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AIR CONDITIONLNG APPARATUS
2

CITATION LIST

CROSS-REFERENCE TO RELATED
APPLICATIONS

llus is a divisional of U.S. application Ser. No. I 3/5 12,
442. fled May 29, 2012, which is a 371 Of PC"I LIP2010/
064464 filed on Aug. 26. 2010, of which claims foreignt
priority over Iapanese Publication No 2010-0299gg tiled on
Feb. 15. 2010„ the entire contents of which are incorporated
hcrmn by rcferencc.

TECHNICAL FIELD

1'he present invention rehltes to an air conditioning appa-
ratus, and in particular, lo an air condilioning apparatus llial
is capable of suppressing increases in volume and cost of the

20
appamtus and that is capable of suitable overheating pro-
tection.

BACKCi ROUND ART

Known air conditioning apparatuses for vehicles. such. as
automobiles, include a compressor that compresses a gas
refrigerant. B condenser that condenses high-pressure gas
retrigcranl by performing heat exchmige wilh oumidc air, an
expansion valve that expands high-temperature, high-pres-
SUIC hqUld ICtrlgCralll llllo low-lclllpCIdulre, IOW-plcsSUIC

liquid refrinerant, and an evaponltor that evaporates the
low-temperature. Iow-pressure liquid refri creat by per-
formina heat exchange with outside air. and a refrigerating li
cycle is formed by connectin these constituenr parts via
ret'rigcranl tlow paths.

In vehicle air conditioning apparatuses of this type. in the
CdSC Of d Colltlgul'idion USlllg Bll ch:ctnC Colllplessor ill

40
w luch a compressor Is dnven by an electric motor, Opera! ion
control is performed such that the discharge temperature of
the compressor is detected and the rotational speed of the
electric conlpressor is reduced to a set value when the
discharge temperature is equal to or hi her than a certain
tempemture In addition. from the viev:point of overheating
protection. temperature detccuon meims is provided ul the
1 icmily of a motor coil of theclcclric motor, and control is
also perfornled to reduce the mtational speed of the electric
compressor or to stop the electric compressor when the
nlotor coil temperature is higher than an allov able tinnpera- 0

nire.

As described above. in order to detect rhe discharge
temperature of a compressor or the motor coil rempermue
of Bn elcctnc motor, a tcmpcrature sensor needs lo bc
installed al Ihc corrcsponduig locauon, howcvcr, from thc
1 iewpoull of problems related to 0 complex conliguralion
and space, as well as increased cost due to a higher munber
of components, methods for estimating these temperatures
on the basis of other parameters have been proposed in SI,
sensorless contigumtions.

For exaniple, PTL I, titled "CONTROL METHOD AND
CONTROLLER FOR ELECTRIC COMPRESSOR", dis-
closes a method ot obtainuig a motor coil temperature by
perfornung calculation using a discharge prcssure of an Si
electric compressor, electric motor mtational speed. and
input current front ail electric-motor driver

Patent Litcraturc

(PTL I) Japanese Unexamined Patent Apphcation. Pub-
lication No. 2006-291873

SUMMARY OF INVENTION

Techiucal Problem

I lowever, in the technology disclosed in P'll. I mentioned
above, because the parameters used for calculating the motor
coll temperature are not parameters that are directly influ-
enced by the temperature, there are situations in which the
infhience of disturbances, such as, for example, the high-
tcmpcralure cnviroiuneni ui Ihe 1 cluclc clc., is nol taken into
consnlcralion. In other words. although the tccluiology dis-
closed in Pl I, I can deal with such a high-tenlperature
environment in the vehicle etc. during normal operation by
using correction values etc. that are obtained experimentally
in advance. the teclumlogy cannot deal with events such as
an abnormal increase in the outside air temperature. abnor-
mal heal generation. and so forth. by means 01'Icmperaturc
correction and may lail lo late such events Into considcr-
'111011

'I'he present invention has been conceived in light of the
above-described circumstances„and It pmvides an air con-
ditioning apparatus that is capable of obtainin a motor coil
temperature ofan electric motor and B discharge temperature
Of a compressor Bnd llial is capable of suppressing incrcascs
nl VohllllC dill COSI 01 lllc iippiiralUS WIISOUI BddnlonallV
pmvided teinpenlture detection means

In addition, another object of the present invention is to
pmvide an air conditioning apparatus that is capable of
achievin more eflective estimations of the motor coil
temperature of an electric motor and the dischar e tempera-
ture of a compressor lo perform morc suitable overhcatulg
pro icclloll.

Solution to Problem

In order lo solve thc problem dcscnbcd above, the prcscnt
invmilion employs Ihc following soluUons.

A first aspect of the present invention is an air condition-
ing apparatus comprising a contml unit and a refrigenlting,
cycle including an electric compressor that compresses gas
refrigerant. a condenser that condenses hi h-pressure gas
rclrlgCIdllt by'SClldllglllg llcdl Willi Outside Bll; till Cxpdll-
slon villvc that converts high-lcillpcrBIUrc, hlgll-prcssillc
liquid rcfngcrdnl into low-lcmpcralurc, low-prcssure liquid
refrigerant, and an evaporator that vaporires the loiv-tem-
perature, low-pressure liquid refrtgemnt by exchanging heat
with outside air. wherein the electric compressor is an
inverter-integrated electric compressor that integrally
tncllldcs 11 colllplcssor, Bll cb:cine lllolor llldl itrlvcs lllc
compressor, and an uivcrler includuig B tempcraturc detec-
tion unit Ihal dcu:cls Ihc Icmperdturc in thc vicuiily of 0

senliconductor sivitchin device. and the control unit esti-
mates a discharge temperature of the conipressor on the
basis of a detected tenlperature of the inverter, a rotational
speed of the compressor. and a motive force of the com-
pressor.

Accordulg lo Ihc air conditioning apparatus of Ihe tirsl
aspect of thc prcscnl invmiiion, bccdusc Ihe dwchargc tem-
perature of the compressor is estimated on the basis of the
detected temperature in the vicinity of the semiconductor
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suilclnng device in Ihc invcrtcr, snd a tcmpcraturc pariun-
eter is used as the parameter used filr the estimation calcu-
lation. even in the event of an abnormal increase in outside
air temperature, abnormal heat generation, and so tilrth, it is
possible to perform more eflective estimation of the dis-
charge tenlperature of the compressor. In addition, it Is
possible to suitably pcrlhrm overhwitulg protcmnon by
Icxluclllg Ihi: I:olnprcssor rolalloluil sp&cd ol slopplllg lllc
compressor when the compressor discharge temperature
exceeds a set threshold value. Note that a temperature ia
detection unit conventionally provided filr performing over-
heating protection of the semiconductor switching device
may be used as the tempemsture detection unit in the inverter,
dlxi Ihi:IC B 110 11C&xl 10 IIISldll dll Bddlllollsl li:nlpCIB!OIC

ilt:lect loll lllllm I

In the air conditioning apparatus described alxlve. the
control unit nlay be conhgured so as to estimate the dis-
charge tempemsture of the compressor on the basis of a
correlation of respective pressure loading characteristics for
the detected temperature of the inveiter. for the motive force 10

ol'thc compressor, and lhr flm dischar c temperature of the
conlprcssor ill flli: ri:lrlgcldllllg cvclc.

Accordiim to such a configuration. because the discharge
temperature of the compressor is estimated on the basis of
the correlation of the pressure loading characteristic for the
inverter detected temperature in a refrigeratin cycle at the
set conlpressor rotational speed, the pressure loading char-
dcscnslic for the compressor power in d refngcrsling cycle
dt thc sel compressor rotational speed, mt&1 tlm prcssure
loading chamscteristic for the compressor discharge tempera- 10

ture in a refri crating cycle at the set compressor mtational
speed. it is possible to realize more effective estimation and
to perform more suitable overheatiilg protection.

A second aspect of the present invention is an air condi-
uomng apparatus compnsing a control uiut and s rclhger- ls
Sling cycle ulcluduig an clcctnc compressor Ihsl comprcsscs
gds refrigcranh a condenser that condcnscs lugh-prcssure

as refrigerant by exchanging heat with outside air. an
expansion valve that converts high-temperature. high-pres-
sure liquid refrigerant into low-temperature, low-pressure dc

liquid refri emsnt, and an evaporator that vaporizes the
low -tcmpcraturc, low -prcssure hquid rcffigcranl by
cxchangulg heat with outside air, whcrcul lhc clcclnc com-
pressor is an invcrtcr-inlcgralcd cleclnc compressor lhal
integrally includes a conlpressor, an electric nxltor that
drives the compressor. and an inverter including a tempera-
ture detection unit that detects temperature in the vicinity of
a semiconductor switclfln device, and the control means
cslimdics a motor coil tcmpcrature ul lhc elcclric motor on
thc basis ol' detected lempcmturc of thc ulvcrtcr. a rota- 0

uonal spcmd ol'hc compressor, and a motive force of the
compressor.

Accordiim to the air conditioning apparatus of the second
aspect of the present invention. because the motor coil
temperature of the electric motor is estimated on the basis of ss
Ihe dciccled tempcralurc in thc vicinity of Ihc smmconduclor
su ilclnng device in thc invcrter, and ihe detected tcmpcra-
Iurc ol'he im crter is used as the parameter used lhr thc
estimation calculation, even in the event of an abnornlal
increase in outside air tenlperature, abnormal heat genera- &0

tion, and so forth. it is possible to perform more efl'ective
estimation of the motor coil temperature.

In addition. it is possible lo suitably pcrfonn ovcrhcaiulg
proicclion by reducing the compressor mlaliomil speed or
slopping Ihc compressor ill for cxmuplc, lhc cslimslc&1 molor ss
coil tcntpemsture exceeds the set threshold value Note that
a temperature detection unit conventionally provided filr

pcrfomnng ovcrhcalulg protection of Ihc senuconduclor
sv itchin device may be used as the tempemture detection
uiut in thc invcltcr, mid so there is no need to install an
additional tcmpcralure detection uml

In the air conditioning apparatus descnbed above. the
cmltrol unit may be configured so as to estimate the motor
coil temperature of the electnc motor on the basis of
correlation of respective pressure loading characteristics for
the detected temperature of the inverter. for the motive force
of Ihc compressor, and lhr the motor coil tmnperaturc of thc
clcctnc motor ul Ihc rcfngcrdiing cycle.

According to such a configumtion, because the motor coil
temperature of the electric motor is estinlated on the basis of
the correlation of the pressure loadin characteristic for the
inverter detected temperanire in a refrigemstin cycle at the
set compressor rotational ape&. the pressure loadmg char-
dCtC&HIIC ltil fllC Colllprt:Ssol poV i:I ill d ICfllgi:rallllg CV'CIC

al lhc sct compressor rotational spimd, and the prcssure
loading characteristic filr the motor coil temperature in a
refrigerating cycle at the set compressor rotational speed, it
is possible to realize more effective estimation and to
perfoml more suitable overheating pmtection.

In the air conditioning apparatus described above. the
tCillpi:Iiltu&C ifCu:Cllon llllll lnaV bC BlldilgCd 111 d pOS111011

corresponding lo a region from a nndslrcam region to a
downstream region of a refrigerant tlow flowing through the
electric compressor

Because the temperature detection unit is arran ed at a
position corresponding to a region from the midstream
re ion to the dolvnstream re ion of the refrigerant flow
flowing lluough lhe clccinc compressor, cvcn ul thc cvcnl of
an abnormal temperature rise duc lo a malfunction of Ihc
electnc motor, it is possible to reliably reflect that event in
estinlation of the motor coil tenlperature of the electric
nxltor or the discharge temperature of the compressor. and
to perform more suitable overheating protection.

In the air conditioning apparatus described above. the
Colltrol illlll nial'CICnnlllt: IhC Oi:CIIIICIIC&: Ol IClllgCI'tilll
Ical agc on thc basis of thc rolauonal spixd of thc compres-
sor and the motive force of the compressor

According to such a contiguration. the occurrence of
refrigerant leakage is determined on the basis of the com-
pressor rotationai speed and the compressor power. and, for
example. if the compressor power is lower than a prescribed
tlucshold value when the compressor rotational speed is
grcalcr than a prcscnb&xl compressor rolauonal spccd, it is
determined that refrigemsnt leaks e (refngerant leakage out
of the system) is Occurring, and the conlpressor is stopped;
by doing so, it is possible to prevent the discharge tempem-
ture of the compressor from being increased because of a
low-gas state.

In flm air condiuonulg apparatus dcscnbcd above. thc
occurrmlcc ol'a Ihosung may be dctcrmnuxl on the basis of
the detected temperature of the im crier.

Because the occurrence of fnlsting is determined on the
basis of the detected tenlperature of the inverter, it is
possible to prevent the compressor from being damaged due
to frosting of the evaporator by increasing the compressor
rolalional spccd when, for example, thc dclcctcd tempera-
ture of thc invertcr is lower than a pr&xfctcnntncd tlucshold
value, and by stopping the compressor If 00 improvement is
seen within a predetermined period

AdvallldgCtlus EBCCIS Of Illvi:1111011

According to the present invention, because a dischar e
temperature of a compressor or a motor coil temperature of
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dn electric motor is estimated on Ihe basis of Ihe lcmpera! urc
detected in the vicinity of a semiconductor switching device
in an uiverler, an advantage is afforded in thai, even in the
event of an abnormal increase in the outside air temperature,
abnormal luwt generation, and so forth, « is possible to
perform more cfli:ctive estimation of Ihc discharge Icmpcra-
lurc of a compressor or Ihe motor coil temperature mid lo
perform suitable overheating pnitection

BRIEF DESCRIPTION OF DRAWINGS i it

II(r I is a diagram showmg the configuration of an air
conditionin apparatus according to a first embodinient of
the present invention.

FIG. 2 is a partial ion itudinal sectional view illustrating
an inveiter-inte rated electric compressor, with an invetter-
acconuuodaung poruon thcrcof cutaway.

FIG. 3 is a plun view illustraun, in oulluic. an arrangc-
nient of power semiconductor switching devices and a
temperature sensor in an mverter ot an inverter-iiltearated 20

electric compressor.
FI(h 4 is a flowchart of operation control of an air

conditioning appamtus according to a first embodiment of
IIIC piescilt lilvCIilloil

FIG. 5 Is a duigrtun Ifluslmting 0 pressure loaduig char-
acteristic for inverter teniperature at a prescribed compressor
rotational speed in a refrigerating cycle

FIG. 6 is a diagmsm illustrating a pressure loadiiig char-
acteristic for compressor power at a prescribed compressor
rotational speed In a refri crating cycle. Ill

FIG. 7 is a diagram illustmting a prcssure loading char-
dclctsslic lor coillprcssor dlscltaigc 0:IllpctdIUrc Bl II pre-
scribed compressor rotational speed in a refrigerating cycle.

Fl(i 8 is a flowchart of operation control of an air
conditioniim apparatus according to a second embodiment ss

of the present invention.
FI(h 9 is 0 diagram illustrating a pressure loading char-

dmcnslic for motor coil Icmpcrauire of an clcctnc molur al
prcscribcd compressor rotational speed ui a rclngcraling

cycle do

II(i 10 is a tlowchart of openstion contml of an air
conditionin apparatus according to a third embodiment of
the present invention.

FIG. 11 is a diagram illustrating a compressor power
icrsiis coiilprcssor rottitloilal specs! cllBIBclcrislic.

FIG. 12 is a flowchart of operation control of'i mr
conditioniim apparatus according to a fourth embodiment of
the present invention

DESCRIPTION OF EMBODIMENTS

liirst I imbodiment

An air conditioning apparatus according to 0 first embodi-
ment of the present Invention will be described below v.ith s.
Icfcrctlcc lo fllc drawlilgs.

FIG. 1 Is a diagrtun showuig thc configuration of an mr
conditioning appuratus according lo thc lirsl embodiment of
the present invention ln this figure. an air conditioning
apparatus I according to this embodiment is provided v ith 00

a refrigeratmg cycle 2 and a controller 3 as main compo-
nents.

For cxamplc, thc rel'ngcmting cycle 2 supplms low-
tcmpcra lure, low-pressure liquid refngermit to an evaporalor
4 and is provnhxl with a compressor 5. a condenser 8, and ss
an expansion valve 9 The compressor 5 coinpresses fow-
temperature. Iow-pressure gas refrigerant, which has been

evaporated in Ihc evaporator 4 by rcmovuig heat within 0

vehicle cabin, and sends high-temperature, high-pressure
gas refngensnt to the condenser 8. and the compressor 3 is
driven by motive tiirce from an electric niotor 6 ln addition,
the condenser 8 is installed„ for example„at a front section
of an en ine compartment and cools the high-temperature,
high-prcssure gas refrigerant supplied from thc compressor
5 wilh oumidc air, Ihcrcby condensing and liquclyuig thc as
refrigerant lite thus-liquified refrigerant is sent to a receiver
(not shoivn) v,here it is subjected to gas-hquid sepanstion,
and thereafter, is sent to the expansion valve 9 in the form
of Iug-temperature, high-pressure liquid refngerant. In this
expansion valve 9, the high-teniperature„hi h-pressure liq-
uid refrigerant is decompressed and cxpandcd to become
low -ICillpCIdlUIL., lov:-picssUIC liqUid (aloiillZCd) Icfilgcratll.
and this iow-temperature, low-pressure liquid refrigerant is
supplied to the evaporator 4.

'I'he rotational speed of the electric motor 6 is variably
controlled. in a continuous or stepwise manner. by varyin
the electric poster supplied from inve«er 7. By chan in the
rolalional speed of Ihc electric motor 6, Ihc rcfrigcrmil
discharge capacity of thc compressor 5 is changed, Ihe
circulating amount (floiv rate) of the refrigerant circuhsting
through the refrigerating cycle 2 is adlusted, and the cooling
capacity of the evaporator 4 (the cooling capacity of the
refrigemting cycle 2) is controlled.

In addition. the controller 3 is provided with at least a
storage device 31 and a computing unit 32. The computuig
uiut 32 is rcafidcd with 0 CPU, a microprocessor MPU, or
the like. luring nomial operation, the coniputing unit 32 of
the controller 3 sets the rotational speed of the compressor
5 in accordance with a setting instruction from a contml
panel (not shoivn) and various kinds of detected data in the
refri crating cycle 2 (pressure at the low-pressure side etc.)
and controls thc rolauonal spccd ol'hc chmtnc motor 6 via
the invcrtcr 7.

In addition. In Ilus embodiment, thc above-dcscrtbcxf
cmnpressor 5, the electric motor 6 that drives the compressor
5, and the inveiter 7 are integrated into one unit. thereby
constituting a so-called inverter-integrated electnc compres-
sor 10. Here. the inveiter 7 is provided with a temperature
sensor 11 thai detects the tcmpcraturc ui thc vicinity of
semiconductor switcimg dcviccs (power dcviccs such as
IGBTs ctc.). Bccausc mlegrdtion of un uivcrter into an
electric compressor causes the teiliperature envinmment to
become veoi severe, the temperature sensor ll is the saine
as one conventionally provided for overheatin protection of
semiconductor sivitclung devices.

Next. the schematic conliguratiou of thc Invcncr-inte-
grated elccnsc compressor 10 used in thc air condilionuig
apparatus I according Io Ilus embodiment and installation of
the temperature sensor that detects the temperature of semi-
cmiductor switching devices in the im crier 7 will be
described with reference to FlfiS. 2 and 3. In this descrip-
tion. FICi. 2 is a partial longitudinal sectional view illustrat-
ing thc invcrtcr-uilcgraled clcctnc compressor 10, with an
iuvcrler-accommodating portion 61 Ihcrcof cul away. and
FIG. 3 is a plan view iflustrating, in outline, the placement
of power semiconductor switching devices 74 (i(ilf'Is etc )
and the temperature sensor 11 m the inverter 7 of the
inverter-inte rated electric compressor 10.

In Fifi. 2. the inverter-integrated electric compressor 10 is
prov«lcd with a housing 52 first lhnns an outer shell thcrcol;
The housing 52 is lbmied by uilcgrally fastcmug Iogcthcr a
motor housing 53, in which lhc electric motor 6 Is accom-
nuidated, and a compressor housing 54, in which a com-
pt'cssor lrlcchariism (I'Iof siioivli) Is accontlllodatcd, with
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bolts 55. Tlm motor hous&ng 53 and thc compressor housing
54 are pressure-resistant containers made by alumiilunl die
castin using alumimun alloy

'lhe electric motor 6 and the compressor mechanism (not
shown). &vhich are built into the above-described lmusing
52. are connected via a motor shat't 60 and are contigured
such Ihal Ihc compressor meehan&sm &s driven by Ihe rota-
uon ol Ihc cleclnc motor 6 A rein crmll intake por! (Uol
sholvn) is provided at one side of the motor housing 53 (left
side in lii(i 2). and low-temperature. Iow-pressure refrig- IB

emnt gas sucked into the motor housing 53 through tlus
refrigerant mtake port flou s in the vicinity of the electric
motor 6 along the d&rect&on of a motor axis L (from the left
lo right ul FIG. 2), and thcredftcr. is sucked ulto and
comprcsscd by thc compressor mixlrdnism. The &mcrtcr-
integrated electric con&pressor 10 is configured such that a
hig)l-tempemlture, high-pressure refrigerant aas. &vhich has
been compressed by the compressor mechanism, is d&s-

charged into the compressor housing 54, and thereafter, &s

sent outside from a discharge port 57 provided at one side of lo
thc compressor hous&ng 54 (nght s&dc in FIG. 2).

In add&lion, Ihc box-shaped ulvcrler-accommodalmg por-
tion 61 is integrally formed above the outer peripheral
portion ot the nlotor housing 33 lq(i 2 slxlv s a parual
ion itudinal sectional view in which the inverter-acconuno-
dating portion 61 is cut away. The inverter-scconunodating
portion 61 has a box-shaped structure, which is surrounded
by surroundulg walls of a prcdctermulccl hc&ght and 1&as an
open iop. and Ihc top opening thcrcol is sealed with a cover
member that is fixed lvith screws, &vith a sealing nlatenal &o

(not shown) being interposed therebetween. In this conhgu-
ration, two power-supply-cable outlet ports are provided at
one side surface of the inverter-acconunodating portion 61,
and a high-voltage power supply and the inverter 7 installed
in thc ulverler-acconunodalulg porlion 61 are conncctcd ls
thcrclo via lwo power supply cables.

Thc hi&I'&1OI 7 iustallccl ui lhc ulvc'Ili:I-Bcccuuulodanllg
portion 61 is pmvided with a poiver circuit board 75 on
which are nlounted six power semiconductor switching
devices 74 (power dev&ces such as ICiBTs etc.). Bs weil as a do

power system control circuit (not shown), B high-voltage
coulpoui ut (uol show&1), Bud so lollh fc&r c&pcldfiug lhi:sc
dcviccs: a control board (pun&est c&rcuit board) 76 on which
dre mounted a control c&rcu&t, a commu&ucal&on circu&t (nol
sholvn). and so filrth. having low-voltsge devicew such as
( PD: and so forth

As sluliln in outline in the plan vieiv of FICI. 3. the six
power semiconductor su itclfin devices 74 in the inverter 7
arc arrmlgcd ul two rows ul thc motor axial Circe&ion L, each
having &luce un&ts urraycd &n Ihc ihrcclion orthogonal lo the o

motor ax&al dirccuon L. In llus lwu-row arrangcmenl, the
positional displacement in the direction orthoaonal to the
nlotor axial d&rection l. is for convenience of the layout
design.

In addition„ the temperature sensor 11 is arranged in the &s

lie&nily of the substant&ally ccntml porl&on ol lhc re ion
where the six power scm&conductor swilclung dev&ccs 74 arc
arranged. Thc lmnpcralure sensor 11 dc&acts the mnb&mll
tenlpemture in the v&cinity of the power semiconductor
switching devices 74 and sends the detected temperature co

data to the controller 3 (FICi. I) via a communication system.
It is preferable that the tempemsture sensor 11 be arranged at
a pos&uon in Ihc vic&n&ty of the power scnuconduclor sw&&ch-

ing clcviccs 74 and a pos&tion corresponding to a re &on from
thc m&is&ream region to the downstream region of a rcfug- Ss

erant tlolv flow&ng through the inverter-intearated electric
compressor 10. 'I'his is because it is possible to better reflect

dll dbllonual Iculpci'i&UIIC nsc chic to mallUucliou of lhc
electnc motor 6 in the detected tempemture data by arrang-
iug lhc lcmpcrdlure sensor 11 lurthcr on Ihe downstream
side.

Next, est&mauon ol'he discharge tcmpemturc ol'hc
cmnpressor 5 and opemstion control in accordance with the
estimated discharge temperature in the air conditionin
apparatus I according to this embodinlent &vill be described
with reference to FICiS. 4 to 7. FICi. 4 is a flowchart of
opera)&on control of Ihc air condilioruug appamtus 1 accord-
in to the first embodiment. and FICiS. 5 to 7 are

diagrams

illUsndnug cxiinlplcs of vdru&Us prcssUIC lodchug cha&Bclci-

ist&cs used in estimation of the compressor discharge tem-
pcrdfiu C.

A processing sequence related to opemst&on control of the
a&r conditioning apparatus I according to th&s embodiment is
executed by the computing unit 32 of the controller 3 as a

program. In addition. the processing sequence, which will be
dcscribcd below. is pcrfomled repcatcdly at prcdclernuncd
time intervals. and in a timer processing in Step S101. the
prcdelcnn&nixl tune intervals arc clocked with a timer and
the processing sequence is started.

liirst of all, various items of data are obtained (Step ) 102)
Specifically, the ambient temperature in the vicinity of the
power semiconductor switching devices 74 is obta&ned in the
form of detected ICiBT tenlperature data fmm the tempera-
ture sensor 11 &n thc imcrtcr 7, and the compressor rota-
t&onal spccd and lhe compressor pow cr set by thc computulg
unit 32 at the present time are obtamed

Next, a compressor discharae temperatu&e 'I'I) is calcu-
lated by applying the various items of chsta to a prescribed
antlunetic expression (Step S103). The calculation method
in th&s step will be described below.

Next. &hc CBICUIB&cxI compressor disclrdrgc Icmpcralure
TD is compared with a prescribed compressor disci&Urge
tcmpcrature threshold Tlhl (Step S104). Il'he compressor
discharge temperature 'I'I) is equal to or lower than the
cmnpressor discharge temperature threshold 7th I, the pa&-

cess proceeds to Step S105. where the normal operation is
continued. and if the compressor d&scharge temperature TD
is lughcr than Ihc compressor discharge tcmperaturc thresh-
old Tth1, thc process procecxls to Stop S106, where thc
compressor rotalio»al speed &s reduced

Next, the reduced conlpressor rotat&onal speed is com-
pared with a prescribed mininlunl rotational speed Nthl
(Step S107). If the compressor rotational speed is equal to or
greater than the mininuim rotational speed Nth1. the process
returns lo Step S101 (&micr process&ng). and &f Ihc compres-
sor rolauonal speed &s lower lhan the m&n&mum rota&&onal

spccd Nth1, &t &s dclcrmmcxl that thc compressor disci&Urge
temperature TD has reached an abnormally overheated state,
and the process proceeds to Step 5100, when the compres-
sor 5 &s stopped.

Next. the calculation nlethod of the compressor discharge
tcmperaturc TD perlbmled ul Step S103 in FIG. 4 will bc
dcscribcd w&th rcfi:rance lo FIGS. 5 to 7 In this cmbodi-
mcnt, llm compressor chsvhdrge tempcruturc TD is cstunatcd
on the basis of the correlation of a pressure loading char-
acteristic for the inverter detected temperature in a refrig;
emstulg cycie. a pressure loading chamscterist&c for the com-
pressor power in a refrigemsting cycle. and a pressure loadin
charac&enatic li&r Ihc compressor discharge Icmpcralure m a
relbigcrating cycle, v,hich arc sel in llm storage device 31 of
lhc coutrolh:I 3 iu advdncc.

I'he respective chamscteristics are described w:ith refer-
ence to lq(ig 5 to 7
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FIG. 5 &s a diagrum illustraung an example ol'he prcssure
loading characteristic for the compressor power v hen the
compressor mtational speed is 1800 [rpm], and the d&stn-
bution of the compressor poeer is shown v ith separate
re iona Aa1 to Aa5 on a map ofpressure at the high-pressure
side HP [MPaCI] versus pressure at the low-pressure side LP
[MPBG].

FIG. 6 is a d&agrdm &llustrat&ng an cx&mlplc of thc prcssure
loading characteristic for the inverter detected temperature
when &he compressor mtational speed is 1800 jrpmJ, and the &o

distribu&ion of the l(iB1 temperature [the inverter detected
temperature) is shown with separate re iona Abl to Ab5 on
a map of pressure at the high-pressure side HP [MPBCi]
icrsus prcssure al thc low-pressure sale LP [MPBG].

FIG. 7 &s a diagrum illustraung an example ol'he prcssure
loading chanlcteristic for the compressor discharge tempera-
ture ivhen the compressor rotational speed is 1800 jrpmJ,
and the dis&nbution of the compressor dischatge temperature
is slmlvn with separate regions Acl to Ac5 on a map of
pressure at the high-pressure side HP [MPaCI] versus pres- lo
sure dl the low-pressure sale LP [MPaG].

lhc respective pressure loadulg chdracierisl&cs descnbcd
above are prepared accord&ng to the level of the compressor
rotational speed and are stored in the storage device 31 in
associa&ion w&th the respect&ve compressor rotational speed.

In the respect&ve pressure loading characteristics
described above. although possible ranges of the respective
parmnelcrs arc (hv&dcd &nlo live lcvcls lo show tlm dislribu-
non, ihe number of d&v&s&on &s nol lumled thereto. In
addition, informat&on may be held not only as a map but as lo
an ari&hmetic expression related to the correlation

In Step S102 in 11(i 4, the computing unit 32 of the
controller 3 obtains data of the ICiBT temperature. the
compressor power. and the compressor rotational speed and
extracts. from thc storage device 31, thc pressure loading ls
cluirac ten stw for thc compressor power. die prcssure loadulg
ch;&I'i&cicnslu: fol Ihc ulvcllcl dcicclcx! 0:nlpcldlillc, Bnd lhc
pressure loadin characteristic for the compressor discharge
temperature corresponding to the obtained compressor rota-
tional speed. do

Subsequently, the computing unit 32 draws a curve that
corresponds to thc obtau&cd IGBT on ihe cxtraclcd prcssure
loadulg charac&ensue lor ihc ulvertcr dclimted lcmperalurc
dnd draws a curve thai corresponds lo Ihe compressor power
on the pressure loading characteristic for the compressor d

power If there is no corresponding value, the distribution
curve is interpolated to dree a curve.

Subsequently„ the computing iulit 32 dmws the curve
drawn on thc prcssure loading characiensuc fi&r thc mvertcr
delixlcd lempcralure and the curve drawn on Ihc prcssure o

loadulg characteust&c for thc compressor power on the
pressure loadin characteristic for the compressor discharge
temperature in a superimposed manner and estimates the
conlpressor d&scharge temperature TD at that time by read-
ing out the compressor dischar e tempenan&re at the inter- &s

sccntul of thc leo ciuvcs.
In Step S102 &n FICi. 4, for example. if 70 [" C.], 900 [W],

dnd 1800 [rpm] are obis&ncd as thc IGBT Icmpcralurc. thc
compressor power. and the compressor rotational speed,
respectively, the computing unit 32 extracts the pressure (o
loading characteristic for the compressor power. the pressure
loading chamscterist&c for the inverter detected temperature,
dnd ihc pit:ssulc loadulg chB&ac&ensile fol thc conlplcssol
dischatgc tculpclaiulc colrcspondal Io lhc conlplcssol lola-
nonal speed ol'1800 [rpm] liom Ihe storage device 31 As a ss
result. the respective pressure loading, characteristics slxuwn
in l&ICig. 5 to 7 are extracted

Subsequently, Ihc computing unit 32 draws a curve P900
corresponding to 900 [W] on the pressure loadin chamsc-
tcnst&c for Ihc compressor power shown &n FICi. 5 and a
curve TI70 corresponding to 70 ['.] on the prcssure
loading characteristic tilr &he inverter detected temperature
shown in FI(i 6, and huthermore, the con&puting unit 32
dmws the curve P900 drawn on FICi. 5 and the curve TI70
dmwn on FICi. 6 on the pressure loading characteristic for
the compressor discharge tenlperature shoe n in FICi. 7, in a
supcrimposcd ma&ulcr. oblmns ml &nlcrsect&on PTD ol'hc
two clmractcnst&cs, and roads oui thc compressor d&schar c
temperature TD at the in&ersection PTD on the distribution
As a result, the discharge temperature I'I) of the compressor
is estimated to be 105 [" (1],

Accordingly, it is possible to estimate the compressor
discharge temperature TD by reading out the compressor
d&scha&ge tcmpcraiurc al thc intersect&on ol'hc compressor
power charac&enatic curie and &hc ICiBT temperature char-
acteristic curve on the pressure loading charactenstic for the
cmnpressor discharge temperature. In addition to the case
where the distribution characteristic is used as described
above. for example, it is possible to obtain the discharge
temperature TD of the compressor by performing the com-
pulalion by dclcnn&nmg Ihesc three lypcs of pressure load-
ing charac&eris&&cs etc. by using an anlluneuc cxprcssion clc.
in advance and by applyin venous items of data to the
,'ulthftlcl&c expressio&'I

As described above. accordin to the air conditionin
apparatus 1 of this embodiment, the discharge temperature
TD of the compressor 5 is estimated on the basis of the
tcmpcralure delcclcd e ilh Ihc Icmperaturc sensor 11 ul Ihe
v&cuuty of the semiconductor suitchu&g dcv&ccs 74 in Ihe
inverter 7 Accordingly, because the tenlperature detected in
the vicinity of the semiconductor switching devices 74 in the
inverter 7 is used as the panlnleter in the estin&at&on calcu-
lation. it is possible to perfoml more effect&ve estimation of
the compressor discharge temperature TD even in the event
of m& abnomlal ulcrcasc in Ihc oulsnle a&r icmpcralure.
abnomlal heal gcncrauon, and so forth.

In addition, because the compressor mtational speed is
reduced when the compressor discharge temperature 'I'D is
higher than the set threshold value 'I'ht I and the compressor
is stopped when the compressor rotational speed is lower
than the minimum rotational speed Nthl. it is possible to
pcrfi&nn suitable overheating protccuon. Nolc that a tem-
pcldlulc scnsol convcnllon'&ll)'lovulcd fol pcllonnnlg
overheating protection of &he sent&conductor switching
devices 74 may be used as the tempenlture sensor 11 in the
inverter 7, m&d so, there is no need to install an additional
sensor.

Second I inllx&dinlent

Next. an air conditioning apparatus accordin to a second
embodiment of the present invention w&ll be described.
Although the compressor discharge tmnpcralurc TD &s esti-
mated &n thc lirst emboduncnt descnbcd above. a motor co&l

tcmperaturc TM is cslimdlcd ulstead ol'hc compressor
discharge temperature I'D in this embodiment. A method of
estinlating the motor coil temperature 'I'M. which is the
difi'erence from the first embodiment, and operation control
in accordance with the estimated motor coil temperature TM
w&11 bc descnbcd below e&lh rcfcrencc to FICiS. 8 and 9.

FICi 8 &s a ffowchart ol'pcrat&on conlrol ol'hc air
condil&otung apparatus 1 accordulg to thc second embodi-
ment, and lii(i 9 is a diaaram showing an example of the
pressure loading characteristic tilr the motor coil tempem-
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lure TM of lhc elcclnc motor 6 when lhe compressor
rotational speed is 1800 [rpm]

A processing scqumice shown in FIG. 8 is executed as a

pmgram by the conlputing unit 32 of the contniller 3 In
addition, tlm processing sequence, winch is ill be descnbed
below. is performed repeatedly at a predetermined time
intervals„and in timer processing in Step S201. the prede-
termined time intervals are clocked with a timer and the
processing sequence is started.

I itFirst ofall. vanous items ofdale are oblamcd (Slop S202).
Specitically, the ambient temperature in the vicinity of the
power semiconductor switching devices 74 is ohtauied ui thc
form of the detected l(iBT tempensture data from the
tcmpcralurc sensor 11 in lhc invcrtcr 7. mid the compressor
rotational speed and the compressor power set by the
conlputing unit 32 at the present time are obtained.

Next. the motor coil tenlperature 'I'M of the electric nlotor
6 is calculated by applying the various items of data to a
prcscnbixl arilhmcuc expression [Slcqt S203). Thc calcula-
tion nlethod in this step will be described below.

Next. die calculatcxi motor coil iemperature TM is cum-
pared with a prescribed niotor coil temperature threshold
'I'th2 [Step S204) If the nlotor coil teinperature 'I'M is equal
to or loiver than the motor coil temperature threshold I'th2,
the process proceeds to Step S205, where the normal open-
tion is continued. and if the motor coil temperature TM is
lnghcr Ihmi the motor coil tcmperaturc llucshold Tlh2, thc
process proceeds lo Slap S206, whcrc Ihe compressor rota-
tional speed is reduced Ill

Next. the reduced compressor mtational speed is cont-
pared with a prescribed mininnim mtational speed Nth2
[Step S207). If the compressor rotational speed is equal to or
rester than the mininulm rotational speed Nth2. the process

returns to Step S201 [timer proccssuig). and il'compressor is
rotational speed is lower than thc munmum rotational speed
N(112, ii is dclermincd liat Ihc motor coil lmnpemlurc of the
electric motor 6 has reached an abnormally overheated state,
and the process proceeds to Step 5208. where the cmupres-
sor 5 is stopped. da

Next, the calcuLation method of the motor coil tempem-
lurc TM of lhc elcctnc motor 6 pcrfumicd in Step S203 in
FIG. 8 will be dcscrtbcxi with refi:rance lo FIG. 9.

In llus embodnnenl, thc motor coil lcmpcralure TM of thc
electric motor 6 is estimated on the basis of the correlation
of lhe pressure loading characteristic for the inverter
detected temperature. the pre~sure loadin. characterisric for
the compressor power. and the pressure loading character-
isuc for Ihe motor coil lcmpcralure of Ihe elcclnc motor 6

that arc stored in thc storage device 31 of Ihc controller 3 in a

advance.
Because the pressure loading characteristic for the

inverter detected temperature and the pressure loading char-
acteristic for the compressor power used herein are the same
as those in the above-described first embodiment, a descrip- ss
uon lhercol'will bc onuucd

FIG. 9 is an example of thc prcssure loading clxiraclens tie
for Ihc motor coil lmnpcralure whmi Ihe compressor rota-
tional speed is 1800 [rpmJ, and the distribution of the ntotor
coil teniperature is shown with separate regions Adl to Ad6 io
on the map ofpressure at the high-pressure side HP [MPBCI]
versus pressure at the low -pressure side I P [MPBCI].

Similarly to thc prcssure loaduig cliaraclcrisnc Ibr the
invcrlcr delix lcd lcmpcralure mxl lhe prcssure loaduig char-
acteristic lbr thc compressor power, such d prcssure loaduig ss
characteristic fiir the niotor coil tempensture i ~ also prepared
accordingly to the level of the compressor mtational speed.

In Step S202 in FIG. 8, thc compuung unit 32 of thc
controller 3 obtains data of the KiB'I'emperature. the
compressor pov,er, and the compressor rotational speed, and
extracts the pressure loading characteristic for the compres-
sor power. the pressure loading chamctenstic for the inverter
detected temperature, and the pressure loading characteristic
fiir lhc motor coil tcmpcralurc corresponduig lo the obtatncxi
compressor rotational speed, respccuvcly, from thc plurality
of pressure loading characteristics stored in the storage
device 31.

Subsequently. the computing unit 32 draws a curve that
corresponds to the obtained ICIBT on the extmscted pressure
loading characteristic for the inverter detected temperature
and draws a curve (liat corresponds lo the obtauied com-
pressor power iiil llic prcssiiic liiddiilg cliarBclclhlic lol llic
compressor power. Next, the computing unit 32 dnsws the
curve drawn on the pressure loading characteristic for the
inverter detected tempenslure and the curve drmvn on the
pressure loading characteristic fi&r the compressor power on
the pressure loadilig characteristic for the motor coil tem-
pcrdlliic, iii a slipcliiliposcil iiuiiliicr. Bird cslimBlcs lite illolol
coil tcmperaturc al llial tune by reading oul lhc motor coil
temperature at the intersection of the two curves

In Step 5202 in lil(i 8. for example. if 70 [" ( J, 900[WJ,
and 1800 [rpmJ are obtained as the I(il31'eniperature. the
compressor power, and the compressor rotational speed,
respectiveiy. the computing unit 32 dmsws the curve P900
corresponding to 900 [W] on tlu: pressure loaduig charac-
teristic for the compressor power shown ui FIG. 5 tmd thc
curve 'I'170 correspondin to 70 ['LJ on the pressure
loading characteristic for the inverter detected tempensture
shown m Fl(i 6, and then draws the curve F900 draivn in
FICI. 5 and the curve TI70 drawn in FICI. 6 on the pressure
loading characteristic for the nlotor coil temperature shown
in FIG. 9 ui a supcrunposcd mtutncr, obtauis an uitcrscclion
PTM of the lwo charactcnsucs, and rcmls out thc motor coil
tcmpcrature at the uitcrscclion PTM on thc distnbulion. As
a result, the motor coil tempemture is estimated to be 70 ["
('

Accordingly, it is possible to estimate the motor coil
temperature of the electric nlotor 6 to be 70 [" C.] by reading
oui llm motor coil lmnpcrdiure al the uilersccuon of thc
compressor power clisractcrislic curve and the IGBT tcm-
pcraturc charactcnsuc cune on thc prcssure loaduig clisr-
acteristic for the motor coil temperature In addition to the
case where the distribution characteristic is used as
described above. for exanlple. it is possible to obtain the
discharge temperature TD of the compressor by perfomiing
the computation by dmcnninuig these llure l)pes ol prcssure
1o tubng characteristics etc. by us uig an aril lunatic expression
elc ui advance and by applying various items of data to Ihe
antlunetic expression

As described above. according to the air conditioning
apparatus of this embodiment„ the motor coil temperature
TM of the electric motor 6 is estimated on the basis of the
tcmperaturc dclectcd with Ihc tcmpcralure sensor 11 ui thc
vicinily of thc semiconductor suilclung devices 74 in thc
invcrler 7. Accordingly, bccausc thc tcmpcralurc dc(ected in
the vicinity of the semiconductor switclung devices 74 in the
inverter 7 is used as the parmneter in the estinlation calcu-
Lstion. it is possible to perform more efi'ective estimation of
the motor coil temperature TM of the electnc motor 6 even
in thc cvcnt ol'n abnomial uicrmsc ui the outside air
tcmpcrature, abnormal heat gmieration, and so forth.

In addition, bccausc thc compressor rotational spccd is
reduced when the niotor coil teniperature TM of the electric
nxitor 6 is higher than the set threshold value Tth2 aod the
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1 bird I imbodi ment 28

Next. Bn air conditioning appamuis according lo a tlurd
embodiment of the present invention will be described. The
coniigurauon ol'hc air condiuolung apparalus Of tius
embodiment is similar to that of the first einbodiment (ill()S.
I to 3). Bnd a description thereofwill be omitted. In addition,
operation control of the air conditioning apparanis I of tlus
mubodimcnt dctcrmincs that refngerant leakage has
occurred on the basis of thc compressor roidtionai speed and
the conlpressor power. and this is performed in addition to lo
the operation control in the first embodiinent or the second
embodiment

FIG. 10 is 8 flov chart of the opemstion control of the air
conditioning apparatus I according to the third embodiment.
Processing steps bctwccn a node Ql and 8 node Q2 in the li
Iigurc arc inserted aficr filc stop of obuiinulg thc villlous
itmus of data in the lira( cmboihmcnl or thc second mnbodl-
nlent (Step S102 in lq(i 4 or Step 5202 in IIKi 0).

First of all, an obtained compressor rotational speed NC
is compared with a prescribed compressor rotational speed do

tlueshold value Nth3 (Step S301), and if the compressor
rotdtiorail speci NC Is lower Ihml the compressor ro!atlonal
spccd Qucshold value Nth3, thc process inuncdiatcly retunw
to the processing in the lira( cmbudnucnt or thc scxond
embodiment

In addition, if the compressor rotational speed NC Is
rester than the compressor rotational speed threshold value

Ntlt3, a compressor pow er PC is compared with a prescnbed
compressor power tlncshold fimction value Pth(NC) (Step
S302). and If thc compressor power PC is cipiai to or grcatcr 0

than thc compressor power tlucshold funcuon value Pth
(NC). the process Imnlediately returns to the pmcessiag in
the tirst embodiment or the second einbodiinent

In addition, if the compressor power PC is lower than the
conlpressor pov, er threshold fiulction value Pth(N(') in Step s.
S302. 11 ls detennincd that rcl'ngerant leakage is occurring,
dnd the process proceeds to Step S303. where the compres-
sol 5 Is stopped.

In the case where the amount circulating refrigerant Is
snlall, such as the case where the refrigerant i ~ leaking out io
of the refrigerating cycle 2 and the amount of refrigerant in
the cooling cycle 2 has become low. the motive force of the
compressor 5 is lowered abnornmlly, and thc discharge
tcmpcraturc ol'hc compressor 5 ulcrcascs becmise of the
low-gds state llicrcforc, if Ihc motive force ol the corn- si
pressor 5 is lowered abnormally at the compressor rotational
speed of a certain value or greater. it is determined that

conlpliwsiir is stoppixl when thc conlplcssiir 1018110881 spci'.4
is lower than the minimum rotational speed Nth2, it is
possible to pcrlbmi suitable ovcrheaung protection. Note
that a tempensture sensor conventionally provided for the
ovcrhcdiing protection ol Ihc scnuconduclor swltclung
devices 74 may be used as the temperanire sensor I I ln the
inverter 7, and so. there is no need to install an Bdditiolml
sel'Isor

In addition. as also described in the tirst embodiment, it is
Illpossible to rcthcct mi abnormal tcmpcrature use duc to

malfunction of the electric motor 6 in the detected tempem-
turc data and to perform suitable OvcrhOIhng protection by
arranging the tenlperature sensor H in the vicinity of the
pow cl scnuconductor siw ltchulg devices 74 Bnd 81 8 position
correspondin to a region from the midstream region to the
downstream region of the refri erant flow flolving tluou h
the im crier-integrated electric compressor 10

rcfngcrdnt leakage ls occurring and thc compressor 5 is
stopped. thereby perfomling overheating protection of the
dlschalge tcmpcrature.

FI(i 11 illustrates the compressor power characten sue lor
the compressor rotational speed and illustrates a compressor
power threshold function Plq I In the exanlple shown in
FI(i. 11. the compressor power tllreshoid function PTH is set
such that it is determined that the refri erant leakage is
occurring if the amount of refrigerant in the coolin cycle 2
is less than 40['lo]. The compressor power threshold function
value Pth(NC) used in Step S302 ls obtained by substitutulg
the compressor rotational speed N('nto the compressor
power threshold function PTI I

As described above, lvith the air conditionin apparatus
according to this embodiment, because the occurrence of
refri erant leaka e is determined on the basis of the com-
pressor rotatiollal speed and thc compressor power, and if
the compressor rotauonal speed NC ls greater than the
cmnpressor mtational speed threshold value Nth3 and the
cmnpressor poiver P( is loiver than the conlpressor power
threshold function value Pth(NC), it is determined that
refrigemnt leakage (leakage of the refngerant to the outside)
is occurring and the compressor 5 is stopped, and therefore,
it ls possible to prcvmli thc discharge tempcraturc of thc
compressor 5 flom being mcreased because of thc low-gas
state

Fourth Embodiment

Next, an air conditionin apparatus according to a fburth
embodiment of the present invention will be described. 'I he
configuration of the air conditioning apparatus according to
this embodiment is similar to that of the tirst embodiment
(FI(rS. 1 to 3), and a description thereof will be omitted. In
dddtlliin, iipcldtton contriii of thc Bu'ondltlonulg Bpparduls
1 of tlus cmbodimcnt dctcrmules Ihc occurrmice ol frostulg
Ou thc basis of thc dctccncd tcmperaturc ol thc invcrler
(I(il)T temperature), and thus is perfornled in addition to the
opemstion control in the firrt emlxldinlent or the second
embodiment.

Frosting is a phenomenon in which moisture in the air
Ircczcs (flosts) on thc cvilporiltor 4 lf thc hilmldltv Is high
and thc cooing capacity is cxccssive Frosting disturbs thc
air flow and reduces Ihc amount ol heat cxchangixi with thc
air 1)leretilre, the refrigermlt. which normally returns to the
compressor 5 after being subjected to the heat exchange ivith
the air and evaporated. renims to the compressor 5 as a
liquid refrigerant without being evapomted. The liquid
relrigcrant can wash ofl lubncatulg od from sliihng parts,
leading to 8 nsk of damagulg thc compressor 5.

In 8 Sltlliltnin whCIC il lalgC dnloinlt Ol hquld ICfllgcrant
returns to the compressor 5 when frosting occurs, heat
generated by the power senliconductor switching devices 74
is more excessively cooled than in a normal situation with
the latent heat of the liquid refrigerant. Therefore. in the case
where thc detected tempcraturc of the lnvertcr (IGIIT tcm-
pcraturc) is abnormally lower than thc normal state, it is
dctcrnuncd that the liquid rcfrigcrant w retumulg to thc
compressor 5 and that fmsting occurs.

III(i 12 is a flowchart of operation control of the air
conditioning apparatus 1 of the fourth embodiment. Pro-
cessing steps betv, een 8 node Q3 and a node Q4 in the figure
are ulscrtcd after thc step ol'btainuig the venous items of
data (StcTI S102 ln FIG. 4 or Step S202 ul FIG. 8) ul the lirst
embodiment or thc second mnboduncnt.

llirst of all. the l(ii)T tempensture is conlpared with a
prescribed l(ii ) I'emperature threshold value I'th3 (Step
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S401). II the ICiBT tcmpcraturc Is lugher lhtm lhc IGBT
tenlpemture threshold value I'th3, the process immediately
returns to the processing in the first embodiment or the
second embodiment.

In addition. if the ICiBT temperature is equal to or lower
than the ICiBT tempemture threshold value Tth3. the process
proceeds to Step S402, whcrc a counter Js ittcrcmentu!. and
then. Jhc counter value is compared with a prcdclermlncd
count threshold value ('thl ()tep S4()3). I fere. the counter
contimlously counts the number of times that the ICIB'I'0
temperature is deternuned to be abnormally lov ered. and the
count tlueshold value Cthl may be set in accordance v.ith
the intervals of the timer processing (Step S101 in FICJ. 4
dnd Step S201 in FIG. 8).

II Ihc counter value Is smaller than lhc predelcrmuled I

count threshold value Gthl, the compressor rotational speed
is increased (Step )404). and the pnlcess immediately
returns to the first embodiment or the second embodiment.
In addition, if the counter value is equal to or Itreater than the
predetermined count threshold value Cth1, it is deterrnlned Io
that lhcrc will be no Improvement, and lhe process proceeds
to Step S405, where thc compressor 5 Is slopped.

As described above, with the air conditioning apparatus of
this embodiment, because the occurrence of frosting ls
detemlined on the basis of the detected temperature of the
inverter (ICiBT temperature), and the compressor romtional
speed is increased when the IGBT temperature becomes
lower lhdn tlu: IGBT lcmpcralurc tlueshold value Tlh3 and
lhc ctunprcssor 5 la stoppcil ll nt1 unplt1vcnli:nl ls sct'.n
within a predetermined period. it is possible to prevent the Io

compressor 5 fmm being damaged due to frosting. of the
evaporator 4

REFERENCE SIGNS LIST
ls

I air conditioning apparatus
2 refrigeratln cycle
3 controller (control means)
4 ct Bpt1JBJUJ

5 compressor do
6 electric motor
7 inverter
8 condenser
9 expansion valve
10 inverter-integrated electric compressor
11 temperature sensor (temperature detection means)
31 storage dcvicc
32 ConlpUlulg ilail
52 housiltg
61 inverter-accontnlodating portion 0

74 semiconductor sv itclung device
75 poller circuit board
76 control board

The invention claimed is:
1. An air conditionin appamstus comprisin a controller 11

duti d rcfrlgcl'Iuulg cvclc ulclUthng Bn I:li:ctnc ctuuprcssor
thai compresses gds refngermlt, a condcnscr thai condenses
high-prcssilrt: gas ri:Irlgcranl bv I:xchangulg hi al with t1UJ-

side air. an expansion valve that converts high-temperature,
big)1-pressure liquid refrigerant into low-telnperature. Iov - io
pressure liquid refrigemsnt, and an evaporator that vaponzes
the low-tempemsture. Iow-pressure liquid refrigermlt by
cxchangulg heat 0 Ith outsldc air, whcrem

lhe electric compressor w an ulvcrlcr-inlcgralcd electric
coulpliwsiu'llat alii:grallv'lclUtlcs a I:onlplcssor, Bu ss
electric motor that dnves the compressor, and an
inverter including a temperature sensor that detects

16
tcnlpcltuUJC'. hl lhi: 1 Ichlllv'1f d si:nllcontltlclor stwltch-

ing device as an inverter temperature.
the contm lier comprises.

a storage device confi ured to store
a lirst uflormatlon uldtcattng a plurahty of firsl

high-lolv pressure characteristics, each of the plu-
raiity of the first high-low pressure characteristics
indicating a relation between pressure at a low-
pressure side and pressure at a high-pressure side
of the compressor according io a motlveforce of
the compressor,

a second information uldtcanng a plurahly of stxond
high-lolv pressure characteristics, each of the plu-
rahty oi'hc second high-low pressure character-
istics indicating a relation between pressure at a
lov:-pressure side and pressure at a hikth-pressure
side of the compressor according to the inverter
temperature,

a llurd Informanon mihcallng a plurahly of tlurd
lfigh-low pressure characteristics, each nf the plu-
ldhlv 01 fhC lhlril high-low priBSIJI'C Chal dCJCIlsllCS
indicating a relation benveen pressure at a lotv-
pressure side mid pressure at a high-pressure side
of the compressor according to a nlotor coil tem-
perature of the electric motor; and

a processor configured to
obtBhl, flout lhc llrsl Intorulanon, onc of lie plUrahlv

oi'he lirsi Iugh-low prcssure characlcnsucs ol'hc
compressor that corresponds to a current motive
force,

obtain, from the second infornlatton. Ime of the
pluraiity of the second h)gt-Iow pressure chamsc-
teristics of the compressor that correspnnds to the
inverlcr tcmperaturc dclcctcd by flm lcmpcralurc
sensor, tmd

spccti1 the combulation of thc lugh pressure and low
pressure of the conlpressor fmm the obtained one
of the first high-low pressure characteristics Of the
compressor and the obtained one of the second
lfigh-low pressure characteristics of the compres-
sor.

spcclfv'he nlolor coll tt:ulpcl'dtUJJ: of lhc cli:cnlc
motor thai corresponds lo thc combulauon of thc
high pressure and lolv pressure of the compressor
using the third intilrnlation and

estimate the motor coil temperature of the electric
motor.

2 An air condltlomng apparatus accordulg lo clmm I,
whcrcul lhc tcnlpcldlUrc sensor ls Brldngcil dl a poslllon
I:orri:spouting to B region flout d uutlslri:dnl rcglou lo a
downstreatn region of a refrigemsnt flow tlowing through the
electnc compressor

3 An air conditioning apparatus according to claim I,
wherein the controller determines an occurrence of refbig-
crant leakage on a basta of thc rotational speed of thc
conlprcssol tutti flli: ulonvc Iolcc ol lhc coulpli:ssor.

4 An atr condluorung apparatus according to clmm 1.
v herein the controller determines an occurrence of frosting,
on a basis of the imerter Jempemsture

5 An air conditioning apparatus according to claim I,
v herein a plurality of pieces of the first infomlation, a
phtrdhlv tll plcccs of lhc sccoJttl lnlornlallon, dail B plUrdhlv
of pmct:s of thc ilurd information arc stored ln the storage
dcvicc.

the plurality of pieces of the first mfilrnlation are associ-
ated tvith different compressor rotational speeds,



17
US 10,488,093 B2

Ihc plurahty ol ptcces ol thc second mformalton arc
associated tvtth difFerent compressor rotational speeds,

the plurality of pieces of the third information are asso-
ciated tvith different compressor rotational speeds. and

the processor performs processing of extractin, from the
storage device. one of the plurality of pieces of the tirst
information, one ol'hc pluraltty ofptcces ol'he second
information, and one of thc plurahty ol pmccs of the
third information according to a current rotational
speed. and performs processingof estimating the ntotor ta
coil temperature of the electric tnotor usiag the
extracted one of the plurality of pieces of the hrst
information„ the extmcted one of the plurality of pieces
ol Ihc second tnl'onnatton, and Ihe extracted one of thc
plurality ol pieces of tlm Ihtrd udomtatton. 1
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