; €3e=~889%: F; xz<6<T=S">15 March 2004 1 DESCRI PTI ON Met hod of Controlling
Preheati ng Power and Preheating System Technical Field 5 The present
invention relates to a notor and especially to a techniqrgpiorhgﬁb tai ning
constant power consunption in preheating a conpressor motor 4 ir
conditioner. It also relates to a techhique for preheating a conpressor
not or driven by a pul se-width nodul ation inverter. 10 Background Art
Conventionally, lubricating oil h | oyed for reducing friction at
a notor bearing. This technique igigtgﬁpgﬁg?oyed in conpressor notors in
air conditioners. The cogpresspr motors in air conditioners in particular
handl e refri ger an¥letiad of Copiolding RecheptngRewsra8difechaating a¥sieBw t enper at ur es,
the refrigerant is soluble in refrigeration oil which is lubricating oil)
When driven at | ow tenperatures, the conpressor notors in air conditioners

rotate with the refrigeration oil in small concentrations. Thus, there is a
hi gh possTédhhick)Fitldat sliding portions of the conpressors will seize up by
friction. ' 20 To prevent such a problem there has been enpl oyed a

technisque for m‘r@vﬁgreéé&w iRveatishke RRAL B a AHAUNAnd SHBMIBSROE tBEHnduet forpr eheat
the nmotor before it rotates and thereby to reduce the solubility of

ref 11 ger bl ani bk cbilidif THolF caMm A reh ARRE W @rhpredsof nidier plaDERe Of
preheating a conpressor notor driven by ‘an inverter, there has al so been
enpl oyed a t.echni que.for i Vi di . G . wag

curr ont ZonR gy E el SRS B Rl RrE AR o FHRELED e

t he notor shoul d, not ble. 15 rch 2004 rotated. The current waveform not
to rot at e PHeE-WHR mofulatieninVeBE- 't or exanpl e, by increasing frequency while
reduci ng supply current or by enploying direct current. The technique in
which the inverter supplies current on the above condition so that the
conpressor notor preheats itself, however, has a problem of being highly 5
suscdpt i BBekgwupdAtati ons in supply power. For exanple if t he current
waveformis deternmned to give 35Wof power consunption by preheating far a
recei vi ng vol t &paverftiorally,ubreatingcoibhae besn employed &or/fedycins | fFigrn 82220 Vv

i ncreases the power consunption by preheating to approximtely 42 W i.e.,
by a factmotonfbeafRg)/ 2TB)s2 techhiguer iss also semplogsd 68 SEAUBPIFEINEr MOWAS UAPEF on. A
decrease of the receiving voltage to 180 Z% on the 10 ot her hand, reduces
t he powercoz@itiederpt i on by preheating to approximtely 28 W i.e.,
sufficiently. 15 Disclosure of the Invention The present invention has
been nmade in vimw @fnptdisoraloes B if vomditamzesinaputidwachandtet efrigefant 280/ 200) 2.
This results in i nsu1pfi cient preheating and thereby raises the

15  have the characteristic that at low temperatures, the refrigerant is soluble in -

refrigeration oil which is lubricating oil. When driven at low temperatures, the
compressor motors in air conditioners rotate with the refrigeration oil in small
concentrations.  Thus, there is-a high possibility that sliding portions of the
compressérs will seize up by friction.

20 To prevent such a problem, there has been employed a technique for providing
a crank heater around a compressor motor to preheat the motor before it rotates and
thereby to reduce the solubility of refrigeration oil in refrigerant. Further, especially
for the purpose of preheating a compressor motor driven by an inverter, there has also
been employed a technique for, without providing a crank heater, supplying current

25  from the inverter to the compressor motor on the condition that the motor should not be



possibility that the solubility of refrigeration oil in refrigerant cannot
be reduced provides a technique for permtting constant preheating of a
notor irrespective of variations in receiving voltage. I LR SRI0Y
invention also provides a technique for _giving constant™ preheating power
irrespective of a tenperature of .a coil »f a nmotor. A first aspect of the
present invention is directed to a nethod of controlling preheating power

of a coil (LU, L of a pol yphase notor. (30 -Said pal. e nptor, bei ng
driven by RH$hy erheefurERd YHYErITel R *(%%ﬁ-%ﬁ%cgo{ b g‘é’ﬁé&gl? 2orhg%1§tn3ple, §y
including the steps of; applying current fromthe inverter to said coil
(LU, Lw) fioerepeinhiraquiengy wislepotytneswphpesrent or by empioWag EReSGER Rt wher ei n
said current is applied with a predetermned period (T), on a condition
that said pol yphEgeschiqre mhekich theinvtreer stpatiesicursand cashea abiyesndigm {0V
applied to said inverter increases, a duty (D) which is the ratio between

time duri ngsWak (anihess¥PliROE prehe@BRtseBY Howevad, chagod Ipretilemsaf Beipgr highly i s
set to a snmaller value. According to a second aspect of the present

| nvent gon Su;c@p&@g (BRiadonl £ QRENOldg. pﬁf%ﬁaﬂzﬁa.Hq&&@rcﬁ%ﬁmmn&l"ist he

second™ aspect e current pro no revolving field for the pol yphase

t [ heat i th | vph t : gl j f th
present i RERERSHD BYeria SEeraa ST torHs Ao A p ot Lt £ aERe & 10
according_to aspects, the hase

ither one of the first, thro hi rd ol y.
ot or | 5 R08 ShPesEER I Br T ne R Srre RS aes b s RR
aspect of the present invention, in the nmethod of t 3i .pr eheat.i ng
power accby @rigating iheoesERRicArett I ethy ﬁgF?%%%&%@&r@r) ‘| gﬂ’ég ,"t'sﬁftééf-‘ phase
:rotor, the inverter is a three-phase inverter, each phase having a gai r of
1~ positi vxceasivie pewen CarsUBBLioahi Agdesraage Bf hy reeiving-velregede-138yV: ep)the and
the period includes: a first period (ton) during which the positive,
swi t il ngotkehamd, r¢d@eds ihe poWer consupipios %}Lpreihgatm torappeerisail e 28 tWMel.e.,
negative switching element (Qz) in a second phase (V~ is in the on state,
and the pogh ficter ar(@8®20a)Y vEhsuktuitsiingnseifBeientpreliadiing @u)l thereky rafes thephase
(Z~ are conplenentarily in the on state for an equal length of tune; and a
second 20pgeibileg thtoyle dolubiliyvéll edirigératiah | oibfin trefiderarst canser dadredaced t hi r d
phases, either the positive switchin? elenents (QU, Q/, Qv are in the .on
.state or $iffgcieggative switching elements (QX QY, Q) are in the on state.

15 Di.sclosurc of the Invention
The prescht invention has béen made in view of the above circumstances and
provides a technique for permitting constant preheating of a motor imespective of
variations in receiving voltage. The present invention also provides a tcchniquc for

giving constant preheating power irrespective of a temperature of a coil of a motor.

“A first aspect of the present invention is directed to a method of controlling
preheating power of a coil (Ly, Lw) of a polyphase motor (30), ‘said polyphase
motor being driven by an inverter and operated in open-phase
to generate heat, including the steps of:

applying current from the inverter to said coil (Luy, Lw) for preheating the

polyphase motor,




According to a fifth aspect of the present invention, in the nethod of
controlling preheating power according to either one of the second and
fi-fth aspects, the 25 duty is set to a val ue obtai ned bYS '&%ﬂ@@@4a pr oduct
of a known calibrated voltage (V;~f), 15 March 2004 4 a known cal i brated
current (I~~ f), and a known calibrat®d duty (DQ by a product of a current
(I'm and a voltage (Vm applied to the notor. According to a sixth aspect
of the present invention, in the method of controlling preheating power
according to the second aspect, the duty is set to a larger $ value as a
tenperature of the pol yphase notor increases. According to a seventh aspect
of the present ,i nvent.i.on. i . Rl | Jekit I ki r
according to f%rggégﬂgugg}btgg%gﬁ{@%? gﬁggf feﬁ’ghfeg ;Jggh&gﬁgmg@a%nn@w
refriger %ih%l@iﬂasé hotorCEHBRIER610be rmed) ght s adpEotoltage (Wen)mppledto said
invention, i's directed to a preheating system1O. co n|5|n9:1s poh%ghase
mot or  ( 3@vettawinergases, eupL(D) wijch isAke BHODSEYeaN WWRE ABHiRS Bhidhe vegpse 1s
operating the polyphase ,not,or .open- ate heat, wherein the
operatiogPQEWHEGPdGﬁ?@npﬁﬁpﬁﬁgggéﬁsﬁgggg ége(l " the inverter applying
current to the polyphase notor with a predeterm ned period (T), on a 1~
condition that the pol yphase notor_should not he r.otated ﬁ%ﬁ as a DC

vol tage (Vi) Agsptdirgitatasachied pypeetafdhe pressnd aveation g S MEBPRAi ch i's t he
ratico between tine during which the voltage is applied to the _coil and the
per i od,cohgolbie frehatingmobver aveirdiag Wctbosaeanyg 259S@, MenEWTHY FERELGH Nohe
present invention, in the preheating systemaccording to the tenth aspect,
i n the rprhigatfieldiRfthd hetypiolsy pluseinmtioraling te XOyrhast stopr oduces no
revolving fiéld for the :polyphase notor. According to a tenth aspect of
the present ifNgREih®M a fhitdtaeSedtbeh@arésent inyeitin, acthemtithel 6o ei t her one of
the ninth through el eventh aspects, the polyphase notor is a conpressor

L0, AL R OO Lctpagg sy e trinmsp oy e
POl yPhase, iIPLidie btk it BIcBRDPRESERBRE ¢4 an hf¥@onditioner. ‘
| Accordir;g to a fourth aspect of the present invention, in the method of
‘controlling preheating power according to the second aspect, the polyphase motor is a
‘three-phase motor, .the inverter is a three-phase inverter, each phase having a pair of
15 'positivc and negativé switching elements (Qu, Qv, Qw, Qx; Q\}, Q2), and. the period
iﬁciudes: a ﬁrstv period (ton) during which the positive switching element (Qu) in a first
phase (U) is in the on state, the negative switching element (Qz) inva second phase (W)
is in the on state, and the positive and negative switching elements (Qy; Qy) in a third
phase (V) are complementarily in the dn state for an equal length of time; aﬁd a second

20  period (teg) during which, in all of the first, second, and third phases, either the positive

switching elements (Qu, Qv, Qw) are in the on state Or the negative switching elements

(Qx, Qy, Qz) are in the on state.

According to a fifth aspect of the present invention, in the method of

, : . . N - o
controlling preheating power according to either one of the second and fifth aspects, the

5 duty is set to a value obtained by dividing a produc; of a known calibrated voltage (Vees),




- 15 March 2004 inverter is a three-phase inverter, each phase having a pair
of positive and negative switching elenents (QU, Qu, Qv X, QY, Q)~ and
.the period includes: a first period (ton) during which inthihve
swtching elenment (QU) in a first phase (U) is in the oirlygéea}?g,ztopﬁe
negative swtching elenent (Q) in a second phase (W is in the on state,
and the positive and negative switching elenments (Qu; QY) in a third phase
(y are conplenmentarily in the on state for an equal length of tine; and a -
second period (ta;~) during which, in all of the firs second, ,~ anfd third
phases, ailftern tiléraedicuiront St & ﬁémél“éh‘éﬂt@at(’@lq}“dpﬂ)@ﬁ 2 pradiet Qi on
state or the negative switching elenents (Q ~, Q, Q) are in the on state.

| O~ Acgonhl, tda Jonakd (Vi,)ppéiet tothetmetqer esent invention, in the
preheating systemaccording to either one of the tenth and thirteenth

aspects, the duiycording & a biathaspadtud tibpmsergdnienticn,vin themethodradduct of a
known cali brated voltage (V~f), a known calibrated current (Ir~F), and a

known dUt%"ltéq[{)gI)igrg*&l??tPr OouEd a%%?r%iﬁ'{or 8RtsebbiB aspRet, hev@lthdgeet(i¥M larger

applied. ¢ Accordingto a thirteenth aspect of the present
invention, in the preheatin sfema ] o the tenth aspect, the duty
is sét terluepaf fem e\’/’%ﬂ"{?epfjéggag@géﬁféF%&ﬁ?ge‘—gd(gggf%e pol yphase notor increases.
According to a fourteenth aspect of e present invention, in.the

pr eheat i ng syst"éﬁ?’é&r&)ﬁogﬁ S@ierftg oPRfE! Péﬁ‘?tﬁ%ﬂ%‘@?’?m{“ﬁ‘el tk’gﬁ%%{if‘?qﬁpi's
perforned on refrigeration oil in 20 ~ a %o ressor. I n hhe rr%%hod af .
cont r ol | ¢angrofiirgh qaelhieating awerer agereinBg!a dhEheeopPp SEESPE%tpetf chEHIE FRsent
invention and in the preheating systemaccording to the eighth aspect, the

pol yphasgrfoeined ongehigeratipe dilopercopipaessot-o- generate heat and thereby to be

preheated. In the nethod of controlling. preheati power gccording to the
first aspect 2Aneghthiaepgst eEBAPTESKYLAYFBIPNa ’Yeﬁtegﬂ%a aURg B st em
according to the eighth aspect, 15 March 2004 6 since variations in the
DC gl t agenpaphd: @holyphideembmy (0)drvimgeodsfherioa) end by OperRyem gortrel uhit v,
preheati ng ‘can “be "achi eved with predet erni ned power irrespective of the

variati %ﬁo%érgtiﬁ%&e%lﬁﬁbmor dpesphaseitd gersretedeapdhsreiz onsunpt i on and
insufficient preheating. 5 I'n-‘the nethod of controlling preheating power
according to the second aspect of R

the operation control unit includes an inverter (15), the
inverter applying current to the polyphase motor with a predetermined period (T),ona
15 condition that the polyphasg‘motof should not be rotated, and as a DC voltage ‘(Vm)
applied to the inverter increases, a duty (D) which is the ratio between time during
" which the 'voltagé is applied to the coil and the period, isset to a smaller value.
According to a ninth aspect of the present invention, in the preheating
éystem according to the tenth aspect, in the preheating of the pol}phaée motor, the
20 current produces no revolving field for thé polyphase motor.
~ According to a tenth aspect of the present invention, in the preheating system

according to either one of the ninth through eleventh aspects, the polyphase motor is a

compressor motor in zn 2ir conditioner.

According to an eleventh aspect of the present invention, in the preheating

25  system according to the tenth aspect, the polyphase motor is a three-phase motor, the




the present invention and in the preheating systemaccording io the ninth
aspect, since no revolving field is provided for the polyphase notor, the
pol.yphase notor can be preheated w thout being rotated. ;ﬁis Hrzwgnts t he
occurrence of such nmutually contradi ctory phenonena tha} A & ration
causes the bearing to be worn out. 10 Besi des, the generation of sound can
be mnimzed because a so-called "slip"“is not utilized whichis a
phenonenon that the revolving field is produced but the notor is not

rotated. I n the nethod of can | reheat:in dj e
Ehi T a asBREECIgl & RSP REEnE Pt TR AR s s e oy chdaty he A nEguitve

according to the eleventh aspect, the I ol ubi i ty. gf. . Gak ik in
refriger awitahingcHementsd R &i” E%W’t%é’ @617@?@5@#0%5 rﬂ%’&a 1{1%1‘&? %%%Zfﬂ;s’?%eﬁoh

condi tioner, can be reduced. This prevents a su';t,uatéon bn %ch,. W th
ref ri ger gtd,pauriig which che pesitiupsviatind§lorentf&luidh ¢ B5bPIBE (-1 17 &1 (78R ant
and reduced in concentration, the notor is rotated and thereby the bearing
Wil | sei zgatsiRhd¥edative sivitohingrelarhent @ hida eécandrithast (Wids fr Siseds §17ig: pefher
according to the fourth aspect of 20 the present invention and in the
prehegti NG SYSHOD AACALHRE §wirdtiey telehédts (@peQy) iduaithirduphasg (Vi afd r st
period, the“positive and negative switching el ements in the third phase are

a compl eRentarilyp i B OR sBIAk ho¥quaniaguabs lienglahd of sccb® pefibe(Bfpr e.

substanti y no cutrent ows to the coil 'in the third phase in the

pol yphase not or. . Dur in ‘ D8O d RS sdsN - ang Sogitive ReiteRines i S
the fi rsﬁ”ﬁﬂ%lw?é%]oh%a%%gtst%gﬁ%ﬁcs?ﬁgn ot or ]2r~tﬂr?af nt ai ns thg current flow
occuring during the fiyst peri.od: Or Ak DGl Y, e GUELROL N o elbRheNBY 47
cont i nueslemsnts Gy ?’r‘(’ ?gﬁ%*hdidrneégéo‘%q (Q)glfﬁaemfs\eegr‘%les Bhnect | o@kdf ’he
coils in the first -and second phases, which allows al nbst. constant current
to conti ﬁ&;ba@uyﬁqu%t& the notor w thout generating a revolving field. In
t he nmethod of "qont roll,] r@RALdt 8 tHRQMedendifentiér) gn the prétecatingi ft h aspect
of th@ present ﬁﬁ%%ﬁ%gégggﬁgfﬁn ﬁe preheati ng system according to the
thirteenth aspect, the duty is the value obtained b i vi di .desi red power
by the psysthiacestdiagte SHbCLPRF ‘?/’i)ﬁhﬁéﬁ%tll"ai?&l ‘?’éa?—ﬂe’gh f‘ﬁéc?ﬂ)x rc.mr}gﬁggeta{ %ws
constant preheating power to be given irrespective of .the l.ues, .of current
and vol t najee appinedcbt dividiag roP@EiclPt A Wé‘fneaéébf?‘ﬁdt"é%é? Q/@f}r PP DC
resi stance of the coil increases and the 1O currﬁnt flow ng t ‘5hedrmt or
decr easeealibrated hererdt(Ray 20 & 5ReWBIdutn §0pr BheRPAY Rivie FUT Vig%td the .
sevent h aspect of the present invention and in the preheating system

accor di ngoltage {(Wim) Bpplicskatthe @op¥ct ; however, preheating power can be .
increased by increasing the duty. Accordingly, the preheating power can be
set 1P a desi pREordlgUs aithireemaatpeceodihepheseneinpentinuinethe prahigetind| yphase
notor. 15 In the nmethod of controlling preheating power according to the.
seventh é}&&%ﬁ&cc@fding to the tenth aspect, the duty is set to a larger value as a temperature of

the polyphase motor increases.
According to a fourteenth aspect of the present invention, in the preheating

system according to the tenth aspeét, the preheating is performed on refrigeration oil in

20 acompressor.

In the method of controlling preheating power according to the first aspect of
the present invention and in the preheating system according to the eighth aspect, the
polyphase motor is operated open-phase to generate heat and thereby to be preheated.

In the method of controlling preheating power according to the first aspect

[
n

of the present invention and in the preheating system according to the eighth aspect,




. the present invention and in the preheating systemaccording to the
fourteenth aspect, refrigeration oil is hardly soluble in refrigerant and
thus the notor can be prevented frombeing rotated with §Marrﬁf2;0iogrerat i on
oil reduced in concentration. This prevents a sliding p})r (8K 6T the
conpressor fromseizing up by friction.. 20 These and ot her objects,
features, aspects and advant ages of the6 present invention wll becone nore
apparent fromthe follow ng detail ed description of the present invention

e Tt DI DD R Sk, e o

enbodi ment of the present 15 March 2004 .invention: Figs. re
circuit ecag¥dmBreahGRiiR GFA;iYfi ﬁﬂ“%‘ﬁgr ‘é(ftgo%d%%%ﬁ“&f‘ r%“f% g'heép ‘fzcltltrvgtg’f e
enbodi.ment of the present invention; Fig. 6is a %rgg_nh f.or exPI ai_,ni_ngt t he
oper at i owarizicos i thegDEVal1gef | FBE OKIHFIArSTRAY SICORHETBHER &Rt [SHYEHE on;
and Fig. 7 is a circuit diagramfor explaining a second enbodi nent of the
present pryednigon. Best Mode far Carryi ng'Qut the Invention 10 First
Enbodiment Fig. 1 is a circuit diagramillustrating a conpressor notor 30

and igts driving gk fdthéd bNc@iiralliig prhditiigperer dcoomiing to thecsmbndbspaet sod
according to a first enbodi nent of the present invention is applied. For

exanpl e, tg@_p\tgleﬁﬁg%&m&? lbh&dn fth® ?ﬁxe&ﬁﬁ@@yﬁt@sﬁwﬁizﬁ,ﬂw&hé upipkly aspact, S

converted into a current with a ripple by a diode I~ bridge I'1 of a

vel | - known, c n{gtégw;%{sjgg i]spggvi@&! wrthee,blyp%aééﬂﬁ!at&,a&feﬁﬁblp A3¢'abtod O4n

exanpl e,slquc oke i n and a DC'vol'tage is applied to an inverter
Lo o SRRt oS bEERoR 00 i o ralbbosparlal poaner e
\églr# ?gﬁrct@gtrgﬁigtg%géaggc?@g]aei%qoﬁ(c%t ig@Hyrtatigf.l léa?iges AR Bm itcp b%i ‘9/01'1'1 ’ouit.s
10  Besides, the genération of soﬁnd can be minimized because a so-called "slip" is not
utilized which is a phenomenon that the revolving field is produced bpt the mbtor is not
rotated. | |
In‘ the method of controlling preheating power according to the “third aspect of -
the present invention and 1n the preheating system according to the eleventh aspect, the -
15  solubility of lﬁbficaﬁng oil in refrigerant which is handled by the compressioh motor in
the air conditioner, can be réduCcd. This prevents a situation in which, with
refrigeration oil which is lﬁbn'cating oil being dissolved in refrigerant and reduced in
concentration, the motor is rotated and thereby the bearing will seize up by friction.
In the method of controlling preheating power according to the fourth aspect of
20  the present invenﬁon and in the preheating system according .to thé twelfth aspect,
during the first period, the positive and negative switching elements in the third phase
are complementarily in the on state for an equal length of time; therefore, substantially
" no current flows to the coil in the third phase in the polyphase motor. Duriﬁg the

second period, the inductance of the coils in the first and second phases in the motor

25  maintains the current flow occurring during the first period. Accordingly, current




20 havi ng one end connected to a negative output term nal of the diode
bridge 11 and the other end, and an inductor 12 interpol ated between the

. other end of the capacitor 13 and a positive output teq@ Hﬁ@iOéEe di ode
bridge 11. The negative output term nal of the diode bridge 1 <7s gr ounded,
for exanple: The control circuit 20 is configured for exanple of a central
processing unit 25 and controls the opefation of the inverter 15. |In normnal
operation, as a matter of 15 March 2004 9 course, the inverter 15 1is
caused to rotate the nmotor 30, while in preheating operation, the inv erter
15 is causedntss pdidwimtleviatehdingrtion tpohe seespgsinpettoon pietheorodls i30hafirsiout
rotating the notor 30. The control circuit 20 has two anal og input ports
ANO and "ANL, setdil hfsBBrwiiek ellvive elmostet@stan cvaepetootontiiuvagy Mowfioate a
voltage detecting 5 circuit 21 and the latter receiving a detected val ue of

current | t[nr‘gﬂh@‘ft_cgléﬁ&ggﬁugqgﬁg{,linggjeq;&r cuit 22. The vol tage detecting
circuit s configured Tor exanple of a filter. It measures a voltage at

the junction between the i i_tar ) it as
the tor ect ed va# HE Bri0ser soie etk 2R R IRR A APRBH T |
configured for exanple of .a peak hold circuit or .an averaging gircuit. It
neas ug es tBe PGSR MRV ERFIBRHERY 1B EBNBEHCHNE PG AP g &Fet?‘iﬁe%éfh HPCtthe

di ode bridge 11 and the inverter 15 and outputs it %s th de%ect ed val ue of
current Hmadumpis thhsalaer oSrRInerBY GivaHas desiscd BOVE Ry the PTORT Rt EYBEILAREd, for
exanpl e, between the negative output termnals of the diode bridge 11 and

t he i nvertkagelfppliaddoahechowge Thispaliaws igenstanti piebeating PAWES tordsGived. As
|l ong as the voltage and current applied to the notor 30 can be neasured,

t he neasiirespeiivs ofieye vatieswd evitentwayd yotiepe eppliedrio theematigve enmbodi nent; for
exanpl e, the voltage and current may be neasured at positions closer to the,
AC vol t age supplith ihBrebdeain tetnpeheumdj tdeeDhT rediyeankd of Fheysoil 2ndreasts ané the r cui t
di agranms for explaining the operation-of the inverter 15, 20 in which, for
t he fur pasRnPHOWIRNBAkd ABLG d20ickseel TMehemattid 30 comtrdding praheating soweppl i ed
'so that the notor 30 generates heat through its so-called open-phase -

oper at i 0feoldihLiot A8TsePdnth REpedt B MISresérteinvertioagmdappthe gdelitating agsteine
positive and negative input termnals of the inverter 15 is indicated as a

vi rtual _ﬁgiﬁ%;noswm!,y_f@cmﬁr APES tHevE;, px@deatfﬂy‘%@a & benfhcfdbsed &y
y

respective & positive switching transistor in U phase, a 25 positive -
swi t chi hst I Na N A L4tk it Ghi ch t@RdeSirod vhe W
gﬂ&% ty. Aééo?&%ggnétﬁe Ex@ﬁéit!ﬂéﬁp&wr Riyagset rod vhRe

phase, c 004 10 n tive swtching transistor in the U phase, a

negative i N g 1S IR | and a negative.sw tching .
g mggfgeggﬁ]sgqeé E%g%gﬁ{léhog'tﬂn% P@?p%s@*}ﬁ&&. ! g - SW g

transi stor-n 30 further has a Y connection of .a

U-phase coil L~ a V- ilo L W RBAR8ing 9b hd-YevetPAbEctdf t he
traﬁsi.stors ( ‘éhﬁﬁ‘a}g?&)gﬁggﬁt%%é’#ﬁget?%r% strors_ Q)/"an_(jh QY—~, andba 5, pair
posi 11 vePLRE LRI TOL B e e SPPRCh ik S U etIRa .
connection, is .estaplished b1 en_the | fi of .t I f j stors
and ' he EGEFAGH T Ty S50 i éegelﬁjaﬁ?%?t t }h t%asrﬁﬁot%’%%%ﬁ Tpﬂféég{??dve_ §
switching transistors .are never turned on at. the s i ne.. The description
' thi s TR BRPRENEH it Ve RS RUGE CPEParSNdE PR R 6 tal | B T Be ¢ 1 e
during V\{r]é.ch bot h tfR}zc posi t;%eﬁ%ggs[enpg gtéb (pa‘f%&t?qgﬁi stors are turned off at

t he samslEINEPOTLIOR QLR CHBRGETGS ] - [ d thin solid lines

i ndi cate conducting paths, and the broken Iine jndicates non-conducting
patB8. The t hilbkseseid @tharnebir¢isi EafusesaasPaEH 406 BEVARIAETS cPF ENfr PERTER
substantially flows, whereas the thin solid line indicates a 15 ~ path

t hr ough invzinbr ewill rtentmel orsre reppafebnb fvogui &ritowing Wetabed alepdsaition, ok Hies

enbodi nent illustrates the case where the current substantially flows from
t he LJ pg?e%@nt:iﬁvénﬂ@nx’bh?ﬂ@d?@n ﬁbb?nj%xﬁct@ﬂﬁsith\memgmmpmymyz" 3d11a2vatgst gqge_ Iplhas;as t
may be any ot her conbination of two phases. Figs. 2, 3, 4, and:i5 illustrate
the paths of current flow ng responsive to voltage 20 vectors Vo, V.~, V6,
and V~, respectively. The expression of the voltage vector Vk can be
determped . fromk = 2.B- + 2'B,, + 2BW, where B~ , B~ , and BWare

vari abl &'¢t @Fsctnr%xowagg,r “&ﬁagw phases, respectively, each representing the
"ON'_state of _the positive.switchin r.ansais or a .val ue. of 1 _and the
"ONPS state of Fighd Heagéﬂf‘f‘{}‘ed@ﬁafrbﬁ rn%‘ptr‘?ﬁﬂlﬂ' LY © sbogdWSlFtu%f g‘r N %&‘

transition fromsuch one voltage vector to




25 ~ another is achieved by the control circuit 20 that controls voltages
applied to the gates 15 March 2004 11 of the switching transistors Q.1,
Qv, Qv, X, QY; and Q-. Referring to Fig. 2, in eitheerﬁMaﬁlgh? oY, and W
phases, the negative switching transistor , QY, or 1s1n Re on state;
therefore, no voltage is applied to t&e notor 30. However, the inductance
of the U-phase coil LU, the V-phase coil Lv, and the 5 Wphase coil Lw of
the notor 30 maintains the current flow responsive to the other voltage
vect or s.inventool t age vector forns described later, current flows fromthe
U-phase coil Lit to the Wphase coil Lw, thus, the maintenance of such
current flow iEgd DltuStaratiechii diagiags for expadiningiopgrations-aerord@ng thiefissi ti ve
switching transistor Qu in the U phase and the 10 negative sw tching

transi sté;ﬁb%dqg}{aﬁwﬁggprkg}nt heeMicnd W phases are in, the on state. Thus, a
voltage Ed is applied to the series connection between the U phase coil L~

and the Wpha cai W, trdY SxblalfBao tthE ritio@e &etordingl ®O tlpdirited to
the series coflfﬁ‘oé'c?i (k)snlab 'f%en thelt)U-ph“ase C%Iﬁ LU and the V-phase coil Lyv;

{/Pg;lgfsgreal?q%irh%}ﬁ%?g%&g?&m {n%gﬁt%-(ge%lél ow fromthe U phase coil LL=to the

erring g. 4, the positive switching transistors

QU and Qv in e . and V.phases and. : i PRl t st.or QZ in
t he W phase aﬂg'iﬁmt%‘é‘r%{p@%f?@. Oﬁ'ﬁﬁélgﬁ}légg\%‘%o}ég&e Il;ﬁigoggfx?ggés 5 the
series connection between the U phase coil L and the Wphase coil Lw At
this tinBYentle8- voltage Ed is also applied to the series connection between
the V-phase coil Lv and the Wphase coil Lw, therefore, a transient 20
current can flow fromthe V-phase coil Lv to the Wphase coil Lw. Referring
to Fig. 5, in either of the U V, and Wphases, the positive sw tching

t r ansi stBest Rlode f@Carryingfaut theilpvenhenon state; therefore no voltage is
applied to the notor 30. However, as in the case of the voltage vector Vo,
t he jourrent f IRist Emboditdeat U- phase coil L~ to the Wphase coil Lwis

mai ntai ned, which is illustrated in Fig. 5. 2~ These four voltage vector
forms are perimgicald yircdpéngeah justragng awempesssdrsmotar 30 a8l adonin2004 12
the cases of the voltage vectors V4 and Vb, the flows of current to the

V- phase &Rult id¥n 8% QorNNesdr! © wiicklacostrolanethddascordifig tdie firstiearbiodiménti s
driven for an equal length of tine in both the above cases and the four

vol tage \feﬂ'xteo rdsOftMhv@h€or GPesdpBddat FeenExahipguencoltagei sipptied ufrorant f 1 ows
to the \?—p ase coll Lv on account of the inductance. S Accordingly,

subst ant| 'e% g%@%@v@?gxg:{;){yoﬁistc%n{/é}?ed\{nWEQ G@leht Withwhesplé biea dlede ent

flaws fr phase c to the Wphase coil LW If the four voltage

vectar 0L 1Y% aucl kv BOMbalFaRie TGRA QbR K1 G1AT ek frpe | od

not or roughout the periods of the

\égl :ﬁ?géﬁm er, fahglgok%r}glpx}{~filt¥w & gﬁ)&'@olkﬁgé tié”‘gﬁpllr:éél {o aRRRVdrRd 1150 triRge notor

inverter 15 performs switching of pulse-width modulation under the control of a control
circuit 20 and supplies, for exarnplé, a three-phase AC voltage to a motor 30.

The choke input filter, as shown in Fig. 1, is configured of a capacitor 13

20  having one end connected to a negative output terminal of the diode bridge 11 and the

other end, and an inductor 12 interpolated between the other end of the capacitor 13 and

a positive output terminal of the diode bridge 11. The negative output terminal of the

diode bridge 11 is grounded, for example.

The control circuit 20 is configured for example of a central processing unit

25  and controls the operation of the inverter 15. In normal operation, as a matter of




10 . periods of the voltage vectors V4 and V6. Besides, although the
current continues to flowto the notor 30, no revolving field is provided
and thus the notor 30 generates heat without being rot i revents
the occurrence of such nmutually contradictory phenorrenzﬁfﬂdaatrg]aggw
generation causes the bearing to be wdrn out and thereby allows preheating
of refrigeration oil in the notor 30. ISFig. 6 is a graph illustrating the
voltage applied to the series connection between the U and W phases, i.e.,
bet ween tduesatiphimgertarold islceusgddo refatevinp majer 3Giwhilenn prgheating|ppeTséiBage of
time. The period toy is the sumof the periods during which the voltage
vectors Wé iavedteVes & eausshiol peefidrmamitching of ovedsuppyy fosthe meoteni3) vhthowe
periods during which the voltage vectors Vo and V~ are realized. In other
wor ds, theatperihednéer 380 The th@rdieditcadt 20uhisngvorbhalbg tigutpmsist ANO i t chi ng
transi stor in the U phase and the negative switching transistor QZ in
the Wphagg g/eefdrgmf Ree Rt AR R a0 POSltdck iemaRemnEe 9althge dedbitnghi ng
transistors’ and QY I n the V phase are conplementarily in the on state
for equal h,.qf .1, TE efd LS ri rj ich, in
al | ﬁe %ﬁcgéteg?n%?t rrl?erlakt lJ;'?E'r|§81-55| o \Q/eaésfé)\n&ﬁ:ﬁ'l}ﬂr‘fs ﬁ gﬁgf}gtlg??%{-_}j I&%’/ﬂ,‘mand QW
are in the on stat. r 2S the negative switching transistors x, QY, and z
are int E%W%&Y&WZ? ‘As above 15 March 2004 13 described, wi thout
reference to the dead tine,, the follown uation holds: T =.ro, ~.+ toy .
A duty that thEhe ¥pKaggedaterting %Wuﬁu#fﬁﬁc ﬁig‘;ﬁé ifgrde;farggl% o2 diiFes¥ed as
D=ron~T' Now, power consunption that woul d be d(iéi r%(t;*]e for, rﬁgeati ng is S
pr edet ermearIcESaa VOltage at ity jUREtion Pefwege the indHCon) C\FSP?%fgé And
current Imfor the receiving voltage of 200 V, for exanple, ~are previously
stored ioutpite itentheodetedted ualue 26 valage ¥ami b @err%wic&g@nwrm%rﬁ B
calibrated current Ir~f, respectively. To give the desired power

consinpt ¢omfigWiedifpr exanplelofiargeak held averit er ar averaging sirgeisi rlineasymag D =
W~f ~(V.e~"' |I~~f ) since it is assunmed that the notor 30 receives a

vol t age @frrehf floWing bédween tlavesgages amput leeminal oénle diode toiige ilduangsthy f | ows
t hroughout all the periods. The value of the duty D at this tine is also
stored agyatdrals nat @dpstyty 280the Thwadctéd valwbest tingemtelei vFog theoktage is a
predeterm ned voltage, the duty Dis varied while nmeasuring preheating

pover copssRGndY 1 BRisfat & isSRterpd1geabior teRemplel YeterRdht hegaeantmd val ue !
of current Imat the tine of the preheating power We f 1S defined as the

15 l'ib t i ;. ft
such cal FRPRRISoH 1y RROEEELTH SR L A Bt B e R v I
) |~( ngl"{ Ff%m'&%ﬁ{’géds Q:stﬁ‘;ic'%a ethé Lgﬂéagg'ré(ﬁc]izcu%m Yoplled to't%g oty 30 cen bREr eby

al fation of Sir eat 1 ng ‘power. has previously been
described, the detected values of volt.age Lven into
of "t he 28U O1° BEFRCIosDaY Be eHe a3y O b o e EBbyg BrBbdahen !

respectively, and the calibrated duty,Do, the.calibr.at I en ef, and
the cal i f9F &Fa@PIFo iheatfitagr 2pd 5?56%&18?%36irﬂealswgdcagr?toﬁlélpnggll'o§%]fi {0 @%Aé
Therefore, if the control circuit, 20 _controls the periods during which the
vol t age vadtagesupply 10 then te/ghe éwge g&rlg' realized, the duty D can be varied
according to the above equation. 2~ Wth the above operaft' ons, even if the
det ect ed val ueEigsf2 todl aragucuihdiagams fQBCNHBIRS SRAPPEratIQn rtéﬁinvleﬁ?rc}f‘ange Wi th
variations in the receiving voltage, those changes can be cancelled by the
dut y20D. iRhwisich) foothe purpise af prefeatingra ewhefthamogarwtdl addasurrprtiipaunplies, . e.
avoi ds both excessive power consunption and insufficient preheating. Wile
t he presenthat e Riot@n3(hgsndosten hete sthrduigb dtswic-¢alledfapearphesa operhtéoreniindi nent
that enploys the voltage vector forns which do not produce the revolving
field eveRrid thbeirdwimel, thoGofti@ shilRdrcodetaette fdiivier amishégatine dfiput he

vol tage vectors shoul d "be nade at frequencies not to rotate the notor 30.
In this &%ﬁﬁﬁls%é/ﬁ{mt& BP1sGRbIaEd 'émt’v?rfua?hb\%r RSPH By. AMtahdiR6R QY t he
sound fromthe notor i's

beconmes louder. From't
Qv, Ow, Qx, Qy, and Qz are respectively a positive switching transistor in U phase, a

~f

25  positive switching transistor in V phase, a positive switching transistor in W phase, a




point, this enbodinent is nore advantageous. | O Second Preferred Enbodi nent
Fig. 7 is acircuit diagramillustrating the conpressor notor 30 and its
~driving circuits in the air conditioner, to which a cont

according to a second enbodi ment of the present i nvent ﬁoil@agaig%g??ed. Thi s
enbodi ment differs fromthe 15 firstl@nbodinent in that the motor 31
conprises a tenperature sensing elenent 3I, fromwhich the control circuit
20 receives data. The magnitude of the inpedance of the notor, 3%60‘9n be
gener al hggasiverses tebingoyarpistor(ip\ihy Uy phasgy a npgative sWiding massiQr g

resistance of a coil of the notor, L is the inductance, and wis the

f r equenglasef amd gheganive switehing trafsistarincthe Méphase. oW hiegnetona? xthepdass in the
first enbodi nent, the inpedance can roughly be determ ned by the DC

resi st ayc@nRectiter & .a UlppafdGoildsi, at\aphaseRodfLyt hrd & dVphasscoildaper at ur e
dependence that it increases with tenperature. Thus, where the detected

val ue of Vol t age::Vt ins 1aASSHANQy ahd @ Jetratdfdhy abnsstofs QuandQl, ind slecr eases
with increasing tenperature, and where the 25 duty D is al so constant,

pr e&eat i %g Ogg{;\é{e aéé%ﬁftgg BREEnPE, Fﬁéhl are CORRRRAZh Is0Red Witweenlthe MBSiGbe 2004 1~

pre eat P en W such tenperature variations in the

| npedance of t.he notor ,30..M I fi r.at: e not or
30 is nBSEAESTRR t‘?rﬁﬂnﬁlﬁ%g}real ﬁerrtchgghs#lgalcg%/pekﬁ%%? %%H% £ éﬁﬁﬁé%&&%bt ai ned

is transmtted to the control. circuit 20. Vi ' t ty] he
t enper aP¢ECE P IEHR °ga‘et Prer ?ﬂlc{r?réséﬁt%ﬁsaaﬁggxﬁ%@ Otfgh? et‘%:rgsﬁg'j ro ngﬂé cuit 20,
control can be exercised to cancel. the tenperature Ei‘_?ge degf% bg | ncreasing. .
t he val pairothetpRsitiygtand RegRl s SRS WRPHS PR HERSVAY ‘?fg%? %8Bt ai ned
fromthe tenperature sensing el engnt 31. The reason for increasi H t he
val ue ofimehe Thatdeséription inn@rscersodiment i giyen wAhQut HicreRes o S92 g‘bpl ied to
the nmotor and thereby to increase preheating power. That is reheati ng
POVES cdeadmsaluring whictebothdbe pedities and pegative traasigorstaie tyaepheat the of the
notor 30. This technique is also applicable to the case where alternating
current sdrfie time. ‘
In the drawings, both the thick and thin solid lines indicate conducting paths,
and the broken line indicates non-conducting paths. The thick solid line indicates a
path through which current substantially flows, whereas the thin solid line indicates a
15 path throﬁgh which cunént does not flow substantially.  Hereinbelow, this
embodiment illustrates the case where the current substantially flows from the U phase
to the V phase, but it goes without saying that those phases may be any other
combination of two phases.
Figs. 2, 3, 4, and 5 illustrate the paths of current flowing responsive to voltage
20  vectors Vo, Vi, Vs, and V7, respectively. The expression of the voltage vector Vi can
be determined from & =2°B, +2'B, +2°B,,, where B,, B,,and B, are variables
for the U, V, and W phases, respectively, each representing the "ON" state of the

positive switching transistor as a value of 1 and the "ON" state of the negative

switching transistor as a value of 0. A transition from such one voltage vector to

25  another isAachieved by the control circuit 20 that controls voltages applied to the gates




applied to the notor 30 for heat generation. Wile the invention has been
shown and described in detail, the foregoing |~ description is in all
aspects illustrative and not restrictive. It is therefore\pgehahpod that
nunmer ous nodifications and variations can be devised wi thout departing from
the scope of the invention. 15 Mardh 2004 -16 Cains 1. A nmethod of
controlling preheating power of a coil (LU, Lw of a polyphase notor
(30), said pol yphase notor being driven_by an_inverter and operated in
open- phagehe swvitphingrteensistoen QL. an@wdQNthHn@dsQ@ps of ; applying current from
the inverter to said coil (LU, Lw) for preheating the pol yphase notor,
wherei n sai d Qefsreing to Bigapphicittenefithe &, pf, ade VE phrses dthe GEESW e STitChEg a
condition that said pol yphase notor should not be rotated, and as a DC
vol t age MekioRPR, Qgdot Q; $@indthd Bnisratertherefdracienslege inapplied toThe woiarh is the
rati o between tine during which the voltage is applied to said coil and
sal d_perdp0d ydvRvBelind thdchilly betherBlstfase 2oil TG e thptase! ailneg amd tieai m 1,
whereinT'h said prfeheating of said pol yphase notor, said current produces
no revolyi fie 1 r ' vk N@0thel dhgred i n

31 1 \%Fprhgfseafc?# g‘W %ﬂ@% motok %Ogﬂ%%ﬂ %;fl&giﬁlel%ﬂht fl3w FdifortRl

cl ai rei'n sai ase notor is a conpressor notor in

' diti .20 4. Th t haod cl ai ' | aj » fURer & id
pol yphaSOAg GRS o 1F AR vaRer oty Cadiied; I Bl ORI BE Co
pol yphast!i SFPS. a F St By, SArd | Aver Cer T's @ thr ee- p
el errent $)-piase col L il ros &) L tpo§ i malte e R M e glehetsrd,

period (ton) during which said positive switching element (QJ) in a first
phase (liHujtmatidrintie 2on state, said negative switching element (Q) in a
second phase (W is in the on state, and said positive apd negatjye
swi t chi ng el emefitrsng QvFigQ¥) the positive swichiRE S@ngisPr Qudndy I%%?%Jr%Fy in the
on state for an equal length of tine; and )

10 negative switching transistors Qy and Qz in the V and W phases are in the on state.

Thus, a voltage Eq is applied to the series connection between the U-phase coil Ly and
the W-phase coil Lw. At this time, the voltage Eq is also applied to the series
connection between the U-phase coil Ly and the V-phase coil Ly; therefore, a transient
current can flow from the U-phase coil Ly to the V-phase coil L. |
15 Referring to Fig. 4, the positive switching transistor-s Qu and Qv in the U and
V phases and the negative switching transistor Qz in the W phase afe in the on state.
Thus, the voltage Eq4 is applied to the series connection between the U-phase coil Ly
and the W-phase coil Lw. At this time, the voltage Eq4 is also applied to the series
connection between the V-phase coil Ly and the W-phase coil Lw; therefore, a transient
20  current can flow from the V-phase coil Ly to the W-phase coil Lw.
Referring to Fig. 5, in either of the UV, and.W phases, the positive switching
transistor Qu, Qv, or Qw is in the on state; therefore no voltage is applied to the motor
30. However, as in the case of the voltage vector Vg, the current flow from the

U-phase coil Ly to the W-phase coil Lw is maintained, which is illustrated in Fig. 5.

25 These four voltage vector forms are periodically repeated by the inverter 15. In




a second period (tuff) during which, in/ all of said first, second, and
third phases, 30 either said positive switching elenents (QU, Qu, Qn) are

in the on state or said negative switching el enents (Qx -~ are in
the on state. 15 March 2004 - 17 S. The nethod cl ai msrd5 ﬁ@rgilgé% or

claim4, wherein said duty is set tola val ue obtai ned by dividing a product
of a known calibrated voltage (V~ef), a known calibrated current (lref),
and a known calibrated duty (Do) b{/a S product of a current (I r'q and a

vol t age theveabesapfitht erdltags eaiods Yoead Veoth Veh FEEDG O EisnY TRORSS FRY! ¥ eheat i ng
power according to claim1, wherein said duty is set to a larger value as a
t enper abt @pokitsi dirgpoby.pHEes, fthoinverier Basakivendorzan qaual rsghoRf e
controlling preheating power according to claiml, wherein said preheating

i s perfoy mpeh @M hBévd gf¥eatdnanthei fout voltagovpctes Sorms &re Acpratadealt 5oye syst em
conprising: a polyphase notor (30) having coils (LU LW; and 1 S an

operati gn SRy %k%ir}enf AowIRE RS NhssRi eilPpD|, YiphaseuApbD theopenehase t o
generat e ﬁea ‘ erein . ~ . said operation control unit includes an

invecrter, (1), . said.i It j Uik eIshh & 8l 4. PRhapRs&urfator W th
a pr def@ﬁﬁ?ﬁa{w’%ﬁ?té@%@8‘%%31|‘éﬂon i{t%i gll;c\ t gt sai d gol yphase notor shoul d
applied to said inverter

not be rotated, .a 0 as. V.

i ncreas@_@,wsgm&bf}??q? aw&%&g%%&% f%ylef/meen_ ti me during which the
e ey Ses Bt B Vo Y BV e Ry s v e
preheating of said pol yphase notor, sai urrent produces revol vi ng
field f:(ppr?@chirdnpcypy@gﬁamapﬁbﬁ%m thggnotor fg ‘ﬁ?&éﬁo%‘gﬁ PFT%‘?%{] tcgl‘I"hve"\{ﬁ&a‘?éheat i ng
system according to either one of clains 8 and 9, wher%n sai d ‘Poké/phase
Mot or | Sectorsovipems Vo wheeay thervodtagaEn i apRliad 9nige motor 30 throughodt t

10 . periods of the voltage vectors V4 and Ve. Besides, although the current continues to
flow to the motor 30, no revolving field is provided and thus the motor 30 generates
heat witﬁout being rotated. This prevents the occurrence of such mutually
contradictory phenomena that heat generation causes the bearing to be womn out and
thereby allows preheating of refrigeration oil in the motor 30.

15 | Fig. 6 is a graph iilustrating »the voltage applied to the series connection
between the U and W phases, i.e., between the U-phase coil Ly; and the W-phase coil
Lw, with the passage of time. The period ton is the sum of the periods during which
the voltage vectors V4 and Vg are realized, and the period tog is the sum of the periods
during which the voltage vectors Vg and V7 are realized. In other words, vthe period to,

20 s the period during which the positive switching transistor Qu in the U phase and the
negative switching transistor Qz in the W phase are in the on state and the positive and
negative switching transistors Qv and Qv in the V phase are complementarily in the on
state for an equal length of time. The period to is the period during which, in all the
phases, either the positive switching transistors Qu, Qv, and Qw are in the on state or

25  the negative switching transistors Qx, Qy, and Qz are in the on state. As above




11. The preheating system according to claima8, wherein S said pol yphase
notor is a three-phase notor, said inverter is a three-phase inverter, each
phase having a pair of positive and negative sw tching ?M@%QQO@ Qv~
Qv X~ QY~ z)~ ~d said period includes: a first period (to~ uring which
said positive switching elenment (Qu)1Bn a first phase 10 (1J) is in the on
state, said negative swtching elenent. (Q) in a second phase (W is in the
on state, and said positive and negative swi tching el enents (Qv; 8Y) in a
third pliaseibed) vethout orefiremmsnter ibey dead ttBe.onhas 1 Rlewing eguptiony Bl engt h of
time; and a second period éﬂt oy) during which, in all_of zai d first, second,;
and thi ril=phasgs, &iduhethaistedoegs kd i @npringHhBerad e r€an e@@ﬁe%@aﬂsw are
in the on state or said negative 15 switching elenents (Qx, QY, Q) are in
the on spaire /7.12. The preheating system according to either one of clains
8 and 11, wherein said duty is set to a value obtained by dividing a

product of a k ol t apR (Woutd ) be addshiadie €al iphetehwek dsir rent
(Ir~f), and a @ﬁ%\mﬁﬁg%rg C?E[l)%}ﬂ%g}na pr oduct ofe a 20 currentp (1 r’r?ﬁgand a

vol tﬁ}gg,pﬁi\g%@? W ELO FabHe MM eCheteckt T‘J@é’s AT RNGat Vg 28y SheeRtagcrE ding to

cl ai sai'd*tuty 1s°set to a |larger valle as a tenperature of

id | yphase, not ' o . 25 14. . Lo C i t
clai m 6. NGHEREIS YSrE By RS [P Rr S PP pa T SRS CAAERI®, O 1
conpressor. .AFN A AfL. A A A9. A A A A . A AAA AUR A 9 A AYG_. R a%
#$£/rE} xgsﬂﬂoﬁjzﬂj eatibraied: upltage (WAl A FARFUES Sﬁﬁ’ﬁ%ﬁ&é]%ﬁsé’f&i‘f@] ?g? glav]\§ cﬁaﬁ ca] ca} ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal GB, chl /..R o e s .
1 xsni d_Zpsieddcpgwer] exempaan oXpc B é&f@%@g] ainvgries; Bapit 45 E55iEaRIC M2t a) ca] ca]
ca] ca] ca] ca c?@gea] calca]ca]ca]ca! {TSOK a}te . .
L) K % 540 fiSRe diZPc@F‘é‘&f%éﬁ%‘a} AR AP HEFE A R8T Q%) ca) ca] ¢
aJ cal ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]calcal %&l 3%&&0'.<' ='"(0))))
;¥ *1Q++4¥, , 4D} -on average and the current ler continuously flows throughout all the periods.
.e...7/150}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] eakGalwrdTak Gl Bl srthisagimalic also afared 59 R0 ZZRBUGS P14 44@6}%5 5i 555( 6
S6666687774888499} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajca]ca]c
a] ca] ca CRk q@&é;ﬁ]-lga\]o@ta&@ag eajreadtenlinal ealtaze] ce daty D jsOyaried while
C o S>S@A EQ gl I'1 1 JJJuKKKKLI LLMzupkf a\ W ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca]
KE)VJ cal GalSak AR Rl ARL GHR]ealEdcH ar] malos aDs alherbyahe dhyaDcalicht Mo MM Nz
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calibrated duty Dy, the calibrated current I, and the calibrated voltage Vet are stored in

the control circuit 20. Therefore, if the control circuit 20 controls the periods during

which the voltage vectors Vg, Vi, Vg, and V7 are realized, the duty D can be varied

according to the above equation.

25 With the above operations, even if the detected values of voltage Vm and
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"10% & () - While the present invention has been described with reference to the
5  embodiment that employs the voltage vector forms which do not produce the revolving
field, even if the revolving field is produced, the transition of the voltage vectors should
be made at frequencies not to rotate the motor 30. In this case, however, a so-called
"motor slip" occurs and thereby the sound from the motor becomes louder. From this
point, this embodiment is more advantageous.
10 |
Second Preferred Embodiment -

Fig. 7 is a circuit diagram illustrating the compressor motor 30 and its driving
circuits in the air conditioner, to which a control method according to a second
embodiment of the present invention is applied. This embodiment differs from the

15  first embodiment in that the.motor 31 éomprises a temperature sensing element 31,
from which the control circuit 20 receives data.

The magnitude of the impedance of the motor 30 can be generally expressed
by Z =(w’L?+R*)"?, where R is the DC resistance of a coil of the motor, L is the
inductance, and o is the frequency of a given current. If the current flow is constant

20 as in the first embodiment, the impedance can roughly be determined by the DC
resistance R.

Here, the DC resistance R of the coil has temperature dependence that it

increases with temperature. Thus, where the detected value of voltage Vm is constant,

the detected value of current Im decreases with increasing temperature, and where the

25 duty D is also constant, preheating power decreases as well. Compensation for
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to the control circuit 20, control can be exercised to cancel the temperature dependence
by increasing the value of the duty, for example, with increasing temperature obtained
from the temperature sensing element 31. The reason for increasing the value of the
duty is to increase an average value of the voltage applied to the motor and thereby to
10° increase preheating power. That is, preheating power can be set to a desired value
irrespective of the temperature of the motor 30.
This technique is also applicable to the case where alternating current is
applied to the motor 30 for heat generation.
While the invention has been shown and described in detai?, the foregoing
15  description is in all aspects illustrative and not restrictive. ft is therefore understc;od

that numerous modifications and variations can be devised without departing from the

scope of the invention.
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wherein said current is applied with a predetermined period (T), on a condition that
said polyphase motor should not be rotated, and as a DC voltage (Vm) applied to said

10 inverter increases, a duty (D) which is the ratio between time during which the voltage is

applied to said coil and said period, is set to a smaller value.
2. ‘The method claimed in claim 1, wherein
in said preheating of said polyphase motor, said current produces no revolving field

15 for said polyphase motor.

The method claimed in claim 1 or claim 2, wherein

W)

“said polyphase motor is a compressor motor in an air conditioner.

20 4. The method claimed in claim 1, wherein
said polyphase motor is a three-phase motor,
said inverter is a three-phase inverter, each phase having a pair of positive and
negative switching elements (Qu, Qy, Qw, Qx, Qy, Q2), and
said period includes:
25 a first period (ton) during which said positive switching element (Qu) in a first phase
(U) is in the on state, said negative switching element (Qz) in a second phase (W) is in the
" on state, and said positive and negative switching elements (Qv; Qy) in a third phase (V)
are complementarily in the on state for an equal length of time; and
a second period (tofr) during which, in all of said first, second, and third phases,

30 either said positive switching elements (Qu, Qv, Qw) are in the on state or said negative

switching elements (Qx, Qy, Qz) are in the on state.




Lst!109%@% ()- | Yg#10%a& ()- zNO PbQQQSRIEPE: ! 10&3M 10%@& ()-s110%@& () -
[ 10%@& ()-&9' ! 10%@ () - 30$#10%@ ()-9"! 10%@& () - 3SRRRI\/BNS(O)SPS’\SaS(b@é! 0
10, 109%2& ()-!910%& ()- 10@10@ 10@ #10%@ ()- &710%G&,
gié)(!)/éo?)@Ll ()éigz/gu?;/vv\kvz[ 9bCly %10%& ()-f ! 10%& ()- %1\6[%%3
"()-1p '() -1 y$109%& () - xYY3 ~ 10% 19109 -
10z 10z 1#100/a&'()-s!kl#low&'gg-s LT =@y, 10%& 0 910/@]& () 107
%10%2 & ()-f[I\\ =" " z[ <~ @ 3% 10%g& ()- ! 10%9& () - s#10%g& ()- ! ks# '
‘ i 3 _@ 3¢ ! - L ks#10%& () -
1652§}8‘0’§gg‘&(§)- Is! EL?%?%&' ()-s eaablc2c3t4cBec}rg\ =!! 910‘Vi% (§2 10g 10g 0
9& ()-sly &' ()-s9' #10%g& ()-M ~HO' #109%&' () - MB - =
géo;/a&' ()- 'Fl z#10%h& ()- S 10%&9()9 () - MBeEecrd] dd-eaBgh = &
s10% & ()-9!'10%& ()-&AL0% & ()--eeeff"fsfdEg\=! &10%& () -
SMLO%Z &' ()-10% & ()-y1l0%& ()-0i!10%& ()-& 10%& ? =
& ()-5. The method claimed in clalmlorclaxmgl)w erema ()-sffg ggg?hdEgh =1 Y+ 1 10

) 10%& ()-L.10% & () - FY%t10%

Ed 13%& 0 aséﬁgw b o & \giBoptatiped by e d plbdpgr P Julbin Talibrd | R0\ =
22 ek

Lova il (JQ’Cr) &%@m@g&@ Lok (g%f) d;géﬁ %M)oglig%%t@(mbz 207

S#10%6 rﬂx‘odmet&ﬁ'Mcmﬁeﬁt&h(l) and 2 vokage (Y mhaaphigsiA 110%& () - $#
10% & () -
9@¢10‘V<z& ()-& Z210%& ()-9 10%& ()-10%& n 00000#0*0~obCl "10%&' () -
“109%& ()-10%& ()- 910% ()- 10z Q- obCl " 10%& ()
6. The method of controlling preheating power according to claim 1, wherein

said duty is set to a larger value as a temperature of said polyphase motor increases.

10 7. The method of controlling preheating power according to claim 1, wherein

said preheating is performed on refrigeration oil in a compressor.

8. A preheating system comprising:
a polyphase motor (30) havihg coils (Ly, Lw); and
15 an operation control unit for operating said polyphase motor open-phase to generate
heat, wherein |
said operation control unit includes an inverter (15),
said inverter applying current to said polyphase motor with a predetermined period
(T), on a condition that said polyphase motor should not be rotated, and
20 as a DC voltage (Vm) applied to said inverter increases, a duty (D) whlch is the

ratio between time during which the voltage is applied to said coil and saidperiod, is set to

a smaller value.

9. The preheating system according to claim 8, wherein

25 in said preheating of said polyphase motor, said current produces no revolving field

for said polyphase motor.

30
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a first period (ton) during which said positive switching element (Qu) in a first phase
10 (U) is in the on state, said negative switching element (Qz) in a second phase (W) is in the
on state, and said positive and negative switching elements (Qv; Qy) in a third phase (V)

are complementarily in the on state for an equal length of time; and
» a second period (tofr) during which, in all of said first, second, and third phases,
either said positive switching elements (Qu, Qv, Qw) are in the on state or said negative

15 switching elements (Qx, Qy, Qz) are in the on state .

12.  The preheating system according to either one of claims 8 and 11, wherein
, said duty is set to a value obtained by dividing a product of a known calibrated
voltage (Vrr), @ known calibrated current (L.f), and a known duty (Do) by a product of a

20 current (Im) and a voltage (Vm) applied to said motor.

13.  The preheating system according to claim 8, wherein ‘ |

said duty is set to a larger value as a temperature of said polyphase motor increases.

25 14.  The preheating system according to claim 8, wherein

said preheating is performed on refrigeration oil in a compressor.




