IISESCRI PTION Refrigerating Apparatus, And Refrigerator Control And DHD‘[}bS'fal
Brushless Mtor Starter Used In Same  Technical Field The
present invention relates to a refri geéatl ng apparatus executing lPOS
refrigerating cycle and having a conprdssor notor control devi ce. r@#w

present invention also relates to a‘Pég QF{Q}{IW control device use
refrigerating apparatus for contro ﬁg ational frequency or speed of
a refrigerator conpres- sor, and to a brushless notor starter in which the
position of rotor magnetic poles of a DC brushless notor having an

system  Ramngronng apparans. And RIRTESAgc CREE had PSS dRRioT Sl
nunber L i ators ainmed at energy saving and inproving its quick
refriger atpﬁ dz}ge#q‘{‘ by maki ng vari able the rotational frequency or speed

of the conpressor. For exanple, as disclosed in Japanese Laid-Open Patent
Publ i cati on (unexam ned) No. 2-140577, there is a trial of producing an

ef fect by in% v rigbl e the rotational frequency of a conpres- sor of a
refrigerat of ‘an inverter. As a corrpressor whose
rot ati onal frequency;ll made vari abl e a rota ressor

erter
has been general as PSERt InNeRtign ﬁqqgﬁeéﬁﬁrﬁfe\é?gamdn“ *’I’F""-’-'a-':‘-%g éxecutm

a refrigerating cycle and having a compressor motor control device. The present
invention also relates to a refrigerator control device used in the refrigerating
apparatus for controlling a rotational frequency or speed of a refrigerator compres-
sor, and to a brushless motor starter in which the position of rotor magnetic poles
of a DC brushless motor having an inverter-controlled rotational frequency is

detected in a sensor-less system.

Background Art

There have been proposed a large number of refrigerators aimed at
energy saving and improving its quick refrigerating ability by making variable the
rotational frequency or speed of the compressor. For example, as disclosed in
Japanese Laid-Open Patent Publication (unexamined) No. 2-140577, there is a trial |
of producing an effect by making variable the rotational frequency ofa compres-
sor of a refrigerator by means of an inverter.

As a compressor whose rotational frequency is made variable by an
inverter, a rotary compressor has been general as disclosed in the aforementioned
prior art document. The above is because its refrigerating ability varies

approximately linearly according to the change of the rotational frequency and



prior art docunent. The above is because its refrigerating ability varies
~approximately linearly according to the change of the rotational frequency
- ~and 2 because it has had an
excel l ent capability in such a point that its lubricating ability depends
| ess on the rotational frequency. However, according to the

convent i ongécAiRBSt hi¢ hadin ekbdlledt BAsabiRGNin duth d poineatdisplubbicating iabilityi ng
the rotary conpressor. In general, the rotary conpressor has

a high pr eggpugrﬁisi RSt @8 the Tosthht ﬁ-‘Ehﬁéndys_, an inhal ati on gas having a | ow
pressure is directly inhaled into a cylinder of its conpressing section,

once di scharged int o HbRewsiehtcarliing totheRbAGEIIhal aoasthhicgithefe has been
transferred into a cooling system t°hrough a di scharge pipe. Thus, for the

reason t hathd RSlIGRRIg prodterds i @bingtherddlrydoraptessor.i t has been widel y

known that the gas having a high pressuré and a high tenperature |eaks to

intrude into a cylindeentn$ @ rbbae? SoARresdL Ads 8 esh fressERRMIditPshell.
factor of reducing a conpression etficiency of the conpressor (|eakage

heat |0SS) That is, an inhalation'#249M49ing 4 (G lgeésﬁg@ imﬁ\éaggﬁmﬂe@ i 4 eladdegn to

the rotational frequency, and depe"nd_s on the magnitu of the high pressure
and that OBfril@ecdrﬂgfes%e%‘éHﬁ@n, Jik!t disShargBe o e SheH hfidClbrapRisitRIRAGN

that, when the rotationdl frequency has been |owered to reduce the

o1 g el st kg g otn asbiads . Tt
the reason that the shell has a high internal pressure, it has been widely known
that the gas having a high pressure and a high temperature leaks to intrude mto
a cylinder inside the compressing section, behaving as a factor of reducing_ a
compression éfﬁciency of the compressor (leakage heat loss).

However, the leakage heat loss has no relation to the rotational
frequency, and depends on the magninde of the high pressure and that of the low
pressure. That is, there has been such a phenomenon that, when the rotational
frequency has been lowered to reduce the refrigerating ability itself of the
compressor, a rate of the leakage heat loss has increased to consequently réduce
the efficiency of the compressor. |

As a result, in the case where energy saving is attempted by
lowering the rotational frequency by an inverter to reduce the refrigerating ability
‘when the internal temperature of the refrigerator is stabilized to allow a great
refrigerating ability to be dispensed with, there has been such a problem that the
energy saving effect cannot be obtained due to the reduction of the efficiency of
the compressor.

Furthermore, in the case of a reciprocating compressor, the ol

supplying ability depends on the rotational frequency, and this has caused such a



"t*he efficiency of the conpressor. As a result, in the case
_Where energy saving is attenpted by Iowering the rotational frequency by
wan inverter to reduce the refrigerating ability when the internal
tenperature of the refrigerator is stakjlized to allow a great
refrigerating ability to be dispensed wth, there has been such a problem

that the %b@%&?sﬁﬁ&& k6 [£80Rha0E pRPEAIRRY 4 YaokP rbhBohAMELLRROT

the effici € conpres nore, I'n
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rotational freduency, and

3 probl emlﬁa{}aﬁotm&r{ %lﬂgﬁg'ﬁé %ém%‘;eddegraded particularly at a | ow
So, Dbeé

rotational Trequency. cause this conpressor requires a large

A co, there has been PHEHOREf Q%FE‘E?%'858%&;5?‘5%@%'96%%3??@23?'° Hgressor
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detection WiigR-f%y utilizing an induction voltage at the stator winding in a sensor-less

system. This method, however, cannot effect the position detection when the
motor is stopped, because no induction voltage is generated in suéh a state.
Therefore, it has been a general practice to execute the starting according to a
predetermined starting sequence pattern up to a specified rotational frequency at
which the position detection is enabled, and thereafter switch the pattern to the
sensor-less system. Such a prior art starting method for the compressor motor
control device is disclosed, for exaﬁxple, in Japanese Laid-Open Patent Publication
(unexamined) No. 1-54960.

_ Because a transient DC component in a filter circuit employed in a
sensor-les§ circuit is not sufficiently attenuated at the starting of the DC muotor,
the above method has been devised to prevent the possible failure of the switching
as a éonsequence of an unstable switching to the sensor-less system. According
to this method, the switching td the sensor-less system is effected after the
transient DC component is sufficiently attenuated in order to reduce starting
failures of the compressor motor control device.

This method, however, uses only one starting sequence pattern, and
this has caused such a problem that, when a load torque of the DC motor is great

at the starting, the compressor is occasionally brought into a locked state during



fotor is stopped, because no induction voltage is generated in such a

_state. Therefore, it has been a general practice to execute the starting
according to a predetermned starting sequence pattern up to a specified
rotational frequency at which the posi#ion detection is enabled, and
thereafter switch the pattern to the sensor-less system Such a prior art
starting mihdatarting sdyuencenpacsaooperition beforer e siwitching o dhs cknsmdiess or
exanpl e, in Japanese Lai d-Open Patent Publication (unexam ned) No.
1-54960. system is effecteBecause a transient DC conponent in a filter circuit
enployed in a sensor-less circuit is not sufficiently attenuated at the
starting of the DC nmiDnrthe other fmndy drusilesxdmioascstenre bhan widily aspd foe e t he
possible failure of the switching as a consequence of an unstable

swi t chi ng teasons thenthey-Havshigly efféciendies andipaymit a robitionak fieg@enteontrol
switching to the sensor-less systemis effected after the transient DC

conponent underbltagerohiroht Particdlerly| simwedie methoddof detaingithe rofaidndl es
of the conpressor notor control device. Thi s met hod, however,

- uses only eositiinefroong reeerse induqivn wdltageageherhiedsatitas widies veligse of the
probl emthat, when a |load torque of the DC notor is great at the starting,

t4 he conpr essetor i wa praposedalatety kisoa abdhniqae for lobeiaths tied @eddrafMg position

detection element for detecting the rotational position of the brushless motor,
brushless motors have been extensively used even in very bad operational
environments such as the compressors and the like where the temperature is high
and refrigerant and oil exist inside.

In order to eliminate the influence of a voltage waveform due to
PWM (Pulse Width Modulation) in detecting the reverse induction voltage, filter
circuits are often used generally. Thls, however, has caused such a problem that
the position detection becomes unstable in a tramsient state such as the motor
starting stage. A method for eliminating the above disadvantage has been also
proposed,’ for eiéﬁlple, in Japanese Patent Laid-Open Publication (unexamined)
No. 58-190287. The prior art brushless motor starting method will be described
below with reference to Fig. 19.

Fig. 19 is an explanatory view of a prior art brushless motor starting
method.

Referring to Fig. 19, when a stopped motor is started, the motor is
operated as a synchronous motor because no reverse induction voltage is generated
(low-frequency synchronous starting). In this stage, a drive frequency is

accelerated so that the rotational frequency gradually increases. With this

operation, the rotational frequency also increases.



the starting sequence pattern operation before the switching to the
sensor-less systemis effected. On the other hand; brushless
%tors have been w dely used for the reasons that they have high
efficiencies and permt a rotational fgequency control under voltage
control. Particularly, since the nethod of detecting the rotational

position from a reverWhenndiec ro@tionsd frrgaegenasfatied nedtot heavhexdiangpacifiedhige
of the notor was proposed lately as a technique for obviating the need of
a posi ti onrortional frequeheyeittis hllowddttecdieagtd pesitiohaldtentain from tho nevdrsd he
brushl ess nmotor, brushless notors have been extensively used even in very

bad oper at imhgdtiore ol tagerants tieu atotes dontest enmupesater as andrubidess krotohele
the tenperature is high and refrigerant and oil exist inside.

I n order tewiichingaThetdadterniddetiratonf deelethtiagandansinoininfie! the rofiidnal
(Pul se Wdth Mdul ation) in detecting the reverse induction voltage, filter

circukts affequiehep daaee getieved by .cohttolling @@ veltaghas caused such a probl em
that the position detection beconmes unstable in a transient state such as

the notor starting stBgeroddi®d fiat imerals (Mnaid &) ihehidlovie siceranasd 3ge

has been also proposed, for exanple, in Japanese Patent Laid-Qpen
Publ i cat i oeffedtee 8o aeshecifivd tifd- 0GB switthingosiage Aid effe 256 sKBiching

starting method will be described belowwith reference to Fig. 19.

Fig. 19 isafterexpiimigafa ¥ suffivienf agedidtivn of thérrahiafsDOtompdnent imthe
filter circuit, or by starting acceleration after the transient phenomenon in the
switching operation is completed, a stability in the switching stage has been
assured.

However, the prior art construction has had the following problems.

In the brushless motor in which the position detection is executed
based on the reverse inductiori"voltage, the motor starts its operation as a
synchronous motor according to the low-frequency synchronous starting in the
motor starting stage. In this stage, a voltage and a frequency are applied to the
motor so ‘that a specified torque is generated. In this stage, since noise and
vibration are caused when thé torque is made excessively high and step-out may
be incurred when the torque is insufficient, there is a scheme of applying the
voltage and frequency in the most appropriate state as far as possible.

Furthermore, in the position detection operation based on the reverse
induction voitage, the filter circuit is originally designed so as to become optimum
in a region where the motor operates normally, and therefore, the motor tends to

step out when a high torque is applied at a low speed.



‘et hod. Referring to Fig. 19, when a stopped notor is :
_Started, the notor is operated as a synchronous notor because no reverse
™ nduction voltage is generated (lowfrequency synchronous starting). In
this stage, a drive frequency is accebPerated so that the rotational
frequency gradually increases. Wth this operation, the rotational
frequency al so i ncr eadesordingly, the prior art method has been effective tor such a
Wien the rotational frequency of the notor reaches a specified rotational
f r equency, mator ¢hat! hasnesmall vaddntthe stastinigostage ve @t iaokoW rotational frequency
I nduction voltage, and the notor cones to operate as a brushl ess notor by
swi t chi ng. (&lger mwtor)accel eration, decel eration and maintai ni ng of the
rotational frequency can be achieved by controlling the voltage.
By providing time intBowaver, (ndompdesssys for uskin refrigesatoed andhair condiioners
effected for a specified tine in the switching stage and effecting the
swi t chi ng onthelikeatheragndybe a casd whereathigh tead) it appliedf sevieealt seaosdseafteDC
conponent in the filter circuit, or by starting acceleration after the
transi ent feestartingnstage.t hGerewallyhiingthepeomipressor s acdiffdrenes inapressaibel of y
in the switching stage has been assured.

. compression gas takes place and the load torque increases imunediately after the
starting. Particularly, it is well known that a great torque is applied several
seconds after the starting stage.

When the conventional method is used in such a case, since the
acceleration stop interval is provided when a high load torque is applied, there has
been such a problem that a step-out is caused by the high load torque in either the
low-frequency synchronous starting operation or the operation based on the
reverse induction voltage detection.

Particularly, at the time of turning on the power, capacitors of the
filter circuit are totally completely discharged and, therefore, a comsiderable
duration of the acceleration stop interval has been required until the motor is put
into its stable state. Accordingly there has been such a problem that the motor
tends to step out in the acceleration stop interval.

The present invention has been devised in view of the aforemen-
tioned problems inherent in the prior art techniques. It is, accordingly, an object
of the present invention to provide a refrigerating apparatus which fails little at the
starting by restarting, when a locked state of the compressor is detected during a
starting sequence pattern operation, the compressor according to a starting

sequence pattern of an output torque that is greater by one step.



However, the prior art construction has had the foll ow ng problens.

In the brushless nmotor in which the position detection is executed based on
¥ he reverse induction voltage, the notor starts its operation as a
synchronous notor according to the | owdfrequency synchronous starting in
the notor starting strggg. In this stage, a voltage and a frequency are
applied to the notodthemabjegt aihepresent;igvguiéon & epervide d. refrigeryiag
stage, since noise and _vibration are_ caused when the torque i.s made
excessi vel 3PRAramsampich; fags dess attlie stgeting by degartingeh lqadetorgie 0 aiLRC motor
insufficient, there is a schene of apfol ying the voltage and frequency in
the nost aRsedAn thecambiand terperiturg0fpd Eafrigesating system, a cooler-(gmpriakisee,
in the position_ detection operation based on the reverse jnduction

vol t age, tOfk apy Mhalaion Qressure, gpfghn AAKHNge $5e) FRALOS 0RGEHTE BL8H 6 hrstaBNE UM
in a region where the notor operates normally, and therefore, the notor

tends to SPQUENEE PAHBEN Carmspandiag @ éhe toashpirque flamdhe dwginpniag.

6 Accordingly, the prior art nmethod has been effective for .
such a notor that hdsfurthereobjes g presentdneentiongistoqrevide arefrigarator
rotational frequency (e.g.., farr notor). However, in

conpr essoreottedl dewce capablei ofepraventing rilie passida arduesingy & efficiency of the
compressor due to the leakage heat loss, assuring a high efficiency even at a low
rotational frequency, and remarkably reducing the amount of power consumption.

A still further object of the present inventiom is to provide a
refrigerator control device capable of stably starting the compressor by generating
a specified torque and executing a stable operation without incurring step-out just
after the starting.

Another object of the present invention is to provide a refﬁgerator
control device having an improved reliability by speedily executing oil supply at
the starting and assuring a sufficient amount of lubricating oil when oil shortage
occurs due to the occurrence of an unforeseen accident such as mixture of gas in
the stage of slow rotation.

A further object of the present invention is to provide a brushless
motor starter capable of operating the motor without step-out even when a high
load torque is required after the starting by sufficiently reducing the transient DC
component without providing any acceleration stop interval.

A still further object of the present invention is to provide a
brushless motor starter capable of stably starting the motor by speedily completing

a position detection process even at the time of closing the power during which



or the like, there may be a case where a high load is applied several
seconds after the starting stage. Generally, in the conpressor, a
tdifference in pressure of conpression gas takes place and the |oad torque
Increases inmmedi ately ‘after the starti8g. Particularly, it is well known
that a great torque is applied several seconds after the starting stage.

Wien the ceevpositionaletesidiol likely 3¢ Beiunstbié, 6c bpTompilscalyt keminating the
acceleration stop interval is provided when a high | oad torque is applied,

there has piveess sveh when did proceleis fosé@maplewdd by derisied. by the high | oad
torque in either the |owfrequency synchronous starting operation or the

operation based on the reverse induction voltage detection.

Particularly, at the tinme of turning on the power, capacitors of the
filter cirDuddlods: Pt efiop! etel y di scharged and, therefore, a
considerable duration of the acceleration stop interval has been required

until the notor is puh ordet ¢oiatSomipHbh ¢hé aféremedtioned dtjkytst Bef&rigeﬁauﬂﬁen

such a problemthat the nmotor tends to step out in the acceleration stop

i nterval . apparatus. accordititetonthe g2 8éent iesitc\cAAPribeL in FVBAdcirduiY hAWne!
the aforemen- tioned problems inherent in the prior art techniques. 1€ is, -

accor di ngl ¥ plaslith] 6F tedicdnaacidr SvEfthes RN | SlardlRy P6OHidHRs %%@Eéﬁemng

apparatus which fails little at the starting by restarting, en a | ocked

state of thghcomRraaShE fobmdst £6kage d8MOmMBtorSéperhicddby SaleRRRriRA CIRLR
operation, the conpressor according to a starting sequence pattern of an
out put  t or gatPhaviRlg 4 FotBf CALSpRssOP&riféeBy said DC motor, a condenser connected
with said compressor to constitute a refrigerating cycle, and a .cooler connected
with said compressor. The refrigerating apparatus further comprises a position
detecting means for detecting a position of said rotor of said DC motor, a
commutating means for outputting a commutation pulse to decide an operation of
said semiconductor switches of Sé.id inverter circuit based on an output of said
position detecting means, a rotational frequency detecting means for detecting a
rotational frequency of said corﬁfressor based on the output of said position
detecting means, and a lock detecting means for detecting a locked state of said
compressor based on an output of said rotational frequency detecting means. The
refrigerating apparatus also comprises a chopping signal generating means for
generating a chopping signal to effect chopping so as to make variable the
rotational frequency of said DC motor, a combining means for combining said
commutation pulse with said chopping signal, and a drive means for turning on
and off said semiconductor switches of said inverter circuit based on an output of
said combining means.
A starting sequence control means is provided for outputting a

predetermined commutation pulse and a predetermined chopping signal to said



la Anot her object of the present invention is to provide a
refrigerating apparatus which fails less at the starting by detecting a
"doad torque of a DC notor based on the ambient tenperature of a
refrigerating system a cooler tenpera®ure or an inhalation pressure, and
by starting the notor according to a starting sequence pattern,

cor r espondtembining reearsawhen ngueutputoin atitained fromi sagd position detecting mgans
further object of the present invention is to provide a refrigerator
control dein @estazfingl ¥agd ofrsai@PCnmatoe pdhei dhgingdequense tontzdk mgasacy
of the conpressor due to the |eakage heat |oss, assuring a high efficiency
even at a ¢XAoutes sestamug by oytmning agaoh thencorrabitstion gutienand e ahopping of
power consunpti on. A still further object of the present

i nvent i on $ignab aftesva dpeeifiedetimiegintenval when rsaid deck detectimgbimeans detattsy
starting the conpressor by generating a specified torque and executing a
st abl e opeloaking ofisaldbcompressor.i ng step-out just after the starting.

Anot her object of the present invention is to provide a refrigerator

control device havi ndrurthermoreva gluralityaof siarsing yequunedi pagteen ataring) theank

supply at the starting and assuring a sufficient anount of lubricating oil

when oi | s$tor¢sagespeotiverstarting sequetoe pattemns evfcsaid fcoamutationepelse andcsaiént

such as mixture of gas in the stage of slow rotation. A

further ob¢happing signal putmuttet fromeaid starting sequpnoycaterel tearssh| Fhe starting

starter capable of operating the notor w thout step-out even when a high
sequence patterns have different output torques.

In the starting stage, a torque increasing means selects a starting
sequence pattern of a minimum output torque from among said starting sequence
patterns. In a restarting stage, the torque increasing means selects another starting
sequence pattern of an output torque greater by one step than said starting
sequence pattern of the minimum output torque, and outputs the resulting sequence
pattern to said starting sequence control means.

In the starting stage, said starting sequence control means is
connected 'to said combining means by an operating mode switching means, which
also connects said commutating means and said chopping signal generating means
to said combining means after the starting.

Advantageously, an ambient temperature detecting means is provided
for detecting an ambient temperature of said refrigerating cycle. In this case, said
torque increasing means compares the ambient temperature detected by said
ambient temperature detecting means with a preset reference ambient temperature,
and selects a starting sequence pattern of a great output torque corresponding to

the ambient temperature when the ambient temperature is higher in the starting

stage. In the restarting stage, the torque increasing means selects another starting



“Ioad torque is required after the starting by sufficiently reducing the
transi ent DC conponent w thout providing any acceleration stop interval.
A still further object of the present invention is to provide a brushless
notor starter capable of stably startii@g the notor by speedily conpleting
a position detection process even at the tinme of closing the power during
whi ch sequence pattern of an output torque greater by one sep,tdml popiitsithe rdstlEngi on
is likely to be unstable, or by conpulsorily termnating the process even
when the plagpense ipattaon t@emﬂlmx&mgbgeqdencsmntrol m@ags| osure of the

| nventi on In order to acconplish the aforenmenti oned objects,
a refrigerating apparstersatezipy glcogiet temperapuresientctinguaetisimay beprowded an
inverter circuit having a plurality of sem conductor switches and a
plurality fofr détedtngcocneler ddmpetrdtureeachn dhibarasen theheorfque ninofeaaidy ntbgas a
DC notor operated by said inverter circuit and having a rotor, a

conpr essorcempares the ceoldr Bnperaaire detectedeby eald:ooovlecttemlpemmﬂ'e dededting
conpressor to constitute a refrigerating cycle, and a cool er connect ed”

with sai d meaps edtoa. préset refetenageratienenapranatpand selebsra sargxig efice

position detecting neans for detecting a position of said rotor said DC

nmotor, a pattern of a great output torque corresponding to the cooler temperature when the
cooler temperature is higher in the starting stage. In the restarting stage, the
torque increasing means selects another starting sequénce pattern of an output
torque greater by one step, and outputs the resulting sequence pattern to said
starting sequence control means.

Again alternatively, an inlet pressure detecting means may be
provided for detecting an inlet pressure of said compressor. In this case, said
torque increasing means compares the inlet pressure detected by said inlet pressure
detecting means with a preset reference pressure, and selects a starting sequence
pattern of a great output torque corresponding to the inlet pressure when the inlet
pressure is higher in the starting stage. In the restarting stage, the torque
increasing means selects another starting sequence pattern of an output torque
greater by one step, and outputs the resulting sequence pattern to said starting
sequence control means. |

In another form of the present invention, a refrigerating apparatus
coraprises a compressor having a shell of an internal pressure approximately equal
to a pressure of an inhalation gas, a motor for operating said compressor, and an
inverter for controlling said motor to rotate by a specified amount of rotation for
-a specified time interval after starting and then controlling said motor according

to an internal temperature of said retrigerator.



“commut ating nmeans for outputting a conmutation pulse to decide an operation
of said sem conductor switches of said inverter circuit based on an out put

zof said position detecting neans, a rotational frequency detecting nmeans
for detecting a rotational frequency1df said conpressor based on the
out put of said position detecting nmeans, and a | ock detecting neans for

“detecting a | ocked stQn dhefother dandompeerizol dovicedohtheypresansuinventieiig
rotational frequency detecting neans. The refrigerating apparatus also
conpri ses mtendashforguss with a gefrigeratorgvhishniachuges gecrmarasaor Aavingppishell
signal to effect chopping so as to make variable the rotational frequency
of sai d Doofrandnteraalcprassunerappresimsately equatisorthe gressute of @aminhalation gasl, se
wi th said chopping signal, and a drive neans for turning on and off said
seni conduc? 6PMPAESYNG Segtions a¢cpmmodatedrindhe sbglt, dandse @ metar baving a odtor sai d
conbi ni ng neans. A starting sequence control neans is
provi ded fand austator fomgperating dbe compuessing secnioat i Bine portsel devdca comprises
predeterm ned chopping signal to said
9 conbi ni ng reverss mduction voltagedetestarheintuie dof detecting d mmstional patéfieciofng
means in a starting stage of said DC notor. The starting sequence control
neans exectiteesotogsfram iangeveyse inguationnyokigge genbmtebamg atiton winkies, amg t he
chopping signal after a specified tinme interval when said | ock detecting
nmeans det etnverter for executing a commutating operation based on an output of said reverse

induction voltage detector circuit during a normal operation so as to operate the
DC motor at a variable speed, and a rotational frequency setting circuit for setting
a rotational frequency of said DC motor to be lower than a commercial power
frequency when the internal temperature of the refrigerator is stabilized.

The control device may further comprise a rotor fixing circuit for
turning on a specified phase of the inverter and outputting a specified voltage
when an output of the rotational frequency setting circuit is shifted from a stop
state to an operating state, and a first timer circuit for maintaining an output of the
rotor fixing circuit for a specified time interval.

Alternatively, the control device may further comprises a starting
commutation pattern storing circuit for preparatorily storing a specified commuta-
tion pattern to accelerate said DC motor within a short time, a starting voltage
pattern storing circuit for preparatorily storing a specified voltage pattern to allow
said DC motor to yield a specified torque, 2 commutation selector circuit for
selecting an output from said starting commutation pattern storing circuit in the
starting stage of said DC motor so as to operate said inverter in a commutating
manner, a voltage selector circuit for varying an output voltage of said inverter

in synchronization with said commutation pattern according to the output of said



“tocking of said conpressor. : ‘Furthernore, a plurality of
starting sequence pattern storing nmeans stores respective starting
‘ysequence patterns of said conmutation pul se and said chopping signal
butputted fromsaid starting sequenceq@ontrol neans. The starting sequence
patterns have different output torques. In the starting
stage, a tstaring ivodtagaspatternestosingedientis @nds tacdimmtstou snetqracirenin fof a
m ni num out put torque from anong said starting sequence patterns. In a
restartingswitclyag tche camouuating pperaiiog basad wrs el el andpheof shareverge
sequence pattern of an output torque greater by one step than said starting
sequence piductionofoltdge detactonoiuitpwhen cheweitputnof saitdpstntintgheomesuthtiomg
sequence pattern to said starting sequence control neans. In
t he startipafternagjeringadiscust & complesatjuence control neans is connected to
sai d conbi ni ng neans by an operating node sw tching neans, which also
connects said commut @gain aiteanatively, e dontrobdevige singpafurgenecahprigesnaans
to said conbining nmeans after the starting. Advant ageousl vy,

an anbi ent incesgsermtel seledmtravitduipforesetesting apraw ofl@dceleratiodeb e étidregsiag the
anbi ent tenperature of said refrigerating cycle. In this case, said torque

i ncr easi ngowspat voltagpaf said inmvertebafiet saidiPErmbtords dedreed, exhdy sesond tiepi ent
tenperature detecting means with a preset reference anbient tenperature,

and sel ectsireuist epérating sfoyuenspecifidd ¢ime dhteavgr efier ahe psthrting @peration is
corresponding to the anbient tenperature when the anbient tenperature is
hi gher in ¢dmpkited.t ibngthss egee, a firstlincreess gate iingelstegewhehgaidsepond timer
i ncreasi ng neans sel ects another starting

circuit is operating while a second increase rate greater than the first increase rate

is selected after the operation of said second timer circuit is completed.

Alternatively, the control device may further comprises a third timer
circuit operating for a specified time interval in a rise time of said DC motor, and
a rotational frequency selector circuit for selecting a rotational frequency close to
the commercial power frequency as a fixed rotational frequency. The rotational
frequency selector circuit ignores the rotational frequency set by said rotational
frequency setting circuit when said third timer circuit is operating, and determines
the fixed rotational frequency as an output target of said inverter.

Meanwhile, a starter of the present invention is intended to start a
brushless motor having a rotor, and comprises an inverter for c.onvertmg aDC
voltage into an AC voltage to drive the brushless motor, a reverse induction
voltage detector circuit for detecting a rotational position of séid rotor from a
reverse induction voltage of said brushless motor, and a commutator circuit for
generating a waveform from a signal of said reverse induction voltage detector

circuit to drive said inverter. The starter further comprises a starting circuit for

outputting a waveform required to start said brushless motor, a first compulsory



“10 sequence pattern of an output torque greater by one step, and outputs

the resulting sequence pattern to said starting sequence control neans.

JAlternatively, a cooler tenperature detecting nmeans nmay be provided for

tdetecting a cooler tenperature. In thig case, the torque increasing nmeans
conpares the cooler tenperature detected by said cool er tenperature

detecting oWRARS AN for Bidafing Rk APECIFRRCHATe LRERAI 4l WidefoRfithagingCss a

starting segquence patterno great "out put torque corresponding to'the

cool er t enpsliadd'afd WREQUIRY R Al IRVell A WAICH i€ brisHledBbtdrdddiensd @idieNd
stage. In the Testarting stage, the torque increasing neans selects

anot her stzid iangwﬁeﬂﬂfgnﬁﬁcm%?rsae@fingrhxp%ﬁﬂk oft £fi@YFrsO ORI sy g@@ugtep,

and outputs the resulting sequence pattern to said starting sequenc

control negpguit when said bmsm%sggﬁ‘io?oxagst QEAeed, VBN - sefdtind §h Cﬁft?ﬁfs %Trfesaid
e etecting an e o

detecting neans may be provided tor I nl et “pressu salrd

COMPI eSSOT seabtind Birfuft2aid fRANY selelfiflBn| AHEASE (i EBARNERMAAT: {185 14! ©!

pressure d by said t pressure tecting neans wth a prese

reference ESds5id ﬁqg&@ﬁl ects a starting sequence pattern of a great
out put torgée corresponding to the inlet pressure when the inlet pressure

I's higher in the Sta*ﬁﬂenﬂrﬁt%uﬁs : ??ﬁtﬁgf%ﬁ&hﬁti Hﬁysﬁé‘ggglﬁé%lfb °£%E§on

i ncreasi ng neans sel ects ano sequence’ patt n out pu

tsgir g“gt a?{ﬁ?ﬁﬁguﬁﬁls%‘tyo&ﬁpﬁf Sicuft "forOMtiPtitting ACwabetirid RevERIYNSRaRALhE D 1O
frequency at a level at which said brushless motor does not rotate. In this case,
a power closing decision circuit is provided for deciding that a power is closed.
The switching circuit selects an output of said second. compulsory output circuit
to operate said inverter when said power closing decision circuit decides that the
power is closed.

The starter may further comprise a decision circuit for deciding
whether or not the motor operation is stabilized from the signal of said reverse
induction voltage detector circuit. In this case, the second compulsory output
circuit stops the output of the waveform when said decision circuit decides that the

motor operation is stable.
| The starter may further comprise a second timer circuit for starting
its operation when the power is closed. In this case, the second compulsory
output circuit stops the output of the waveform when said decision circuit decides
that the motor operation is stable or when said second timer circuit has completed

counting of a specified time interval.

Brief Description of the Drawings



sequence control neans. . I n another form of the present
invention, a refrigerating apparatus conprises a conpressor having a shell
Cgf an internal pressure approximtely equal to a pressure of an inhalation
gas, a notor for operating said conpreédgkor, and an inverter for
controlling said notor to rotate by a specified anount of rotation for a
specified tinme inter¥ig. hiseschetmtic vigwaolftthe hetal comstnadtionnof = aéfuligenatong
according to an internal tenperature of said refrigerator.

On the ot leppabatad, acaording rtola fiestiermbadfimiehe of tes prdsennumvention; i s i nt ended

for use with a refrigerator which includes a conpressor having a shell of
an internal pressureFanpRoisi aathary saqwag tao stanengrseguence httermn iAhel did on
gas, a conpressing section acconmodated in the shell, and a DC notor

havi ng a rrefrigerating #pparasrshbom mpEigatl;ng the conpressing section. The
control device conprises a reverse induction voltage detector circuit for

detecting a rotationfig.pdsist aochart shoéng ai Qtarfingnsequenye paetermdBICHf e
vol tage generated at a stator winding, an inverter for executing a

comrut at i q_@fﬁggfaaﬁgogpljmam showaninOPigo U; of said reverse induction voltage
detector circuit during a normal operation so as to operate the DC notor
at a variabl e speed, Figd4aisr at cliaroRhbwinge @ eaeling efeljuegce ipaaeid ¢ off g8fting
refrigerating apparatus shown in Fig. 1;
Fig. 5 is a flowchart of a starting sequence operating section of the
refrigerating apparatus shown in Fig. 1;
Fig. 6 is a schematic view of the total construction of a refrigerating
apparatus of a modification example;
Fig. 7 is a schematic view of the total construction of a refrigerating
épparatus according. to a modification of the present invention;
Fig. 8 is a schematic view of the total construction of a refrigerating
apparatus according to another modification of the present invention,;
Fig. 9 is a circuit diagram of a refrigerator control device according
to a second embodiment of the present invention;
Fig. 10 is a flowchart of thé operation of the control device shown
in Fig. 9;
Fig. 11A is a graph showing the characteristics of a relative
efficiency of a compressor;
Fig. 11B is a graph showmg the characteristics of a relative

refrigerating ability of the compressor;



‘a rotational frequency of said DC notor to be |ower than a commercial power
frequency when the internal tenperature of the refrigerator is stabilized.
“The control device may further conprise a rotor fixing circuit for turning
on a specified phase of the inverter d48d outputting a specified voltage
when an out put of the rotational frequency setting circuit is shifted from
a stop state to an dfigr dRiing graph showing thefdhasacteristics ef a aglationopetween
mai ntai ni ng an output of the rotor fixing circuit for a specified tine
i nterval . the rotational frequeney reati thel torquéredfcarmetir shrving: afed synchronous
conprises a starting comutation pattern storing circuit for preparatorily
storing a spdor;fied commuta- tion pattern to accel erate said DC notor
within a short tine, a starting voltage pattern storing circuit for
preparatorily storjndgig. $pécagraph showing¢hdpabaracteristicabf adubsiaatingabitity or
to yield a specified torque, a commutation selector circuit for selecting
an out put 6f anubaicdting il pumpgomut ati on pattern storing circuit in the
starting stage of said DC notor so as to operate said inverter in a
commutating manner, Fgva#tingdleck éagram afrachriushless matoy stagtezracootding to
voltage of said inverter in synchronization with said commutation pattern
accor di ng tahirdeembogimentfofsthe present invention;
12 starting voltage pattern storing circuit, and a conmutation sel ector
circuit for switchidggt dSas adlowchatt ofgthe ppesdtiamobtheditushiess motonktaoter put
of the reverse

shown in Fig. 14;

Fig. 16 is a circuit diagram of a reverse induction voltage deteéting
circuit;

Figs. 17A, 17B and 17C are respectively waveform charts of U-
phase, V-phase and W-phase of the reverse induction voltage detecting circuit
shown in Fig. 16 in a stable operation stage;

Figs. 17D, 17E and 17F are respectively waveform charts of outputs
of a first filter circuit, a second filter circuit and a third filter circuit provided in
the reverse induction voltage detecting circuit shown in Fig. 16 in the stable
operation stage;

Figs. 17G, 17H and 171 are respectively waveform charts of outputs
of a second comparator circuit, a third comparator circuit and a first comparator
circuit provided in the reverse induction voltage detecting circuit shown in Fig.
16 in the stable operation stage;

Figs. 18A, 18B and 18C are respectively waveform charts of
position detection signals X, Y and Z outputted from the reverse induction voltage

detecting circuit in a starting stage;



i'nduction voltage detector circuit when the output of said starting
comutation pattern storing circuit is conpleted. Agai n
@lternatively, the control device may further conprises an increase rate
selector circuit for selecting a rate 1d acceleration by increasing the
out put voltage of said inverter after said DC notor is started, and a
second tiner circui tFigpel @D NGB and o 8pacs respdctively waveform charteroft the
starting operation is conpleted. In this case, a first increase rate is
sel ect ed whetpwspf theeBosidiltarredreuits ithe seqondsfiltgrerieuiingnduhd thied Sillcosircuit
increase rate greater than the first increase rate is selected after the
operation uf tRptardegstgeiandr circuit is conpl eted.

Al ternatively, the control device nmay further conprises a third tinmer
circuit operating forFig. $pécaigraph fomexplaining/aprion aat biushldss meowt statitigDC
notor, and a rotational frequency selector circuit for selecting a

rot at i onal nfetkediency close to the commercial power frequency as a fixed
rotational frequency. The rotational frequency selector circuit ignores
the rotational frequency set by said rotational frequency setting circuit
when said third tinmer circuit is operating, and determ nes the fixed

rot at i onal Detad criptiom of whe Pre cEmbodimentsi nverter.

Meanwhi |l e, a starter of the present invention is intended to start a
brushl ess notor havi Rreferrat embadithentofi ks preséntv énvertidorwilbryewt beg a
DC voltage into an AC voltage to drive the brushless notor, a reverse -
i nduct i on desdritegewiths ref¢rence o chs acdam?amﬁngﬁtmin'gsrot ational position of
said rotor froma reverse induction voltage of said brushless notor, and a
comutator circuit fdiig. 1 isaschematic view of the total construction of a refrigerating

apparatus according to a first embodiment of the present invention. In Fig. 1, a
reference numeral 1 denoteé an AC power source. A reference numeral 2 denotes
a voltage-doubling rectifier circuit for converting the AC voltage of the AC power
source 1 into a DC voltage, wherein diodes 2a through 2d and capacitors 2e
through 2f are connected to one another.

A reference numeral 3 denotes an inverter circuit, wherein
semiconductor switches (transistors). 3a through 3f are comnected in a bridge
connection style, and diodes 3g through 31 are connected inversely in parallel with
respective transistors.

A reference numeral 4 denotes a DC motor which is driven by an
output of the inverter circuit 3. A reference numeral 5 denotes a compressor
which is driven by the DC motor 4. A reference numeral 6 denotes a position
detecting means for detecting a rotational position of a rotor (not shown) of the
DC motor 4 and generating a rotational pulse so that the rotational position of the
rotor may be detected from the reverse induction voltage (reverse electromotive

force) of the DC motor 4.



.generating a waveformfrom a signal of said reverse induction voltage
detector «circuit to drive said inverter. The starter further conprises a
sstarting circuit for outputting a waveformrequired to start said

brushl ess nmotor, a first conpul sory

13 output circuit for outputting for_a specified tine interval a waveform
having a voltage and Eclerengeanmeral7 denelgsa %ﬂmwm&weﬁnﬁ?%%%?lﬁﬁtor
does not rotate, and a,switching circuit for selecting an_output of sajid
first conpliceBHRU@LOBRUlsE [ commuiptenths seanipppdyntas swighes 3adtheeugh 8§ oft hen
selecting an output of said _starting circuit, and fipally selecting an
output of & invesmruciEswt iframian ayiput ob theppositien datecting sneans, 6. A
The first compul sory output circuit may be replaced by a second conpul sory
out put ci reaferencer nemeplt 8i depasesvay sowtionahreqpeacy orémgrangiag ameans ofivgency
at a level at which said brushless notor does not rotate. In this case, a
power cl osowtputiing & rofatienaldzequensy soovmnardisigoal WebedPegnotantd. aAreference
closed. The switching circuit selects an output of said second conpul sory
out put ci rowmeralt § derotas & gatagional drequenciiedeteating powens dosscountiteg i theon

circuit decides that the power is closed. ._ The starter may
further corgsatieralpulse pftherpasitionudeterting aaeansi ;fpr a specified period (e.g., for
0.5 second).

A reference numeral 10 denotes a duty ratio setting means for
outputting a duty ratio based on a difference between the rotational frequency
command signal of the rotational frequency commanding means 8 and the actual
rotational frequency detected by the rotational frequency detecting means 9 so that
they coincide with each other. A reference numeral 11 denotes a chopping signal
generating means for generating é'wavefonn having a varying on/off ratio at a
specified frequency according to the duty ratio in order to make variable the
rotational frequency of the DC motor 4.

“ A reference numeral 12 denotes a sensor-less operating section
comprised of the position detecting means 6, commutating means 7, rotational
frequency commanding means 8, rotational frequency detecting means 9, duty
ratio setting means 10 and chopping signal generating means 11.

A reference numeral 13 denotes a starting sequence control means
for outputting a predetermined commutation pulse and a predetermined chopping
signal for such a reason that no output can be obtained from the position detecting
means 6 in the starting stage of the DC motor 4, and ekecuting restarting for

outputting dgain the commutation signal and the chopping signal after an elapse



whet her or not the notor operation is stabilized fromthe signal of said
reverse induction voltage detector circuit. In this case, the second
compul sory output circuit stops the output of the waveform when said
decision circuit decides that the mofl& operation is stable.-

The starter may further conprise a second timer circuit for starting its
oper ati on ofaispecificddime intervaloxben allack detecting ancansel Tdewsts dentogkiis:
output circuit stops the output of the waveform when said decision circuit
deci des t thetcampressond. opbe doclodetesting aneansol 7 whdiscussed kéeond ti ner
circuit has conpleted counting of a specified tinme interval,. Brief
Descri ption of the DReferegce numerals 14, 15 and 16 denote respectively a starting 14

Fig. 1 is a schematic view of the total construction of a refrigerating
appar at us sapende pgttem stofinggneanshdda staming Sequencp patiem storgumeans B and
Fig. 2 is a chart showing a starting sequence pattern A of the

refri ger at a sgarsipgasequescs ipattern stofing. means C, which store respegtively a stantiny t
showi ng a starting sequence pattern B of the refrigerating apparatus shown
in Fig. 1;sequence pattern A, gfarting sequechepatteimoRi anyl a stirtingi sequepcypaten
pattern C of the

C of the commutation pulse and the chopping signal outputted from the starting
sequence control means.

Figs. 2, 3 and 4 show the starting sequence pattern A, the starting
sequence pattern B and the starting sequence pattern C, respectively.

In Figs. 2, 3 and 4, reference characters A+, B+, C+, A-, B- and
C- denote the commutation pulses required for operating the semiconductor
switches 3a, 3b, 3c, 3d, 3e and 3f, respectively. A chopping duty ratio is an
on/off ratio of the chopping signéi. The chopping duty ratio increases one step
by one step in the order of the starting sequence pattern A, the starting sequence
pattern B and the starting sequence pattern C, and therefore, the output torque
increases one step by one step.

A reference pumeral 17 denotes a lock detecting means for deciding
that the DC motor 4 is in a locked state when the rotational frequency of the DC
motor 4 detected by the rotational frequency detecting means 9 is lower than a
predetermined rotational frequency (e.g., 5 Hz), and outputting a lock signal.

A reference numeral 18 denotes a torque increasing means A for
selecting a starting sequence pattern of the smallest output torgue in the starting
stage, selecting a starting sequence pattern of the output torque that is greater by

one step in the restarting stage, and outputting the selected pattern to the starting

sequence control means 13,



refrigerating apparatus shown in Fig. 1; Fig. 5is a
flowchart of a starting sequence operating section of the” refrigerating
@pparatus shown in Fig. 1; Fig. 6 is a schematic view of the
total construction of a refrigerating1%hpparatus of a nodification exanpl e;
Fig. 7 is a schematic view of the to'tréellgq:construct,ion of arefrigeratin

appar at us accordi ng foreferasge pumarably denqlrsa plagking seqURRCAIORSRALNG SeCtio

Fig. 8 is a schematic view of the total constructjon of .a refrigerating
appar at us €BBIaH Pft e Haning: seRienee é‘@WGﬂ mpganshed ,pflasdng SFHU@%R‘? BRfterl
Fig. 9is acircuit diagramof a refrigerator control device_according to
a second eﬁﬁﬁ&gnﬂﬁméfﬁt hé, HarLisg: s¢qupBce| patern storing means By 3.3, ARLEG,
flomchart of the operation of the control device shown in Fig. 9;

Fig. 11A i@qyeg%pmatmmﬁtﬁ@ngh@m@cﬂgr ilagk (deteptng macans; \lg, and iterqugcy
of a conpressor; Fig. 11B is a graph show ng the

char act er i igcreasmg means| Atldve refri gerating ability of the conpressor;

15 Fig. 12 is a graph showing the characteristics of a
rel ati on between . A referencenumeral 20 denotes an operation mode switching means

for connecting the starting sequence control means 13 to a combining means 21
in the starting stage, and connecting the commutating means 7 and the chopping
signal generating means 11 to the combining means 21 after the motor is started.
The combining means 21 is discussed later.

A reference numeral 21 denotes a combining means for combining
the commutation pulse with the chopping signal.

A reference numeral 22 denotes a drive means for turning on and off
the semiconductor switches 3a through 3f of the inverter circuit 3 according to an
output of the combining means 21.

A reference numeral 23 denotes a condenser, while a reference
numeral 24 denotes a cooler. A reference numeral 25 denotes a refrigerating
cycle including the compressor 5, the condenser 23 and the cooler 24.

Operation of the starting sequence operating section 19 will be
described below with reference to the flowchart of Fig. 3.

First, when the apparatus is in the starting stage at step Sl, the
operation mode switching means 20 connects the starting sequence control means
13 to the combining means 21. Then, at step S2, the tofque increasing means A
18 outputs the starting sequence pattern A stored in the starting sequence pattern

storing means A 14 to the starting sequence coantrol means 13, so that the



:t"'he rotational frequency and the torque of a notor serving as a synchronous

ot or; Fig. 13 is a graph showi ng the characteristics of a
f.ubricating ability of a lubricating oil punp; Fig. 14 is a
bl ock di agram of "a brushl ess notor sta&Qer according to a third enbodi nent
of the present invention; Fig. 15 is a flowhart of the

oper at i on efmptessor 6dboperatebamordingy todhe starting sequétiap. patteen of the smallest
Fig. 16 is a circuit diagramof a reverse induction voltage detecting
circuit; outputtorque. Figs. 17A, 17B and 17C are respectively waveform
charts of U phase, V-phase and Wphase of the reverse induction voltage
detecting circuit sHAden, atstep §3, e iockalestcrigemenns &7 idenides agesther or not
Figs. 17D, 17E and 17F are respectively waveform charts of outputs of a
first fil tehe compressor 3 is baaked. fWhieara normal stasting & adhievkd,ithe @pecatiouist
provided in the reverse induction voltage detecting circuit shown in Fig.
16 in the cdmpleted.of¥hen itlncampesssor 5 is locked, the pfogram flo% ptoddedndo iklp are
respectively waveformcharts of outputs of a second conparator circuit, a
third conpg4ator circuit and a first conparator circuit provided in the
reverse induction voltage detecting circuit shown in Fig. 16 in the stable
operation stage; At step S4, thEitgrquel Bdredsils anchnsSA bS outpseabeisteiting
wavef orm charts of ' :
sequence pattern B stored in the starting sequence pattern storing means B 15 to

the starting sequence control means 13, so that the compressor 5 is operated
according to the starting sequence pattern of the output torque that is greater by
one step.

Then, at step S5, the lock detecting means 17 decides whether or not
the compressor 5 is locked. When the normal starting is achieved, the operation
is completed. When the compresébr 5 is locked, the program flow proceeds to
step S6.

At step S6, the torque increasing means A 18 outputs the starting
sequence pattern C stored in the starting sequence pattern storing means C 16 to
the starting sequence control means 13, so that the compressor 5 is operated
according to the starting sequence pattern of the output torque that is greater by
further one step.

Then, at step S7, the lock detecting means 17 decides whether or not
the compressor 5 is locked. When the normal starting is achieved, the operation
is completed. When the compressor 5 is locked, the program flow proceeds to
step S8.

At step S8, there is provided a wait for the starting for a certain time

interval (e.g., for five minutes), and the program flow returns to step Sl.



jp"osition detection signals X, Y and Z outputted fromthe reverse induction
'voltage detecting circuit in a starting stage;

216 Figs.. 18D, 18E and 18F are respectively waveform charts of
the outputs of the first filter circuidl the second filter circuit and the
third filter circuit in the starting stage; and ) Fig. 19 is a
graph for expl ai ni ng Bhasefose, mtmnmhmgmksdsstmpﬁthmqnprasgor teedetected at the
Detai |l ed Description of the Preferred Enbodi nents Preferred
enbodi ment staoting h éhe compressonvis restamtedi 1$ingoive katartings sequesgevpatiemed & thence
to the acconpanyi ng draw ngs. Fig. 1 is a schematic view of

the total ootptriprquentbet ia grdfaténydyaonagsteppgherebys realizingi agrafoigardtingst
embodi ment of the present invention. In Fig. 1, a reference nuneral 1
denot es anapparptsewhiciurarely pauses estaming fadloessal 2 denotes a
vol tage-doubling rectifier circuit for converting the AC voltage of the AC
power source 1 into FipCHshomsgemoadificaion df irtesfgetatinguappazatua stiown in
capacitors 2e through 2f are connected to one another. A
ref er ence Figredal wherteaotarguenincneasing mednsc Bi 27 midrazi mmbient temperature
detecting means 26 are provided in place of the torque increasing means A 18.
The ambient temperature detecting means 26 detects the ambient
temperature of a refrigerating cycle 25, and the torque increasing means B 27
compares the ambient temperature that has been detected by the ambient
temperature detecting means 26 in the starting stage with a preset reference
ambient temperature. As shown in Table 1, when the ambient temperature is
high, a starting sequence pattern of a great output torque corresponding to the
temﬁeramre is selected. In the réétarting stage, the starting sequence pattern of
the output torque that is greater by further one step is selected. The selected

pattern is outputted to the starting sequence control means 13.



'sem conductor switches (transistors) 3a through 3f are connected in a
brldge connection style, and diodes 3g through 31 are connected inversely
in parallel with respective transistors. A reference nunera
4 denotes a DC notor vhich is driven 2 an output of the inverter circuit
3. Areference nuneral 5 denotes a conpressor which is driven by the DC
not or 4. ATakleet ence nuneral 6 denotes a position detecting neans for
detecting a rotational position of a rotor (not shown) of the DC notor 4

and generatinf a rofatlonal pul'se pqQ that the rotational position off the
rotor may be [T EERFTANE rovbSRFURSARPLRF peit?tavgé? S $esisd

el ectronotive Iorce) of the DC nojor 4. J

17 tLA reference nunmeraj 7 denotes a commutating nmeans fQqr

generating alcomutation pulse tolcommutate the sen conductor sw tghes 3a

et ccting meapd! on ARISERFleribera' | SpirRillei Bbed BRRARER | Olluency

comandi ng meara&r outputting a rot ational frequency command si gral to
t he DC not or ’% Fef6rence nunerhl 9 denotes a rotational frequengy
det ecti ng neaps—for—otitt-hg—ti-heo—tbi-atiorabl—pi-se—of—the—position—det ecti ng

nmeans 6 for al gpegl Arﬂﬁieﬁ@fdn@pbrﬁﬂ ) StartiRly séduenéepefien C is selected

ture

With the above arrangement, by detecting the load torque of the DC
motor in the starting stage based on the refrigerating cycle ambient temperature
and starting the motor according to the starting sequence pattern corresponding to
the load torque from the beginning, starting failures can be further reduced which
have hitherto been caused when the load torque is great because of the high
ambient temperature.

Fig. 7 shows another modification of the refrigerating apparatus,
where a torque increasing means C 29 and a cooler temperature detecting means
28 are provided in place of the torque increasing means A 18 of the refrigerating
apparatus shown in Fig. 1. | |

The cooler temperature detecting means 28 detects the temperature
of the cooler 24, and the torque increasing means C 29 compares the cooler
temperature detected by the cooler temperature detecting means 28 in the starting
stage with the preset reference ambient temperature. As shown in Table 2, when
the cooler temperature is high, a starting sequence pattern of a great output torque

corresponding to the temperature is selected. In the restarting stage, the starting



‘A reference numeral 10 denotes a duty ratio setting nmeans for outputting a
duty ratio based on a difference between the rotational frequency command
Signal of the rotational frequency commandi ng nmeans 8 and the act ual
rotational frequency detected by the & ati onal frequency detecting neans 9
so that they coincide with each other. A reference nuneral 11 denotes a
choppi ng sseguehnce gattermof thy owpmistof que thab e grteatey by fuather onmshepyisrsgletted.
varying on/off ratio at a specified frequency according to the duty ratio
in order tThewkkected patttm isheutputiedito thabktaitieg sequsncef carteol Geams 63. 4.

A reference nuneral 12 denotes a sensor-|less operating section conprised
of the position detecting neans 6, commutating neans 7, rotational
frequency commandi ng neans 8, rotational frequency detecting neans 9, duty
rati o settTalglen2ans 10 and choppi ng signal generating neans 11.

A reference nurreral 13 denotes a starting sequence control means for
outputting a determ ned comutation pulse and a red term ned, chgppi ng
signal for su %PFE&%’BHCEW flo ol i ayEneH PA ?@d ISoreleqted pogi ti on
detecting ne nIs 6 in the startingjstage of the DC notor 4, and exeguting
restarting fof utputting again the commutation signal and t he choppi ng
signal after @n_elapse : 18

T1 < Cooler tempera- | Starting sequence pattern B is selected

ture < 12

T2 < Cooler tempera- | Starting sequence pattern C is selected

ture

With this arrangement, by detecting the load torque of the DC motor
in the starting stage based on the cooler temperature and starting the motor
according to the starting sequence pattern corresponding to the load torque from
the beginning, an initial pull-down (occurring when the refrigerating operation is
initially started) and the possible failure in the starting stage when the load torque
is great after defrosting the cooler 24 or the like can be further reduced.

Fig. 8 shows another modification of the refrigerating apparatus,
where a torque increasing means D 31 and an inlet pressure detecting means 30
are provided in place of the torque increasing means A 18 of the refrigerating
apparatus shown in Fig. 1.

The inlet pressure detecting means 30 detects the inlet pressure of
the compressor 5, while the torque increasing means D 31 compares the inlet
pressure detected by the inlet pressure detecting means 30 in the starting stage

with a preset inlet pressure. As shown in Table 3, when the inlet pressure is



of a specified time interval when a | ock detecting nmeans 17 detects the
_locking of the conpressor 5. The | ock detecting neans 17 is discussed
d.ater. Ref erence nunerals 14, 15 and 16 denote respectively a
starting sequence pattern storing me@ds A, a starting sequence pattern
storing neans B and  a starting sequence pattern storing neans C, which
store respughi \aebtartng tsgquéncg pattequerfca great outpud, toequst eeresnpnsiiag éadbe
pattern B and a starting sequence pattern C of the commutation pulse and

t he choppiprgssumgnisl sedeatedit tladhe restarting stage: ithe)stastég sequensematigm @éghe .
Figs. 2, 3 and 4 show the starting sequence pattern A, the starting
sequence peutpet tomwugrthiat isegreatar byniyrhenwaecsicpas selecied, Ths pileciedpaptern

In Figs. 2, 3 and 4, reference characters A+, B+, C+, A-, B- and C
denot e t heiscautputted itorthe gtastisg sequencecondrolapeans ihg t he seni conduct or

swi tches 3a, 3b, 3c, 3d, 3e and 3f, respectively. A chopping duty ratio is
an on/off ratio of the chopping signal. The chopping duty ratio increases
one step by one step in the order of the starting sequence pattern A, the
starting SEaplerde pattern B and the starting sequence pattern C, and
therefore, the output torque increases one step by one step.

A ref f [ 17 d | tect] for . d t hat
the' DG ot or | AP PRSEGRLEY st at § JABE ARTIER TR & FORRIEHED of the DC

not or 4 det ed
than a r edet N ' | f f eguaRey ) uttiing a
p P{ " Bflef ﬁfeé_hkené nce mﬁrgétg‘f&fg Pég?ﬁ% gsggé%tléar{%%)e ]

| ock signal. refer
i ncreasi ng nﬁepg A for selecting g starting sequence pattern of thi
i ng :

smal | est out gut torque in the star

P2 < Inlet pressure Starting sequence pattern C is selected

With the above arfangement, by directly detecting the load torque
of the DC motor in the starting sté;ge based on the inlet pressure and starting the
- motor according to the starting sequence pattern corresponding to the load torque
from the beginning, the possible starting failures when the load torque is great can
be further teduced. |
o As described above, in the refrigerating apparatus of the first
embodiment of the present invention, when the lock detecting means detects the
locked state of the compressor in the starting stage, the torque increasing means
A immediately selects the starting sequence pattern of the output torque that is
greater by one step and outputs the pattern to the starting sequence control means,
so that the compressor can be speedily restarted without repeating the starting
failures. Therefore, even if the starting is initially failed due to a great load
torque, the motor can be immediately restarted, resulting in a reliable refrigerating

apparatus which fails little in the starting stage.



~stage, selecting a starting sequence pattern of the output torque that is
greater by one step in the restarting stage, and outputting the sel ected
pattern to the starting sequence control neans 13.

19 A reference nurmeral 1@€%enotes a starting sequence
operating section conprised of the starting sequence control nmeans 13,
starting sequence patfiusthermorer they tomgmes ingréasing tmeann P sstiomtes thatlpad n
storing neans B 15, starting sequence pattern storing means C 16, |ock
det ect i ng tosqus of e BXXdmatenr én therstarting stagenframstha refrigerating cycle ambignt
reference nuneral 20 denotes an operation node swtching nmeans for
connect i ngtemperatuaetandyselects dhe starting rasiquarem pattdm comesponding g thedoad 21
in the starting stage, and connecting the conmutating nmeans 7 and the

choppi ng stogqae frpm ¢hebegigninga tiereby aliowing & cefrigeratingrepparats tafpositivele
notor is started. The conbining neans 21 is discussed |ater.

A r ef er encetartiewemaif the 1ded doremeds @oedti becagserefidse high ambiémi tegipetdrare.
comut ati on pul se with the chopping signal. A reference
nuneral 22 denotes aRirtheemoesnshe corquer iicoeasimg aneansf 1€ dstimagesrithoridadt or

switches 3a through 3f of the inverter circuit 3 according to an output of
t he conbi niooquerefitise PIC motor in the startingAStagd by erceoolemesmaperdfurdena sstens
condenser, while a reference
the starting sequence pattern corresponding to the load torque from the beginning,
thereby allowing a refrigeratiﬁg apparatus to positively start even at the initial
pull-down (occurring when the refrigerating operation is initially staned) or even
when the load torque is great after defrosting the cooler or the like.

Furthermore, the torque increasing means D directly detects the load
torque of the DC motor in the starting stage based on the inlet pressure and starts
the motor according to the startmg sequence pattern corresponding to the load
torque from the beginning, thereby allowing a refrigerating apparatus to be subject
to less starting failures even when the load torque is great.

Fig. 9 shows a circuit diagram of a control device for a refrigerator
adopted as a refrigerating apparatus according to a second embodiment of the
present invention.

In Fig. 9, a reference numéral 41 denotes a compressor, and a
reference numeral 42 denotes a shell of the compressor 41. A reference numeral
43 denotes a DC motor comprised of a rotor 43a and a stator 43b. The rotor 43a
is provided with permanent magnets arranged therearound (when, for example,

the motor has four poles, poles of N, S, N and S are arranged at every 90

degrees).



nuneral 24 denotes a cooler. A reference nuneral 25 denotes a refrigerating
cycle including the conpressor 5, the condenser 23 and the cool er 24.
Qperation of the starting sequence operating section 19 will be described
bel ow with reference to the flowchart &% Fig. 5. First, when
the apparatus is in the starting stage at step Sl1, the operation node

swi t chi ng neans 20 coAmeferencdausiesalt 44 generseanstmft eubticlolis fixadso the rowrt he
conbi ni ng neans 21. Then, at step S2, the torque increasing neans A 18

out put s t héd3atamd: jougnaled inrackearing 45 .n Furtier; ad ecnenthie sectohidia sqroeided
pattern storing neans A 14 to the starting sequence control neans 13, so
that the below the shaft 44, and a lubricating oil pump 46 is p2@iderbfiymtiessbrlow the
operated according to the starting sequence pattern of the snallest output
t or que. eccentric sectiofikfa. at step S3, the | pock detecting neans 17 deci des
whet her or not the conpressor 5 is |ocked. Wien a normal starting is

achi eved, the oper atiAnréfsrencenpiuzieeal. 4Whdenstee « opiptoas swhich imdeogdeda t he
programflow proceeds to step $4. At step S4, the torque

I ncr easi ng rediprocatingSmotiopuinsidere cplinddr 48 ts equpress patfrigaralk. stOredting t he
starting sequence pattern storing neans B 15 to the starting sequence
control neanctidsof the sheft 4¢He convetes imo the reciprowatihgdnotion of the piston 47

by the eccentric section 44a. The compressed refrigerant goes out of a discharge

pipe 49 and is discharged into the shell 42 of the compressor 41 from an inlet pipe

50 through a cooling section (condenser, expander and evaporator).

A reference numeral 51 denotes a commercial power source which
is, for example, a 100-V 60-Hz AC power source in an ordinary house. A
reference numeral 52 denotes a rectifier circuit for rectifying the commercial
power source 51. In the preséﬁi case, a voltage-doubling rectifier system is
adopted, where the 100 VAC is inputted and a 250 VDC is outputted.

A reference numeral 53 denotes an inverter which is constructed by
connecting switching elements in a 3-phase bridge connection style, and operates
to convert the DC output of the rectifier circuit 52 into an output of 3-phase
arbitrary voltage and arbitrary frequency for electric power supply to the DC
motor 43.

A reference numeral 54 denotes a reverse induction voltage detector
circuit which detects a relative rotational position of the rotor 43a from a reverse
induction voltage at the winding of the stator 43b of the DC motor 43. A
reference numeral 55 denotes a drive circuit for turning oﬁ and off the switching

elements of the inverter 53.



accor di ng to the starting sequence pattern ‘of the out put torque that is

greater by one step. Then, at step S5, the | ock detecting

neans 17 deci des whether or not the conpressor 5 is |ocked. Wen the

normal starting is achieved, the operéfon is conpleted. Wen the

conpressor S5 is |locked, the programflow proceeds to step S6. o

At step S6, the torqderdfaraneasiumgraeihdenotesa cotaponal fréquencyrseiting cisettience

pattern C stored in the starting sequence pattern storing neans C 16 to

t he startiwhidedeigatscart arternil tempagatd®, of the refrigetasor (engr es sompBratyre in

operated according to the starting sequence pattern of the output torque

that is greackigargtion ghamber)rsetssae pptimum rotational frefhengy at thstepm&7and he

| ock detecting neans 17 deci des whet her or not the conpressor 5 is |ocked.

Wien the nautputs theafrequendysasaz Gommeand rdtetiopalrfaequancyi sAcrafptente dunrah t he

conpressor 5 is |ocked, the programflow proceeds to step S8.

At step S&7 tdemotesi 8 gtariirigiertcaitvisthichf oransthits st signabgviien the catpwi of there

interval (e.g., for five mnutes), and the programflow returns to step SI.

21 rotational frequency setting circuit 56 is shifted from a stop state (the command
rotational frequency = 0 r/sec) to an operating state (e.g., the command rotational
frequency = 40 r/sec) so as to decide that the apparatus is in the operating state.

A reference numeral 58 denotes a commutation selector circuit which
changes the manner of commutation (changes a 3-phase output current of the
inverter 53) depending on the state at that time, and outputs the resulting one to
the drive circuit 55. A reference numeral 59 denotes a voltage selector circuit
which sets the output voltage of the inverter 53 depending on the state at that
time, and transmits the voltage value as a PWM (Pulse Width Modulation) signal.
The signal is combined with the output of the commutation selector circuit 58 in
the drive circuit 55 so as to turn on and off the switching elements of the inverter
53.

A reference numeral 60 is a first timer circuit which transmits an
output for a specified time based on a signal from the starting circuit 57. A
reference numeral 61 denotes a rotor fixing circuit which transmits, to the
commutation selector circuit 58 and the voltage selector circuit 59, a signal for
selecting a specified phase and turning on the phase at a specified voltage when
the first timer circuit 60 is operating. |

The output of the first timer circuit 60 is fed back to the starting
circuit 57. After the time counting of the first timer circuit 60 is completed, a

starting signal is transmitted to a starting commutation pattern storing circuit 2



Ther ef or e, when the | ocked state of the conpressor is detected at the
starting, the conpressor is restarted using the starting sequence pattern
of the output torque that is greater 2% one step, thereby realizing a
refrigerating apparatus which rarely uses starting failures.
Fig. 6 shows a nodification of the refrigerating apparatus shown in Fig.
1, where aandrastarting renltigaopattemnst@ing caraitah3 dobsterit theeapenationr e [n the
detecting neans 26 are provided in place of the torque increasing nmeans A
18. present cIHe, patéroad cosnputadion: signet eodi vajtagsasignab age iteismittad
anbient tenperature of a refrigerating cycle 25, and the torque increasing
means B 27respeativelysiotthe campiutation selpetoatcircaitt Haandhthe wltagedwsleatordirbyitt he
ambi ent tenperature detecting nmeans 26 in the starting stage with a preset
ref erence afpaccordingrpewdtich signals thisdnmerter Dpgratesl, when the ambi ent
tenmperature is high, a starting sequence pattern of a great output torque
correspondi ng to the Whenphe starting i patteeh ds tcoropleted; e costmutation selegter t he
starting sequence pattern of the output torque that is greater by further
one step i sirseité8tkagingteoparhtediased patthe ontpus from the tevdrseoinduetish aoltage
sequence control neans 13. 22
Table 1  detector circuit 54, while the voltage selector circuit 59 begins to output a PWM
output based on the output from a voltage adjuster circuit 64.
Just after the switching, a voltage equal to or slightly higher than the
final voltage of the previous starting voltage pattern is set. Thereafter, the voltage
increases at a rate set by an increase rate selector circuit 65.
A reference numeral 66 denotes a second timer circuit which
 transmits an output to the increase rate selector circuit 65 for a specified time in
accordance with a timing under the command of the starting circuit 57. At this
time, the increase rate selector circuit 635 selects a first increase rate during the
operation of the second timer circuit 66, and selects a second increase rate after
the operafion of the second timer circuit 66 is completed. In the present case,
there is the setting of: the first increase rate < the second increase rate.
A reference numeral 67 denotes an increase rate adjuster circuit
which has a function of calculating the rotational frequency of the DC motor 43
from the output of the reverse induction voltage detector circuit 54 and adjusting
the second increase rate of the increase rate selector circuit 65 so that a rise time
to a specified rotational frequency falls within a specified time interval.
A reference numeral 68 denotes a third timer circuit which transmits
an output to a rotational frequency selector circuit 69 for a specified time in.

accordance with a timing under the command of the starting circuit 57. At this



Airbi ent tenperature < Starting sequence pattern A is selected tl

[err] Anbient tenpera- Starting sequence pattern B is selected ture
ferr] t2 t2 < Anbient tenpera- Starting sequence pattern Cis
sel ected ture - W3S t he above arrangenent, by

detecting the load torque of the DC notor in the starting stage based on

the refriggmal| e Cyﬁﬁoﬁﬂbféagﬁ%ﬂsfeéﬁ&r Rircaltd6s! %Eéﬁgnbh%@é?lgxgdmd

according to the starting seq attern corresponding to the

torque fro%&'ﬂ@nﬁ?@f&@@bﬂ% déieﬁ&ﬁﬂe‘&qr% gdde Hit8SokA T efnegtéeaan e&eﬁg%m h

have hitherto been caused when the torque is great because of the high

anbi ent t egpgkad Yo@tional frequency 70 ﬁé%@@ﬁtﬁﬁ%m@ Rl fieRtdi Qg t he
refrigerating apparatus, %eré’ a torq%e I nCreasi ng neans C 29 and a cool er
t t rat us . : ,

o) o THSHRE rGERA reqddhc 7D RIBY hitithd deRofiificfial BowePldfieqey.

Th | t t 4 . h
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t enper at ur : diﬁ’@hﬁ t d{&ﬁ&'?al | e
starting gageﬁgﬁfﬁo%}ée&gfcese r&efgggr?gléﬁ%ﬁgnﬁ ?er%g?ra ure. Azéegﬁ%&\ﬁ& I n
Tabl e 2, \Mgg&,fn bR %ger tenperature is high, a starting sequence pattern
of a great “out puf torque

A reference numeral 71 denotes a rotational frequency deciding

circuit which transmits an output when the command rotational frequency of the
rotational frequency setting circuit 56 is a specified rotational frequency (rotational
frequency lower than the commercial power frequency). A reference numeral 72
denotes a fourth timer circuit which operates based on the output of the rotational
frequency deciding circuit 71, and transmits an output for operating the third timer
circuit 68 after completing time ééunn’ng for a specified time.

Operation of the refrigerator control device of the above-described
construction will be described below. |

First, dperation of the compressor 41 shown in Fig. 9 will be
described.

With the rotation of the rotor 43a of the DC motor 43, the shaft 44
rotates simultaneously. The rotor 43a and the shaft 44 are completely fixed tc
each other (by shrinkage fitting or press fitting). The shaft 44 is supported by the
fixed bearing 45 in slidable contact therewith.

Below the shaft 44 is provided the eccentric section 44a that rotates
eccentrically according to the rotation of the shaft 44. This eccentric rotation is
converted into a reciprocating motion to make the piston 47 reciprocate inside the

cylinder 48 to compress the refrigerant.



corresponding to the tenperature is selected. In the restarting stage, the
starting 23 sequence pattern of
{,he output torque that is greater by further one step is selected. The
selected pattern is outputted to the g@rti ng sequence control neans 13.

Table 2 Cool er tenperature < Starting sequence pattern Ais
sel ected T1 T, r A
pattern B is sel ect e(further, Bclkﬁfr @c[%(ra%ﬁfﬁggéﬁ%% ilargfgﬁ%%itg%ﬁg%g@g{_@d
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stage when the |oad tQLING - ating oil pump 46 is to supply a lubricating oil reserved

at the bottom of the shell 42 to each portion of the compressor, and the pump
performs an especially important lubricating operation with regard to sliding
portioﬁs between the shaft 44 and the bearing 45.

However, since the lubricating oil pump 46 is taking advantage of
the centrifugal force of the rotation, it has the problem that its lubricating ability
varies significantly depending on its rotational frequency.

On the other hand, a great number of refrigerators and air
conditioners are commercially available in these days, the refrigerating system
performance of which is made vaﬁable depending on the state of a refrigeration
load by varying the rotational frequency of the compressor thereof by means of
an inverter. In these machines, rotary or scroll compressors are generally
employed. .

A main reason therefor is that the rotary or scroll compressors effect
compression by utilizing the rotating motion as it is, and therefore, the refrigerat-
ing ability can be varied within a wide range when its speed is variable. Another
reason is that the lubricating ability is influenced less by the rotational frequency
because there is effected a differential pressure lubricating operation (effected
limitedly in a high-pressure shell type in which the shell has its internal pressure
approximately equal to the pressure of an exhaust gas).

However, as a result of analyzing a great amount of data for the

promotion of analysis, the present inveator paid attention to the following points.



iI's great after defrosting the cooler 24 or the |ike can be further reduced.
Fig. 8 shows another nodification of the refrigerating apparatus, where a

torque increasing means D 31 and an inlet pressure detecting nmeans 30 are
provided in place of the torque incregdging neans A 18 of the refrigerating
apparatus shown in Fig. 1. The inlet pressure detecting neans

30- det ect sThiyeis! h RhclPEERM he %ﬁd e gL ‘é§ esdordVitd @tﬂcﬁ@n@%ﬁﬂéﬁally

i ncreasing nean$ D 31 conpares t et pres re det'ected by the inle

pressure dgdehi A9 aMRAN tﬁ@o%zﬂ fmﬁggr tlt%s%e%aemsawéiea tRACER dégteslof

pressure. As shown in Ta e inlet pressure is

24 hi gh, arfiRtibhng SHRBIAEY §s Efér:]&é‘rrﬁaﬂfm@ d%?é?:topkgdl%hoh%céfﬁc?é?{c&e&pm@d' ng

to the pressure is select the restart Ing stage, the starting

sequence p@o&ﬁ‘x{]ﬁsaffatt'&elowp dadt torque that is greater by further one step

Is selecte e selected pattern is outputted to the starting sequence

o " ot DU i b S R, ol and bl e

Starting sggheRbenitiiebPedddartht phtfsmenon is &fributed to the leakage heat loss.
It has been well known that the refrigerant gas is leaking from between the piston
and the cylinder in each compressor. However, in _each case of the rotary and
scroll compressors where the shell has a high internal pressure, the refrigerant gas
leaks in a direction from inside the shell to the inside of a compression chamber,
and therefore, a leakage heat loss occurs due to the refrigerant gas having a high
temperature and a high pressure, resulting in a reduction in compression
efficiency.

On the other hand, 1t has been discovered that the leakage of the
refrigerant gas occurs regardless of the rotational frequency, and therefore, a rate
of the leakage heat loss due to the leakage of the refrigerant gas increases when
the compressor has a small refrigerating ability at a low rotational frequency,
resulting in a reduction in efficiency.

Therefore, the present inventor paid attention to a rotational
frequency control by a low-pressure shell (in which the shell has its internai
pressure approximately equal to that of the inhalation gas) type compressor. In
the case of the low-pressure shell type compressor, the shell has a low internal

‘pressure and the internal pressure of the shell is always lower than the internal

pressure of the compression chamber. Because of this, the refrigerant gas leaks

in a direction from inside the compression chamber to the inside of the shell.



P2 < Inlet pressure Starting sequence pattern Cis selected

Wth the above arrangenent, by directly detecting the load torque of the
BC notor in the starting stage based on the inlet pressure and starting the
mot or according to the starting sequen3@ pattern corresponding to the | oad
torque fromthe begin, the possible starting failures when the |oad torque

I's great Ccan|thbEgh UtHeh$CakagdUfedds to a reduction of 4S vBREAEHREELALRYEyY, thet he
% FI%OJI ment of the

refrigerating apparatus of “the first e present invention,

when the | Qiiin@iRlsSioh SiciBRY IR RRRdLEE sidcatked &tad ?eﬂcfagte*rrea@%e%t essor

in the starti stage, the torque Increasing neans A imredi ately sel ects

the starting sequencerpgtdded vakieh e Ab/coh@niiiou eferirfied %2} Bbndifcigde

step and outputs the pattern to the starting sequence ‘control neans,
Starting T VeFECE GRTbraPatRr CohiptelR Y n oA DEUEe SRAPHDPRomlitessor. e
n & Pertatkatls of B Gt i SHbh B P RSB TES T Fhe starting
stage. Figs. 11A and 11B indicate graphs of riog%h?rhaé equency character,

Furthernore, the f'orqué’l Nncr easi ng mnean orqgu
the DC mot ggsids bf thECorftelidtd FiFIPIATS™M GoSH Shotisy Md CHa¢id S RYDIER!

rotational frequency to a relative efficiency (the efficiency at a rotational
frequency of 60 r/sec is assumed to be 1), while Fig. 11B is a graph showing the
characteristics of a rotational frequency to a relative refrigerating ability (the
refrigerating ability at the rotational frequency of 60 r/sec is assumed to be 1).

In these figures, the characteristics of the reciprocating compressor
are indicated by solid lines, while the characteristics of the rotary compressor are
indicated by dotted lines. The féciprocating compressor in this case is a low-
pressure shell type, while the rotary compressor is a high-pressure shell type.

First, the relative efficiency shown in Fig. 11A will be described.
In the rotary compressor, the efficiency significantly reduces as the rotational
frequency is lowered with the efficiency peaked at the rotational frequency of 60
r/sec. On the other hand, the reciprocating compressor exhibits such a character-
istic that extends approximately horizontally at a rotational frequency within 2
range from 60 r/sec to 40 r/sec though a peak of the efficiency exists at and
around the rotational frequency of 40 r/sec.

The relative refrigerating ability shown in Fig. 11B will be .
described next. In the rotary compressor, the refrigerating ability varies |
approximately linearly to the variation of the rotational frequency. However, in

the reciprocating compressor, the refrigerating ability varies approximatel!y



tenperature and sel ects the starting sequence pattern corresponding to the
|l oad torque fromthe beginning, thereby allowng a refrigerating apparatus
to positively start even if the load torque is great because of the high
anbi ent tenperature. ° F®X hernore, the torque increasing
means C estimates the load torque of the DC notor in the starting stage by

the cool er lirraplsr 8 anewartaticiiad fctuehbe (i arfahpe feqaBhesepadbtéd Wsec), but
corresponding to the |l oad torque fromthe beginning, thereby allowing a

refriger at iingeakpan dtyisatupativis statey ahd relacds gy anroaitiéig froquemy plis dn
(occurring en the refrigerating operation is initially started) or even

when the | qafret oth@rie60 sr/g¢ccat Thikt Rr béﬁds@smiehﬁﬂéﬁeawwfm@rc*}lhﬁéri K&nnot
Furthernore, the torque increasing neans D directly detects the | oad

t orque of tsheﬁ&@nﬂ?t@gpbﬁﬁ_t he starting stage based on the inlet pressure
and starts the notor according to the starting sequence pattern

corresponding to the hgadresuft! G/Bad bOEA Fhighd BgtnAk H9tatidial ?Pé’c{_u%ht:g‘@o%&

refrigerating apparatus to be subject to less starting failufes even en

the |oad tQjfome fezifioRating compressor exhibid & v&zsiri!fég‘];’ifeﬂi&éﬁ@“ todbAg B8 8F 2

control device for a refrigerator adopted as | gerati‘ng appar at us

accor ding {1 9RAABIE B AL Rigbrdtlits MIRBANTHEABRIL NS thaya very good !N

Fig. 9, a reference nunral 41 defiotes a COMpressor, ererncé

forer o, 47 e shomehebial hmoaamiatRanet), Mutatacricn syt e,
I's provi dedohblinPBie"E5BPtessBO L Tefigdatitast heapphieitih.(when, for exanpl e,

Any refrigerator has a body limited to a specified size, and its
internal load varies depending on foods and the like. However, when the load is
sufficiently cooled, there is only required a refrigerating ability such that it can
cope with only the entry of heat through the body and so forth. The above means
that there is no problem even whéﬁ the rage of variation of the refrigerating ability
is small.

Furthermore, differing from other household electrical appliances,
the refrigerator is always operated on the power throughout the year, and
therefore, a great effect can be produced when energy saving is achieved.
Therefore, a system having ;higher efficiency is demanded.

In the present case, the reciprocating compressor is selected as the
objective low-pressure shell type compressor. However, as is apparent from the
principle that the efficiency is high at a low rotational frequency, the same is true
for every compressor having a low pressure inside the shell.

However, as described hereinbefore, a great number of centrifugal

pumps that are greatly influenced by the rotational frequency have been used as



the notor has four poles, poles of N, S, Nand S are arranged at every 90
degrees). 26 A

ref erence nuneral 44 denotes a shaft which is fixed to the rotor 43a and
journaled in a bearing 45. Further, arB4ccentric section 44a is provided

bel ow t he shaft 44, and a lubricating oil punp 46 is provided further bel ow

the eccenpybricati@t bl pukidds in low-pressure shel typé @oaijfiesstse PheréfordeRlicts a
pi ston, which undergoes a reciprocating notion inside a cylinder 48 to

conpr ess acdf mugebanhker\td e tubritatiBRtdtan oW robicradftieqintp. converted
into the reciprocating notion of the piston 47 by the eccentric section

44a. The conpressed rRirhdaeicre! tHeh dete Bfa tndlhod bEpeevidinden 48daeadest
di scharged into the shell 42 of the conpressor 41 froman inlet pipe 50

through a geelp, Nthisatktdd rE&RAFIRNE SVerye¥bmplRhtelNdoRYARAIGH, Ofdusing a cost
A reference nuneral 51 denotes a commércial power source which 1S, for

exanpl e, 2irkB0sdd GAdHE réfuda'Riliabaityce Thibrafors! & RRAYdIUSRION PRIMEANGS

nuneral 52 denotes a rectifier circit for rectifying e comercla power

o e BT RE S L e PSR ke gl Tystem <

A reference nuneral Jedeniyedtich) of Mhe! fftighbitoP donnc? Nddvidte cBestPicted as
shown in Fig. 9 will be described with reference to Figs. 9 and 10. Fig. 10isa
flowchart indicative of the operation of the refrigerator control device according
to a second embodiment.

The DC motor 43 is now in its stop state. It is decided at step S11
whether or not the set rotational frequency from the rotational frequency setting
circuit 56 is 0 r/sec. When the set rotational frequency is O r/sec, the stop state
of the DC motor 43 is mainiaine-d”at step S12.

When the set rotational frequency becomes other than 0 r/sec (e.g.,
40 r/sec), the program flow proceeds to step S13. At step S13, it is decided that
the operation is started in the starting circuit 57, and a signal is transmitted to the
first timer circuit to start the operation of the DC motor 43.

A supplementary explanation will be added here. In general, a DC
motor (DC brushless motor) has a position detecting sensor (e.g., a Hall element)
for detecﬁng the rotational position of its rotor. However, in a degraded
environment in which a high temperature or the like exists such as the inside of
a compressor, there remains a problem in terms of reliability. |

In view of the above, a method of detecting the relative position of

the rotor based on a reverse induction voltage at a winding of the motor has been



connecting switching elenents in a 3-phase bridge connection style, and
operates to convert the DC output of the rectifier circuit 52 into an
Qut put of 3-phase arbitrary voltage and arbitrary frequency for electric
power supply to the DC notor 43. 35 A reference nuneral 54
denotes a reverse induction voltage detector circuit which detects a

Vol tage ar St AEPRRRE.r TBR oepdy By b Bl R ot B Rk B¥e S B HE B8,
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to decide ht%od isa %Qaﬁogtolfscérﬁpﬂrs]ot y rot%%.natthg Qnstto"li'tby applying a specified
frequency and a specified voltage (this is referred to as a starting sequence).
The method is to increase the rotational frequency of the DC motor
to a frequency at which the reverse induction voltage can be detected in the
starting sequence and then switch the operatiorl to the normal operation.
However, during the period of the starting sequence where the motor
is operating as a synchronous motor, the rotation of the rotor and the output of the
inverter do not always coincide Wit.tr'each other, and therefore, the motor is very
unstable in terms of torque. Furthermore, after effecting the switching to the
reverse induction voltage detection signal, the level of the reverse induction
voltage is low when the rotational frequency is low, meaning that the state of
operation is unstable. |
In the case of the rotary compressor or the like, it is relatively easy
to adopt a DC motor for the reason that a small starting torque is only required
structurally and no great torque is required because the compressing work is not
started immediately after the start of rotation.
However, in the case of the reciprocating compressor, a relatively
great starting torque is required structurally, and also a great torque is required

to start the compressing work.



A reference nuneral 58 denotes a comrutation selector circuit which changes
t he manner of commutation (changes a 3-phase output current of the inverter
53) depending on the state at that tinme, and outputs the resulting one to
the drive circuit 55. A reference nuneggl 59 denotes a voltage sel ector

circuit which sets the output voltage of the inverter 53 depending on the
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pattern st
and a startin tt@a ?tern storing circuit 63 to start the operation.
In the pre?gﬁ:?eefgs ﬁgaﬁal rned commutation signal and voltage signal are

transmtted The rotor fixing circuit 61 operates as follows. Assuming that the

input terminals of a 3-phase DC motor are U-phase, V-phase and W-phase, then
a specified voltage is applied to a predetermined phase to flow a current. Then,
a specified magnetic field is generated inside the stator 43b. According to the
magnetic field, the stator 43b stops in a specified position.

The specified positit)n is preferably set at the position where the
compressing section of the compressor 41 has the minimum starting torque. In
the case of the reciprocating compressor, the specified position is located at two
positions, . one position being located at the place where the piSton 47 comes
proximate to the cylinder 48 (top dead center), and the other position being
located at the place where the piston 47 conversely comes most away from the
cylinder 48 (bottom dead center).

Further, the rotor 43a drawn in the magnetic field is rotating with
a damped oscillation, and therefore, it is preferred to operate the rotor fixing
circuit 61 until the rotor completely stops. In regard to a specified time in the
first timer circuit 60, there is set not less than a time that is required for the

damped oscillation of the rotor 43a to completely stop.



réespectively to the comutation selector circuit 58 and the voltage
selector circuit 59, according to which signals the inverter operates.
When the starting pattern is conpleted, the commutation selector circuit
58 begins to operate based on the outpyf fromthe reverse induction voltage
detector circuit 54, while the voltage selector circuit 59 begins to output
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storing circuit 63 will be described below with reference to Fig. 12. Fig. 12
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shows a graph of characteristics of the rotational frequency and the torque of the
motor serving as a synchronous motor.

The characteristics shown in Fig. 12 plot the maximum torque when
a specified rotational frequency and a specified voltage are outputted from the
inverter. That is, the characteristics are obtained when the DC motor is operated
as a synchronous motor by the inverter. The pattern is determined from the
characteristics.

As described above, in the case of the reciprocating compressor, a
great torque is required from the initial stage of rotation. Since the state of the
starting sequence is unstable in terms of operation, the operation is required to be
switched to the operation based on the reverse induction voltage detection signal
as fast as possible. It is preferred to switch thé operation within two turns of the
rotor.

In order to smoothly turn the DC motor in such a short time, the

setting of a generated torque becomes important. When the generated torque is



dn output to a rotational frequency selector circuit 69 for a specified
time in accordance with a timng under the command of the starting circuit
§7. At this 29 time, the
rotational frequency selector circuit 3 selects not the command rotational
frequency determ ned by the rotational frequency setting circuit 56 but a
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voltage and the rotational frequency are patterned according to the torque.

In Fig. 12, the pattern was set as follows. After performing a half
turn at a rotational frequency F1 and a voltage V1, a half turn at a rotational
frequency F2 and a voltage V2 and a half turn at a rotational frequency F3 and
a voltage V3, the operation'is switched to the operation based on the reverse
induction voltage detection signal. That is, the starting sequence is completed in
one and a half turn.

At step S18, it is decided whether or not a pattern output operation
is completed. When the operation is not completed, the operation of step S17 is
repeated.”’ When the operation is completed, a completion signal is transmitted
f;om the starting commutation pattern storing circuit 62 and the starting voltage
pattern storing circuit 63 to the starting circuit 57, the commutation selector circuit
58 and the voltage selector circuit 59. Thereafter, the program flow proceeds to
step S19.

At step Si9, the output of the commutation selector circuit 58 is
switched from the operation that has been executed by the starting commutaticn
pattern storing circuit 62 to the operation to be executed by the reverse induction
voltage detector circuit 54. By this operation, the DC motor is put in its norma!

operation state (operation by position detection or the like).



First, operation of the conpressor 41 shown in Fig. 9 will be described.. -
Wth the rotation of the rotor 43a of the DC notor 43, the shaft 44
rotates simultaneously. The rotor 43a and the shaft 44 are conpletely fixed
to each other (by shrinkage fitting @9press fitting). The shaft 44 is
supported by the fixed bearing 45 in slidable contact therewth.

Bel ow t he shaft 44 i Thenpaui sted $26¢ the opetations 9€ thé secohthtimzatc urcnttahteand
eccentrically according to the rotation of the shaft 44. This eccentric
rotation ithe third/ ¢imerdcirouit &8 mecisparterht i Ay stept §3b, tiee niedreastheagei stlectod7
reci procate inside the cylinder 48 to conpress the refrigerant.

30 circuit 65 Bakectsethe first mor¢dse rewcamt transosier thesami] andf ugdreresbpfing 44
is mounted the lubricating oil punp 46, which is inplenented by a punp

t aki ng advignthegeoltage adjustet cirtuigé4 gradwally incrémeyp theseoitagendrat threrotatiohal s
punp is often used for that reason that it has a very sinple construction

and a hi ghfreqhdrdyl. | ity. The lubricating oil punp 46 is to
supply a lubricating oil reserved at the bottomof the shell 42 to each

portion of the conpradsep S2hdit ihdeqided whedidrarmmotahe eppexion bfthengeosndint
| ubricating operation with regard to sliding portions between the shaft 44
and the bedmengirthit 66 is completed. When the timer circuit is operating, the operation
of step S21 is repeated. When the operation is completed, the program flow
proceeds to step S23. At step S23, the increase rate selector circuit 65 selects the
second increase rate and transmits the same, and upon receiving it, the voltage
adjuster circuit 64 gradually increases the voltage and the rotational frequency.
The first increase rate and the second increase rate will be described
below. The output of the reverse induction voltage detector circuit 54 is unstable
when the rotational frequency is 16%#, and a great torque is applied from the initial
starting stage in the reciprocating compressor as described hereinbefore.
Therefore, the increase rate should be determined so that the motor operation
passes the region in which the rotational frequency is low as fast as possible.
However, when the voltage is increased too rapidly, the output of
the reverse induction voltage detector circuit 54 does not sufﬁcientiy follow the
voltage, and this sometimes results in a step-out and stop of the motor.
Therefore, a rate obtained by compromising both the factors is the second increase
rate.
On the other hand, the motor operation is especially unstable just
after the operation is switched from the starting sequence, and it can be considered

that the rotation cannot be achieved due to an excessively great starting torque i

the starting sequence. Increasing the voltage at a high increase rate in such a case



However, since the lubricating oil punp 46 is taking advantage of the
centrifugal force of the rotation, it has the problemthat its |ubricating
ability varies significantly depending on its rotational frequency.

On the other hand, a great nunber of r4rigerators and air conditioners
are comercially available in these days, the refrigerating system

per f or manceayfberbtaimpaniedty anabrag iacrease of arcgroentf el theatioref thas is very
refrigeration | oad by varying the rotational frequency of -t he conpressor

t her eof bydamgarousf Ingariicwler,taefatal fadurehassh aseddmagesof thet swyching stamoérts
conpressors are generally enployed. A main reason therefor

i s that thand deaxagnetizaizomiof tho nptoe ssagret effithe tDC auoforesi! possiylyutesuitzi ng
the rotating notion as it is, and therefore, the refrigerat- ing ability
can be varied withinTheneftees ahgdinshdncrease speedsi setvjust after. efectimerthe
reason is that the lubricating ability is influenced | ess by the rotational
frequency bwitahing, tandriisi confiiriedtthat the dndtbe iesurebyl rqiatisg within te oparaiin
operation (effected limtedly in a high-pressure shell type in which the
shel | has titre ofither sedondrtemsncicuiabr oOnbpidien tguabtards tsheelprressimge thé an
exhaust gas). However, as a result of analyzing a great
anount of dpertionristsvetchmdowuthe secarid aratyse mte.t Ahapissert fissoweerease rme d
attention to the foll owi ng points

31 is set slower than the second increase rate.

Next, at step S24, the rotational frequency selector circuit 69 selects
the fixed rotational frequency 70 regardless of the command rotational frequency
of the rotational frequency setting circuit 56, and therefore, the voltage adjuster
circuit 64 executes a rotational frequency control so as to make it conform to the
fixed rotational frequency 70.

Since the rotational frequency control is performed by voltage
control in the DC motor, the voltage adjuster circuit 64 obtains the current-time
rotational frequency from the output of the reverse induction voltage detector
circuit 54.and adjusts the voltage so as to make it conform to the voltage.

| Next, at step S25, it is decided whether or not the operation of the
third timer circuit 68 is completed. When the timer circuit is operating, the
operation of step S24 is repeated. When the operation is completed, the program
flow proceeds to step S26. At step S26, upon receiving an operation completion
signal of the third timer circuit 68, the rotational frequency selector circuit 69
selects the command rotational frequency of the rotational frequency setting circuit
56 and transmits the same to the voltage adjuster circuit 64.
In the present case, a fixed rotational frequency 73 is set o a

rotational frequency close to the rotational frequency of the motor operation at the



That is, in each case of the rotary and scroll conpressors, its efficiency
gradually reduces at a low rotational frequency. It has been discovered
thhat the degree of reduction in efficiency i's greater than the degree of
reduction in efficiency of the notor 4%tself at a | ow speed.

Det ai | ed anal ysis has been further conducted, and it has been consequently
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centrifugal pump, and therefore, the initial lubrication is slow at a rate of 40 r/sec.

It can be found that the lubricating ability itself disappears when the rate becomes
30 r/sec, and the oil cannot reach the uppermost portion.

It is to be noted that Fig. 13 shows the characteristics when the
motor is started at each rotational frequency. For example, when the inital
lubrication is performed at the rate of 60 r/sec and the rotational frequency is
lowered to the rate of 30 r/sec, the oil reaches the uppermost portion by the
operation of the surface tension of the oil.

Therefore, when the motor is started at the fixed frequency (e.g., at
the rate of 60 r/sec)in the starting stage, the lubricating ability can be assured even
in the subsequent low-speed oﬁeration (e.g., at the rate of 30 r/sec).

The increase rate adjuster circuit 67 watches the state of the starting
sequence, measures a time interval from the start to the achievement of the
rotational frequency equal to the commercial power frequency (assumed to be 50
r/sec here), and adjusts the second increase rate so that the .time interval falls

within a time interval that is two times as long as the time interval in which the
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stage of the refrigerator, the frequency of turning on and off the compressor itself
is reduced half and, eventually, the distance of the sliding motion is same,
meaning that the state of abrasion is suppressed to.the same level as that of the
prior art. |

Next, at step S27, it is decided whether or not the set rotational
frequency is lower than the specified rotational frequency. When the set rotational
frequency is higher than the speéiﬁed rotational frequency, the operation of the
fourth timer circuit 72 is stopped at step S28. In contrast, when the set rotational
frequency is lower than the specified rotational frequency, the operation of the
fourth timer circuit 72 is continued at step S29.

In the present case, the specified rotational frequency rriean.s" a
rotational frequency at which the lubricating ability as shown in Fig. 13 is very
low, and the rotational frequency is set to, for example, 30 r/sec.

Next, at step S30, it is decided whether or not the operation of the
fourth timer circuit 72 is completed. When the operation is not completed, the
operation is repeated from step S26. When the operation is completed, the third
timer circuit 68 is restarted at step S31, and the operation is repeated from step

S24.



I'n the rotary conpressor, the efficiency significantly reduces as the
rotational frequency is lowered with the efficiency peaked at the
rotational frequency of 60 r/sec. On the other hand, the reciprocating
conpressor exhibits such a character- 43tic that extends approxi mately
horizontally at a rotational frequency wwthin a range from60 r/sec to 40

r/sec though a peak Oﬁ\tttherﬁiaﬁbﬁhpﬁ*émlx_eﬁésshs\a&ﬁcmm& hiteigadinghsbiliot & veryal
frequency of 40 r/sec. he relative refrigerating ability

shown in Figv, the [Bbriciibn isxontitmedno tesluppedmost partidieas deribedariovesie,
the refrigerating ability varies approximately linearly to the variation

of the rot ger@iathef surticenensioiieven &hen the cobRionar frefaediy RJotRERE 8ROhe t he
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conpressor exhibits a very high efficiency though it has a small variable
rage of thgopefrigerating ability. The above neans that a very good

In this case, the lubrication to the uppermost portion will be achieved
again if there is the lubricating ability. However, because of the absence of such
lubricating ability, the oil does not reach the uppermost portion. Therefore, when
such a low rotational frequency continues for a specified time, the lubrication is
to be assured by increasing again the rotational frequency to the fixed rotational
frequency.

As described abové‘,. according to the second embodiment of the
present invention, the compressor 41 includes a shell having an internal pressure
approximately equal to the pressure of the inhalation gas and a DC motor 43 for
driving the compressing section of the compressor 41, while the control device for
the compressor 41 includes a reverse induction voltage detector circuit 54 for
detecting the rotational position of the rotor 43a of the DC motor 43 from the
reverse induction voltage generated at the stator winding, an inverter 53 for
performing the commutating operation based on the output of the reverse induction
voltage detector circuit 54 during the normal operation so as to operate the DC
motor 43 at a variable speed, and a rotational frequency setting circuit 56 for
setting the rotational frequency of the DC moto.r 43 to a rotational frequency that
is lower than the commercial power frequency when the internal temperature of

the refrigerator is stabilized. With the above arrangement, by rotating the



system can be provided for linmted applications. Therefore, it is proposed
here to nount the conpressor to a refrigerator as an application.

Any refrigerator has a body limted to a specified size, and its internal
| oad vari es depending-on foods and thet4i ke. However, when the load is
sufficiently cooled, there is only required a refrigerating ability such
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circqit 60 for maintaining the output of the rotor fixing circuit 61 for a specified
time interval. With this arrangement, the specified phase can be turned on for a
specified time interval in the starting stage to fix the rotor in a specified position,
so that the motor can be consistently started from an identical position, thereby
enabling the stable starting.
~ Otherwise, there may be provided a starting commutation pattern
storing circuit 62 for storing a specified commutation patern to accelerate the DC
motor 43 in a short time, a starting voltage pattern storing circuit 63 for storing
a specified voltage pattern to allow the DC motor 43 to yield a specified torque,
a commutation selector circuit 58 for selecting the output from the starting voltage
pattern storing circuit 63 in the starting stage of the DC motor 43 and making the
inverter 53 perform its commutating operation, a voltage selector circuit 59 for
varying thc output voltage of the inverter in synchronization with the commutation:
pattern according to the output of the starting voltage pattern storing circuit 63,
and a commutation selector circuit 58 for switching the motor operation to the
commutation based on the normal output of the reverse induction voltage detector

circuit 54 when the output of the starting voltage pattern storing circuit 63 is

completed. With this arrangement, by yielding an output based on the commuta-



Care nust be taken to the lubrication at a | ow rotational frequency.
Furthernore, though there is a nethod of providing an i ndependent punp,
fthis nmethod requires a very conplicated construction, causing a cost

i ncrease and a reduced reliability. Tlhagyefore, it is a very serious problem
to conpensate for the lubricating ability with a schene of control
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acceleration when the second timer circuit 66 is operating and selecting the second
increase rate of the great acceleration after the operation of the second timer
circuit 66 is completed. With this arrangement, by making slower tﬁe increase
rate in the acceleration stage after the starting, a stable operation free from step-
out can be obtained. Subsequéﬁtly, by making faster the increase rate, an
increased lubricating speed can be achjeved to improve the reliability. In the
present case, by providing an increase rate adjuster circuit 67 for adjusting the
second increase rate so that the time interval for the rotational frequency of the
DC motor to increase up to the commercial power frequehcy falls within a
specified time interval at the increase rate selected by the increase rate selector
circuit 65, the same frequency of the sliding motion in the state in which no
lubrication is effected as in the prior art can be obtained by adjusting the increase
rate so that the rotational frequency increases to the rotationai frequency equal tc
the commercial power frequency within the specified time interval, thereby
improving the reliability.
Furthermore, there may be provided a third timer circuit 63

operating for a specified time interval in the starting stage of the DC motor 43,



—

_'I'n view of the above, a nethod of detecting the relative position of the
rotor based on a reverse induction voltage at a winding of the notor has

Peen _ 35 recently proposed. The
met hod i s to make use "of the excellen##€haracteristics of the DC notor
wi t hout using any sensor. However, this nethod is a nethod of

detecting tha 5%(@%&2%}2%3&%% ¥Rkt ircatded hreliSteemiting BES irbta@idnal

detecti on cannot n the notor 1Is stopped. Thérefore, In

order t0 SialduehB§ aPSuRPIR corkfefdal ﬁo»vérdﬁ-équé&g%% FLE8 Atk Gfal Tt ugz'hgﬁ the

DC notor as a synthronous notor 1n the initral State. This method
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the switching t _ i'on V6l rectiontsignal,
of the reverstidnaf'tfdduficy is eliminated to improve the reliability. In this case, there

‘may be further provided a rotational frequency deciding circuit 71 for deciding
that the command rotational frequency of the rotational frequency setting circuit
56 is lower than the specified rotational frequency, and a fourth timer circuit 72
operating when the rotational frequency deciding circuit 71 decides that the
rotational frequency is low. With this arrangement, by starting the operation of
the third timer circuit 68 when tﬁe operation of the fourth timer circuit 72 is
completed, the motor is operated at the fixed rotational frequency for a specified
time interval when the low rotational frequency continues for a specified time
interval. Accordingly, a sufficient amount of lubricating oil is assured even when
an unforeseen accident such as mixtufe of gas occurs to incur oil shortage at the
time of slow rotation, thereby improving the reliability.

Fig. 14 is a block diagram of a refrigerator control device according
to a third embodiment of the present invention, showing particularly a brushless
motor starter. In Fig. 14, no description will be made for components similar to
those shown in Fig. 9.

In Fig. 14, a reference numeral 76 denotes a commutator circuit for
deciding which one of the elements of the inverter 53 is to be turned on based on

the output of the reverse induction voltage detector circuit 54 when the brushless



voltage is | ow when the rotational frequency is |ow, .neaning that the state
of operation is unstable. In the case of the rotary
gonpressor or the like, it is relatively easy to adopt a DC notor for t he
reason that a small starting torque i pnly required " structurally and no
great torque is required because the conpressing work is not started
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Fol I ows. A§Stlér€é "t or:.fi / a}xhoeperauno time tl. A reference numeral 80 denotes a power
closing decision circuit which decides the time when the commercial power source
51 is initially closed. A reference numeral 81 denotes a second compulsory output
circuit which generates an output of a frequency and a voltage at which the
brushless motor 43 does not rotate when the power closing decision circuit 80
decides that the power is closed. A reference numeral 82 denotes a decision
circuit which decides the output of the reverse induction voltage detector circuit
54 when the second compulsory oﬁtput circuit 81 is yielding its output, practically
deciding whether or not the reverse induction voltage detector circuit 54 is
stabilized. Upon deciding that the circuit is stabilized, it stops the output of the
second compulsory output circuit 81. A reference numeral 83 denotes a second
timer circuit which has two types of timers of 2 and 13 (2 < t3) and operates to
continuously output the output of the second compuisory output circuit 81
regardless of the output of the decision circuit 82 when the time is shorter than 2
and stop the output of the second compulsory output circuit 81 regardless of the
output of the decision circuit 82 when the time is not shorter than t3. A reference
numeral 84 denotes a switching circuit which selects a predetermined one of the
outputs of the commutator circuit 76, starting circuit 57, first compulsory output
circuit 78 and second compulsory output circuit 81, and outputs the selected one

to the drive circuit 55.



i hput term nals of a 3-phase DC notor are U phase, V-phase and W phase,
then a specified voltage is applied to a predeterm ned phase to flow a
eurrent. Then, a specified magnetic field is generated inside the stator
43b. According to the - magnetic field, 4ghe stator 43b stops in a specified
posi tion. The specified position is preferably set at the

osition where the r essi sectiqgn of the conpressor 41 has, the .
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center). ' . :urther, the rotor 43a drawn in the magnetic field
is rotati nﬁm\/@’feﬁenﬁn}ﬁﬁggﬁ' oscillation, and therefore, it is preferred to
operate the rotor fixing circuit 61 until the rotor conpletely stops. In
rggard to a specifie tls%ﬂn??ﬁlfl'f?é ??‘?@{neFFﬁ?gPOYYFF 3QHTEe 9 1s nawr wrned affi not

| ess t han ti that is rtequired for the. danped oscill atiion _of the rotor
43a to Cong{'tgna £0 _erc1aﬁqpower source gf is turned on ((1;.6:., when the powepis
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starts the counting of the second timer circuit 83 at step S41.

Then, at step S42, the second compulsory output circuit 81 outputs
a second compulsory output waveform to operate the inverter 33 via the switching
circuit 84 and the drive circuit 55, and applies the output to the brushless motor
43. In this sfage, the output level is set to the voltage and frequency at which the
motor does not rotate, and therefore the brushless motor 43 does not rotate.

Then, at step S43, it 1s decided whether or not the count value of the
second timer circuit 83 is not smaller than t2. When the count value is smaller
than €2, the operation of step S42 is continued. That is, the second compulsory
output waveform continues to be outputted. When the count value is not smaller
than 2, the program flow proceeds to step S44.

At step S44, the second compulsory output circuit 81 continues to
output the second compulsory output waveform.

Then, at step S43, the decision circuit 82 decides whether or not the
signal from the reverse induction voltage detector circuit 54 is stable. When the
signal is stable, the program flow proceeds to step S47. In contrast, when the
signal is not stable, the program flow proceeds to step S46.

At step S46, it is decided whether or not the count value of the

second timer circuit 83 is not smaller than t3. When the count value is smaller



of the first timer circuit 60 is conpleted, then a starting sequence is
started so that a rotating magnetic field is generated fromthe specified
position fixed by the rotor fixing circuit 61 (step S17).

The starting comutation pattern stordflg circuit 62 stores a pattern for
successively switching the switching el ements of the inverter 53. Further,
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t he operation W *hin arns o
therefore, no description is made therefor in this specification. When the set

rotational frequency is zero, the motor operation is stopped at step S49, and the
operation of step S48 is continued. When the set rotational frequency is not zero,
the program flow proceeds to step S50.

Next, at step S50, ﬁﬁe counting of the first timer circuit is started,
and a first compulsory output waveform is outputted from the first compulsory
output circuit 78 at step S51 to operate the inverter 53 via the switching circuit 84
and the drive circuit 55, and the output is applied to the brushless motor 43. In
this stage, the output level is set to the voltage and frequency at which the motor
does not rotate, and therefore, the brushiess motor 43 does not rotate.

Next, at step S52, it is decided whether or not the count value of a
first timer circuit 79 is not smaller than tl. When the count value is smaller than
tl, the operation of step S51 is continued. That is, the first compulsory output
waveform continues to be outputted. In contrast, when the count value is not
smaller than tl, the program flow proceeds to step S33.

Then, at step S53, a starting waveform is outputted from the starting

circuit 57 to operate the inverter 53 via the switching circuit 84 and the drive



I'n order to snmoothly turn the DC notor in such a short tine, the setting
of a generated torque becones inportant. \Wen the generated torque is
88 too small, the DC notor does not rotate. In contrast, when the
generated torque is too great, a bra®torque is generated to hinder a
snoot h acceleration, and this frequently results in a switching failure.
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si gnal . Th“a()tta "§na]t ting sequence is conpleted in one and a half
turn. i ﬂ@ﬁ stép S18, it is decided whether or not a pattern

out put operation Next, at step S54, the rotation of the brushless motor 43 is continued

by switching to the signal of the commutator circuit 76, which signal depends on
the output of the reverse induction voltage detector circuit 54. In this time point,
the motor has been already driven as a brushless motor, and therefore, the
rotational frequency can be adjusted subsequently by adjusting the voltage.

Next, at step S55, a rotational frequency control operation is
executed. In this case, the voltage v.alue is adjusted so as to conform to the
rotational frequency setting. Nexf; at step S36, it is decided whether or not the

 setrotational frequency is zero. When the set rotational frequency is not zero, the
operation of step S35 is cbntinued. In contrast, when the set rotational frequency
is zero, the program flow proceeds to step S48 to repeat the operation again.

A more detailed description will be made below. Fig. 16 is a circuit
diagram of the reverse induction voltage detector circuit 54.

In Fig. 16, a reference numeral 90 denotes a first filter circuit which
is basically formed of a primary filter comprised of a resistor and a capacitor, and
its input is connected to the U-phase of the brushless motor 43. Reference
numerals 91 and 92 denote respectively a second filter circuit and a third filter
circuit, and their inputs are connected to the V-phase and W-phase of the

brushless motor 43, respectively.



is conpleted. Wien the operation is not conpleted, the operation of step
S17 is repeated. Wien the operation is conpleted, a conpletion signal is
transmitted fromthe starting comutation pattern storing circuit 62 and
the starting voltage pattern storing&lircuit 63 to the starting circuit
57, the commutation selector circuit 58 and the voltage selector circuit

59. Thereafter, the prcgfeesnct numgrabo8eitnotess a firtcom®ining circuit 93 whicht
step S19, the output of the commutation selector circuit 58 is swtched

fromthe ofmnbinesmn dtpuhoftheaecomk fidtet eitchit Alheithtaardutpgt obtheuthatd filter
pattern storing circuit 62 to the operation to be executed by the reverse

i nducti on civeuit 8@ebydricans of resistorsi R1 b4ndR12 (d sombaiiag irario i Rd IORIDRt A is
put in its normal operation state (operation by position detection or the

l'i ke). reference numeral 94 denotes a first comparator circuit ®8ich compares an outpliben,
at step S20, the operations of the second timer circuit 66 and the third

timer circoff thediret dilmracit@dt 90t withepn Sitput b€ thedfisesonifihth s e i3,
circuit 65 selects the first increase rate and transmts the sanme, and upon

recei ving theteby batpuelingaepaiitioisd€ecton Sidal 4 gradual |y increases the

vol tage and the rotational frequency. At step S22, it is

deci ded whether or ngf réféfenepaiuaieral 96fddnotesSesedthd combining circuit which
combines the output of the third filter circuit 92 with the output of the first filter
circuit 90 by means of resistors R21 and R22 (a combining ratio is R21/R22). A
reference numeral 96 denotes a second comparator circuit which compares the
output of the second filter circuit 91 with an output of the second combining
circuit 95, thereby outputting a position detection signal X.

A reference numeral 97 denotes a third combining circuit which
combines the output of the first filter circuit 90 with the output of the second filter
circuit 91 by means of resistors R31 and R32 (a combining ratio is R31/R32). A
reference numeral 98 denotes a third comparator circuit which compares the
output of the third filter circuit 92 with an output of the third combining circuit
97, thereby outputting a position detection signal Y.

Operation of the above-described reverse induction voltage detector
circuit 54 will be described below with reference to Figs. 17A to 171, Figs. 17A
to 171 show waveforms in various sections when the reverse induction voltage
detector circuit 54 is operating.

Figs. 17A, 17B and 17C are voltage waveforms of the U-phase, V-
phase and W-phase, which are inputted to the first filter circuit 90, the second
filter circuit 91 and the third filter circuit 92, respectively. In the present case,

the voltage waveforms are shown schematically for the sake of simplicity cf



timer circuit 66 is conpleted. Wen the tinmer circuit is operating, the
operation of step S21 is repeated. Wien the operation is conpleted, the
program flow proceeds to step S23. At step S23, the increase rate selector
circuit 65 selects thé second increa®@rate and transmts the same, and
upon receiving it, the voltage adjuster circuit 64 adual |y increases the
vol t age aneKRlABAtiQR.abub e agfugl yeavejorms are more Comp%ﬁétﬁﬂl wavelafarseaeer at e
and the second |ncrease rate will be described below The output of the

reverse i ndigee ivptfoeted ageoltpgecongiol by RYIM BxlsesWadidy Miadulatignawerthe like.
rotational frequency is low__and_a reat to_éhg)ue Is applied fromthe initial
starting stage in thf%@pﬁ%@aﬁ?ﬁg dEnandel ﬂl'%@U@é@cQﬁ thedimsefilenpigcyite.
Therefore, the increase rate should be deternined so that the notor
operation Q,ast@eseqomd filsen eincuin Shrandhthertbindofilier emeuit e qasprsyively | whilas
fast as possib However, when the voltage is increased too
rapidly, tngstt‘/ﬁhtlHE antd Tl ave outputnafithe seeond comparater eircuit 96, the third 4
does not sufficiently followthe voltage, and this sonetines results in a
st ep-out acempargionticcuis Hoand the firséropmaparator aizaudt By aéspedtivslyconpr oni si ng
both the factors is the second increase rate. ) On the ot her
hand, the notor oper &3 thapparespdrdml FigsunistAagbel Tlysit ceint be fionmadothat ahe on
is switched fromthe starting sequence, and it can be considered that the
rotation cpesitionideteesiomesignatiof the rawords cahssined| by gxacting aoly e reverse in
the starting sequence. Increasing the voltage at a high increase rate in
such a casimduction voltage components from the winding voltages of the brushless motor

by the filter circuits and comparing them with one another.

In the present case, theé operation of the reverse induction voltage
detector circuit 54 in its stable operating state has been described. However, a
slightly different phenomenon occurs in the starting stage. The phenomenon will
be described below.

In the stop state, no voltage is applied to the windings, and the
capacitors of the filter circuits are almost electrostatically discharged. Therefore,
when the ‘motor starts from the low-frequency synchronous mode in the next
starting stage, a complete stability cannot be achieved since the outputs of the
filter circuits have transient DC components. This has caused the phenomenon
that the output of the reverse induction voltage detector circuit 54 becomes
unstable and, hence, the motor has stepped out.

Therefore, in order to remove the transient DC components of the
filter circuits before the starting circuit 57 eaters into the low-frequency
synchronous starting operation, a voltage and a frequency were compulsorily

applied for a specified time interval from the first compulsory output circuit 78.



40 may be acconpani ed by an abrupt increase of a current, and therefore,
this is very dangerous. In particular, a fatal failure such as damage of
£ he switching elements and demagnetization of the rotor nagnet of the DC
motor will possibly result. 53 Therefore, the first increase
rate is set just after effeca#gg the _switching, and it is confirnmed that

the notor is surely rldieaahovg canients willdeodescribed dn detaib bekow nd*igec bt i ner
circuit 66. %hly when the nptor is surely rotating, the operation is
swi t ched t b8FHdioge wavetomas inthe starung stge, ivherenigsi A8, heh aadel$Gtase i s
set slower than the second, increase rate. Next, at_ step S24,
the rotati BSRECHYRIyUBRBOsHigedetsetion signals 86 Yernd iZsshewar iny Riw Yot whilsnal
frequency 70 regardl ess of the command rotational frequency_ of the,
rot at i onal FigSedidhc8Bandi 1 ara wspectbely dhe outpiiepéitlee firplefilier cixgeit 90,
adjuster circuit 64 executes a rotational frequency control so as to nake
it conf or ntheosecead fltszeeireuit 91 japdatherthirdu@les cirouit 92 shown in Fig. $bnce t he
rotational frequency _control is performed by voltage control in the DC
notor, the vol tage adpube resent ease; bysowputting frone the firgineompulsory otgmitonal
frequency fromthe output of the reverse induction volti%g detector
circuit 54cizpuitdd; tke eutputs ofothe fijter carcudtstsubstarially reashf hemespective initialage.
charge states at this time. The low-frequency synchronous starting operation is
executed from this state, and therefore, the outputs of the filter circuits are
stabilized very rapidly. Accordingly, a sufficiently stabilized position detection
signal can be obtained by the time when the reverse induction voltage will be
detected.

In the present case, it was discovered that applying a waveform
having an output frequency of 50 Hz and a chopping duty ratio of 0.7% (pulse
turning-on ratio by PWM control) for 155 msec as the first compulsory output
waveform was effective through repetitive trial and error. Of course, the
frequency is sufficiently high and the voltage (duty ratio) is sufficiently low at this
level. Therefore, the brushless motor 43 cannot generate a rotational torque and,
hence, it does not rotate. Furthermore, since the voltage is set very low, no such
problem that the input power extremely increases occurs.

By applying the voltage, the capacitors of the filter circuits can be
sufficiently charged before the start. Therefore, the transient DC components in
the low-frequency synchronous starting operation can be substantially zeroed while
the starting circuit 57 is operating, thereby enabling stable starting.

Furthermore, this processing is also effective even when a long low-

frequency synchronous starting time cannot be provided, meaning that this methcd



Next, at step S25, it is decided whether or not the operation of the third
timer circuit 68 is conpleted. When the tinmer circuit is operating, the
operation of step S24 is repeat-ed. Wen the operation is conpleted, the
program flow proceeds to step S26. Ab4step S26, upon receiving an
operation conpletion signal -of the third tinmer circuit 68, the rotational
frequency isaneeffective methiad gérticakicrbefor suvh & towdathdt a dtigh itorgde rgapeeted of
the rotational frequency setting circuit 56 and transnmits the sane to the
vol t age adpuat earlgistage aftéthe start as in the compres$or. present case, a fixed
rotational frequency 73 is set to a rotational frequency close to the
rotational frequencyThé abosendesoriptiprrwhs dased onhtie case where the motor is

41 conmercial power frequency. The reason for this will be described with
ref erence tuondd gn fi8m K grop Stats. dlkye pHowimgvivil] ddseribbahecsizge sthere the t he
| ubricating ability of the lubricating oil punp. It can be

found thatpower I5 ¢legad.d Wher hige kirbuitdatiefigneat Witty thehpower diseonmected\vfort er
is not used, the initial lubrication is achieved nost rapidly because the

he initi el TUDF Catt on 1 o) 6 hocauss Lho 1156 opaed 1o SFow over ot the
sane rate Jaf thitatd,sieds ascdsbaty wf effber therdommpuloms. output more intensely for a
longer time in order to stabilize the filter circuits.

Next, this method will be described. When the power closing
decision circuit 80 decides that the power is closed, the second compulsory output
circuit 81 is caused to output. The output is preferably. applied with a voltage
higher than that of the first compulsory output circuit 78.

In the present case, we discovered that applying a waveform having
an output frequency of 50 Hz and a chopping duty ratio of 10.1% (pulse turning-
on ratio by PWM control) for not shorter than 1 sec as the second compulsory
output waveform was effective through repetitive trial and error. At this stage,
because the voltage as well as the frequency is high, the brushless motor 43 does
not rotate. Furthermore, though the input power is also high, the above is a
processing operation only at the time of closing the power. Therefore, this does
not cause an increase of input for the subsequent turning on and off operations.

Thus, by ouiputting a waveform having a voltage higher than that of
the first compulsory output circuit 78 from the second compulsory output circuit
81 at the time of closing the power, the phenomenon that the position detection

signal of the reverse induction voltage detector circuit 54 becomes very unstable

can be eliminated, thereby enabling stabilized starting.



Furthernore, the lubricating ability has a significant variation depending
on the rotational frequency because the lubricating oil punp is a
centrifugal punp, and therefore, the initial lubrication is slow at a rate
of 40 r/sec. It can be found that thgslubricating ability itself

di sappears when the rate beconmes 30 r/sec, and the oil cannot reach the
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circuits.

In order to detect the states, the stability decision circuit 82 is
provided in this embodiment. Operation of this circuit will be described below.

In regard to the decision of the stability, it is decided that a stability
is assured upon detecting six times of occurrence of pulse changes of Ex-OR
(Exclusive OR 99) logic outputs'-\':vith respect to the outputs (position detection
signals X, Y and Z) of the reverse induction voltage detector circuit 54 within a
period of bne cycle (20 msec in this embodiment) of the compulsory output
waveformi.

In the normal operation, the Ex-OR 99, to which the three position
detection signals are inputted, operates as a circuit for deciding whether the three
inputs results in an odd number or an even number, and takes advantage of the
fact that the pulse changes occur six times when the position detection signals
become normal. When the stability is not achieved, the pulse changes occur less
than six times.

It is to be noted that although the stability is thus decided by the

frequency of the pulse changes in this embodiment, it is apparent that the same



oi | reaches the uppernost portion at the commercial power frequency of 60
Hz in Fig 13. Because the oil reaches the uppernost portion
mthin the time interval that is two times as long as the tinme interval
corresponding to the .commercial powermg requency, the tine period of a
sliding notion in a state in which no lubrication is effected doubl es that

of the curr S :
. %eﬂequency R iBEd wl?%fﬁfé ﬁaﬁ%ﬁﬁ; @Heéldeaq;yag@t chg 6[08“<am?le a

rotational e oper stage ‘o rlgera
t he freque&gw &ﬁﬁplng on and off the conpressor itself is reduced half
and, event F e distance of the sliding notion is same, neaning that

the'state of abiasi on URURREE SRSt And bRy Brob el whichihae cig) o

art. Next step er or not t e set

rotational @gmr aff@\éﬁq‘lgeéﬁg@f hﬁl : gCihi ed| rs%eaédcpﬁal fsr eqye

When the set'*rotationa er than t speC|f|ed r tatlonal

S2o. T borbPaure RAbrte dhal I thk BT df BE scfoAE kblnplisd:y qlpRRRtod] st P
speci fi ed rc%rﬁghﬂ-{%% g &g:g@&&d regaP@le0PGE Al (ﬁ.ﬁ'p\?{]of e deE b1, EuEhﬁ?EéCW‘h%ﬂ' t

72 is contih rese case
rpee L'af?ng&‘gﬁ%&%@haé&c@ﬁt’8@%@@%@@%@&%@6}? (o o
S0, 11 1o B SRl A £ Brmdtyof HiE Seqond, copmgory oML ciftuiP BEs
stopped. With this arrangement, the possible stop of the output of the second
compulsory output circuit 81 due to an erroneous operation of the decision circuit
82 within a short time can be avoided, thereby achieving an appropriate
completion. |
When the time of the second timer circuit is not shorter than 2 and
shorter than t3, the output of the éecond compulsory output circuit 81 is stopped
at the time point when it is decided that the output of the decision circuit 82 is
stable. When the time is not shorter than t3, the output of the second compulsory
output circuit 81 is stopped regardless of the output of the decision circuit 82.
With this arrangement, even when the decision circuit 82 cannot decide that the
operation is stable, the processing operation can be speedily completed. Even in
this case, the filter circuits are substantially in their stable states, and therefore,
the subsequent start is stabilized, causing no step-out.
As described above, the brushless motor starter according to the
present embodiment is provided with the first compulsory output circuit 78 for
outputting a waveform of a voltage and a frequency at a level at which the

brushless motor 43 does not rotate. The output from the first compulsory output

circuit 78 is applied to the brushless motor 43 just before the motor is started trom



fourth tinmer circuit 72 is conpleted. Wien the operation is not conpleted,
the operation is repeated fromstep S26. Wien the operation is conpl eted,
.;Ehe third timer circuit 68 is restarted at step S31, and the operation is
repeated fromstep S24. 57 . 43

At the rotational frequency at which the lubricating ability is very |ow,

the |ubri Ctﬁé@@phiat@?”"fh@&&ah%exh@ﬁt ERRGEaREd tHROIMAhcRSof 8¢ rhSRnRDEe

since there is the surface tehsion even when the rotational frequency is

| over ed aféo?ﬁ%étbﬁ;ts Qflthé FilRr R1RUAY dtheRveRRenAREGoR VUoliaR ddreMBY @ircuithen
bubbling or the like occurs in a |lower portion of the |uBricating oil punp

46 and theq ¢h rdrﬂ@ini%etmeaéutPaf dfh@e! FdiRries iﬁ&midnedornggetdﬁcﬁ& thrduie 59 | .

there may occur a break of lubrica- tion. I I's case, the

| ubricati qauhedfaheay%&@rmeﬁare%&%vgc 'évtenggg £%ﬁhé; 'h%s? &&ﬁg%aépséj%ﬁt&ﬁr&ehs

the lubricating abl'lity. However, use sence
| ubri cati RghaPithd 1dad E&ﬁv@iiﬁcr@%ﬁ not reach the uppernost portion.
en

Ther ef or e, such a1 ow rotational frequency continues for a specified

e oL e BT A LD R ety W d Bl
invention is provided with the second compulsory output circuit 81 for outputting
a waveform of a voltage and a frequency at a level at which the brushless motor
43 does not rotate, and the power closing decision circuit 80 for deciding that the
power is closed. When it is decided that the power is closed, the inverter 33 is
operated by the output of the second compulsory output circuit 81 to apply a
voltage to the brushless motor 43. By so doing, a stable start can be achieved
even at the closing of the power in whiéh the position detection tends to be
unstable particularly in consequendé of a sufficient discharge of the filter circuits.

Also, the decision circuit 82 is provided for deciding whether or not
the operation is stabilized based on the signal from the reverse induction voltage
detector circuit 54.- The decision circuit 82 contributes to speedily complete the
processing at the time of closing the power.

The second timer circuit 83 is further provided which starts its
dperation from the stage of closing the power. Even if the processing is nct
completed by decision in the stage of closing the power, the operation can be
completed speedily and compulsorily, thereby enabling subsequent stable starting.

It is to be noted that although the starter of the present invention has

been described as being used with the reciprocating compressor to which a great

load is applied particularly in the starting stage, this starter is also effectively used



As described above, according to the second enbodi ment of the present

i nvention, the conpressor 41 includes a shell having an internal pressure
approxi mately equal to the pressure of the inhalation gas and a DC notor 43
for driving the conpressing section ofgg he conpressor 41, while the
control deviiﬁ-for t he conpressor 41 includes a reverse induction voltage
det ect or ciwiluatro! compsssr o t i i %t-h rotor 43a
of the DC notor 4:??’: om?ghbg re%?é?i%%g%Px%gpﬁlgels%@Rgl gt‘%gheafta{tﬁ%g
stator w ndtagg, an inverter 53 for performng the commutating operation
based on the output of the reverse induction voltage detector circuit 54
during the normal operation so as to operate the DC notor 43 at a variable
speed, and a rotational frequency setting circuit 56 for setting the
rotational frequency of the DC notor 43 to a rotational frequency that is
| ower than the commerci al power frequency when the internal tenperature of
the refrigerator is stabilized. Wth the above arrangenent, by rotating

t he 44 conpressor 41 at a | ow
speed when the internal tenperature of the refrigerator is stabilized, a
consi derabl e reduction in power consunption can be achieved w thout being
i nfluenced by the | eakage heat loss, i.e., by maintaning a high efficiency
even at a |low rotational frequency.
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Furt her nore, B‘“\m \\m‘tvi ded a rotor fixing circuit 61 for issuing a
command to t\.\‘mum\ | d phase of the inverter 53 and outputting a
specified vol'vage wher! state of the nmotor is shifted fromthe stop state to
the operating state by the rotational ®9equency setting circuit 56, and a
first timer circuit 60 for maintainiGg! output of the rotor fixing
circuit 61 for, a speehirbladéviceifoEa taftigérdar whitt facludesa ashprgIthavingt he

speci fied phase can be turned on for a specified tinme interval .in the
starting st ade sheJl fofxan priemgt gressureaapyesimately ¢asl t9 h presswret AR@Nt he not or
can be consis : t froman_i ' | t] t abl i ng
the stabl e stbrapig AU operitioR'a PRpkeeFEy AR 4 Mmpoded B 882
starting conmgakR! ia@d PADCEMdISt BEVING £irb@di 4nd6d §t@for Sfodr opegatings peidi f i ed
comut ation pattern to accelerate the DC notor, 43 in a short tine, a
starting vol tejpresingesestien.oricheprifol dgyvice 68mMpeHsingt oring a specifi ed

vol tage pattern tqg ] | el f . ue, a
comut ati on sel ect%?é\)g%ré{clhpgc@g ‘?Bgzragéglé %g{qi’ncgﬂcﬁ lrggoggét%g@é ?gﬁﬂtlaglﬁéﬁst arting
vol tage pat tpshiont 6ff said) rétor €ioini a G8varse itRicBomKbItAPe genageedoht 4 batdeC not or
43 and nmeking the inverter 53 performits commutating operation, a voltage
sel ector circ¥indingd for varying the output voltage of the inverter in
synchroni zati on w th: | : ' t put of
the starting vol ta%‘g‘“ggﬁ?‘g@%‘%%ﬁ‘?‘% c(???%%tg 1%@?&%@d9%e%%m%@%n

sel ector ci r cofishidd@vémse irlnctiehvoltagt kieteowt eircaipdurng anotmaltdperativarsout at i on

based on the normal output_ of the reverse induction voltage detector
circuit 54 wherfotaperaie satDematppatsd ¥anible sResdt ajk pattern storing circuit

63 is conpleted. Mfdibiddi frefidiRP YERE irchY i Qg WrcticHAl BdhudiRyed on the

conmut a-

of said DC motor to be lower than a commercial power frequency when an

internal temperature of said refrigerator is stabilized.

2. The control device according to claim 1, further comprising: a rotor
fixing circuit for turning on a specified phase of said inverter and outputting
a specified voltage when an output of said ratational frequency setting circuit
is shifted from a stop state to an operating state; and a first timer circuit for

maintaining an output of said rotor fixing circuit for a specified time interval.

3. The control device according to claim 2, wherein the specified phase
determined by said rotor fixing circuit positions said compressing section to

minimize a starting torque.

4. The control device according to claim 2, wherein the specified time
interval set by said first timer circuit is not smaller than a time interval in

which vibration of said rotor is completed.

5. The control device according to claim 1, further comprising: a starting
commutation pattern storing circuit for preparatorily storing a specified

commutation pattern to accelerate said DC motor within a short time; a
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45 tion patt Ita e pattern preéset S0 that the motor can
rotateinasum ,m«ﬂ lelding a specified torque to start the
mot or, the stars time can be achieved to reduce the frequency
of the sliding rmtlon in the |n|tial s8@te in which the lubrication is not
effected, thus inproving the reliability. Furt hernore, there
may be provi dstdrtang vohﬁggamtermsmrlsglcnm:arfmlprepamtor@@ stommvselsmhm; t he
rate of acceleration |ncr aS| ng%tlgé out vol tage of..the inverter 53
cBi?

after the DC NRYage E%"%E ‘éds" el ¥ erified WrMating for

a specified tb@?ﬁniu%ﬁfn%‘éle@&t %irc&lbeto?t@lédurr\g Qﬂ%tﬁf)l.'lto'ﬂrohﬁ aRmetetiggd, and an
i ncrease rate selector circuit 65 sel ectli ng the first i ncrease rate of

the smal | accemswiatiosrpayenstotieg cicadhin therstartiag stege of 68diRC é%@éﬁq ng and

operation of En QBtasaap merer o p Sofinbl el Bl E e TheRB Rt 1

arrangement, Bt v@kina0ard bowal vbifiel SICLERIRvertedtif syRclrbeizatsieWithagaion st age
after the starting, a stable operatlon free fromstep- out can be obtai ned.

~Subsequent | y, COpMAiongPaEst agcordieg tn dhecawput of eaid zsmrtmgw&eléa@@e@mesrbr i cati ng

o ovi ding an SREFEEney, 88 SEriiadqh Pt ¥ PSRERRE £330

i ncrease rat ecsmn‘tdmtnotbpedtidﬁebasldQ)"nvaﬂnofrm&l bbcput@tfahd: cmwrse‘ iriyodoey of the
DC notor to increase up tq the conmerci al ngwer frequency falls within a
specified ti nﬁoﬁ‘?’&ee‘?e&%ﬂtora‘i'"‘{"Hewherﬁ‘c‘lhéé’é‘épult S HPS FOBIUWHION RABhse rat e

sel ector storing circuit is completed.

6. The control device according to claim 5, wherein the commutation
pattern stored in said starting commutation pattern storing circuit completes

before said rotor rotates at least two turns.

7. The control device accofding to claim 1, further comprising: an
increase rate selector circuit for selecting a rate of acceleration by increasing
the output voltage of said inverter after said DC motor is started; and a second
timer circuit operating for a specified time interval after the starting operation
is completed, wherein a first increase rate is elected when said second timer
circuit is operating while a second increase rate greater than the first increase

rate is selected after the operation of said second timer circuit is completed.

8. The control device according to claim 7, further comprising an
increase rate adjuster circuit for adjusting the second increase rate so that a
time interval for the rotational frequency of said DC motor to increase up to

the commercial power frequency falls within a specified time interval.

9. The control device according to claim 8, wherein the specified time
interval is less than two times a time interval in which no lubricating oil is

supplied.



circuit 65, the same frequency of the sliding notion in the state in which
no lubrication is effected as in the prior art can be obtained by
adjusting the increase rate so that the rotational frequency increases to
the rotational frequency equal to the cgymercial power frequency within the
specified tinme interval, thereby inproving the reliability.

Furthernore, ffer ?m%ogﬁopﬂaﬂﬁéj%oﬂiiﬁé‘ﬁ glaéﬁnprfuﬁh%nﬁggwﬁn :Oﬁ)?lﬁg&i ng for

a specified tine interval 1n the starttng stageé o not or
46 and a r ot Himeprakuit operating Yorsebgecifed time intetvabih 4 oise dieieccoiiaid DL t he

rotational frequency around e comercial power frequency as a fjxed
rotational f rgﬁﬂ%“n@)‘}'?ﬁ 3 Gigie fel‘lée%nﬁ?iﬁ%?rr‘ﬂf%‘ﬂq fos selectipg dertatianal e
rotational fregygsiey @8l i | kdialD o ' ' it 68 is
operating, and gettlyng t he ?}exgdghﬁ{rég{ugt?%%%fﬁfégﬁﬁgnméyg%eg??@e&gﬂt put
target of thefreguancyesaid\ibtationdli frequeney gelectormeicuit ynerjrey diei rogational not or  at

the fixed rotational frequency for specified tine interval ,in the
starting stag&dyHgy §ﬁd})@qsgﬁ£r0¥qthn%§§q3§.p?m§etm1g Cigct When said third tigey oy
rotational frggsgNsY ol L m o el LalLl I hi s
case, there may be 19 Bﬁaﬁg’n%é}gyieggg&éﬁ%égﬁg%}a}?tapglé%ﬁ%h@{/&é%cals}}&ng
circuit 71 foeutpatciadget@f saiddanvertez. command rot ati onal frequency of the

rotational frequency setting circuit 56 is |ower than the specified
rotational frequency, and a fourth timer circuit 72

I1.  The control device according to claim 10, further comprising: a
rotational frequency deciding circuit for deciding that the rotational frequency
set by said rotational frequency setting circuit is lower than the specified
rotational frequency; and a fourth timer circuit operating when said rotational
frequency deciding circuit decides that the rotational frequency is lower than
the specified rotational frequency, wherein the operation of said third timer

circuit is started when the operation of said fourth timer circuit is completed.

12. A control device for a refrigerator which includes a compressor having
a shell of an internal pressure approximately equal to a pressuré of an
inhalation gas during operation, a compressing section accommodated in said
shell, and a motor having a rotor and a stator for operating said compressing
section, said control device comprising:

an inverter for controlling said motor to rotate by a specified amount
of rotation for a specified time interval after starting and then controlling said

motor according to an internal temperature of said refrigerator.

(I iy I
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operating when the rotational frequency deciding circuit 71 decides that
the rotational frequency is low. Wth this arrangenent, by starting the
operation of the third tiner circuit 68 when the operation of the fourth
timer circuit 72 is conpleted, the notgy is operated at the fixed
rotational frequency for a specified time interval when the |ow rotational

frequency continues for a specified A rval . Accordi ngI y, a
sufficient anount of lubricating oil TS assured even r&i(ﬁr eseen
acci dent suclRéfrigeating eppbragas, Aod Refrigeratar onsrel 4R r’?'é’@ eiﬁ time
of slow rotation, thereby inprovStagterhtsed(in Same ¢y, Fig. 14

53,01 ock di agram offeh of IdenBiRling ALEAL 19°4i8Ers AL I0LA Grard 6%y T

enbodi nent of the prese I nventron how n cul ar rushl ess
notor starfer..

Ml %ose S ést%%gqeig?cideoﬁm?&s%& ﬁxe 3 rfgd%fggogglmq G0 1%&3-
ol enent s 7(6)#Yd?ﬂ%ﬁv§”§fﬁf§g§“§%§’5ﬁecb%‘§&%?§§é ofif, nggg%‘gﬂa& R854, u‘BSB 6Fe, he
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notor 43 a
compressor 41, driven by a DC motor 43, has a shell of an internal pressure

approximately equal to the pressure of an inhalation gas. An inverter 53 is
provided to make the speed of the DC motor 43 variable. A rotational frequency
setting circuit 56 sets the rotational frequency of the DC motor 43 to a frequency
that is not greater than the frequency of a commercial power source when the
internal temperature of a refrigerator is stabilized. By this constructioﬁ, the power

consumption can be remarkably reduced.

THIS SHEET HAS BEEN
REPLACED

I
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motor fromthe time when the inverter circuit 3 is stopped to the tinme when
-the operation of the reverse induction voltage detector circuit 54 is
enabled. A reference nunmeral 78 denotes a first conpul sory output circuit
whi ch generates an output of a frequency and a voltage at which the

brushl ess motor 43 does not rotate, qijfgonly an operating time tl. A
reference nuneral 80 denotes a power closing decision circuit which

deci des the tine when the co rcigl power source 51 is initially closed.
A reference nuneral 81 denotEsi@/.sécond conpul sory output circuit which
generates an out put a frequency and a voltage at which the brushless
not or 43 does not rotate when the power cl osi decision circuit 80

deci des that the powey 26 c2®sed. A Bgf eren@ 3% 82 denotesZ® deci sion
circuit which deca'gaes the o tput_@ia_g e _revers Shdyction volta eﬂ_detector

- - - - - - fon mVay o= - e ) pmomem s w me e W - X

circuit 54 when t cedendHeorpH et 181 1 S Y geiRg Tis
output, practically] ged qi!! he wevense; i n i vaktiage
detector cirduit 54'ip 4Stab{l i zelinURDIS tackdlilias Katt t he ki crt S |
stabilized, A j he| out put: pPht+ighe clond  eohiu ' ut cilguht
81. A refer al 83 denot ‘ tirgET TN, | has™ t
types of ti s of t2fanfl it3| (tR2:tf3)] and Jo qufes t d Y csft triuouBy ot put
the output of the sédandyclogul 508 cm'g 21! regand
output of the decisitoff c{rcul} , ¢ci-S) shar {er hhan fit !
stop the output of thgSEGONY CORPUESUNY- O PUR-CI4-GUi't | 81 f
the output of the degisban chit 82{pwhen tdie timegjs|not shenit han
t3. A reference b>2d f i éhl ! il : :
. i t H b e T t
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22 Driver
1
21~ Combining means
T 1
50~ Operation mode |
19 switching means 12
S A A A A S
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: Starting sequence ¥ Position | :
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: Starting Starting o Duty Rotational |
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nuneral 84 denotes a switching circuit which selects a predeterm ned one of
-the outputs of the commutator circuit 76, starting circuit 57, first
-compul sory out.put circuit 78 and second conpul sory output circuit 81, and
outputs the selected ene to the drive circuit 55.

48 Qperation of the bryshkl ess notor starter constructed as
‘above will be described belowwith reference to Figs. 14 and 15. Fig. 15
is a flowhart showi ng the operation of the brushless nmotor starter of the
third enbodi rent qﬁﬁ hpresent invention. It is assumed
that the commerci al WeT source 51 is now turned off. When the conmerci al
power source 51 is turned on en the r i cl osed), the power
cl osing decision circuit 80 dégvﬁag g%gyepﬁg é&§¥n' cl osed and starts the
counting of the second tinmer circuit 83 at step $S41. Then
at step S42, the gecdnd cobpul sdry oufput dircui]t 81 Joutplts la sekond
conpul sory out put” waJefornmlto operatelt he ilnvertler 53 vialthe [switEhing
circuit 84 and tqg drjive cfrcurt] 55, &nd applieg the loutpyt tq_thel ,
brushl ess not or .§ In this stage, the outfput llevel |is set td the] Joltage
and frequency at mhidh the| notdr does not jrotatle, and therefqgre t
brushl ess notor 43°ddes no{ rotdte.
A= —
B— —
— | 5
Cycle
) 67 156,67 86,67 |63.33163 33 63 330,00, 3. 40.00
Chopping .67 '86. 6.67 163.33'63. . 40 0040 06 '
Duty Ratio 3.7% 4.5% 5.1%

Fig.3

Starting Sequence Paitern B

A+ {
B+— <
C+ k
A— r
»
5— L
C— s
Cycle
(ms) 56.67 86.67 185.67163.33'63.33 6333k oc. 5. 40.00
Chopping ' ' o ' ' f00040




Then, at step S43, it is decided whether or not the count value of the
“second tiner circuit 83 is not snmaller than t2. Wien the count value is
smaller than t2, the operation of step S42 is continued. That is, the
second conpul sory output waveform continues to be outputted. Wen the
count value is not smaller than t2, t3egprogram flow proceeds to step S44.
At step S44, the second conpul sory output circuit 81 continues to output
t he second conpul s y output wavef orm Then, at step S45, the
decision circuit es whet her or not the signal fromthe reverse

i nduction vol tage de ctor circuit 54 is stable. Wen the signal is
stable, the programfl ow proc ﬁgﬁ? 7 opt rast, when the
signal is not stable, the pro% é §%h§§n§§egéq%6ﬁspép S46.

At step S46, it is decided whether or not the count value of the second

timer circuit 83 jhs_rot smbller jthan 3. en tHe count valuelis shmller

49 than t3, the operlati onlof stlep S44 is dontinued. [Thatlis, |the kecond
compul sory outpug+m@vefor11continues to be outputted. In{contirast Smhen
the count value iS ngt smafler tlhan t8, the program fjl ow proceeds tQ step
S47. Ca At _step S47 [ the ;utput of tlhe selcondlcongul sofy out put
circuit 81 is stoppgd, angl the jprogramflgw prdceeds| to $tep |S48.| The

above processing A— ¢

-
B— —3
C—| ‘
Cycle
) e 8667 $6.6763.33'63.33'63 3380 00 5. 40.00
Chopping ) ° ' ) | ~=>240.0040 50

~

Duty Ratio 7.7% 8.5% 9.1%



operation is executed only in the initial tinme when the power is closed.

At step S48, it is decided whether or not the currently set rotational
frequency is zero. In the present case, the rotational frequency is
commanded by detecting a variety of states (e.g., temperature, pressure
and so forth), and therefore, no deggigption is nmade therefor in this
specification. Wen the set rotational frequency is zero, the notor
operation is stopped step. S49, and the operation of step S48 is

conti nued. Wen the sg-/go tional frequency is not zero, the programflow
proceeds to step S50. Next, at step S50, the counting of the
first timer circuit is started, and a first conpul sory output waveformis
outputted fromthe first conpulsory output circuit 78 at step S51 to
operate the inverter 53 via the swtchi ni ClE&PHET 85 and the drive circuit
55, and the output is applled td the br /43. In this stage,
the output |evel is set and edluency at which the notor
does not rotate, and therefore, t he brushl ess-fgotor 43 does not rotate.
Next, at step S52, it s deci,ded whet her @ Re_count value of a first
timer circuit 79/is not smal égan . vaNge is smaller
than t1, the_oper@aitoforofivetlep e~ st

conpul sory ou8|&1 manefesr forcont i nues to - when t he
count value is not ssgtadimg than t1l, the program Ee%w proceeds to step S53.
Then, at step S58, a starting waveformis outp £t fromthe starting
circuit 57 to operate the Tnverter B3V c S ircuit 84{and the
drive S2 Select starting
sequence pattern A

T

S3 Is compressor

locked ?

' YES

S4 Select stariing
sequence pattern B

S5 Is compressor

locked ?

S6 Select starting
sequence pattern C

S7 Is compressor

locked ?

YES




50 circuit 55, and the output is applied to the brushless notor 43. In the
-present case, the operation is started using the brushless notor 43 as a:
-synchronous notor. That is, the brushless notor 43 is started according to
the method of |ow frequency synchronous starting for firstly putting the
nmotor into a synchronous operation %ﬁ | ow rotational frequency and
thereafter successively accel erating ﬁ rotational frequency.

Next, at step S54, the rotatian of .fhe brushless notor 43 is continued by
switching to the signal of t)mef _{Bhtator circuit 76, which signal depends
on the output of the reverse iMduction voltage detector circuit 54. In
this tinme point, th&nmotor has been already ddiven as a brushless r@bor,
and therefore, the rofjapsonpd frequemgy candje )adj @it ed subsequébt |y

adj usting the vol pagef ) xBC at] $:3& 3

frequency control ; aitqn b-S FEXE

I s adj usted s¢ as guag?ﬁ ormto th
step S56, it (is decid&d AdhetMer, pH
zero. \Wen t 1o} at
S55 is conti
t he program¥+0 )
A nore detail ed desao

)

ency! se Jop XL, @t

atio > flistep
irgfzqro,

In Fig. 16, a referenge § - : " it [
2b2d 2f + 3 3 3 | :
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t 1
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E pattern pattern (| mean detector |
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. 9 Lock 17,
; 15 detector | !
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Is basically formed of a primary filter conprised of a resistor and a
-capacitor, and its input is connected to the U phase of the brushless

: m)tor 43. Reference nunerals 91 and 92 denote respectively a second filter
Sircuit and a third fi-lter circuit, and their inputs are connected to the
V- phase and Wphase of the brushles tor 43, respectively.

51 A reference nuneral denotes a first conbining circuit
93 which conbi nes an out put of t second filter circuit 91 with an out put
of the third filter <circui thIQby means of resistors R11 and R12 (a
conbining ratio is R11/R12). reference nuneral 94 denotes a first
conparator circuit wad ch conpares an out put the first filter ci 8:U|t 90
wi th an out put of the fZﬁfs"ZZéO”b' ni ng |rCU|3q dihereby out pBBtigg a
position detecti opgsi gna ) B@rence numeral 95 denotes a
second- combi ni ng ¢y s chrt:-orr' mits gt he~thi rot il tere
circuit 92 wifh thev i i
resistors R2t and R2

96 denotes np rat r 'ane it
second filt Ircuitt] 91) wi qn; outp t
——
l

v.._.}..-.).a k l _____
2b 2d 2f

21~ Combining means

T 1
Operation mode
19 20~ switching means 12

S O X S P X S b I
t {t 1
! Starting sequence e Position | ¢
1 - < i f
' 13 controller B " Commutatorj« detector | |
; . x ¥ ———— -
| - - - 1t Chopping | 7 g !
i og~J Torque increasing |, H signal  ~11 :
: means C < (1 .
, c X Y +{ generator 10 ‘
: ¥ 3 f v 5
i ~ Starting Starting EE Duty Rotational | |
' | sequence sequence 1| setting [ frequency E
f pattern pattern E E mean detector |
« | storage A storage C X X § o
E ) I 11| Rotational 9 E
' 14 Starting 16 1| frequency 8 ;
; sequence ‘ticommanding l
: pattern 11| means :
E storage B :_‘::::::::::::::::::,"“‘“"3
: ) Lock 17!
E 15 detector | ]

e tm e m w hw i v e e v e e e e v ms Am e v mm e mm m e e o we e M e e e m e e me e e e ve e wm et o



circuit 95, thereby outputting a position detection signal X

“A-reference nuneral 97 denotes a third conbining circuit which conbines
the output of the first filter circuit 90 with the output of the second
filter «circuit 91 by nmeans of resistors R31 and R32 (a conbining ratio is
R31/R32). A reference nuneral 98 derptgs a third conparator circuit which
conpares the output of the third filter circuit 92 with an output of the

third conbining circuit Ft'/lg y outputting a position detection signal
Y. Operation of ove-descri bed reverse induction voltage
detector circuit 54 Il be described below wth reference to Figs. 17A to

171. Figs. 17A to 1 howy wavef or I n varl oNs segtions en e reverse
i nduction voltag et ector rcui gﬁ S ap é a %(i( 3Mlh g Fi gs.
17A, 17B and 17C 9re valtage vvqy ?’ A ha e, Vs- phasé

W phase, which are\ippuited 1 rer uut .
filter circuit 91 am ‘.- rdf -H ' , °. .
present casey the v té véf|(;,[+ : , o'th!schea
of sinplici @ R T r
expl anat i on\_bu he g al \)eafgy a3y rorie: o
there is effected a!yol ontr (Bul
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first filter circw:_ 'A“ :,fc‘v
i W S s
2b 2d 2f 3h: 3 3i
: i |
22 Driver
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90, the second filter circuit 91 and the-third filter circuit 92,
‘respectively, while Figs. 17G 17H and 171 are outputs of the second
conparator circuit 96, the third conparator circuit 98 and the first
"conmparator circuit 94; respectively. As is apparent from
Figs. 17A to 171, it can be found thayighe position detection signal of
the rotor is obtained by extracting only the reverse induction voltage
conponents fromthe w nding voltages of the brushless notor by the filter
circuits and conparing themwth gﬁfggsgaher. In the present
case, the operation of the revers lon voltage detector circuit 54
Iinits stable operating state has been descri bed. ever, slightly

di fferent phenonmenon occurs in the starting stage. 8 ph@ﬁgneno i1l be
descri bed bel ow. In the stop state, no\ue ' '
t he wi ndi ngs, and theszcapaciggrs of the filter cirg

el ectrostatically mhié%ﬁﬁﬁﬁﬁi -Henefore, when the 2
| ow f requency h,the next starti pnp/ et e
stability can | t eV gt) ) oe the outputs of 1 ts have
transi ent DC cQnp . "Fh{ s Thak 'caused the phenonengt | e ouigut of

nghr{ong

the reverse i n fector circ DECOITES LtFDl € aag,
hence, the no ag s 5 -3 ' t : ; o)
remove the transiégﬁ: ety of the fil44
starting circuit §77e o T he IOMFfrequenc¢4§y FeregS starting
operation, a voltdgeafgdat8quency were conpul soril g 47
I 54 - 52
S
Reverse Starting
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applied for a specified tine interval fromthe first conpul sory out put
*sircuit 78. . 53 The
,_\ab"ove contents wi'll be described in detail below Figs. 18A to 18F show
waveforms in the starting stage, where Figs. 18A 18B and 18C are
respectively the position detection gyggals X, Y and Z shown in Fig. 16,
while Figs. 18D, 18E and 18F are respectlvely t he outputs of the—++st

filter mrcwm fFQAEecond filter circuit 91 and the tmgrﬂ)fllter
circuit 92 sh b In the present case, My

outputting fromthe first conpuyl sory output circuit 78, the outrElgﬂﬁi—\ t he
filter circuits substantlallyeach the respective initial charge statgs
at this tine. The Iovv-frequenc synchronous starting operation i$__execyted
fromthis state, and therefore e outputs of the filter circuifs are IJ

stabilized very rapid ufflCl’éESly stabilized positio

detection 31 jna e A sverse i nefig1 0B
voltage will be ec: se, it|was
di scovered that applyi ng A~ kf 50 Hz

for 155 nsec a: e t hrough

repetitiveStai Stop DC motor
S14 Start first timer
S15 Qutput rotor fixing circuit

Is first timer
operation completed?

Si16

YES

S17 Output starting commutation
and voltage pattern

Is pattern output

S18 operation completed?

YES T

g1g | Switching to commutation based
~on reverse induction voltage
1

S20 Start second and third timers

S21 Increase voltage at first
increase rate

s second timer

522 operation completed?

YES



“frequency is sufficiently high and the voltage (duty ratio) is sufficiently
“how at this level. Therefore, the brushless notor 43 cannot generate a
.rotational torque and, hence, it does not rotate. Furthernore, since the
'voltage is set very |l'ow, no such problemthat the input power extrenely
I NnCreases occurs. By amphgi ng the voltage, the capacitors of
the filter circuits can be sufficiently charged before the start.
Therefore, thedLransient conmponents in the | owfrequency synchronous
starting oper af ,cﬁﬁaﬁgpghbstantially zeroed while the starting circuit
57 is operating, Yhereby enabling stable starting.
Furthernore, this processing is also effective even when a |ong | ow

frequency synchronous startf/Ry time cannot be provided, neaning that this

met hod : 54 is an effective
met hod particularly for such[a | oad that a high torque is generated in an
early stage afffer the start_as in the conpressor. The above

descri pti gpads b Eaass Yoltagesd SPeeRdt hel notor is turned on fromits
stop state. The fol | owi ingrease r@d8cri be t hel st age—where—the—poyer is
closed. When tlhe circuit is left intact with the power disconneg¢ted for a
|l ong tinme, the charge voltagé% of—the—fittef—TiTcyits are conplgtely

di scharged. I this state, It 1S necessary (o efffect thg conpul sory out put
more intemssty foPOBIrOl gedalionalntrenescier o stlabi x| t he ¢PNiRES
circuits. at fixed rotational frequency i fourth timer

S25 S30

Is fourth
timer operation

completad?

Is third timer
operation completed?

YES YES

531 | Start third timer

S26 Control rotational frequency
at set rotational frequency

S27 Set rotational
" frequency <specified

rotational frequency?

YES

NOJ

S28 Stop fourth timer




Next, this nethod will be described. Wien the power closing decision
-¢ircuit 80 decides that the power is closed, the second conpul sory out put
«circuit 81 is caused to output. The output is preferably applied with a
Voltage higher than that of the first conpulsory output circuit 78.

In the present case, we discovered tihgygappl ying a waveform having an

out put frequency of 50 Hz and a chopping duty ratio of 10.1 % (pul se

turning- on ratio by PMWMcontrol) for not shorter than 1 sec as the second

conmpul sory out put waveform was effective through repetitive trial and
error. At this stage, because the voltage as well as the frequency is

hi gh, the brushl ess notor 43 does not rotate. Furthernore, though the

i nput power is also hia&:jé#egaiexf is a processing operation only at the

time of closing the power  &fhéré¥oke, this does not cause an increase of

i nput for the subsequent turning on and off operations. Thus,

by outputting a waveform having a voltage higher than that of the first

conmpul sory output circuit 78, fromthe second conpul sory output circuit 81

at the tinme of closing the ppwer, the enonenon that the position

detection signal' of the reverse inductt@HPRFIWFE detector circuit 54

becones very unstable can be elin nated reby enabling stabilized

starting. . L e s 5.
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Next, conpl etion of an opti mum waveform out put under such = conditions that

i ndi vidual variations were taken into account will be describéd below wth
the provision of the stability decision circuit 82. The
conditions of the filter circuits vary for each tinme the power is closed

t hough the procedure is the same. Forqexpgmpl e, even when identical

circuits are used, the tine period during which the power is kept on varies
from a short one to a long one. Furthernore, the conditions of the filter
circuits also vary depending on the variations of parts, notors and so

forth between the circuits. In order to detect the states,
the stability decisio C|r it 82 is provided in this enbodiment. Operation
of this circuit wll 53 bed bel ow. In regard to the
decision of the stabili is decided that a stability is assured upon

detecting six tines of occurrence of pul se changes of Ex-OR (Exclusive OR
99) logic outputs with respect to the outputs (position detection signals
X, Y and Z) of the reverse induction voltage detector circuit 54 within a
period of one cycle (20 nmsec ijn {yws en@gdinent) of the compul sory out put
wavef orm In thg noxmal ration, the Ex-OR 99, to which the
three position detectlon signal s tted, operates as a circuit for
deci di ng whet her t hel Ofguae |rpNMs resul tsS\in an odd number or an even
nunber, and takes advant age_0 t he pul se changes occur six
tinmes mhen the position det &¢ t ' me normal . \Wen the
stability is not achieved, thg ! ' | ess

Rotational
Frequency
Fig.13
Cornmercia.l Power
Frequency 60Hz
60r/sec 4Qr/sec
Uppermost | _ -
portion ) I ==
S (' 30r/sec
O“ ’/’, ’,”’ ”‘;—- S,
HEfght ,Il ',” “—"

Time



“than six tines. ' - It is to be noted that although the stability

-1s thus decided by the frequency of the pulse changes in this enbodi nent,
.t is apparent that the sane 56

‘ef fect can be obtained when the stability is decided by detecting, for
exanple, a pulse wdth. fgrthernore, the second tiner circuit
83 is provided which has two types o# timers of t2 and t3 (t2 <t3, e.g.,
t2 =1 sec and t3 = 5 sec). Wen the tinme is shorter than t2, the output
of the second conpul sory output circuit 81 continues to be outputted
regardl ess of the output of the d¢gTi 'OZ%? rcuit 82. When the decision
circuit 82 decides that the operati i table after the tinme becones not

shorter than t2, the output of the second conpul sory tput , i rcuig 81 is
stopped. Wth this arrangement, the possible stop of ou ut){g_f/

second conpul sory o ut cir glt 81 due to an erroneoug -\ 48pthe
decision circuit ithin %-short time can be avoio: »\achleV|ng
an appropriate qonpﬁebhon ----- ! When the tj sRcandd i mer

and shorter than t3,
[H:81 is stopped at thg
eC|S|on Clngit 82 i B

circuit is not sHor

second conpulZbry

deci ded t hat henou
4

=]

Power closing | _ gp
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gstable. VWen the tinme is not shorter than t3, the output of the second
-conpul sory output circuit 81 is stopped regardl ess of the output of the
-decision circuit 82. Wth this arrangenent, even when the decision circuit
82 cannot decide that-the operation is stable, the processing operation
can be speedily conpleted. Even in thj ) B gase, the filter circuits are
substantially Ié’thelﬂrﬁt abl e states, and therefore, the subsequent start

is stabilized, 0 step-ouf. Closing of poweAs descri bed above, the
brushl ess not'or sTarter accordin o the present enbodi nent is provided

W th the frst—eorpth-sery—eutput FetHt—F8—For—outpHt ting a waveformof a
vol tage a 43 frequency @l’tas$©®/l@d THDWE@W& he brushl ess notor 43 does
not rotate. The output—frTomtte—fHrst—conpul-sory_outp t circuit 78 is

applied t TQr. g3t D € 1 ne ijs started from
57 the st?d%h?la é:‘fﬁ%%?%&ﬁ? ﬁag"%‘%{‘o'éyarf"'ll Ej\gai'ﬁf@ Iuence of the -
transient DC corrponent s of the LI el rcurts of the reverse induction

vol t age det eSHOr & Sé ; e Ut tihe reverse
i nduction voltage detecro ' -"-- a er after the start, thereby

preventing the not or from ste{aﬁ out even when the |oad torque
i ncreases. Furt her ter
accordi ng t o fhe—presefrt—t+Avenrt-or—s—previ-ged—w-th—fhe second conpul sony

out put ci redfH Quipeh S§GEpHt @Omjbulsory output waveform

Is
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YES S46
YES
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N

S45 NO

Second timer=t37

NO

S48 Rotationa NG
FrequeW |
YES S48 | Stop motor operation
S50 . Start first timer count |
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YES
S53 Output starting waveform
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S54 Switching to operation based on reverse
induction voltage detection
]

Operation by rotational frequency
S55
control

Set rotational

56 frequency=0?




-
~

S

a waveform of a voltage and a frequency at a level at which the brushless
notor 43 does not rotate, and the power closing decision circuit 80 for

<deciding that the power is closed. Wien it is decided that the power is

closed, the inverter .53 is operated by the output of the second conpul sory
output circuit 81 to apply a voltagglgg t he brushl ess notor 43. By so
doing, a stable start can be achiev ven at the closing of the power in
whi ch the position detection tends to be wunstable particularly in
consequence of a sufficient discharge of the filter circuits.

Al so, the decision circuit 82 is provided for decidi ng whether or not the
operation is stabilized based on the signal fromthe reverse induction
voltage detector circuit 54. The decision circuit 82 contributes to
speedily conplete the processing at the tinme of closing the power.

The second timer circuit 83 is further provided which starts its operation
fromthe stage of closing the power. Even i|f the processing is not

conpl eted by decision in the stage of closijng the power, the operation can
be conpleted speedily and conpulsorilgg ex,eby enabl i ng subsequent stable
starting. L It is to be notep L, al t hough the starter of the
present invention has been described ag g used with the reciprocating
conpressor to which a great load is applied. particularly in the starting
stage, this starter is also effectively /0Fqg '
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‘58 with a rotary conpressor or the |ike to ‘which a great load is applied in
the starting stage. 59

WGLAIMS 1. A control device for a refrigerator which includes a
conpressor having a shell of an internal pressure approxinmately equal to a
pressure of an inhalation gas during1%2f ation, a conpressing section
accommodated in said shell, and a DC haV|ng a rotor and a stator for
operating said conpressing section, said control devi ce conpri si ng:

a reverse induction voltage detector circuit for detecting a rotationa
position of said rotor froma reverse induction voltage generated at a
stator w ndi ng; an inverter for executing a comrutati ng operation
based on an output of said reverse induction voltage detector circuit
during a nornmal operation so as to operate said DC notor at a variable
speed; and a rotational frequency setting circuit for setting a
rotational frequency of said DC notor to be |lower than a comrercial power
frequency when an internal tenperature of said refrigerator is stabilized.
2. The control device according to claim1, further conprising: a rotor
fixing circuit for turnin ci fied phase r and

out putting ﬁ@cg ?fﬂvm t age whe frequency
setting circuittgr ted froma sftjo and a
first timer circuit for maintainin i ng\circuit

for a specified time interval. 3. The control device according to
claim 2, wherein the specifiedfpha nned by said r

Fig.17C

Fig.17D
Fig.17E
Fig.17F

Fig.17G
Fig.17H
Fig.171
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4. The control device according to claim2, wherein the specified tine
sinterval set by said first timer circuit-is not smaller than a tine

o nterval in which vibration of said rotor is conpleted. 5. The control
device according to ckaimi, further conprising: a starting commutation
pattern storing circuit for preparat %hg storing a specified commutation
pattern to accel erate said DC notor n a short tine;, a

starting voltage pattern storing circuit for preparatorily storing a
specified vol tage pattern to allow said DC notor to yield a specified
torque; a commutation selector circuit for selecting an output fromsaid
starting conmutation pattern storing circuit in the starting stage of said
DC notor so as to operate said inverter in a comutating nanner; qqé(\pérg@ge
selector circuit for vargpﬂﬂ an out put voltage of said inverter P t
synchroni zation with sai crnnutatlon pattern according to the anQHHC¥W1
said starting vol tage toring circuit; and a commutatio sepltag
circuit for swtching tCHRsnutlav-ieauysncy Synchranals rstarting Hetﬂntmut
of the reverse induction voltagé detector circuirt when the out of sard
starting connutatlon pattern storing circuit is conpleted. 6. The

control de qugbng einth at ron laﬂégrmeirored
in said star C mm'e e o] sai d
rotor rotates at I The conty a rding fo
claim 1, )€}€?1 é?@;% |2ibd lﬁn incr gdselrg;g sel ctor irc r __f
selectlng a te of acceleratlon by |ncreaS|ng t he out put voltage of said

i nverter Fgf sz &EF St ar and secong ti T T ci
operating ﬁ?& A i T interval t he st artt e i

Fig.18D

Fig.18E

Fig.18F




ks conpleted, wherein a first increase rate is el ected when said second
“timer circuit is operating while a second increase rate greater than the
“first increase rate is selected after the operation of said second tiner
circuit is conpleted.- 8. The control device according to claim 7,
further conprising an increase rate ggliygster circuit for adjusting the
second increase rate so that a tine interval for the rotational frequency
of said DC notor to increase up to the conmercial power frequency falls

within a specified tine interval. 9. The control device according to
claim 8, wherein the specified tine interval is less than two tinmes a tine
interval in which no lubricating oil is supplied.

61 10. The contqu? va according to claim 1, further conprising: a
third tinmer circuit o ath for a specified tinme interval in arise tine

of said DC notor; and a rotational frequency selector circuit for
selecting a rotational frequency close to the commercial power frequency
as a fixed rotational frequency, said rotational frequency sel ector
circuit ignoring the rotational frequency set by said rotational frequency
setting circuit when said third tiner ciSwilthings operating, and

determ ning the fixed rotational frequencyiasian output target of said

i nverter. 11. aLThe cdawW o1frequeney accoridi hgReverseailpduetions ur t her
conprising: a rotatioSynchrenpescStaitingdi fg £i Voltagef Detdetioni ng that the
rotational_frequenc T T | f ncy setting circuit is

| ower tharRetadiongdcified rotational frequ ncy; and a fourth timer circuit
oper ati ng Rrbguengyd rotational frequency ‘eCIding circuit decides_ghat the
rotational frequency is |ower than the speci*ied rotational fr
wherein the operatifon of said third timer

| t4 t5 1

{
Acceleration
Stop Interval

Time



circuit is started when the operation of said fourth timer circuit is
conpl et ed. 12. A control device for a refrigerator which includes a

conpressor having a shell of an internal pressure _approxi rna‘tégé e to a
pressure of an inhalation gas during gperati oRubstinimshest é@é%@p

accomobdated in said shell, and a notor having a rotor and a stator for
operating said conpressjng section, ﬁg’?‘g‘f@ trol device conprising:

an inverter for controlling said m)tpb ate by a specified anpunt of
rotation for wefsigeﬁdtiﬁgee\ppamus,mﬂd\mtfﬁ@t@orsﬁcmtrqlngn%r&ruﬁ'ﬂéﬁ Mt®T ol 1i ng
said notor according to an interStakterciigest in $emeof said refrigerator.

When a lock detecting means 17 detects a locked state of a DC
motor 4 in a starting stage, a torque increasing means 18, 27, 29 or 31 immediate-
ly selects a starting sequence pattern of an output torque that is greater by one
step, and. outputs the same to a starting sequence control means 13, so that a
compressor 5 can be restarted Speedily without repeating starting failures. A
compressor 41, driven by a DC motor 43, has a shell of an internal pressure
approximately equal to the pressure of an inhalation gas. An inverter 53 is
provided to make the speed of .the_DC motor 43 variable. A rotational frequency
setting circuit 56 sets the rotational frequency of the DC motor 43 to a frequency
that is not greater than the frequency of a commercial power source when the
internal temperature of a refrigerator is stabilized. By this constructioﬁ, the power

consumption can be remarkably reduced.

Figure 9.




