc compartment,
the extenor heat exchanger being for operaung as an
evaporator in a heaiing operation,

detecting means for detectmg an extemor air temperature,
measuring means lor measunng a heaung penod of the

heating operation;
storing means for storing a defrost tlag ivhen the mea-

surerl hcatin period exceeds a prcdetcrmined pcriorl
under a condition that rlctectcd cxtc rior air tcmperaturc
is below a prcrlctcrmincrl tcmpcraturc, anil

conirol means lor controlling the refrigeration cycle to
execute a defrosung operauon prior to a charging
operauon of. the charge means in response to the stored
defrost flag ivhen a char in of the secondary battery is
instructed



5. An air conditioner system of claim 4, wherein Ihc.

control means is for stopping the defrosting nperation ivhen
the detected exterior air temperature exceeds the predeter-
mined temperature for a predetermined period

6. An air conditioner system of claim 4, wherein thc
control means is for stoppin thc defrosting operation when
a defrosung operation period exceeds a predelerminefl
penod.

7 An air cnnditioner system of claim 4, wherein a
defrosting operation period is set longer as the detected io
exterior air temperature is lower

8. An air conditioner system for an electric vehicle
chargcablc with an cxtcrnal electric power source and hav-
ing a refrigeration cycle, compritnng:

a secondary battery mounted on the vehicle, 15

charge means for charging Ihe secondary bauery with Ihc.

electric pnwer from the external poiver source;
a compressnr disposed in the refriceration cycle and

driven electrically with an electric poiver supplied from
onc of thc secondary battery and the external power c

source for compressing a refrigerant;
an cxtcnor heat exchanger disposed in thc refrigeration

cycle al a position exterior lo a vehicle compartment,
the exterior heat exchanger being for operaung as an as
evaporator in a healing operauon;

detecting means for detecting an exterior air temperature;
measuring means for measuring a heating period of the

heating operation;
storing means for stnring a defrnst flag when the mea-

sured heating period cxcccds a prcdctcrmincd period
under a condition that detected exterior air temperature
is below a preilelermineil temperature, aml

control means for controlling the refrigerauon cycle to
start a flefrosling operauon in response to ihe stored
defrost flag and starting a charging operation of the
charge means after the defrosting operatinn

9. An air conditioner system of claim 8, wherein thc
control means is for stoppin thc defrosting operation when
thc flctcctcfl exterior air temperature exceeds thc predetcr- ac

mined temperature for a prefleterminefl periofl.
1U. An air conditioner system of claim 8, wherein Ihe

control means is for stopping the defrosting operation when
a defrostmg operation period exceeds a predetermined
pcfiod. 65

11. An air conditioner system of claim 8, wherein a
dcfrosting operation period is sct longer as thc detected
extenor air temperature ts lower.

12. An air conihlioner system for an electric vehicle.
chargeable with an external electric poiver snurce and hav-
ing a refrigeration cycle, comprising:

a secnndary battery mounted on the vehicle;
charge means for charging the secondary battery with thc

clcctric power from thc external power source;
a compressor disposed in the refrigeration cycle and

dnven electncally with an electric power supplied from
one of the secondary battery anil the external power
source for compressing a refngeranl;

an extenor heat exchanger dispnsed in the refrigeration
cycle at a pnsition exterior to a vehicle compartment,
the exterior heat exchanger heing for nperating as an
evaporator in a heating operation;

detecting means for detecting a rotatinn speed of the
compressor; 65

detecting means for detecting a pressure of a refrigerant in
the refrigeration cycle;
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sionng means for slonng a frost determination relerence

as a function betiveen a compressor rotation speed and
a refrigerant pressure to define a defrosling operation
region;

stonng means flir storing a defrost tlag when the detected
rotauon speed and Ihe tletecled refrigerant pressure are
in the defrosun ~ operation region, anti

control means for controflin the refrigeration cycle to
execute a defrosting operation prior lo a charging
operation of the charge means in response to the stored
defrost flag vvhcn a charging of thc secondary battery is
tnstmctcd.

13. An mr conilitioner system of claim 12, wherein lhe
control means is further for stopping Ihe defrosting opera-
tion when the detected refrigerant pressure exceeds a pre-
determined pressure.

14 An air conditioner system of claim 13, wherein the
control means is further for setting the pretlctcrmincfl prcs-
sure to bc lower as an exterior air tempcraturc is lower.

15. An air comhuoner system for an electric vehmle
chargeable with an external electnc power source and hav-
ing a refrigeration cycle, comprising

a secondary battery mounted on the vehicle,
charge means for charging the secondary battery with the

electric power from the external power source;
a compressor disposed in the refrigeration cycle anil

driven electrically with an clcctric power supplied from
onc of thc secondary battery and the cxtcrnal povvr
source for compressing a refrigerant;

an exlenor heal exchanger disposed in Ihe relngerauon
cycle al a position exlenor to a vehicle compartment,
the exterior heat exchanger heing for operatin as an
evaporator in a heating operation;

detecting means for detecting a rotation speed of the
CciiiPfi:SSOf;

detecting means for flctecting a pressure of a rcfrigcrant in
Ihe refrigeraiion cycle;

sionng means for slonng a frost determination relerence
as a function between a compressor rotation speed and
a refrigerant pressure to define a defrosling operation
region;

storing means for storing a defrost flag when the fletected
rotation spccd and thc detected rcfrigcrant prcssure arc
in the defrosting operation region; and

control means for controlling thc refrigeration cycle to
start the defrosung operauon m response lo the stored
defrost fla ~ and starling a charging operation of lhe
charge means after Ihe defrosung operation.

16 An air conditioner system of claim 15, wherein the
control means is further for stopping the defrosting opera-
tion when the detcctefl refrigerant pressure cxcccds a pre-
dctermincd prcssure.

17. An air conditioner system of claim 15, wherein the
control means is further for seumg the predetermined pres-
sure ki be lower as an exienor air temperature is lower.

18 An air conditioning method for an electric vehicle
having a secondary battery char cable with an electric
power from an cxtcrnal power source for driving thc vchiclc
anti a rcfrigcration cycle including an elcctncally cloven
compressor, the method composing the steps of.

monilonn ~ an operauon of the refrigeration cycle while
Ihe vehicle is driven;

checking whether a defrostmg operauon of the refngera-
tion cycle is necessitated from the monitored operation
of the refrigeration cycle in a previous dnving of the
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vehicle, when the vehicle is al rest aml a charging of the.

secondary battery with the external power source is
instructed,

tlnving thc rcfrigcration cycle with thc external power
source to execute the defrosung operauon when the.

defrosling operauon is necesmlaled, and

charging the storage battery with the external poiver
source after thc dcfrosting operation.

19. An air conditioning method of claim 18, wherein the
chcclnng step dctcrmincs a necessity of the drfrosting
operation when the monitored operation indicates that a

12
heaung operauon conunued for a predeterminetl time penod
under a predetermined low exterior air tcmpnaturc.

20. An air conditioning method of claim 18, wherein the

checking step determines a necessity of. lhe delrosung
operation ivhen a compressor rotation speed and a refnger-
ant prcssure in thc refrigeration cycle are within a tlcfrosting

range determined by the compressor rotation speed and lhe
refrigerant pressure

1(i

e a a a


