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time intervals to allow a stop operation by the over- current breaker when
the compressor is locked. The present invention generally relates to an in-
The conventional Inverter air conditioner is con- verter air conditioner,
and more particularly to an in-  structed as stated earlier to protect
against compres- verter airconditioner with a lock presumption circuit.   5
sor lock. However, the arrangement wherein the op- The operation range of
an inverter air conditioner  erational frequency is periodically raised
irrespective- has recently been expanded to the low frequency    ly of the
presence and absence of the compressor side. However, overcurrent break
lock protection   lock creates problems. If the time interval Is too long,
against a do power source (corresponding to the op-  protection against an
increase in temperature of a erational current of a compressor) does not
work in a   10   winding does not occur in time when the compressor
satisfactory manner in a low frequency range. In or-  is locked. If the
time interval is too short, the actual der to cope with this problem, there
has been pro-  operational frequency is extremely different from the posed
a solution to periodically raise the operational  desired operational
frequency. The operational fre- frequency of the inputcurrent at certain
time Intervals  quency constantly varies, and whenever the opera- as
disclosed In Japanese Unexamined Patent Public-  15  tional frequency
changes, noise is generated which ation No. 300076/1989.
grates on the user's ear. Aconventional system is shown in Figure 11 to in-
It is an object of the present invention to solve the clude operating
period counting means and frequen-  problems, and to provide an Inverter
air conditioner cy raising means, the counting of an operating period,
capable of avoiding an unnecessary increase in an and raising an operating
frequency at certain time in-  20  operational frequency, ensuring
stability in a capacity tervals. The structure of the conventional system
will  control and noise prevention, and obtaining reliable be explained in
reference to Figure 11. The conven-  lock protection by Increasing the
operational frequen- tlonal inverter air conditioner is constituted by a
con-  cy only when it is presumed that a compressor is verter (an ac/dc
converter) 4 for changing commercial  locked. power into dc power, an
inverter (a dc/ac inverter) 6   25  The foregoing and other object of the
present in- for changing dc power into ac power, a compressor 7  vention
have been attained by providing an inverter having an electric motor and a
compressing mecha-  air conditioner comprising an ac/dc converter for nism
to compress and circulate a refrigerant, a wave-  changing an ac power into
a dc power, a dc/ac inver- form output circuit 24 for outputting a signal
to the in-  ter for changing the dc power into an ac power having verter 6,
a shunt resistor 5 for detecting the dc com-  30  a desired frequency and a
desired voltage to drive a ponent of a current flowing through the
compressor 7,  compressor, compressor lock presumption means for an
overcurrent detecting circuit 21 for detecting an  presuming whether a
compressor lock occurs or not; overcurrent, and operational frequency
changing    frequency increasing means for increasing an opera- means 22
for raising the operational frequency at cer-  tional frequency to a value
when it is presumed that tain time intervals. Reference numeral 20
designates  35  the compressor occurs, the value determined so that an
outdoor controller.                             an operational current
value reaches an overcurrent The operation of the conventional inverter air
detection level; and lock protection means for making conditioner will be
described. In Figure 11, the com-  an overcurrentbreaktostop the
compressorwhenthe pressor 7 is driven by an ac power which is obtained
operational current is detected by an overcurrent de- by converting
commercial power into dc power with  40  tection circuit. the converter
(ac/dc converter) 4, and inverting the dc  The compressor lock presumption
means pre- power into three phase ac power with the inverter  sumes the
compressor lock based on an operational (dc/ac inverter) 6 based on a
waveform signal from  frequency and an inverter inputcurrent value, or a
ad- the waveform output circuit24 so as to have a desired  justment voltage
of an input voltage to the compres- frequency and a desired voltage. While
the compres-  45  sor, or an output signal from either one of a speed de-
sor 7 is driven by the inverted ac power, a dc compo-  tector and a
position detector. nent of a current flowing through the compressor 7 is
In accordance with the inverter air conditioner of detected by the shunt
resistor 5 and the overcurrent  the present invention, when an inverter
input current detecting circuit 21. Under certain conditions, such as  is
higher in comparison with the operational frequen- a loss of lubricant, a
short circuit, dust in the bearings,  50  cy or when the adjustment voltage
of the compressor excessive backpressure of the refrigerant, etc. the
operational voltage is too high, or when it is detected compressor may stop
operating and Is said to be    that the speed of an electric motor is zero
or that the locked. When the compressor is locked, an overcur-  rotational
position of the electric motor does-not rent breaker is activated by
sensing (the output from  change, it is presumed that the compressor is
locked. the waveform output circuit. If a low frequency oper-  55   When it
is presumed that the compressor is locked, ation is required from an indoor
controller (not   the operational frequency is periodically increased to
shown), the operational frequency is raised by the op-  a frequency level
so that an overcurrent level can be erational frequency changing means 22
at certain   detected when the compressor is actually locked. In 2   
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the compressor is mechanically   an overcurrent detecting circuit which
determines locked, the lock protection can be done without fail-
whetherthe currentflowing through theshuntresistor ure.
5 is an overcurrent or not. Reference numeral 23 des- As explained, the
present invention can clear the  ignates an overcurrent breaking circuit
which outputs noise problem due to an unnecessary change in the   5   a
waveform output inhibit signal when the overcurrent operational frequency,
and realize a continuous oper-  is detected. Reference numeral 24
designates a wa- ation at a low operational frequency with safety en-
veform output circuit which outputs waveform signals sured.
indicative of a required operational frequency and a In drawings:
required voltage to the inverter 6. Reference numeral Figure 1 is a block
diagram of a controller for an   10  26 designates an input current
detecting circuit which inverter air conditioner according to a first em-
detects an input current. Reference numeral 25 des- bodiment of the present
invention;             ignates lock presumption means which presumes,
Figure 2A is a flowchart of the operation of the  based on the operational
frequency and the input cur- first embodiment;
rent value, whether the compressor is locked or not. Figure 2B is a circuit
diagram which can carry out  15  Reference numeral 22 designates
operational fre- the steps of Figure 2A;                        quency
changing means which is triggered by an out- Figure 3 is a graph showing
characteristics of the  put from the compressor lock presumption means 25
first embodiment                               and periodically raises the
operational frequency. Figure 4 is a block diagram of a controller for an
The operation of the first embodiment will be ex- inverter air conditioner
according to a second em-  20  plained. Referring now to Figure 3, there is
shown the bodiment of the present invention;             relationship
between the operational frequency and Figure 5A is a flowchart of the
operation of the  the input current. In Figure 3, the area called normal
second embodiment;                             region indicates states
wherein the compressor Is Figure 58 Isa circuit diagram which can carry out
normally rotating without being locked. The area the steps of Figure 5A;
25  called "lock presumed region" indicates states where- Figure 6 is a
graph showing characteristics of the  in the compressor is mechanically
locked. The input second embodiment;                             current
becomes greater in proportion to the opera- Figure 7 is a block diagram of
a controller for an  tional frequency, and the input currentflows in an ex-
inverter air conditioner according to a third em-  cessive manner in a
locking state compared to normal bodiment of the present invention;
30  operation. This means that a compressor lock can be Figure 8 is a
flowchart of the operation of the third  presumed based on the operational
frequency and embodiment;                                    the input
current The input current detecting circuit Figure 9 is a flowchart of the
opration of the third  does not have a wide range of linearity, and the
most embodiment;                                    accurate detection of
the input current is required In Figure 10 is a circuit diagram which can
carry out  35  the vicinity of the maximum current. This means that the
steps of Figure 8 and 9; and               detection accuracycan not be
expected ata low input. Figure 11 is a block diagram of a controller of a
In addition, there can be a case where even in the nor- conventional
inverter air conditioner.         mal region the input current in an
overload operation Now, the present invention will be described in  is not
very different from that In the compressor lock. detail with reference to
preferred embodiments illu-  40  The operational limit current which is
shown in strated in the accompanying drawings.              Figure 3 is a
current value which Is obtained when the operation is made under the
maximum load condi- EMBODIMENT 1:                                     tions
(specifically, set at [err] inside and at [err] out- side in cooling) in an
operation guarantee range. Referring now to Figure 1, there is shown a
block  45  Due to these matters, the compressor lock is not diagram showing
the inverter air conditioner accord-  determined instantly from the
relation between the ing to a first embodiment of the present invention. In
operational frequency and the input current but the Figure 1, reference
numeral 4 designates a converter  operational frequency is first raised.
This prevents a which is constituted by rectifier diodes and electrolyt-
stoppage due to a misdetermination from occurring, ic capacitors to convert
commercial ac power into dc  50  thereby making compressor lock
determination more power. Reference numeral 5 designates a shunt resis-
certain. torwhich detects a current. Reference numeral 6 des-  The
determination process will be explained in ignates an inverter which
includes by switching ele-  reference to the flowchart of Figure 2A. First,
an input ments such as transistors. Reference numeral 7 des-  currentvalue
is read by the input currentdetecting cir- ignates a compressor which
includes an electric mo-  55  cuit 26 (Step 101). Then, a limit current
value which tor and a compression mechanism to compress and    corresponds
to an operational frequency Is read from circulate a refrigerant. Reference
20 designates an  the characteristic graph shown in Figure 3 (Step 102).
outdoor controller. Reference numeral 21 designates  Next, the input
current value is compared to the limit 3  
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(Step 103). If the input current value Is  value (not shown) (Step 202). If
the read power factor larger than the limit current value, it is presumed
that  value is lower than the reference power factor value, the compressor
is locked, and the operational fre-  it is determined that the applied
voltage is too high, quency is raised (Step 104). Subsequently, itis deter-
and a voltage correction value is lowered (Step 203). mined whether the
input current value is one at which   5   If the read power factor value is
optimum, the present a overcurrent break should be done (Step 105). If af-
voltage correction is kept (Step 204). If the power fac- firmative, it is
determined that the compressor mech-  tor value is higherthan the reference
powerfactorval- anically locked, and the lock protection is made to  ue, a
voltage correction value is raised (Step 205). stop the operation (Step
106).                     Next, it is determined whether an operational
fre- The steps in theflowchartof thefirst embodiment  10  quency is low and
a voltage correction value Is the can be carried out by e.g. a circuit
which is shown in  maximum or not (Step 206). If affirmative, it is pre-
Figure 2B. The word "MCU" represents a main control  sumed that the
compressor is locked, and the opera- unit, which corresponds to the outdoor
controller 20.  tional frequency is raised (Step 104). Subsequently, it is
determined whether overcurrent breaking should EMBODIMENT 2:
15  be done or not (Step 105). If affirmative, it is deter- mined that the
compressor is mechanically locked, Referring now to Figure 4, there is
shown a block  and the lock protection is made to stop the operation
diagram showing the inverter air conditioner accord-  (Step 106). ing to a
second embodiment of the present invention.   The steps in the flowchart of
the second embodi- In Figure 4, reference numeral 24 designates a wave-  20
ment can be carried out by e.g. a circuit which is form output circuit
which outputs to an Inverter 6 wa-  shown in Figure 5B. veform signals
indicative of a required operational frequency and a required voltage, and
which has a  EMBODIMENT 3: voltage polarity signal added as an additional
output. Reference numeral 29 designates a current polarity  25  Referring
now to Figure 7, there is shown a block detecting circuit which detects the
polarity of a com-  diagram of the inverter air conditioner according to a
pressor current. Reference numeral 27 designates a  third embodiment of the
present invention. In Figure power factor detecting and voltage correction
circuit  7, reference numeral 28 designates a position detect- which has
been disclosed In Japanese Unexamined    ing circuit, or a rotational speed
detecting circuit Patent Publication No. 29899311989. Reference nu-  30
which detects a rotational position, as have been dis- meral 25 designates
a compressor lock presumption  closed in Japanese Unexamined Patent
Publication means which presumes, based on an operational fre-  No.
45193/1991. Reference numeral 25 designates quency and a voltage correction
command value,     compressor lock presumption means which pre- whether a
compressor is locked or not. Other ele-  sumes, based on an output from the
position detect- ments are similar to those of the first embodiment.   35
ing circuit or the rotational speed detecting circuit, The operation of the
second embodiment will be  whether the compressor is locked or not. Other
ele- explained. Referring now to Figure 6, there is shown  ments are
similar those of the first embodiment. the relationship between a power
factor, torque and    The operation of the third embodiment will be ex- a
slip which Indicates a difference between an opera-  plained. In accordance
with the third embodiment, it tional frequency and the actual rotational
frequency.  40  is possible to presume a compressorlock easily by di- in
Figure 6, signs "high", "medium" and "low" Indicate  rectly detecting a
position or speed of the compres- applied voltages to the compressor.
Figure 6 shows  sor. If the compressor lock is determined based on that the
compressor is in a locked state at the left  only a signal from the
position or speed detecting cir- edge, i.e. when the slip is 1. In a
powerfactor control,  cults to make overcurrent breaking, there is a possi-
when a powerfactor is high, the slip is greatas is well  45  bility that
lock protection Is activated to stop the op- known, and an applied voltage
is raised to increase a  eration during a circuit failure as well. When the
com- torque, thereby optmizing the slip. This means that  pression
mechanism is driven by an induction motor when the applied voltage is
corrected to the maxi-  in the compressor, it is possible to drive the
motor in mum, it can be presumed that the compressor is     practice even
if a position orspeed can not be detect- locked.
50  ed. It is possible to drive the motor even at circuitfail- The
compressor lock determination will be ex-   ure by treating the result of
position detection or plained in reference to the flowchart of Figure 5A.
speed detection as being presumed. Raising an op- First, a power factor
value is read based on a phase  erational frequency allows overcurrent
protection to difference between a voltage polarity signal from the  be
effective even if the compressor is mechanically waveform output circuit 24
and a current polarity sig-  55  locked, thereby ensuring safety. nal from
the current polarity detecting circuit 29    The process of a lock
protection will be explained, shown in Figure 4 (Step 201). Then, the read
power  In reference to the flowcharts of Figures 8 and 9. First, factor
value Is compared to a reference power factor  based on a position or speed
signal from the position 4 
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circuit 28 shown in Figure 7, it is  presumes the compressor lock according
to an presumed whether the compressor is locked or not,    output signal
from either one of a speed detector i.e. whether a detected speed value is
zero or not   and a position detector. (Step 301), or whether a position
detecting signal changes or not (Step 302). If affirmative, the present   5
operational frequency is raised (Step 104). Next, it is  PatentansprOche
determined whether overcurrent breaking should be activated or not (Step
105). If affirmative, it is deter-  1. Wechselrichter-iiimaanlagensystem,
umfas- mined that the compressor is mechanically locked,    send: and a
lock protection is made to stop the operation  10  - eine
WechselstromfGleichstrom-Umrich- (Step 106).
tereinrichtung (4) zum Umwandeln von an- The steps in the third embodiment
can be carried      kommendem  Wechselstrom  in Gleich- out by e.g.
acircuitwhich isshown in Figure 11. In Fig-   strom; ure 11, reference
numeral 7a designates a rotorof the   - eine
GlelchstromlWechselstrom-Wechsel- compressor 7, and reference numeral 7b
designates  15     richtereinrichtumg (6) zum Umwandeln des a magnet which
is arranged at one end of the rotor.       Gieichatroms In einen
Wechselstrom mitei- Reference numeral 7c designates a hole IC which is
ner gewaInschten Frequenz und einer ge- used to detect a speed or a
position of the rotor in re-  wunschten Spannung; sponse to a magnetic
force from the magnet 7b.          - elnen mit dem Wechselstrom angetriebe-
20          nen Kompressor (7); - eine Kompressoobbdderungs-AbschdIungs-
Claims                                                    einrichtung (25)
zur Abschatzung, ob ein Kompressorblockieren vorliegt; 1. An inverter air
conditioner comprising:              - eine Frequenzerhohungseinrichtung
(22) an acJdc converter means (4) for changing   25   zum Erhohen einer
Betriebsfrequenz des input ac power into dc power,
Komprcssors auf einen Wert bel der Ab- a dc/ac inverter means (6) for
changing          schitzung, da% ain Kompressorblockieren said dc power
into ac power having a desired fre-     vorliegt, wobei der Wert derart
gewahit Ist, quency and a desired voltage;                         dafB ain
Betriebsstromwert einen Ober- a compressor (7) driven by said ac power,  30
strom-Abtastpegel erreicht, und compressor lock presumption means (25)
- ine Blockierschutzeinrichtung zum Akti- for presuming whether said
compressor lock oc-        vieren  aines  Oberstrom-Unterbrechers curs;
(23), um den Kompressorzu stoppen, wenn frequency increasing means (22) for
in-          der Betriebsstrom von aner Oberstrom-Ab- creasing an
operational frequency of said com-  35   tastschaltung (21) detektiert
wird. pressor to a value when it is presumed that com- pressor lock occurs,
said value being such that an  2. Wechselrichter-Klimaanlagensystem  nach
An- operational current value reaches an overcurrent  spruch 1, wobel die
Kompressorblocklerungs- detection level; and
Abschatzungseinrichtung  aln  Kompressor- lock protection means for
activating an  40  blockieren in Abhlngigkeit von einer Betriebsfre-
overcurrent breaker (23) to stop the compressor   quenz und einem
Wechsalrichtbr-Eingangs- when the operational current is detected by an
stromwert abschatzt. overcurrent detection circuit (21). 3.
Wachselrichter-Klimaanlagensystem nach An- 2. An inverter air conditioner
according to Claim 1,  45  spruch 1, wobel die Kompressorblockberungs-
wherein the compressor lock presumption means     Abschatzungseinrichtung
ein  Kompressor- presumes the compressor lock according to an
blockleren in Abhangigkelt von eaner Korrektur- operational frequency and
an inverter input cur-  gr6as von einer dem Kompressor zugefflhrten rent
value.                                       Eingangsspannung abschatzt. 50
3. An inverter air conditioner according to Claim 1,  4.
Wechsalrichter-Klimaanlagensystem  nach An- wherein the compressor lock
presumption means     spruch 1, wobei die Kompressorblockberungs- presumes
the compressor lock according to a       Abschatzungseinrichtung  ain
Kompressor- correction quantity of an inputvoltage to the com-  blockieren
in AbhIngigkeit von elnem Ausgangs- pressor.
55       signal alnes Drehzahldetektors oder aines Posi- tionsdetektors
abschatzt. 4. An Inverter air conditioner according to Claim 1, wherein the
compressor lock presumption means 
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S  * or speed detecting circuit 28 shown in Figure 7, it is  presumes the
compressor lock according to an presumed whether the compressor is locked
or not,     output signal from either one of a speed detector i.e. whether
a detected speed value is zero or not    and a position detector. (Step
301), or whether a position detecting signal changes or not (Step 302). If
affirmative, the present   5 operational frequency is raised (Step 104).
Next it is  Patentansprflche determined whether overcurrent breaking should
be activated or not (Step 105). If affirmative, it Is deter-  1.
Wechselrichter-Klimaanlagensystem,   umfas- mined that the compressor is
mechanically locked,     send: and a lock protection is made to stop the
operation   10  - sine  Wechselstrom/Gleichstrom-Umrdch- (Step 108).
tereinrichtung (4) zum Umwandeln von an- The steps in the third embodiment
can be carried       kommendem  Wechselstrom  in Gleich- out by e.g. a
circuitwhich is shown in Figure 11. In Fig-  strom; ure 11, reference
numeral 7a designates a rotorof the    - eine
GleichstromlWechselstrom-Wechsel- compressor 7, and reference numeral 7b
designates   15    richtereinrichturmg (6) zum Umwandeln des a magnet which
is arranged at one end of the rotor.        Gleichstroms in einen
Wechselstrom mit el- Reference numeral 7c designates a hole IC which is
ner gewrnschten Frequenz und einer ge- used to detect a speed or a position
of the rotor in re-  wflnschten Spannung; sponse to a magnetic force from
the magnet 7b.           - einen mit dem Wechselstrom angetriebe- 20
nen Kompressor (7); - eine Kompressorblociderungs-Abschgtzungs- Claims
einrichtung (25) zur Abschitzung, ob ein Kompressorblockleren vorliegt; 1.
An inverter air conditioner comprising:              - eine
Frequenzerh8hungseinrichtung (22) an ac/dc converter means (4) for changing
25    zum Erhohen einer Betriebsfrequenz des input ac power into dc power;
Kompressors au( elnen Wert bei der Ab- a dc/ac inverter means (6) for
changing          schatzung, daS ein Kompressorbloclderen said dc power
into ac power having a desired fre-      vorliegt, wobei der Wert derart
gewhilt Ist, quency and a desired voltage;                          daB ein
Betriebsstromwert oinen Ober- a compressor (7) driven by said ac power,  30
strom-Abtastpegel erreicht; und compressor lock presumption means (25)
- elne Blockierschutzeinrichtung zum Akt- for presuming whether said
compressor lock oc-         vieren  eines  Oberstrom-Unterbrechers curs;
(23), um den Kompressorzu stoppen, wenn frequency increasing means (22) for
in-           der Betriebsstrom von elner Oberstrom-Ab- creasing an
operational frequency of said com-  35     tastechaltung (21) detektiert
wird. pressor to a value when it is presumed that com- pressor lock occurs,
said value being such that an  2. Wechselrichter-Kllmaanlagensystem  nach
An- operational current value reaches an overcurrent  spruch 1, wobei die
Kompressorblockierungs- detection level; and
Abschitzungseinrichtung   ein  Kompressor- lock protection means for
activating an   40  blockieren in Abhgngigkeit von elner Betriebsfre-
overcurrent breaker (23) to stop the compressor    quenz und einem
Wechselrichter-Eingangs- when the operational current is detected by an
stromwert abschitzt. overcurrent detection circuit (21). 3.
Wechselrichter-KJimaanlagensystem nach An- 2. An inverter air conditioner
according to Claim 1,  45  spruch 1, wobel die Kompressorblocklerungs-
wherein the compressor lock presumption means      Abschdtzungseinrichtung
ein  Kompressor- presumes the compressor lock according to an
blockieren in AbhAngigkeit von elner Korrektur- operational frequency and
an inverter input cur-  groSe von elner dem Kompressor zugef0hrten rent
value.                                        Eingangsspannung abschAtzt.
50 3. An inverter air conditioner according to Claim 1,  4.
Wechselrichter-Klimaaniagensystem  nach An- wherein the compressor lock
presumption means      spruch 1, wobei die Kompressorblockierungs- presumes
the compressor lock according to a       Abschitzungseinrichtung   ein
Kompressor- correction quantity of an input voltage to the com-  blockieren
in Abhlngigkeit von einem Ausgangs- pressor.
55      signal eines Drehzahidetektors oder eines Posi- tionsdetektors
abschltzt. 4. An inverter air conditioner according to Claim 1, 



wherein the compressor lock presumption means 5    9                   EP 0
539163 B1                 10 Revendications  -
*   C  L  M  S  * 1. Conditionneur d'air a onduleur, comprenant un moyen
formant convertisseur alterna- tif-continu (4) pourtransformerune 6nergie
d'en-   5 tree en courant alternatif en une 6nergie en cou- rant continu;
un moyan formant onduleur continu-alter- natif (6) pour transformer ladite
6nergia en cou- rant continu en une 6nergie en courant alternatif  10
pr6sentant une frbquence souhait6e et une ten- sion souhaitee; un
compresseur (7) entratnb par ladite energie en courant alternatif; des
moyens de pr6somption de blocage   15 du compresseur (25), permettant de
supposer qu'un blocage dudit compresseur a lieu; des moyens d'augmentation
de fr6quence (22) pour augmenter une frbquence d'exploita- tion dudit
compresseur jusqu'A une certaine Va-  20 leur, quand un blocage du
compresseur est sup- posb avoirlieu, ladite valeuretanttelle qu'une va-
leur de courant d'exploitation atteigne un niveau de detection de
surintensite; et des moyens de protection anti-blocage,  25 destin6s A
activer un rupteur A aurintensite (23) pour arreter le compresseur quand le
courant d'exploitation eat detecte par un circuit de dbtec- tion de
surintensit6 (21). 30 2. Conditionneur d'a-r A onduleur selon la revendi-
cation 1, dans lequel lea moyens de pr6somption de blocage du compresseur
supposent qua le compresseur est bloqu6, sur la base d'une fr6- quence
d'exploitatlon et d'une valeur du courant  35 d'entr6e de l'onduleur. 3.
Conditionneur d'air A onduleur selon la revendi- cation 1, dans lequel les
moyens de pr6somptfon de blocage du compresseur supposent qua le  40
compresseur est bloqud, sur la base d'une valeur quantitative de correction
d'une tension d'entr6e du compresseur. 4. Conditionneur d'air A onduleur
selon la revendi-  45 cation 1, dans lequel lee moyens de pr6somption de
blocage du compresseur supposent qua le compresseur est bloque, sur la base
d'un signal de sortie d'un d6tecteur devitesse ou d'un d~tec teur de
position.                         so 55 6    


