DESCRI PTI ON Refri gerating Apparatus, And Refri gerat or Control. And

_B"rushl ess Motor Starter  Used In Sane Techni cal 5152%'
The ‘present invention relates to a refrigerating apparatu c tlng

refrigerating cycle and having a conpregsor notor control 3@%7% The
present invention also relates to a refrigerator control e used in

the refrigerating apparatus for contDESCRIPTION Ot ational frequency or speed
of a refrigerator conpres- sor, and to a brushless notor starter in which

" the position of rotor ‘nagnetic poles of a DC brushl ess nmotor having an
inverter-controlled rotational frequency is detected in a sensor-I|ess
system  Hefigesatiag Apparatus, And RefrigeTator €dnirob Ak Brpsidpss Motar |Sargsr
nunber of refrigerators ained at energy saving and inproving its quick

- refriger ati[dg:dag'l : by making variable the rotational frequency or speed
- of the conpressor. For exanple, as disclosed in Japanese Lai d- Open Patent
Publication (unexam ned) No. 2-140577, there is a trial of producing an
effect by making variable the rot ati onal frequency of a conpres- '

Technical Field

The present invention relates to a refrigerating apparatus executing
a refrigerating cycle and having a compressor motor control device. The present
invention also relates to a refrigerator control device used in the reﬁ-igerating
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 poleé
of a DC brushless motor having an inverter-controlled rotational frequency is

detected in a sensor-less system.

Background Art

There have been proposed 2 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 of a 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



-
sor of a refrigerator by neans of an inverter. : As a
tonpressor whose rotational frequency is nmade variable by an inverter, a
rotary conpressor has been general as disclosed in the aforenentioned
prior art docunent. The above is becauge its refrigerating ability varies
approximately linearly according to the change of the rotational frequency

and b it has had an e; ility i iHEGAY S libribatndasil
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conventional ‘construction, there has beenh the follow ng problens in using

the rotary conpressor However, according tb th&IE€stVedtionll€odsgiudtibns BBE 83§ Bkedlas
a high pressure inside its shell. That is, an inhalation gas having a | ow
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once discharged intot shel | afteér conpression, and thereafter

transferred into a Coﬁb%ﬁﬁﬁgﬁ%tﬁﬁf&kﬂ r&s@fﬁﬁ@h&%ﬂe@&rﬁﬁﬁ&e_ig%ﬂhe

reason that the shell hds a | nternal pressure, 1t has been w dely
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intrude into a cylinder 1nSide conptessing section, behaving
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the rotati of@feafier transferred into a cooling system through a discharge pipe. Thus, for
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 into
a cylinder inside the compressing section, behaving as a factor of reducing a
compression efficiency of the compressor (leakage heat loss).

However, the leakage heat loss has no relation to the rotational
frequency, and depends on the ngﬁimde 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 reduce
the efficiency of the compressor.

As a result, in the case where enmergy saving is attempted by
lowering the rotational frequency by an inverter to reduce the refrigeréting 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 oil.

supplying abuity depends on the cotational frequency, and this has caused such a



frequency, and depends on the magnitude of the high pressure and that of
t-he low pressure. That is, there has been such a phenonenon that, when the
~rotational frequency has been |lowered to reduce the refrigerating ability
itself of the conpressor, a rate of thg | eakage heat | oss has increased to

consequently reduce the efficiency of the conpressor. ] As a
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detected by 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 such 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 exaﬁple, in Japanese Laid-Open Patent Publication
 (unexamined) No. 1-54960.

Because a transient DC component in a filter circuit employed in a
sensor-1es§ circuit is not sufficiently attenuated at the starting of the DC motor,
the above method has been devised to prevent the possible failure of the 'switching
as a consequence of an unstable switching to the sensor—léss-system. According
to this method, the switching to 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 s great

at the starting, the compressor is occasionally brought into a locked state during
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nmot or control device wherein the position of rotor magnetic poles of a DC
brushl ess notor, whose rotational frequency is controlled by an inverter,
is detected by utilizing an induction voltage at the stator winding in a
 sensor-less system This method, however, cannot effect the position

"~ detection when the notor is stopped, because no induction voltage is
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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. “This, however, has caused such a problem that
the position detection becomes unstable.in a transient state such as the motor
starting stage. A method for eliminating the above disadvantage has been also
proposed, “for example, in Japanese Patent Laid-Open Publication (unexamined)
No. 58-190287. The prior art brushless motor starting method will be described
below with réferencc 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 freqdency gradually increases. With this

operation, the rotational frequency also increases.



4 the starting sequence pattern operation before the switching to the
Sensor-less systemis effected. On the other hand, brushless
nmot ors have been widely used for the reasons that they have high
efficiencies and pernmt a rotational fr&guency control under voltage
control. Particularly, since the nethod of detecting the rotational

position froma rever SFheAdUe! kditiomll { REquaRCHalBd Motdecadhedi Dgpoiticdge
of the notor was proposed lately as a technique for obviating the need of

a position rolgtiegil freqaeiE it i AMowed 6 lekBeutt ositidradeeatdbn fesmt therreoérsthe
brushl ess nmotor, brushless notors have been extensively used even in very

bad oper at i pdactioRYoRASENaAd Stie hmatort Bemeenty eperms &nd bhshldskemokmr eyt he
tenperature is high and refri gerant and oil exist inside. In

order to el {wittiaing. t TRedeafibtciteeletitich, tRteReftiovexed alaihdirting of tRNafbhde
Wdth Mdul ation) 1 n detecting the reverse induction voltage, filter

circuits ar&eqﬁé@y vaR bhedfiheéved by coRirsllideomRVesltageas caused such a problem
that the position detection becones unstable in a transient state such as

the notor starting st prd\’iﬂﬁighﬁﬂlefiﬁtcr@hlsn@tm%hﬁn@%tihewni&ﬁvﬁo disdlemationage
has been al so proposed, for exanple, in Japanese Patent Laid-Open

Publ i cat i oneffectedafsrng dpecilied thde HA0HB8 swilttenprstase and dffsttitigete switcting
starting method will be described below with reference to Fig. 19.
after waiting for a sufficient attenuation of the transient DC component in the
filter circuit, or by starting acceleration after &1e 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 induction '\}oltage, the motor starts its operation as a
synchronous motor according to the low-frequency synchronous startng 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 the 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 ori the reverse
induction voltage, 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.



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

nmet hod. Referring to Fig. 19, when a stopped notor is
st-arted, the notor is operated as a synchronous notor because no reverse
i nduction voltage is generated (low frgquency synchronous starting). In

- this stage, a drive frequency is accelerated so that the rotational
~frequency gradual |y i nedcopgigly, Mie! PribPidit HEBOA! ha¥ bebh SOl %}akuchSa

- frequency al so increases.
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frequency, it is allowed to execute positi ection fromthe rev
i nduction v@.gaofan mdtod)he notor cones to operate as a brushless notor by
switching. Thereafter, acceleration, deceleration and nmaintaining of the

rotational frequency Hiwen®, BrdumpyRdsdrs o0 Bl detriferdabsrs\ildldB€onditioners
By providing time intervals (t4 and t5) in which no acceleration 1s
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compression gas takes place and the load torque increases immediately after the
starting. Particularly, it is well known that é':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 priof art techniques. It is, accordingly, an object
of the present invention to provide a refrigerating apparatus which fails litde 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.



switching operation is conpleted, a stability in the switching stage has
been assured. However, the prior art construction has had the
fol |l owi ng probl ens. In the brushless notor in which the

"~ position detection is executed based orpthe reverse induction voltage, the
. notor starts its operation as a synchronous notor according to the

| owf requency synchr odmothet abjecngf the presertinventidrbls iogrovidge refrigdrtifg
stage, a voltage and a frequency are applied to the notor so that a

speci fi ed tapparatusswiyiehefads deks at the Siastisg by aletetingen wadserquedor ¥ iDC ahd @R
are caused when the torque is made excessively high and step-out may be

i ncurred wieasedhon ther ambidns temperfabirei ofid refrigeraing spsiaaparmotic @piechige t he
vol tage and frequency in the nost appropriate state as far as possible.
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I nduction voltage, the filter circuit is originally designed so as to
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therefore, the notor tends to step out when a high torque is applied at a

| ow speed. .. A further object of the present invention is to pfovide a refrigerator
Accordingly, the prior art nethod has been effective for such a notor that

has a s ][ral cdnteal devicheapabletofipreveatng ahe gossiblovedurtizni pnaffidiemsuenae
(e-9.. fan cr;Drrth;c)s;dr 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 invention 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
é.fter the starting.

- Another object of the present invention is to provide a refrigerator
control device having an improved reliability by speedily executing oil supply at
the starting and assuring a sufficient amount of [ubricating 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 §vhen 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



However, in conpressors for use in refrigerators and air conditioners 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 difference in
pressure of conpression gas takes placegnd the |oad torque increases
imredi ately after the starting. Particularly, it is well known that a

c great torqug,d i . nds after the starting, stage. .

Thon the. codsepesiaRly RaREis e 35 B isfi € of BE s3fhufedlypsTtinating the
acceleratio | | | ded when hi gh |oad torque is applied,
there has go?g@%g‘g%hiﬂé?%ﬁ* eﬁﬁﬁ%ﬁ ijlsaﬁigt[ "e?prG:tteci gy $89%y the high | oad
torque in either the |owfrequency synchronous starting operation or the
operation based on the reverse induction voltage detection.

Parti cul arl pyisdbsiidaCof | entid ning on the power, capacitors of the
filter ci rcuﬁﬂ'r'e—m'f‘gﬁgﬂmva etely discharged and, therefore, a
consi derabl e duration.o .at1on stop interval, .has been requjred
until the notor is pu'rIn érr#g%??g@flﬁ[}?%@?&?ﬁemmi\{r@-'?ﬁ?hér@ g8 n
such a prob t r to step out i.n the.accel erati.opn stop
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with said compressor to constitute a refrigerating cycle, and a cooler connected

C

with said compressor. The refrigerating apparatus further comprises a position
detecting means for detectng 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 said inverter circuit based on an output of said
position detecting means, a rotational frequency detecting means for detecting a
rotational frequency of said coﬁpressor based on the output of said position
detecting means, and a lock deteéting 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, aﬁd 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 sequehce control means is provided for outputting a

predetermined commutation pulse and a predetermined chopping signal to said



7 ' Anot her object of the present invention is to provide a
refrigerating apparatus which fails less at the starting by detecting a

| oad torque of a DC notor based on the anmbient tenperature of a
refrigerating system a cooler tenperat@re or an inhalation pressure, and
by starting the notor according to a starting sequence pattern

corres pond!daﬁnbﬁuﬁg néARAWhEL 80 QutFIATs OBeriREY iffth REid position detecting méans
. further object of The present invention is to provide a refrigerator

control devipcg etdfe PfS4RNIDOImbES. POFPRE Beptihgdsifuentde i dbrfdli e’y
of the conpressor due to the | eakage heat |oss, assuring a high efficiency

even at a |awcutisaidseittingfiieaugueing agdinr@eridnalnationdpelse andh@iealioppingOf
power consunpti on. : A sTill further obj ect of the present

i nvention igghsl AfeYyi£gpacifiedr e’ intdtial WHenokaidelckede@paRg emehns daklcls |
starting the conpressor by generating a specified torque and executing a

stabl e operjatiRiy ¥f shidUéorhpedidr. N9 step-out just after the starting.
Anot her obj ect of the present invention is to provide a refrigerator

control device havi ng FafthefRbe, Spheliig o f §thitiddyseypeact Fitt&*fﬁ%i'h@&neids _
supply at the starting and assuring a sufficient anount of |ubriGating oil
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such as m xture of "gas in the stage of slow rotati on.

further obj@ippihg sizmabbegpried e BiidRtartinglseqRéié cdRatd] idell| EFtfe starting
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
seciuence | pattern of an output torque greater by one step than said starting
sequence pattern of the minimum output torque, and outputs the resulting sequence
patterri to said starting sequence control means.

In the starting stage, said starting sequence control means is
coﬁnected‘ 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 temperamre 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. [n the restarting stage, the torque increasing means selects another starting



notor starter capable of operating the notor w thout step-out even when a
high |oad torque is required after the starting by sufficiently reducing

t he transient DC conponent w thout providing any accel eration stop

i nterval . - Astill furthenQobject of the present invention is
to provide a brushless notor starter capable of stably starting the notor

by speedi | geg@stidecpattfin of aQRILHUIODBr{IEs SEattbPHAE 9P, ENE Buffuts e desiRingf
cl osing the power during which

8 the posiseqeendtepfiedrinol dadd ktaethy sbQudtReldtsitril eary. by conpul sorily
term nating the process even when the process is not conpleted by

deci si on. Di scl osur altefndtively, AvdidraBmperature detecting meAnOfd§belgrovided
acconplish the aforenentioned objects, a refrigerating apparatus according

to the prefaptdetsotiify hotoolempmhpeanie. | T ahisctase), rthei tbrqlay imiGeasing|Héals ty
of sem conductor switches and a plurality of diodes connected wth each

other in tRenmpdrey the &odldrd@mpetatire Metcdted BT i€ EoblersRitperiies (dRtectingCui t
and having a rotor, a conpressor driven by said DC notor, a condenser

connected pikdny withth Eﬂﬁ@t RfeRhce QobRembuiAure, 2Bl selRtA ishaiAY GbGuerked a
cool er connected wth said conpressor. The refrigerating apparatus further

conprises pahefn of agréet GRpuNBHriReBErreHortHAL ¢ ticolBP Entiperant wiiritheot or
of said DC notor, a
cooler temperature 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. | -

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 inventioﬁ, a refrigerating apparatus
comprises 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.



comut ating neans for outputting a comutation pulse to decide an operation
of said sem conductor switches of said inverter circuit based on an out put
of said position detecting neans, a rotational frequency detecting neans
for detecting a rotational frequency @ff said conpressor based on the

out put of said position detecting neans, and a | ock detecting neans for

detecting a | ocked st @re thé cthérd has® MR €sRedl Beved oindRn pesseputinedntim ik
rotational frequency detecting neans. The refrigerating apparatus al so
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signal to effect chopping so as to nmake variable the rotational frequency
of said DC mﬁ)mrmtemﬂoplﬂwsumgxgpeaﬁmd‘tay equab it ity pssrecofmm tinhalotiop ghse
wi th said chopping signal, and a drive neans for turning on and off said
~ sem conductotosipressing sedticiractomeddted i thieestiell, had adD Qmmtohiving aafbtsai d
- conbi ni ng nmeans. A starting sequence control neans Is _

provi ded f oandatspitdt fowogerating e compasisingrgedtion] dhesdirolalkeic comprises
pr edet er mi ned chopping signal to said
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means in a starting stage of said DC notor. The starting sequence control
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the chopping signal after a specified tine interval when said | ock

det ecti ng nipsaset fdeexscuting a commutating operation based on an output of said reverse
induction voltage detector circuit during 2 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 circuir 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 Sté.ning voltage
pattern storing circuit for preparatorily Storing a specified voltage pattern to allow
said DC motor to yield a specified torque, a 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 ot said



| ocki ng of said conpressor. ¥ Furthernore, a plurality of
starting sequence pattern storing nmeans stores respective starting
sequence patterns of said comrutation pulse and said chopping signal
outputted fromsaid starting sequence t@ntrol neans. The starting sequence
patterns have different output torques. In the starting stage,
a torque i staréagivoltageapstteral storingacistuit,t and a sequanagomaseteetor ofrcaitnioai num
output torque fromanong said starting sequence patterns. In a restarting
stage, theswaching itoar earmimuyating opesationcbssednat hemorsadr dutpgt of eheaaeerse
pattern of an output torque greater by one step than said starting
sequence paidustionovolthge detectarneiowtip wthenothgumstpandf saidpstastinigheomasuthtiong
sequence pattern to said starting sequence control neans. I'n
the starti pattetmstoringacigcst & tomgleeduence control neans is connected to
sai d conmbi ni ng neans by an operating node sw tching neans, which also
connects said commut éAgaig aleematively, she dontroppienesingyafurgmoecattiptigesn@mns
to said conbining nmeans after the starting. Advant ageousl vy,
an anbi ent idcregse pdteseledeirerituip foresebecting prareicfadceleratialebye dhiregsiag the
anbi ent tenperature of said refrigerating cycle. In this case, said torque
I ncr easi ngougnnsroctmgpaufesaid eveatebiafer saEnDEr motoreis dedresd, evhdby sscond tiasbi ent
tenperature detecting nmeans with a preset reference anbient tenperature,
and sel ect sirguist eperanggs éspuanspegified aime ointerval after ot pstarting qperation is
corresponding to

completed. In this case, a first increase rate is selected 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.

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 converting a DC
voltage into an AC voltage to drive the brushless motor, a reverse induction
voltage detector circuit for detecting a rotational position of said rotor from a
reverse induction voltage of said brushless motor, and a commutator circuit for
generating a waveform fro_m. 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 beushless motor, a first compulsocy



t he anbi ent tenperature when the anbient tenperature is higher in the
starting stage. In the restarting stage, the torque increasing neans

. sel ects another starting , 10
sequence pattern of an output torque grienter by one step, and outputs the
resulting sequence pattern to said starting sequence control neans.

Al ternati veb¥pud GRAiEFod Sgﬁrﬁgtﬂ{%l?& ﬂ%?%@iﬁéﬂgtﬂﬁaﬂﬁcw aP@aPERYIIRSY ing

detecting a cdoler tenpera nt case, the torque increasing ans

conpares t hgoigsd ahd laefreglcticy’ £ dRVECAERhith $Ad HretbRr mbRIMESA! dbterotate,
detecting neans with a presét reference cooler tenperature, and selects a

starting seguyencswihify Birthit Fop sBRELAY A bubhit BesL@ a6 R8AHUMD Y CodPhe
cool er tenperature when the cooler tenperature is higher in the starting

stage. In tapchRSWARAI 38d Hrasiflesst ARtod ¥ ILRtdd) CtheR It iR AR @CbP said
anot her starting sequence pattern of an outpuf torque greater by one step,

and out put sgthPgnd @fréhit! BAd TRANPRERCRAE ba dh &zfif/da‘i’d cEhRidth e HRAMERSSS to

control neans. Agai n a ?er natt ve an 1 nlet pressure

detecting ngﬁeﬁtérgﬁdoﬁveﬁ&p’vi ded for detecting an inlet pressure of said
conpressor. Tn this case, said torque increasing neans conpares the inlet

Fef o ence pressure, ang s oo mEIERY SApHE UL sy Fephicl By P §880nd
compulsory output circuit for outputting a2 waveform having a voltage and 2
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. mé.y 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



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 nmeans selects another starting sequence

" pattern of an output terque greater by 1@ne step, and outputs the resulting
sequence pattern to said starting sequence control neans. In

~another form of the pEgSN  AKERLLEWicw ofHd IS AlscABR Al i QB S S

a conpressor having a ernal pressure approxi matel y?equaP to

an i nver ¢ apppditug AT BTt SRl Bhe bt ERRI ISR TE ampunt of
Cai d motor accoralng © o Al bRar G LR ol s ol R ACRE e 1 1O
nventi on (ETESRURE SRR SBopRIR EIE, 3T (0 1O Uhi oh i nal bdes a

Che. pressurc of an i e ot ior? ohart S5 0ie 0 SRS SBRRAE RS BB el 1

t he shel |, @%%a%cr@hgfaﬂggﬁ&gngnrmgoq. and a stator for operating the
I on® 2

conpr essi n§ Set e control vite tonprises a reverse induction

vol t age detector ci-r it 4G5 AKLSH! sHPwag 2 @hhiiPkefiBHck! Pitdh C of the

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 conéu-uction of a refrigerating
ai:params accofding to a modification of the present invention;
Fig.8isa 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 the 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 showing the characteristics of a relative

refrigerating ability of the compressor;



tﬁe rotor froma reverse induction voltage generated at a stator w nding,
an inverter for executing a comutating operation based on an out put of
said reverse induction voltage detector circuit during a normal operation
so as to operate the DG notor at a varii@l e speed, and a rotational
frequency setting circuit for setting a rotational frequency of said DC
notor to be | ower thargig. ¢9 pro lﬂﬁwﬁ{g r e5¥ 4 PSlatiBh YRk
tenperature of the refrggerg?grgq?@gtabl it.zhfee(ﬁﬁi-'fdi&){stm aTHe contr%

- device may [HY tH@tiocnAFdctinéy Al Othe  lofidd dF! 4 GHblor! KryirgUa8!SyRth@n
specified pﬂ'gaé;e OF the 1n er?’ér an out%?ti ng a specifiéed vozrt;gge V\A?‘él?\ an
out put of theypptational frequency setting circuit is shifted froma stop
state to an operating state, and a first timer circuit for maintaining an
output of the rotor fEi¥i 19 ich GriphlshboR) Edrhb skt dTBE h MY il
Al ternatively, the cont gol élev?(F:z{«gJ may fm t her COITp?iISSES a stlglftfflir?{;” ablity

comut at i OnoPitIhSH'EaﬁﬁQrdinmﬁér cuit for preparatorily storing a specified
comuta- tron patternto accélerate said DC notor within a short time, a

starting vol tage p_attﬁ&nlatig)ﬁfog%vlgdiégﬁég&Bgafbrasﬁeesf&ioeé'é O e

specified voltage pattefn to al nmotor to yleld a Specitied

torque, a Cgm%ﬁﬁadﬁéﬁ%ﬂhe?kés‘éﬂi invfeﬁﬁon,S?' ecting an output fromsaid

starting commutation pattern storing circurt in the starting stage of said
DC motor so as to OPerpbe| 53 4 floRERANS the ofe fetht BusHIBR WBbrodsetiRbt g€
selector circuit for valying an output voltage of sald Inverter 1n
synchroni zaghfnth!FigSaiyd commutation pattern according to the output of
sai d ’ :

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



12 starti ng voltage pattern storing circuit, and a comutation sel ector
circuit for swwtching to a comutating operation based on a normal output
-of the reverse induction voltage detector circuit when the output of said
starting commutation pattern storing trcuit is conpl et ed.

Again alternatively, the control device may further conprises an increase
rate sel ector circuig:.fonrepel ' el Al b RtaP ¥ hARS Lhg
the output voltage %11g§.55|8§,il%\%#grl%gﬁéfrggicgﬁ&ﬂﬁh&ﬁo% I'S é?gfrltge ?&gnd a
second 1 Gafpuh b hd PRI bl thesRRAR! (ke titd TPadd R itld AlibPEikDE
starting operation 1s conpleted. In this case, a first increase rate Is

sel ect ed WeRe SBirfins QERd sh4imer circuit is operating while a second
increase rate greater than the first increase rate is selected after the

operation of said semgndgty | I dafdiSs . tartin
Al ternatively, the gﬁf (rigltlé g‘?&év?@efcﬁr&aey‘éptl%rt %eﬁtlghp%ﬁ l?srgghlaes% ﬁ?tgrtsl m::rgr
circuit ogﬁgtﬁ&apg for a specified tinme interval in arise tinme of said DC
notor, and a rotational frequency selector circuit for selecting a
rotational frequency close to the comrercial power frequency as a fixed
rotational frequéency. The rotational frequency selector circuit ignores

the rotatt HEBEYa SR the r@@[&drgtx%hﬁﬁ@ﬁ frequency setting circuit
r , d

when sai d )ET at ' determ nes the fixed

rotational frequencw@%ﬁe%%&ﬁﬁw%f Pe ﬁegeﬂt”‘ﬁ’fw;éggf L will now be

Meanwhi l e, a starter o present 1 nventironm is 1nten o start a
described with reference to the accompanying drawings.

Fig. 1 is a schematic view of the total construction of a reﬁigemﬁng
apparatus according to a first embodiment of the present invention. In Fig. 1, a
reference numeral 1 denotes art 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 demotes an imverter circuit, wherein
semiconductor switches (transistors) 3a through 3f are connected 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 rotatidna.l position of the
rotor may be detected from the reverse induction voltage (reverse electromotive

focce) of the DC motor 4.



brushl ess nmotor having a rotor, and conprises an inverter for converting a
DC voltage into an AC voltage to drive the brushless notor, a reverse

i nducti on voltage detector circuit for detecting a rotational position of
said rotor froma reverse induction vgl4age of said brushless motor, and a
commut ator circuit for generating a waveformfroma signal of said reverse

i nduction vol tage det&Clkfdrenéd hGmbfal 0d&Hdt¥€a T8It AYBE REansTiR g%hef:hg{dg o

- further conprises a starting circuit for outputting a waveformrequir

~ start sai d )bedtafhBGoPuNe tofcdrhmbtate WP Ye&¢ohductor switches 3a through 3f of
13 output circuit for outputting for a specified tinme interval a“waveform

having a vQohé ag@epRf ArduitGURDRY adl odtpu€Vst il g%m‘da gafed il URIRhRS 5 MOROT

does not rotate, and a swtching circuit for selecting an output of said

- first conpybpRedcdUiitéral 8 dedbtesVaCroEAbRAIDEYIERSS dBRiuRAnd S iddRd ol hen

. 'sel ecting an output of said starting circuit, and finally sePecting an

~ output of %E@;&ﬁm"%oﬁ&b"nﬂ iffeiﬁ%ﬂ:ﬁcyséb gsri%’tﬁggffélge DA thdthy &' Bﬁ%eferen e

The first conpul sOry output circuit nay by a secon conpul sory

out put ci r Giink r9 OgdnRidst ian -Wehgg %@yid&e@n\wl SR #6d {REUECY
at a level at ?/\I/fna?cgh sai d_sb?u_g%tlagss nmot ..[Ih des not !’o_tngte. I'n tc?\’i'ﬁslﬁgﬁse, a
pover cl osirBeacfiffal ?hl%'é dﬂthé?o&idoﬁ dSMtirterheh s 648F Gié-‘xéaaéeﬁo&gé‘@._., Foi-

| ai d sectond coipul sory

closed. The switching circdit selects an output of

out put cir @ustsecond).

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
génerating means for generating a waveform 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
compriéed 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 executing restarting t’qr'

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



to operate said inverter when said .power closing decision circuit decides
that the power is closed. The starter. may further conprise a
. decision circuit for deciding whether or not the notor operation is
stabilized fromthe signal of said reveyge i.nduction voltage detector
circuit. In this case, the second conpul sory output «circuit stops the

ouLpUL of 4P VBUERRARHI TR AER B BLEN Indlf| PR nkNECRRERE

operation I er conmpri se 8eco

case, the sEEoREHt 3?’5*1“3%'%9?{6?“‘@3?%2{‘%? ¢ReGse) lﬁecf'o?sfﬂe s
Stabl o or when' cai d SRSRGAEE s B 03 Saﬁmﬁp{igf?%%‘*‘e‘gée&?ﬁlg 4 3tytihs

a1 4okl BB stortly iarS e kbl ueRE e WBBne emns B .
fﬁié'n?.eéﬁt £y’ iRadE bRl RolilaTpepde L, SIRRH' 95K rfinchifel §3Rins
Ber o5 o lechlPee TRERRACY WARHRRAREAHT eAREH s Pl Sarths spucnce panem

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'pattem 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, 3¢, 3d, 3¢ and 3f, respectively. A chopping duty ratio is an
on/off ratio of the chopping s1gnal 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 sequénce pattern C, and therefore, the output torque
increases one step by one step. -

A reference numeral 17 denotes a lock detecting means for deciding
that the DC motor 4 is in a Iocked state when the rotational frequency of the DC
motor 4 detected by the rotational frequency detecting means 9 is lowe; 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 torque in the starting
stage, selecting a starting sequence pattern of the output ‘torque that is greater by
one step in the restarting stage, and outplitting the selected pattern to the starung

sequence control means 13.



refri gerating apparatus shown in Fig. 1; Fig. 4 is a chart
showi ng a starting sequence pattern C of the refrigerating apparatus shown
in Fig. 1; Fig. 5is a flowhart 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 refrigerating
apparatus of a nodifi padefér@nex adileeal 19 denotes a startifg $bquénté opetbigRiiion
view of the total construction of a refrigerating -apparatus according to a
nodi fi cat i pneprisdit ofrthe eirtingVsdqueads control means 13, Ft@rtidy séquereh®iiRih C
view of the total construction of a refrigerating apparatus according to
anot her nodidtingtimeandfAt b4, pretngt sdqueacs ipatern storing means Bi 05, Starfing
circuit diagramof a refrigerator control device according to a second”

embodi ment sefuéieée [Patentstoringninedns C 16, lock detecting. mkAnks1?, fandvWedigné of
, g.

t he operation of the control device showm in Fig. 9; Fi 11A
i s a graph jabfaking tdeanshangcteristics of a relative efficiency of a
conpr essor; Fig. 11B is a graph showing the characteristics

(ifS a relative refriggreferracebumeryl 20 démRes APPEEION 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 combinihg means 21. Then, at step S2, the torque increasing means A

18 outputs the starting sequence pattern A stored in the starting sequence pattern

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



Fig. 12 is a graph show ng the characteristics of a relation between the
rotational frequency and the torque of a notor serving as a synchronous

, et or; Fig. 13 is a graph showing the characteristics of a
|ubricating ability of-a lubricating q@d punp; Fig. 14 is a
bl ock di agram of a brushless notor starter according to a third enbodi nent

of the pr e%ﬁ%&%&?ﬁ 'lf) Bgerate according to | the gﬁrﬁég lséqt]?_erfcl: %‘Jﬁ&@?ﬂ be e {dlStlest

operation rush
Fig. 16 is ' di. agram of .a reverse induction voI tage detecting
circuit; &ltﬁhf Edthe - Fi gs. 17A, 17B and 17C are respectively waveform

charts of U phase, YrBiosendids Wa8ee daleckiie [ﬁ&ﬁﬁrﬁﬁdw{ié&ggheam\“&me

detecting circuit shown sta eration s

firsi filt #?ﬁ%éﬁ SEICREAT VRS 'aﬁ?d!*%ﬁﬁiﬂfﬁ%m@[ak o B pbdarh €
76 i the SORPETEINEe é%@%@ﬁs@f @%C%aeﬁépé%é%& SRR B,

respectively,waveformcharts of outputs of a second conparator circuit, a
third conpardtor circuit and a first conparator circuit provided in the

oper at fon stager . At dief STk Bkl EicasBl RS A 1F oulitud B BBpEAE" ©
wavetorm  chaftic@battern 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 compreséér 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 S 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.

Atstep 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.



pésition detection signals X, Y and Z outputted fromthe reverse induction
voltage detecting circuit in a starting stage;

16 Figs. 18D, 18E and 18F are respectively waveform charts of
the outputs of the first filter circuit21the second filter circuit and the
. third filter circuit in the starting stage; and Fig. 19 is a

- graph for explaining ﬁrh@frﬁé@xgﬁﬁé%éa%& Bfg&t&frﬁbf&sofrﬁtd‘tggct?d at the

Det ai | ed Description rred I men eferre

mbodi ment ; JoveRt il bsi ' i f
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to the acconpanyTnhg drawn [ 1 C VI ew

t he total cg?ﬁtg{% UrB8 @t As' Bhdakdle Ib«';,'lt .rl?ﬁgi %t-ep'g:c}hg{egie?%{r}&riﬂ& ng Ite?rigftfaiiﬁlgt

enbodi nment e present inveéntion ence nuner

denotes an gﬁ)ﬁqﬁrmﬂpﬁel_ ilf'sfe§rsfdl‘ﬁﬁor¥zlﬂﬁfél 2 denotes a

vol t age- dou ng rectifier circuit for tonverting the AC voltage of the AC

B T Se” o, SRS R Dl e R MRt
reference ngier gl FnERNQ ESrq@B inRYELsRY ridddSUB! 27 ORI %" ambient 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
temﬁerature 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

bri dge connection style, and diodes 3g through 31 are connected inversely
im parallel with respective transistors. A reference nuneral
4 denotes a DC notor which is driven by2an output of the inverter circuit
3. Areference nuneral 5 denotes a conpressor which is driven by the DC
nmotor 4. ATghlerence nuneral 6 denotes a position detecting nmeans for
detecting a rotational position of a rotor (not shown) of the DC notor 4
and generatingfa rotatronal pulsSe sp._that tne rotational _position _of|the
rotor may be dpfdBbiantfte@mperaiure & ef Startingsequence pritergel (s sekacsed
el ectronotive |force) of the DC notpr 4.

17 tlA reference nunera] 7 denotes a comutati ng means for
generating a cpnmutation pulse to cpmutate the seni conductor switches 3a

t hrough 3f of e_inpverter. . circuit fr.om an out put. of &he sition
detecting meansttg.s W{Wrﬁhneg 5 FEABERE BATgR ilﬁ)ﬁgfechdequ bncy

comandi ng nean%LRj or. Qutputting a fotational frequency comand signal to
the DC notor 4 erééf‘ence nuneral{ 9 denotes a rotational frequency
det ecting neank i ; Lt ‘

p—f-or—cotHtt-hg—t-he—-platicnal—pulseoftheposition
detecting meant (b &OAnsbieRCRnipe?s. PEStRng Sefuendedpattera €G4S QBRLted

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 éooler 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 nuneral 10 denotes a duty ratio setting neans for outputting a
duty ratio based on a difference between the rotational frequency comrand
signal of the rotational frequency commandi ng neans 8 and the act ual
rotational frequency detected by the rpgational frequency detecting nmeans 9
so that they coincide with each other. A reference nuneral 11 denotes a
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the position detecting neans 6, commutating neans 7, rotational frequency
commandi ng nmeans 8, rotational frequency detecting nmeans 9, duty ratio
setting nquﬁt;g and choppi ng signal generating nmeans 11. A
ref erence nun%ral 13 denotes a starting sequence control means for
outputting a predeterrred—ecorrdt-aton e—ahe—a—pred ~Red—ehoppi ng
signal for sughCeolegasmpetdtate R0 oltSuitirgaseduenod patterd Af isogBlédted pogi ti on
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T2 < Cooler tempera- | Starting sequence patiern C is selected
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With this arrangement, by detecting the load torque of the DC motor
in the starting stage based on the cooler temperamré 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 failufe 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 meéns 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



the conpressor 5. The | ock detecting means 17 is discussed |ater.

Ref erence nunerals 14, 15 and 16 denote respectively a starting sequence
pattern storing neans A, a starting sequence pattern storing nmeans B and a
starting sequence pattern storing neang4C, which store respectively a
starting sequence pattern A a starting sequence pattern B and a starting
sequence PRIILT B startitg sétgxeaeerfga&eﬁd oF Dkéft Al RitqubeRpiigondiag the
outputted fromthe startihg sequence control neans. Figs. 2,

3 and 4 Shg\f‘lﬁsﬂ?e 1) %Ekhf&.sﬁﬂﬁﬁﬁ&‘?st&ﬁhg%rtﬁge@ thi ea¥in@r delqlences paIEAcSt the
pattern B and the starting sequence pattern C, respectively.

I'n Figs. 2ougpdt@rdue Heitas e Chp fidfh&r Sné\SiepHs heldeted AThe Belertudl pattetgnot e
the conmmutation pul'ses required for operating the sem conductor sw tches

3a, 3b, 3cjs dputedifihd stafiBfpPaukNe ¥ondol ReRRENG. 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 sequence pattern B and the starting sequence pattern C, and

t heref ore, e @ut put torque increases one step by one step.

A reference nuneral 17 denotes a | ock detecting neans for deciding that
the DC notor TS T a tocked statefwhen the rotatronal trequency or]the DC
not or 4 det ect duleppressire ok R onal | Startisgcsequenes patigrondds selzctad | oer .
than a predefermned rotational frequency (e.q.. 5 Hz). and outputting a
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smal | est outhtPZtorque in the start

P2 < Inlet pressure Starting sequence pattern C is selected

With the above arrangement, by directly detecting the load torque
of the DC motor in the starting staée 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 feduced.

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.



sfage, 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 neans 13.

19 A reference nuneral 1%glenotes a starting sequence

- operating section conprised of the starting sequence control neans 13,

A, esbene oo i Rl D ROORERZI 1
e et 10 g 7 HEIAHE AESEERRATREROR i igeyin e
e B
SERER L o e
comuter o TSGR (R LARRE G i e Wi hlies.
swi tches 3a through 3?%3% I’n rf°§§1H§i‘PE’EGFF?E’§ gg&@%Fané&ﬂxgagﬁ ﬁm Floa.&

torque of the DC motor in the starting stage by the cooler temperature and selects

the starting sequence pattern corresponding to the load torque from the beginning,
thereby allowing a refrigerating apparatus to positively start even at the initial
pull-down (occurring when the refrigerating operation is irlitialiy started) 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 correspondiﬁg 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 numeral 41 denotes a compressor, and a
reference numeral 42 denotes a shell of the compressor 41. A reference numeral
43 denotes a2 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).



out put of the conbining neans 21. A reference nuneral 23
denotes a condenser, while a reference nuneral 24 denotes a cooler. A
reference nuneral 25 denotes a refrigerating cycle including the
conpressor 5, the condenser 23 and thg6cool er 24. Oper ati on of
the starting sequence operating section 19 will be described below wth

reference to the fl Ogg%%eﬁggsﬁngemg%&e&)tegla shaft wlﬁi:ﬁ%%zt’u&@&eﬂa & acor

apparatus is in the age operation node swtching
20 el t 3 2. i

roans 21, “SRCEN JoldBiat 84 bRHAP ST RGN dfiecRATE sectibe 43 LR, 09

tarti t Is 3
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20 conpr ' tﬁfhé ed according to the starting sequence pattern of
the smal | ge}t%%gg? %‘?ﬁ o%e. Thén, at step S3, the |ock

anor mal starting | s acRSoRy thecal 0 denhte, SORRER S Mhioh e Eg e e
CONpr esSor epidBch B Hotidd ki 8 bt OWS HoOkiiifiest @ Afberarif: A rotacing
motion of the shaft 44 is converted into the reciprocating motion 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 preseﬁﬁl case, a 'voltage-doubling rectifier system is
adopted, where tﬁe 100 VAC is inputted and a 250 VDC is outputted.

A reference numeral 53 denotes an inverter which is constructed by
cormecting'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 on and off the switching

elements of the inverter 53.



At step S4, the torque increasing neans A 18 outputs the starting sequence
pattern B stored in the starting sequence pattern storing neans B 15 to the
starting sequence control nmeans 13, so that the conpressor 5 is operated
according to the starting sequence pat2grn of the output torque that is
greater by one step. Then, at step S5, the |ock detecting

17 decid whet ' ey ERey;
normal starcing i s achrerepciiiumscdf s AERERSATbuTon oGHAL HAL tebui
. conpressor vﬁxtxﬁﬁ deft€dn hbendl ReFRALEOWERNOFERER B (S1EP aBmperatuce in

At step S6, e torque increasi nd nmeans A 18 outputs th& starting sequence
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At step S8, there iIs A wait Tor the starting erta
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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 2a 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 62



21 Therefore, 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 by one step, thereby
realizing a refrigeraticng apparatus wggh rarely causes starting failures.
Fig. 6 shows a nodification of the refrigerating apparatus shown in Fig.

1, where a hd GilStartlif oasitape dpm(;&!ﬂﬁ storig @HEuRNER Y il thenpseratione [n the
e

detecting neans 26 are provi in place of the torque increasing nmeans A

18. present tase aphierakd toomauationesighheahd noblaRaNsigrdl ded erinsniifed
anbient tenperature of a refrigerating cycle 25, and the torque increasing

nmeans B 27 rexpepdvely tofthe soiinfuthtibe SEleé @t ¢irkuit 58 adibghebanmgdaiehetaccibit he

anbient tenperature detecting nmeans 26 in the starting stage with a preset

reference aph| aotordénpes aiticle sighalsshevifiverdterlapdrates. when the anbi ent
tenperature is high, a starting sequence pattern of a great output torque

corresponding to the tWhperhé gtetihg ﬁdeﬁ@ﬁ@@oniplefeb?d!i@%bﬁﬁhhﬁﬁoﬁtswébtoihe
starting sequence pattern of the output torque that is greater by further
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sequence control means 13. 2
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 63.

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 65 selects a first increase rate during the
operation of the second timer circuit 66, and selects a second increase rate after
the operation 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 denoteé 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 detéctor 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 thifd timer circuit which transmits
an output to a rotational frequency selector circuit 69 for a specified time ir

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



Table 1 Anmbi ent tenperature < Starting sequence pattern Ais

sel ected tl tl [err] Anbient tenpera- Starting sequence
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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 ééﬁnn’ng for a specified time.

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

", First, operation 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 Lhe-

cylinder 48 to compress the refrigerant.



the cooler tenperature is high, a starting sequence pattern of a great
out put torque corresponding to the tenperature is selected. In the
restarting stage, the starting

+ 23 sequence pattern of the-output tor@e that is greater by further one
step is selected. The selected pattern is outputted to the starting

. sequence control neang 13. Table 2 ) Cqol er, t erature <
Starting sequence pat ?BY‘EC% below dhe gecstric section fida of the s At 44 is) meyptes:

T2 2 ool e SWREFRAS O Bcop g LGB e AMPIEmERIS DY 3 Rump AiEie advahiag, ¢
Starti ng Ok HSBRE fORan Ao PERCRATBRPREI. oIS PEIR FrRf et iSedos it
From 1 he- ER1ATh EHb 1€ BAS Aery AEHleI JOrSENGUPBAEKh & D TIGRILHe r ef ¢\ ger at f ng
operation is The lubricating 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
portions 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 préblem that its [ubricating 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 vai;ia;ble 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 inventor paid attention to the following potnts.



initially started) and the possible failure in the starting stage when the
|l oad torque is great after defrosting the cooler 24 or the |ike can be
further reduced. Fig. 8 shows another nodification of the
refrigerating apparatus, where a torq@t increasing neans D 31 and an inlet
pressure detecting neans 30 are provided in place of the torque increasing

roans 18 Shad (" 6 S5Eh B51241 B8 RBRE B BB EHE s iciopey arpdly
or oosur o aeteibah oy B boalaf FERBRRY BR Rorg GieRRTED R, MGttt bt ng
E'ﬁ 283”\2‘ ;[ Qre%ueii%ﬁeitn étﬁlc?e:tncﬁl) i§ E?elﬁrtéaf th% tﬁg %\é@réenof-r %%lu%tig’g Fmeﬁﬁﬁ%fﬁg&ior}l Lﬁé
or ossure | SHpECeBE & & RebteRddi 711 ng Stage. the Starting sequence
Cel ect od. The sel ect el SRt Avafhis, bl s e, oblfieflncankl GE ik, been
Cont ol e b T8k ot ok BBloBERT N et i i o A oss.
Starting SeAYEN B rkﬁo%ni thaf &leer% egeranl: 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, 1r. 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 compréssor 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 'Iow-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 P2 < Inlet pressure Starting sequence pattern Cis selected
Wth the above arrangenent, by directly detecting the |load torque  of the
DE motor in the starting stage based on the inlet pressure and starting the
- nmotor according to the starting sequencdpattern corresponding to the | oad
torque fromthe beginning, the possible starting failures when the | oad

torque is great can , be, further reduced. ) As .descri bed above,
inthe refr i@&%ﬁ%&‘ﬁpb&kﬁ&%s‘eﬂf{s {tPcd f faductiog nBh A MEHHMBIIE helTlGiencyn the
i nvention, when the Ir%ﬂﬁ detecti ng rreacps detects the Iog{éed ﬁt ate of the
conpressor FAMPIESHPR Sfpiency dges NphEeduseRIRCS Hare dsinggleReags Neat lasedi at el y
sel ects the starting Sﬁlquence pat,hﬁrn of the output torque that is greater
by one step and out puti® 9HET faVeRhtheARaYe Canients ngn SEREUMSEL Hst Gandugiagns,
so that the_conpressor can be speedily restarted w thout repeating the
starting f&YIU$1BE 2 TPRIPFREAHNE CUMBFFSSOr ARt JQWrRIESYIPShehi BYRS F9mpresses
~due to a great |oa torque, the notor can.be imedi ately restarted,
resulting i céulrtélq?atﬁFé EFIMCHE AER FWndBB%ig&{ %Amﬁlcﬁllilsai s little in the

starting stage.

. < . 25
Furthernore, the torquEigSntlaasddBriadiratagraphs of regtional fregeency character-

istics of the compressor. Fig. 11A is a graph showing the characteristics of a
rotational frequency to a i:elative efficiency (the efficiency at a rotationai
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, whﬂe the characteristics of the rotary compressor are
indicated by dotted lines. The fé;;iprocating 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 rotationai
frequency is lowered with the efficiency peaked at the rotational frequency of 6C
r/sec. On the other hand, the reciprocating compressor exhibits such a character-
istic that extends approximately horizontally at a rotational frequency within a
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, it

the reciprocating compressor, the retrigerating ability varies approximate!y



torque of the DC notor 4 in the starting stage fromthe refrigerating cycle
anbi ent tenperature and selects the starting sequence pattern
corresponding to the load torque fromthe begi nning, thereby allowing a
refrigerating apparatus to positively 3ztart even if the load torque is
great because of the high anbient tenperature. Furt her nore,
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41. A reference nuperal 43 denptes rDC tor co r.igeg of a rotor 43a and
a stator 438 MeHR g‘?mﬂﬁsmi' ﬁFS&?&n%‘a%atshaIbéPnﬁg ‘magnet s arranged
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and S are arranged at
' 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 refrigérator 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 haviﬁg a higher efficiency is demanded.

In the present case, the reciprocating compressor is selected as the
objective low-preSsure shell type compréssor. 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



degr ees). 26 A
reference nuneral 44 denotes a shaft which is fixed to the rotor 43a and
jeurnaled in a bearing 45. Further, an eccentric section 44a is provided
bel ow the shaft 44, and a lubricating g4 punp 46 is provided further bel ow
the eccentric section 44a. A reference nuneral 47 denotes a

Do 8ot 1 1S5 ERR A . R e ey o
R e e R LR
Loty e shell 42 o ARl L R Bt et
e e YR giF SRR BT L oRBER SIS, st 3 co,
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connecting switchin lL.ements i.n a 3-phase .bri dge conngection style, anpd
oper at es 9 9 eNe:EE? operation o? tge re%ngerat contro dtewce <:oﬁ/struct¢=.ci1 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 Si1
whether or not the set rotational frequency from the rotational frequency setting
circuit 56 is O r/sec. When the set rotational frequency is O r/sec, the stop state
of the DC motor 43 is maintainecf 'at step S12.

When the set rotational frequency becomes other than O 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 detecting 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 reliabﬂity.

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



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 notor 43. A reference nuneral 54 denotes a
reverse induction voltage detector cirggit which detects a relative
rotational position of the rotor-43a froma reverse induction voltage at

the wi nding of the stator 43b of the DC nptor 43. A reference nuneral 55
denotes a HFGERUYCPTORASE fofh‘? Eﬂ‘r@‘?@‘so‘r? ‘é'ﬁgcd'lsf’ °§H€°§%F°F ?ﬂ[rfg’ar%‘?tsﬂéﬂ‘fssogf
t he invertg{ gﬁ._, . . ' 27
A ref er enc B e MPLASEVIBAYS: WUNg ang SensOk Al frequency setting circuit which
detects an internal t erature of .the refriger r (e.q,, a temperature in
a refrigeration chanbgp VEVERt sa"HcG’BBi ‘ﬁﬂ@?@ggtqatldﬁéqc SR¥STSgndycyon
time, and oufputs the frﬁ uegﬁ%/l as..a conmmand rotation frﬁ enck/rgA
reference NAHRBSH a0G FhersfofC, &6 POFION; drjectiqn: caanaf e Fieqiad hsns the mowr
when t he oyt put of, t rotational frequen ting circuit 56 is shifted
froma stops StORPSde eé?aﬁ’ﬁ%ﬂﬂl PEREE FH M %e ﬁ‘?:?ﬁ%E iere ds yidedy aised a
operating staje .g.,.th nd rotatiopal frequency =40 r/sec)_so as
b Ctiaci de ERethodial igsingiiie DE Sraaa SChammaws BOWF da he fmitial State. This
reference nuneral, 58 denotes. a co tation.selector circuit which changes
t he nanneranrge‘gr?‘ﬁlﬁ El‘q[g?ﬁ(‘@ff&%@ggu fﬂ%@%g BRRLOE by aFRLyEIS pmpecg‘:
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 operation to the normal operation.

However, during the period of the starting sequence where the motor
s operating as a synchronous motor, the rotation of the rotor and the output of the
inverter do not always coincide w1th 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 Tow 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 nct
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 requireg

to start the compressing work.



i nverter 53) depending on the state at that tinme, and outputs the resulting
one to the drive circuit 55. A reference nuneral 59 denotes a voltage
selector circuit which sets the output voltage of the inverter 53

- depending on the state at that tinme, anggtransmts the voltage value as a
PWM (Pul se Wdth Mdul ation) signal. The signal is conbined with the

out put of the com"rutatjl.glgilI selfctor circuit 58 .,n the driv CiI’CllJit 55 sp as
to turn on and of f t he *SKiSHERICHFRLAY fXRanagion;is @s aRQs ¢ and theexplanation will

A reference puneral .60 is first timer circuit which transmts an output
for a speci FF@HWH%@%%?@&“%W%&%‘P%m fromthe starting circuit 57. A

Commut at i on- Sel ector crrctih 538, 25 opRtA pEgh® Supeisr GrRie0 woluged.
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transm tt eOlpr:oceeds to step S17.

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 posit'i.o.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.



respectively to the conmmutation 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 outp@7 fromthe reverse induction voltage
detector circuit 54, while the voltage selector circuit 59 begins to output

Suct artor the o tcniiien 4 Btbr a8 hay 8 b BfcRie R Rof it e, fikratisn
the vol {agat 4 PShEal Rl L IR hARE sBEBE Baucn sl PR PR
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specified t e th a timng under the command of the
starting C|tiri gﬁ?%d@ﬂﬁ, SYV{ the increase rate selector circuit 6%
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the command,gfinbNGrakifies' R4l He' Glckibed belbw! Bith reference to Fig. 12. Fig. 12
shows a graph of characteristics of the rotational frequency and the torque of the

motor serving as a synchronous motor.

The characteristics sﬁéwn 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 reciprocatng 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 éignal
as fast as possible. It is preferred to switch the operation within two turns of the
rotor. |

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

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



29 tinme, the rotational frequency selector circuit 69 selects not the
command rotational frequency determ ned by the rotational frequency
setting circuit 56 but a fixed rotational frequency 70 during the
operation of the third-timer circuit 688 The fixed rotational frequency 70
I's set around the comercial power frequency. After the operation of the
third timer, ¢l it ' ro |
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be describe \ oper ation
shown in Fi g.;AuW fhat 9 about ten percent higher than a required starting torque. The

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 tum 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 tum.

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_rom 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 S19, the output of the commutation selector circuit 58 is
switched from the operation that has been executed by the starting commutatior:
pattern storing circuit 62 to the operation to be executed by the reverse inductipn
voltage detector circuit 54. By this operation, the DC motor is put in its normdl

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



descri bed. Wth the rotation of the rotor 43a of the DC notor
43, the shaft 44 rotates sinultaneously. The rotor 43a and the shaft 44
are conpletely fixed to each other (by shrinkage fitting or press
fitting). The shaft 44 is supported bggthe fixed bearing 45 in slidable
contact therew th. Bel ow t he shaft 44 is provided the

eccentric section 443jehhat si; eﬁtﬂ@sthe%ﬁﬁmfdhis(@ldﬁ( s%@g{ g diRuidgs bRk ation

of the shaft 44. This eCcentfic rotatfon Is conve Into a reciprocating
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the refrigerant.
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for that reason t it has a ve | e constructior®
reliabilifiéaquenc The lubricating oil punp 46 is to supply a
| ubricating oil reserved at the bottomof the shell 42 to each portion of
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bearing 4@mer circuit 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 63 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 loi':v', and a great torque is applied from the nital .
starting stage in the reciprocating compressor as described hereinbefore.
Therefore, the increase rate should be determined so that the motor operation
passes the fegion 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 sufficiently 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 sequencé, and it can be considered

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

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



However, s

centrifugal force of the rotation, it has the problemthat its |ubricating

ince the lubricating oil punp 46 is taking advantage of the

ability varies significantly depending on its rotational frequency.
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er hand, a great nunber of rgprigerators and air conditioners

cially available in these days, the refrigerating system
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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 S23, 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 steﬁ S26. At step S26, upon receiving an operation completion
signal of the third timer circuit 68, the rotational frequency selector circuit 63
selects the command rotational frequency of the rotationai frequency setting circuit
56 and transmits the same to the voltage adjuster circuit 64.
[n the present casé, a fixed rotational frequency 73 is set 0 a

rotational frequency close to the rotational frequency of the motor operation at the
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That is, in each case of the rotary and scroll conpressors, its efficiency
gradually reduces at a low rotational frequency. It has been discovered
trat the degree of reduction in efficiency is greater than the degree of
reduction in efficiency. of the notor itgglf at a | ow speed.

Det ai | ed anal ysis has been further conducted, and it has been consequently
di scovered that the phenonenon is attributed to the | eakage heat |loss. It

has been weFPTMeTHak pawernirequenayger The rrason sforethis nyill rhemdssetibesh wite
piston and the cylindet, in each conpressor. However, in each case of the
rotary and f%@F%tque é%%‘ges@orsfz%elf 1§ e gsaph Ishawding: the gtharaateristigs of the
pressure, t refrigerant gas |eaks in a direction frominside the shell to
t he inside S{%récq;g}épé@gy Gg s fpasecating il pHBHRf ore, a | eakage heat |oss
occurs due to the refrigerant gas having a high tenperature and a high
pressure, resulting it ga?«???ufﬁuﬂgnﬂlﬁh- Withypriegaed &ﬂlgﬁfbl‘maémgyabﬂuy when a

On the other hand, it has been discovered that the |eakage of the

ref ri ger ant NEFBRHEVETST 1£8Qf used sthednitiah lubrigasionds achieved most yapidlydbecause

t her ef ore, rafe of the I,eakafge heat | oss due to the | eakage of the

ref ri ger ant WIS R Bigseosatgnal raqueney ip vesK §asthaWhensam iveresrr isgesed; it
ability at a,I.ng rotatjonal frequency, resulting in a reduction in

ef fi ci ency. mitial lubrication is-slow bespuse thearigs sprsdtisiskameven aphel sameents of t o
a rotationalL.fre uené@fﬂ?gﬁrol by a | ow pressure shell (in which the shell
has its int8PFAFC 3% QSBFSRE AB8<ely equal to that of the inhalation
gas) type conpressor. An.the case of the | ow pressure shell type o
conpressor, the shell SEMOFRy it drRErcating eahilite hasdat signifitaat nwariation

pressure of .the shell is always |ower than the internal pressure of the
conpr essi ond  ORdeq ok Hrequeppk becanse)dhelubreanng ok pump is a

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 initial
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 operation (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
t/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



in a direction frominside the conpression chanber to the inside of the
shel | . 32 Al though the | eakage

. leads to a reduction of a volunetric efficiency, the conpression
efficiency does not reduce since there 42 no | eakage heat | oss.
In order to verify the above contents, an experinent was conducted by

using a reci ' ressgr_as a |l ow pressure shell e conpressor..
Resulgt s of t %9§%$%%5%°§mopﬁt ﬁﬁ‘%g?mﬂ%%#a’om. rlré/c?ucncy 060 iz in
Figs. 11A anﬁigéll i ndi cate graphs of rotational frequency character-

I stics of the“cornpressor. Fig. 11Ais a graph showi ng the characteristics
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stage of the refrigerator, the frequency of turning on and off the compressor itself

is reduced half and, eventally, 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 spcéiﬁ_ed 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 tirter circuit 72 is continued at step S29.

In the present case, the specified rotational frequency means 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 steg

S24.



In 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- ygtic that extends approxi mately
horizontally at a rotational frequency within a range from60 r/sec to 40
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. rage of thﬁd'efri gerating ability. The above neans that a very good system
. can be pro fed for |imted applications. Therefore, it is proposed here

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 above.,“according to the second embodiment of the
present invention, the compressor 41 includes a shell having an intenial 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 motor 43 to a rotational frequency that
is lower than Lﬁe commercial power frequency when the internal temperature of

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



to nount the conpressor to a refrigerator as an application.

Any refrigerator has a body limted to a specified size, and its internal
l.oad varies depending on foods and the |ike. However, when the load is
sufficiently cooled, there is only reqgared a refrigerating ability such
that it can cope with onIy the entry of heat through the body and so

forth.. The above nea at there.is robl.em even whep the ra
vari ation spmmsswf‘{]h @%‘l‘ QQVY ﬁge%mhe y‘R ¢jlategal temperature of e retrig Fardlt i
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t he present case he reci ating conpressor is selected as the objective
| ow- pressuteé‘egl?élq Q"{lﬁeta&@ﬁﬁlr §9¥FICYowever, as is apparent fromthe

principle that the ef ency is, high at, a Iow rqtati onal frequency, the
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3 a specified voltage when state of the motor is shifted from the stop state to the
operating state by the rotational frequency setting circuit 56, and a first timer’
circuit 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 positon,
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 pattern 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 ihe DC motor 43 and making the
inverter 53 perform its commutating operation, a voltage selector circuit 39 for
varying the output 'voltage of the inverter in synchronization with the commutatior:
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-



| ubricating oil punps in |ow pressure shell type conpressors. Therefore,
much care nust be taken to the lubrication at a | ow rotational frequency.
Furthernore, though there is a nethod of providing an i ndependent punp,
this nethod requires a very conplicate@gonstruction, causing a cost

I ncrease and a reduced reliability. Therefore, it is a very serious problem
to conpensate for the |ubricating ability with a schenme of control.

Next, oper d9®pagers gad e voliage ParembRraset sQehatdhe (BRWI IR EUEIN SHARR i n
Fig. 9 will be described with reference to Figs, 9 and 10. Fig. 10 is a
flowchart itHaFcHRiGyisinga spreitied tarqye tPrﬁém%é*l?if@@ﬁoét e E@RHRSIIN deshare
according to a segcond, enbqdi nent. The .DC notar 43 s _now in
its stop stdE Can ng"CQ&YF d9 refucs te frequengyephiie glgglggtmpﬁgns@tme mnitial
rotational frequency fromthe rotational _ frequency settin circuit 56 is 0O
r/ sec. wnerﬁtmemswﬁu@tbf%ﬁ"lwegaupnéa@eﬁeﬁesgdo thyss HBPTQWRS g‘ﬂ%ﬁﬂé%t&h@’-of t he
DC notor 43 is naint ag]e at step S12. ) . Wen the set rotational
f requency becones ot hél oge,r theeecmpk bg provigsd ansiggrease gatemelrgtemsirewity
proceeds to step S13. At step S13, it is decided that the operation is
started i n @hdoEsglacting derais of gecelaraion By dpercasingttharmnpet ¥altage ofidhe
first timer, circuit to stari the operation of the DC notor, 43. .

A suppl emenBHETCE¥3) &ﬁ%& thenDé motgredd iy slarteds a serond dimeTagircuit 66 opsTating DC
brushl ess tor) has.a position detecting sensor (e.g.,.a Hall elenent)

for detectiffg 2 PEFHI B MEHAL 3T e SaEing OpFTationy ke $eMPIFtEda 28 hded
environnent, in which a Pi gh tenperature or the like exists such as the

i nsi de of RCEATHITAS SFleCiTetiECulkRaifas saleprBg| thenfimst irGraascorats Aftheismall,

In view of the, abqve, a t hod of .detecting the relative sition of
acceleration when the second timer cucu;t%é is operating and fe?ecnmg 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. Subsequéﬁﬂy, by making faster the increase rate, an
increased lubricating speed can be achieved to improve the reliability. In the
present case, by providing an increase rate adjuster circuit 67 for adjusting the
second incfease rate so that the time interval for the rotational frequency of the
DC motor to increase up to the commercial power frequency falls within a
specified time interval at the increase rate selected by the increase rate selector
‘circuit 63, 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 rotational frequency equal tc
the commercial power frequency within the specified time interval, thereby
improving the reliability.

Furthermofc, there may be provided a third timer circuit 68

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



the rotor based on a reverse induction voltage at a wi nding of the notor

has been 35 recently proposed.
The nmethod is to nake use of the excellent characteristics of the DC notor
Wi t hout using any sensor. 4eHowever, this nethod is a method of

detecting the reverse induction voltage, and therefore, the position

det ecti on cannot be eff ed when he not.or , | opped. .Therefore, |
order to st & £REHe ft&?ﬂ“ﬁ“ﬁ@r%" ?%mma!éq";}t @eiora%mﬁl% ‘§tr69t["fti“ﬁbﬂthe
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may be further provided a rotational frequency deciding circuit 71 for dec1d1ng

state

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 mixture 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 embbdiment 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 34 when the brushless



to adopt a DC notor for the reason that a small starting torque is only .
required structurally and no great torque is required because the
canpressing work is act started inmediately after the start of rotation.
However, in the case of. the reciprocatigg conpressor, a relatively great
starting torque is required structurally, and also a great torque is
required to staub.the conpr essi

ng work.. - L
36 motor 437i§ Do, é!?éﬁ%‘_&'?%zmgxﬁﬂf%&t:? BWMERAl 3 dgnafes a sgttinggircuit
explanation wi.lJ] return to t.he present, operation. At step
S14, the opé‘%&?é‘o‘m tle%otfappgtﬁax PREFatDE i hrughiess matar fdgas prymchrenausr st
timer circuit 604s operatin the rotor fixing circuit 61 is operated at
step S15. AMUPE @6‘?‘?‘1"“&%‘9’6‘3&&}%@"@5@{ ﬁéﬁcuﬁ% Hostopprd &9 ahe tinah witen: the
first tinmer_circuit .60 is corrpl&e#ed. When th ogerat_i on is conpleted, the
oper ation oPPETAHPISPE The feyErse: .ucménv?lﬁ%eogﬁe §OF OFHIGUWL shps enabiledt heA

program fl ow . proceeds t t S17. The rotor fixing circuit
61 oper at esr%t;eg?r&ﬁq %?fai@dfﬁ%ﬁ&%féﬁttcﬁ@nm OUERUtCHE LY Which genshates aiDC
notor are U-phase,.V-phase and Wphgse, then a specified voltage is applied
to a predet Qﬁmuﬁe%f ﬁh@g@eﬁ’ﬁyf%\ﬁa‘“ﬁ@&ee@& ngﬂ%eﬁh,e brushless imptor 4hgloes inot

field is gener?te.d nside the stat.or 43b. According to the
, rotate, m only an operatng time tl. A reference numeral 80 denotes a power

closing decision circuit which decides the time when the commercial power source
51 is mitially 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 t2 and t3 (2 < t3) and operates to
continuously output the output of the second compulsory 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 oﬁtput
circuit 78 and second compulsory output circuit 81, and outputs the selected one

to the drive circuit 53.



magnetic field, the stator 43b stops in a specified position.

The specified position is preferably set at the position where the
conpressing section of the conpressor 41 has the mininmum starting torque.
In the case of the reciprocating conprggsor, the specified position is

| ocated at two positions, one position being | ocated at the place V\/nere

the piston 47 cones I’OXI mat Lho th | i nder 48 é dead ,cent er all
t he ot her posi tion b an?'b@ t BTQ&%%S%FFQ éoﬁﬁ%u‘bﬁegt@n ¢ will

I th d tt ead t
Furt her . 116 QRSEHPed ety iy qrﬁﬁc%%#égﬁ $isdpolTs Fig o eﬁg%% ol
d d I | at d t f d t
fixi ng °§F$ nf g fermtio s r@eiam A Eoupt, SargpeF e died ampechmiat of
specified tine |nthefbrst timer CII‘CUI'[ 60, there is set not less than a

tine that PESERT BYSREPRt he  danped oscillatiom of the rotor 43a to
conpl etely stop.

Wien the rotor 43a stbj§@ssymed gﬁé@?ﬁf FAmREcial POWCLIRHIERS ldﬁépg’t?m%e%?fft he

first tine CII‘ uit 60 is. eted, then.a starting.sequence. is started so

that aro %QHEPF"CCI n&‘ﬁe‘? SOURES e {;t%cfume&w?‘? %ées’pgl N he B‘é‘é’F‘i iHn

Star i ng cOIRMEDn B ROSAT ARG HEriiR I RIERY dedtes deehepguer iy Fosed and
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 53 via the switching
circuit 84 and the drive circuit 55, and applies the output 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 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 $45, the decision circuit 82 decides whether 61' not the
signal from the reverse induction voltage detector circuit 54 is stable. When the
signal is stable, the pfogram 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 3. When the count value is smaller



for successively switching the swtching elenents of the inverter 53.
Further, the starting voltage pattern storing circuit 63 stores an opti num
voltage for yielding an output according to the output frequency of the
starting commutation pattern. 49 The manner of deciding the
pattern preparatorily stored in the starting cormutation pattern storing

circuit 62 gnd the.starting v attern sto cuit will
described b it pesailn ot S B contlaed OThAC i uhe Sal ot pimpntsdEy
characteristics of t rotational fre uenccy aﬂ_gl t he torg@ éﬁf t he not or.
serving as QUIBHICKREHOGE! cRAtIues to be outputied. In GoMUrast, WhERLRF SOHREVAHBMH i n

Fig. 12 plot th i wh d rot i .
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As descri bed above, in . the case of,the reciprocati co sor, a great
Corque 1 s CuBiopRat: A BRSTPRTAR JIO% PIGESE PoteR Nas. ?t’xﬁ B Dt
the startin ence is stable.in terns of ~.operation, operation is
requi r ed to°8€r%q‘?ﬂq @nﬁ’&ecﬂ%"‘fﬂ@ YoBdhst %%Wbﬁﬁ ﬁé"’r“@?e‘? osedeluct i on

{he. oper at i on vt hi n’ CabSERHS: 3is dreRieno Brtier of nof tf? Curfentffsesroiongl
Gener at bd ¢ BRGHEDBECOAES | b BeEIRent A ﬁé‘)@&ﬂe%lg@sﬂfter%twéggomnmd by
detecting a variety of states (e.g., temperature, pressure and so forth), and
therefore, no description is made therefor in this specification. When the set
rotational 'frequenc'y is zero, the motor operation is stopped at step S49, and the
operation of step S48 1s continued. When the set rotational frequency is not zero,
the program flow proceeds to step S50.
Next, at step S350, the 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 brushless motor 43 does not rotate.
| Next, at step S32, it is decided whether or not the count value of a
first timer circuit 79 is not smaller than t1. 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 S53.
Then, at step S33, a starting waveform is outputted from the starting

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



38 too small, the DC notor does not rotate. In contrast, when the
generated torque is too great, a brake torque is generated to hinder a
snoot h accel eration, and this frequently results in a switching failure.
Therefore, for the achievement of the ggpoth starting, there is a nethod
of nmeasuring the characteristics as shown in Fig. 12 and setting a pattern,
which will be described below A generated torque Tl of the DC notor is set
to a val ueirchit53,samddbe oueputfierapptied togherbrukizless matqnidded [s tthe tgmsent
torque. The voltage and the rotational frequency are patterned according to
t he torquecase, the operation isnstEitgd using tthe hrashles metor 3kt aasa fsyhthwenousf t er
performng a half turn at a rotational frequency F1 and a voltage V1, a
hal f turn etoter.r ditatiitrthe bristdepsemotprd3 iarsthred/ addoadmg\u? thadnethbdlot lowrn at
a rotational frequency F3 and a voltage V3, the operation is switched to
t he oper at frequbase dyochroneus starting fon dirstly Qutting the enater entoi ® syackywomous That
I's, the starting sequence is conpleted in one and a half turn.

At step Sléperationsatdelomdcatatidred frequencinand thepedftarrsucoesspuely apmeledating the s
conpl eted. Wien the operation is not conpleted, the operation of step S17

i s repeat estativheliftelquengier ati on is conpl eted, a conpletion signal is
transmtted fromthe starting comutation pattern storing circuit 62 and
the starting vol t age Next; abstep 8§64y thegoeitioniof the drushledsametoard3i isgoatinued t
57, the commutation selector circuit 58 and the voltage selector circuit
59. Ther eaby switehing g0 dbe signal ofithercoremutaton cirsuie 7 6SWhich signal depends ot

| step S19, the output of the commutation selector circuit 58 is

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 S53, a rotational frequency control operation is
executed. In this case, the voltag: value is adjusted so as to conform to the
rotational frequency setting. Nexﬁ, at step S36, it is decided whether or not the
set rotational frequency is zero. When the set rotational frequency is not zero, the
operation of step S35 is continued. 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 brushléss 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.



switched fromthe operation that has been executed by the starting
comutation pattern storing circuit 62 to the operation to be executed by
t he reverse induction voltage detector circuit 54. By this operation, the
DC nmotor is put in its normal operatigmstate (operation by position
detection or the like).
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vol t age detector circul
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. [a the preseat case,

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



when the rotational frequency is low, and a great torque is applied from
the initial starting stage in the reciprocating conpressor as described
herei nbefore. Therefore, the increase rate should be determ ned so that
the notor operation passes the regiongan which the rotational frequency is
| ow as fast as possible. However, when the voltage is

i ncreased texplamic,ybut b ﬁéth@!ﬂva%{ér‘?ﬁs ARy PR éd}ﬂlﬂﬁ%é]ng&tx‘ﬁ%ét%%sdﬁh@&t or

circuit 54 does not sufficiently follow the voltage, I'sS sonetl nes

resul ts in thefd fpeffedte@ad ollage cohiblBy POWM (PuiEaW&diR M odalatidhf oP RSl iREd by
conprom sing both the factors is the Second increase rate.

On the other hand, thgupeerFigpe[ A WEi@dqw&ﬂeaddz%uﬁmtkﬁsctggf{gea}&ﬁ{

the operation is switched fromthe starting sequenc
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motor w1l possibly r@aguistapparent from Figs. 17A to 171, it can be found that the
position detection signal of the rotor is obtained by extracting only the reverse
induction voltage components from the winding voltages of the brushless motor
by the filter circuits and comparing them with one another.

In the present case, thé 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 nex:
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 enters 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.



Therefore, the first increase rate is set just after effecting the
swtching, and it is confirnmed that the notor is surely rotating within the
operating tinme of the second tiner circuit 66. Only when the notor is
surely rotating, the operation is sw B@hed to the second increase rate.
That is, the first increase rate is set slower than the second increase

rate. e abo?d cotets Wil bé desdritia indethilfiedaive NBigss ¢Bectoor
circuit 69 selects the fixed rotational frequency 70 regardl ess of the

command roti@F ghew wWaeefernByin Bb stditingOitagd OWwaked FOOHEIBA, 18BtaMd 180 &4 t
56, and therefore, the voltage adjuster <cCircuit 64 executes a rotational

frequency cespéctivetp tBS positiohkRtédtionosibail X0 Y Aad Ziskedd & Figongl while
frequency 70. Since the rotational frequency control is

perforned IFiggoliBBYel 3R aid 18F drd rédirciteiothercuthtis ofothkafist dllicd TiRfuicdE cui t
64 obtains the current-time rotational requency fromthe output of the

reverse i ndyetseesnd dlieratrodai FCkRd the tied fllieb4irvnst SBisHowa hBig/ald.age SO
as to make it conformto the voltage. Next, at step S25, it

i s decided whether orlmfHe priecerRRAs&! bpduiutiibg frémi the fidstebmipul SoH/ loldut S
conpl eted. Wien the timer circuit is operating, the operation of step S24

op 55 fletsi e anpus e ecomaie atutalyiscn. pupromats (o

the third tdhaege gtdted/at tHiS tinid)e Thetlatw-fegliendeSaenod S@tahg Opefdtidn &9
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.sufﬁcienﬂy high and the voltage (duty rato) 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 operatioﬁ can be substantially zeroed while
the starting circuit 37 is operating, thereby enabling stable starting.

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

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



sel ects the conmand rotati onal freduency of "'the rotational frequency
setting circuit 56 and transmts the sane.-to the voltage adjuster circuit

64. In the present case, a fixed rotational frequency 73 is
set to a rotational frequency close t@4the rotational frequency of the
notor operation at the . : 41
conmer ci al i@%‘?éff&é%ﬁfé@%d 'c'hﬁﬁ???o:f ﬁIcHi“léad“{qak alfigHa8 debﬁ effetdted
reference to Fig. 13. Fig. gﬂqus a dgraph show ng t ‘grac ri s?gl cs of the
| ubri cat i nginadn lehfty ﬂigé BRtet R $i8ALds"E Blel catipRssor. It can be
found that,. with fegard to the lubricating ability when a normal inverter

s not used, the ini U TR dBd¥el &&Ei‘i?ﬁohswﬁ IHa8¥® Gl cdsRPivileye RISS 3MSD d;Ehe

rise of the rotational frequency is very fast. Wien an inverter is use

the initialpirhéd igpafdodd ilsSstop csm:éecvué Follbwing SAlISRAReibeSthe! e Watkratmb he
sane rate of 60 r/sec as that of the current” one.
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on the rotational frequency because the lubricating oil punp is a

centrifugal, mﬁg)mﬁ@dmtefwa?a‘r@wm&éseof tHe fiftbr CHBhItS abd @Brdy?eé ﬁsﬁhaf’veﬁate

of 40 r/sec. can be fouhd that the Tubricating abil
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longer time in order to stabilize the filter circuits.

Next, this method will be giescribed. 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 2
processing operation only at the time of closing the power. Therefore, this does
not cause an increase of input for the subséquent turning on and off operations.

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

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

can be eliminated, thereby enabling stabilized starting.



It is to be noted that Fig. 13 shows the characteristics when the motor is
started at each rotational frequency. For exanple, when the initial

| ubrication is performed at the rate of 60 r/sec and the rotational
frequency is |lowered to the rate of 3054/sec, the oil reaches the
uppermost portion by the operation of the surface tension of the oil.

Theref ore, when the tor I S st rted the fixed frequency (e.g., at the
rate of 60 r/sec)in e§‘ba??‘?‘ﬂ%“§f‘a@ ,an PUMBR é‘é{‘t"eﬁ%bi)‘llﬁpﬂ-‘& 'é:%ﬂﬁfbéu‘-h

assured even c'ln the[hs &%‘!}Fﬂi Iows eed operation ( g at_ the rate of

30 r/sec). condidons at 4 é’raé‘&élg W HRKGE i8F0 @creunt wilt hidenedbedie
state of th artln uenge, ures, a ting interval. fromthe start to
t he achi eve fﬂ ? iq“o‘htn& mﬁélhéﬁ'émi’aﬂr?‘é“ conmmerci al power
frequency (assurred to,ﬁ}ﬁ r./sec gler&z apd adj usts t he second increase

rate so that the tinme ePRditions, pf the Gitercicuits |V#§Y ifof eacintimenthe pewends

times as |lon '&W |nterval whi ch the .

42  oil re&&?@é Lt p@grm ‘}B‘Grﬁ samene kasneareple, 9ysnewhenecigeaticgl of
60 Hz in ause the oil reaches the uppernost

portion wit ﬁFﬁ“’t‘ﬂé"‘? wsed, thefirge \P&meiﬁﬁkmi% whigh thé,peWsE i3 kapt a8 vamestfrom

i nterval corr onding to the
as o one tg a long one. Furthermore, the conditions of the filter circuits also

vary depending on the variations of parts, motors and so forth between the
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 'w.;vith respect to the outputs (positon detection
signals X, Y and Z) of the reverse induction voltage detector circuit 54 within a
period of ome cycle (20 msec in this embodiment) of the compulsory output
waveform. | |

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 oumber, 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 appareat that the same



commer ci al power frequency, the tine period of a sliding notion in a state
I n which no lubrication is effected doubles that of the current one.

However , because the notor operates at a low rotational frequency in the
stabl e operating stage of the refrigeggtor, the frequency of turning on
and off the conpressor itself I s reduced half and, eventually, the

di st ance of e sliding notion is sane,.. neani ng that the state of
Sbraci on | ¢ EEpFRR deioh B HeH berm g bilityas dRgitiegr DY teCtiges ¢ srample, a
Next, at. steB S27 d‘blt-u I s deci ded whether or not the set rotational
frequency i BUISEWEIdMhan t he specified rotational frequency. When the set

rotational frequency is higher than the specified rqt.ation fr ncy, the
operation of tﬂe fguréwa'ﬁ%‘?recp?"cﬁﬁcf’@éﬁvgr CireiHh &4 ‘étprgi’@ﬁdéﬁgﬂﬁl Stivo
contrast, when theg.set r tional , ~frequency is | gwer than, t he specifij.ed
rot ati onal f%u%ﬁ%eféwg@p@d; i §A 5f%tu=rf'eg¥ff Buit qqcng}fa e §£)°$2 {t\éhen
conti nued at, st.ep S29. I n e present case, the specifjed
rotational W%H%&a?%smﬁnr%t the; Rt ‘Pé a&:&?@?&&o%i%mt ?@PPEB?F@&@!Ing
AR NE N R e e T
deci ded whet her, ar, not. the ratiop of the fqurth tiper.circui.t 72 is
Compl ot ed. - HoACTIIOTLGIFE Sarrecaes dhat By Rarelon in slablio A et HiF fie asomesd
fromstep S26, }ll\hen the operation is ggg%)l eted, the third tiner. ci.rggil 68
i s restart eBOLS9TER 1%, A8 URUHE iS6ROPd COmPUIFQFY PREIRE SRRt 8341

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'.s‘econd 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 3, 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 speédily 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 dutput circuit 78 fer
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 froe:



43 At the rotational frequency at which the |ubricating
ability is very low, the lubrication is continued to the uppernost portion
as descri bed above since there is the surface tension even when the
rotational frequency is |owered after oil is elevated to the uppernost
portion. However, when bubbling or the like occurs in a |ower portion of

e OB b By B e S 258l o ol s,
T RSP SRR GRS IRPSLTESL IR Sl B .
o e LV B8 ol o, A% 88 BRI R
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above, according tp the second enbodi nent of the present invention, the
conpr essor Wﬁﬂ}ﬂﬁ WRINHEGEHEYi ng an internal pressure approximtely
caual Lo e esour el S0 875 00 BB PR T i ng
e o o TSR P e B PP P B0 P St 3
from the reverseel DOUEL! il LAY £I50ELE) §Fa3hvdi R whi2hYhe HrhA% ollor
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 which the position detection tends to be
unstable particularly in consequenéé' of a sufficient discharge of the filter circuits.

Also, the decision circu_it 82 is provided for deciding whether or not
the operation is stabilized based on the signal from the reverse induction voltage
detector cirtuit 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
operation from the stage of closing the power. Even if the processing is nct
éompleted by decision in the stage of closing the power, the operation can be
completed speedily and compulsorily, thereb-y enabling subsequent stable starting.

[t 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 et'fectiveiy used
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perform ng the comutating operation based on the output of the reverse

i nduction voltage detector circuit 54 during the nornmal operation so as to
operate the DC notor 43 at a variabl e speed, and a rotational frequency
setting circuit 56 for setting the rotggional frequency of the DC notor 43
to a rotational frequency that 1is |lower than the commrercial power
frequency witghatrh 'Qﬁﬁﬁéyg rature of, the refrigerator is stabilized.
Wth the above ar rggzgene t ss%@&ﬂ)@tzj g Whigh a great load is applied in the starting

44 conprestage. 41 at a | ow speed when the internal tenperature of the
refrigerator is stabilized, a considerable reduction in power consunption
can be achieved w thout being influenced by the | eakage heat |l oss, i.e., by
mai ntai ning a high efficiency even at a |ow rotational frequency.
Furthernore, there may be provided a rotor fixing circuit 61 for issuing a
command to turn on a specified phase of the inverter 53 and outputting a
specified voltage when state of the notor is shifted fromthe stop state to
the operating state by the rotational frequency setting circuit 56, and a
first timer circuit 60 for maintaining the output of the rotor fixing
circuit 61 for a specified tine interval. Wth this arrangenent, the
speci fi ed phase can be turned on for a specified tine interval in the
starting stage to fix the rotor in a specified position,



so that the notor can be consistently started froman i dent i cal position,
thereby enabling the stable starting. QG herwi se, there may
b€ provided a starting conmrutation pattern storing circuit 62 for storing
a specified conmmutation pattern to acceggrate the DC motor 43 in a short
“time, a starting voltage pattern storCpglMsrcuit 63 for storing a

shect {10 vl tage nakRbnrd:a st Wiyl Phad? 4l JHrfl dofpraael 11 o

torque a comut ati1 on selector cilrcul _ t from
the starting vol t age ipaertterrfior somvertig aiDC wioltage3initer ah heC siotagd roddvege of

the DC notor 43 .and king the inverter 53 performits comutating
operation, a \%‘F’ﬁ’éﬂgﬂgél'g&f’f}r circuit 59 for varying the output voltage of

the i nverter in Syncitet 1abiohBn Woled AeRBTEGA KA CIRBRE S BARERI O "0 10

the output of the starting voltage pattern storing circul
commut ati on s@Psitionef edid cotor frod « eyversevindobiionyvdltage obsaid bapkiess motorf 0 the
commut ati on based qn_the nornal w?gqrput of, the rwe;tzers I nduction voltage

detector circuit SFORHRHALORELIG geprafing agyay ‘?Iﬁb?fv& %3’@831&?{3@@( n
storing circuirdvebs inﬁuctfd?x”%l@k@ﬁete&%f Birbdlt B @AVEEHE T RLer;PY Yi el ding an

out put based on the comut a- 45
tion pattern and t Bestgwingagiccuitafareoutpyitiog et vawefonmt reghiredritd ostare amicdr ot at e i n

a short tine M;q] Q’h%wrj ng a specified torque-to start the notor, the
startinginasortg ’

a first compulsory output circuit for outputting for a specified time
interval a waveform having a voltage and a frequency at a level at which said
brushless motor does not rotate; and

a switching circuit for selecting an output of said first compulsory
output circuit when said brushless motor is started, then selecting an output
of said starting circuit, and finally selecting an output of said commutator

circuit so as to operate said inverter.

2. A starter for a brushless motor having a rotor, said starter comprising:

an inverter for converting a DC voltage into an AC voltage to drive
said brushless motor;

a reverse induction voltage detector circuit for detecting a rotational
position of said rotor from a reverse induction voltage of said brushless motor;

a commutator circuit for generating a waveform from a signal of said
reverse induction voltage detector circuit to drive said inverter;

a starting circuit for outputting a waveform required to start said
brushless motor;

a second compulsory output circiut for outputting a waveform having
a voltage and a frequency at a level at which said brushless motor does not
rotate; '

a power closing decision. circuit for deciding that a power is closed;

and

A



time can be achieved to reduce the frequency of the sliding notion in the
initial state in which the lubrication is not effected, thus inproving the
reliability. Furthernore, there may be provided an increase
rate selector circuit 69 for selectinggghe rate of acceleration by

I ncreasing the output voltage of the inverter 53 after the DC notor 43 is

started, a second bidfonfie! Athie £F SARHA AT GubE ofsakPSbhd SHimpliltBry Nt €r val
~after the starting operation 1s conpleted, and an 1 ncrease rate sel ector
circuit 65 foputpet eictuit ngopéretef saidsinvemearelrenesaidpaverfclodieg devidion ciaaide! er ati on
when t he secogd .éi n@r %rcuit .66 i s operating and selecting the second

i ncrease r at e9BPdEHBAGEROWEE dSFIg5edi on after the operation of the second
timer circuit 66 is conpleted. Wth this arrangenment, by making slower the
increase rate in the acceleration stage after the starting, a stable
operation fred.fror sarg-for abrushiass hwtarthaxingedrotorssdid stanten comprisipg:naki ng
faster the increasg r.at(;_ 33 incrteasegaéaub icalitn speed cantb .achi eved
to inprove the reli 281YS Ee{,_ml' ﬁor{vﬁéﬂ%% ent/OtaER!n ‘7’03“ &%VPE&‘% O Y% cr ease
rate adj uster s£id ztkhies® mdteF; adj usting the second increase rate so that
the tine interval for the rotational frequency of the DC notor to increase
up to the commer ci &lreyrroe induction ¥nlager dgtectongircuitnfon detasting fai rotationake

interval at tRhe.l. I el ect ed. the increase,rate sel ector
cirout oo, 1 ROUBTRPRREEN foRGrearee indtiehaityaides SRt bREmERT, wii cn
no lubrication isacebfmmit@dr aicuin fdrRnratifg adwdvetarth ROmODSighdlast stid
adjusting the increase rate so that the rotational frequency increases to

t he rot ati onafeVeFSdnducipneliage defectoneirewhinediiveasaigh werter;r equency Wit hin
the specified tine,i ﬂﬁx‘ﬁhgaéircuhhf:orre&}{putting a waveform required to start said
brushless motor;
a power closing decision circuit for deciding that a power is closed;
a decision circuit for deciding whether or not the motor operation is
stablized from the signal of said reverse induction voltage detector circuit;
a second compulsory output circuit for outputting a2 waveform having
a voltage and a frequency at a level at which said brushless motor does not
rotate, said second compulsory output circuit stopping the output of the
waveform when said decision circuit decides that the motor operation is stable;
and |
a switching circuit for selecting an output of said second compulsory
output circuit to operate said inverter when said power closing decision circuit

decides that the power is closed.

4, A starter for a brushless motor having a rotor, said starter comprising:
an inverter for converting a DC voltage into an AC voltage to drive
said brushless motor;
a reverse induction voltage detector circuit for detecting a rotational
position of said rotor from a reverse induction voltage of said brushless motor;
a commutator circuit for generating a waveform from a signal of said

reverse induction voltage detector circuit to drive said inverter;

A



inproving the reliability. Furthernore, there may be

pr_ovi ded a third tiner circuit 68 operating for a specified tine interval
in the starting stage of the DC notor 43,

46 and a rotational frequency sel ector g¢ircuit 69 for determning the
rotational frequency around the commercial power frequency as a fixed

rotational frequengygahOkirélGt g&eoﬁt?gqg@g\clj\%en twr&nﬁéqrugre§%e§&¥ Qiq the

rotational frequency set{ing circul
operating, anbrusbless mptohe fi xed rotational frequency 70 as the output

target of the inverter th this,arrange: nt , oeratln e notor at
t hegfl xed rotationdP ‘%‘Yeécvfi%ﬁ%d%ﬁw*h% E:fofri‘gg‘gﬂgnggi ?11%8?’9&!3 ?FCH
starting stage, the &Raidmaecsf fdrt&@&adﬁ@t WhEth&Y bﬁ]H&rﬁ\h% ®Bf byeraﬁ?@lé

rotational frequency is elimnated to I “mprove the relia hi s
case, there naipbiliged fironmehe pgmahOde@ldarevers@mdoQMn lemneietﬂ;tai@mcdltng circuit

71 for deciding t d. f f the rotational
(7 equency Set 1 ing. & FERIN MR (LIt ciRe o 1 AP Fhet e babPo Bl

frequency, andioged:ourth timer circuit 72 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 tinmer

the motor i s oper afatoald sy e pUbsl SN bt € el By Ti oa
a voltage and a frequency at a leval at which sa1d brushless motor does not
rotate, said second compulsory output circuit stopping 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; and
a switching circuit for selecting an output of said second compulsory
output circuit to operate said inverter when said power closing decision circuit

decides that the power is closed.

* C L M S *

1 nmer CII‘CUIt 68 is .



time interval when the low rotational frequency continues for -a specified
time interval. Accordingly, a sufficient anmount eflubricating ojl is
- agsured even when an unforeseen accident such as |nit8 SHEEDTHASABEENGUrS tO
incur oil shortage at the tinme of slowgptation, |ther eREPLAUEDOV' ngjthe
reliability. Fig. 14 is a block d| agranrot-—a—ef+-gef at or

control device according to a thi rdﬁgmt of the present invention,
showi ng particularly a brushl ess t In Fig. 14, no description

will be nmade fQitrigeraifipe Appafdtis, Ahdtmefrtdmtsﬁmﬁmllhmtﬁj ushjess Motor
In Fig. 14, a reference nuner al 7StaceenoUssl in Semeut at or circuit for

| gﬁ%ﬁl (EE E‘t:'héhoﬁ?ﬁu? ' g R ethnd et T7 ofscid %i@i&%ﬁﬁ% t s4
43 i's nor ma ;Are%%} &S gﬁi%f B, 1QraHe ‘Hﬁ?ﬁ?ﬁ%ﬂc’ @7mbse}1§rt?e7s Zo? gfé tan%e Tz ui t
i S M i B B U B Ltk
cirouit 54 YEPe A QBB e bl 4L s aae%n%?eﬁmgl SRR
UL P, 1 Gt BEP R AR R ol M By Tl

compressor 41, driven by a DC motor 43, has a shell of an internal pressure

approximately equal to the pressufe of an inhalation gas. An mverter 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 ccnstructioﬁ, the power

consumption can be remarkably redﬁced.

Sheet Has Been Replaced

R



rotate, in only an operating time t1. A reference nuneral 80 denotes a

- power closing decision circuit which decides the tinme when the comrerci al
power source 51 is initially closed. A reference nuneral 81 denotes a
second conpul sory out put circuit which generates an output of a frequency
and a voltage at which the brushl essppgor 43 does not rotate when the
power cl osing decision circuit 80 deci des that the power is closed. A

ref erence nuneral 82 .denotes aégy SZ circuit which decides the output
of the reverse induction voltage ctor circuit 54 when the second
conpul sory output circyt 81 is yielding its output, practically deci di ng
whet her or not the revérse induction voltage det ctor circuit 54 is
~stabilized. Upon decidi pg2Cha2et he gir8g t 3t ided, it stopszﬁhe
output of the secddd [co pul dory 03 put_ cp CUIt S

denotes a second tiufef—deret , vk’ s
(t2 < t3) and operate ' m& wmoEI!ouﬂu
conpul sory out fut C|r¢A 2L gé hh, o4 '
circuit 82 whg 5 ishprte
second conpul @m r«cu t -8 5
decision circurt 82 wheh tha t ne,l ' :
numeral 84 denotes a $Aﬂton indfciy ?01 2

t he out puts of the c;o dt o ' Crel cll rcpi
conpul sory out put ci rcdi-=54£8 gnd-Eecor«h Fi"’-?"l" SRy -Gt pu i

AT (YAl

out puts the sel ected ongy 24 2f ' 3h: Bﬁ 3]
22~  Driver
1
21~ Combining means
t ¢
20 Operation mode
19 switching means 12

S SR X S X S NS ,
: Starting sequence ¥ Position | !
t -~ it '
: 13 controller N :: Commutatclﬁ— detector ||
E = 1 11[ Chopping | 7 g E
:18 ~ orque msreasmg < : : Signal 11 :
t means A 11 generator '
I 1 0 A T 10 :
: - et
¢ | Starting Starting ¥ Duty Rotational | !
| sequence sequence 11| setting e frequency S
f pattern pattern E S mean detector |
| storage A .storage C ¥ £ oo
E ) S 11| Rotational 9 i
! 14 Starting 16 11| frequency | g :
! sequence ' lcommanding ;
! pattern (1| means :
E storage B LTTIioiIiiooIiiiinoooooen :
| ) | Lock P~17.
; 15 detector !
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to the drive circuit 55. ] 48
Operation of the brushless notor starter constructed as above will be

- descri bed below with reference to Figs. 14 and 15. Fig. 15 is a flowhart
showi ng the operation of the brushless notor starter of the third

enbodi rent of the present invention. 2/18 It is assuned that the
commerci al power source 51 is now turned off. Wen the commercial power
source 51 is turned (i.e., when the power is closed), the power closing
decision circuit 80 qég that the power is closed and starts the
counting of the second-timer circuit 83 at step S41. Then, at
step S42, the second conpul sor L DUt Gl i pMts a second

conmpul sory out put waveformto %ﬁgﬁ@ﬁi ?%éﬁgﬁbérééﬁgﬁg ia the swtching
circuit 84 and the drive circuit 55, and applies the output to the

brushl ess motor 43.p]nlithis stage] the putpuf level Ts)set lto the vadltage
and frequency at which|{the Imotor |does hot rptate| and|therleforf thé '
brushl ess not or 43Emyg; not kot at ¢. Then| at |step| S43.1 jt is
deci ded whether or not |the count Value pf the se¢ond finerl cirfuit |83 is

not smaller than t_ \\en th& coumt valpe 1sjismaller tﬁan ti2, the opetation
of step S42 is continuéd. Thiat is} the seconE conpulsory

, —4

B— —

C—_ £

Cycle ’
(ms) |« > >l S L S T e

Chopping |25-57 8667 '86.67 [63.33'63.33'63.3340.00,. ), #0-00 )

Duty Ratio 3.7% 45% 51% ’

Fig.3
Starting Sequence Pattern B

A+ g

Bl 4

C+ J

A= =

B— —4

C— §

Cycle

(ms) < > >t > >l > > >4‘0 Y

Chopping |2667 8667 '86.67 |63.33163.33'63.3340.00,. ) 40- 1

Duty Ratio 5.7% 6.5% 7.1%
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out put waveform continues to be outputted. Wen the count value is not

smaller than t2, the programflow proceeds to step S44. At
‘step S44, the second conpul sory output circuit 81 continues to output the
second conpul sory out put® wavef orm Then, at step S45, the

decision circuit 82 decides whether or pqtg the signal fromthe reverse

i nduction voltage detector circuit 54 is stable. Wen the signal is stable,
the program fl ow pro ds to step S47. In contrast, when the signal is not
stabl e, the program gg7p4bceeds to step $46. At step $46,

it is decided whether not the count value of the second timer circuit 83
is not smaller than t3. Wen th unt alue S | | er

49 than t3, the operation of 35@%9 QQQ§ﬂﬁqrEEﬁbnﬁﬁ%t is, the second
conpul sory out put waveform conti nues to be outputted. In contrast, when the

count value is not | er _tlhan tB, thd prodgram fJ ow p}oceéds tjo stpp S47.
At step S47, the oufbut of the secpnd cdnpul Jory outputfcirguit [81

st opped, and the pre| 8! flow proceeds tlo stdp S48, The[ aboye prjocespgi,ng
operation is executed only in the fnitial tire when thel power ig clopéed.
At step $48, it is ?ﬁ ci/ded whet her[ or ngt thg curriently| set |rot dTTongn
frequency is zero. I'n tlhe pré¢sent fase, |the rjot atijonal requency is
commanded by detecAi-ngl a vafiety jor states (je.g.,| tenperat §iIre, [Pressure
and so forth), and —
B— —3
C—| ‘
Cycle !
(ms) i< > > el e —3l¢ S‘ >
Chopping 86.67 86.67 '86.67 |63.33'63.33'63.33 40.0040 0610 .00

o~

Duty Ratio 7.7% 8.5% 9.1%
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therefore, no description is made therefor in this specification. Wen the
set rotational frequency is zero, the notor operation is stopped at step
S49, and the operation of step S48 is continued. Wien the set rotational
frequency is not zero, ‘the program flow proceeds to step Sb50.

Next, at step S50, the counting of the gjygst timer circuit is started, and
a first conpul sory output waveformis outputted fromthe first conpul sory
output circuit 78 at st -851 0 operate the inverter 53 via the switching
circuit 84 and the dri é;lt 55, and the output is applied to the
brushl ess nmotor 43. In thls stage, the output level is set to the voltage
and frequency at which the notor does not rotate, and therefore, the

brushl ess notor 43 does not rotate. Next, at step S52, it is
deci ded whet her or not the count val ue of [ \ circuit 79 is not
smal ler than t1. Wien the count vaIue IS sn t he operation of
step S51 is continued. Thg
continues to be outputted.
smal ler than t1, the

Then, at step S53, |a rtlng W,
circuit 57 to o ht hdof diver{ er
drive mmutes for
output is applied {o that@artingshl ¢

4
S2 Select starting
sequence pattern A

Is compressor
locked ?

YES

sS4 Select starting
sequence pattern B

S5 Is compressor

locked ?

S6 Select starting
sequence pattern C

S7 Is compressor

locked ?

YES

L—“\
( END )



case,
synchr onous

t he met hod of
not or

not or .

" Next, at step S54,
switching to the signa
on

That

into a synchronous
t hereafter successively accelerating t
the rotation of the

ffonnwsgtor circuit 76, which signa
n vol tage detector circuit 54.

i S,

of the

t he output of the reverse

the operation is started using the brushless notor 43 as a
the brushless notor 43 is started according to
| ow- frequency synchronous starting for firstly putting the
operation at a |low rotational

rotational
rushl ess notor 43 is continued by
depends
I n

frequency and
frequency.

A
!

21~4 Combining means

t 1

Operation mode

this time point, the nptor has been already driyen as a brushless notor,
and therefore, the rotaional’ frequency can be justed subsequently

adj usting the volta 2c 2e t ﬁle S5k a rotati ondb
frequency control gara ign i exe@ ed. g sg, the voltage val ue
i s adjusted so as to\ JORFEdsr a—treofat gl dapdngy Setting T 778
step S56, it istdecid tihhek oy n he $et ilrot a4 dnal fre .
zero. Wen the(set rot il eq % t e pp ati qe
S55 is continye it r astt mhe t + 0,
the program f is 1o stepi 548 |t $ t—t AR ion.

A nore detail ed”descriipfion w |l b. d gi\ W. E%E. 16 | 1By cui23 X
di agram of the reverse ZAnd3c! | Vod4[a ecEyi reNint| 5 N
In Fig. 16, a referencej(nu ra 90,5;1 ot afi i er :cidf h |tils
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brushl ess notor 43, respectively. _

- 51 A reference nuneral 93 denotes a first conbining circuit
93i whi ch conbi nes .an output of the second filter circuit 91 with an out put
of the third filter circuit 92 by means of resistors Rl11 and R12 (a
conbining ratio is R11/R12). A referergggnuneral 94 denotes a first
-conparator circuit which conpares an output of the first filter circuit 90
wi th an output of the first C?F?ini circuit 93, thereby outputting a
position detection signal Z. . A reference nuneral 95 denotes
a second conmbining circuit which conbines the output of the third filter
circuit 92 with the-output of the first filter ;E%rcuit 90 by neans of

resistors R21 and R22 (j 2on@ai ng éatB i s R31/R22) 3kA referencddnyner al
96 denotes a second2@onpalatof circd@t phid8 chnpdfes)the out putjo:‘riLheh
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ref erence nuneral 98 denotes a third conparator circuit which conpares the
output of the third filter circuit 92 with an output of the third conbining
citcuit 97, thereby outputting a position detection signal Y.

“Operation of the above-described reverse induction voltage detector

circuit 54 will be described below Witk jg8ference to Figs.. 17A to 17I1.
"Figs. 17A to 171 show waveforns in various sections when the reverse

i nducti on voltage detector ci \r/ﬁ gsi S operating. Fi gs.

17A, 17B and 17C are voltage of the U phase, V- phase and
Wphase, which are inputted to the first filter circuit 90, the second

filter circuit 91 and e third filter circuit , respecti Eﬂthe
present case, the volt g?Evvzﬂ&forr@ adg s,?ovﬁl S §enﬁ31k| cal | for 3 e sake
of sinplicity of 2a ( "} sg FoSe V% ). s2 S,
expl anati on, but thée bt pprefre 6 “ —pre a{ ed ve Nee
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first filter eifnouit—96 thq: secqrié\*f r,e!:.'*‘l in T i{sdélteﬁ
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i nduction voltage conponents fromthe wi nding voltages of the brushless

not or

Inithe present case,

by the filter circuits and conparing themw th ohe another.
t he operation of the reverse induction voltage

détector circuit 54 in its stable operating state has been descri bed.

However, a
phenonmenon wil |

voltage is applied to the w ndings,
circuits are al nost el ectrostati cal
notor starts fromthe | owfrequency

st age,

filter circuits have transi ent DC conponents.
phenomenon that the out

In the stop state,

no

and the capacitors of the filter

RiGtd

Thi s

arged. Therefore,
nous node in the next starting
a conplete stability cannot be achieved since the outputs of the

had3

ah
ol X

when t he

slightly different phenomengygoccurs in the starting stage. The
be descri bed bel ow.

circuit 54 becomes uns hence,

t of t
bl e ang:
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has/&
<{hansi ent DC conporfér
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synchronous stard ngd tii@m, dltage and a freqien
applied for a spagifligd fime Infferjval fromthe first
p H TN
\\F1 65

circuit 78.
The above conte

L 3t e wm :..-..1 54 62
S S
: Reverse Starting
35 Driver induction commutation <
$ 4 voltage detector 5[8 — pattern storage
Y ¥ nd
oltage o i
59 ommutation
r Y ) Starting
64~ ) voltage pattern |<
S Vqltage . ™ storage
67 adJL‘JLster
O ¥ 66 ] 57
Increase|| 65~ Increase S d
rate ~ rate [« Second timer fest—fStarting
1 adjuster selector circuit
A A
_ 58
'Rotational Thi .
69~ frequency hird
selector timer
A A _
: ~—71
Rotational . : Y
frequency ‘Fourth |~_72 |Rotor fixing First
deciding timer circuit timer
56 circuit _ T C
1 61 60
Rotational Fixed '
. —~—70
frequency rotational -
setting circuit frequency




18F show waveforns in the starting stage, where Figs. 18A 18B and 18C are
respectively the position detection signals X, Y and Z shown in Fig. 16,
“while Figs. 18D, 18E and 18F are respectively the outputs of the first
filter circuit 90, the-second filter circuit 91 and the third filter

circuit 92 shown in Fig. 16. _ 18 In the present case, by :
outputting fromthe first conpul sory ou{put circuit 78, the outputs—oef-the
filter circuitsFi ta}n' |y reach the respective initial gipge| st ates
at this tine. Tlhe ency synchronous starting operatioh is |execut ﬁéd

fromthis state, and therefore, the outputs of the filter circuits|higei0A
stabilized very rapidly. Accordi@gl y, a sufficiently stabilized po§ition
detection signal can be obtainedjby the time when the reverse indugtion

“voltage will be detected. ~I'n the present case, it was
~di scovered that applying g_an owgsgt frequency of |50 Hz
and a choppi g1 fiu i 0 by PW/ EigntdBl )

CIJJ

“for 155 nsec as the t hr ough
repetitive trial and error: l'y high
and the voltage (duty ratio) f evel . Thererore,

t he brushl ess notar_43 (‘annol geherate a rotational torque W e, it

does not rot848. Fur t her noggart PDOCcmdtbe vol tage |s seStwpr&CI omotano {such
probl em t hat t heldipput—powsr—exirenely | nereases! OCeHS- By

appl ying thegygl fage, the I the filtper circuits can be
sufficiently chatged betorg’@ﬁghéférﬁ?ég Therefaorel the transient DC

conmponents in the | owfrequency mhmm;)perati on can be

‘substantiall oed St n curt p7 is|operating, thereby
enabl i ng sta I1§ >tartmﬁult&'¥p&°§ ﬂlhb g"'égll‘—]‘irt her hore,| this processing is
al so effective even when a | on

Is first timer NO

operation completed?
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518 operation completed?
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Is second timer

S22 operation completed?

- YES



_

frequency synchronous starting.tine cannot be provided, neaning that this
~ met hod : 54 is an effective

met hod particularly for such a load that a high torque is generated in an
~early stage after the start as in the conpressor. . The above
-~ description was based on the case whergy/tlge notor is turned on fromits

stop state. The followng will describe the stage where the power is

cl osed. Wen the circuit _is left intact with the power disconnected for a
long time, the'c ;gp es of the filter circuits are conpletely
~discharged. In thisZstate, it is necessary to effect the conpul sory out put
. nore intensely for a longer tine in order to stabilize the filter
‘circuits. Next , is nethod will be described. Wen the power
closing decision circuit 80 i des that the power is closed, the second
conpul sory output circuit 81 Ifs caused to output. The output is preferably
applied with a v T e first conpul sory out put
circuit 78. Increase | voltage @tesecondase, we di scovered that applying
a maveforn1ﬁ%%§ng an out mdredseoqatecy of 50 Hz and—a—ehepprheg—de{y ratio
of 10.1 % (pul seturning- on ratio by PWV cagntrolf) for not shorter than 1

sec as the second conpul sory cnﬁ1nﬂ—ﬁMhﬂﬁﬂmﬁﬂﬁmr§~7+{ective t hr ough
repetitive trial[fand error. AL tns stage, )
S24 Control rotational frequency S99 Continue -
at fixed rotational frequency fourth timer
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Is third timer timer operation
operation completed? completed?

YES YES

S31 | Start third timer

326 Control rotational frequency
at set rotational frequency

Set rotational
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rotational frequency?

S27

YES

NO
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because the voltage as well as the frequency is high, the brushl ess notor
43 does not rotate. Furthernore, though the input power is also high, the
‘abbve 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 of f operations. " 14/18 Thus, by outputting a waveform
“having a voltage higher than that of the first conpul sory output circuit
78 fromthe second compul sory output circuit 81 at the time of closing the
rpower, the phenonenon that the position detection signal of the reverse

i nduction voltage detector circuit 54 becones very unstable can be

el i m nated, thereby enabllng stabilized starting.

55 _ Next , f%Zgr fqéza an opti mum wavef or m out put under such
conditions that individual i‘a were taken into account will be
described belowwth the provision of the stability decision circuit 82.
The conditions of the filter circuits vary for each tinme the power is

cl osed though the procedure is jthe sanme. For exanple, even when identical
circuits are used, the tine perfiod during ggic ép power is kept on varies
from a short one to a |ong ond. Furthern@ IPTER gﬁnditions of the filter
circuits also vary dependi ng an the vari atj f parts, notors and so

forth between the Relative |~~~ T STt e N

Efficiency -~

Rotational
Frequency [ r/sec]

Relative
refrigerating
ability L :
Rotary !
ol 1 1 ]
30 60 90

Rotational
Frequency [ r/sec}



circuits. In order to detect the states, the stability
dteSIon circuit 82 is provided in this enbodinent. Operation of this
circuit will be described bel ow In regard to the decision
of the stability, it is decided that a stability is assured upon detecting
six times of occurrence of pulse changefpqfg Ex-OR (Exclusive OR 99) | ogi c
outputs with respect to the outputs (p05|t|on detection signals X, Y and 2)
of the reverse induction voltage detector circuit 54 within a period of
one cycle (20 nsec in this enbodi nent) of the conpul sory output waveform
In the normal operation, the Ex-OR 99, to which the three position
detection signals are i utte operates as a circuit for deciding whether
the three inputs resul 7g odd nunber or an even nunber, and takes
advant age of the fact th “the pul se changes occur siXx tlnes when t he
position detection signals becone normal. When the stability is not

achi eved, the pul se changes occur |ess than six tines. It is
to be noted that although the stability is thus decided by the frequency
of the pul se changes in this enfjodyment, Vg is apparent that the sane

56
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effect can be obtained when the stability is deci ded by detecting, for

exanpl e, a pul

ciYcuit 83 is provided which has two
1 sec and t3 = 5 sec).
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As descri bed above, the brushless notor starter -according to the present
enbodi nent is provided with the first conpul sory output circuit 78 for

ot putting a waveformof a voltage and a frequency at a |level at which the
brushl ess notor 43 does-not rotate. The output fromthe first conpul sory
coutput circuit 78 is applied to the by4jgll ess notor 43 just before the
notor is startedg~-0m 57 the
stop state. This a/gnaaﬁent can reduClogihg ohfdavegrce of the transient DC
~conponents of the filter circuits o@ the reverse induction voltage detector
circuit 54 tQ stabrrrzethggutput—of—tHhereverseTmducyi on vol t age
detector ci gﬁi 54 immdéi@@l%é)%rigrt'mﬁé GQWHt | t her eby preventigg t he
notor from stepping out even wien e 1oad Torqie TNCLeases.

~Furt her m)re,S%?e @r m e 0t86 o AL L& o%ﬁﬂf%ﬁ'\.gefb?n{ e ﬁjresent
[ M 1 ils c ( onp ol QUL DU Cl

I nvention is deg on cuit 81 for -
outputting a waveform of a voltagetanrd. g frequency a A3 | gvel at which the
brushl ess not 3433 -daes Tiot Setehd, tiarer2tR? powe sLodlMg decision circuit
80 for deciding that the pPOwWet—is gset—Vhen it is decided that the

power is closed, the inverter 588s| operated by the output of the second

conpul sory output circuit 81 to appky—e—vettage—to—the—brushtess—rotor—43
By so doing, stAbt e Start—canm e qehieved—evenm gt cl osing of the
power i n whitAf | HEUIR SEERNE cERERUFPYeRUPYY WaveTorm

. Is
reverse induction voltage NO

Stable?/

. YES S46
YES

S47| Stop second-compulsory output waveform
sle
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Second timer=t37

NO

NO

Rotationa

548 Frequency=07? |
YES l S49 | Stop motor operation
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S52 First timer=t1? NO
YES
S53 Output starting waveform
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|
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unst abl e particularly in consequence of a sufficient discharge of the
filter circuits. Al so, the decision circuit 82 is provided

f & deciding whether or not the operation is stabilized based on the signal
fromthe reverse induction voltage detector circuit 54. The decision
circuit 82 contributes to speedi |y comqymqige the processing at the tinme of
cl osing the power. The second timer circuit 83 is further
provi ded which starts its operation fromthe stage of closing the power.
Even if the processing is not conpleted by decision in the stage of
closing the power, the operation can be conpl eted speedily and

conpul sorily, 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 conpressor to which a great
load is applied particularly in the starting jstage, this starter is also
effectively used 58 with a
rotary conpressor or the like to which qmgre load is applied in the
starting stage.
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59" | CLAIMB 1. A starter for a

brushl ess notor having a rotor, said starter conprising: an .
inVerter for converting a DC voltage into an AC voltage to drive - said
brushl ess not or; - a reverse induction voltage detector circuit for
detecting a rotational position of saH@/{Qtor froma reverse induction
:vol tage of said brushless notor; a commutator circuit for
‘generating a waveformfroma S|gnal of said reverse induction voltage
detector circuit to drive said inverter; a starting circuit for
outputting a waveformrequired to start said brushless notor; a

first conpul sory output circuit for outputting for a specified tine
interval a waveform having a voltage and a frequency at a | evel at which
said brushless notor does not rotate; and a switching circuit for
sel ecting an output of said first conpul sory output crrcuit when said
brushl ess notor is started, then selecting an output of said starting
circuit, and finally selecting an output of said commutator circuit so as
to operate said inverter. 2. A starter for a brushless motor having a
rotor, said sgﬁgter conpr|5|ng an inverte a DC

voltage into e to drive brushl ess reverse
i nducti on vol detector circuit f tational pa@
said rotor fron1a reverse induction LH" brushl ess no

reverse induction voltage det ect

starting CII’C tlg ggﬁ@uttlng SS
not or ; t npul sorpy, irci _ _ ifNg a mavefo m

having a voltage and a freq
does not rotate; a power closing decision circuit for deciding that
a power is closed; and

Fig.17C

Fig.17D
Fig.17E
Fig.17F
Fig.17G
Fig.17H
Fig.171 |




60‘.d a swtching circuit for selecting an output of said second
cénpul sery output circut to operate said inverter when said power closing
deti sion circuit decides that the power is closed. 3.  Astarter for a
brushl ess notor having a rotor, said starter conprising: an
inverter for converting a DC voltage irpt,’)lgm AC voltage to drive said

brushl ess not or; a reverse induction voltage detector circuit for
detecting a rotational position of said rotor froma reverse induction

vol t age of said brushless notor; a commutator circuit for generating
a waveformfroma signal of said reverse induction voltage detector circuit
to drive said inverter; a starting circuit for outputting a waveform
required to start said brushless notor; a power closing deci Heverse
circuit for deciding that aFjpgwer is closed; a decision ci rCfr‘fo‘ucfiBﬁ
deci di ng whet her or not operation fs stablized fromthe si {;1 of
said reverse induction vojt ctor circuit; a second ag&y
output circuit for output i@gtign
at a level at which said brushlesls notor does not rotate, said seé¢ond
conpul sory oﬁput ci rcuit stopping the output of the waveform when said-

decision cir {’gd?(ﬁg& Wmﬁwm ef Rn a
switching circuort for sel€ctimng am out put second np o] o] ut
circuit to o e Bi nvey t; when saird-;lpomer cl og degHs{ 0 I Ie4li t

deci des that t@-pl@l S e 4. starter Jor us S

having a rotor, said starter conprising: an_inverter_for_converting
a DC vol tagﬁE' z-ﬁ,@vol ﬁgg |t|o drive [sai d bgusﬁl es]s m)thr ;] l ] [ § ]
reverse i nductiJghr thege detector circui or detecting a rotationa

position of said rotor froma reverse induction voltage of said brushless
not or ; a commutator circuit for ganerating a waveformfrom a signal

of said
Fig.18D

t

Fig.18E

Fig.16F




o . . . . . o
reverse induction voltage detector circuit to drive said inverter;

61 a starting circuit for outputting a waveformrequired to start
s&i d brushl ess notor; a power closing decision circuit for deciding
that a power is closed;- a decision circuit for deciding whether or
not the notor operation is stabilized1§yp@1the signal of said reverse

i nduction voltage detector circuit; a second tinmer circuit for
starting its operation when the power is closed; a second

conpul sory output-circuit for outputting a waveform having a voltage and a
frequency at a |eval at which said brushless notor does not rotate, said
second conpul sory output circuit stopping the output of the waveform when
said decision circuit tEﬂbﬂezéahat the notor operation is stable or when
sai d second timer circdi as ~onpl eted counting of a specified tine
interval; and a switcching circuit for selecting an output of said
second conpul sory output circuit to operate said inverter when said power
closing decision circuit decides that the power is closed.
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ABSTRACT
And Refrigerator Control And Brushless Motor
Starter Used in Same

When a lock detecting means 17 detects a locked state of a DC

Refrigerating Apparatus,

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 spéedily without repeating starting failures. A
compressor 41, driven by a DC motor 43, has a shell of an internal pressm"e
approximately equal to the pressure of an inhalation gas. An mverter 53 is
provided to make the speed of the DC motor 43 variable. A rotational frequency.
setting circuit 36 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
intemgl temperature of a refrigerator is stabilized. By this constructioﬁ, the power

consumption can be remarkably reduced.

Figure 14.
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