
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                                            2 because it has had an
excellent capability in such a point that its lubricating ability  depends
less on the rotational frequency.              However, according to the
conventional construction, there has been  the following problems in using
the rotary compressor.               In 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 discharged 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 (leakage
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 refrigerating ability  when the internal
temperature of the refrigerator is stabilized to allow a great
refrigerating ability to be dispensed with, there has been such a problem
that the  energy saving effect cannot be obtained due to the reduction of
the efficiency of  the compressor.               Furthermore, in the case
of a reciprocating compressor, the oil  supplying ability depends on the
rotational frequency, and this has caused such a
3  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
4 



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 winding 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 motor,  brushless motors have been extensively used even in very
bad operational  environments such as the compressors and the like where
the temperature is high  and refrigerant and oil exist inside.
In order to eliminate the influence of a voltage waveform due to  PWM
(Pulse Width Modulation) in detecting the reverse induction voltage, filter
circuits are often used generally. This, however, has caused such a problem
that  the position detection becomes unstable in a transient state such as
the motor starting stage. A method for eliminating the above disadvantage
has been also  proposed, for example, in Japanese Patent Laid-Open
Publication (unexamined)  No. 58-190287. The prior art brushless motor
starting method will be described  below with reference to Fig. 19.
Fig. 19 is an explanatory view of a prior art brushless motor starting  



method.               Referring to Fig. 19, when a stopped motor is
started, the motor is  operated as a synchronous motor because no reverse
induction voltage is generated  (low-frequency synchronous starting).  In
this stage, a drive frequency is  accelerated so that the rotational
frequency gradually increases.  With this  operation, the rotational
frequency also increases.                                            5
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.
6                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 conditioners  



or the like, there may be a case where a high load is applied several
seconds after the starting stage. Generally, in the compressor, a
difference in pressure of  compression gas takes place and the load torque
increases immediately after the starting. Particularly, it is well known
that a great torque is applied several  seconds after the starting stage.
When the conventional method is used in such a case, since the
acceleration stop interval is provided when a high load torque is applied,
there has  been such a problem that a step-out is caused by the high load
torque in either the  low-frequency synchronous starting operation or the
operation based on the  reverse induction voltage detection.
Particularly, at the time of turning on the power, capacitors of the
filter circuit are totally completely discharged and, therefore, a
considerable  duration of the acceleration stop interval has been required
until the motor is put  into its stable state. Accordingly there has been
such a problem that the motor  tends to step out in the acceleration stop
interval.              The present invention has been devised in view of
the aforemen-  tioned problems inherent in the prior art techniques. It is,
accordingly, an object of the present invention to provide a refrigerating
apparatus which fails little at the  starting by restarting, when a locked
state of the compressor is detected during a  starting sequence pattern
operation, the compressor according to a starting  sequence pattern of an
output torque that is greater by one step.     



7               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 motor 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                                            8  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 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, and a cooler connected
with said compressor. The refrigerating apparatus further comprises a
position  detecting means for detecting a position of said rotor of said DC
motor, a  



commutating means for outputting a commutation pulse to decide an operation
of  said semiconductor switches of 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, and a drive means for turning on  and off said
semiconductor switches of said inverter circuit based on an output of  said
combining means.               A starting sequence control means is
provided for outputting a predetermined commutation pulse and a
predetermined chopping signal to said
9 combining means when no output is obtained from said position detecting
means  in a starting stage of said DC motor. The starting 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    



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



sequence control means.               In another form of the present
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  a
specified time interval after starting and then controlling said motor
according  to an internal temperature of said refrigerator.
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 accommodated in the shell, and 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 lower than a commercial power
frequency when the internal temperature of the refrigerator is stabilized.
The control device may further comprise a rotor fixing circuit for turning
on a specified phase of the inverter and outputting a specified voltage
when an output of the rotational frequency setting circuit is shifted from
a stop  state to an operating state, and a first timer circuit for
maintaining an output of the  rotor fixing circuit for a specified time
interval.               Alternatively, the control device may further
comprises a starting  commutation pattern storing circuit for preparatorily
storing a specified commuta- tion pattern to accelerate said DC motor
within a short time, a starting voltage  pattern storing circuit for
preparatorily storing a specified voltage pattern to allow  said DC motor
to yield a specified torque, 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
12 starting voltage pattern storing circuit, and a commutation selector
circuit for  switching to a commutating operation based on a normal output
of the reverse  



induction voltage detector circuit when the output of said starting
commutation  pattern storing circuit is completed.                Again
alternatively, the control device may further comprises an  increase rate
selector circuit for selecting a rate of acceleration by increasing the
output voltage of said inverter after said DC motor is started, and a
second timer  circuit operating for a specified time interval after the
starting operation is  completed. In this case, a first increase rate is
selected when said second timer  circuit is operating while a second
increase rate greater than the first increase rate  is selected after the
operation of said second timer circuit is completed.
Alternatively, the control device may further comprises a third timer
circuit operating for a specified time interval in a rise time of said DC
motor, and  a rotational frequency selector circuit for selecting a
rotational frequency close to  the commercial power frequency as a fixed
rotational frequency. The rotational  frequency selector circuit ignores
the rotational frequency set by said rotational  frequency setting circuit
when said third timer circuit is operating, and determines  the fixed
rotational frequency as an output target of said inverter.
Meanwhile, a starter of the present invention is intended to start a
brushless motor having a rotor, and comprises an inverter for converting a
DC voltage into an AC voltage to drive the brushless motor, a reverse
induction  voltage detector circuit for detecting a rotational position of
said rotor from a  reverse induction voltage of said brushless motor, and a
commutator circuit for 



generating a waveform 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
13 output circuit for outputting for a specified time interval a waveform
having a  voltage and a frequency at a level at which said brushless motor
does not rotate,  and a switching circuit for selecting an output of said
first compulsory output  circuit when said brushless motor is started, then
selecting an output of said  starting circuit, and finally selecting an
output of said commutator circuit so as to  operate said inverter.
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 voltage detector circuit. In this case, the second
compulsory output  circuit stops the output of the waveform when said
decision circuit decides that the  motor operation is stable.
The starter may further comprise a second timer circuit for starting its
operation when the power is closed. In this case, the second compulsory
output circuit stops the output of the waveform when said decision circuit
decides  that the motor operation is stable or when said second timer
circuit has completed  counting of a specified time interval.   Brief
Description of the Drawings                                             14
Fig. 1 is a schematic view of the total construction of a refrigerating
apparatus according to a first embodiment of the present invention;
Fig. 2 is a chart showing a starting sequence pattern A of the
refrigerating apparatus shown in Fig. 1;                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
pattern C of the 



refrigerating apparatus shown in Fig. 1;                Fig. 5 is a
flowchart of a starting sequence operating section of the  refrigerating
apparatus shown in Fig. 1;               Fig. 6 is a schematic view of the
total construction of a refrigerating  apparatus of a modification example;
Fig. 7 is a schematic view of the total construction of a refrigerating
apparatus according to a modification of the present invention;
Fig. 8 is a schematic view of the total construction of a refrigerating
apparatus according to another modification of the present invention;
Fig. 9 is a circuit diagram of a refrigerator control device according  to
a second embodiment of the present invention;               Fig. 10 is a
flowchart of the operation of the control device shown in Fig. 9;
Fig. 11A is a graph showing the characteristics of a relative  efficiency
of a compressor;               Fig. 11B is a graph showing the
characteristics of a relative refrigerating ability of the compressor;
15              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 17I 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;
16               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. 19 is a
graph for explaining a prior art brushless motor starting  method.
Detailed Description of the Preferred Embodiments              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, wherein diodes 2a through 2d and
capacitors 2e through 2f are connected to one another.               A
reference numeral 3 denotes an inverter circuit, wherein  



semiconductor switches (transistors) 3a through 3f are connected in a
bridge  connection style, and diodes 3g through 31 are connected inversely
in parallel with  respective transistors.               A reference numeral
4 denotes a DC motor which is driven by an  output of the inverter circuit
3. A reference numeral 5 denotes a compressor which is driven by the DC
motor 4. A reference numeral 6 denotes a position  detecting means for
detecting a rotational position of a rotor (not shown) of the  DC motor 4
and generating a rotational pulse so that the rotational position of the
rotor may be detected from the reverse induction voltage (reverse
electromotive  force) of the DC motor 4.
17              A reference numeral 7 denotes a commutating means for
generating  a commutation pulse 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 pulse 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
signal after an elapse                                           18  



of a specified 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 sequence pattern
storing means B and  a starting sequence pattern storing means C, which
store respectively a starting  sequence pattern A, a starting sequence
pattern B and a starting 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 pattern B and the starting sequence pattern C, respectively.
In Figs. 2, 3 and 4, reference characters A+, B +, C+, A-, B- and  C-
denote the commutation pulses required for operating the semiconductor
switches 3a, 3b, 3c, 3d, 3e and 3f, respectively. A chopping duty ratio is
an  on/off ratio of the chopping 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 frequency (e.g., 5 Hz), and outputting a
lock signal.               A reference numeral 18 denotes a torque
increasing means A for  selecting a starting sequence pattern of the
smallest output torque in the starting 



stage, selecting a starting sequence pattern of the output torque that is
greater by  one step in the restarting stage, and outputting the selected
pattern to the starting  sequence control means 13.
19              A reference numeral 19 denotes a starting sequence
operating section  comprised of the starting sequence control means 13,
starting sequence pattern  storing means A 14, starting 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 13 to a combining means 21
in the starting stage, and connecting the commutating means 7 and the
chopping signal generating means 11 to the combining means 21 after the
motor is started.  The combining means 21 is discussed later.
A reference numeral 21 denotes a combining means for combining  the
commutation pulse with the chopping signal.               A reference
numeral 22 denotes a drive means for turning on and off  the semiconductor
switches 3a through 3f of the inverter circuit 3 according to an  output of
the combining means 21.               A reference numeral 23 denotes a
condenser, while a reference 



numeral 24 denotes a cooler. A reference numeral 25 denotes a refrigerating
cycle including the compressor 5, the condenser 23 and the cooler 24.
Operation of the starting sequence operating section 19 will be described
below with reference to the flowchart of Fig. 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                                            20  compressor 5 is
operated according to the starting sequence pattern of the smallest  output
torque.               Then, at step S3, the lock detecting means 17 decides
whether or not  the compressor 5 is locked. When a normal starting is
achieved, the operation is  completed. When the compressor 5 is locked, the
program flow proceeds to step  S4.               At step S4, the torque
increasing means A 18 outputs the starting sequence pattern B stored in the
starting sequence pattern storing means B 15 to  the starting sequence
control means 13, so that the compressor 5 is operated 



according to the starting sequence pattern of the output torque that is
greater by  one step.               Then, at step S5, the lock detecting
means 17 decides whether or not  the compressor 5 is locked. When the
normal starting is achieved, the operation  is completed. When the
compressor 5 is locked, the program flow proceeds to  step S6.
At step S6, the torque increasing means A 18 outputs the starting  sequence
pattern C stored in the starting sequence pattern storing means C 16 to
the starting sequence control means 13, so that the compressor 5 is
operated  according to the starting sequence pattern of the output torque
that is greater by  further one step.               Then, at step S7, the
lock detecting means 17 decides whether or not the compressor 5 is locked.
When the normal starting is achieved, the operation  is completed. When the
compressor 5 is locked, the program flow proceeds to  step S8.
At step S8, there is provided a wait for the starting for a certain time
interval (e.g., for five minutes), and the program flow returns to step S1.
21 



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 refrigerating 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 ambient temperature that has been detected by the
ambient  temperature detecting means 26 in the starting stage with a preset
reference ambient temperature. As shown in Table 1, when the ambient
temperature is  high, a starting sequence pattern of a great output torque
corresponding to the  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.                                            22
Table 1  



Ambient temperature <   Starting sequence pattern A is selected          t1
[err] Ambient tempera-  Starting sequence pattern B is selected        ture
[err] t2        t2 < Ambient tempera-  Starting sequence pattern C is
selected        ture                With the above arrangement, by
detecting the load torque of the DC  motor in the starting stage based on
the refrigerating cycle ambient temperature  and starting the motor
according to the starting sequence pattern corresponding to  the load
torque from the beginning, starting failures can be further reduced which
have hitherto been caused when the load torque is great because of the high
ambient temperature.              Fig. 7 shows another modification of the
refrigerating apparatus,  where a torque increasing means C 29 and a cooler
temperature detecting means  28 are provided in place of the torque
increasing means A 18 of the refrigerating  apparatus shown in Fig. 1.
The cooler temperature detecting means 28 detects the temperature  of the
cooler 24, and the torque increasing means C 29 compares the cooler
temperature detected by the cooler temperature detecting means 28 in the
starting  stage with the preset reference ambient temperature. As shown in
Table 2, when  the cooler temperature is high, a starting sequence pattern
of a great output torque 



corresponding to the temperature is selected. In the restarting stage, the
starting                                            23  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 2        Cooler temperature <     Starting sequence pattern A is
selected        T1        T1 [err] Cooler tempera-   Starting sequence
pattern B is selected        ture [err] 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 torque  



is great after defrosting the cooler 24 or the like can be further reduced.
Fig. 8 shows another modification of the refrigerating apparatus, where a
torque increasing means D 31 and an inlet pressure detecting means 30  are
provided in place of the torque increasing means A 18 of the refrigerating
apparatus shown in Fig. 1.               The inlet pressure detecting means
30 detects the inlet pressure of  the compressor 5, while the torque
increasing means D 31 compares the inlet pressure detected by the inlet
pressure detecting means 30 in the starting stage  with a preset inlet
pressure. As shown in Table 3, when the inlet pressure is
24 high, a starting sequence pattern of a great output torque corresponding
to the  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        Starting
sequence pattern A is selected       P1 [err] Inlet pressure [err]
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 starting the
motor according to the starting sequence pattern corresponding to the load
torque  from the begin, the possible starting failures when the load torque
is great can  be further reduced.                As described above, in the
refrigerating apparatus of the first  embodiment of the present invention,
when the lock detecting means detects the  locked state of the compressor
in the starting stage, the torque increasing means  A immediately selects
the starting sequence pattern of the output torque that is greater by one
step and outputs the pattern to the starting sequence control means,  so
that the compressor can be speedily restarted without repeating the
starting  failures. Therefore, even if the starting is initially failed due
to a great load  torque, the motor can be immediately restarted, resulting
in a reliable refrigerating  apparatus which fails little in the starting
stage.                                            25
Furthermore, the torque increasing means B estimates the load  torque of
the DC motor 4 in the starting stage from 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 because 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 allowing a
refrigerating apparatus to be subject  to less starting failures even when
the load torque is great.               Fig. 9 shows a circuit diagram of a
control device for a refrigerator  adopted as a refrigerating apparatus
according to a second embodiment of the present invention.               In
Fig. 9, a reference numeral 41 denotes a compressor, and a  reference
numeral 42 denotes a shell of the compressor 41. A reference numeral 43
denotes 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).                                          26               A
reference numeral 44 denotes a shaft which is fixed to the rotor  43a and
journaled in a bearing 45. Further, an eccentric section 44a is provided
below the shaft 44, and a lubricating oil pump 46 is provided further below
the  eccentric section 44a.               A reference numeral 47 denotes 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 compressor 41 from an inlet pipe  50
through a cooling section (condenser, expander and evaporator).
A reference numeral 51 denotes a commercial power source which  is, for
example, a 100-V 60-Hz AC power source in an ordinary house. A reference
numeral 52 denotes a rectifier circuit for rectifying the commercial  power
source 51. In the 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 position of the rotor 43a from a reverse  induction
voltage at the winding of the stator 43b of the DC motor 43. A  reference
numeral 55 denotes a drive circuit for turning on and off the switching
elements of the inverter 53.                                             27
A reference numeral 56 denotes a rotational 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                                            28
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
selector circuit  59, according to which signals the inverter operates.
When the starting pattern is completed, the commutation selector  circuit
58 begins to 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 from a voltage adjuster circuit 64.
Just after the switching, a voltage equal to or slightly higher than the
final voltage of the previous starting voltage pattern is set. Thereafter,
the voltage  increases at a rate set by an increase rate selector circuit
65.               A  reference numeral 66 denotes a second timer circuit
which  transmits an output to the increase rate selector circuit 65 for a
specified time in  accordance with a timing under the command of the
starting circuit 57. At this  time, the increase rate selector circuit 65
selects a first increase rate during the  operation of the second timer
circuit 66, and selects a second increase rate after  the operation of the
second timer circuit 66 is completed. In the present case,  there is the
setting of: the first increase rate < the second increase rate.
A reference numeral 67 denotes an increase rate adjuster circuit  which has
a function of calculating the rotational frequency of the DC motor 43  from
the output of the reverse induction voltage detector circuit 54 and
adjusting  the second increase rate of the increase rate selector circuit
65 so that a rise time to a specified rotational frequency falls within a
specified time interval.              A reference numeral 68 denotes a
third timer circuit which transmits 



an output to a rotational frequency selector circuit 69 for a specified
time in  accordance with a timing under the command of the starting circuit
57. At this                                            29  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 frequency.  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 simultaneously. 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 shaft 44. This eccentric
rotation is  converted into a reciprocating motion to make the piston 47
reciprocate inside the cylinder 48 to compress the refrigerant.
30               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 construction
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 operation with regard to sliding  portions between the shaft 44
and the bearing 45. 



However, since the lubricating oil pump 46 is taking advantage of  the
centrifugal force of the rotation, it has the problem that its lubricating
ability  varies significantly depending on its rotational frequency.
On the other hand, a great number of refrigerators and air  conditioners
are commercially available in these days, the refrigerating system
performance of which is made variable depending on the state of a
refrigeration load by varying the rotational frequency of the compressor
thereof by means of  an inverter.  In these machines, rotary or scroll
compressors are generally  employed.               A main reason therefor
is that the rotary or scroll compressors effect  compression by utilizing
the rotating motion as it is, and therefore, the refrigerat- ing ability
can be varied within a wide range when its speed is variable. Another
reason is that the lubricating ability is influenced less by the rotational
frequency because there is effected a differential pressure lubricating
operation (effected limitedly in a high-pressure shell type in which the
shell has its internal pressure  approximately equal to the pressure of an
exhaust gas).               However, as a result of analyzing a great
amount of data for the  promotion of analysis, the present inventor paid
attention to the following points
31 



That is, in each case of the rotary and scroll compressors, 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
compression chamber. Because of this, the refrigerant gas leaks 



in a direction from inside the compression chamber to the inside of the
shell.                                            32  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 above contents, an experiment was conducted  by
using a reciprocating compressor as a low-pressure shell type compressor.
Results of the experiment are shown in Figs. 11A and 11B.
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
rotational frequency of 60 r/sec is assumed to be 1), while Fig. 11B is a
graph showing the  characteristics of a rotational frequency to a relative
refrigerating ability (the  refrigerating ability at the rotational
frequency of 60 r/sec is assumed to be 1).               In these figures,
the characteristics of the reciprocating compressor  are indicated by solid
lines, while the characteristics of the rotary compressor are  indicated by
dotted lines. The 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  r/sec. On the other hand, the reciprocating
compressor exhibits such a character- istic that extends approximately
horizontally at a rotational frequency within a  range from 60 r/sec to 40
r/sec though a peak of the efficiency exists at and around the rotational
frequency of 40 r/sec.               The relative refrigerating ability
shown in Fig. 11 B   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
33  linearly at a low rotational frequency (in a range from 30 r/sec to 60
r/sec), but  it peaks in its saturation 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.               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 the compressor 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 present case, the reciprocating compressor is selected as the
objective low-pressure shell type compressor. However, as is apparent from
the principle that the efficiency is high at a low rotational frequency,
the same is true  for every compressor having a low pressure inside the
shell.               However, as described hereinbefore, a great number of
centrifugal  pumps that are greatly influenced by the rotational frequency
have been used as                                            34
lubricating oil pumps in low-pressure shell type compressors. Therefore,
much 



care must be taken to the lubrication at a low rotational frequency.
Furthermore, 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. Therefore, it is a very serious problem
to  compensate for the lubricating ability with a scheme of control.
Next, operation of the refrigerator control device constructed as  shown in
Fig. 9 will be described with reference to Figs. 9 and 10. Fig. 10 is a
flowchart indicative of the operation of the refrigerator control device
according  to a second embodiment.               The DC motor 43 is now in
its stop state. It is decided at step S11  whether or not the set
rotational frequency from the rotational frequency setting  circuit 56 is 0
r/sec. When the set rotational frequency is 0 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 S13, it is decided that  the operation is
started in the starting circuit 57, and a signal is transmitted to the
first timer circuit to start the operation of the DC motor 43.
A supplementary explanation will be added here. In general, a DC  motor (DC
brushless motor) has a position detecting sensor (e.g., a Hall element)
for detecting the rotational position of its rotor.  However, in a degraded
environment in which a high temperature or the like exists such as the
inside of  a compressor, there remains a problem in terms of reliability. 



In view of the above, a method of detecting the relative position of  the
rotor based on a reverse induction voltage at a winding of the motor has
been                                            35  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  structurally and no
great torque is required because the compressing work is not  started
immediately after the start of rotation.              However, in the case
of the reciprocating compressor, a relatively  great starting torque is
required structurally, and also a great torque is required  to start the
compressing work.                                            36
The supplementary explanation is as above, and the explanation will  return
to the present operation.              At step S14, the operation of the
first 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
60 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 is generated inside the stator
43b. According to the  magnetic field, the stator 43b stops in a specified
position.               The specified position is preferably set at the
position where the  compressing section of the compressor 41 has the
minimum starting torque. In  the case of the reciprocating compressor, the
specified position is located at two  positions, one position being located
at the place where the piston 47 comes  proximate to the cylinder 48 (top
dead center), and the other position being  located at the place where the
piston 47 conversely comes most away from the  cylinder 48 (bottom dead
center).               Further, the rotor 43a drawn in the magnetic field
is rotating with  a damped oscillation, and therefore, it is preferred to
operate the rotor fixing circuit 61 until the rotor completely stops. In
regard to a specified time in the  first timer circuit 60, there is set not
less than a time that is required for the  damped oscillation of the rotor
43a to completely stop.                                             37
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 commutation 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
38  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 generated torque T1 of the DC motor is set
to  a value that is about ten percent higher than a required starting
torque. The  voltage and the rotational frequency are patterned according
to the torque.               In Fig. 12, the pattern was set as follows.
After performing a half  turn at a rotational frequency F1 and a voltage
V1, a half turn at a rotational  frequency F2 and a voltage V2 and a half
turn at a rotational frequency F3 and  a voltage V3, the operation is
switched to the operation based on the reverse induction voltage detection
signal. That is, the starting sequence is completed in  one and a half
turn.               At step S18, it is decided whether or not a pattern
output operation 



is completed. When the operation is not completed, the operation of step
S17 is  repeated. When the operation is completed, a completion signal is
transmitted  from the starting commutation pattern storing circuit 62 and
the starting voltage  pattern storing circuit 63 to the starting circuit
57, the commutation selector circuit  58 and the voltage selector circuit
59. Thereafter, the program flow proceeds to  step S19.               At
step S19, the output of the commutation selector circuit 58 is switched
from the operation that has been executed by the starting commutation
pattern storing circuit 62 to the operation to be executed by the reverse
induction  voltage detector circuit 54. By this operation, the DC motor is
put in its normal  operation state (operation by position detection or the
like).                                             39                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 increase rate and transmits the same, and
upon receiving it, the voltage  adjuster circuit 64 gradually increases the
voltage and the rotational frequency.               The first increase rate
and the second increase rate will be described  below. The output of the
reverse induction voltage detector circuit 54 is unstable  when the
rotational frequency is 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 sufficiently follow the  voltage, and this sometimes results in a
step-out and stop of the motor.  Therefore, a rate obtained by compromising
both the factors is the second increase  rate.                On the other
hand, the motor operation is especially unstable just after the operation
is switched from the starting 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   



40 may be accompanied by an abrupt increase of a current, and therefore,
this is very  dangerous. In particular, a fatal failure such as damage of
the switching elements  and demagnetization of the rotor magnet of the DC
motor will possibly result.                Therefore, the first increase
rate is set just after effecting the  switching, 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 circuit 69 selects  the fixed rotational
frequency 70 regardless of the command rotational frequency  of the
rotational frequency setting circuit 56, and therefore, the voltage
adjuster  circuit 64 executes a rotational frequency control so as to make
it conform to the  fixed rotational frequency 70.               Since the
rotational frequency control is performed by voltage  control in the DC
motor, the voltage adjuster circuit 64 obtains the current-time  rotational
frequency from the output of the reverse induction voltage detector
circuit 54 and adjusts the voltage so as to make it conform to the voltage.



Next, at step S25, it is decided whether or not the operation of the  third
timer circuit 68 is completed. When the timer circuit is operating, the
operation of step S24 is repeated. When the operation is completed, the
program  flow proceeds to step S26. At step S26, upon receiving an
operation completion  signal of the third timer circuit 68, the rotational
frequency selector circuit 69  selects the command rotational frequency of
the rotational frequency setting circuit  56 and transmits the same to the
voltage adjuster circuit 64.               In the present case, a fixed
rotational frequency 73 is set to a  rotational frequency close to the
rotational frequency of the motor operation at the
41  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 lubricating 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 a
centrifugal pump, and therefore, the initial lubrication is slow at a rate
of 40 r/sec.  It can be found that the lubricating ability itself
disappears when the rate becomes  30 r/sec, and the oil cannot reach the
uppermost portion.               It is to be noted that Fig. 13 shows the
characteristics when the  motor is started at each rotational frequency.
For example, when the initial  lubrication is performed at the rate of 60
r/sec and the rotational frequency is  lowered to the rate of 30 r/sec, the
oil reaches the uppermost portion by the  operation of the surface tension
of the oil.               Therefore, when the motor is started at the fixed
frequency (e.g., at  the rate of 60 r/sec)in the starting stage, the
lubricating ability can be assured even  in the subsequent low-speed
operation (e.g., at the rate of 30 r/sec).                The increase rate
adjuster circuit 67 watches the state of the starting sequence, measures a
time interval from  the start to the achievement of the  rotational
frequency equal to the commercial power frequency (assumed to be 50  r/sec
here), and adjusts the second increase rate so that the time interval falls
within a time interval that is two times as long as the time interval in
which the                                           42 



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 time  interval that is two times 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
rotational frequency in the stable operating  stage of the refrigerator,
the frequency of turning on and off the compressor itself  is reduced half
and, eventually, the distance of the sliding motion is same,  meaning that
the state of abrasion is suppressed to the same level as that of the  prior
art.               Next, at step S27, it is decided whether or not the set
rotational  frequency is lower than the specified rotational frequency.
When the set rotational  frequency is higher than the 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 frequency, the operation of the  fourth timer circuit
72 is continued at step S29.               In the present case, the
specified rotational frequency means a rotational frequency at which the
lubricating ability as shown in Fig. 13 is very  low, and the rotational
frequency is set to, for example, 30 r/sec.               Next, at step
S30, it is decided whether or not the operation of the 



fourth timer circuit 72 is completed. When the operation is not completed,
the  operation is repeated from step S26. When the operation is completed,
the third  timer circuit 68 is restarted at step S31, and the operation is
repeated from step  S24.                                            43
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. However, 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 second embodiment of the  present
invention, the compressor 41 includes a shell having an internal pressure
approximately equal to the pressure of the inhalation gas and a DC motor 43
for  driving the compressing section of the compressor 41, while the
control device for  the compressor 41 includes a reverse induction voltage
detector circuit 54 for detecting the rotational position of the rotor 43a
of the DC motor 43 from the  reverse induction voltage generated at the
stator winding, an inverter 53 for  performing the commutating operation
based on the output of the reverse induction  voltage detector circuit 54
during the normal operation so as to operate the DC  motor 43 at a variable
speed, and a rotational frequency setting circuit 56 for  setting the
rotational frequency of the DC 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                                             44  compressor 41 at a low
speed when the internal temperature of the refrigerator is  stabilized, a
considerable reduction in power consumption can be achieved without  being
influenced by the leakage heat loss, i.e., by maintaning a high efficiency
even at a low rotational frequency. 



Furthermore, there may be provided a rotor fixing circuit 61 for  issuing a
command to turn on a specified phase of the inverter 53 and outputting  a
specified voltage when state of the motor is shifted from the stop state to
the operating state by the rotational frequency setting circuit 56, and a
first timer  circuit 60 for maintaining the output of the rotor fixing
circuit 61 for a specified  time interval. With this arrangement, the
specified phase can be turned on for a  specified time interval in the
starting stage to fix the rotor in a specified position,  so that the motor
can be consistently started from an identical position, thereby enabling
the stable starting.                Otherwise, there may be provided a
starting commutation pattern storing circuit 62 for storing a specified
commutation pattern to accelerate the DC  motor 43 in a short time, a
starting voltage pattern storing circuit 63 for storing  a specified
voltage pattern to allow the DC motor 43 to yield a specified torque,  a
commutation selector circuit 58 for selecting the output from the starting
voltage  pattern storing circuit 63 in the starting stage of 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 commutation
selector circuit 58 for switching the motor operation to the  commutation
based on the normal output of the reverse induction voltage detector
circuit 54 when the output of the starting voltage pattern storing circuit
63 is  completed. With this arrangement, by yielding an output based on the
commuta-  



45  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,
46  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, and setting the fixed  rotational frequency 70 as the output
target of the inverter. With this arrange-  ment, by operating the motor at
the fixed rotational frequency for a specified time interval in the
starting stage, the shortage of lubricating 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 arrangement, by starting the
operation of  the third timer circuit 68 when the operation of the fourth
timer circuit 72 is completed, the motor is operated at the fixed
rotational frequency for a specified  time interval when the low rotational
frequency continues for a specified time  interval. Accordingly, a
sufficient amount of lubricating oil is assured even when  an unforeseen
accident such as mixture of gas occurs to incur oil shortage at the  time
of slow rotation, thereby improving the reliability.              Fig. 14
is a block diagram of a refrigerator control device according  to a third
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
47  motor 43 is normally operating. A reference numeral 57 denotes a
starting circuit  which starts the rotation by operating the brushless
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 initially closed.
A reference numeral 81 denotes a second compulsory output  circuit which
generates an output of a frequency and a voltage at which the  brushless
motor 43 does not rotate when the power closing decision circuit 80
decides that the power is closed. A reference numeral 82 denotes a decision
circuit which decides the output of the reverse induction voltage detector
circuit  54 when the second compulsory 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 (t2 < 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 not shorter than
t3. A reference  



numeral 84 denotes a switching circuit which selects a predetermined one of
the  outputs of the commutator circuit 76, starting circuit 57, first
compulsory output  circuit 78 and second compulsory output circuit 81, and
outputs the selected one  to the drive circuit 55.
48                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 commercial power source 51 is now turned off.  When the commercial
power source 51 is turned on (i.e., when the power is  closed), the power
closing decision circuit 80 decides that the power is closed and starts the
counting of the second timer circuit 83 at step S41.                Then,
at step S42, the second compulsory output circuit 81 outputs  a second
compulsory output waveform to operate the inverter 53 via the switching
circuit 84 and the drive circuit 55, and applies the output to the
brushless motor  43. In this stage, the output level is set to the voltage
and frequency at which the  motor does not rotate, and therefore the
brushless motor 43 does not rotate. 



Then, at step S43, it is decided whether or not the count value of the
second timer circuit 83 is not smaller than t2. When the count value is
smaller  than 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 proceeds 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 program flow proceeds to step S47. In contrast, when the
signal is not stable, the program flow proceeds to step S46.
At step S46, it is decided whether or not the count value of the  second
timer circuit 83 is not smaller than t3. When the count value is smaller
49  than t3, 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 t3, the program flow proceeds to step
S47.                At step S47, the output of the second compulsory 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 compulsory output waveform is
outputted from the first compulsory  output circuit 78 at step S51 to
operate the inverter 53 via the switching circuit 84  and the drive circuit
55, and the output is applied to the brushless motor 43. In  this stage,
the output level is set to the voltage and frequency at which the motor
does not rotate, and therefore, the brushless motor 43 does not rotate.
Next, at step 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  t1, the operation of step S51 is continued. That is, the first
compulsory output waveform continues to be outputted. In contrast, when the
count value is not smaller than t1, 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     



50  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 starting for firstly putting the
motor into a synchronous  operation at a low rotational frequency and
thereafter successively accelerating the  rotational frequency.
Next, at step S54, the rotation of the brushless motor 43 is continued  by
switching to the signal of the commutator circuit 76, which signal depends
on  the output of the reverse induction voltage detector circuit 54. In
this time point,  the motor has been already driven as a brushless motor,
and therefore, the rotational frequency can be adjusted subsequently by
adjusting the voltage.               Next, at step S55, a rotational
frequency control operation is  executed. In this case, the voltage value
is adjusted so as to conform to the rotational frequency setting. Next, at
step S56, it is decided whether or not 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 frequency  is zero,
the program flow proceeds to step S48 to repeat the operation again.
A more detailed description will be made below. Fig. 16 is a circuit
diagram of the reverse induction voltage detector circuit 54.
In Fig. 16, a reference numeral 90 denotes a first filter circuit which 



is basically formed of a primary filter comprised of a resistor and a
capacitor, and  its input is connected to the U-phase of the brushless
motor 43. Reference  numerals 91 and 92 denote respectively a second filter
circuit and a third filter  circuit, and their inputs are connected to the
V-phase and W-phase of the  brushless motor 43, respectively.
51               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
position 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  output of the
second filter circuit 91 with an output of the second combining  



circuit 95, thereby outputting a position detection signal X.
A reference numeral 97 denotes a third combining circuit which  combines
the output of the first filter circuit 90 with the output of the second
filter  circuit 91 by means of resistors R31 and R32 (a combining ratio is
R31/R32). A  reference numeral 98 denotes a third comparator circuit which
compares the  output of the third filter circuit 92 with an output of the
third combining circuit  97, thereby outputting a position detection signal
Y.              Operation of the above-described reverse induction voltage
detector  circuit 54 will be described below with reference to Figs. 17A to
17I. Figs. 17A  to 17I 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                                            52
explanation, but the actual waveforms are more complicated waveforms since
there is effected a voltage control by PWM (Pulse 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 filter circuit 92,
respectively, while  Figs. 17G, 17H and 17I 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 is obtained by extracting only the reverse  induction voltage
components from the winding voltages of the brushless motor  by the filter
circuits and comparing them with one another.               In the present
case, the operation of the reverse induction voltage  detector circuit 54
in its stable operating state has been described. However, a  slightly
different phenomenon occurs in the starting stage. The phenomenon will  be
described below.               In the stop state, no voltage is applied to
the windings, and the  capacitors of the filter circuits are almost
electrostatically discharged. Therefore,  when the motor starts from the
low-frequency synchronous mode in the next  starting stage, a complete
stability cannot be achieved since the outputs of the  filter circuits have
transient DC components. This has caused the phenomenon that the output of
the reverse induction voltage detector circuit 54 becomes  unstable and,
hence, the motor has stepped out.               Therefore, in order to
remove the transient DC components of the  filter circuits before the
starting circuit 57 enters into the low-frequency synchronous starting
operation, a voltage and a frequency were compulsorily 



applied for a specified time interval from the first compulsory output
circuit 78.                                            53              The
above contents will be described in detail below. Figs. 18A to  18F show
waveforms in the starting stage, where Figs. 18A, 18B and 18C are
respectively the position detection 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 low-frequency synchronous starting operation is  executed
from this state, and therefore, the outputs of the filter circuits are
stabilized very rapidly. Accordingly, a sufficiently stabilized position
detection  signal can be obtained by the time when the reverse induction
voltage will be  detected.               In the present case, it was
discovered that applying a waveform  having an output frequency of 50 Hz
and a chopping duty ratio of 0.7 % (pulse  turning-on ratio by PWM control)
for 155 msec as the first compulsory output waveform was effective through
repetitive trial and error. Of course, the  



frequency is sufficiently high and the voltage (duty ratio) is sufficiently
low at this  level. Therefore, the brushless motor 43 cannot generate a
rotational torque and,  hence, it does not rotate. Furthermore, since the
voltage is set very low, no such problem that the input power extremely
increases occurs.               By applying the voltage, the capacitors of
the filter circuits can be  sufficiently charged before the start.
Therefore, the transient DC components in the low-frequency synchronous
starting operation can be substantially zeroed while  the starting circuit
57 is operating, thereby enabling stable starting.
Furthermore, this processing is also effective even when a long low-
frequency synchronous starting time cannot be provided, meaning that this
method                                            54  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 compulsory output
more intensely for a  longer time in order to stabilize the filter
circuits. 



Next, this method will be described. When the power closing  decision
circuit 80 decides that the power is closed, the second compulsory output
circuit 81 is caused to output. The output is preferably applied with a
voltage  higher than that of the first compulsory output circuit 78.
In the present case, we discovered that applying a waveform having  an
output frequency of 50 Hz and a chopping duty ratio of 10.1 % (pulse
turning-  on ratio by PWM control) for not shorter than 1 sec as the second
compulsory output waveform was effective through repetitive trial and
error. At this stage,  because the voltage as well as the frequency is
high, the brushless motor 43 does  not rotate. Furthermore, though the
input power is also high, the above is a  processing operation only at the
time of closing the power. Therefore, this does not cause an increase of
input for the subsequent turning on and off operations.               Thus,
by 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.                                          55  



Next, completion of an optimum 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 times.               It is to be noted that although the stability
is thus decided by the  frequency of the pulse changes in this embodiment,
it is apparent that the same                                          56
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 t2 and t3 (t2 < t3, e.g.,
t2 = 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 operation is stable after the time becomes  not
shorter than t2, the output of the second compulsory output circuit 81 is
stopped. With this arrangement, the possible stop of the output of the
second compulsory output circuit 81 due to an erroneous operation of the
decision circuit  82 within a short time can be avoided, thereby achieving
an appropriate  completion.               When the time of the second timer
circuit is not shorter than t2 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 shorter than t3, the output of the second
compulsory  output circuit 81 is stopped regardless of the output of the
decision circuit 82.  With this arrangement, even when the decision circuit
82 cannot decide that the  operation is stable, the processing operation
can be speedily completed. Even in this case, the filter circuits are
substantially in their stable states, and therefore,  the subsequent start
is stabilized, causing no step-out.              As described above, the
brushless motor starter according to the present embodiment is provided
with the first compulsory output circuit 78 for  outputting a waveform of a
voltage and a frequency at a level at which the  brushless motor 43 does
not rotate. The output from the first compulsory output  circuit 78 is
applied to the brushless motor 43 just before the motor is started from
57 the stop state. This arrangement can reduce the influence of the
transient DC components of the filter 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      



58 with a rotary compressor or the like to which a great load is applied in
the starting stage.                                            59
CLAIMS 1.    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 during operation, 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.
2.    The control device according to claim 1, further comprising: a rotor
fixing circuit for turning on a specified phase of said inverter and
outputting a specified voltage when an output of said ratational frequency
setting circuit is shifted from a stop state to an operating state; and a
first timer circuit for maintaining an output of said rotor fixing circuit
for a specified time interval.   3.    The control device according to
claim 2, wherein the specified phase determined by said rotor fixing
circuit positions said compressing section to minimize a starting torque.  



4.    The control device according to claim 2, wherein the specified time
interval set by said first timer circuit is not smaller than a time
interval in which vibration of said rotor is completed.   5.    The control
device according to claim 1, further comprising: a starting commutation
pattern storing circuit for preparatorily storing a specified commutation
pattern to accelerate said DC motor within a short time; a
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 varyino 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 reverse induction voltage detector circuit when the output of said
starting commutation pattern storing circuit is completed.   6.    The
control device according to claim 5, wherein the commutation pattern stored
in said starting commutation pattern storing circuit completes before said
rotor rotates at least two turns.   7.    The control device according to
claim  1, further comprising: an increase rate selector circuit for
selecting a rate of acceleration by increasing the output voltage of said
inverter after said DC motor is started; and a second timer circuit
operating for a specified time interval after the starting operation 



is completed, wherein a first increase rate is elected when said second
timer circuit is operating while a second increase rate greater than the
first increase rate is selected after the operation of said second timer
circuit is completed.   8.    The control device according to claim  7,
further comprising an increase rate adjuster circuit for adjusting the
second increase rate so that a time interval for the rotational frequency
of said DC motor to increase up to the commercial power frequency falls
within a specified time interval.   9.    The control device according to
claim  8, wherein the specified time interval is less than two times a time
interval in which no lubricating oil is supplied.
61   10.   The control device according to claim  1, 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.    11.   The control device according to claim  10, further
comprising: a  rotational frequency deciding circuit for deciding that the
rotational frequency  set by said rotational frequency setting circuit is
lower than the specified  rotational frequency; and a fourth timer circuit
operating when said rotational  frequency deciding circuit decides that the
rotational frequency is lower than  the specified rotational frequency,
wherein the operation of said third timer 



circuit is started when the operation of said fourth timer circuit is
completed.    12.   A control device for a refrigerator which includes a
compressor having  a shell of an internal pressure approximately equal to a
pressure of an  inhalation gas during operation, a compressing section
accommodated in said  shell, and a motor having a rotor and a stator for
operating said compressing  section, said control device comprising:
an inverter for controlling said motor to rotate by a specified amount of
rotation for a specified time interval after starting and then controlling
said motor according to an internal temperature of said refrigerator.    


