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DESCRIPTION

Refrigerating Apparatus, And Refrigerator Control And Brushless Motor Starter
Used In Same

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 refrigerating
apparatus for controlling a rotational frequency or speed of a refrigerator compres-
sor, and to a brushless motor starter in which the position of rotor magnetic poles
of a DC brushless motor having an inverter-controlled rotational frequency is

detected in a sensor-less system.

Background Art

There have been proposed a large number of refrigerators aimed at
energy saving and improving its quick refrigerating ability by making variable the
rotational frequency or speed of the compressor. For example, as disclosed in
Japanese Laid-Open Patent Publication (unexamined) No. 2-140577, there is a trial
of producing an effect by making variable the rotational frequency 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
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because it has had an excellent capability in such a point that its lubricating ability

depends less on the rotational frequency.

. However, according td the conventional construction, there has been
the following'problems m using the rotary compressor.

Ir_x general, the rotary compressor has a high pressure inside its shell.

That is, an inhalation gas having a low pressure is directly inhaled into a cylinder
of its compressing section, once diécharged into the shell after compression, and
thereafter 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 (lealgagé heat loss).

However, the leakage heat loss has no relation to the rotational

- frequency, and depends on the magnitude 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 energy saving is attempted by

lowering the rotational frequency by an inverter to reduce the refriger_ating ability

when the internal temperature of the refrigerator is stabilized to allow a grcét '

refrigerating ability to be-dispensed with, there has been such a problem that the
energy savihg 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 abﬂity depends on the rotational frequency, and this has caused such a
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problem that the reliability is degraded particularly at a low rotational frequency.
Also, because this compressor requires a large starting torque, a smooth starting
has not been able to be achieved.

Also, there has been proposed a method of starting a compressor
motor control device wherein the position of rotor magnetic poles of a DC
brushless motor, 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
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 example, in Japanese Laid-Open Patent Publication
{unexamined) No. 1-54960.

Because a transient DC component in a filter circuit employed in a
sensor-less 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-less 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 is great

at the starting, the compressor is occasionally brought into a locked state during
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the starting sequence pattern operation before the switching to the sensor-less
system is effected.

On the other hand, brushless motors have been widely used for the

- reasons that they have high efficiencies and permit a rotational frequency control

~ under voltage control. Particularly, since the method of detecting the rotational

position from a reverse induction voltage generated at the windiﬁg voltage of the
motor was proposed lately as a technique for obviating the need of a position
detection element for detecting the rotational position of the brushless m'otof,
brushless motors have been extensively used .'eveﬁ in very bad operational
environments such as the compressors and the like where the temperature is high
and refrigerant and oil éxist inside. |

In order to_eliininate 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 becomeé 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 (unexam_inéd)
No. 58-190287. The prior art brushless motor starting method will be described
below with reference to Fig. 19.

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

Referrin.g.to Fig. 19, when a stopped motor is started, the motof iS
operated as a syn‘chronoﬁs motor because no reverse induction voitage is generated

(low-frequency synchronous starting). In this stage, a drive frequency is

accelerated so that the rotational frequency 'gradually increases. With this

operation, the rotational frequency also increases. |
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When the rotational frequency of the motor reaches a specified
rotational frequency, it is allowed to execute position detection from the reverse
induction voltage, and the motor comes to operate as a brushless motor by
switching. Thereafter, acceleration, deceleration and maintaining of the rotational
frequency can be achieved by controlling the voltage.

By providing time intervals (t4 and t5) in which no acceleration is
effected for a specified time in the switching stage and effecting the switching
after waiting for a sufficient attenuation of the transient DC component in the
filter circuit, or by starting acceleration after the transient phenomenon in the
switching operation is completed, a stability in the switching stage has been
assured.

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

In the brushless motor in which the position detection is executed
based on the reverse induction voltage, the motor starts its operation as a
synchronous motor according to the low-frequency synchronous starting in the
motor starting stage. In this stage, a voltage and a frequency are applied to the
motor so that a specified torque is generated. In this stage, since noise and
vibration are caused when 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 on 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.
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Accordingly, the prior art method has been effective for such a
motor that has a small load in the starting stage or at a low rotational frequency -
(e.g., fan motor). |

However, in compressors for use in refrigerators and air 'conditibners |
or the like, there may be a 'cé.se where a high load 1s applied several seconds after
the starting stage. Generally, in ﬂie"compressor, a difference in pressure of
compression gas takes place and the load torque increaées immediately after the
starting. Parti'cuiarly, it is well known that a great torque is applied several
seconds after the starting stage'. |

When the conventional method is used in such a case, since the
acceleration stop interval is provided when a high load torque is applied, there has
been such a pr_obleih th_at a step-out is caused by the high load torque in either the
low-frequency synchronous starting opéfétion 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 considerable
duration of the acceleration stop interval has been required until the motor is put -
into its stable state. 'Accordiﬂgly there has been such a problem that the motor
tends to step out in the acceleration stop interval. |

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

sequence pattern of an output torque that is greater by one step.
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Another object of the present invention is to provide a refrigerating
apparatus which fails less at the starting by detecting a load torque of a DC motor
based on the ambient temperature of a refrigerating system, a cooler temperature
or an inhalation pressure, and by starting the mator according to a starting
sequence pattern corresponding to the load torque from the beginning.

A further object of the present invention is to provide a refrigerator
control device capable of preventing the possible reduction in efficiency of the
compressor due to the leakage heat loss, assuring a high efficiency even at a low
rotational frequency, and remarkably reducing the amount of power consumption.

A still further object of the present 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
after 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 lubricating oil when oil shortage
occurs due to the occurrence of an unforeseen accident such as mixture of gas in
the stage of slow rotation.

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

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

a position detection process even at the time of closing the power during which
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the position detection is likely to be unstable, or by compulsorily terminating the

process even when the process is not completed by decision.

Disclosure of the Invention

In order to accomplish the aforementioned objects, a refrigerating

apparatus according to the present invention comprises an inverter circuit having

a plurality of semiconductor switches and a plurality of diodes connected with

-

each other in the form of a br_idge, a DC motor operated by said inverter circuit

and haviné arotor, a compressor driven by said DC motor, a condenser connected
with said compressor to constitute a refrigerating cycle, and a cooler connected
with said compressor. The refrigerating apparatus ﬁ;rther comprises a position
detecting means for detecting a position of said rotor of said DC motor, a
commutating means for outputting a commutation pulse to decide an operation of

said semiconductor switches of said inverter circuit based on an output of said

"position detecting means, a rotational frequency detecting means for detecting a

rotational frequency of said compressor based on the output of said position
detecting means, and a lock detecting means for detecting a locked state of said

compressor based on an output of said rotational frequency detecting means. The

refrigerating apparatus also comprises a chopping signal generating means for

generating a chopping signal to effect chopping so as to make variable the .

rotational frequency of said DC motor, a combining means for combining said

commutation pulse with said chopping signal, anda drive means for turning on

and off said semiconductor switches of said inverter circuit based on an output of .

said combining means.
| A starting sequence control means is provided for outputting a

predetermined commutation pulse and a predetermined chopping signal to said

-8-
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combining means when no output is obtained from said position detecting means
in a starting stage Uf said DC motor. The stirting sequence control means
executes restarting by outputting again the commutation pulse and the chopping
signal after a specified time interval when said lock detecting means detects
locking of said compressor.

Furthermore, a plurality of starting sequence pattern storing means
stores respective starting sequence patterns of said commutation pulse and said
chopping signal outputted from said starting sequence control means. The 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
sequence pattern of an output torque greater by one step than said starting
sequence pattern of the minimum output torque, and outputs the resulting sequence
pattern to said starting sequence control means.

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

Advantageously, an ambient temperature detecting means is provided

for detecting an ambient temperature of said refrigerating cycle. In this case, said

torque increasing means compares the ambient temperature detected by said

ambient temperature detecting means with a preset reference ambient temperature,
and selects a starting sequence pattern of a great output torque corresponding to
the ambient temperature when the ambient temperature is higher in the starting

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

-9-
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sequence pattern of an output torque greater by one Step, and outputs the resulting-

sequence pattern to said starting-sequence contrdl means.

Alternatively, a cooler temperature 'detecting means may be provided

for detecting a cooler temperature. In this case, the forque increasing means

compares the cooler temperature detected by said cooler temperature detecting

means with a preset reference cooler temperature, and-selects a starting sequence

pattern of a gré_at output torque corresponding to .the cooler temperature when the

- cooler temperature is higher in the starting stage. In the restarting stage, the

torque increasing means selects another starting 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 deteéting 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 séquence |

pattern of a great output torque corresporid_ing 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 —

greéter by one step, and outputs the resulting sequence pattern-to said starting
sequence control means. : o |
In another form of the present invention, 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

-

o

a specified time interval after starting and then controlling said motor according-

to an internal temperature of said refrigerator.

-10 -
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On the other hand, a control device of the present invention is
intended for use with a refrigerator which includes a compressor having a shell
of an internal 'pressure approximately equal to the pressure of an inhalation gas,
a compressing section a;commodated m the shell, antd a DC motor having a rotor
and a stator for operating the compressing section. The control device comprises
a reverse induction voltage detector circuit for detecting a rotational position of
the rotor from a reverse induction voltage generated at a stator winding, an
inverter for executing a commutating operation based on an output of said reverse
induction voltage detector circuit during a normal operation so as to operate the
DC motor at a variable speed, and a rotational frequency setting circuit for setting
a rotational frequency of said DC motor to be lowef than a commercial power
frequency when the internal temperature of the rcﬁ'igerator is stabilized.

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

Alternatively, the control device may further comprises a starting
commutation pattern storing circuit for preparatorily storing a specified commuta-
tion pattern to accelerate said DC motor within a short time, a starting voltage
pattern storing circuit for preparatorily storing a specified voltage pattern to allow
said DC motor to yield a specified torque, 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 of said

- 11 -
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starting voltage pattern storing ClI‘Clllt and a commutauon selector circuit for
switching to a commutating operation based on a normal output of the reverse
induction voltage detector circuit when the output of sald starting commutauon
pattern stonng circuit is completed

Agam alternatlvely, the control devrce may ﬂ.lrther compnses an

increase rate selector circuit for selectmg a rate of acceleration by increasing the

output voltage of said inverter after said DC motor is started, and a second timer

circuit operating for a specified time mterval after the starting operation is

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 intervai in a rise time of said DC motor, and
a rotational frequency selector circuitfor selecting a rotational frequency close to
the cennnercia_l power frequency as a fixed rotatiqrial frequency. The rotational
frequency selector circuit ignores the rotational frequency set by said rotational
frequency_ settirig circuit when said third timer circuit is operating, and determines
the fixed rotational frequency as an output target cf said inverter.

Meanwhile, a starter of the present inirention is intended to start a
brushless r_no_tor 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 brushiess motor, and a commutator circuit for
generating a waveform from a signal_ of said reverse induction voltage detector
circuit to drive said inverter. The starter'further. comprises a starting circuit for

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

-12 -
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output circuit for outputting for a specified time interval a waveform having a
voltage and a frequeiicy 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.

The first compulsory output circuit may be replaced by a second
compulsory output circuit for outputting a waveform having a voltage and a
frequency at a level at which said brushless motor does not rotate. In this case,
a power closing decision circuit is provided for deciding that a power is closed.
The switching circuit selects an output of said second compulsory output circuit
to operate said inverter when said power closing decision circuit decides that the
power is closed.

The - starter may further comprise a decision circuit for deciding
whether or not the motor operation is stabilized from the signal of said reverse
induction voltége 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

- 13-
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Fig. 1 is a schematic view of the total construction of a refrigerating
apparatus according to a first embodiment of the-présent invention;
Fig. 2 is a chart showing a starting seqﬁence pattern A of the
refrigerating apparatus shown in Fig. 1; -
5 Fig. 3 is a chart showing a starting sequence pattern B of the
refrigerating apparatus shown in Fig. 1; | -
Fig. 4 is a chart showing a starting sequence pattefn C of the
refrigerating apparatus shown in Fig. 1;
Fig. 5 is a flowchart of a starting sequence operating section of the
10 refrigerating apparatus shown in Fig. 1;
Fig.6isa schématic view of the total construction of a refrigerating
apparatus of a modification example; - |
| Fig. 7 is a schematic view of the total construction of a refrigerating
apparatus according to a modification of the present invention;
15 Fig. 8 is a schematic view of the total construction of a refrigerating
apparatus according to another modification of the present invention;
Fig. 9 is a circuit diagram of a refrigerator control device according
to a second embodiment of the present invention;
Fig. 10 is a flowchart of the operation of the control device shown
20 in Fig. 9; | B |
Fig. 11A is a graph showing the characteristics of a relative
efficiency of a compressor;
Fig. 11B is a graph showing the characteriétics of a relative

refrigerating ability df the compressor;

14 -
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Fig. 12 is a graph showing the characteristics of a relation between
the rotational frequency and the torque of a motor serving as a synchronous
motor;

Fig. 13 is a graph showing the characteristics of a lubricating ability
of a lubricating oil pump; |

Fig. 14 is a block diagram of a brushless motor starter according to
a third embodiment of the present invention,;

Fig. 15 is a flowchart of the operation of the brushless motor starter
shown in Fig. 14;

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 filter circuit provided in
the reverse induction voltage detecting circuit shown in Fig. 16 in the stable
operation stage;

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

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

detecting circuit in a starting stage;

-15 -
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Figs. 18D, 18E and 18F are respectively waveform charts of the
outputs of the first filter circuit, the second filter circuit and the third filter circuit
in the starting stage; and

Fig. 19isa graph for explaining a prior art brushless motor starting
metht)d. B

Detailed Description of the Preferred Embodi

Preferred embodiments of the present invention will now be
described with reference to the accompanying drawings.

Fig. 1 is a schematic view of the total construction of a refrigerating
apparatus according to a first embodiment of the present invention. In Fig. 1, a
reference numeral 1 denotes an AC power source. A reference numeral 2 denotes
a voltage-doubling rectiﬁer circuit for converting the AC voltage of the AC power
source 1 into a DC voltage, whereixi diodes 2a through 2d and capacitc;rs 2e
through 2f are connected to one another. | |

A reference numeral 3 denotes an inverter 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 corhpressor
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 rotati'onai pulse so that the rotational position of tﬁe
rotor may be detected from the reverse induction voltage (reverse electromotive

force) of the DC motor 4.

- 16 -
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A reference numeral 7 denotes a cdﬁ:ﬁmtating means for generating
a commutation puise to commutate the semiconductor switches 3a through 3f of
the inverter circuit 3 from an output of the position detecting means 6. A
reference numeral 8 denotes a rotational frequency commanding means for
outputting a rotational frequency command signal to the DC motor 4. A reference
numeral 9 denotes a rotational frequency detecting means for counting the
rotational puise of the position detecting means 6 for a specified period (e.g., for
0.5 second).

A reference numeral 10 denotes a duty ratio setting means for
outputting a duty ratio based on a difference between the rotational frequency
command signal of the rotational frequency commanding means 8 and the actual
rotational frequency detected by the rotational frequency detecting means 9 so that
they coincide with each other. A reference numeral 11 denotes a chopping signal
generating means for generating 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
comprised of the position detecting means 6, commutating means 7, rotational
frequency commanding means 8, rotational frequency detecting means 9, duty
ratio setting means 10 and chopping signal generating means 11.

A reference numeral 13 denotes a starting sequence control means
for outputting a predetermined commutation pulse and a predetermined chopping
signal for such a reason that no output can be obtained from the position detecting

means 6 in the starting stage of the DC motor 4, and executing restarting for

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

-17 -
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of a épeciﬁed time interval when a lock detecting means  17 detects the locking of
the compressor 5. The lock detecting means 17 is discussed later.

Reference numerals 14, 15 and 16 denote respectively a starting
sequence pattern storing means A, a starting séqﬁénce, pattern storing means B and
a starting séquénce pattern storing means C, which store respectively a starting
sequence pattern .A', a starting sequence pattern B-and a 'st'artin'g sequence pattern
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 pattém B and the starting sequence pattern C, respectively.

“In Figs. 2, 3 and 4, reference characters A+, B+, C+, A-, B-and
C- denote the commutation pulses required for operating the semiconductor

switches 3a, 3b, 3c, 3d, 3e and 3f, respe(:fivély. A chopping duty ratio is an

“on/off ratio of the chopping signal. The chopping duty ratio increases one step

by one step in the order of the starting sequence pattern A, the starting sequence
pattern B and the starting sequence 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 locked state when the rotational frequency of the DC
motor 4 detected by the rotational frequency detecting means 9 is lower than a
predetermined rotational frequencgy (e.g., 5 Hz), and outputting a lock signal.

A reference numeral 18 denotes a torque increasing means A for
selecting a starting sequence pattei'n of the smallest output torque in the starting
stage, 'select_ing a starting sequence pattern of the output torque that is greater by
one step in the fest’arting stage, and outpuitin'g the selected pattern to the starting

sequence control means 13.

- 18 -
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A reference numeral 19 denotes a starting sequence operating section
comprised of the sﬁfﬁng sequence control means 13, starting sequence pattern
storing means A 14; startiﬁg sequence pattern storing means B 15, starting
sequence pattern storing means C 16, lock detecting means 17, and torque
increasing means A 18.

A reference numeral 20 denotes an operation mode switching means
for connecting the starting sequence control means 13t0a 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. 5.

First, when the apparatus is in the starting stage at step S1, the
operation mode switching means 20 connects the starting sequence control means
13 to the combining 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 control means 13, so that the
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compressor 5 is operated according to the starting sequence pattern of the smallest ..
output torque. o o -

Then, at §tep S3, the lock detecting means 17 decides whether or not
the compressor S5is lockéd. ‘When a normal starting is achieved, the operation is

completed. When the _compfessor 5 is locked, the program flow pfocceds to step

S4. |

At step S4, the tgfque increasing means A 18 outputs the starting |
sequence pattern B stored in the starting sequénc_e’ pattern storiﬁg means B 15 to
the starting sequence control means 13, so that the compressor 5 is operatéd

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 compressdr 5 is locked. When the normal starting is achieved, the operation

is completed. When the compressor S is locked, the program flow proceeds to
step S6. | |

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

Then, at step S7, the lock detecting means 17 decides whether or not
the compressor 5 is locked. When the nonnal starﬁng is achieved, the operation

is completed. When the compressor 5 is locked, the program flow proceeds to

- step S8.

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

interval (e.g., for five minutes), and the program flow returns to step S1.
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Therefore, when the locked state of the compressor is detected at the
starting, the compressor is restarted using the starting sequence pattern of the
output torque. that is greater by one step, thereby realizing a refrigerating
apparatus which rarely causes starting failures. ,

Fig. 6 shows a modification of the reﬁ*igerating apparatus shown in
Fig. 1, where a torque increasing means B 27 and an 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 ax_nbient 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
temperature is selected. In the restarting 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.
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Table 1

Ambient temperature < | Starting sequence pattern A is selected
tl |

tl < Ambient tempera- | Starting sequence pattern B is selected

ture < 2

t2 < Ambient téihpera- Starting sequence pattern C is selected

ture

With the above arrangement, _by' dete;ting the load torque of the DC

‘motor in the starting stage based on the réfrigeraﬁiig 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 tdrquc is great because of the high

ambient temperature. | | | |

Fig. 7 shows another modification of the refrigerating apparatus,

~ where a torque increasing means C 29 and a cooler temperature detecting means

28 are provided in place of the torque increasing means A 18 of the refrigerating
apparatus shown in Fig. 1.

The cooler temperature detecting means 28 detects the temperature
of the cooler 24, and the torque increasing means C 29 compares the cooler
temperature detected by the cooler temperature detecting means 28 in the starting
stage with the preset reference ambient tempefature. 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
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sequence pattern of the output torque that is greater by further one step is selected.

The selected pattern is outputted to the starting $equence control means 13.

Table 2

Cooler temperature < Starting sequence pattern A is selected
T1

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

ture < T2

T2 < Cooler tempera- Starting sequence pattern C is selected

ture

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

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

apparatus shown in Fig. 1.
The inlet pressure detecting means 30 detects the inlet pressure of

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

with a preset inlet pressure. As shown in Table 3, when the inlet pressure is
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high, a starting sequence pattem of a great output torque corresponding to the |

10

15

20

pressure is selected. In the restarting 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.

Table 3

Inlet pressure < P1 Startit_lg sequencf__:'e pattern A is selected

Pl < Inlet pressuré < | Starting sequence pattern B is selected
P2 |

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 stage based on the inlet pressure and staru'_ng 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 reduced.

As described above, in the refrigerating apparatus' of the first
embodimenf of the present invention, when the lock dete_cting 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 sequencé control means,
so that the comipressor can be speedily restarted without repeating the siarting
failures. Therefore, even if fhe stafting is initially failed due to a great load
torque, the motor can be immediately restarted, résulting in a reliable refri gera}ting

apparatus which fails little in the starting stage.
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Furthermore, the torque increasing means B estimates the load
torque of the DC motér 4 in the starting stage frori the refrigerating cycle ambient
temperature and selects the starting sequence pattern corresponding to the load
torque from the beginning, thereby allowing a refrigerating apparatus to positively
start even if the load torque is great beéause of the high ambient temperature.

Furthermore, the torque increasing means C estimates the load
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 initially 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 starting sequence pattern corresponding to the load
torque from the beginning, thereby aliowing a refrigerating apparatus to be sﬁbject
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 a DC motor comprised of a rotor 43a and a stator 43b. The rotor 43a
is provided with permanent magnets arranged therearound (when, for example,
the motor has four poles, poles of N, S, N and S are arranged at every 90

degrees).
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A reference numeral 44 denotes a shaft which is fixed to the Totor
43a and journaled in a bearing 45. Further, .'an et_:cenﬁic section 44a is provided
below the shaft 44, and a lubricating oil pump 46 is provided further below the
eccentric section 44a. | _ |

A referénce numeral 47 dehotés a piston, which undergoes a
reciprocating motion inside a cylinder 48 to compress a refrigerant. A rotating

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 éompressor 41 from an inlet pipe
50 through a cooling section (condenser, expander and evaporator).

A reference numeral 51 denotes a commercial powef 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 present case, a voltage-doubling rectifier system is
adopted, where the 100 VAC is inputted and a 250 VDC is outputted.

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

A reference numeral 54 denotes a reverse induction voltage detector
circuit which detects a relative rotational 'posiﬁon 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.
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A reference numeral 56 denotes a rotationat frequency setting circuit
which detects an internal temperature of the refrigerator (e.g., a temperature in
a refrigeration chamber), sets an optimum rotational frequency at that time, and
outputs the frequency as a command rotational frequency. A reference numeral
57 denotes a starting circuit which transmits a signal when the output of the
rotational frequency setting circuit 56 is shifted from a stop state (the command
rotational frequency = 0 r/sec) to an operating state (e.g., the command rotational
frequency = 40 r/sec) so as to decide that the apparatus is in the operating state.

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

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

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

starting signal is transmitted to a starting commutation pattern storing circuit 62
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and a starting voltage pattern storing circuit 63 to start the operation. In the |

| present case, patterned commutation signal and voltage signal are transmitted

respectively to the commutation selector circuit 58 and the voltage seléctor circuit
59, according to which signé_ls the inverter ~op.erat¢s,’ _

When the starting pattern is completed, the cormnutaﬁon selector
circuit 58 begi_n_é tb operate based on the output from the reverse induction voltage
detector circuit 54, while the voltage selector circuit 59 begins to output a PWM
output based on the output froni a voltage adjuster circuit 64.

Just after the switching, a voltage equal to or slightly higher than the
final voltage of the pfevious starting vbltage_p_attem is set. Thereafter, the voltage
increases at a rate set by an increase rate selector circuit 65.

A reference numeral 66 denotes a sécond timer circuit which
transmits an output to the increase rate selectbr_.ciréuit 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 timcr. 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 ,referenqe numeral 67 denotes an increase rate adjus'ter circuit
which has a function of éalculating the rotational frequency of the DC motor 43
from the output of the reverse induction voitage detector circuit 54 and adjusting
the second increase rate of the increase rate selector circuit 65 so that a rise time -
to a specified rotational frequency falls within a specified time interval.

" A reference numeral 68 denotes a third timer circuit which transmits
an output to a rotational fréquency selector circuit 69 for a specified time in

accordance with a timing under the command of the starting circuit 57. At this _
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time, the rotational frequency selector circuit 69 selects not the command
rotational frequency determined by the rotational frequency setting circuit 56 but
a fixed rotational frequency 70 during the operation of the third timer circuit 68.
The fixed rotational frequency 70 is set around the commercial power fréquency.
After the operation of the third timer circuit 68 is completed, the rotational
frequency obeys the command rotational frequency of the rotational frequency
setting circuit 56.

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 counting 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 simuitaneously. The rotor 43a and the shaft 44 are completely fixed to
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 shéft 44. This eccentric rotation is
converted into a reciprocating motion to make the piston 47 reciprocate inside the

cylinder 48 to compress the refrigerant.
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Further, below the eccentric section 44a of the shaft 44 is mounted |
the lubricating oil pump 46, which is implemented by a pump taking advantage
of a centrifugal force in the present embodiment. This pump is often used for that
reason that it has a very simple consu"uctioﬁ and-a high reliability.

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 opération 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 centrifugé.l force of the rotation, it has the problem that its lubricating ability
varies significantly depending on its rotational frequency.

| On the other hand, a great number of refrigerators and air
conditioners are commercially available in these "dayé, the refrigerating system

performance of which is made variable depeﬁding on the state of a refrigefation

- load by varying the rotational frequency of the compressor thereof by means of

an inverter. In these machines, rotary or scroll COmpressors are generaily |
employed.

A main reason therefor is that the rotary or scroll compressbrs effect
compression by utilizing the rotating motion as it is, and theréfore, the refrigerat-
ing ability can be varied within a wide rangé when its speed is variable. Another
reasoﬁ 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 points.
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That is, in e_ach case of the rotary and scroll co‘mﬁressors, its efficiency gradually
reduces at a low rotational frequency. It has been discovered that the degree of
reduction in efficiency is greater than the degree of reduction in efficiency of the
motor itself at a low speed.

Detailed analysis has been further conducted, and it has been
consequently discovered that the phenomenon is attributed to the leakage heat loss.
It has been well known that the refrigerant gas is leaking from between the piston
and the cylinder in each compressor. However, in each case of the rotary and
scroll compressors where the shell has a high internal pressure, the refrigerant gas
leaks in a direction from inside the shell to the inside of a compression chamber,
and therefore, a leakage heat loss occurs due to the refrigerant gas having a high
temperature and a high pressure, resulting in a reduction in compression
efficiency.

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

Therefore, the present inventor paid attention to a rotational
frequency control by a low-pressure shell (in which the shell has its internal
pressure approximately equal to that of the inhalation gas) type compressor. In
the case of the low-pressure shell type compressor, the shell has a low internal
pressure and the internal pressure of the shell is always lower than the internal
pressure of the compreséion chamber. Because of this, the refrigerant gas leaks

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

-31-



10

15

20

25

WO 96/28700 . PCT/AIP96/00641

- Although the leakage leads to a reduction of a volumetric efficiency, the

compression efficiency does not reduce since there is no leakage heat loss.

In order to _verify the abov¢ contents, an experirhent was conducted
by using a reciprocating compressor as a low-pressure shell type compressor.
Results of the expenment are shown in Figs. llA and llB

Figs. 11A and 11B indicate graphs of rotational frequency character—
istics of the compressor. Fig. 11A is a graph showing the characteristics of a
rotational frequency to a relative efficiency (the efficiency at a rotatioxial
frequency of 60 r/sec is assumed to be 1); while Fig. 11B i.s 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 charactéristics of the reciprocating compressor
are indicated by solid lines, while the characteristics of the rotary compressor are
indicated by dotted lines. The reCiprocating compressor in this case is a low-
pressure shell type, while the rotary compressor is a high;pressure shell type.

First, the relative efficiency shown in Fig. 11A will be described.

In the rotary compressor, the efficiency significantly reduces as the rotational

frequency is lowered with the efficiency peaked at the rotational frequency of 60

‘t/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, in

the reciprocating compressor, the refrigerating ability varies approximately
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linearly at a low rotational frequency (in a range from 30 r/sec to 60 r/sec), but
it peaks in its satu_nrﬁfion state and reduces at a rotational frequency that is not
lower than 60 r/sec. This is because the inlet valve of the cylinder cannot
sufficiently respond. o

As a result, it has been found that the rotational frequency control
of the reciprocating compressor exhibits a very high efficiency though it has a
small variable rage of the refrigerating ability. The above means that a very good
system can be provided for limited applications.' Therefore, it is proposed here
to mount thelcompressor to a refrigerator as an application.

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

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

In the Ppresent case, the reciprocating compressor is selected as the
objective low-préssure shell type compressor. However, as is apparent from the
principle that the efficiency is high at a low rotational frequency, the same is true
for every compfessor 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
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lubricating oil pumps in low-pressure shell type compressors. Therefore, muéh
care must be taken to the lubrication at a low rotati&na] frequency.

| Furthennbre, though there is a method of providing an independent
pump, this method requires a very complicated construction, causing a cost
increase and a reduced reliability. Iherefdre, it is a very serious problem' to
compensate for the lubricating ability with a.scheme of control.

Next, dperation of the refrigerator .control device constructed as
shown in Fig. 9 will be described with reference to Figs. 9 and 10. Fig. 10isa
flowchart indicative of the operation of the refrigerator control device according
to a second embodiment.

The DC motor 43 is now in its stop state. It is decided at step S11
whether or not the set rotational frequency from the lro'tat'ional frequency setting
circuit 56 is O r/sec. When the set fotaﬁonﬂ frequency is O r/sec, the stop state
of the DC motor 43 is maintained at step S12.

When the set rotational frequency becomes other than 0 r/sec (e.g.,
40 r/sec), the program flow proceeds to step S13. At step Sl3_, 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.mptor 43,

A supplementary explanation will be added here. In general, a DC
motor (DC brushless motoi') has a position .de'tecting sensor (e.g., a Hall element)
for detécting the rotational position of its r,otorl. However, in é degraded
environment in which a high temperature of the like éxists such as the inside of
a compressor, there reiriains‘ a prbblem in terms -of reliability.

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

the rotor based on a reverse induction voltage at a winding of the motor has been
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recently proposed. The method is to make use of the excellent characteristics of
the DC motor without using any sensor.

However, this method is a method of detecting the reverse induction
voltage, and therefore, the position detection cannot be effected when the motor
is stopped. Therefore, in order to start the DC motor, there is widely used a
method of starting the DC motor as a synchronous motor in the initial state. This
method is a method of compulsorily rotating the motor by applying a specified
frequency and a specified voltage (this is referred to as a starting sequence).

The method is to increase the rotational frequency of the DC motor
to a frequency at which the reverse induction voltage can be detected in the
starting sequence and then switch the operation to the normal operation.

However, during the period of the starting sequence where the motor
is operating as a synchronous motor, the rotation of the rotor and the output of the
inverter do not always coincide with each other, and therefore, the motor is very
unstable in terms of torque. Furthermore, after effecting the switching to the
reverse induction voltage detection signal, the level of the reverse induction
voltage is low when the rotational frequency is low, meaning that the state of
operation is unstable.

In the case of the rotary compressor or the like, it is relatively easy
to adopt a DC motor for the reason that a small starting torque is only required
structuraily and no great torque is required because the compressing Wbrk is not
started immediately after the start of rotation.

However, in the case of the reciprocating compressor, a relatively
great starting torque is required structurally, and also a great torque is required

to start the compressing work.
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The supplementary explanation is as above, and the eiplanation will
return to the present operation.

At step S14, the operation of the ﬁst timer circuit 60 is started.
When the first timer circuit 60 is operating, the rotor, fixing circuit 61 is operated
at step S15. At step S16, it is decided whether or not the operation of the first
timer circuit GQ is completed. When the operation is completed, the operation of

step S15 is repeated. When the operation is completed, the program flow

‘proceeds 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 1s generated inside the stator 43b. According to the
magnetic field, the stator 43b stops in a specified positidn.'

The specified i)osition 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
lbcated 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.
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When the rotor 43a stops at a specified position and the operation
of the first timer circuit 60 is completed, then a starting sequence is started so that
a rotating magnetic field is generated from the specified position fixed by the rotor
fixing circuit 61 (step S17).

The starting cémmuﬁtion pattern storing circuit 62 stores a pattern
for successively switching the switching elements of the inverter 53. Further, the
starting voltage pattern storing circuit 63 stores an optimum voltage for yielding
an output according to the output frequency of the starting commutation pattern.

The manner of deciding the pattern preparatorily stored in the
starting commutation pattern storing circuit 62 and the starting voltage pattern
storing circuit 63 will be described below with 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 shown in Fig. 12 plot the maximum torque when
a specified rotational frequency and a specified voltage are outputted from the
inverter. That is, the characteristics are obtained when the DC motor is operated
as a synchronous motor by the inverter. The pattern is determined from the
characteristics.

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

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

setting of a generated torque becomes important. When the generated torque is
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too small, the DC motor does not rotate. In contrast, when the generated torque
is too great, a brake torque is generated to hinder a smooth acceleration, and this
frequently results in a switching failure. | |

Therefore, for the achievement of the, smooth starting, there is a

method of measuring the characteristics as shown in Fig. 12 and setting a pattern,

- which will be described below. A generaté_d torque T1 of the DC motor is set to

a value that is about ten 'perc'ent higher than a fequired 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 turn at a rotational frequency F3 and
a voltage V3, the operation is switched to the operation based on the reverse
induction voltage detection signal. That is, the starﬁng sequence is compieted in
one and a half turn.

At step S18, it is decided whether or ﬁ'ot 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

from the starting commutation pattern storing circuit 62 and the starting voltage
pattei'n 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 commutation

pattern storing circuit 62 to the opération to be executed by the reverse induction
voltage detector circuit 54. By this operation, the DC motor is put in its normal

operation state (operation by position detection or the like).
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Then, at step S20, the operations of the second timer circuit 66 and
the third timer circuit 68 are started. At step S21, the increase rate selector
circuit 65 selects the first increase rate and transmits the same, and upon receiving
it, the voltage adjuster circuit 64 gradually increases the voltage and the rotational
frequency.

At step S22, it is decided whether or not the operation of the second
timer 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 65 selects the
second increas_e 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 low, and a great torque is applied from the initial
starting stage in the reciprocating compressor as described hereinbefore.
Therefore, the increase rate should be determined so that the motor operation
passes the region in which the rotational frequency is low as fast as possible.

However, when the voltage is increased too rapidly, the output of
the reverse induction voltage detector circuit 54 does not sufﬁdiently follow the
voltage, and this sometimes results in a step-out and stop of the motor.
Therefore, a rate obtained by compromising both the factors is the second increase
rate.

On the other hand, the motor operation is especially unstable just
after the operation is switched from the starting sequence, and it can be considered
that the rotation cannot be achieved due to an excessively great starting torque in

the starting sequence. Increasing the voltage at a high increase rate in such a case
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may be accompanied by an abrupt increase of a current, and therefore, this is very
dangerous. In particular, a fatal failure sﬁch as damage of the switching elefnents
and demagnetization of the rotor magnet of the DC motor will possibly result.
| Therefore, the first increase rate is, set just after effecting the
switclﬁng, and it is confirmed that the motor is surely rotating within the operating
time of the second timer circuit 66. Only when the motor is surely rotating, the
operation is switched to the second increase rate. That is, the first increase rate
is set slower than the second increase rate.
‘Next, at step S24, the rotational frequency selector circuif 69 selects
the fixed rotational frequency 70 regardless of the cdmmand 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 birg:uit- 64 obtains the current-time
rotational frequency from the 6utput of the reverse indﬁction voltage detector
circuit 54 and adjusts the voltage so as to make it conform to the voltage.

Next, at step S25, it is decided whether or not the operation of the
third timer circuit 68 is completed. When the iimer circuit is operating, the
operation of step S24 is repeated. When the operation is completed, the program
flow proceeds to step S26. At step S26, upon receiving an operation completion
signal of the third timer circuit 68, the rotational freﬁuency selector circuit 69
se.lects the command rotational frequency of the rotational frequency setting circuit
56 and transmits the same to the voltage adjuster circuit 64.

In the present case, a fixed rotational frequency 73 is set to a

rotational frequency close to the rotational frequency of the motor operation at the
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commercial power frequency. The reason for this will be described with
reference to Fig. 13. Fig. 13 is a graph showing the characteristics of the
lubricating ability of the ubricating oil pump.

It can be found that, with regard to the lubricating ability when a
normal inverter is not used, the initial lubrication is achieved most rapidly because
the rise of the rotational frequency is very fast. When an inverter is used, the
initial lubrication is slow because the rise speed is slow even at the same rate of
60 r/sec as that of the current one.

Furthermore, the lubricating ability has a significant variation
depending on the rotational frequency because the lubricating oil pump is 2
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 Iubricating 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
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- oil reaches the uppermost portion at the commercial power frequency of 60 Hz in

Fig. 13.

| Because the oil reaches the uppermost portion within the timie
interval that is two t_irnes aS long as the time interval corresponding to the
commercial power frequency, the time period of a .sliding motion in a state in
which no lubrication is effected doubles that of the current one. However, |
because the motor operates at a low rofational ﬁ’equencjr in the stable operating
stage of the refrigerator, the frequency of turning on and off the compressor i_tself
is reduced half and, eventually, the distance of the sliding motion is sérne,
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 'fotatibnal
frequency is lower than the specified rotational frequency.- When the set rotational
frequenéy is higher than the specified 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 ﬂ-equenéy, the operation of the
fourth timer circuit 72 is continued at step S29. o

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-freqﬁ:néy 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 r’épeated from step $26. When the operation is completed, the third
timer cifcuit 68 is restarted at step S31, and the operation is repeated from step

S24.
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At the rotational frequency at which the lubricating ability is very
low, the lubrication is continued to the uppermost portion as described above since
there is the surface tension even when the rotational frequency is lowered after the
oil is elevated to the uppermost portion. HOWCVCI;, when bubbling or the like
occurs in a lower portion of the lubricating oil pump 46 and the refrigerant gas
or the like is supplied together with the oil, there may occur a break of lubrica-
tion.

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

the refrigerator is stabilized. With the above arrangement, by rotating the
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compressor 41 at a low speed when the mtemal temperature of the refngerator 1s-
stabilized, a considerable reduction in power consumption can be achieved without
being mﬂuenced by the leakage heat loss, i.e., by mamtammg a high efﬁciency
even at a low rotational frequency.

Furthermore, there may be provided a rotor fixing circuit 61 for
issuing a commahd to turn on a specified phase of the inverter 53 and outputting
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 maintaimng the output of the rotor ﬁxmg circuit 61 for a specified
time interval. With tlus arrangement, the speciﬁed phase can be turned on for a
specified time interval in the starting stage to fix the rotor in a speciﬁed position,
so that the motor can be consistetitly startedl'from an identical position, thereby
enabling the stable starting. |

Otherwise, there may be pi'ovided a starting commutation pattern |
storing circuit 62 for storing a speciﬁed commutation pattern to accelerate the DC
motor 43 in a short time, a startmg voltage pattem storing circuit 63 for storing
a specified voltage pattem to allow the DC motor 43 to yield a specified torque,
a commutation selector circuit 58 for selecting the output from the starting voltage
pattem stonng circuit 63 in the startmg stage of the DC motor 43 and making the
inverter 53 perform its commutating operation, a voltage selector circuit 59 for
varying the output voltage of the inverter in synchronization with the commutation
pattern according to the output of the "starting voltage pattern storing circuit 63,
and a comrhutation 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-
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tion pattern and the voltage pattern preset so that the motor can rotate in a short
time while yielding a specified torque to start the motor, the starting in a short
time can be achieved to reduce the frequency of the sliding motion in the initial
state in which the lubrication is not effected, thus improving the reliability.

Furthermore, there may be provided an increase rate selector circuit
69 for selecting the rate of acceleration by increasing the output voltage of the
inverter 53 after the DC motor 43 is started, a second timer circuit 66 operating
for a specified time interval after the starting operation is completed, and an
increase rate selector circuit 65 for selecting the first increase rate of the small
acceleration when the second timer circuit 66 is operating and selecting the second
increase rate of the great acceleration after the operation of the second timer
circuit 66 is completed. With this arrangement, by making slower the increase
rate in the acceleration stage after the starting, a stable operation free from step-
out can be obtained. Subsequently, 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 increase 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 65, the same frequency of the sliding motion in the state in which no
lubrication is effected as in the prior art can be obtained by adjusting the increase
rate so that the rotational frequency increases to the rotational frequency equal to
the commercial power frequency within the specified time interval, thereby
improving the reliability.

Furthermore, there may be provided a third timer circuit 68

operating for a specified time interval in the starting stage of the DC motor 43,
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and a rotational frequency selector circuit 69 for determining the rotational
frequency around the commercial power frequency as a fixed rotational frequency,
ignoring -the command rotational frequency of the rotational frequency setting
circuit 56 when the third timer circuit 68 is operating, ard setting the fixed

rotational frequency 70 as the output target of the inverter. With this arrange-

-

ment, by operatmg the motor at the fixed rotational frequency for a specified time |

interval in the starting stage, the shortage of lixbricating oil particularly at a low
rotational frequency is eliminated to improve the reliability. In this case, there
may be further provided a rotational frequency deciding circuit 71 for deciding
that the command rotational frequency of the rotational frequency setting circuit
56 is lower than the specified rotational frequency, and a fourth timer circuit 72
operating when the rotational frequency deciding circuit 71 decides that the
rotational frequency is low. With this anmgcment, by starting the operation of
the third timer circuit 68 when the operation of the fourth timer circuit 72 is
completed, the motor is opera;ed at the fixed rotational frequency. for a specified
time interval when the .low rotational frequency continues for a specified time
interval. Accordingly, a sﬁfﬁcient 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 Ct;ntrol dew)ice according
to a third embodiment of the present invention, showing particularly a brushless
motor starter. In Fig. 14, no description will be made for components similar to
those shown in Fig. 9.

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

the output of the reverse induction voltage detector circuit 54 when the brushless
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motor 43 is normally operating. A reference numeral 57 denotes a starting circuit
which starts the rotation by operating the brushiess motor 43 as a synchronous
motor from the time when the inverter circuit 3 is stopped to the time when the
operation of the reverse induction voltage detector circuit 54 is enabled. A
reference numeral 78 denotes a first compulsory output circuit which generates an
output of a frequency and a voltage at which the brushless motor 43 does not
rotate, in only an operating time tl. A reference numeral 80 denotes a power
closing decision circuit which decides the time when the commercial power source

51 is iitially 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 output 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 t2,
and stop the output of the second compulsory output circuit 81 regardless of the
output of the decision circuit 82 when the time is nét shorter than t3. A reference
numeral 84 denotes a switching circuit which selects a predetcﬁnined one of the
outputs of the commutator circuit 76, starting circuit 57, first compulsory output
circuit 78 and second compulsory output circuit 81, and outputs the selected one

to the drive circuit 55.
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Operation_ of the brushless motor starter constructed as above will

" be described below with reference to Figs. 14 and 15. Fig. 15 is a flowchart

showing the operation of the brushless motor starter of the third embodiment of
the present invention.

It is assumed that the conimerciai power source 51 is now turned off.
When the commercial power source 51 is tuméd on (i.e., when the power is
closed), the power closing ciecision circuit 80 decides that the pbwer is closed and
starts the counﬁng of the second tinier circuit 83 at stép S41.

Then, at step 542, the s_eéond compulSory output circuit 81 outputs
a second compulsory output waveform to dpefate thé 'in_vertei' 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 n'lotor- 43 does not rotate.

Then, at step S43, it is decided w)vhether or not the count value of the
second timer circuit 83 is not smaller than t2. When the cbunt value is smaller
than t2, 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 t2, the program ﬂow. proceéds to step S44.

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

Then, at step S45, the decision circuit 82 decides whether or not the

signal from the reverse induction voltage detector circuit 54 is stable. When the

| signal is stable, the prbgram flow proceeds to step S47. In contrast, when the

signal is not stable, the prograni flow proceeds to step S46.
At step S46, it is decided whether or not the count value. of the

second timer circuit 83 is not smaller than t3. When the count value is smaller
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than 3, the operation of step S44 is continued. That is, the second compulsory |
output waveform continues to be outputted. In contrast, when the count value is
not smaller than 3, the program flow proceeds to step S47.

At step S47, the output of the second gompulsory output circuit 81
is stopped, and the program flow proceeds to step S48. The above processing
operation is executed only in the initial time when the power is closed.

At step S48, it is decided whether or not the currently set rotational
frequency is zero. In the present case, the rotational frequency is commanded by
detecting a variety of states (e. g., temperature, pressure and so forth), and
therefore, no description is made therefor in this specification. When the set
rotational frequency is zero, the motor operation is stopped at step S49, and the
operation of step S48 is continued. When the set rotational frequency is not zero,
the program flow proceeds to step S50.

Next, at step S50, the counting of the first timer circuit is started,
and a first compuisory 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 S52, 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 SS51 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 S53, a starting waveform is outputted from the starting

circuit 57 to operate the inverter 53 via the switching circuit 84 and the drive
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circuit 55, and the output is applied to the brushless motor 43. In the present

case, the operation is started using the brushless motor 43 as a synchronous
motor. That is, the brushless motor 43 is started according to the method of low-
frequency synchronous startiné for firstly putting the motor into a synchronous
operation at a low rotational frequency and thereafter successively accelerating the
rotationél frequency. | |
Next, at step S54, the rotation of the brushless motor 43 is continued
by switching t6 the signal of the commutator circuit 76, which signal depends on
the output of the reverse induction voltage detector circuit 54. 'In this time point,
the motor has been already'drivcn as a brushless motor, and therefore, the
rotational freque'ncy' can be adjusted subsequently by adjusting the voltage. o
| Next, at step S55, a rotational frequency control operation is
executed. In this case, the voltage value is adjusted so as to conform to the
rotational frequency setting. Ngxt, at step S56, it is decided whether or nof the

set rotational frequency is zero. When the set rotational frequency is not zero, the

“operation of step S55 is continued. In contrast, when the set rotational frecjuency

is zero, the program flow proceeds to stép S48 to repeat the operation again.

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

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

brushless motor 43, respectively.
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A reference numeral 93 denotes a first combining circuit 93 which
combines an output of the second filter circuit 91 with an output of the third filter
circuit 92 by means of resistors R11 and R12 (a combining ratio is R11/R12). A
reference numeral 94 denotes a first comparator circuit which compares an output
of the first filter circuit 90 with an output of the first combining circuit 93,
thereby outputting a positiqn detection signal Z.

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

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

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

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

the voltage waveforms are shown schematically for the sake of simplicity of
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explanation, but the actual waveforms are more complicated waveforms since
there is effected a voltage control by PWM (Pﬁlse Width Modulation) or the like. -

Further, 'Figs. 17D, 17E and 17F are outputs of the first filter circuit
90, the second filter circuit 91 and the third.ﬁlt_er circuit 92, respectively, while
Figs. 17G, 17H and 171 are outputs of the second comparator circuit 96,. the third
comparator circuit 98 and the first comparator circuit 94, respectively.

As is apparent from Figs. 17A to 171; it can be found that the
position detection signal of the rotor ié ‘obtained by extracting only the feverse
induction voltage components from the winding Vleges of the brushless motor
by the filter circuits and comparing them with one another.

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

In the stop state, no voltage is applied to the windings, and the
capacitors of the filter circuits are almost electrostatically discharged. Therefore,
when the motor starts from the low-frequency synchronous mode in the next
starting stage, a complete stability canmot be achieved since the outputs of the
filter circuits have tr_anéient DC components.: This has causéd 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 thé
filter circuits before the starting circuit 57 enters into the low-frequency
synchronous stz_lrting operation, a voitag'e and a frequency were compulsorily

applied for a specified time interval from the first compulsory output circuit 78.
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The above contents will be described in detail below. Figs. 18A to
18F show waveforms in the starting stage, wheré 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.

In the present case, by outputting from the first compulsory output
circuit 78, the outputs of the filter circuits substantially reach the respective initial
charge states at this time. The loQ-ﬁeqmcy synchronous starting operation is
executed from this state, and therefore, the outputs of the filter circuits are
stabilized very rapidly. Accordingly, a sufficiently stabilized position detection
signal can be obtained by the time when the reverse induction voltage will be
detected.

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

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

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

frequency synchronous starting time cannot be provided, meaning that this method
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is an effective method particularly for such a load that a high torque is generated
in an early stage after the start as in the compressor.
The above description was based on the case where the motor is

turned on from its stop state. The following will describe the stage where the

" power is closed. When the circuit is left intact with the power disconnected for

a long time, the charge voltages of the filter circuits are completely discharged. .
In this state, it is necessary to effect the comp'ulSory output more intensely for a
longer time in order to stabilize the filter circuits.

Next, this method will be described. ~ When the power closing

- decision circﬁit 80 decides that the power is ciésed, 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 éircuit 78.

In the present case, we discovered that applying a waveform having
an output frequency of 50 Hz and a chopping duty ratio of 10.1% (pulse turning-

on ratio by PWM control) for not shorter than 1 sec as the second compulsory

~ output waveform was effective through repetitive trial and error. At this stage,

because the voltage as well as the frequency is high,_ the brushless motor 43 does
not rotate. Furthermore, though the input poWer is also high, the above is a
processing operation only at the time of ciosing the ﬁqwer‘. - Therefore, this does
not cause an increase of input for the subsequent turmng on and off operations.
Thus, by outputting a waveform having a voltage .higher than that of
the first compulsory output circuit 78 from the second compulsory output circuit
81 at the time of closing the power, the phenomenon that the position detection
signal of the reverse induction voltage detector circuit 54 becomes very unstable

can be eliminated, thereby enabling stabilized starting.
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Next, ;,ompletion of an opﬁmum_ waveform output under such
conditions that individual variations were taken into account will be described
below with the provision of the stability decision circuit 82.

The conditions of the filter circuits vary for each time the power is
closed though the procedure is the same. For example, even when identical
circuits are used, the time period during which the power is kept on varies from
a short one to 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 with respect to the outputs (position detection
signals X, Y and Z) of the reverse induction voltage detector circuit 54 within a
period of one cycle (20 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 number, and takes advantage of the
fact that the pulse changes occur six times when the position detection signals
become normal. When the stability is not achieved, the pulse changes occur less
than six tiumes.

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

frequency of the pulse changes in this embodiment, it is apparent that the same
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effect can be obtained when the stability is decided by detecting, for example, a

pulse width. |
Furthermore, the second timer circuit 83 is provided which has two

types of timers of 2 and t3 (2 < t3, e.g., 2 = 1 sec and t3 = 5 sec). When

 the time is shorter than t2, the output of the second compulsory output circuit 81

continues to be outputted regardless of the output of the decision circuit 82. When
the decision circuit 82 decides that the opération is stable after the time becomes
not shorter than (2, the output of the second compulsory output circuit 81 is
stopped. With this arrangemenf, the possible stop of the output of the second
compulsory output circuit 81 due to an erroneous ope'ration 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 second 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 shoﬁer than t3, the output of the second compulsory
output circuit 81 is stopped regardless of the output of the decision circuit 82.
With this arréngement, even when the decision circuit 82 cannot decide that the
operation is stable, the processing operation can be speedily completed. Even in
this casé, the filter circuits are sﬁbStantially in their stable states, and therefore,
the subsequent start is stabilized, causing no step-oht. |

As described above, the brushless motor starter according to the

present embodiment is provided with the first compulsory output circuit 78 for
outputting a waveform of a voltage and a ﬁequmcy at a level at which the
brushlc&s 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 from
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the stop state. This arrangement can reduce the influence of the transient DC
components of the ﬁiter circuits of the reverse induction voltage detector circuit
54 to stabilize the output of the reverse induction voltage detector circuit 54
immediately after the start, thereby preventing the motor from stepping out even
when the load torque increases.

Furthermore, the brushless motor starter according to the present
invention is provided with the second compulsory output circuit 81 for outputting
a waveform of a voltage and a frequency at a level at which the brushless motor
43 does not rotate, and the power closing decision circuit 80 for deciding that the
power is closed. When it is decided that the power is closed, the inverter 53 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 consequence of a sufficient discharge of the filter circuits.

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

The second timer circuit 83 is further provided which starts its
operation from the stage of closing the power. Even if the processing is not
completed by decision in the stage of closing the power, the operation can be
completed speedily and compulsorily, thereby enabling subsequent stable starting.

It is to be noted that although the starter of the present invention has
been described as being used with the reciprocating compressor to which a great

load is applied particularly in the starting stage, this starter is also effectively used
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with a rotary compressor or the like to which a great load is applied in the starting

stage.
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CLAIMS
1. A refrigerating apparatus comprising:
an inverter circuit having a plurality of semlconductor switches and
a plurahty of diodes connected with each other in thc form of a bridge;
a DC motor operated by said inverter circuit and having a rotor;

a compressor driven by said DC motor;

a condenser connected with said compressor to constitute a -

refrigerating cycle;

a cooler connected with said compressor;

a position detecting means for detecting a position of said rotor of
said DC motor;

a commutating means for outputting a commutation pulse to decide
an operation of said semiconductor switches of said inverter circuit based on an
output of said position detecting means;

a rotational frequency detecting means for detecting a rotational
frequency of said compressor based on the output of said position detecting
means;

a lock detecting means for detecting a locked state of said compres-
sor based on an output of said rotational frequency detecting means;

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;
a drive means for turning on and off said semiconductor switches of

said inverter circuit based on an output of said combining means;
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a starting sequence control means f;or outputting a predetermined
commutation pulse and a predetermined chopping: 51gnal to said combining means
when no output is obtained from said position de;ecﬁng means in a starting stage
of said DC motor, said starting sequence coni:rol means executing resiarting by
outputting again the commutation pulse and the choppmg signal after a specified
time interval when said lock detecting means detects locking of said compressor;

a plurality of starting sequence _pattem storing means for storing
respective starting sequence patterns of said commufation pulse and said chopping
signal outputted from said starting sequence control means; said starting sequence
patterns having different output torques;

a torque 'increasing means for selecﬁng, in the sfarting'stag’e, a
starting sequence pattem of a minimum output torque from among said starting
sequence petterns, said torque increasing means Selec'ting, in a restarting stage,
another starting sequence pattern of an output torque greater by one step than said
starting sequence pattern of the minimum output torque, and outputting the
resulting sequence pattern to said starting sequence cbnu'ol_me'ans; and

an operating mode switching means for connecting said starting
sequence control means to said combining means in the starting stage and
connecting said commutating means and said chopping signal generating means

to said combining means after the starting.

2. A refrigerating apparatus comprising:

an inverter circuit having a plurality of semiconductor switches and
a plurality of diodes connected with each other in the fonn of a bridge;

a DC motor operated by said inverter circuit and having a rotor;

a compressor driven by said DC motor;
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a condenser connected with sald compressor to constitute a
refrigerating cycle;

a cooler connected with said compressor;

a position detecting means for detecting a position of said rotor of
said DC motor;

a commutating means for outputting a commutation pulse to decide
an operation of said semiconductor switches of said inverter circuit based on an
output of said position detecting means;

a rotational frequency detecting means for detecting a rotational
frequency of said compressor based on the output of said position detecting
means;

a lock detecting means for detecting a locked state of said compres-
sor based on an output of said rotational frequency detecting means;

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 puise with said
chopping signal;

a drive means for turning on and off said semiconductor switches of
said inverter circuit based on an output of said combining means;

-~ 2 starting sequence control means for outputting a predetermined
commutation pulse and a predetermined chopping signal to said combining means
when no output is obtained from said position detecting means in a starting stage
of said DC motor, said starting sequence control means executing restarting by
outputting again the commutation pulse and the chopping signal after a specified

time interval when said lock detecting means detects locking of said compressor;
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a plurality of starting sequence pattern storing means for storing
respective starting sequence patterns of said c_ommutatioﬁ pulse and said chopping
signal outputted from said starting sequence control méans, said starting sequence
patterns having different output torques;

an ambient temperature detecting means for detecting an ambient

temperature of said refrigerating cycle:

a torque increasing means for comparing the ambient temperature
detected by said ambient temperature detecting means with a preset reference
ambient temperature, and selecting, in the startihg stage, one of said starting
sequence patterns according to the ambient temperature, said torque increasing
means also selecting,'in the'reétarting stage, another starting sequence pattern of
an output torque greater by one step than said one starting sequence pattern, and
outputting the resulting sequence pattern to said starting Sequence control means;
and |

an operating mode switching means for connecting said starting
sequence control means to said combining means in the starting stage and
connecting said commutating means and said chopping signal generating means

to said combining means after the starting.

3. A refrigerating apparatus comprising:

an inverter circuit having a plurality of semiconductor switches and
a plurality of diodes connected with each other in the form of a bridge;

a DC motor operated by said inverter circuit and having a rotor;

a compressor driven by said DC motor;

a condenser connected with said compressor to constitute a

refrigerating cycle;

Sheet Has Been Reﬂlaced ' - 62 -

T il




10

15

20

25

WO 96/28700 , m,"c’ mlfj m"” "I’sl ” !?l,’ PCT/IPI6/00641

a cooler connected with said compressor;
a position detecting means for déi@éﬁng 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 compressor based on the output of said position detecting
means;

a lock detecting means for detecting a locked state of said compres-
sor based on an output of said rotational frequency detecting means;

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 éombining means for combining said commutation pulse with said
chopping signal;

a drive means for turning on and off said semiconductor switches of
said inverter circuit based on an output of said combining means;

a starting sequence control means for outputting a predetermined
commutation pulse and a predetermined chopping signal to said combining means
when no output is obtained from said position detecting means in a starting stage
of said DC motor, said starting sequence control means executing restarting by
outputting again the commutation pulse and the chopping signal after a specified
time interval when said lock detecting means detects locking of said compressor;

a plurality of starting sequence pattern storing means for storing

respective starting sequence patterns of said commutation pulse and said chopping

I —
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signal outputted from said starting sequence control means, said starting sequence
patterns having different output torques;

a cooler temperature detecting means for detecting a cooler tempera-
ture; . | ¢

a torque increasing means for comparing the cooler temperature
detected by said cooler temperature detecting meane with a preset reference ceoler
temperature, and selectiﬁg, in _the starting stage, one of said starting sequence
patterhs according to the cooler tempefature, said torque increasing means also
selecting, in the restarting stage, another starting sequence pattern of an output
torque greater by one step than said one starting sequence pattern, and outputtmg
the resulting sequence pattern to said starting sequence control means; and

an operating mode switching means for connecting said starting
sequence confrol means to said combining means in the starting stage and
connecting said commutating meails and said chopping signal generating means
to said combining means after the starting. |
and an operating mode switching means for connecting said starting sequence
control means to said combining means in the starting stage and connecting said
commutating means and said chopping signal generating means to said combining

means after the motor is started.

4. A refrigerating apparatus comprising:

an inverter circuit having a plurality of semiconductor switches and
a pluraliiy of diodes connected with each other in the form of a bridge;

a DC motor operated by said inverter circuit and having a rotor;

a compressor driven by said DC motor;
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a coidenser connected with sail: compressor to constitute a
refrigerating cycle; |

a cooler connected with said compressor;

a position detecting means for detecting a position of said rotor of
said DC motor; |

a commutating means for outputting a commutation pulse to decide
ah 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 compressor based on the output of said position detecting

means;

a lock detecting means for detecting a locked state of said compres-
sor based on an output of said rotational frequency detecting means;

a chopping signal generating means for generating a chopping signal
to effect chopping so as to make variable the rotational frequency of said DC
Otor;

a combining means for combining said commutation pulse with said
chopping signal;

a drive means for turning on and off said semiconductor switches of
said inverter circuit based on an output of said combining means;

a starting sequence control means for outputting a predetermined
commutation pulse and a predetermined chopping signal to said combining means
when no output is obtained from said position deteéting means in a starting stage
of said DC motor, said starting sequence control means executing restarting by
outputting again the commutation pulse and the chopping signal after a specified

time interval when said lock detecting means detects locking of said compressor;
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a plu_ralitﬁ of starting sequence pattiem storing means for stbring'
respective starting sequence patterns of said commixtaﬁon pulse and said chopping
signal outputted from said starting sequence control means, said starting séquence
patterns having different output torques; g

an inlet pressure detecting means for detecting an inlet pressure of

said compressor;

' a torque increasing means for comparing the inlet pressure detected
by said inlet pressure detecting means With. a preset reference pressure, and
selecting, in the starting stage, one of said staning sequence patterns according to
the inlet pressure, said torque increasing means also se'lecting; in the restarting
stage, another starting sequence pattern of an output torque greater by one step
than said one starting seqﬁence pattern, and outputting the resulting sequence
pattern to said starting sequence control means; and

an operating mode switching means for connecting said starting
sequence control méans to said combining means in the starting stage and
connecting said commutating means and said chopping signal generatihg means
to said combining means after the starting.
and an operating mode switching means for connecting said starting sequence
control means to said combining means in the starting stage and connecting said
commutating means and said chopping signal _genérating means to said combining

means after the motor is started.

5. A refrigerating apparatus comprising:
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
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an inverter for controlling said motor to rotate by a specified amount
of rotation for a specxﬁed time interval after sinrtmg and then controlling said

motor according to an internal temperature of said refrigerator.

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

a reverse induction voltage detector circuit for detecting a rotational
position of said rotor from a reverse induction voltage generated at a stator
winding;

an inverter for executing a commutating operation based on an output
of said reverse induction voltage detector circuit during a normal operation so as
to operate said 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 an

internal temperature of said refrigerator is stabilized.

7. The control device according to claim 6, further comprising: a rotor
fixing circuit for tuming on a specified phase of said inverter and outputting a
specified voltage when an output of said rotational frequency setting circuit is
shifted from a stop state to an operating state; and a first timer éircuit for

maintaining an output of said rotor fixing circuit for a specified time interval.
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8. The control device according to claim 7, wherein the specified phase
determined by said rotor ﬁxing circuit positions said compressing section to

minimize a starting torque.

9. ‘The control device according to claim 7, wherein the specified time
interval set by said first timer circuit is not smaller than a time interval in which

vibration of said rotor is completed.

10. The control device according to claim 6, further comprising: a
starting commutation pattern storing circuit for preparatorily storing a specified
commutation pattern to accelerate said DC motor within a short time; a starting
voltage pattern storing circuit for preparatorily storing a speéified 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 of said
starting voltage pattern storing circuit; and a commutation selector circuit for
switching to a commutating operation based on a normal output of the revérse
induction voltage detector circuit when the oﬁtput of said starting commutation

pattern storing circuit is completed.

11. ~ The control device according to claim 10, wherein the commutation
pattern stored in said starting cor_mnutatioh pattern storing circuit completes before
said rotor rotates at least two turns.

—_—
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12. The- dontrol device according to tlaim 6, further comprising: an
increase rate selector circuit for selecting a rate 8f acceleration by increasing the
output voltage of said inverter after said DC motor is started; and a second timer
circuit operating for a specified time interval after the starting operation is
completed, wherein a first increase rate is 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.

13. The - control device according to claim 12, further comprising an
increase rate adjuster circuit for adjusting the second increase rate so that a time
mterval for the: rotational frequency of said DC motor to increase up to the

commercial power frequency falls within a specified time interval.

14. The control device according to claim 13, wherein the specified time
interval is less than two times a time interval in which no lubricating oil is

supplied.

15. The control device according to claim 6, further comprising: 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, said rotational frequency selector circuit ignoring the rotational
frequency set by said rotational frequency setting circuit when said third timer
circuit is operating, and determining the fixed rotational frequency as an output

target of said inverter.
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16. The control device according to claim 15, further comprising: a
rotational frequency deciding circuit for deciding that the rotational frequency set
by said rotational frequency setting circuit is lower than the specified rotational

frequency; and a fourth timer circuit operating when said rotational frequency

- deciding circuit decides that the rotational frequency is lower than the specified

rotational frequency, wherein the operation of said third timer circuit is started

when the operation of said fourth timer circuit is completed.

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

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

_ areverse 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 generatirig a waveform from a signal of said
reverse induétion voltage detector circuit to drive said inverter;

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

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 selecﬁng 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.
-
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18. A starter for a brushless motor having a rotor, said starter
comprising:
an inverter for converting a DC voltage into an AC voltage to dﬁve
said brushless motor; '
5 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 génerating 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
10 brushless motor;
a second compulsory output circuit 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
15 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.

19. - A starter for a brushless motor having ‘a rotor, said starter
comprising:
20 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

25 reverse induction voltage detector circuit to drive said inverter;
-_
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a starting circuit for outputting a waveform required to start said
brushless motor;
a power closing decision circuit for deciding that a power is closed;
~ adecision ci;'cuit for deciding whether or not the motor operation is
5 stabilized from the signal of said reverse induction voltage detector circuit;

a second cbmpulsory output circuit for ou_tputtihg a waveform having
a voltage and a frequency at a level at which said bmShleSs 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
10 a switching circuit for selecting an output of said second éompul’sor'y
output. circuit to operate said inverter when said power closing decision circuit

decides that the power is closed.

20. A starter for a brushless motor having a rotor, said starter
- comprising: | |
15 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
20 reverse induction voitage detector circuit to drive said inverter;
a starting circuit for outputting a waveform required to start Said
brushless motor;
a power cldsing decision circuit for deciding that a power is closed;
a decision circuit for deciding whether or not the motor operation is

25 stabilized from the signal of said reverse induction voltage detector circuit;
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a second timer circuit for starting its operation when the power is
closed; .

a second compulsory output circuit for outputting a2 waveform having
avoltage and a frequency at a level at which said brushless motor does not rotate,
5 said second compulsory output circuit stopping the 6utput 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

10 decides that the power is closed.
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