1 DESCRI PTION *159159* Method of Controlling Preheating Power and
Preheating System Technical Field 5 The present invention relates to a
notor and especially to a technique for maintaining constant power

consunption in preheating a conpressor notor in an air Lrioner. |t
also relates to a technique for preheating a conpressor ”W@MM‘M’W” by a
pul se-w dth nodul ation inverter. 10 Background Art Conven ,

| ubricating oil has been enployed for reducing friction at &5t or

bearing. This technique is also ePES Ipr]Ncorrpr essor nmotors in air

condi tioners. The conpressor notors in air conditioners in particular
“handl e refriger anMethod of Contralling Preheating Bewesand Prehepting System o
tenmperatures, the refrigerant is soluble in refrigeration oil which is

| ubricating oil. Wen driven at |ow tenperatures, the conpressor notors in
“air conditioners rotate with the refrigeration oil in small

concent r atfeghnscal Fiaus, there is a high possibility that sliding portions of
the conpressors will seize up by friction. 20 To prevent such a problem

there has been erphaxed AvéRbhniclie o0k Mooy iagd rgpectallyr nk téhatqae for ound a
conpressor notor t0 preheat the notor before it rotates and thereby to

reduce t h%a?rﬁﬁiﬂm | doh¥taf pdvedr’ doBSiAptiddNinOprehéafing &f EdrgRtettl motst! fah&r air
especially or lghe pur pose of preheating a conpressor notor driven by an

| nverter, cé?cggi&egaslt ?ﬂ;lﬁ (ri:%latl%EWa RIERLGYE br PrdtieatiiY Aetsinpredsor Wotdt@iveRbPVi di ng

a crank he . supp current
a pulse-width modulation inverter.

10  Background Art
Conventionally, lubricating oil has been employed for reducing friction at a
motor bearing. This technique is also employed in compressor motors in air
conditioners.
The compressor motors in air conditioners in particular handle refrigerant and
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
compressors 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
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25 fromthe inverter to the conpressor notor on the condition that the

not or shoul d not be *@00002* 2 rotated. The current waveformnot to rotate
the notor is achieved, for exanple, by increasing frequency while reducing
supply current or 'by enploying direct current. The technique in which the
inverter supplies current on the above2condition so that the conpresso
not or preheats itself, however, has a problem of being highly 5 -
susceptible to variations in supply power. For exanple if the current

wavef or m rctatdét €Fle oigrent wayefoem 3B fotpisvibe IanQrslﬁrégle(YﬁdabfW SK&RBlSt Phg for a
recei ving voltage of 200 V, an increase of the receiving voltage to 220 V
-1 ncr eases igdasing frqueney swhitp réedusingtsypply eheant a1y empiqpinoireehcwrgnt42 W i . e.
by a factor of ?220/ 200) 2. This results in excessive power consunption. A

decrease of theThegehMyiginwehichee ihverfedGupplies sutrére ohQhottbuyve doaditipn seduces
t he power consunption by preheating to approximtely 28 W i.e., by a

factor of 1804 20@bRssof thétof PeeHehtS itselfj MewevdrChant motslemasi beingridglilper eby
rai ses the possibility that 'the solubility of refrigeration oil in

refriger aﬂﬁscﬁﬁtﬂﬂ@tto Q@riﬁﬁiﬁgqg%up@gf dvfdr €NFbY exahpl&iif tHeOSuteat Havtfoem!igvention
nt | as b

The preéese vention een e In view of the above circunstances and

provi des %%%ﬁ{ﬁ% \?&’aﬁvg?Sngfv .v&etricaﬂsu‘frﬁﬂﬁ)h%gtpr&feﬁl for A%e@ividg FBk4Ye of

irrespecti attons in receiving vol'tage. The present invention
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of 10  other hand, reduces the power consumption by preheating to approximately 28 W, i.e.,

by a factor of (180/200)2. This results in insufficient preheating and thereby raises the

possibility that the solubility of refrigeration oil in refrigerant cannot be reduced

sufficiently.

15  Disclosure of the Invention
The present invention has been made in view of the above circumstances and
provides a technique for permitting constant preheating of a motor irrespective of
variations in receiving voltage. The present invention also provides a technique for
giving constant preheating power irrespective of a temperature of a coil of a motor.

20 A first aspect of the present invention is directed to a method of controlling
preheating power, the method controlling preheating of a coil (Ly, Lw) of a polyphase
motor (30), wherein the polyphase motor is operated open-phase to generate heat. |

According to a second aspect of the present invention, in the method of
controlliﬂg preheating power according to the first aspect, the polyphase motor is driven

25 by an inverter (15), the inverter applying current to the coil (Ly, Ly) for the preheating



control ling preheating power according to the first aspect, the pol yphase
motor is driven 25 by an inverter (15), the inverter applying current to
the coil (Lu, LW for the preheating 3 of the pol yphase notor, the current
being applied with a predetermined period (T) from the inverter to the

pol yphase notor, on a condition that the pol yphase notor should not be
rotated, and as a DC voltage (Vm applied to the inverter increases, a duty
(D which is the ratio between tinme during which the voltage js applied to
the coil aftliephlyphaseinator, 1B qusrentcheingapplicdavither prodeteramingd pesias (Ig og1 a t hi r d
aspect of the present invention, in the nethod of controlling preheating

- power acchedhvaytet @ thh @olyphasednater enta, contition hat ¢he plypivse motarshowldwet vi ng
field for the pol yphase notor in preheating the pol yphase notor. According
“to a fourbhiragpeahd af a DEveltags Viin) applizdtto tire inverter iecreases; adutf (D)ehich
controlling preheating power according to either one of the first through

third aspgohs ratiol teewael tHRE dﬁﬁ’n%mhi@h thevaltage IarRtisd to tRtooil and thaperiod,
conditioner. According to a fitth aspect of the present invention, in the

net hods of ;o CPRL QhdllePgalpt.eheating power according to the second aspect, the
pol yphase nmotor 1s a three-phase notor, the inverter is a three-phase

nverter, each BUARGAN A01faPaldecObe 1 BRI WicAnth,nBORS WRBi WENT O

elements (Qu, Q QY, _ _ period includes: a first period
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the polyphase motor is a compressor motor in an air conditioner.
According to a fifth 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 positive and negative switching elements (Qu, Qv, Qw, Qx, Qy, Qz), and the period
includes: a first period (to,) during which the positive switching element (Qu) in a first
phase (U) is in the on state, the negative switching element (Qz) in a second phase (W)
is in the on state, and the 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
20  period (tef) 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 sixth aspect of the present invention, in the method of
controlling preheating power according to either one of the second and fifth aspects, the

25  duty is set to a value obtained by dividing a product of a known calibrated voltage (Vies),



According to a sixth aspect of the present invention, in the nmethod of
controlling preheating power according to either one of the second and
fifth aspects, the 25 duty is set to a value obtained by dividing a
product of a known calibrated voltage (VCef), 4 a known calibrated current
(l1lef), and a known calibrated duty (D) by a product of a current (Im
and a voltage (Vm) applied to the notor. According to a seventh aspect of
the present invention, in the nethod of controlling preheating power

accor di nga knowhealitreted cuzrspie@s), ander kmawn calibseted tdBtYa([ﬁlérbéié’r proguctAfie as a
tenperature of the pol yphase notor increases. According to an eighth aspect
-of the preagemt (lhhaehd valtage (Vin) dppliedtothe moftor. cont rol 1 i ng preheating power
according to the second aspect, the preheating is performed on

refrigerati on ohbcdrding t6caTeéventhonspeét of titeh peesgecinverftionhén phesmathod abent i on
"is directed to a preheating system 10 conprising: a pol yphase notor (30)
havi ng copdrirdilifs preMiating pewenacepaligg to0the Gedwintialpectithe dfityris sgteinat larpgr t he

pol yphase notor open-phase to generate heat. According to a tenth aspect of
the presepiyg Qé’ﬂ&h_ipfefhtuﬂe%fmlepowpﬂah@afhbt@gi@y@b@m according to the ninth

aspect, the operation control” unit includes an inverter (15), the inverter

appl yi ng curren p ' Pi9eRic! Th nBd makedef (T), on
{Aﬁéﬁ}diﬂggto %’r} é%ﬁ? Qspuef OF thed phesBntPh

a 15 condition p ase nmotor should not be rotated, and as a DC

voltage gg?gholﬁgggrgtgeralhfg%tgb&ﬁ}r PNEE ST LBCHEA8RInd Casphiy fDprihtily s ¢ he

oltage I1s applied to'the coil and the

period, is set to a smaller walue, Ac ding to an el eventh aspect of the
present i REEAEREGPD rleﬁjgte}"?éloﬁtp\élﬂ%ﬁtc?rﬁgre%g{;'stem according to the tenth aspect,

in the preheating of the po hase tor..the ,.2 r o]

revol ving fi el dxf ginth ﬁépﬂﬁgPb%ﬁf’aggs?‘%&}wﬂtwgcﬁr%fegbeﬁ% g%ﬁ%ﬁﬁﬁgg%@ct of

the present inventi or{, in the 5 fheali ng. S
10  comprising: a polyphase motor? 0‘3 aving coils

Sut, i%, and an operation control unit
for operating the polyphase motor open-phase to generate heat.

According to a tenth aspect of the present invention, in the preheating system
according to the ninth aspect, 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 polyphase motor 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 voltage is applied to the coil and the period, is set to a smaller value.

According to an eleventh aspect of the present invention, in the preheating
system according to the tenth aspect, in the preheating of the polyphase motor, the

20  current produces no revolving field for the polyphase motor. |

According to a twelfth 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 an air conditioner.

According to a thirteenth aspect of the present invention, in the preheating

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




according to either one of the ninth through el eventh aspects, the
pol yphase notor is a conpressor notor in an air conditioner. According to
a thirteenth aspect of the present invention, in the preheating 25 system
according to the tenth aspect, the polyphase notor is a three-phase notor,
the 5 inverter 'is a three-phase invert®r, each phase having a pair of
positive and negative switching elenents (Qu, Qv, Qv X, Q, Q), and the
period includes: a first period (ton) during which the positjive swtching
el enent (iwprtémisza fhreesphase drverterearks phese; hpvingna pairQfepositiye andguaeative
swtching element (Qz) in a second phase (W is in the on state, and 5 the
- positive swilchimgelements(Qui Qi O, QxeQyn@z),(agd;thQPPHfPChIU&ll{dﬁﬁrﬁjﬁEﬁﬁQéﬂo‘ijV) are
conpl ementarily in the on state for an equal length of time;, and a second
period (tgf)durifigiwhivh thbipositivé swinthingélement Qu)su 2 firstcphasg (@nig in the on phases,
either the positive switching elenents (Qu, Qv, Qv are in the on state or
the negat kg, S depativeGswitcRITRIHlEndnXQz)R a seCind pliase (W) ishin theros sate and 0
According to a fourteenth aspect of the present invention, in the
preheagi "he 5@&%%@%&9 swicthé emée (Ql; Y fnentthiranshasdi(V) emat h
aspects, the'duty is set to a value obtained by dividing a product of a
known cal i np@dl dftiAs;ethdaisscend péiddeft)y) and a
known dut ﬁ&ing%e@éggéﬁy %?%8&}:{2—5@%% f%raaéxﬁﬁﬁg%e %1r’r) and a vol tagg (Vr‘rg gﬁ%ppl i ed
to the molling Which G0N the'sftsi?sddohd SRRl i@ PRAES, difhet e fosveTvitchgNt | O,
Ié\%lng’sys ofding to t

in the pr«gﬁrel em acc e tenth aspect, the duty is set to

a larger val ue a eppsrat ur I Rk MR eEEsS -

Accor di ng efegmegtsg@yr gté(hmgggepfeﬁc@ © gp S%a%e&p@gsné%mi%ﬁs\‘/‘g% f|i,l§n,éh??n tﬁg)é[%{e’heati ng
system according,to the tenth aspect, the preheating is performed on :
refri geratQYéﬁredﬁlth‘WPSQ%‘ a conpressor.

10 According to a fourteenth aspect of the present invention, in the preheating

system according to either one of the tenth and thirteenth aspects, the duty is set to a
value obtained by dividing a product of a known calibrated voltage (Vre), a known
calibrated current (L), and a known duty (Dg) by a product of a current (Im) and a
voltage (Vm) applied to the motor.

15 According to a fifteenth aspect of the present invention, in the preheating
system according to the tenth aspect, the duty is set to a larger value as a temperature of
the polyphase motor increases.

According to a sixteenth aspect of the present invention, in the preheating
system according to the tenth aspect, 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 ninth 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 second aspect

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



In the nethod of controlling preheating power according to the first aspect
of . the present invention and in the preheating systemaccording to the
ninth aspect, the polyphase notor is operated open-phase to generate heat
and thereby to be preheated. In the nethod of controlling preheating power
according to the second aspect 25 of 6 he present invention and in the
preheati ng system according to the tenth aspect, 6 since variations in the
DC voltage applied to the inverter are conpensated by varyin t he duty,

pr eheat i nginceaveriations: ini e dAC wiottageranptied & theriBYeErjsd Mk CompsHed gV VeryHe t he
variations in the DC voltage. This avoi ds excess power consunption and
-insuffici tetdutyr pleketing ransbd achi¢wed nwithh paedsterminedr pavarnigrepresHERCf Abe pover
according to the third aspect of the present invention and in the

pr eheat i Ngarffivhetn the CIT dolraget 0 Thiseavelds\eacash pawpecmsumption anchinsuifigisnt i ng
"field is provided for the pol yphase notor, the pol yphase notor can be
preheatedpﬂméﬁﬁgt being rotated. This prevents the occurrence of such
mutual Iy “contradictory phenonena that heat generation causes the bearing

to be yorn out.plfle BRshdtESH conhlIMe PedtRblin pdwersetutdingan thethindrispécz of
because a so-called "slip" is not "utilized which is a phenonenon that the

revol ving yfd gﬂre%ﬁ& S REAGY GRE il e %ﬁﬁcdﬁﬂk%’ys&ﬁl a&brdiﬁ%t@t@delmmn heeort hod of

control l'ing eating power according t0 the fourth aspect of the present

cont rol | g Br _ _ resen
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cont r(il()l ! r}Bgesi[c)l[as% htgci.sl tgierrfe%at&)o%wg soun Ogagib%gm}n?mEZQS bfeica];\}sg aago[zgﬁfedo'fslip" is not
utilized which is a phenomenon that the revolving field is produced but the motor is not
rotated.
In the method of controlling preheating power according to the fourth aspect of
the present invention and in the preheating system according to the twelfth aspect, the
15  solubility of lubricating oil in refrigerant which is handled by the compression motor in
the air conditioner, can be reduced. This prevents a situation in which, with
refrigeration oil which is lubricating 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 fifth aspect of
20 the present invention and in the preheating system according to thé thirteenth 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. During the

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

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



20 the present invention and in the preheating systemaccording to the
thirteenth aspect, during the first period, the positive and negative
switching elenments in the third phase are conplenmentarily in the on state
for an equal length of time; therefore, substantially no current flows to
the coil in the third phase in the pol¥yphase notor. During 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.
Accor di ngtantinges iofiaw n therseme fisection o thayseriesioqanecking oftheseailsdn ﬂ{)fotrliShe
series connection of the coils in the first and second phases, which
~al | ows al ambsecomhphasas, which @lows elmest consians suyrent tevgongneepsly Hewde the t hout
generating a revolving field. In the method of controlling preheating power
accor di ngniotortwithost géneratinpaatvaiving fietldne present invention and in the
" preheating systemaccording to the fourteenth aspect, the duty is the
val ue obt ai ned hythelimetitbidnsf ddagblling peehestingpowdraceordihigad thodf sicthraspert ofind
voltage applied to the notor. This allows constant preheating power to be
given s5irppspeht vetior A1 MAthe PeehRhtinpUsysRR acudelin®td agefoangntiedspect, t he
notor. Wth increase in tenperature, the DC resistance of the coi
| ncr eases yaigt ﬁfthehmué}Ubbﬁﬁkdfb&%iaﬂgtdesﬁéaepow& BY titS0BR @8 curkéht th@ net hod

of controlling preheating power” according to the seventh aspect of the

present Lgﬁ%i%n@@% | fe thGoR" eﬁﬁ@ah&gs TBAED prek&Pingli fivet Qolteghveht eent h

aspect, preheati ng power can be increased by  ‘increasing the duty.

Accor di ng li%%sp%{fﬁfte E)g ﬁ{%g*ﬁa%jeg 9){ B st ?ﬁc?ﬂoelpagg lﬁe%l'hetd% Gsiored val ue

i rrespecti erature o ase nmotor. 15 In the nethod of

contr ol 118 b oWl | BRBOUCTrRERRE: 88 B MR aP, B3PERIEL e coen
be. pr Jentugenisipgia e malerietou, nh e meiE Gepafrinbaleb iR o
concentr ataicc(:)oI;ding% %hcpge%\ér?tgtassp&t of the present invention and in the preheating system
according to the fifteenth aspect, however, preheating power can be increased by
increasing the duty. Accordingly, the preheating power can be set to a desired value
irrespective of the temperature of the polyphase motor.
15 In the method of controlling preheating power according to the eighth aspect of
the present invention and in the preheating system according to the sixteenth aspect,
refrigeration oil is hardly soluble in refrigerant and thus the motor can be prevented
from being rotated with the refrigeration oil reduced in concentration. This prevents a
sliding portion of the compressor from seizing up by friction.
20 These and other objects, features, aspects and édvantages of the present

invention will become more apparent from the following detailed description of the

present invention when taken in conjunction with the accompanying drawings.

Brief Description of Drawings

25 Fig. 1 is a circuit diagram for explaining a first embodiment of the present



sliding portion of the conpressor fromseizing up by friction. 20 These and
ot her objects, features, aspects and advantages of the present invention
w || beconme nore apparent fromthe foll owi ng detail ed description of the
present invention when taken in conjunction with the acconpanyi ng draw ngs.
Brief Description of Drawings 25 Fig. 8 is a circuit diagramfor explaining
a first enbodi nent of the present 8 invention; Figs. 2 to 5 are circuit

di agranms for explaining operations according to the first enbodi nent of
t-he presemventiongntion; Fig. 6 is a graph for explaining the operations
according to the first 5 enbodiment of the present invention;, and Fig. 7
is a circuit diBgs artoBare eixpiitdiagrangs forsexptaining aperationsaccertlingie the fitsbnt

i nvention. Best Mdde for Carrying Qut the Invention 10 First Enbodi nment
~Fig. 1 iseabedimentidf thit prgseatinvehtictr ati ng a conpressor notor 30 and its
driving circuit in an air conditioner, to which a control nethod according
to a first enbomgnentis fgriphe for @gplaining)ikitoperations squpbdrdim, td-cthe efimtpl e, a
vol tage supplied froma three-phase AC power supply 10 is converted into a

DC curg entmbdithet dfitRPpRsdRY infvefictiand 5 bridge 11 of a well-known
configuration. The DC current is then passed through, for exanple, a choke

input filter anﬁgﬁ? % gg&&iﬁﬁggaﬁx %?Qkhl%ﬁ'liﬁ@a 36conB \eBiHoBImek® of Tiepretayer t er

15 perforns swt pu -wi dth dulation under the control of a

control Civ%ﬁtﬁ&nt 20 and supplies, for exanple, a three-phase AC voltage to
a notor 30 e choke input filter, as showm in Fig. 1, is configured of a
capacitor 13

Best Mode for Carrying Out the Invention
10 First Embodiment
Fig. 1 is a circuit diagram illustrating a compressor motor 30 and its driving
_circuit in an air conditioner, to which a control method according to a first embodiment
of the present invention is applied. For example, a voltage supplied from a
three-phase AC power supply 10 is converted into a DC current with a ripple by a diode
15  bridge 11 of a well-known configurétion. The DC current is then passed through, for
example, a choke input filter and a DC voltage is applied to an inverter 15. The
inverter 15 performs switching of pulse-width modulation under the control of a control
circuit 20 and supplies, for example, 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 bfidge 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



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
ot her .end of the capacitor 13 and a positive output term nal of the diode
bridge 11. The negative output termnal of the diode bridge 11 is
grounded, for exanple. The control ciruit 20 is configured for exanple of
a central processing unit 25 and controls the operation of the inverter
15. In normal operation, as a matter of 9 course, the inverter 15, is caused
t-0 rot at ecqukee, thetioverso, 15\inicaused fo patath g metpr S0ewhile impreheating opeeatiosy 15 | s
caused to perform sw tching of power supply to the notor 30 wi thout
-rotating fheénventepts BCcauddetoperform kwitching of p@@ertsapplywo thermbleg 30vyithoupor t s
ANO and AN1, the former receiving a detected value of voltage Vmfrom a
_vol tage defiffig the ool BOUI Thedorrad cirbeit 120t hasrtwoeamlog imguapors dNGdnd/al ue of
current Imfroma current detecting circuit 22. The voltage detecting

circuit 2ANIS theOfdringt tRFivirY a AsRotell &alife ¢ VdllageVm Iftom nevcitagesietecting t age at
the junction between the inductor 12 and the capacitor 13 and outputs it

as thes deg ?§ﬁ€§1va%hum01fau¥pkéceﬁﬁa VI defiiged VALY Elatene i Grof lCeirten2 is 10

conflgure exanp e of a peak hold circuit or an averaging circuit. It

nmeasur es B Egomﬁng bet ween the negative output term nal of the

di ode br| i nverter 15 and outputs it as t he detected val ue

of curr ent vtoﬂ HétE& ciPRas ﬁfl QI%AOfI 5 fii@at.erpol at ed,
for exanple meen He"He ga i Ve ou pu n1na e diode bridge 11

a0, e ;&%sé%e%l%gg {8 SRt ] 053450 iy 35050
T SRR T R e B R 2
posit |18 ns cgrle(ljgsu?erd 0? cgtgr%pﬁ of e;/ (p)elaﬁca}%?d c1r€1?1{ br %1(1) a\t/cr}ggnmg c1rcu1? dft nge%sxpr[eé gge 11.
current flowing between the negative output terminal of the diode bridge 11 and the
inverter 15 and outputs it as the detected value of current Im. For the current
measurement, a resistor 14 is interpolated, for example, between the negative output
terminals of the diode bridge 11 and the inverter 15, and a voltage drop at the resistor
15 14 is measured. As long as the voltage and current applied to the motor 30 can be
measured, the measurements may be made in ways other than the above embodiment;
for example, the voltage and current may be measured at positions closer to the AC
voltage supply 10 than to the diode bridge 11.
Figs. 2 to 5 are circuit diagrams for explaining the operation of the inverter 15,
20 in which, for the purpose of preheating a coil of the motor 30, a DC current ié supplied
so that the motor 30 generates heat through its so-called open-phase operation. In
either of the drawings, the voltage applied between the positive and negative input
terminals of the inverter 15 is indicated as a virtual power supply Eq. Transistors Qu,
Qv, Qw, Qx, Qy, and Qg are respectively a positive switching transistor in U phase, a

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



Figs. 2 to 5 are circuit diagrams for explaining the operation of the
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same 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
path through which current 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
vectors Vi, Vi, Vi, and Vo, respectively. The expression of the voltage vector Vi can
be determined from k =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 switcﬁing 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

another is achieved by the control circuit 20 that controls voltages applied to the gates



conbi nati on of two phases. Figs. 2, 3, 4, and 5 illustrate the paths of
current flowi ng responsive to voltage 20 vectors VO, V4, V6, and V7,
respectively. The expression of the voltage vector Vk can be determ ned
fromk =22 B" + 2'B, + 2B, where BU, By, and BWare variables for the U,
V, and Wphases, 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. Atransition fromsuch one
vol t age vefthoswitchimStransistdre Qui Qvati @xe@v:iapdQre control circuit 20 that
controls voltages applied to the gates 11 of the switching transistors Qu,
_Qv, Qv X, Q,Refedingto FigeReinreither afdhdUgV, 2nd Whphasesdhe regativeeswitching and W
phases, the negative. switching transistor @, Q, or @ is in the on
state; thesmfeiray, T, 6Q,d9e ihs oanwdté;aberefort, o vaitage is Gpliedoveaganotot he
~inductance of the U phase coil Lu, the V-phase coil Lv, and the 5 Wphase

coi | Lw 0§t NgowBed thd QndiRtdbicaion $he epte c6NLY, IthevVi-pisaseoesil Uy, aad tthe ot her
vol tage vectors. In voltage vector fornms described later, current flows
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applied tﬁ tstr}e (lar'.es connection between the U phase coil Lu and the
V- phase ¢ v pigc 1q r%‘fore, a transient current can flow fromthe U phase

coil Lu to the V-phase i1, Lv. 15 Referring to Fi 4. the Slt4
swi t chi ng t r ansRECHRE ‘Q&‘?&nqbl hﬁlpqsﬁlvtcﬁ&'l Qﬁgfanvsg’ﬁg’yéB t}éeng Hh%%‘ Annéfgté?i ve
swi tching transistor in the W |

10 J negative switchin%rangllstorser a?lga&zeinatrh% \I’r;mhr\s’ ﬁqusgst 2581 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 éeries
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 Ly.

15 Referring to Fig. 4, the positive switching transistors Qu and Qv in the U and
V phases and the negative switching transistor Qz in the W phase are in the on state.
Thus, the voltage Eq is applied to the series connection between the U-phase coil Ly
and the W-phase coil Lyw. At this time, the voltage Eq is also applied to the series
connection between the V-phase coil Ly and the W-phase coil Ly; 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 U, V, 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 Vo, the current flow from the
U-phase coil Ly to the W-phase coil Ly is maintained, which is illustrated in Fig. 5.

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



Thus, the voltage Ed is applied to the series connection between the
U-phase coil Lu .and the Wphase coil Lw. At this tinme, the voltage Ed is
al so 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 L® Referring to Fig. 5, in either of
the U V, and Wphases, the positive switching transistor Qu, Q, or Quvis

in the on state; therefore no voltage is applied to the tor 30. However,
as in t hethegasss of therioliage veryers MacangrVevihe ﬂcﬁ:@s el SRt tg ‘ihﬁ\%P ?ﬁ%cpaeh U- phase
coil Lu to the Wphase coil Lwis maintained, which is illustrated in Fig.

- 5. 25 Theare opposite imHireationy edhuas, if the inverterl pisrdriyen fon anequapleagAsme he
inverter 15. In 12 the cases of the voltage vectors V4 and V6, the flows of

. current tin botk tHepdbese aeés and theafamiroygitage twecion fdrme ere o¢peated uas, same t he |
inverter 15 is driven for an equal length of tine in both the above cases
and the fgequerd, inge ckreitoflowpdTtheaVphasedil &¢ @t acomet of thegnduatgncel ittl e
current flows to the V-phase coil Lv on account of the inductance. 5

Accor &§ ”gAE@oréngP}/E Sitistaikindy M6 cubehteNbws t@'Wee Vophabe coft flyawhkerc thiel curtennhen t he
current flows Tromthe U-phase coil Lu to the Wphase coil LW If the four

vol t age VEGH 5ok thd-Heise ¥it LYE theW-pHdseidof Ingpeat ed in this order with a
period T, no voltage 1s applied to the notor 30 throughout the periods of

the vol tage If’ﬁﬁ%&ﬁ%gﬁ%g%toﬁo J, $¥a5VL, RRd o latfBedrell inthRRRAd AL # the

not or 30 throughout t peri ods of thé voltage vectors V4 and V6.
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flow to the motor 30, no revolving field is provided and thus the motor 30 generates
heat without being rtotated. This prevents the occurrence of such mutually
contradictory phenomena that heat generation causes the bearing to be worn out and
thereby allows preheating of refrigeration oil in the motor 30.
15 Fig. 6 is a graph illustrating 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
Ly, with the passage of time. The period to, is the sum of the periods during which
the voltage vectors V4 and Vg are realized, and the period to is the sum of the periods
during which the voltage vectors Vg and V7 are realized. In other words, .the period ton
20 is the period during which the poéitivc switching transistor Qyu 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 Qy and Qy in the V phase are complementarily in the on
state for an equal length of time. The period te 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



bet ween the U and W phases, i.e., between the U phase coil Lu and the

W phase coil LW wth the passage of tinme. The period to" is the sum of

t he periods during which the voltage vectors V4 and V6 are realized, and
the period toff is the sumof the periods during which the voltage vectors
Vo and V7 are realized. In other wordg3 the period tpn 20 is the period
during which the positive switching transistor Qu in the U phase and the
negative switching transistor Qz in the Wphase are in the on state and the
posi ti ve describedegwithont wftrendei gy theadeidsttime he dallowipgi squationvhpldase are
conpl enentarily in the on state for an equal length of tine. The period
_toff is tRemeri,pd AuhitnthathicohltagenEsis ontduging siepasiod Trambs expressesbas ti ve
switching transistors Qu, Qu, and QVWare in the on state or 25 the negative
switchingnt«anafstors x, Qy, and z are in the on state. As above 13

- described, without reference to the dead tine, the follow ng equation

holds: T - ton Now,0ofpbwer Acotbiiniptidiatthithevodd t egedebidable R gichédtmgt e peri od
T can be expressed as D - tonlT. Now, power consunption that would be

desi r apl eprvegftmﬂ{iﬁéhegst w;,g | Burther, RREGQERENVA8EL GtSvolhgd Vnlbid Afent tigoslet ect ed

val ues of tage Vmand current Imfor the receiving voltage of 200 V,
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cal i brated vol a’'call rrent” I'ref, respectively. To
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ecei vi ng R BPea G el Drgats i Rl B Lol S Reeks o WHRECSE,
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'S defl neg[‘hgjl %altug eof the duty D at this time is also stored as a calibrated duty Do. That is,
when the receiving voltage is a predetermined voltage, the duty D is varied while
measuring preheating power consumed by the motor 30, whereby the duty D and the
detected value of current Im at the time of the preheating power Wy is defined as the
15  calibrated duty Dy and the calibrated current It
In preheating after such calibration, the duty D is controlled to be equal to
Dyx (V. -I,,f)/(Vm-Im) . This gives DVm-Im=DyV, . 1I..=W, , thereby
allowing the generation of desired preheating power. As has previously been
described, the detected values of voltage Vm and current Im are given into of the
20 control circuit 20 via the analog input ports ANO and AN1 respectively, and the
calibrated duty Dy, the calibrated current I, and the calibrated voltage Vi are stored in
the control circuit 20. Therefore, if the control circuit 20 controls the periods during
which the voltage vectors Vg, Vs, Ve, and V; 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



15 calibrated duty Do and the calibrated current Iref. In preheating after
such calibration, the duty Dis controlled to be equal to D. x (Vlie f |
re f)y /(Vm Im . This gives D Vm Im- Do "' Vref - Iref - Wef , thereby
allowing the generation of desired preheating power. As has previously been
descri bed, the detected values of vol tijage Vm and current Imare given into
of the 20 control circuit 20 via the analog input ports ANO and ANl
respectively, and the calibrated duty Do, the calibrat ed current lref, and
the cal i brated Mmlchange Witkfvagiatonst br gt Faseivinge veltager d10seichenges cam. be
Therefore, if the control circuit 20 controls the periods during which the
- vol t age vesicell&l Wp thevduty\IB, Tnis alidwarpreheating mdth, canstant] poweDcensnmption ar i ed
according to the above equation. 25 Wth the above operations, even if the
_detect ed wpllies, Rbiddobthageesdivedotved dormsumpeion andinsitiicipat pichéatingr i ati ons in

t he receiving Vol tage, those changes can be cancelled by the duty D. This
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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 appliéd. This embodiment differs from the

15  first embodiment in that the motor 31 comprises 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 @ is the frequency of a given current. If the current flow is constant

20 as in the first emb_odimcﬁt, the impedance can roughly be determined by the DC
resistanée 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



enbodi ment of the present invention is applied. This enbodinment differs
fromthe 15 first enbodinent in that the notor 31 conprises a tenperature
sensing element 31, fromwhich the control circuit 20 receives data. The
magni t ude of the inpedance of the notor 30 can be generally expressed by Z
e ((o 2L2 + R 2)112, where Ris the Dtresistance of a coil of the notor, L
is the inductance, and co is the frequency of a given current. If the
current flowis constant 20 as.in the first enbodi nent, .the,inpedance can
roughl y Lprekrating gimbemage e With SYciceRipergiie PQ'?‘“*&@I“%,I“ h‘?émlﬁﬁd g nce R of
the coil has tenperature dependence that it increases with tenperature.

_ Thus, whemetor 8. det ected val ue of voltage Vmis constant, the detected

val ue of current Imdecreases with increasing tenperature, and where the 25 .
duty D is al so Moresspavificalyetheatémpergsoiee of dhe meetseS0ais Waapureddipdifsat i on
“for 15 preheating can be made even with such tenperature variations in the
i npedancetepfpetanere semding eRenendBil eandpthei data: abtained tih dranemistedatouthe emtrehe not or
30 is nmeasured by the tenperature sensing elenment 31 and the data obtained
i's transngitdu@i0; o Byligewously imputting the teniperafte dépengereeiof thel Cirenitance Ry t he
tenperature dependence of the DC resistance Rto the control circuit 20,

control cgnhbeom¥dichitsie do,iddnfianealbetdrercised e caticel the thaenatareadepedidence
i ncreasing the value of the duty, for exanple, with increasing tenperature

obtai ned ﬁrﬁﬁ’éa@iﬁg hEVRBE Bt HeuSR T8} HENTYIE AR indleasilh Cerfigstare ftngined
e va

i ncreasing t ue of the duty is to increase an average val ue of the
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pre o can be

That is, eat ng power set to a desired value irrespective of

ng et \?ﬂg?g&&ﬁ% gor ﬁjgfc}a%gaﬂ(w;re?&é?f&%l%c-%’fi the VERAYR ApPfed B Mk IbtPRAd MRRb§ 16O the
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 detail, the foregoing
15  description is in all aspects illustrative and not restrictive. It is therefore understood

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

scope of the invention.



applied to the notor 30 for heat generation. Wile the invention has been
shown and described in detail, the foregoing 15 descriptionis in al
aspects illustrative and not restrictive. It is therefore understood that
numer ous nodifications and variations can be devised wi thout departing from
the scope of the invention. 16 Claings 1. A nethod of controlling
preheati ng power, said nethod controlling preheating of a coil (Lu, LW of
a pol yphase notor (30), wherein said polyphase notor'is operated open-phase
t-0 generate heat. 5 2. The nethod ofClam& rol | i ng preheating power according
to claim1, wherein said polyphase notor is driven by an inverter (15),
- said inverter appAyinethount ecdntollingaipreheatig (ower, Lygid f methodi epngiolingat i ng of
said polyphase notor, 10 said current being applied with a predeterm ned

_period (TﬁreﬁéaﬁﬁgéﬁhdoilﬂMﬁbeab@ypl@dsdeﬁﬂﬁmem or, on a condition that
sai d pol yphase notor should not be rotated, and as a DC vol tage (Vm

applied to said id?'(ﬁ Hake Bk RS RfatePopbintphaédlo pahibrate Heat. the ratio between
time during whi gh h%ﬁ vol tage i s appl ilseialél %ho saiggﬁcoil and said period, 15

is setcto a smaller value. 3. The nethod of controlling preheating power
accordil ng to claim?2, wherein in said preheating of said pol yphase notor,

~said current progyees. i SERbRiAg préheidh dd¥Wer §@éo§diﬁ§ ty/Bkias €, Wi 20

said polyphase motor is driven by an inverter (15),
said inverter applying current to said coil (Ly, Lw) for said preheating of said
polyphase motor,

10 said current being applied with a predetermined period (T) from said inverter
to said polyphase motor, on a condition that said polyphase motor should not be rotated,
and

as a DC voltage (Vm) applied to said inverter increases, a duty (D) which is
the ratio between time during which the voltage is applied to said coil and said period,

15 is set to a smaller value.

3. The method of controlling preheating power according to claim 2, wherein
in said preheating of said polyphase motor, said current produces no revolving
field for said polyphase motor.
20
4. The method of controlling preheating power according to either one of
claims 1 through 3, wherein

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

25 5. The method of controlling preheating power according to claim 2, wherein



4. The nethod of controlling preheating power according to either one of
clainms 1 through 3, wherein said pol yphase notor is a conpressor notor in
an air conditioner. 25 5. The nethod of controlling preheating power
according to claim2, wherein 17 said pol yphase notor is a three-phase
notor, said inverter is a three-phaselffnverter, each phase having a pair of
positive and negative switching elenments (Qu, Qv, Qv &, Q, @), and
said period includes: 5 a first period (tan) during which said positive

swi t chi ng el emesaid galyphasemator is ssthreefiasemoEt9f: is in the on state, said
negative switching element (Qz) in a second phase (W 1is in the on state,
- and sai d positisail ianertardgathiroephase invertay cathophase baviny & pavpf pasitive ard d
phase (V) are conplenentarily in the on state for an equal |ength of tine;.

~and a SEC@é‘gﬁtip@ﬁi{iﬂﬂli]{gﬂérﬁ}ntd(mﬁ,r@v,w,ﬂk, QwQa),landf said first, second, and
third phases, 10 either said positive swtching elenents (Qu, Qv, Qv are

in the on stateg@ p&Riddndlegat i ve switching elements (X, Q, Qz) are in
the on state. 6. e method of controlling preheati ng power according to

ei thersone of  chai BBrigd @NY deringWWIchisBidlfoshiviedwiiehingietensent (QF) ia a/fitsue
obt ai nsed by di vifoffgrt\ é p?oguctmof a knomlln%) cal i brat eg voltage (Vvref), a

|
known cal kﬂasgzﬁfis‘i“ Eﬁe?cfht rétgtg{]%f&aneﬁt{ffe Switch 1@:ﬁéﬁt?{te:>g} iAch sdpdnd ftage (Wy _a

product o ren age (Vm appli to said notor. 7. The

e nog e i BT g bald0a R SHPRL A BUIREALOOHANIG danche( QDR 20

sai d dutylﬁlg argef val ue as~a tenperature al ol yphase not or

Iznc\rme gf:is 'Hhass'e (il'/S] gre%%}n%?gne%ftarﬁ)(? D 2lh s RF GHERIA MheBPNRImAGRET di N to claim
a second period (tof) during which, in all of said first, second, and third phases,
10  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.

6. The method of controlling preheating power according to either one of

claims 2 and 5, wherein

15 said duty is set to a value obtained by dividing a product of a known calibrated
voltage (Vrer), 2 known calibrated current (rer), and a known calibrated duty (Do) by a

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

7. The methbd of controlling preheating power according to claim 2, wherein

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

increases.

8. The method of controlling preheating power according to claim 2, wherein
said preheating is performed on refrigeration oil in a compressor.

25




said preheating is perfornmed on refrigeration oil in a conpressor. 25 18 9.
A preheating system conprising: a polyphase motor (30) having coils (Lu,
Lw); and an operation control unit for operating said pol yphase notor
open-phase to generate heat. 5 10. The preheating system according to
claim9, wherein said operation contggl unit includes an inverter (15),
said inverter applying current to said pol yphase notor with a predeterm ned
period (T), on a condition that said pol yphase notor should not be rotated,

and 10 as a mwmﬂﬁg@tiﬁg@g@,@p&mpggﬁg said inverter increases, a duty (D)
which is the ratio between time during which the voltage is applied to

- said coil and s3] 8%d Bbtor (30) hadihe LOIlAIRMBY);@hdVval ue. 11. The preheating
syst em accor di n?ogyﬁcf al mois,(ﬁwher%i n 15 1n )sai d preheating of said

~ pol yphase notor i.d: cu ( ] j ' J¢ '

pol yphase not or‘?lfn @Fﬁlfﬁeé%ﬁg gg{t ﬁgsgffgtl Egg 8}/"5“ gsg? {nlgﬁjéﬁﬁﬁgrphg%e%of
clainms 9 through 11, wherein 20 said pol yphase notor is a conpressor notor
in an ai rge@Squgtﬁa ner. 13. The preheating system according to claim 10,
wher ei sai d pol yphase notor is a three-phase notor, said inverter is a
t hree~phase inverter, each phase having a pair of positive and 25 negative

swi tching el errelr};t. Sl‘hu:(: grje’hegi/rig s%\t/ém%éor%fg t(%l)aim@?gvherein

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
10 as a DC voltage (Vm) applied to said 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.

11. The preheating system according to claim 10, wherein
15 in said preheating of said polyphase motor, said current produces no revolving

field for said polyphase motor.

12. The preheating system according to either one of claims 9 through 11,
wherein

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

13. The preheating system according to claim 10, wherein
said polyphase motor is a three-phase motor,
said inverter is a three-phase inverter, each phase having a pair of positive and

25  negative switching elements (Qu, Qv, Qw, Qx, Qy, Qz), and




19 said period includes: a first period (tor,) during which said positive
switching elenment (Qu) in a first phase (U is in the on state, said
‘negative switching element (Qz) in a second phase (W 1is in the on state,
and said positive and negative switching elenments (Qv; Q) inathird 5
phase (V) are conplenentarily in the Qg state for an equal length of tine;
and a second period (toff) during which, in all of said first, second, and
third phases, either said positive switching elements (Qu, Q, Qw) are in
the on state orgRidiediofefthidese switching elenments (X, Q, Q) are in the
on state. 10 14. The preheating systemaccording to either one of clains 10
- and 13, wherei ny Saf Periliet () Surkiil whieh daidajosieivesivittiiag eleynedt (Qg)iing firspr oduct
of a known calibrated voltage (Vref), a known calibrated current (Iref),

.and ‘a kno sgt’(.tld}/is (P &Mta@e,gﬁﬁ_j{’rﬁgﬁtiﬂfswéitchﬁigre'lé?ﬁﬁnt (Q5)inandcndvdaiea®e) (VM)

applied to sard notor. 15 15. preheating systemaccording to claim 10,

wher e n_Said yfllVsrh. AflsalPoihAlH8 el AvSWARhAe LRIRGAA(QN; O fin & Rhick

pol yphase“nbt'or™ " T'nct eases. " - preheati g syste ccording to claim
et s YV R LERB R L bR RToPH Ethl 1AERY L hd 11 2
a second period (tof) 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

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

10 14. The preheating system according to either one of claims 10 and 13,
wherein

said duty is set to a value obtained by dividing a product of a known calibrated

voltage (Vier), 2 known calibrated current (If), and a known duty (Do) by a product of a

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

15
15. The preheating system according to claim 10, wherein
said duty is set to a larger value as a temperature of said polyphase motor
increases.
20 16. The preheating system according to claim 10, wherein

said preheating is performed on refrigeration oil in a compressor.



