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1 DESCRIPTION DRIVE UNIT FOR COVPRESSOR AND

REFRI GERATOR TECHNI CAL-FI'ELD 5 The present invention
relates to a drive unit for g conpressor and a
refrigerator. BACKGROUND ART Generally, refrigerant
circuits for use in an air conditioner are constituted
by a conpressor, an outdoor heat exchanger, an
expansi on val ve and an DESOCRIPHI®Xeat exchanger which
are all connected in series to perform operation on

the vaMRIVEMNIEIEDRCOMPRIFHRNMINDYREFRIGERYAOR
refrlgerant clrcults, operatlon |1 S sonet | nes

performed in inadequate conditions owing to
accel eration/ decel eration of the conpressor, abrupt

TECHNI@AL,angeip | oad, and defective operation of other
apparatus than the conpressor. If this happens, the

CONMPI§SS t Sy JebEEN d resylting in a
failure r?siaﬁeﬁ%:‘}g%?{ésg%%t.e}?g gg%g%viut%tsgﬂf & %?Wé’ressor and a
re% yggtional refrigerant circuits of this type are

signed to prevent liquid conpression and the

i j | ubricating oil, for exanple, by

B%d%m%ﬁﬁ]ﬁ% ‘%ﬁi degree of superheating a suction

refr'gera t ereinafter referred to as "the degree

of sﬁ‘ BY8hY s BPESRERR CTicHits Har 5@ i 8R ab; prenditionematergonstituted
by COTPr essor . The apove refrigerant circuits control the

Y e fPUPLISSPe Y CRKonihseh srglangstpan ekpeRsior Gitpreesdran indoor

so ag to beconme equal to a tenperature which is

he?de?’%’iﬁ‘?‘

REd Yy cheke 3] govaegied i isoserinst Weparfom operation on the
saturation tenperature of the |ow pressure
VARt GIIgRICATion gt igdating wyeleat Uneswh telfidgetiant kacgis,gaseration is
of the 25 conpressor, whereby degradation of oil
somefange petfermedpn dsatequat ewliditiass odémy anlatédarationt deeleration
magnets i s avoided. 2
of the compressor, abrupt fluctuations in load, and defective operation of other
apparatus than the compressor. If this happens, the compressor gets internal
damage, resulting in a failure in the compressor.

To cope with this, the conventional refrigerant circuits of this type are
designed to prevent liquid compression and the dilution of the lubricating oil, for
example, by controlling the degree of superheating a suction reffigerant
(hereinafter referred to as “the degree of suction superheat) in the suction pipe of
the compressor.

The above refrigerant circuits control the temperature of the discharge
pipe of the compressor so as to become equal to a temperature which is
determined by making a comparison between the saturation temperature of the

low-pressure refrigerant and the temperature of the discharge gas of the

compressor, whereby degradation of oil inside the compressor as well as

~ degradation of the magnets is avoided.
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Concretely, Japanese Patent Publication Kokai No.

7-180933 di scloses a refrigerator according to which,
the tenperature of the oil ofythe conpressor and the
pressure of the suction refrigerant of the conpressor
are detected and, according to the detection result,
the solubility of the refrigerant dissolved in the 5

oi | iGomadtely, Zﬂapﬁ‘nesé%teﬂﬁ?ﬁgh@z{hdrf‘?{o%@ Nk?)' 17130913 WhRloses a

refrigerant, the operation frequency of the
re GOFRERT HREotEnE O LIIALH, eﬁl’e tte G?QMI'EPBPE?J'BH% {ri2€ compressor and

dilution of the oil. apanese

thPUpek&ati o Kokaictip. %]161‘?1%0%9 &l Sg%ﬁgﬁessﬁ e et.egted and,

conpressor having u tras I C probes a bric

t
R BB P R s
N e T L
e R N T T TR

oj[cONPr essor, so 15 that tinme delay, detection errors,
étc. are |ncluded in the control. Wen designing a
refrlgera , safety is taken into consideration which

of t eftiCeatfPapese datedsPubliptinredtaisn BP. 1209 189tk stistloses a
and oth As a result, satisfactory performance on
COMRESs @ ﬁﬁ@é%ﬂt@@or@mreﬁ%ﬁhﬂw hibrizetive podnts Abersoffed Based on
earlier, the refrigerator of Japanese Patent
ultpagppicc itprsitigoRatecid, by 2be 20045890 Pooese ds i pretersiined whether
of ultrasonic probes, which causes the drawback that
OTF%%WﬂHHBbHC@mOmQGM5S|ncreases and the conpressor
becomes conplex in structure. The invention is
PRQBEBEMS Ti® BF/ 80JoVEDg t he shortconings of the prior
art and a primary object of the invention is,

t herBicorefrigranabl gapsedsearetcpt epliylida0idn ‘KfokbheNo 7-180933,
internal condition of a conpressor, to prevent

hovemair déod ssneadised] soe 28t plRMIEHa ARRAARLE AR {H%ecorﬁpressor S0

conpressor, and to avoi d excessive pro ecti on of
that aivpe egslay, Qie@eotldﬂ"'%ﬁ'ﬁ:mf MR NG MR RdhEghaRf fLal8CY When

operating condition.
designing a refrigerator, safety is taken into consideration which often leads to
excessive protection of the compressor and others. As a result, satisfectory
performance on the refrigerating cycle cannot be achieved. |
As noted earlier, the refrigerator of Japanese Patent Publication Kokai No.
2001-99070 needs provision of ultrasonic probes, which causes the drawback that
the number of parts increases and the compressor becomes complex in structure.
The invention is directed to overcoming the shortcomings of the prior art
and a primary object of the invention is, therefore, to enable accurate prediction

of the internal condition of a compressor, to prevent accidents caused by

abnormal operation of the compressor, and to avoid excessive protection of the

‘compressor etc., thereby maintaining a high-efficiency operating condition.



DI SCLOSURE OF | NVENTI ON According to a first aspect of
the present invention, there is provided a drive unit
for a conpressor having a notor, the drive unit
conprising: detecting neans for detecting the current
and/ or voltage of said notor; and prediction neans
for predicting an internal condition based on
detection val ues obtained by said detecting neans.
According to a second aspect3 of the present invention,
there is provided a drive unit for a conpressor as
defi ned above, wherein the prediction neans has

DISCINOSUREROFINVERNON Or i dentifying a paraneter of a
notor nodel fromthe detection values obtained by the

detecting neans, and derivation neans for deriving

" he ACERABOSLTAL 4 QBeDEP B B KRAROBR e i prpyes o

draneommtefor&spmnpreﬁsot hawpga—serdton Ichﬂht/@rmmttdm;ﬁlélrﬁg detectmg
drive unit for % essor, havi ng

mBAR R HeRpUNTE GLfEt FOSSleV AN g SN aaeaprEpiction
mé@ﬂis R lpesdittity AM ﬁ!té#ﬁal Q&ﬁdlﬁéhjbﬁéed/ 8h H@&%ueﬁ vallRsBHt8hed by

. The drive unit further includes prediction neans
S%d‘PfGPt"EQ@maBﬁ ng an internal condition based on

det %bﬂﬁ}g}%ﬁ] He3:004 8k cq oWh% p?ess%nfjﬁﬁﬂlgﬁ ﬁ?%ﬁ%ﬁ%%ﬁé\ﬁded a

and current an or voltage o
dritetumitt fod ai compressmragdddefired abhovey Mlhef@n dhe predietidremeans has

Ci Base onthselectrlca forrralon
oty RS T Biedhing s Bararetee ot p reiqy, Bindel dipm the
deférainlisvdlGes h:lbﬁalﬂédl YO Abtectilg mEsHd, eaid ¥l Sion means for

vol tage can be detected by real-time processing

defivingotite tintegnal gepagition obagesk anhdéhe npasametterc idrntifiednbyf said

iddriificafPiesser 1 is predicted with high accuracy
év{/lﬁ ﬁl n a s%o?t time. According to another aspect of

t he Agcersiing td anather aapedth:érthem&;esmrdavm@ﬂoa thetre e provided a
o B b BT A5 05 B e 50 Lt SRS gt
mdaremé RAdUE est datectird) URS caRém ARoPYoltddie of e Aidie196. The
drlcg %mt fur?her includes prediction means 28 for predicting an internal condition
based on detection values obtained by these detecting means 16 and 17.

The current and/or voltage of the motor 6 are detected in a motor drive
circuit (e.g., inverter circuit). Based on this electrical information, the internal
condition of the compressor 1 is predicted. Thanks to this arrangement, the
current and/or voltage can be detected by real-time processing without time
delay, so that the internal condition of the compressor 1 is predicted with high
accuracy within a short time.

According to another aspect of the present invention, there is provided a
drive unit wherein the prediction means 28 has identification means 20 for
identifying a parameter of a motor model from the detection values obtained by

the detecting means 16



3a and 17, and derivation neans 21 for deriving the
internal condition based on the paraneter identified
by the identification neans 20. The identification
means 20 identifies a paranmeter of a notor nodel from
t he detection val ues obtained by the detecting neans
16 and 17. Based on the paraneter identified by the
identification nmeans 20, the derivation neans 21
derives the internal conditgn. According to another
aspect of the present invention, there is provided a
drive unit wherein the internal condition predicted by
TP R e Ay A 27 Lo et IncFRERAgTRohbiiG ted on the
pasmertanidentied by theodentifisbtion meams 20s pr edi ct abl e.

Thi s it e.d. ch e_into nore 4

rol ax Do BsFOTtiob IneRE 3 iERRE p w2o@iel 85 sigar model from
thaaistediongvalvesolstired Iasecdetetting @eans 96ndnd 7. Baséd on the

ther? IS R'R%L ed a _erye unit wherein the interna
PRIBNEST Gf [5.' P¥t g Hpnification Jueens &9 tha fergtion means 21
défe8thd RIERERESHIRiIonS! NCe nptor tenperature is

predi cted, a need for a tenperature detection sensor

can Kecorsingteanothear aspact of the presestinertiary thiereds prowided a

s ' I} | r oy .
ST i eindRe fitoh il chhdof Pl e Pt epge 28
shiaft amotrhalitiessqramior dibrichtiomr esent i nvention, there is

provided a drive uni ereipn.the notor 6 is a )

br ush 90%%?&?&?8@%%@%@%% YePepfi lubligationgs predictable.
TH UAAMIES & tOMARY DEharidtfintd 4 figral  condition can be

nore accurately predicted. According to aspects of the

present invention, there is provided refrigerators

equi pped with the drive unit for a conpressor

constructed according to the first invention. First,

there is provided a refrigerator , which has a



refrigerant circuit provided with a conpressor |

including a notor 6. Also, the refrigerator has

detecting neans 16 and 17 for detecting the current

and/ or voltage of the notor 6, and prediction nmeans

28 for predicting the internal condition of the

conpressor 1 based on detection val ues obtained by the

detecting neans 16 and 17. The current and/or voltage

of the notor 6 are detected4n a notor drive circuit

(e.g., inverter circuit). Based on this electrical

information, the internal condition of the conpressor
relaxied serAsk ebRdition Adlokd &@vér@'c%n?dg’e@nge”em , the

current and/or voltage can be detected by real-tine

pr obeserding i aneiher espasct afdhaypresant timvantiohethane ds peovided a
oL R Bh, b SRR REn brd o) BRI Ml 25 1
meter tempedturdccor di ng t o anot her aspect of the present

invention, .there is provided a refrigerator wherei .

t he e PietordRmssur 8 Hedictdi i Rred B o foriRaiRGrs getection
sehebr carflBBtobividted Rurhaf A0RE Séssitile 3o ARtPMiNE@ALtHEF @ Fidfor is

detection val ues obtained by the detecting neans 16
driying narmally drogs ferexanile nibimrregictgdbmog tempaiptuiee

I nt RO ot £ e : :

par e AR rdB Sonsel B A PHETHP inlenlB el 1S Piyided o
driveamnitdeheidin thet inotor Bdamsbrdshliesse DG ioks. a par anet er of

f | f the d ti I tai ned hy
E heSgp 48 Hive bR sed 3 bAEHESS 'S pidlob e e b Fandifap can
bel rlery adduestelyyprebietdadent i fi cation means 20, the
derjvation neans 21 derives the internal condition.

Accorrdigor 4o amereds B5ptter RIPSeme ipyardiont thetenisi gipvided
AL e 8816 LBEIGPLomISCE] Cylshectl ot
to Hte finstingeaamtirstnthanei ds, plosidedi sapr efiigerdton , which has a
reﬂ}igé{?i[r??cﬁrgtgf{psﬁﬁﬁécgﬁthtzgengr%r%gs%re{ lrllcqt%}% fe{ (randott_g)ly GF R?so, the
refrigerator has detecting means 16 and 17 for detecting the current and/or
voltage of the motor 6, and prediction means 28 for predicting the internal
condition of the compressor 1 based on detection values obtained by the
detecting means 16 and 17.

The current and/or voltage of the motor 6 are detected in a motor drive
circuit (e.g., inverter circuit). Based on this electrical information, the internal
condition of the compressor 1 is predicted. Thanks to this arrangement, the
current and/or voltage can be detected by real-time processing without time
delay, so that the internal condition of the compressor 1 is predicted with high

accuracy within a short time and refrigeration



nmotor driving torque. Since notor driving torque is
identified, refrigerant pressure etc. in the
refrigerant circuit can be estinmated fromthis notor
driving torque. According to another aspect of the
present invention, there is provided a refrigerator
wherein the internal condition predicted by the

predi ction neans 28 is the high refrigerant pressure
or lowrefrigerant pressure pf the refrigerant
circuit. Since the high refrigerant pressure or the
like of the refrigerant circuit is estimted, the
iBpRffRiheg condition of the refrigerant circuit can be
grasped from this high pressure or the |ike.

Acc @Horng do @ﬁ@th@érasagpfe@ft thefpresentgneidion, thereris ipsevided a

fatof %Qﬂlrﬁj% %redigt drl 91%8?15"2?8 ﬁﬁs M%q{t“%gtlérpﬁ]eans 20 for

igerant circuit Ts provi eran
1demte‘ymg regparaaneder2df a amﬂor?i&oﬂeirfrmfattb@ﬂet@tzan vefueisgditaingéd by

The derivalion 21 derjves the i.gh .
e eaieh rienss 26, 9% A7, Gt Spiagensieans &L o defiving the
ihfeenal @ohtigion dfthe comprdssoPa3REeabni e ;maémété#l“dé/r\tmgd by the
tor(%ue identified by the 5 identification neans

rfitication ByeaNg@Pant state detected by the refri ger ant
det eggd %n‘l’fﬁ%@nﬁ%& ?3?7?1 entlf E%% bt of aefrfdt&eﬁ'ﬁﬁél from

pressure or e refri'gerant circuit
the tdetartiod Viahesdhdainet d)yrmeatetekrtmgl ngneansqU@ aaddf 7t hBased on

[ nt, s t efrigerant.ciyrcuit, the
thE PRI R [1eBliftdad Ind 1arfiioh FaTadithe Hefiyationmeans 21
d@rae§§meﬁ1nt§nalmo@hmoﬁccord| ng to anot her aspect of the
present jnvention, there is provided a refrigerator

wherAgeRrdings anethge pEPRCI G bbinresant prvantigadthare fis provided a
réfigeli6H, Wherd R URE Mot 6 EBRishles8 WL fibeé0! detecting a

rigerant state Ivation nmeans 21 is forned
suciccording teeanethet aspadiiql the presant imtentiod) therads provided a

B BRI b 8 e e Bl R A%, 20 i
motor driving torgque.

Since motor driving torque is identified, refrigerant pressure etc. in the

refrigerant circuit can be estimated from this motor driving torque.

According to another aspect of the present invention, there is provided a
-refrigerator wherein the internal condition predicted by the prediction means 28

is the high refrigerant pressure or low refrigerant pressure of the refrigerant
circuit.

Since the high refrigerant pressure or the like of the refrigerant circuit is
estimated, the operating condition of the refrigerant circuit can be grasped from
this high pressure or the like.

According to another aspect of the present invention, there is provided a

refrigerator



circuit and the degree of suction superheat of the
conpressor 1 is set beforehand, and such that the
degree of suction superheat of the conpressor 1 is
deri ved based on the notor driving torque identified
by the identification neans 20 and the refrigerant
state detected by the refrigerant detecting neans 22
and 23. Since the degree of suction superheat of the
conpressor 1 is estimated, ®&he degree of suction
super heat can be properly adjusted, so that
excessively overheating operation and wet operation

oHerdiA thY Qéﬂ@@ran‘f\(‘&l‘éhﬁ'|§‘9rd\ﬁbéﬁﬁﬁther6fr@%?§rﬁtdé?§ct €means 22
present invention, there is provided a refrigerator

@Msﬂé.fﬁr drtedting & refligerentitateonThe detivation mpanad1 derives the
8
b6 tefidepaht BRs5u or lojy SRUBIERF Eeftund iR 36lrdep At circuit
hagedcon It dnatac drivieg shafue ldbnnﬁelzhbytthegél iientificatioed mﬁans 20
conpressi on s e es it to e
G Te T3 T0Rerd SeBofatec T By HisrelioGrbbdctaning menns F3nd 23.

exanginge thy High vsfiigerahh BreRafebl e filkeBf BRCMefberahh@reuit is
conpressor 1, thereby avoi ding severe damage

extivtted hgsed ahdieneotersgddng derqueeantd & e "QﬂRﬂ@htSlTaiﬁ of the
f
SRR oA SRl 1 08 St i bt o '
h!glm current of the notor 6, and the predi ct| on maans
t
i GRSPOIG i PERBh SR dPE PHEIB RIATtGR, BRrE ihprovided a

refrigerated wiyerehethdaefiitferaret diean$s pRoviddtewith 98@iGerant detecting
har noni ¢ conponent of the detection current is

ARaNS 24 @ndneP forrdedectinena refiperiapt stader Ehe derivationningaes 21 is
£ .

(A8 L SRR Eaibhlif LUIABE Al N BN DepBhang

to nipecreftigarant temhemlreharﬁd/oah:eimgmﬂhttp'aressume bf the defrigerant

GRRL SR8, BaGoRCEE RO sl o W | PBRRDS, 1,1 so
bedrehged, adrer sudhethat metde@r@é eflsGdtioAnsupeaisat &8 thy esthpicssor 1
u? Cd%%l(/gc? ntfaesegf or{1jl nthtle motor driving torque ideniified by the identification
| means 20 and the refrigerant state detected by the refrigerant detecting means
22 and 23.

Since the degree of suction superheat of the compressor 1 is estimated,
the degree of suction superheat can be properly adjusted, so that excessively
overheating operation and wet operation can be avoided.

According to another aspect of the present invention, there is provided a
refrigerator wherein the internal condition predicted by the prediction means 28

is occurrence of an impact load within the compressor 1.



| oad fromthe amount of distortion in the sine wave of

t he higher harnonic conponent of the detection

current. Since the higher harnonic conmponent of the

detection current is analyzed and the inpact |oad

i nposed on the conpressor 1 is predicted from the

anmount of distortion of the sine wave, the interna

condition (such as poor |ubrication or |iquid

conpression) of the conpressoryl can be stably

predi cted. According to another aspect of the present

invention, there is provided a refrigerator, wherein

t he prigdiLdid j : -

| mpact ProateRie AN A foRE0R SBcfl o e chinaifec o auid
caepression masheearnitnposed.gr Bait enablearit t paks etchaaperimtocemore

Bl e 0P SPalithy! R RBMnIE BN Ind aGORR RRhey or
thaicghmredsar Mo thetelppavsidiagtisevbrd demdgé.ect i on current

and jts reference value, the internal condition (such
o dhrsordite &0 Gapiheh 2aPett lUie PresAR daston) there israrovided a

refriRfEP4teF $Plerdin 4AE defectidai VatuP bBdindsE EJY éﬁé SRefciRg rhans 16 is

anot her aspect of the present Invent , there’is
the corient af the melari Gcandt e priedioion mérns 28 eredicts acslirence of

ol 4B 8 DA e, ol PESRE ABRERN Srens
obpaiined by ¢heotietebting nedansd® ant circuit. Since the
specified reference val ue itsgff]tgtq ccording to, the

f
- o1 r %o Pigher NBHRAR SPTIPNeR dfection qient is analyzed and
if BRTAUrRANaMNYy Sdduflind thik Highd haidrid %oﬁfpoh%ﬁtaﬁg§ﬁgﬁa§fﬂental

internal condition increases. _Accor di ng_ t
wayepsrnpaitent bk apuseshwaveferm)i tis thengredictedghet/anlrdpact load

suf o S5O 110 AP0 SR g BLEH 1 o

on nea 'S~ poor
| i qéicdordinptceasother aspddi®f toepreassmo invbntitls,cthiereiscsroided a

o aetht SASEH PRl e Y TR S SHa bl o 2R rpac
lod &@ht tesl. anhdiffteofi istdiidh RARe &ifdAMR of the higher harmonic
component of the detection current.

Since the higher harmonic component of the detection current is
analyzed and the impact load imposed on the compressor 1 is predicted from
the amount of distortion of the sine wave, the internal condition (such as poor
lubrication or liquid compression) of the compressor 1 can be stably predicted.

According to another aspect of the present invention, there is provided a

refrigerator, wherein the prediction means 28 predicts occurrence of an



into a nore rel axed service condition to avoid severe

damage. According to another aspect of the present

invention, there is provided a refrigerator wherein

t he detection value obtained by the detecting nmeans is

the current of the notor 6, and the prediction neans

28 predicts the poor lubrication or liquid

conpression of the conpressor 1, based on the

increasing rate of the detection current obtained by

the detecting neans 16. 9 Since poor |ubrication or

[iquid conpression will occur if there is a rapid rise
irdpgact YsdcP Whent the high& Ratm&RE HdniheRi of ife tioRSQlrreht is

such as poor lubrication can be predicted fromthis
greptas tharc g prefetiefetenesomied. aspect of the present

i nveat]j : ' . QVI frigerator. el n...

the Poceine gL bondlig bEE Sl Es T 8hicEb Ehlking
cahapatsonnigetweenrthe 2ighadhadndric cdeipenehnef the etddion adlrrent

state.. I n the prediction neans 28, stationary, L
g Eeferehor B ot St HondBod (s, 2S papriobgedtion or liquid
drasredsion) 6fitR ‘éﬁh??é' i i by the
° det ec?li n_)g negns 6 %S%S%%sﬁ%@g%s'?t%%lgﬁgf gerant state

det Aesasdinglotanothest aspgst oh theleresent inyentiomsthere improled a

lubri : S _ : . .

AR WA L LEALhES ol KR AT 150 2 4 i
adoetdapen witte thet atfrigerany tempemtireamt/oh esfgéreat ippessure of the

' urrent . obtained by the detecting nmeans 16. Since
re@iggﬁrgﬁé{?‘y"{current is set based on the detection

cur Bl #ied spéisified SefraifRicARhlubeRPSERhERdIngeld trite réRberant
ressure or the like of the refrigerant circuit, the
tefg‘f’ﬁfﬁ“ﬂfﬁa@yt%”ﬁ%ﬁf the, siefrigetart gircuit.gther relinbilityl of the predicted
int@ﬁ%@@oﬁ&ltiéﬁ‘ﬁxcﬁ%@&@fi son between the stationary
current and the detection current, the internal
corficording d6 anvtiercaspecesttre prassnpiredntidre dtherlsisaprovided a

esul t.he i nternal condit.ion of f onpressor 1
refG3ied, wiitein I iniEind ganeboR Ruietedby & PRiiiion reans 28
is postiBGoatioAes tgdidnonistessioh rethesdisiesdr £.he present

I nvention, there is provided a refrigerator wherein

t he Peatiience sh Prealbriogtion etliauid cpapressinn isqredistabde and, if
pob} Ritkiation or liquid compression is predicted, there is then made a change
into a more relaxed service condition to avoid severe damage.

According to another aspect of the present invention, there is provided a
refrigerator wherein the detection value obtained by the detecting means is the
current of the motor 6, and the prediction means 28 predicts the poor lubrication
or liquid compression of the compressor 1, based on the increasing rate of the

detection current obtained by the detecting means 186.



conpression in the conpressor 1 based on an increase

in nmotor driving torque which exceeds a specified

val ue. Since poor lubrication and Iiquid conpression

will occur if there is a big rise in notor driving

torgque exceedi ng a specified value, the internal

condition of the conpressor 1 such as poor 10

| ubrication can be predicted fromthe rise. According

to anot her aspect of the prese@t invention, there is

pov ded a ef ri ger at ﬁgereinthe r@fri er_ant ) .

circ frtcel%ooé l'i’ anart 'rg“ FPMPESEin WHRY ifrffeifeisma rapid
ristZinaifreRr tlﬁ@intét@nbﬁééﬁd"ﬁbrﬁoﬂ e coffrésior St tich-ad ﬁbdrrl‘t?oncation

pr edi ction neans 28, a stationary torque for th

Cﬁfb‘t%Pre@"qt@ﬂfrPQ”' Wissh state is set [ based on the

not t. n

roans 3 89 apQlrh Sshb br heEestheferlish ey fEblibed a
refrigerdtor rwienetetrentefiigract cirgitris ansich2d witld ré8ger@nd deteeting

r,Lubri e} i qui.d conpression of the
BT 7R 40, htor ot iny Ao T3 taien &n< Brsiktioggreans 28, a
stﬂ&inwﬁﬁurfr@ﬂ fot el mawrxs ihMst6adistatd e sefBhoéd Gh itié BBtection
orque identified by the identification neans 20

CUQ‘%% ebtainad Brdhg d@tﬁ(‘éﬂ]@ meanse16 pnddensedl eméhermeidgerant state
dét’éétéd 'Bg tl‘ﬁerQf‘r'i?eF’aVHtI dtetbectm +r9{ﬁ?%¥1dt %H%H oor lybrication

refrigérant pressure or efrrdgeran
ordiquisugampressionsifdhé @nmpyestamr duie mbdlstesieby hreking @lcomparison

ed on the c arkson between
et dher SEpgTaTTe cuttnt ABC B JeliPne durrgrg oblartssh by the
deltédtlegrméanwr@]ltl on of the conpressor 1 is predicted.
As a result, the interpal condition of the conpressor

| sudRcastalionary grephis set basest enithecdptastian pugent and the
refigerdnt $¥mp @%@r@d'rétﬂ ét%n@P%%ﬁFe 8r ﬁké)Bf Eﬂeere?végéﬁﬂtt circuit,

i Avention, theré is prov rlgera or
the Iséatipnaty cuirent tfumselzﬁa@d'ﬂgmtrellahﬁﬁmr Baseédmnotha hemparlson

I n of resso i.ch h
el Bt bl 8 SR Bt o R 2o o
the efongressort 1t (ymeediciede, As e Iiegal aMfe RREAUEBRIBON L 6FE the
| ubri cat| on state of the shaft is outputted, the user
copipregser j1;9ush @gpoor lubrication is predicted with high accuracy.

According to another aspect of the present invention, there is provided a
refrigerator wherein the prediction means 28 predicts poor lubrication or liquid
compression in the compressor 1 based on an increase in motor driving torque
which exceeds a specified value.

Since poor lubrication and liquid compression will occur if there is a big
rise in motor driving torque exceeding a specified value, the internal condition of

the compressor 1 such as poor



grasp the internal condition of the conpressor

W thout fail. According to another aspect of the

present invention, there is provided a refrigerator

whi ch has protection nmeans 29 for protecting the

conpressor 11 1 based on information on the interna

condition of the conpressor 1 predicted by the

predi ction neans 28. It should be noted that "the

protection of the conpressap” expressed herein neans

that the conpressor is prevented from abnornal

operation, based on the information predicted or
lugRéRoreshn D Breafit®d B8ACthelrises Protected by the

protection neans 29. According to another aspect of

t he APesding p rapethar @ispeche Bei prepenhvindention, there is provided a
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on tﬂggording to another aspect of the present invention, there is provided a
refrigerator wherein the prediction means 28 outputs information on the internal
condition of the compressor 1 which has been predicted.

Since information such as predicted refrigerant temperature, refrigerant
pressure, or the lubrication state of the shaft is outputted, the user or the like can
grasp the internal condition of the compressor 1 without fail.

According to another aspect of the present invention, there is provided a

refrigerator which has protection means 29 for protecting the compressor



information on the internal condition of the
conpressor 1 which has been 12 predicted by the

predi ction neans 28. Since the refrigerator includes
the switching nmeans for switching the protective
operation of the conpressor | to the steady operation,
recovery of the steady operation can be done only
when it is determ ned based on the prediction of the
internal condition of the cefpressor | that no
abnormal operations will be caused by recovery of the
st eady operation. According to another aspect of the

Pased bni ittteMbEGH on (thE iftefrl Ebﬁd’h&‘?@f the § P.te&ea.aﬁ Vredicted
wherein the protecti on nmeans makes a ure

by dlog sedictiom means chprit sbould 1be noteshthat d "ube protention of the
1 [ used herein
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failure diagnosis is nmade based on the predi cted

refrigsratar wla.ﬁrram ithsh  pratection| means 3% |coatsdlsi inyeder tdestrolling
| it . [
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Gﬁﬁmfrasdsmr'le ACCOI‘dI ng to anot her aspect of the present
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result of the failure di agnosis is stored in

ateriBisy inteenal conditignauss ac 4eswe thﬂrm@te@tiveyomrattm. ofy the
ré@sﬁﬂlfls?)ferfonﬁ edailure diagnosis after, for

tance oppl ng of the operation. Accor di ng to
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to operatlon control of the refrigerant circuit.

Since the protective operation of the compressor 1 is performed in
preference to an instruction given to start the operation control of the refrigerant
circuit, the compressor 1 can be steadily protected.

According to another aspect of the present invention, there is provided a
refrigerator which has switching means for switching from the protective
operation of the protection means 29 to a steady operation, based on the

information on the internal condition of the compressor 1 which has been



13 forecast" used herein nmeans that poor [ubrication
is predicted fromcurrent distortion, liquid
conpression is predicted froma change in current, or
abnormalities in high pressure or |ow pressure are
predicted fromestimation of refrigerant pressure.
Since the failure forecast nade based on the predicted
internal condition, not only the reliability of the
failure forecast is high, byp al so an abnor nal
operation which |leads to a failure can be avoi ded
based on this failure forecast. According to another

pradiResd bpihd frediiies fdanspgent i on, there is provided a
- refrigerator, which has comuni cati on neans 31 for

out pathcenthe rafdgenatoroincidest the switdiagtmeanke fory switehing the
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caugye bliredover of thel ﬁeéﬂf&é&ﬁﬂo:ﬂ refrigerator wherein
the protection neans 29 is so forned as to alter the

contsPrdivg i anether aspeatralithe aresest ivestion,Hbere is provided a
refrlg;feFétS "refr {h%%ﬂo%ecﬁhﬂq’ﬁe Me26 %I{e‘él a ?fﬂfﬂﬁ% '&Eaﬁg‘%sis on the
C p er of t ri I

ntrol paramne e retrigerant circul
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high-efficiency operation cgn ,be. achieved. Accqrdin
ot at sk eairestoior dﬁ%‘%ﬁaééma\'mmq dpficatiRg tiom gtrrent
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npdel for the refrigerant circuit is provided o
hayidorIRlities) in highop@sswriengr layharassure bpsethen estimation of
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on the Internal condition of the conpressor 1
pr edbiote da Hailtiee dpgndbist isomadsaas28. osi thee peedicted internal

Cohgﬁkr)li,]’g%ta gﬁlysﬂ{\%t r%Wa&Ht?feéf ﬂ‘lAé failure diagnosis is high, but also it is
possible to point the location of failure and to predict the cause of failure.

According to another aspect of the present invention, there is provided a
refrigerator which has memory means 21 for memorizing the 20 result of the
diagnosis made by the protection means 29.

Since the result of the failure diagnosis is stored in the memory means
21, faults can be corrected by utilizing the resuilt of the failure diagnosis after, for
instance, stopping of the operation.

According to another aspect of the present invention, there is provided a
refrigerator wherein the protection means 29 is so formed as to forecast a failure

in the compressor 1. It should be noted that the term "failure



is used and the operating condition of the refrigerant
circuit is predicted based on the predicted interna
condition, the prediction of the internal condition is
carried out wth high responsibility. According to
anot her aspect of the present invention, there is
provided a refrigerator wherein the notor 6 is a
brushl ess DC notor, and wherein the prediction neans
28 predicts notor tenperatugg fromthe current and
vol tage of the notor 6 and instrunment constants.
Since notor tenperature is predicted fromthe current
fo%svohﬁécg tePbint Fh%angghgf BofGbridktibh ulgeﬂltedfc‘i’é]f RImh Sourrent
use of a tenperature detection sensor becomne
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Since the control content or control parameter of the refrigerant circuit is
changed based on the predicted internal condition, high-efficiency operation can
be achieved.

According to another aspect of the present invention, there is provided a
refrigerator wherein a refrigerant system model for the refrigerant circuit is
provided beforehand and the operating condition of the refrigerant circuit is
predicted based on information on the internal condition of the compressor 1
predicted by the prediction means 28.

Since a refrigerant system model



PMSMis converted into a d, q axis coordinate system
which rotates at an electric angul ar speed w, and the
identification nmeans 20 then identifies a magnetic
flux characteristic value associated wth an armature
flux linkage generated by the magnets 1b, using this
not or voltage equation. Further, the derivation neans
21 derives the tenperature of the magnets 1b as notor
tenperature based on the nmagaetic flux characteristic
value identified by the identification neans 20. The
notor tenperature can be reliably estimated utili zing

|sms%urm+cetrl@a@¢@ramg cbhdiRO ©f NP FETRGERAT WrdliOk! prearie based
nperat ure sensor. According to another aspect of the
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inductance. Further, the derivation means 21 derives motor temperature based

on the parameter identified by the identification means 20.

Since a mofor model is used, the temperature of the magnets 1b can be
estimated through easy arithmetic operation. The temperature of the magnets
1b is used in place of motor temperature.

According to another aspect of the invention, there is provided a
refrigerator wherein the identification means 20 obtains a motor voltage
equation in such a way that a d-axis is plotted in the direction of the N pole of
magnets 1b of the motor 6, a g-axis is plotted in the direction which is shifted

forward from the d-axis by n/2, and a basic voltage equation for a three-phase



16 Since the internal tenperature is calibrated, the
reliability of the estimated tenperature increases.
The actual tenperature used for this calibration is
the discharge pipe tenperature of the conpressor 1.
Thi s di scharge pipe tenperature is used when
perform ng di scharge pipe tenperature control of the
refrigerant circuit, and a tenperature sensor for
detecting the discharge pipé5 tenperature is usually
provided for the refrigerant circuit. Therefore, there
is no need to use an additional tenperature sensor

PRISM he cerldrdcRiriten desr bkaeeéboraehatées¥§5.%E@F.c@Frotates at an

| NVENTI ON Accordi ng to one aspect of the invention
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exanpl e, by reducing operating frequency when
is set to zero in"this voltage equation, the humber of opération elements as well
as operation errors can be reduced.

According to another aspect of the invention, there is provided a
refrigerator according to the thirty-fifth invention, wherein the refrigerant circuit
has refrigerant detecting means 24 for detecting the temperature of a
discharge pipe of the compressor 1. The refrigerator further comprises
calibration means 36 which is configured such that, the motor temperature
derived by the derivation means 21 being regarded as the internal temperature
of the compressor 1, the internal temperature derived by the derivation means
21 is calibrated based on the discharge pipe temperature detected by the

temperature detecting means 24.



troubles 17 occur. As a result, severe damage can be
avoi ded. Since notor tenperature is estimated, it is
unnecessary to use a tenperature detection sensor. In
addition, if data for estimating a rotating position
are used, additional use of other conponents becones
unnecessary. This enables it to obtain notor
tenperature at |low cost. Fromthis predicted notor
tenperature, it is possibleqgo determ ne, for exanple,
whet her the notor is operating normally. Since there
is the possibility that a notor failure will occur if
the i . . .

St opoot b DieraPBE Al BREALIG, (P ToRRIINER AR dstimated
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atisfactory
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ngssk forusenae . addiiwal dempetaiunsehsor fapthet calibrafien described
aﬂé@ ention, a paraneter of a notor nodel is identified

and the internal condition is derived based on this

EFFECT IOF INVENTIGNEt er, so that the internal condition

of the &ﬁn ressor 1 can be npre correctly predicted.

As Acreeling 1o Mivorreect ffether inyantien.t the intdrpalgepngition of the
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be?(ﬁ'%”éﬁﬁ %kyde%&mgcﬁcﬁg tlﬂéﬁ‘;&n%# E@E“?JE"'? ﬂ?até rl]?g\r ipgesrﬁa C;grogtfarty has

Invention, since

‘ cheagédmiitadimé Bed e fdetgrtines theploeation of afgult ahd phsdict the cause
circuit can be predicted fromthis notor

OfZ‘Ew@ﬂEr?%e&uen Ctkij'ﬁi%hf’}'i‘ﬁﬁe%f he prpsrty fromy itp ripifigh statee More
" speEBAIRS a%hiluré fHFRBSOHEAIS GagREGE ©Bh Ibé accurately made in real
time by predicting the internal condition of the compressor 1, so that destruction
due to abnormal operation of the compressor 1 can be prevented and the
reliability of the compressor 1 can be increased.

According to one aspect of the invention, since a parameter of a motor
model is identified and the internal condition is derived based on this identified
parameter, the internal condition can be more correctly predicted. As a result,
reliable avoidance of abnormal operation etc. can achieved.

According to one aspect of the invention, since shaft abnormalities and
poor lubrication are predictable, it is possible to make a change into a more
relaxed service condition, for example, by reducing operating frequency when

troubles



According to another aspect of the invention, since
the high refrigerant pressure etc. 18 of the
refrigerant circuit is estimted, the operating
condition of the refrigerant circuit can be grasped
fromthis refrigerant pressure. As a result, operation
Wth pressure abnornmalities can be avoi ded, which
prevents a failure in the conpressor 1 without fail.
Accordi ng to anot her aspect 1pf the invention, since
the reliability of the estimated refrigerant pressure
is high, operation in an abnormal condition and
oddif! eAgEredult AevbfelddmagdBal BERIBRRA! 1 can be avoi ded
w thout fail. According to another aspect of the
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component of current. This nmakes it possible to avoid
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failure in the conpressor 1 etc. without fail.
parameter, so that the internal condition of the compressor 1 can be more
correctly predicted. As a result, abnormal operation of the refrigerant circuit etc.
can be reliably avoided. '

According to another aspect of the invention, a brushless DC motor is
used, so that the internal condition can be more accurately predicted.

According to another aspect of the invention, since motor driving torque is
estimated, the refrigerant pressure etc. of the refrigerant circuit can be predicted
from this motor driving torque. This makes it possible to prevent the compressor
1 from operating abnormally.

According to another aspect of the invention, since the high refrigerant

pressure etc.



According to another aspect of the invention, since
occurrence of an inpact load is predicted froma rise
in the high frequency conponent of current, easy and
19 accurate prediction of the internal condition of
the conpressor 1 becones possible. Wth this
arrangenent, abnormal operation and therefore a
failure in the conpressor 1 etc. can be prevented

wi thout fail. According to agother aspect of the

i nvention, since a reference value is set in
accordance with the state of the refrigerant, the
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. {th thi t,
o 6 BTG ST B, I RS TERL on
|mpoaqai él'simfoﬂe éft suchcaminiyeaqd ﬂ@tbl@t;ﬁddmetdhmd op@ating frequency
t her aseﬁ the invention, since

F g SoRERose? FoRITTIBRe.ovil b rehinsHlos 8y 708G tphegation s
shﬂfé@ﬁnﬂo@ﬁio?@?éf%d Seic8HorHMBh SthbFEY AvdidiRg sklerdRidiage.

According to another aspect of the invention, shaft abnormalities and liquid
compression can be steadily predicted from the high frequency component of
current. This makes it possible to avoid operation in an impact-load-imposed
-condition, thereby preventing a failure in the compressor 1 etc.

According to another aspect of the invention, shaft abnormalities and fiquid
‘compression can be steadily predicted from the distortion amount of the high
frequency component of current. This makes it possible to prevent abnormal
operation and, therefore, a failure in the compressor 1 etc. without fail.

According to another aspect of the invention, since occurrence of an
impact load is predicted from a rise in the high frequency component of current,

easy and



driving torque, abnormal operation and, in
consequence, a failure in the conpressor 1 etc. can
be avoided without fail. According to another aspect

of the invention, since the stationary torque of 20
the notor 6 is conpared with the identified notor
driving torque, accurate prediction of the interna
condition of the conpressor 1 such as poor |ubrication
becones possible. Wth thisqgrrangenent, abnorma
operation and therefore a failure in the conpressor 1
etc. can be prevented without fail. According to

aciPatBepradfiiRft oPfihé NAtdrmYeRbAdilon DGR iCBFﬂ?F’éE%b‘" O RfEomes
the internal condition of the conpressor I's out put,
passibleith dhis mva@nperent abneomalandrgtiorgand theréfore afatwalin the

ccﬁﬁ@%ﬁ%&ﬂp ot 649 Bgidﬂ%vén?ecfﬂlﬂbgﬁr faffSPect of the

ion, Sirnce protective operation of the
conpXezesding Yo ishotizerr aspeicbof thaairfvantion,esince ah@ference value is

S iy Paoa aanes TS staBad dReAoptain e reha Al e predicted

intev®alicdvaiibh @an b iReRakBE. Mhi! Makéy R pRRSIHRL toYtevértt a failure in
carried out by varying inverter control, a failure in

the gemppegHos dswie. withaud falkan  be prevented without fail .
ACC bR %?ﬁ@h?gésﬁ%}?&ﬁeﬁvéﬁﬁa; @%‘thﬁ&t%oﬁ'%}ﬁ@lqwd

t he conpresso ofecte erence
copyressivn airet predivtdbie,gandiit poor tubricatibnmardiceitd compression is

rabi ity cap be achiev so that stabl e operation
R s SRR e TGmaeE e BaPResPba: BF SEmmgle. can be
" red6ey. di pg 4 QedDt diRrasiPRER B shiftRdi iNkEBtMmeRe réiBRed service
conpressor 1 can return to the steady operation only

CopfifiRnnibeEioR Riding SeYere damagde. caused by recovery  of

L RS RSN S ol  LOHETE By L poor
lulrjpatian icy diquishctrepessiondd predictabld frat hirge-inedukienit,eatmormal
op%irzgtio%oannocq tthie(r)e Brn a ?a?lrt}rebﬁl tﬁglgzio?nvp?gésor 1 etc. can be avoided without
fail.

According to another aspect of the invention, since a comparison between
the stationary current and detection current of the motor 6 is made, accurate
prediction of the internal condition of the compressor 1 such as poor lubrication
becomes possible. With this arrangement, abnormal operation and therefore a
failure in the compressor 1 etc. can be prevented without fail.

According to another aspect of the invention, since the internal condition
of the compressor 1 such as poor lubrication is predictable from a rise in motor
- driving torque, abnormal operation and, in consequence, a failure in the
compressor 1 etc. can be avoided without fail.

According to another aspect of the invention, since the stationary torque

of



Accordi ng to another aspect of the invention, since a
failure diagnosis can be nade, the |ocation and cause
of a fault beconme predictable. This nakes it possible
to correct the fault and renove the cause of the fault
thereafter, so that operation in a failed state can
be avoided. 21 According to another aspect of the
invention, since the result of the failure diagnosis
can be stored, fault correcppon etc. can be nade by

us he result of _ the di agnosi s, for exanple
they F@?Ofth elSof¥PRETegn With theo lsaTied\spetoni driying tefiseenaccurate

pradiR86h oPthd MeerhBVEsHdiRIh oﬁh@%nﬁ‘pr@@ééru‘f § &pLg ?%81’ Ldb?lcatlon

made, abnormal operation entailing a a| ure
bepgpiesepossiiedViih thirarrangement, fabnetaalt opensiimT dnddhersefore a

faft4R e BRBssSL1 bE chRYEHE e WRFRLL B oC2S!

orna useér ke can be

not Aa&ooedingf tot heothaf Ialspectg of m&gv@ﬁoh hn eihcg AafoRiniation on the
ent ure can avol ded. Accor
inteHg r?QPH @95 &k ﬂ‘eo?"'{‘ﬂré’sﬁﬂ’\'/z i PYRUL, gh% peeTgrane %h@ AP gogectly

gré%tﬁélihterﬁélc‘oonarti@nchanged hi gh-effici ency oper ation
can be performed which leads to a reduction in the

r unfvaegding se anaibebaspeny of theanwentian, sinsedbe pfotettive operation
of 'rfg%flﬂtgrhp%ssﬁ} NCEs tc'%?nélp St bn% cheor].g the Jﬁn%re&&?r 1.can be

ant circuit pred nor na operat| 0
prevehtedheherfebyachevirg 1h1|ureved1dmf’abmqo npr essor can be

ARG o RSpEatwert B et ToldnlcRy gﬁgteqfiéamiéctwe Speration

is eafriededitby VAI9InG ihferfsr REI LA faikfe th fl’%‘%ﬁﬁ«‘ééé@r 1 etc. can
detection sensor for the refrigerant circuit

bepraventsd withauttales where data for predicting the
r ot bR &Péhé%gpa%eét%? e n‘%n&oﬁ Sty g nﬁ}ﬁsgséd'°1 is

addltlon use o er conponents’ can
prdtbc@dnakleprelf&repoe;m thee tcontybk aloﬁ theot mfngemme cixcuwit, émoroved
20, .Fur t enper at ur

auilitf 33l pe AEhgUie A anBbS I BPei3IO8 SRerH He PR oK the
lorgspériot sfdinn@t or tenperature whet her the notor

functions

According to another aspect of the invention, the compressor 1 can return
to the steady operation only when no abnormal operation is caused by recovery
of the steady operation. With this arrangement, as long as the predicted
internal condition is normal, normal operation can be carried out so that high-
efficiency air conditioning can be achieved.

According to another aspect of the invention, since a failure diagnosis can
be made, the location and cause of a fault become predictable.  This makes it
~ possible to correct the fault and remove the cause of the fault thereafter, so that

operation in a failed state can be avoided.



normally. If an abnormality is found, the operation is

t hen stopped before the notor nmal functions, so that a
failure can be avoi ded. According to another aspect of
the invention, the tenperature of the nagnets |Ib can

be estimated through sinple arithnetic operation. The
tenperature of the magnets 1b can be used as notor
tenperature. Therefore, the predicted notor 22
tenperature has high reliabphity. According to gmot her
aspect of the inyention, tor tenperature can be )
-l I AB0iag {5 ARPYRT AskeUs T (N8 Iyenldn, spep dbi Fesueaidbe failure
diBghodny cah bbistdrBd, RufticoRestiorPag! eafbb Hhadd ?? use of the result of
expression. According to another aspect of”the
the sliagnosisn forgixaawle afier te optratigeis gquped.on for the

ste : i ' . ent. of .
o oo R o ot BeARE: BFhe IMHIGHCMARER, e toregast is
made,zdrorratl oferatiomentaflingrefaiuedtat boavoitibe basedbathefailure
folbsl tion elenments as well as operation errors can be
Of%qdced. This enables hi gh accuracy tenperature

est iAvebidiiy to"\GREthel Ashdc® of Y MeENRTP 8fice FbrdcASt information is
i nvention, since the estimated tenperature is

outeyt theaiseq or fheplikevean e npifisd eftthe failure foraeasisedhatmpeasation
; or 1 from being judged to be
?@%ﬁngﬁg%m&ﬁgﬁn ?atg%%%gjérati ng inits normal state
and Accordireg toedngthguakpedt bbthednventioal sinbethé tomtents of control
normal state. Additio

G N, .ab nally, the
oG b et RIGERLOPuAToR cop e Brifpaes mbiatygads to a
redi@otioAnathy eindfng st di scharge pi pe of the conpressor 1.
This di scharge pipe tenperature is used when

per PSFRIdY dPsaRathge psnsst t einile anyeetiaensinge dte taperating
coggigiib?) g;gi V\ﬁfﬁée‘gﬁi{ﬂe ﬁ{)ceu?tgtg lﬁ)trréekﬁptreaf LbSSthN bp&HtioH! dnd therefore
a failure in the compressor 1 can be avoided without fail.

According to another aspect of the invention, since motor temperature
can be estimated, there is no need to use a temperature detection sensor for the
refrigerant circuit. In addition, in cases where data for predicting the rotating
position of the motor 6 is used, a need to additional use of other components
can be obviated. This makes it possible to obtain motor temperature at low cost.
20 Further, once motor temperature is estimated, it becomes possible to
determine from the estimated motor temperature whether the motor functions
normally. If an abnormality is found, the operation is then stopped before the
motor malfunctions, so that a failure can be avoided.

According to another aspect of the invention, the temperature of the
magnets 1b can be estimated through simple arithmetic operation. The
temperature of the magnets 1b can be used as motor temperature.  Therefore,

the predicted motor



sensor for detecting the tenperature of the discharge
pi pe. Therefore, additional wuse of a tenperature
sensor i s unnecessary for the calibration, which | eads
to cost reduction. BRI EF EXPLANATI ON OF DRAW NGS
Figure 1 is a schematic diagramof a drive unit for a
conpressor according to a first enbodinent. Figure 2
is a schematic diagramof an air conditioner provided
with the drive unit for a gpnpressor. Figure 3 shows
the rel ationship between the torque and hi gh pressure
of 23 the air conditioner. Figure 4 shows the

teherhtuROIRAd RighabigsRyt he torque and degree of
ggiperheat oflgt he al ryconditi oner. Figure 5 shows the

r el AeGosdionito aratieraspent afethecoverition, Imalior deiperature can be
e Bied "B Pt LR s, BRBY RS o simpe

basimdiithimatierexpredstonre. Figure 7 shows the rel ationship
nd degree of oil dilution of the

bet ween the, torquye a .

ai rxe%‘%ﬂﬁ%fﬂei tﬂq@ﬁgﬂm BSRRA e0fg they ipventiopneiinge @ dpetem voltage
edud@hng a nodification of the drive unit of the first

enmbodi ment. Figure 9 is a waveformchart show ng the

hi JRetherdeahhstateisraptrioed and thed-dompanenhobamsataner cusrent in

g b s Ao TRt & EROUE (e b0k plshicipg, e
nubtbeatraf\operatidn élementcaseti szooperatigyefroislcars ba reduced. This
erBBiE TN Sodlad) B Shafedstni. O 2 oo

According to another aspect of the invention, since the estimated
temperature

is calibrated, improved reliabilty can be assured. This prevents the
compressor 1 from being judged to be abnormal when it is operating in its
normal state and, conversely, judged to be normal when it is operating in its
abnormal state.

Additionally, the actual temperature used for the calibration is the
temperature of the discharge pipe of the compressor 1. This discharge pipe
temperature is used when performing discharge pipe temperature control of the
refrigerant circuit, and the refrigerant circuit is equipped with a temperature
sensor for detecting the temperature of the discharge pipe. Therefore, additional
use of a temperature sensor is unnecessary for the calibration, which leads to
cost reduction.

BRIEF EXPLANATION OF DRAWINGS

Figure 1 is a schematic diagram of a drive unit for a compressor according
* to a first embodiment.

Figure 2 is a schematic diagram of an air conditioner provided with the
drive unit for a compressor. |

Figure 3 shows the relationship between the torque and high pressure of
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Figure 12 is a schematic diagramof an air conditioner
provided with the drive unit of the second
embodi ment. 20 Figure 13 is agpartially cut-away
per spective view of the conpressor according to the
second enbodinent. Figure 14 is a schematic plan view
of a blushless DC notor. Figure 15 shows a rotating
theQor dbmatiensy st em nodel for the brushless DC notor.
25 Figure 16 is a graph used for obtaining a magnetic
flux mbaracf ekl Ghe Vﬁ%#ﬁ)nfsﬁ h%t\ggérprth}éo{c;rgﬁg and . degree of
ue elndg

equation, the magnetic ux cnaracteristic v

s@@rh&%%@?ﬂ@&lﬁ%o%ﬁﬁﬁp armature flux |inkage generated
by '

magnets. Figure shows the relationship between

e TS SRS AR R ) giution and
(A now t.q.the acconpanyi ng draw ngs, preferred
C@%@é’iﬂ%@%?g Cgfqdﬁf%eeri nvention wi Il be hereinafter

descrd.bed in detail. FIRST ENBODI MENT Figure 1 i
scherd8i¢al| ﬁg?T"F udier 5‘?1@50856Pi BIWRst LD tpEpuey ete. of the air
C ressor, 1, which has a prediction system
COPBF g iiMeans) 28 for predicting the internal 10
condition of the conpressor 1. The drive unit 40 for
the &égeedsdons ththrelptipnghindeswene theeirans endsgegrsm of oil
28, is used for the air conditioner (i.e.,
dijugion; ofdhgtasr josheRes n Figure 2. This air conditioner
has a refrigerant circulation circuit (refrigerant
syst En§urgt tha isshemated diageamnthosiing @ modiferaeion ¢hehe drive unit
conpressor 1, an outdoor heat 15 exchanger 2, and an
of élxp &imsti comboadiineat.(el ectri ¢ expansion valve) 3 and an
i ndoor heat exchanger 4 are all connected in series.
Cool Firgurepeisat imaivesurth beat ishgwinpeiahier abampeRstdhgonent of
for the refrigerant circulation circuit by switching a
anfisstentaneous current of the drive unit shown in Figure 8.

Figure 10 is a schematic diagram showing another modification of the
drive unit for a compressor.

Figure 11 is a schematic diagram of a drive unit for a compressor
according to a second embodiment.

Figure 12 is a schematic diagram of an air conditioner provided with the
drive unit of the second embodiment.

Figure 13 is a partially cut-away perspective view of the compressor
according to the second embodiment.

Figure 14 is a schematic plan view of a blushless DC motor.

Figure 15 shows a rotating coordinate system model for the brushless DC
mofior,

Figure 16 is a graph used for obtaining a magnetic flux characteristic

value from a motor voltage equation, the magnetic flux characteristic value being
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way sw tching valve 5. The outdoor heat exchanger 2
and the indoor heat exchanger 4 are provided with
tenperature detecting neans 2322 and 23, 20
respectively, to detect the refrigerant tenperature of
t he heat exchangers 2 and 4. The tenperature
detecting neans 22 and 23 each consist of a

ask GETRREAY YA Gn SPMAAre FRHCH d rmstor.
As shown innFiguréel, tth%%ﬁ%fggggg% qpﬁlFﬁges a

thr eg phaser Gfivs g}%aréﬂﬂ%rﬁ?xi Q%E%DS@S Zm%g\ﬁeg%aﬁﬁx Qnaracteristic

and Wphase 9, an brus equi ppe
Vﬁmgghigﬂﬁﬂﬁgﬂﬁgr 11. The inverter 11 enploys a sine
wave 0

control nmethod. In this inverter 11, an input
. [ j power by an
BEST OEROR CRRIVLSE OB iR moR, o T s o’
power, i.S ‘snnotqu by a snoothing ci.,rcuit sectjon 13,
Da BSTr By B b GO mray e PRIRES s g hemtpdiments of
hfre uency Qy'a inverter section_ 14 which is a DC-AC
t %Hh‘&é‘ 1op Rl be F%‘iﬁ’i”fa E"éd{qs%be%mrﬁ%tallnvert er 11 is

I by _an inverter signal released from an
FT%ﬁﬂiksgﬁgﬂE@%EP%ﬁling means (not shown), and, in
return, controls frequency and vol tage by changi ng
t he BguorA Fshempticaliy tiHastratgnsd sirbie ohitt 4@ fonvercperpressor 1,
section 14. An instantaneous current flowing into the
whiplh das phagdietoin sygenf (urhdictionomeas)i 28 det poedidtiby the internal
current detector (current sensor) 16, and an
copgigivaneatieousmpiddsvnllt agheagplvé eit 40 tfhe thdceerpbasse 1, which
coil 10 of the notor 6 is detected by a voltage
indedescttbe pvalitidge senaar 28]17is lusetihifsr céhse aif héonditioner (i.e.,
current detector 16 and the voltage detector 17

refeigesttot)uhe wleinekiisupg2means and are forned between the
AC-DC conversion circuit section 12 and the snpothing-

ci rchis s8cCkbaitioher The OIrbAGLrahS QRUAMINEH dcuit (refrigerant
calculating the OV OFF rati o and DC vol tage of the

sydtéransiEERls alRMPehaasitie whEERthd §ozﬁg]§&i55‘ie‘i, HhWAtdoor heat
the switch pattern and DC current of th transi stor.

ede’én%@ﬁZ,aEﬁd %ﬂnfjﬁﬂén@ﬂﬁr V&jl%!%cqﬁ:k&%qc ARBYRsi oM Bfve) 3 and an indoor
perform ng cooli'ng operati on,
heat exchanger 4 are all connected in series. Cooling operation and heating
operation are possible for the refrigerant circulation circuit by switching a four-
way switching valve 5. The outdoor heat exchanger 2 and the indoor heat
exchanger 4 are provided with temperature detecting means 22 and 23,
respectively, to detect the refrigerant temperature of the heat exchangers 2 and 4.
The temperature detecting means 22 and 23 each consist of é temperature sensor
such as a temperature thermistor.

As shown in Figure 1, the compressor 1 includes a three-phase coil 10
having a U phase 7, V phase 8, and W phase 9, and a brushless DC motor 6

equipped with an inverter 11. The inverter 11 employs a sine wave PWM

control method. In this inverter 11, an input a.c. power is converted into a d.c.
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the four-way switching valve 5 is changed to the state
indicated by solid line in Figure 2, thereby
actuating the motor 6 of thej,gconpressor 1. This causes
the 20 refrigerant discharged fromthe conpressor 1 to
be expanded by the expansion valve 3 in vacuo after
passi ng through the outdoor heat exchanger 2, and to

pdRdIUby ak OAND CCUIRYERHY clrcdhy: WBMi®f e hddaes ch@.ai)ower is

exchanger 4. At that time, the outdoor heat exchanger

sifodtHAE B#{ AN$n GStheh £ ENARP S8 i o L Bd ttH@rh E&g‘%}{eidefﬁ(w AN9EL. power
4 tfunctioning as an evaporator, so that cooling
i- j f - . f i . h i .
nBET BLKAN kg RALLOEE i PR B A IPRICIE, sppvcrsion
Q- .state indicated by dashed line in Figure 2,
C%é&ﬁgﬁvgébtua{inb t he 26y notor 6 gf tke cg%gressor 1.
rant .di scharged, fromt

This causgs .the refrig r. .

TR SEBE o 18 {Es DB it iyt os BRgnretr U e ap inverter
in nacuo aft?r‘ﬁqfsing throu%h t he indogr heat

COBLOHYHgBCans (BGOSR e flfnltt e Cah9iLEsgHenCIHINGAPItage by
of . the outdoor heat exchanger 2. At that tine, the

chapgigg the S - QKIS Raltegr@rolaths transisteopisthad naetemeretisartd.
whi |l e the outdoor heat exchanger 2 functioning as an
evapdmanstantaioup surmisabilongne pue dhe dhreiesphsee fcotlddof the motor
bot h cooling and heating operations, there sonetines

6 drdatestes ai puswrendwiletgetoo (@armage sewsarhel 6, naid@nofnstdrganeous
conpressor 1 under unsuitable operating conditions

vostagh applied teltlsy dircephdec edigridt odtheahiotdres ¢codpreessioby %, voltage
an abrupt 10 change in |oad, and operating faults in

detzchmr(vapipge atnsor} han 1heéhic eafy, ebsotrrdnt ddecoole mid the voltage
this, the prediction system 28 is designed to predict

detcheori AVeco@tituzoddidetial afeah$ earonps e®sMed Lbetvit@hee AC-DC
i nform ng occurrence of a failure in advance,

coftedrefofl ¢ikAgt b&RidOERAanaNhefsnbdimidlot oir @it BERML B NI ThB&oltage
cause of the fault. Mre specifically, the prediction

is SP&liedE 3§ sd1eumting feIONGOFFPFRDY ehé Hhevollasd BFQhB3kansistor,
condition of the conpressor fromthe detection val ues

wiRbedsh@e LSERANMANGAHZ ICHLREM. & cﬁrpa{tfb%haiﬂdalﬂ_ﬁggﬁrrent of the

vol tage of the coil 10. The predicti'on system 'S

traf@Wigpped with a conputing neans 20, i.e., an
arithnetic operation

In the air conditioner described above, when performing cooling operation,
the four-way switching valve 5 is changed to the state indicated by solid line in
Figure 2, thereby a‘ctuating the motor 6 of the compressor 1. This causes the
refrigerant discharged from the compressor 1 to be expanded by the expansion
valve 3 in vacuo after passing through the outdoor heat exchanger 2, and to return
to the compressor 1 by way of the indoor heat exchanger 4. At that time, the
outdoor heat exchanger 2 functions as a condenser, while the indoor exchanger 4
functioning as an evaporator, so that cooling operation is performed.

When performing heating operation, the four-way switching valve 5 is

changed to the state indicated by dashed line in Figure 2, thereby actuating the
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unit and a nenory neans 21, i.e., a storage unit. The
conputi ng neans 20, the nenory neans 21 and ot hers
constitute a mcroconputer. 20 The conputing nmeans 20
constitutes an identification neans for identifying a
paraneter of a notor nodel from detection val ues

obtai ned by the current detector 16 and the vol tage

mdfbtreﬁlto@rthycon%?%&tﬁ! yThfsh@atfsggHH% ir@ﬂi%ﬁgﬁ{‘ng%%garged from the

identifies a or driving torque from

cdﬁP;Sjr_%LsorTf %o W@ﬁ%arl@ggb:% i%ffe ie%pﬁg%igg NShL G ?\? hvéeﬁ%ug %Ufter passing

derive the interna I on ased on
' i fi by th ' 20.
bR Shab S et € S R R o dB e Barfipaspn by way of
fri . 27 . Th
th, XORARRE B bt Por hudhet iy (B coiBobrheat  ichgnser 4

torque of the brushless DC nptor 6 may use an L
funFH I Hnt e P%@gsiwfec%wwweeyew%%é&dwg as an
current values or an arjithmetic expression constituted
CVBPORIon 88 ARt neating prardioauisheatorgigdues. 5 The
ari tgrh tic expression constituted bg i nduct ances and .
cur r ghtPothcaelng anddigstiag sensratjo sy theicorpnglmgs joggutshe failure
foll ow ng Equations_él) to (4). That is, an
oWipg ttandanegruso bt tingjde \of] ther eprpssnted byddEquatuivhle operating
(1), a magnetic flux Nis represented by Equation
copgifionansuabhas direwdtratinnbiecct leeativet tadfr thf donepreBgmedj can abrupt
flux 1is represented by Equations (3) and (4). 10 V =
change i load,+ardly bgerating {al)ts inhetter Lappiaratis ttAme ehe Nompressor 1.

magnetic flux [err] = [err]Vdt + L x 1 ... (2) 15
Tol evpe] patsflesy the=pleatictiof eysteai 28 is &edif®dd o .predicBXhe internal
[err]sin[err] = JV([err]dt + L x I(3 ... (4) Based on -

comdjtiahi 0Ashé lgorhPreb<hr, 18 thémrbheinToadint @dculrBn® REr a failure in
wor ds, a
advance, determining the location of a fault, or predicting the cause of the fault.
More specifically, the prediction system 28 shown in Figure 1 predicts the
internal condition. of the compressor from the detection values of the
instantaneous current and/or instantanecus voltage of the coil 10. The prediction
system 28 is equipped with a computing means 20, i.e., an arithmetic operation
unit and a memory means 21, i.e., a storage unit. The computing means 20, the
memory means 21 and others constitute a microcomputer.
The computing means 20 constitutes an identification means for
identifying a parameter of a motor model from detection values obtained by the
current detector 16 and the voltage detector 17. Concretely, the computing

means 20 identifies a motor driving torque from the motor model.

The memory means 21 is so constructed as to derive the internal condition

“based on the parameter identified by the computing means 20. Concretely, the

memory means 21 derives refrigerant temperature or refrigerant pressure.
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notor position (i.e., the position. of the rotor) can

be predicted fromthe instantaneous current | and

i nst ant aneous vol tage V whi chshave been detected. 20

The detection values and constants, which are used in

t he above prediction, are wused w thout change and

current values id and iq are obtained from coordinate
converly efitihefidpytrabioh R id¢aliAlAg Ithe thtoRMidile b

t he conpressor 1. EEgThese val uesf%grge t%en gubs%ilt %t eéq“e of the
biugh A aDICONMOR)r ¢ NBREOY: Qe]ti r ARG 5%35 igh ! ¥hAg;
torqgue Tm 25 Trm =P 2{[érr g ?-hmrg&-man rggﬁlgﬁl \éb{}%lmted by
inductabPds 2WAEL i eROLAr, | LLhmid, iq:. current
Val ues. obt ai ngré%?tr g%uggo!r)giaﬁlat% gi%](;:%%énrés}%%%ésg?nicnoﬁﬁﬁﬂlted by a

mﬁgﬁét?cnﬂﬁ)é%&dtcﬂ?reﬁpwﬁgsqSOr [err]a: flux linkage
g

nerate y permanent magnets 5 Ld: d-axis

i ndu nce.Lq.. q-axis.inductance .The arijthneti )

eq uatclf h%narg%‘ ﬁ‘%tt’ict PEEF S f%tﬁﬁ'ﬁﬁ&ﬁ pdppiapceh an‘i? arrent values is

current ]\éal yes i@ for ogt?ii)‘lgi ng a_torque which is the
SXRIESPd Probitiiatiay () wiheadhs thewEe Equatiops @idioc(fr erfthat is, an
.and works on a stator. The rotor _torque of the notor 6 )
DSBRPESOUY vPYlage B aiSt TeBRcTaEwk bgRRA&ons AL.or mageriie flux ¢ is

Ther ef gre, the notor driving torque can be given by
repIfSERie8 Py Bnvatior £2)p apd therdieckion[afi the vecker of khq avaghptic flux
. ... (6) where P: polar logarithm?15 [err], [err]:
1S pERTRERIFC drhY Fetibions (30 gl G%Op in notor term nal

vol tage on the basis of tinme product - resistance)

i[er Mgff-[ &rdlfdt pdotdar y .cufldent (nmotor |ine current)

where
L: inductance

@ : magnetic flux

p=[Vdt + LxI .. (2
pcos® = [Vadt + L xIa .. (3)
esing = [VBdt + L xIB .. (4)

Based on Equations (1) to (4), © can be predicted. In other words, a
motor position (i.e., the position of the rotor) can be predicted from the
instantaneous current I and instantaneous voltage V which have been detected.
The detection values and constants, which are used in the above prediction, are
used without change and current values id and iq are obtained from coordinate
conversion of input current values iu, iv and iw of the compressor 1. These
values are then substituted in Equation (5), thereby determining a motor driving
torque Tm.

Tm =P x{pa+ (Ld-Lq) xid} xig ... (5)

‘where
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In Equation (6), a and (3 are the coordinates of a

fi xed coordinate system and three phases u, v, w are
transforned into two phases. 2§,a is calculated by the

20 followi ng Equation (7), and ?(3 by Equation (8):
[err][err][err][err]V[err]dt ... (7)
[err][err][err][err]V[err]dt ... (8) Tenperature

i nf orprat hoRr WyRgn ef ri gerant system (evaporation
tenperature and condensati on tenperature detected by

t he t; rat [ : S ngd 2 . .

i ndi clg{riqs'e O%Eﬁﬁge%aggéél g%rt%lﬁtéd gﬁg{ﬁe cé%rcf} 5ejtelr g%I}Yeésengnf)f toput

Gk d lon ci (t, is input to the menory neans 21.
CAg r@ﬁl‘amﬁ %brlﬁ#l&ggéell 3, atorque - high 29 pressure

graph (i.&.. ;;torgue - condensati on tenperature graph)
for gp %l uf?%)f }l%gagﬁ gerée\]/%tﬁgr t PO ACERDBREPESes Te i s
prep?%gd cl?efor.e and for every revolution speed of the
conpréssot *XSMGUEE8Fed in the nenory neans 21.
Therefore, the prediction system 28 can estinate,
based%n ‘%‘%@e‘ngl‘%ﬁﬁg‘? a condensation tenperature Tc 5
fromthe cal cul ated notor driving torque Tm and an
evap IHamedrpetuntignecomstityind Wsthienmagnetic dhvdensd e current
pressure (high refrigerant pressure) Pc fromthis
Vadiitdis B LD BRGNP 69 rgtla rehiTh  is [the edtesproectr &f 7 pgeramtmagnetic
properties. For exanple, if the notor driving torque
Noppqnd cuymm 4nd whokscas e swter.e Théeotoevalquii odfiths pestdr 6fserves as
the conpressor 1 is 60 rps and the evaporation 10
a eapiper fiae @gTimst stal@Gorqive Chintefraat ihenmb ek dhgterqle can be
is estimated to be about 50C. A torque - |ow pressure
gigmaph Eguagon (6)or que - evaporation tenperature graph)
corresponding to a plurality of condensation
t enp@matdr egLd o i[S_mBepaf)ed,,,lp@j orehand for every
revol uti on speed of the conpressor 1. Based on these
15 gmépfss, an evaporation tenperature Te can be
estimated fromthe notor driving torque Tm and the

condpnsgbigqog@[rmﬁﬁa'ture Tc, 'and an evaporating
pressure (low refrigerant pressure) Pe can al so be

estingtes fpAmahisa eaROnaL I(QN:b S TRGh SN Erminal voltage on the
basis of time product - resistance)

i, ia:  primary current (motor line current)

In Equation (6), a and B are the coordinates of a fixed coordinate system
and three phases u, v, w are transformed into two phases. Aa is calculated by the
following Equation (7), and AB by Equation (8):

Ao = [Vadt (D

AB =[VRdt o (8)

Temper.ature information on the refrigerant system (evaporation
temperature and condensation temperature detected by the temperature detecting
means 22 and 23), indicative of the refrigerant state of the refrigerant circulation

circuit, is input to the memory means 21. As shown in Figure 3, a torque — high
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Te. Thus, a condensation tenperature Tc and

evaporation tenperature Te can 20 be estimated, and

this control provides the folow ng advant ages. Wen
measuri ng a condensation tenpérature Tc or an

evaporation tenperature Te as in the conventiona

systens, a considerable tine delay occurs by the tine
{eB8ire LRPEIAL USr ke 1 REnABAS i
pstatiéﬁ%@i(teﬁpef§$ure go thg§ﬁgEH%§g$g%%ﬁﬁgggﬁﬁé%é%PmﬂﬂyOf
O : t+atk . tow th thi such
PO 20 A L Bltogh PERLRR Meied o speea of

el ay does n occur trn

o SRR P RN SR £ SRR eion
R Bp SOl SRR gRron el L LE NN S0, 7o

L es [ t, %ﬁvere danqge.can be avoidgg. The condensation:
REBE R UHRTCEmA i EHPEIRETUSn | e AR it tHeg ot onyHngRprature Te
re obtained by the above control, may be utilized for )
AGefEIRRafi 6APGRNSINE whetsher (high Hefégarnkpressure) Pe from this
abnornmalities in the sensors for measuring a
copgpfatioatremeradnsef athnsed ondhe mefrtacapwrroperiies.
tenperature Te. In addition, the relationship between
mot of o ekempde.tidriheienetod drhenglégrape Tof issUBNmoim the case where
super heat nay be grasped for every specified
the ergyetwionr espeoddpf i e cangtessopr ssur@ apadiahd otheofevaporation
the refrigerant system In this case, the degree of 10
tempetatwe Bupet Bi€atthefcohiensadoprtesperatird e apesiinatil @abe about
be estimated based on a detected notor driving torque
504nd tenperature and/or pressure information obtained
at that tinme. More concretely, the relationship
bet waerorqator 184 Yidiguret afhe (TN apepdehe dagoesi®f temperature
suction superheat SH is obtained for every sSpecified

&) ARIREdsPOn BIM@SRIE §1Mal AP & FRNRREH &t AN R S ati8s A® {sOprepared
prepare torque - degree of 15 superheat graphs

beRgbRIRN R e vERE _t:\é&hllﬂﬁoﬁeglép}%gﬁg‘inhg & sscblilcg. AR 8PV these

in Figure 4, WEI corr to a detecte

BRSSP MR, 300 508 BLFER o8 g
torque Tm and the condensation temperature Tc, and an evaporating pressure (low
refrigerant pressure) Pe can also be estimated from this evaporation temperature
Te. |

Thus, a condensation temperature Tc and evaporation temperature Te can
be estimated, and this control provides the following advantages. When
measuring a condensation temperature Tc or an evaporation temperature Te as in

the conventional systems, a considerable time delay occurs by the time the

temperature of the measurement part reaches a stationary temperature so that a

correct measurement value cannot be attained. In contrast with this, such a time

~delay does not occur in estimating a high refrigerant pressure or constant

refrigerant pressure from a motor driving torque. Therefore, the protective
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superheat at that tinme is estimated fromthe notor
driving torque Tm which has been obtai ned
(calculated). 20 In the tor qgg - degree of superheat
graph shown in Figure 4, the“degree of suction
superheat is plotted on the abscissa, whereas notor
driving torque is plotted on the ordi nate. Therefore,
i . e | t_inFi 4 r -
odntech 250 B EHLThEEAR ARG Aol By PR a1k b Ruths B be carried our
Imated fromthe value of the I nt _.correspondi ng
wiESURIES, B8 e B P TabPe Expiliy The degr ce
of 25,suction superheat. Thereby, if the estimted i
degr ed®ofordigREa! et iosand AXERAALPE [T PoeiyepEe. which
adj usted to a-suitable value thereby _ avoiding .
ar%%%@ég?ﬂeéy 3he apost HHEQIngragne watizeshErrdqtemninption 3s ip gvhether
be noted that the prediction system 28 may detect a
thereeaidst ahngrmalifips én thesenseayforsngteiringst sandensatign temperature
torque or steady state instantaneous current)
Towtbe eirentidn tympavetueiler driving torque or notor
driving current and the 5 tenperature and/ or pressure
i nf oflmratlidlisienethe nelatiefshipdreawtes petterdriAing tdrgueland the degree
on the steady state may be stored in the nenory neans
of Xlictiandsuplehdantreandle gmoped tfborvetc bpadfipdaemperature condition
| ubrication or liquid conpression may be predicted by
andrpaesnge aodditeet efl thaséfifeanaosstdror qlie this case, the degree of
I nstantaneous current wth the stored data table. 10
subtegansdpaifiedthef thd ebmprespoPReIt bESratibntdig 54 eptidktddaBgsed on a
when insufficiently lubricated, the slip surface

deRREQIMBROIRUARWIHpAUSI(IE 1aREr @fpsraktYel Bh8ldrOPressure information
resistance. |In this case, the portion corresponding

obt@nd 1@t HRNIIEMER MO d TR rEeGHT B e TeldtIHEBRS BStween motor driving
significantly, conpared to t'he stationary current

toﬂ&qgiﬁﬁtaﬁg tR¥ dég?%@g?fa sddt[bgzhlsddyérﬁéﬁ S @Ptﬂbp%né:d %ifé?ve?% fspeciﬁed

hi ch shows th tion bet ween the degree 15
o 8 by R BIMp HE0 U5, e AIRC, Wi o
suéﬁégéegxgg ﬁﬁggﬁgogﬁ%;é%}i?];gllngeﬁyitge RIRIH2 {po%ra(?prh tsﬂgh laiskghown in
Figure 4, which corresponds to a detected condensation pressure PC and
evaporation pressure Pe, is selected from them, and the degree of suction
superheat at that time is estimated from the motor driving torque Tm which has
been obtained (calculated).

In the torque — degree of superheat graph shown in Figure 4, the degree of
suction superheat is plotted on the abscissa, whereas motor driving torque is
plotted on the ordinate. Therefore, if the calculated torque is Tmot in Figure 4
for instance, the degree of suction superheat can be estimated from the value of
the point corresponding to Tmot on the axis (abscissa) representing the degree of

suction superheat. Thereby, if the estimated degree of suction superheat is

inadequate, it can be adjusted to a suitable value thereby avoiding excessive
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torque or current, as shown in Figure 6. The big rise
expressed herein is such a rise that exceeds a preset
anount. Therefore, it is pos ible to detect occurrence
20 of poor lubrication, liquid conpression, etc., from
a bigrise in load torque, because when shaft
abnormalities occur in the conpressor 1, |oad torque

Y & d Jar lgnificantly than when the conpressor

© fnﬁé ?g%ﬁts né&ﬁgtggéate. If such a rise is detected,
t he i en f e f_t.h ressor._ 1 i.s .r e

ORI B8 sl G R K Bt 0B SRR 28 gy 1EisBF Ry stae

to avol ! oper a .
LIS AP LORRARIEATH AR S ol by
05 R RIS B oSt ol s nd

may be predicted when the anmount of .increase (i.e,,
teqpdraf e A4 IrRfePtte i magiog pa Hie ehdgcapk eyem. ypied the data
time exceeds a reference val ue. The instantaneous )
onciher esrdy Htatpemax phe stagdwint thea mamerywmgens 2id #14d fhg gnternal
5 current has an abnormal waveform as shown in Figure
copdition gucht hePopr dabeiceidon atliqeid terpatassiopathagubh prgdicted by
shaft abnormalities or |iquid conpression has been

- coinppusgda dieced omstant@lopusi forawe i arpactanteachwsuchrmst with the

shaft abnormalities or liquid conpression is inposed,

stoded tietatteble. Wi | | occur in the waveformof the current,
formng what is called "a nustache stands." as shown
i n FRggardif} tikO0ficiton gragdryies tolfeahwavigf aurfades wiedre ddsedficiently
and if a nmustache stands in this waveform it is then

hulptadid; tteel spatirfabe bepaats kaath, kassig encicaRasiadirictivat resistance.
is, the internal condition of the conpressor 1 is

In phediceéedinRapeeian cotrﬂﬁp@ﬁm%l@_ttcpfthé'“r%h?étH_Qns]l%@ﬂUﬁleq?igure 5
in the sine wave, the distorfion anmount being

in@B4sRk NEechiba IRl ¥§inpafid t18hdIsENInRRTIRAIE RAREDy dashed
of the detected 15 instantaneous curtent. Accordingly,

iaBoots ORI kT k. L 8L SR Egrves s dewre
of g[r}gﬁﬁ{l%' &t 188 t%l}qtpeq q{lelthc{decﬁlt {h%nra%tg%' H§ aiﬁgfjeaggs rsré%ificantly,
compared to the stationary torque.

In the case of liquid compression or the like, there occurs a big rise in
torque or current, as shown in Figure 6. The big rise expressed herein is such a
rise that exceeds a preset amount. Therefore, it is possible to detect occurrence
of poor lubrication, liquid compression, etc., from a big rise in load torque,
because when shaft abnormalities occur in the compressor 1, load torque increases
more significantly than when the compressor 1 is in its normal state. If such a
rise is detected, the operation frequency of the compressor 1 is reduced to avoid
abnormal operation.

Instead of judging the amount of increase in torque or current to predict

occurrence of abnormal operation as described earlier, a rapid increase in torque
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of distortion, judgnents based on the nunber of
repetitions for every machine rotation frequency are
possible. Nanely, it is possihle to make a judgnment
from 20 the nunber of repetitions of distortion
greater than a certain value or fromthe total anount
of distortion which repeatedly occurs. Accordingly,
LCty & e I [ u :

O B e LR S rre P 5 p 2t B oleBh may be
t val ( i.fi .
prVERER, ehef b By Al UIGR0RCe (1845 SRBERULL Fhhe) in torque o the

ol [ [or.pressure information fromthe
ikof! I LB 83<B800 BrePiRE Wi uc ng means 20"
anal yzes. t he_ hi gher harnoni ¢ conponent an e
ot e ehs S B3R ey RS sy h g Big pave and if dhis
occurrence of poor luprication, |iquid conpression o
Cup gt |lﬁa&é1nc3§6105'g‘ag?”é’a? rgu%yh%ﬂﬁ%%l&wt § ot ip faahBradlicted that
value with the waveform of the higher harnonic
anc dipatle htabsugh gat sBpEdabrrrmaliiinse B iqW s epmpressiopdgs been
. a case, abnormal operation can be avoided, for -
impesedincMorpycansaeielhgift s 1omachtlpash sech rasqsbafs yaksorppéities or
_conpressor 1. In addition, since the threshold val ue
liquipegsintpredsionefseiropesedy adistytips wit dsagednothe waveform of the
tenperature information and/ or pressure information
cufreatn fdreingf whgeriandalsyst'@nmusthehe etdralsi’ ias yshofwn he Figure 9.
detected internal condition can be increased. As a
Acgcesding|y,aht avdvefem s déteciedmpdes aanustachd&anps v enis edaveform,
wi thout fail. 10 MODI FI CATI ON Now, reference is made
it isothbn gusdicted thhi ghimpandoad has beadhigpddedner
constructed according to a nodification of the first

enbodhae i, .tht Nntefh &l €RAFRLIoARTItASIRMBOLOWS fUpFRNted based on
and/ or instantaneous voltage of the three-phase coil

thd @m@funt BE FBLALi 0P pRé At acihehindRehviehend AIL6ARN amount being
condition of the 15 conpressor 1 is predicted from

obtiBedebLChh NYsialifeshe BRSAAr ORarntligc PESALELER 1Y §hPaletected

condition, an Inverter signal froman I nverter

inG2MEAOS e;égﬁsn%&?géi%ﬁfgqﬂbioyilﬁ‘l&iéﬁﬁ)ncgc@pfse I%faﬁctg[blifesbased on

varied, t per a protective operation o

distortion in an instantaneous current.

In addition to the prediction of poor lubrication etc. based on the amount

of distortion, judgments based on the number of repetitions for every machine

rotation frequency are possible. Namely, it is possible to make a judgment from
the number of repetitions of distortion greater than a certain value or from the
total amount of distortion which repeatedly occurs.

Accordingly, the prediction system 28 should be designed such that, like
the modification shown in Figure 8, the memory means 21 stores a threshold
{ralue (specified reference value) in accordance with temperature information
and/or pressure information from the refrigerant system and the computing means

20 analyzes the higher harmonic component of an instantaneous current.
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the conpressor 1. "The protective operation"” of the
conpressor 1 discussed herein is a failure avoi dance
operation for preventing occyirence of poor 20

| ubrication, Iiquid conpression, etc. Concretely, the
conpressor 1 has the notor 6, the inverter 11, a
sensing device 25 serving as a detecting neans for

det eqﬂtﬁQhﬂ%ﬂ'%%ﬁ@,ﬂﬁ%‘dﬁeggé trogrf)%) r W{&rﬁog, litqﬁig compression

i nst ant aneous tage app e not or

or BT R L S0%, E5ARE AP e e B 40 St
r.o nmeans 29

fail id ‘r.oll.i i
offle BEh HalinofcSodhiRuTan oF Attt R ip B BRRER &eflliy Tn such

28. . The edi ction system28 is provided 34 w.th the ‘
ca e AP BB ALCFHORAT Mo FLORBH THGTREAHE. 50 (fHHnE Migperation
in Figure 10 but shown _in Figure 1). Since other .
fregueney Ofdhe Sompecsshb lsakd addition.tHiecethe thegsald oy (specified

shown in_ Figure 1, the parts corresponding to those of
refergisce veluge 13 | sdntiapebdomytemmreraiwe dpepaper and/or pressure
_hunerals and there will be omtted an 5 explanation
informatien. frymuthe refrigeeandi ystondthd sritabidonh the detepipd internal

10, an instantaneous current and/or instantaneous
copditicmgeamfbet frecreaield. 10A0fa tdvaltpot dnilGreaie thet@mmpdssor can be

and the internal condition (poor l|ubrication, |iquid
precmprdessthont fat.c.) of the conpressor is predicted

fromthe detection values. Then, the information on
MOBDIFIGATIAN 10 condition of the conpressor is input

to the failure avoidance controlling neans 29. Stored

i n t New, atdfeife@c@\Viei fat€ &oCPIYur®l 10 RehibR DAY ahSaidadenditioner

froma preset refrigerant systemnodel. The failure

codtpidlanaecdraiiy @ 4 hitdi fIBANSh eDtH NPkt SndddihBst ruct i on
signal froma refrigerant systemcontrolling neans 30

for peifiordaktan PRRAALAQILSCANER! 2ot NR(ARAKIBR Atage of the
system 15 Accordingly, in the air conditioner of

thrEb Ghage 101 L1006 ke ﬁﬁﬁé&' 6 GRP Hetd QL4 Ogéld fﬂ%ein‘ffl‘?f?{]géﬁﬁrtioli of the

i's predicted, and the operating C_o’n ition o
Coﬁﬁiers'sgfrlaﬁt Préﬂiét%&' ?Bfno'fhec 'df:&léti%)n' ﬁal%s@d' BL&Y BAsEd Pledicted

the refrigerant sys em nodel . t he
internal condition, an inverter signal from an inverter controlling means 26 for
driving the compressor 1 is varied, thereby performing a protective operation of
the compressor 1. “The protective operation” of the compressor 1 discussed
herein is a fajlure avoidance operation for preventing occurrence of poor
lubrication, liquid compression, etc.

Concretely, the compressor 1 has the motor 6, the inverter 11, a sensing

device 25 serving as a detecting means for detecting an instantaneous current

and/or instantaneous voltage applied to the motor 6, the inverter controlling

means 26, and a control unit 27. The control unit 27 includes the prediction

system 28 and a failure avoidance controlling means 29 which receives an

instruction from the prediction system 28. The prediction system 28 is provided
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content of the prediction is poor lubrication, a

control signal will be output to the inverter

controlling neans 26 of the gonpressor 1 fromthe

failure avoi dance 20 controlTing neans 29 in order to

avoi d poor lubrication. To this end, control for

varying the revol ution speed of the notor 6 (the

c r el
Wlapjflﬁeeﬁlgﬁi a§ Exﬁes %g%lcgﬁc% cc?rﬁ@%ﬂr?}% tm%iﬁn)l'é (Z\Oa(;r gt@g%&rHQn Figure 10
trol. paranet |ssu d fron1th fr syst: .

oo SHOR i RIARE R, b Sitrr BRI AE i JEE Al ¥ e i

0 .ratlo i s .avol ded 5 n carr i ng out .
coBfifiogshah waﬁpn%gabeeﬁaﬁf RSP e ieabp e dhithegs oL figure 1 are

rolling means 30. controls variou nits.
idgtilschdy CHRdstRen Piae g5met ﬁpragé °rg é}T Be omitted an
predicted at that tinme, and if it is found that an

eXBB@ﬁﬁPm Ser@pth an  abnormality such as poor

| ubrication is being carried out, the control by the

i nvelhes, igoherast FPmdtigeanshogn (ln r‘fegwieolibcam pstantaneous current

operation of the conpressor 1) performed in
angfoefiestentmeoes vhiagpef db¢ sadl llb@ﬁtthglmwrtﬁhére detected, and the

refrigerant system5 controlling means 30. Wth this
intarrangedition, (pobe luteidasibiol ligyidEombresavoi dincef dfe campressor is

failure in the conpressor 1 can be inproved. If the
prafiedidcfrech itht edatatti@ondiltéson Themothrealinfoamstivfit ofir tre internal

the above protective operation to the steady
cof@igloatdfahe icdniPreBor Mg us pethd fadlrk yvold@ce kantralleng means 29.

avoi dance control ling nmeans 29 includes a switching

Meangtdré@tin SOMIure boithinge Whtrelingm¥eangoiis ddesi@ned preset
to swtch the conpressor 1 to the protective

refPRRFAt 9Btehf nlddel S PhLEHhTERIAAIARL @it liMk tohe R 29 inputs an
abnormality such as poor lubrication is being carrie

1ns@1l\'.1tct1@9d51 19&1%15‘35 r&f??ge?aﬁﬂpsry%%‘?rco%tr%%ﬁ%‘%he%h?%@}’for %erformmg

operation if it is predicted that normal operation

opB&&la c%ﬁ?r\’)?]pﬁqﬁe ?er ekeﬁﬁ%?stetrrp hi gh-efficiency

operation o con tioner. 15 The failure

avo' gx@?&r nfépt [° l'lel g c%aﬂ‘f‘or% Sggyggr% ﬁgsﬂhgq fhrh8 B8k fition of

i ure diragnosi's pre |cted

WLTE N Ty .
circulation circuit is predicted based on the refrigerant sysiem model. If the
content of the prediction is poor lubrication, a control signal will be output to the
inverter controlling means 26 of the compressor 1 from the failure avoidance
controlling means 29 in order to avoid poor lubrication. To this end, control for
varying the revolution speed of the motor 6 (the object of the control) or control
for varying the value of a system control instruction {(operation control parameter)
issued from the refrigerant system controlling means 30 is performed, whereby
abnormal operation is avoided.

When carrying out air-conditioning operation, the refrigerant system

controlling means 30 controls various units. The internal condition of the
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| ubrication is diagnosed fromthe distortion of a
detected i nstantaneous current, liquid conpression is
di agnosed froma change in asgdetected instantaneous
current, 20 or abnormalities in the degree of suction
super heat are di agnosed by estimating high and | ow
pressures. The result of this diagnosis is stored in

conl} <SRN % pRBRAS 2dthal BEEETRUSF if {befohﬁg%gt &f obbfition with an

systen1fallure di agnosi s can be utilize

ab?lgfrﬁgl%yl Qﬂcﬁl)_fasf ﬁt%r brfc%”clo?lxmleﬁlgl Ald-R ﬂlpp 5ngontrol by the

oper ati-on ure diragnosSi s can be’ma

1n(f£l‘?er 5nt?0qm%| dlln(e)gfg 2%8(?]}%\%1 grﬁtecﬁé ;agc}eqnlg)f/ tg/grct%gn&%e%or 1) is

ur e=di-agnosi
ocatlo s of fa ts can be det r ed,.and

h @6%%2&; %}E%‘g system
rrect

peplifmstiof wheRFathe S o el
re di agnqasi s makes it pgssible . to c
ool mee it ML Hespsrmotb i e & s Fpidance of
éﬁgratl nin a troubled condition can be avoided. The
UFTet TR BY PR Weans 29 may not nake a
fallure 5 di agnosi s, but may make a fajlure forecast
whenld the raei & tintsrealt ﬁaledléwnam GPEmMQ; | § shacdjom fthe above
operation is continued. As used herein, the term
profegiiveraperdhiat 49t the pisads enractipods made.i cMdarenspepifically, the
predicted from for exanple, the distortion of a
faiderceastcadariasst anircd heguseans 2 2 nocludte aiswfitriag inperren(nohshown).
failure forecast is transmtted to the outside (i.e.,
Thio switehirge means tibeldsigee)l tohewitgh the commpressat 1 do the protective
means 31. The communication nmeans 31 is constituted by
oparatioapliyit neapsedf{yd han agpdrhtiek ewlthgaof abmainedilty osuch as poor
l'ight or sound generation) for informng the user etc.
lutpdcationeid BEQIgreiiriyd o0t the foakiviteR ther &saptessdihd & ithe steady
condi tioner shown in Figure 10 accordingly nmakes a

optautiodri€ it {sopRdagtd ARt ddrhslfopletdtich A&y B€aSteddasrdll. ghThis leads
rellablllty so that abnormal operation 15 entailing a

to hpgf GRS SRSy @ferﬁﬂ@h@?@h@ﬁﬁ%n@ﬁldﬁer Further, since the
ormation on the failure forecast can be transn1tted

Lo tige Uigid VMaEL UEQQQHE‘SH L&Al fgﬁ;ﬂy W@%dlg%ld to make a

t he user or t in orned it and~can
sysciQIBe fx\ﬂlturé td?ggr(c%'lg Ul&ed on the predicted internal condition of the

compressor 1. As used herein, the term “failure diagnosis” means that poor
lubrication is diagnosed from the distortion of a detected instantaneous current,
liquid compression is diagnosed from a change in a detected instantaneous current,
or abnormalities in the degree of suction superheat are diagnosed by estimating
high and low pressures. The result of this diagnosis is stored in the memory
means 21. Therefore, the result of the system failure diagnosis can be utilized
for correction of faults, for example, after stopping operation.

Thus, a failure diagnosis can be made in the air conditioner shown in
Figure 10. Moreover, this failure diagnosis has high reliability so that the

locations of faults can be determined and the cause of the faults can be predicted
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ANOTHER MODI FI CATI ON OF THE FI RST EMBCDI MENT Wil e the
first enbodi ment of the invention has been descri bed,
it is 20 apparent that the ghavention is not limted
to the first enbodi nent but nay be nodified into
various forms within the scope of the invention. For
i nstance, although high and | ow pressures, the degree
baREd DHCh ORI luSURRRBL, ARRS nlalltEF 'iP?Bés‘i’B‘ﬁs {o B4kt the faults and
conpression, etc.  are predictable for the air
refr@9Ei th QARLe 3PANE f’aﬂltf'sguﬂhgt bpelalicn Ol gc‘t¥0|{)b(?e<§’%ondition can be
predi cted may be any one o tﬁen1 35"t ar Itrary
i nations of itens selected fromthem Although the
protective operation of the conpressor 1, the failure
37 hagpoesis, and the fajluyre foreca are all .
possibEarbire; Bl shilrpliertiitnsy | HoF ot akgo e failure
.the inyention is equally. appljcable to other types of :
diggosEoRbl MayBike 3 Tegre L RRRECR i iSmecdicabls Mt petailure will
the . protective operation is perforned, but the . .,
OCPY Ilgroé’ebart%{)@nb%i°§nHﬁHe$heA1saP$et§1r Beresp.e s tiep o fadure forecast
made. | n another alternatjve, 5 the failure diagnosis
meags Hhat page luitatione 1o perdieter Vigowp dpnrerampindthendistortion of a
failure forecast are not perforned. In another
detgotedt dastpyapeete quatdnyr e Flor dofstagian ba thadiiluputforecast is
the protective operation and the failure diagnosis are

A transmitiesd fotheedutsidd fer., & ther netri ethedlilee))aths ouglos sidshmypnication

whi ch enploy arbitrary conbi nations of functions

mesek 83t ed Herammhbeicabouencd® IInisaddistituaad byhedispegi fieeds (such
reference value for a rapid rise in an instantaneous

as Cuckeaitg, ofnmidédution lighed f @unt e npraeidng oo mfotmidiethe user ete. of
internal condition, and the specified reference val ue

the @ifoAndtdqa 6n thstilute dbrecAst ant aneous notor  driving
torgue, which is used for the prediction of the

i nt eTRAl aif ciditi Ofbr SRdwREIn Akl 881 4dcorlin@IEUnSRAN a failure
condition that the alterati on does not causé an

forabraml thid $aiGRRr bt hhEGi PR IVBabilic) sB0tHaPlfabhBRnal operation
conpressor 1 may have the function of” outputting

entallhf HBLIIQR SHCBe a50RBRALE LRA L MOFQLHEE | A9t Enation on
t enper at ur e,

the failure forecast can be transmitted to the outside through the communication
means 31, the user or the like will be informed of it and can cope with the failure.
ANOTHER MODIFICATION OF THE FIRST EMBODIMENT

While the first embodiment of the invention has been described, it is
apparent that the invention is not limited to the first embodiment but may be
modified into various forms within the scope of the invention.

For instance, although high and low pressures, the degree of suction
superheat, poor lubrication, liquid compression, etc. are predictable for the air
conditioner shown in Figure 1, the object to be predicted may be any one of them

or arbitrary combinations of items selected from them.

Although the protective operation of the compressor 1, the failure
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hi gh pressure, | ow pressure and shaft | ubricating

condition. Alternatively, the drive unit 40 may i nput

i nformati on on the refrigerag% systemto calculate 20

informati on intended for inproved accuracy or system

opti mum operation. Thus, information such as a

predi cted notor driving torque can be output, so that
dihoswS Gha GAD f&i‘i’q{e%%é sBhASH] hB?sibi%t %"rgﬂ% 2 GO i Oer¥hown in

the cdnpressor 1. ntormation | ntende or |nproveJ

. urAcy .an em I Jrum r,at,i o € & . o
R Ao P P BRRRL B Ryp i gy pondicioners

uracy. 25 an erform system

FOiCE gﬁ{s Ven’gg—tb%&% ir]%[ﬁe.(i‘%ﬁ‘ée’ eoprogeqqg\%n 8peiation: léidpfrgogned, but the
falo B R O BB e deBroan: P& Bk iiteed Ty tiheipitgmative,

not Qr del, a need for _ an accunul ator, pressure X
thg éﬁgkblie?gﬁrgég%r gan gw made. obutstier PBieHi e OPETRbONapRG dhe failure
sensor can be obviated. Concretely, in the case where
forgsast axgunet perfprasdi ofn gnothss altnypridysothelfailirg forecast can be
predi cted as described earlier, an accunulator is
miben deis arpyotastive epeartiion goddibei bhlare shwgnesinar gat @erformed.
2. For instance, a notor driving torque, which is a
Othar attermativels aitve alwot ppssibldel whick edighty farbdraapdedmbinagions of
conpression is predicted fromthis notor driving
fubarapseselebied fiom tHe ghuivd. back is predicted. Therefore,
l'iquid back can be avoi ded w thout use of an
accuiul additiohn thiee spefifiegeraferenckO wilti€ uf@t izorrapid rise in an
circuit. The above arrangement is suited especially
indt@ftabbusCaneemheridck Ne us6® THF €8s prediction afrtht dhdernal condition,
conpressor. Since one conpression occurs for every
anfOfhat kutified tlReerkAtd 1WABadPifst QN rhyideris@ N @f SRistardftkous motor
the so-called swing-type conpressors in which a

dritiSd Arqabdvd;d ades&f forl ﬂﬁ:ée;ﬁre@iclti)bnf@ﬂ’ RAintth@F RoAdition, can be

conpressors have the probl ens of high-speed

arlﬁ%ﬁﬁf%ﬁtle% aﬁrﬁ% 'BREHiJ BES th aﬂt@ﬁﬁ ngiﬁggggﬁs@/ an abnormal

I qui'd back. prediction o i qui d bac
op ibed in the first enbodi nent enables reliable
prevention of liquid back without use of an

The drive unit 40 for the compressor 1 may have the function of
outputting information such as a predicted motor driving torque, temperature,
high pressure, low pressure and shaft lubricating condition. Alternatively, the
drive unit 40 may input information on the refrigerant system to calculate
information intended for improved accuracy or system optimum operation.

Thus, information such as a predicted motor driving torque can be output,
so that the user can correctly grasp the internal condition of the compressor 1.
Information intended for improved accuracy and system optimum operation can
be calculated, so that it becomes possible to achieve improvements in accuracy
and perform system optimum operation.

The motor 6 is not limited to a brushless DC motor.
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accumul ator. In the case where a notor driving torque
is identified and a refrigerant 20 pressure is
estimated fromthis notor drﬁglng torque, a need for a
hi gh- pressure sensor and a hi gh-pressure switch

provi ded for the discharge side of the conpressor 1
can be obviated. Further, a need for a | ow pressure

Sensef thPayd %@ref He fnli‘&'nﬁpgg)h@i@lo%' (Sjiﬁth%f cddifr essor 1 is predicted
Con‘pressor 1 can be elimnated the case where a

byTREOL A bthd OQ{% UL nbsd et £éc ?mﬁﬁ% Cg?esgﬁl%r ?&15‘3? pressure

25 superheat o e refrigerant o npr essor
suqfc%ddrcgu%f}oﬁ qg& Eé?ﬁn% er b, Qrserggolr\é'aﬁ%e onfrugc a need f or
a suction erature sensor provi ed for the
suct | of the co ssor, 1 can
o' iRl égl%sﬁtﬁ\?t) ASeC e TRLRY oG Regy of the compresor
e invention will be descri bed wi
is r%fﬁﬁ}%%ﬁés 36%“1% e EOHTIGs ANTRRFURRHTT Bo WP%%SH% for the air
only the parts of the second 5 enbodi nent that differ
COPiikSi/ﬂnPﬁéBg WBFN IHEUS £-5t FRpbditifsn e BABKAT g tgEfus. fvhich is a
That is, in the second, enbodi nent, the arts o )
PapRTies ﬁérﬂa? ARCles e e inidemtigindeand 1 caBpEegsieny ippredicted
the same reference nunerals and there will be omtted
from dhisamoter deixprateraren Thet éofliquid ks predigieda Therefore,
detecting nmeans 15 is provided for the inverter
ligyet thagh car0 bt4avaidpd acishott ube cfure envcuteddor on 6 aefiigerant
vol tage detector 17 of the first enbodinment. The
cirdelagioni agguieans 15 detects the current and vol t age of
the three-phase coil 10 of the brushless DC notor 6.
The Tkt eghdweg ammapsmebt Hassaited wspediallget@ctthegease where the
section conposed of a current detection sensor or the
compk&socdpabh eotlry dRgatidng. C@ifi@Nbne aReth@eydbh aglurs for every
detecting section conposed of a 15 voltage detection

rotafBs0ln Ghe thelihd oest6RPIFBE ecOhpARLESEG! AP el 588R1ledSswing-type
shown in Figure 13, the conpressor 1 is nmade in the

cofm@Fd¥s&fs ans @eﬂﬁbﬂl a @pfitor tSndrHshlagss am ﬁ@ég%ﬁn? B&Sndd these
armature 10 (i.e., coil) and a rotor .

compressors have the problems of high-speed compression and rapid rises in

pressure caused by liquid back. The prediction of liquid back as described in the

- first embodiment enables reliable prevention of liquid back without use of an

accumulator.

In the case where a motor driving torque is identified and a refrigerant
pressﬁre is estimated from this motor driving torque, a need for a high-pressure
sensor and a high-pressure switch provided for the discharge side of the
compressor 1 can be obviated. Further, a need for a low-pressure sensor
provided for the suction side of the compressor 1 can be eliminated.

In the case where a motor driving torque is identified and the degree of

superheat of the refrigerant of the compressor is predicted from this motor driving

torque, a need for a suction pipe temperature sensor provided for the suction side



10

15

20

25

case, the rotor la of the brushless DC notor 6 has a
magnet - enbedded structure in which nmagnets (pernanent
magnets) |b... are enbedded -%%si de thereof as 20 shown
in Figure 14. Incidentally, e permanent magnet
synchronous notor (PMSM is a notor in which

mechani cal rectification caused by the brush and

ofﬁﬁ@%}@}gﬁ)gg ng?d;el’gﬁ{i@ggd'_ent motor is replaced by

e swtc on o senm conductor, and i s

Sﬁ@b' r@?@&%ﬁéﬁéﬁm notor. Since the PMSMis forned

such ni'cal rectification is replaced by the

switghing action of ‘a .25 senmi.conductor. it .hag_ a - .
ot ol adneri BnhabeRe R SRR P g p 1B Seescribed with

e & o GHETaGe « R of S5 aBS e Sppte secons
en%:lf elﬁ{egggh%%ﬁi%%{rggo%ot Iogggg't&%a%igg {}g‘g%ginl}ﬁ?qc% H%N?lein Figure 1.

vol tage and instrunment constants, and the_ brushless DC
Thabtidr 06thessecant reanh eimsab die gprishecresponling tq Hose of Figure 1
estimation of the rotating position. In the . .
arg ederitigtadaby thsysareenrefsevmecinvnmrgly and there Wil isepmitigdea detailed
detecting 5 neans 24 is formed in a discharge pipe 18
explangtiendbengpbssor 1. This tenperature detecting neans
24 detects the discharge pipe tenperature of the
conpAesswomwinlin Thea geediicgineamsyb enpfidel fonderingeder section
as a notor tenperature estimation system and an
14e st iptatedbfmiteorcutienpeateatatoe li6s anhdgaciegk aketddier 17 of the first
internal 10 tenperature of the conpressor 1. This

enfboddnehd. ONTisy Sle@BtiAg meagguUiFpEettcw ke tdiereaban@ voltage of the

detecting nmeans 15, the conputing neans 20 (i.e.,

~ thiRélgHagelcbdl DPBF hd BRushilSIDC HhbRMENDTHe Me&RSingImeans 15 has a

(i.e., storage unit), and an instrunment constant

cutBRU k9 nFe 88 03P -codposBd So € @S 8yrrbite deflctiBht sRoPfordthe like
notor tenperature is made by estimating 15 the

ca]%meéiatd%f&ti‘ﬁ% theARANRE S QQREQ@%@&FH@Q'@@&?&% chnilﬁbsed of a

he rotor la fromthe current and voltage o

vollREOlie R ABA siel'?&trrd%ﬁﬁgtlikg%éhﬁl%téf de@&%%iggllt%ge a notor

te e_raturels esti nmated using a notor e (rotatlng

CORE ‘3118%%3?‘125%”13, the compressor 1 is made in the form of a scroll, and
its brushless DC motor 6 has an armature 10 (i.e., coil) and a rotor 1a. In this

case, the rotor 1a of the brushless DC motor 6 has a magnet-embedded structure

in which magnets (permanent magnets) 1b... are embedded inside thereof as

shown in Figure 14. Incidentally, the permanent magnet synchronous motor

(PMSM) is a motor in which mechanical rectification caused by the brush and
commutator of a direct-current motor is replaced by the switching action of a
semiconductor, and is called a brushless DC motor. Since the PMSM is formed
suc_:h that mechanical rectification is replaced by the switching action of a
semiconductor, it has a rotary magnetic field system structure where the magnets

(permanent magnets) 1b are formed in the rotor side whereas the armature 10 in
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nodel ) conposed of the current and voltage of the
notor 6, resistance and inductance, the resistance
and inductance being an instyunent constant. 20 That
is, the conmputing neans 20 i s so constructed as to
identify the magnetic flux characteristic value of
the armature flux |inkage of the magnets Ib, which is

th@sRasATRE er rRE rwaﬁngg%@ﬁidﬁo&lﬁh#e bR ﬁ&;@ﬁgﬁﬁgpgﬁ%c motor 6

estimates a notor t erature fromt

« RS SO OEL) B34 G008 JLAL2 g o brshiss D
oYL EORHE oL 05 UIAL Bl By e Yostion.

MV VV=p _
5 0 PR Srdam @l eI PR g
sel f-i nduct ances. of phases Miv, M, . nut ual .

Mg u2E aFcdOBBEfih apﬁﬂ res, pive dby P%&d cqmgressgf 1. This

d-axis from U phase cu; electrical angul ar. velocity
tempgrajyre ¢RigFRAnmeANge2brdckssintthe edisehares i RiRaJemperature of the
produced by permanent nmagnets per phase vu, vv, VW

COBPRERSOY & vol t ages of phases 10 in, iv, iw armature
currents of phases p = d/dt: differential operator =
Ra: Thepsedipiden ofstammdft isr eonsimidiadgas a motor temperature estimation

system, and an estimated motor temperature is regarded as the internal

temperature of the compressor 1. This prediction system 28 is equipped with the

above detecting means 15, the computing means 20 (i.e., arithmetic operation

‘unit), the memory means 21 (i.e., storage unit), and an instrument constant

inputting means 35.

In this case, the estimation of a motor temperature is made by estimating
the temperature of the magnets (permanent magnets) 1b in the rotor 1a from the
current and voltage of the motor 6 and instrument constants. Concretely, a
motor temperature is estimated using a motor model (rotating coordinate system
model) composed of the current and voltage of the motor 6, resistance and
inductance, the resistance and inductance being an instrument constant.

That is, the computing means 20 is so constructed as to identify the
magnetic flux characteristic value of the armature flux linkage of the magnets 1b,
which is a parameter of the motor model.

The above memory 21 estimates a motor temperature from the identified
magnetic flux characteristic value. In this estimation, the voltage equation for a

PM synchronous motor shown in Equation (9) is used. .



Li ke the basic nodel (rotating frame nodel) for the

t hr ee- phase PMSM having two poles as shown in Figure
15, a d-axis is plotted int direction of the 15
N-pol e of the magnets |b and a g-axis is plotted in

the direction which is shifted forward fromthe d-axis
by it/2. If the lead angle of the d-axis, which is

cl ockwi se shifted based on the U phase winding, is -

represented by O, the self- inductapeessiald t he _
ma g e ribe dafion (10), the nmupua

il o B;M%E[' qg?ﬁ&vqpt_igﬁ%é T"\Z o tcﬁég)éfrln@ure—grzrx)

v*/.— .
i nk t he negs, | . Equatli on 20 ,(12).,42
v 2 TEMPL * EMRRD R rpEral L Lasq,oq&.&ﬁnéﬁ)-l-..—z—@rl
Lw=l a+La- Lascos 20- 2 7r) where Uu, Lv, LBw 3
sel f-i nduct ances of phases |a: |eakage inductance per
phase, 5 La: average of effective inductance per phase
Las: WA i tude of effective inductance per phase 0 =
cot:_lead angle of d-axis from U phase co: electrica
angul8r Lyeb vei tsgli-igpstancegof phasggcos (20- 3 7r
M/w=-La-2 Lascos2 B\ (11) Mw= - La- 2 Lascos (2 B +
371 Yorvs MvitieMevivuy mutgad, infpeienes beraiecn mbhastsance

bet ween phases T/7fu =0fcosB 2/ 7fv= 2/7fcos (B - 3n")
@ t2pt:  lead angle of d-axis from U-phase

- (9)

o: electrical angular velocity

yf: maximum value of armature flux linkage produced by permanent
magnets per phase

vu, vv, vw: armature voltages of phases

iu, iv, iw: armature currents of i)hases

p = d/dt: differential operator

Ra: resistance of armature winding

Like the basic model (rotating frame model) for the three-phase PMSM
having two poles as shown in Figure 15, a d-axis is plotted in the direction of the
N-pole of the magnets 1b and a q-axis is plotted in the direction which is shifted
forward from the d-axis by @/2. If the lead angle of the d-axis, which is
clockwise shifted based on thé U-phase winding, is represented by 8, the self-
inductances of the armature are described by Equation (10), the mutual inductance
by Equation (11), and the armature flux linkage of the magnets 1b by Equation

(12).



2/ 1fw=7fcos(8+ 2 7r) 3 f 15 where wWu, yfv, yifw
armature flux |inkage produced by pernmanent magnets in
phases 43 VE maxi mum value @f armature flux |inkage
produced by permanent magnets per phase Equation (9)
IS obtained from Equations (10) and (12). The
transformation matrix used for transformation fromthe
t hree- phase coordinate 5 systemto the d, g
Lesoadt hatelLagsbe2d s gi ven by|the foll owi ng Equati on
(13). If the basi/ic yoltage ggpati on (Equation (9))
f—\d%@rhb@a‘ Lasrpe 2@*@%@% .. bysyse of this
t . S o (lgﬁ \ .
ransformation trix, |2nto t he d, axi s coordi nate
Lwyslaeinlait Lhscos Q@—at-—a«n;r)e ectrical angul ar
vel ocity of co, the vol l3age eguation of the PMBMi s
given by the follow ng Equafion (14). 10 2 cos 8 cos
(B - TC1 cos (Bl 3 7C1 3 -sing -sinle - 3 7il
sin &C¥7r | rvd] rRat+pLd Ldi[idl 127P] g L wLd
Ra+plLgJigJ+ (>4> v where w = 3/2 w = -13 we 15 We:
ef f eéth & 1A uesed-industanses of PhRses nkage produced by
per manent magnets vd, vq: d-axis and g-axis
conpétenieakege indnatagee peophatse

5 La: average of effective inductance per phase
Las: amplitude of effective inductance per phase
0 = ot: lead angle of d-axis from U-phase

m: electrical angular velocity

-

Muv=—La— Jé,._ Lascos (2 g — %7{)
Mvw=—La—17 Lascos2 6 > e (11)
Mwy=— La—% Lascos (2 0+ %JT)

10 o

where

Muv, Mvw, Mwu: mutual inductance between phases

Yfu= Y fcos @
= 59— 2.
(/A chos( g 71’) . e (12)
Y fw= tbfcos(@-l— TIE)
15 where

yfu, yfv, yfw: armature flux linkage produced by permanent magnets in

phases
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id, iq: d-axis and g-axis conponents of armature
current Ld =la + 3/2 (La - Las): d-axis inductance
20 Lg = la + 3/2 (La + Las):,q-axis inductance In the
steady state, the differential operator p is zero in
Equation (14) and therefore the notor voltage
equation for the steady state is given by the

foll @g\ﬁlg@axﬁﬂ&'ﬁt bﬂﬂe(ngigtdrnraéﬂlre [ty e 'lin[ka%% Hﬁi%&da%ﬁ rénanent

[010 Wis first from Equat |

of the magnets |b is estimated fromWwW
magg?@ﬁ{]e?ﬁaii}ﬁgeesi ghates a magnetic flux characteristic
val u soci af.ed W th .t h rmat ywe f.lux |jnkage
goncralRRTy Bhnds manibe®) O ohalipnh (LT 1y, The
be. found fromW= -\F3[errle, and i g t effective ..
trafpirgaBin BRI JPb N g B oG RET-BiEEdordinate
magnets Ib. By setting id (the d-axjs onponent of
SYSHE tarth duec A et f)gstt@nzlé (VhBY Ahq Solleving EaupPn k). 1f
current phase s zero as shown in Figure 16, vqg (the
thegbagis ¥oliegmemeitonofEquation (ar deseripefl cagtor isiconyeriag, By use of
.the follow ng Equation (16). Equation (16) is then
thig apeiorsatippmeatiiy. Ejodhe 6nq(@KP coqdinaihprticn whishgetates at an
obtai ned. Once Wis determ ned, the tenperature (the
elecleimpéraguee voloci tiyeo fnagihet o)l tagarequaties of e BYLIVomgiven by the
graph (a plot of nmagnetic flux vs. tenperature) such
folkesvighdiguationRilgure 17 whi ch shows the rel ationship
between Wand tenperature. Specifically, this graph
shows the value of Wfor an actual tenperature and is
prepared beforehand to be stored in the 15 nenory
means 21. After Wis gal culated by the conpyti nj nmeans

20, resag @ ofcashi@ —ari ti c copérhth % Ji|nput
C=o mory neans 231 and ‘the’notor ‘tenperfatureg s (13)
esty

t gd_ thi si, Mm=R 22 i gA[ errlx] AVAY:)
[err]=( q-%rfgq)//[érrnrw... &1@;) 20 e(?ﬁlorﬁalﬁﬁ ntrol
IS being carried out, vq is given by the follow ng

o= ts rebe 8]+ (] e

where

y =372 yf =3 ye

ve: effective value of armature flux linkage produced by permanent
magnets

vd, vq: d-axis and g-axis components of armature voltage

id, iq: d-axis and g-axis components of armature current

Ld=1a+ 3/2 (I.a - Las): d-axis inductance

Lqg =la+ 3/2 (La+ Las): g-axis inductance

In the steady state, the differential operator p is zero in Equation (14) and
therefore the motor voltage equation for the steady state is given by the following

Equation (15).
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Equation (18). Equation (18) is converted into
Equation (19) fromwhich Wcan be found. The
tenperature (the tenperature,pf the magnets) can be
estimated fromthe above graph (the plot of magnetic
flux vs. tenperature) based on Wthus obtained.
Incidentally, in the above arithnetic operation, the

tor- current and 25.-not or oIt ge are detected by the

te¢ti Ay neanddis, r currepigand 45 mot or
VQ |t agelad wel IRas rlesi sta ¢e d |nd3 ?ance are input
to the conputlng nmeans 20, the resistance and

It Egul ngtntﬁurrgﬁ nst (%um% &%;égﬂég%ggrggera ure oiglt'he magnets

Accordi n data uneri cal al ues f or
o S R et o e>(< et éeeéﬁa%é bt %sh%facteﬂsnc
L assoe&eq__vﬂ%;)%pe dl)ﬂn%tg-;eRﬂaaillﬁ%l@ge gé(r\ggiééedTéjé ale magnets 1b.

magnetic flux characteristic value of the armature

quets@mcrqﬁﬁagé! fan patfound ffamey FoViwe, gndoke [ethe etfective value of
[err], W can be used as the magnetic fl ux

theprapatnreelis dinkage seneratesl by dhamascnhts Yr-apRy (seHéngid(the d-axis
of magnetic flux vs. tenperature) show ng the 10

comppatitonsiicpratwseturyent hbel zewnpéest Bine zefthandnbhocurrent phase
tenperature may be estimated fromthis graph. As

1s garatascsheard ireFjgune li6s vijhghefifeds cumpoabnteoDfhet fenature voltage)
armature flux |inkage generated by the magnets 1b.

is §hus, by hie rfoltlowide Moyaeatdbur@6(.t hEgtem@en a6 uie tiodn theverted into
magnets 1b) can be estinmated as described earlier,

Eqamdbd h@ 7) nfremnathitRnpecad Use ddftaihbe. C@pueespde deteddined, the
can be estimated fromthis estinmted notor

teni YRR L(tHeL teriF 2B B I T @St ABAAY) BBL Ve ERMRSIAt #b6 al draph (a
i's possible to deternmine whether the conpressor 1 is

ploA Y Rhgndlc ARROFITREMpEthAAtsu@REAHHWh i P@?u@bwrvﬂﬁbh shows

state can be avoi ded thereby preventlng a lure
eoRISRIAY, OIS SIS OEE | SpLAR 00 8% hpRluos e
B AL SSLL TR, O RIS AT e sorod n
meﬁl%trﬂr ﬁéfdng;h al”HyAfQWPsdi?ahlBH@g‘{/doﬁ}jt%ﬁ% tﬁ%hl%u‘fi%@%%hx% 28U result

of this arithmetic operation is input to the memory means 21 and the motor
temperature is estimated from this.

Vg=Rxig+exy .. (16)

y=(vqg-Rxig)/o ...(17)

When normal control is being carried out, vq is given by the following

~ Equation (18). Equation (18) is converted into Equation (19) from which y can

be found. The temperature (the temperature of the magnets) can be estimated
from the above graph (the plot of magnetic flux vs. temperature) based on y thus
obtained. Incidentally, in the above arithmetic operation, the motor current and

motor voltage are detected by the detecting means 15. These motor current and
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speed or current of the notor has a specified val ue.
In this case, a condition where O becones zero is
established with id (the d-axi s conponent of armature
current) = zero simlarly to the case descri bed
earlier, and then, T is obtained to 25 estimate the
tenperature therefrom Incidentally, once a condition

mc%llervgltg% as E\gé]ﬁ) dsS ré%fs%ﬁ@e' S Gnd @i @ LR Atgvtut to the computing

I nduct I'S no nger necessary so operati on

meec‘lhg 905+ %%%FS?? Ioe, atic ﬂﬂﬁétanc@ b%&%iltn%ﬂhﬁle ‘t'%o%&a?ts lgput through

enpefa ure I'ons etc e reduce

t. in.the accurg
thegd %a%ffl?*ﬁp °°R&*&PF ‘8R3 i B 357 ¢ ehel Ty ¢“8F‘er‘°al
ti mat Lon for areas which . .
SreREHPH JeF Hif SRpre FHNGIT S SXPEOOSIGRAR SHlaH cagvithout fail.
used inthis odi nent ._ However inthis c , the
meas\ft emeft a}e*g Xilsd nar Fdw'sd & Hat X hak e -ari @%S a need
to select a nmeasurenment node for making (3 zero,
dur i Mig—ofet at o XI & 4 e indr malR st‘atied) whére (1:?)#
zero, the tenperature estinmation can be nade in al
operEhff srigaedadlug chagpeterishe yatier phiheoparaiticof ux dinkage is not
i s necessary to increase the accuracy of the 10
limiigdrioi.i cAinceny of VIve e axi be iunelliot AnecmagdetiThkux ¢haracteristic
both cases where (3 =0 and where 0 7L 0 have a nerit
valando aremrethe graphd(thd plefodrmeagmeotchilmy v stetdyeramt ¢ )eshowing the
whi chever is adopted. As shown in Figure 12, the

relbttorphimt hotecdet get ang teagRsatdde.i s Ther mectot ntenteeature may be
di scharge pipe 18. In the air conditioner, discharge

estphfed teoperttat urepk OntkOdtateliSepisgdyenist e difseivd gelue of the
pi pe tenperature of the conpressor 1 is perforned.

armdneFefl@f Binkh e gphadicd hPtheSmas £t 38. may be equi pped
with a calibration neans 36 or adjusting an

est iTmisedhd aMner Q&Mb@ra&tﬁeaﬂﬁh@@érﬂﬁéraﬁﬁw ﬁlte%ﬁgnets 1b) can be
utilizing this discharge pipe tenperature if

estﬁﬁétb%@%sﬁﬁ%@%@ﬂ%ﬁ Abfheriftdheam 8 f the compressor 1

t enper at ur e. The calibration neans 36 1's constitute

Carﬁsot/vég?lat g@&g#f&ﬁ%ﬂ?%@ﬁm%%d ﬁ%t J;%ngbec‘ratlﬁ% fa};rrﬂgls thi8&stimated

e refrigeran nor mal

mof SEREARAL BE( Jggﬁglea@aster&@euaf%m&uﬁg 8553 TEis normal

er nat enperatu

or abnormal, so that operation in an abnormal state can be avoided thereby
preventing a failure caused by, for instance, damage to the inner part of the
compressor 1. It should be noted that this temperature estimation may be
constantly made during operation. Alternatively, the temperature estimation may
be made under a certain condition such as, for example, when the revolution
speed or current of the motor has a specified value. In this case, a condition
where f becomes zero is established with id (the d-axis component of armature
current) = zero similarly to the case described earlier, and then, y is obtained to
estimate the temperature therefrom.

Incidentally, once a condition where B = zero is established, a d-axis
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the compressor 1. If an estimated tenperature differs
fromthe discharge pipe tenperature, the estinmated
tenperature is incorrect. In guch a case, a
conpensati on val ue may be adéed to the estimated
tenperature. This calibration 25 may be constantly
carried out during operation. Alternatively, the
: [ . ren
lngﬁét?ﬁéeeatﬁqg n&'%ﬁ@fﬁg&?ﬁ?% s& o Jﬂeggthw%%rotrp%aﬁégd Hthanges

notor 6 o har ge pip enper at ur €

Cfalls i hat : ! .
1ntr?)rrrlgt.san§sr dfle %Be&h{pdeg Iu%%?%ﬁtljsagfon% &;rtczgﬁ nbeppe{deugg?ﬁ[eeadmg to an

nce the pr stem 28 estinn
iR B O A0 e B teREE e, Bmiie [ SR a8ty wis
ot SalelSTB" S Bttt B%6RS0R8 oy ReB VR e short o

sed, additional use, of other arrangenents js_ al npost
reﬁ?ﬁ‘?é%‘gs@ér‘% anTRigcOngieones spe ﬁFWSF%IIPgEFee e¢jment.  However,
. tenperature can be obtained at |ow cost. Since the
in tiigsapat e anegsursrae bR i S D50 Wssoetiet Hegre drisss reed to select a
notor tenperature, using the rotary coordi nate system

MRS Wb neeie foadmplinghp zehoy during epsreEnn. afe the normal state

vol t age, and resistance and i nductance that are

whene frGment, thertsmantayre ¢fiematémpenathgrmads it hd opagados areas at
I b can be easily estimated. Further, the notor

allt emperdtrunge oparettoe, rtelti ahlsynestiat ©dityreassetlsf aacuracy of the
sinmple arithmetic expression (basic voltage equation).

iddmnifaddiohi @hthesilrusgs dndlrctatice 1.6, plabt & Yothtdages where p =0 and
direction of the N pole of the 15 magnets 1b; a

wigr@g ¢ 0ShiMeohtigerit AnAhe ddideer! iagh that«&rbrd Sn@hidd ed the matier
forward fromthe d-axis by [err]/2; the notor basic

whisHdvages edigaedon for the three-phase PMSMi s
converted into the d, g axis coordi nate system which

r ot aheShatvrdlh ?lgﬁ%& Mi2C (ROGh AeratiRERTe &g HRLEDM is formed in

obtai ning the notor voltage equation; a voltage

theSGidekdr glp{igé 18h€ 1n $healYo ot SndrS gg??x%géggp%ﬁgﬁ?%ﬁhﬁre control

mot or ge equation; and at th

ba&3t ioHH{ﬂe.o 'ai%({%llea?%e? g)gé%/ ?‘Lg{hg)tg}e)aq{?%n bof o{het %gm}%%toy 'f is H%rfo rmed.

current 1n voltage equation is ma

ThéREGre, Td 5EGiEQod 8§t A2 H Y Se LOSRELEWT 5LaFBai?En means 36

for adjusting an estimated temperature to an actual temperature utilizing this
discharge pipe temperature if the estimated temperature differs from the actual
temperature. The calibration means 36 is constituted by the computing means 20.

That 1s, as far as the flow rate of the refrigerant gas is normal, the
discharge pipe temperature is substantially the same as the internal temperature of
the compressor 1. If an estimated temperature differs from the discharge pipe
temperature, the estimated temperature is incorrect. In such a case, a
compensation value may be added to the estimated temperature. This calibration
may be constantly carried out during operation. Alternatively, the calibration

may be done on condition that the current of the motor 6 or the discharge pipe
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obvi ated and the nunber of operational elenments can be

reduced. Therefore, operation errors caused by

changes in constants due to fenperature fluctuations

etc. can be |l essened. 25 Further, the prediction

system 28 can estimate the internal tenperature of

the conpressor 1 fromthe notor tenperature, so that
tefip@ratiieefandlin GOAL i ANrafbe FiEa A8 ta PRI RESOfimb. Can be

plr?)edi e B AR it F?/ e Ea B RIEE S im

t enpey: atuf : ' i.all

QAU ﬁl{%ﬁlctﬁﬁl éﬂ%rﬁal%egstﬁﬁgt%g égé r%%/tggitéﬁﬁeéra&ue from the

provi si on of e cal i'brati on neans

cdrfU? o ANABTR e Wt oPI6EH £ icOMBU AT ATHERS, R s no need

_conpressor .
BE L R DRIAALR,, By SRIRBER AR o s

he conpressar 1 is j ed to be noy mal al t hough it
f°f?6¥%%|ﬂ°§m°&péﬁ bt @Hggkanﬁi c%ﬁ‘?dicﬁp&’if‘??g Bipnesmegts s almost
w il be sLﬁPpgg)so t hat the room cannot be kept ‘
UnAgeRSSIY abl BCreiore:ng higHE reHahlg, mptor isanespiyre sametohtained at
judged to be normal although it abnornally operates,
leW£95hj r - condi ti oni ng operation will be 10 conti nued,
so that there is a likelihood that a failure wl|l
occuPineg thee temperaderediofi heemagneoldr it crssimmgsed oas the motor
Wi Il increase. To cope with this problem the
tepperdiwei vpingydearnti2s pradimts system ntoglehabnstctomet] biyohe above
(internal tenperature) of the conpressor 1 with high
cugesurad woltape.cind edsisthmet esd snhletandel that iaho dghtribbent constants,
Incidentally, during operation of the conpressor 1,
thd teenpenstaraal thd mapestatiir @nofe thglyconprasgor 1 is
estimated at start-up, and the degree of a subsequent
ri seFunhégnper abse tdBpdaadt Cédbel felldhey LLNMRAIEd UWE use of a
at start-up or the rise in tenperature is unusual
sififle aepBmatit @R praRYiddebatRPRAtge \MghhiibRy.s arrangement,
early detection of abnormalities is enabled, thereby
Pr eVENhddigiohN§inde LOMRALESPlottkdflihORe ARBIAINNGF tHE RMpole of the
abnormal condition for a long tine, so that

maRheNery:i aog-ea%ﬁ; ﬁsg%gti‘ﬁ P& RAEBLESER i} Riffed BvariFrom the

consequen

- d-axis by n/2; the motor basic voltage equation for the three-phase PMSM is

converted into the d, q axis coordinate system which rotates at an electric angular
speed o, thereby obtaining the motor voltage equation; a voltage equation for the
steady state is obtained from this motor voltage equation; and at the time of the
estimation, the d-axis component of the armature current in the steady-state
voltage equation is made zero, a need to use the d;axis inductance L.d can be
obviated and the number of operational elements can be reduced. Therefore,
operation errors caused by changes in constants due to temperature fluctuations
etc. can be lessened.

Further, the prediction system 28 can estimate the internal temperature of

the compressor 1 from the motor temperature, so that the internal condition of the
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reliability becones possible. ANOTHER MODI FI CATI ON OF
THE SECOND EMBODI MENT Al t hough t he second enbodi nent
of the invention has been deggribed, it is 25
apparent that the invention is not limted to the
second enbodi nent, but nmay be nodified into various
forms within the scope of the invention. 49 For

cdeireaddzer bk epr&ﬁ‘i%h ot Of pd ?elﬁ%‘ﬂ'l@gof"ﬂféa&@ atgﬂggﬂggx%ture can

structure such as shown i n Fi ure

bdR¥rdEed %%&9&\%&; %ttlge rv%lggx rm ne?’ﬁgr%?mn %J{nsaig‘\ﬁe

structure in ef manen s are attached to

ot il ob ifeuti by B ydeeg RTRY e Rot judge
o %%%%éestséﬁﬁfwi%hﬁc?r HIrRB®A I8 o Gy Apiegngsad that the

|cht e esti dterrp rature is conpared in the
COTHPHYR %WW@& BW§ rﬂat%ﬁﬁ%%hetamaaune

of tﬁgﬁ di scharge pipe, and tenperature, whjc
substl&t fsaif {he smBEsREOTaL 10iudgse 3p dret 3wamal éith%gh it normally

actual internal tenperature of the conpressor, may be
OPEBhRe A coRtitioainghepeatiog onel theotieppehswihitnthE mene cannot
12 is used as the refrigerator, the invention is
beekgnil ¢amEmpibleabOa the otheerhangpe§ thé qoefpreger ak 65 gpdged to be
far as they have the conpressor 1 equipped with the
noppak laltgsvglDG mbnormally apabites,ofhe barperdatiomiag operation will be
estimation. 15 In addition, a fixed coordi nate system
contyudsh srs et a hédee ismad éikefinbo drothar a tfailpey atillr @ ccur in the air
estimation in place of the rotary coordinate system

contidiehner ot NOWST BbiunfiRl] @GABLLdrEYseAs descri bed earlier,
the drive unit for a conpressor and the refrigerator

accomdiddpet with Bisl fe®Nrh OtheapiRdildn stéaD d Bredis® the internal
refrigeration etc. and 20 particularly useful for

cofdifiloholinReAdI0RRr ARSE Mo Phd BEmMpPELEPA! we@NHidh 98 Rhc® which
conpressor.

eliminates such a likelihood.

Incidentally, during operation of the compressor 1, the internal
temperature of the compressor 1 is estimated at start-up, and the degree of a
subsequent rise in temperature is predicted. If the temperature at start-up or the
rise in temperature is unusual, the operation may be stopped. With this
arrangement, early detection of abnormalities is enabled, thereby preventing the
compressor 1 from operating in an abnormal condition for a long time, so that
prevention of damage to the compressor 1 etc. and, in consequence, improved
reliability becomes possible.

ANOTHER MODIFICATION OF THE SECOND EMBODIMENT

Although the second embodiment of the invention has been described, it is

apparent that the invention is not limited to the second embodiment, but may be

modified into various forms within the scope of the invention.
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50 CLAIMS 1. Adrive unit for a conpressor having a
nmotor, the drive unit conprising: detecting neans for
detecting the current and/or ,yoltage of said notor;
and prediction neans for preglcting an interna
condition based on detection values obtained by said
detecting means. 2. The drive unit for a conpressor

accord:NgsthReL vAlig fhe P@@@F%ﬁ ﬁa&?’% apfnealgh&t LAY 48 str (‘?cﬁre such
ent i

i dentification neans for i ng aranmeter o

asgﬂlt Wn Hipﬁ?éurlé s Jﬁ?n%lggéc? Cll 55/ \6@'&@&9@%&”% opfyr &hg magnet-

ecting eans. er’i va i“on e or de
l ndi tion based on. the a
S%%E%tsﬂﬁl?é@%%@agapefa%aﬁ’te PP 5 auhehalt ol gutoe
uni t essor accordi n
e ARl faf DG RO ESEer bt Byl sFeartiPhipe, and there
negn % shaft a%nornalltles or poor lubrication. 4.
MBS Y57V BATRIYPIA ORRIFIAWE SBFh ae Eisr T iRg- ttyaem aimi,
mhersjn the internal condition predicted by t
pr edi B G MRe petuabicRPeraBEpdp athick th%estmﬁétedrﬁev@erature is
unit for a conpressor according to claim1, wherein
copparedrip ghe il draviens masss TCiswwsrlimged Aor dier fagepeanbire of the
haV|ng a ref%@ferant circuit provided with a
thapEe SEIOE, ugingratundt ovhichhaes r edbstggratyorthe same as or
conprising: detecting means for detecting the current
preprdftionaly dbt dige astuadaindennd otgmpeantirpr eflithei oompessssr, may be
for predicting an internal condition of the
employed.

While the air conditioner shown in Figure 12 is used as the refrigerator,
the invention is equally applicable to other types of refrigerators, as far as they
have the compressor 1 equipped with the brushless DC motor 6 capable of
temperature estimation.

In addition, a fixed coordinate system may be used as the model for motor
temperature estimation in place of the rotary coordinate system model.
INDUSTRIAL APPLICABILITY

As described earlier, the drive unit for a compressor and the refrigerator
according to the invention are well suited for use in refrigeration etc. and

particularly useful for control performed based on the internal condition of a

compressor.



51 conpressor based on detection val ues obtai ned by
said detecting neans. 7. The refrigerator according to
claim6, wherein said prediction neans has
identification nmeans for identifying a paraneter of a
notor nodel fromthe detection val ues obtained by the
detecting neans, and derivation neans for deriving"
the internal condition of the conpressor based on the
parameter identified by thespdentification nmeans. 8.
The refrigerator according to claim6, wherein said
motor is a brushless DC notor. 9. The refrigerator
according to claim?7, whegppafiqghe paranmeter identified
by said identification nmeans I's notor driving torque.
10. 1The r e#rdrjeratitior acoordessprihavirigea mofor, thieadraieruriibe
internal.condition predicted by said prediction neans
i's tQQyQH%ﬂQ refrigerant pressure or |ow refrigerant
pr esfeRingfméaes fortibte@GngMe Sifsntidnd/orVbltadd 6f said motor;
refrlgerator according to claim9, wherein said
frigerant circuit is provided with refrigerant
det j [aToF I t t
and paodon TREIS G CEbFE, b0 IReiB 1o lEHA, el B
detedtiongaiuas olpaieed byesairt dbteating sfeainger ant pressure of

Lor due || QUG RTHENPE Y2 SBRRESRP: PeGrBh Bk hnd  ne

refr Im%lr@ﬁtthébfﬁc@ctmtrﬁéér@ hag ideatifidtibni Beaas tfor |dent|fy|ng a
detecti Qg means. 12. The refrigerator accordin

parpmietRr ot A jReios mpdehram berdeiestivnvalyasehtained b,ﬁb@ dgtagting
i LSRR I TOARY RUELAELATH
parameteriidertibieddy ssididentiicationemeansat | | onshi p

3. The drive unit for a compressor according to claim 1,

wherein the internal condition predicted by the prediction means is
shaft abnormalities or poor lubrication.

4, The drive unit for a compressor according to claim 1,

wherein the internal condition predicted by the prediction means is motor
temperature.

5. The drive unit for a compressor according to claim 1, wherein.the

motor is a brushless DC motor.

6. A refrigerator having a refrigerant circuit provided with a
compressor including a motor,

the refrigerator comprising:

detecting means for detecting the current and/or voltage of said motor;
and

prediction means for predicting an internal condition of the



bet ween notor driving torque corresponding to the
refrigerant tenperature and/or refrigerant pressure
of the refrigerant circuit and the degree of suction
super heat of the conpressor is set beforehand and such
that the degree of suction superheat of the
conpressor is derived based on the notor driving
torque identified by the identification nmeans and the
refrigerant state detected gy the refrigerant
detecting neans. 13. The refrigerator according to
claim6, wherein the internal condition predicted by

R : ¢ . | oad
iR HeSbl O S EARN Vi GHEBARS ld BRieLIRE floanSod
t o @.ai mTh8 refrigeratonadduedidgteclaimi®, val ue obt ai ned by
tecting neans is the cu of the t

the de rren or, and

whe IS RE kP BRI DN SRS IeneRErgBetns Badeniig a
paramater of aafotbF AiBdel ftemhthe RRtedidh Rlics HAREA BYth@Heldifing

detection current obtained by the detecting mreans.

mea&s, Bhe degvaligemgans fadasivinathetinediahcandition ahteei n
di, Gt i OGCLUL LEQE [
ooifieRidt et ERAMRaRIGR (HeTirRHCHY 8 RferRicAb fR3G
of t8he hl'l‘ti)geef;iﬁarammf'c;cmding@ehatm@td_the det Iec_ti 024
current.. . refri gerator according to claim 14,
whe eﬁelpﬁgldpmggqr& ?aﬁgﬁﬁﬁﬁ%bﬁr%@&_s occurrence of an
i mpact | pad reffifemtéhacddrdigto BalAwni ¢ conmponent of the
detecti on current |s_g%reater than a preset reference

val werain therparamsater igleptifiest bynsaididemification mgens ismotor
i he reference value for the prediction neans
diﬁ‘@ﬁég{%rﬂ}% 53 accordance with the refrigerant
't eng@r at Bhe refnigeator afcordjeg émtlapn&sure of the

wherein the internal condition predicted by said prediction means is
the high refrigerant pressure or low refrigerant pressure of the refrigerant circuit.

11.  The refrigerator according to claim 9,

wherein said refrigerant circuit is provided with refrigerant detecting
means for detecting a refrigerant state, and

wherein said derivation means derives the high refrigerant pressure or low
refrigerant pressure of the refrigerant circuit based on the motor driving forque
identified by the identification means and the refrigerant state detected by the
refrigerant detecting means.

12.  The refrigerator according to claim 9,

wherein said refrigerant circuit is provided with the refrigerant detecting

means for detecting a refrigerant state, and



refrigerant circuit. 18. The refrigerator according to
claim6, wherein the internal condition predicted by
the prediction neans is poor lubrication or liquid
conpression in the conpressor. 19. The refrigerator
according to claim 18, wherein the detection val ue
obt ai ned by the detecting neans is the current of the
notor, and wherein the prediction nmeans predicts the
poor lubrication or |iquid ggonpression of the
conpressor, based on the increasing rate of the
detection current obtained by the detecting neans.

20. WilrelthE!RAVAHA mRBROTSHoRAel Suth Rt re SRl
the refrigerant circurt Ts equipped wth refrigerant

hbtwveen imadomarivingg tdrgue detrespandimgatortbé réfggerant teshpdrature
' d ,such that _.a

HlefloBy A pl et P fie hidSrartairetin afp dhe pidig <t sipush
supeffdat bRERIcOMpreBSords seEbeiBreHaMH R sUdB RS tBE dRyrdd6f

detecti ng nmeans and based on the refrigerant state
syetiet surerhyat iche epripERssanis defbeddaseg ondhadnetatddvien
tblile idEHRinRADY the Ridifibarih Mbahd SHl e RIMGGEA QBiddetblRd
conpressor i$ predicted by making a conparison between
bythe refrigeiamt detectiogimeams. and t he detection current

det egt ed i n ans. . The refrigerator
accg‘r%’di nﬁ%ggﬂﬁgfﬁbggé%@pgﬁg G%ﬂ'@%’;plr edi cti on neans
- pr edhedrsinibe intbthal toRiiticpiictediby the HIRIARIIBR Phédhs iB
t he cong essor based on an increase in notor driving
OGCHEREe OLRAT tRPast leadiwitiindhe ePMPERSSPRI ue. 22. The

B e L A T
det é\dft%l‘ﬁ?ig the datection valenea%ttjaiggg by\rltmm degﬁ%%ﬁgﬁ@mmmwem
of the motor, and
wherein the prediction means predicts occurrence of an impact load from
the higher harmonic component of the detection current obtained by the
detecting means.
15.  The refrigerator according to claim 14,
wherein the prediction means predicts occurrence of an impact load from
the amount of distortion in the sine wave of the higher harmonic component of
the detection current.
16.  The refrigerator according to claim 14,
wherein the prediction means predicts occurrence of an impact load
when the higher harmonic component of the detectionvcurrent is greater than a
. preset reference value.
17. The refrigerator according to claim 16,
wherein the reference value for the prediction meansis set in



wherein the prediction nmeans is forned such that a
stationary torque for the notor in its steady state is
set based on the notor driving torque identified by
the identification neans and based on the refrigerant
state detected by the refrigerant detecting neans and
such that the poor lubrication or liquid conpression
of the conpressor is predicted by naking a conparison
between said stationary toggue and the notor driving
torque identified by the identification neans. 23. The
refrigerator according to claim9, wherein the
| .
oA (R RTGRA R o Do bR S Bl AR EBL e
refligeramtecinceitr i ger at or according to claim9, further

co j Si Rg; otecgtion means for protecting the

comrale_ssjﬂeﬂg@g&r fir 295G L9 8(?“8@% he i nter nal

condiidrein thé intBmat eomIieGS Prediited by HRSIpRidtidA means is poor
rediction nmeans. 25. The refrigerator according to

'”. IGAlRN 24 IayidesomrTessien Bt BeaamsRssifans control s
i nveygt er Tﬁ@%ﬁ@bkit&gadﬁ%?é}ﬁ%fté’ﬁlairﬁr1'8V' ng the conpressor

to performa protective opération of the conpressor.
26. witeseindhe dgtaction valwecitainad by dhe Hafectiad mesinsigthe

cuh{éﬁ%?@%?ﬁ%ﬂg?f ans controls the inverter controlling

m t he protective operation of the

conpwaersin thepredition ensahst sreiRe ki podr AWMCEHON OF idie
refrigerapt circuit. 27. The refrigerator according to
n

COpREPFATON O therGampregsnfpPaaschen thesinrtearingg ateaiberdstectio

cufréht Gﬂa%dfﬁwtﬁbtdé?e&ihatrﬁéér‘ffe operation of the 55
protection rmeans to a steady operation, based on the
i nf @Pnat The refrigetaéori apcerdiag to cleimli1®j on of t he

C TR e s B e g Roans

fovdetecting 4 hefrigsrahestaieyantgeans nmakes a failure di agnosi s
on $.rvlﬂrll(i"arein the prediction means is formed such that a stationary current for
the motor in its steady state is set based on the detection current detected by the
detecting means and based on the refrigerant state detected by the refrigerant
detecting means and such that the poor lubrication or liquid compression of the
compressor is predicted by making a comparison between said stationary
current and the detection current detected by the detecting means.

21.  The refrigerator according to claim 9,

wherein the prediction means predicts poor lubrication or liguid
compression in the compressor based on an increase in motor driving torque
which exceeds a specified value.

22.  The refrigerator according to claim 21,



conpressor 1. 29. The refrigerator according to claim
28, further conprising: nenory neans for nenori zing
the result of the diagnosis nade by the protection
means . 30. The refrigerator according to claim 24,
wherein the protection nmeans is so forned as to
forecast a failure in the conpressor. 31. The
refrigerator according to claim 30, further
conprising: comuni cation ggans for outputting

i nformati on on the forecast nmade by the protection
nmeans. 32. The refrigerator according to claim 24,

whe r\ﬁ‘lé}eﬁﬂﬁe Péfﬁpéfatn't BiicHiE 7 %q'ufpp%g {ik %%%?al?tgg Blebfihg

the control content ~or control paranete
means foy detanting iarretrigerardtatehand ef ri gerator accordi ng to

clal erel arefri erant ste f or
- o stein e bradlcify Rebhs Bl Bfthad ST MR aarioriy e
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24.  The refrigerator according to claim 9, further comprising: protection
means for protecting the compressor based on information on the internal
condition of the compressor predicted by the prediction means.

25.  The refrigerator according to claim 24,

wherein the protection means controls inverter controlling means for
driving the compressor to perform a protective operation of the compressor.

26.  The refrigerator according to claim 25,

wherein the protection means controls the inverter controlling means to
perform the protective operation of the compressor in preference to
operation control of the refrigerant circuit.

27. The refrigerator according to claim 24, further comprising:

switching means for switching from the protective operation of the
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32. The refrigerator according to claim 24,
wherein the protection means is so formed as to alter the control content
or control parameter of the refrigerant circuit.
33. The refrigerator according to claim 6,
wherein a refrigerant system model for the refrigerant circuit is provided
beforehand, and the operating condition of the refrigerant circuit is predicted
based on information on the internal condition of the compressor predicted by the
prediction means.
34.  The refrigerator according to claim 7,
wherein the motor is a brushless DC motor, and

wherein the prediction means predicts a motor temperature from the



the derivation neans is calibrated based on the
di scharge pipe tenperature detected by the
tenperature detecting neans.
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current and voltage of the motor and instrument constants.
35.  The refrigerator according to claim 7,
wherein the motor is a brushless DC motor,
wherein the identification means identifies a parameter based on a
motor model constituted by the current and voltage of the motor, resistance and
inductance, and
wherein the derivation means derives motor temperature based on the
parameter identified by the identification means.
36. The refrigerator according to claim 35,
wherein the identification means obtains a motor voltage equation in
such a way that a d-axis is plotted in the direction of the N pole of magnets (1b)
of the motor, a g-axis is plotted in the direction which is shifted forward from
the d-axis by 11/2, and a motor basic voltage equation for a three-phase PMSM
is converted into a d, q axis coordinate system which rotates at an electric
| angular speed co, and the identification means then identifies a magnetic flux
characteristic value associated with an armature flux linkage generated by the
magnets (1b), using said motor voltage equation, and
wherein the derivation means derives the temperature of the magnets (1b)
as motor temperature based on the magnetic flux characteristic value
identified by the identification means.
37.  The refrigerator according to claim 36,
wherein the identification means obtains a voltage equation for a steady
state from the motor voltage equation, and at the time of the identification, the d-
axis component of the armature current of said steady-state voltage equation
is set to zero.

38.  The refrigerator according to claim 35,
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wherein the refrigerant circuit has refrigerant detecting means for
detecting the temperature of a discharge pipe of the compressor, and

wherein calibration means is configured such that the motor
temperature derived by the derivation means being regarded as the internal
temperature ofthe compressor 1, the internal temperature derived by
the derivation means is calibrated based on the discharge pipe temperature

detected by the temperature detecting means.




