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(57) ABSTRACT

A current detection device for detecting an electric current
flowing through an inverter, an overcurrent level generation
device for generating an abnormality judgment reference
value, an overcurrent detection device for generating an inter-
ruption signal to the mverter on the basis of an output of the
current detection device and the abnormality judgment refer-
ence value, and an adjusting apparatus for correcting the
abnormality judgment reference value of the overcurrent
level generation device on the basis of the output at a time
when a constant electric current 1s applied to the current
detection device are provided. The overcurrent level generat-
ing device 1s provided with one or a plurality of resistance
value adjusting sections, and generates the abnormality judg-
ment reference value 1n correspondence to a resistance value
of the resistance value adjusting section. The adjusting appa-
ratus performs a zapping operation by means of applying a
reverse-bias to a zener diode, and corrects the abnormality

(2), (4) Date: Feb. 11, 2011 judgment reference value.
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US 2011/0157752 Al

OVERCURRENT DETECTION CIRCUIT,
INVERTER, COMPRESSOR, AND
AIR-CONDITIONING MACHINE, AND
ADJUSTING METHOD FOR ADJUSTING
OVERCURRENT DETECTION CIRCUIT

TECHNICAL FIELD

[0001] The present invention relates to an overcurrent
detection circuit for preventing an electric current flowing
through an mverter from becoming excessive, an inverter, a
compressor, and an air-conditioning machine provided there-
with, and to an adjusting method for adjusting the overcurrent
detection circuit.

BACKGROUND ART

[0002] Hitherto, as a technology for adjusting a detection
level of an overcurrent detection circuit of an inverter, for
example, a technology 1n which a first pad connected to a
detection voltage from an overcurrent detection resistor, a
second pad connected to a detection voltage from an ampli-
fier, and a third pad connected to a voltage-dividing resistor
are provided 1n the vicinity of a current detection terminal,
and the connection between the current detection terminal
and a bonding wire of each pad allows switching between a
plurality of overcurrent protection devices, 1s proposed (for
example, refer to the Patent Document 1).

[0003] Further, as a method for correcting a detection error
of the current, for example, a method in which an error-
generating device generating a ratio between a detection
value obtained from an amplifier upon causing a constant
current to flow through a current detection resistor, and a
previously set reference value, and a correction device for
correcting a current command value of a current controller on
the basis of the ratio obtamned from the error-generating
device are provided, 1s proposed (for example, refer to the
Patent Document 2).

[0004] Furthermore, as a device for adjusting the overcur-
rent detection level, for example, a semiconductor device
including a terminal for leading out a line of a reference
voltage for comparison outward so that the reference voltage
for comparison can be varied by means of a resistor connected
from the outside 1s proposed (for example, refer to the Patent
Document 3).

[0005] [Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2003-319546 (Claim 1)

[0006] [Patent Document 2] Japanese Patent No. 3147488
(Claim 1)
[0007] [Patent Document 3] Japanese Unexamined Patent

Application Publication No. 2006-067660 (Claim 1)

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

[0008] In an overcurrent detection circuit of an inverter,
there has been a problem i1n which an error occurs due to
fluctuation of the resistor used for a circuit or of a power
supply voltage, 1n a reference value of an abnormality judg-
ment (hereinafter also referred to as overcurrent level) for
judging an abnormality of an electric current.

[0009] Further, due to the error, there has been a problem
that a reduction of an operation range of the mverter, a low-
ering of a reliability of a protecting operation, and a large

Jun. 30, 2011

s1Zzing ol a circuit, an increase ol a cost, a lowering of elli-
ciency, or the like occur due to a increase of a maximum
current of a load.

[0010] In the aforementioned technology described 1n the
Patent Document 1, an adjusting operation 1s performed by
selecting a terminal to which a wire 1s connected, after the
overcurrent level 1s confirmed. However, there has been a
problem that an additional soldering process for a board 1s
required and a processing cost increases.

[0011] Furthermore, in the aforementioned technology
described 1n the Patent Document 2, the error of the overcur-
rent level 1s memorized using an EEPROM. However, the
correction for the error using the EEPROM 1s limited to a case
of varying the overcurrent level that 1s controlled by a micro-
computer and therefore there has been a problem that the
correction cannot be applied to, for example, a circuit requir-
ing an adjustment by means of a variation of resistance.

[0012] Moreover, in the aforementioned technology
described 1n the Patent Document 3, the overcurrent level 1s
varied by means of an external resistor. However, there has
been a problem that an error occurs in the overcurrent level
due to fluctuation of the external resistor.

[0013] Further, as another method, 1t 1s also considerable to
use a variable resistor for varying the resistance value. How-
ever, there has been a problem that the variable resistor has
low reliability as a part because the same includes a sliding
portion, and a part cost 1s high.

[0014] The present mvention 1s made to solve the afore-
mentioned problems, and a {irst object 1s to obtain an over-
current detection circuit, an nverter, a compressor, and an
air-conditioning machine, capable of reducing an error of an
abnormality judgment reference value, and an adjusting
method for adjusting the overcurrent detection circuit.

[0015] A secondobjectisto obtain an overcurrent detection
circuit, an inverter, a compressor, and an air-conditioning
machine, 1n which the alforementioned adjustment for reduc-
ing the error of the abnormality judgment reference value can
be easily performed after circuit parts are mounted, and an
adjusting method for adjusting the overcurrent detection cir-
cuit.

Means for Solving the Problems

[0016] An overcurrent detection circuit with respect to the
present mnvention 1s provided with a current detection device
connected between a direct-current power source and an
inverter 1n series therewith, for detecting an electric current
flowing through the inverter, an overcurrent level generation
device for generating an abnormality judgment reference
value, an overcurrent detection device for generating an inter-
ruption signal to the inverter on the basis of an output of the
current detection device and the abnormality judgment refer-
ence value, and an adjusting apparatus for correcting the
abnormality judgment reference value of the overcurrent
level generation device on the basis of the output at a time
when a constant electric current 1s applied to the current
detection device, wherein the overcurrent level generation
device includes one or a plurality of resistance value adjusting
sections having a fixed resistor and a zener diode connected to
the fixed resistor in parallel therewith, and generates the
abnormality judgment reference value 1n correspondence to a
resistance value of the resistance value adjusting section, and
the adjusting apparatus performs a zapping operation by
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means ol applying a reverse-bias to the zener diode, and
corrects the abnormality judgment reference value.

Advantages

[0017] Since the present invention corrects the abnormality

judgment reference value of the overcurrent level generation
device on the basis of an output at a time when a constant
clectric current 1s applied to the current detection device, an
error of the abnormality judgment reference value can be
reduced. Further, an adjustment for reducing the error of the
abnormality judgment reference value can be easily per-
formed after circuit parts are mounted.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG.11saconstruction view 1llustrating an overcur-
rent detection circuit according to a first embodiment of the
present invention.

[0019] FIG. 2 1s an operation-explanatory view for the
overcurrent detection circuit according to the first embodi-
ment of the present invention.

[0020] FIG. 3 1saview illustrating a zapping operation of a
zener diode.
[0021] FIG. 4 1s aconstruction view 1llustrating an overcur-

rent detection circuit according to a second embodiment of
the present invention.

[0022] FIG. S1sanoperation-explanatory view for an over-
current detection circuit according to the second embodiment
ol the present 1nvention.

[0023] FIG. 6 1s a view 1llustrating an example of a laser
trimming for a resistor.

[0024] FIG. 7 1s a construction view of the overcurrent
detection circuit according to the second embodiment of the
present invention.

[0025] FIG. 8 1s a construction view of an overcurrent
detection circuit according to a third embodiment of the
present invention.

[0026] FIG. 9 1s an operation-explanatory view for the
overcurrent detection circuit according to the third embodi-
ment of the present invention.

[0027] FIG. 10 1s a construction view of an overcurrent
detection circuit according to a fourth embodiment of the
present invention.

[0028] FIG. 11 1s a view explaining a correcting operation
for Vref according to the fourth embodiment of the present
invention.

[0029] FIG. 12 1s a view illustrating an operation range
expanding advantage according to the fourth embodiment of
the present invention.

[0030] FIG. 13 1s a view 1llustrating a structure of a com-
pressor according to a fifth embodiment of the present inven-
tion.

[0031] FIG. 14 1s an operation-explanatory view for single
rotary compressor.

[0032] FIG. 15 1s a view 1llustrating a load torque and a
motor current of the single rotary compressor.

[0033] FIG. 16 1s a view 1llustrating a construction of an
air-conditioning machine according to a sixth embodiment of
the present invention.

REFERENCE NUMERALS

[0034] 1 direct-current power supply, 2 inverter, 3 current
detection device, 4 overcurrent level generation device, 3
overcurrent detection device, 6 adjusting apparatus, 7 perma-
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nent magnet-type synchronous electric motor, 7a rotor, 756
stator, 10 resistance value-adjusting section, 10a through 10/
resistance value-adjusting section, 11 laser apparatus, 115
laser apparatus, 20 nonvolatile memory, 21 reader section, 22
D/A converter circuit, 23 temperature sensor, 24 temperature
correction device, 29 single rotary compressor, 30 cylinder,
31 rolling piston, 32 shatt, 33 suction port, 34 discharge port,
35 vane, 310 outdoor unit, 312 air blower, 320 indoor unit

BEST MODES FOR CARRYING OUT THE
INVENTION

First Embodiment

[0035] FIG.11saconstruction view 1llustrating an overcur-
rent detection circuit according to the first embodiment of the
present invention.

[0036] As 1llustrated 1n FIG. 1, the overcurrent detection
circuit according to the present first embodiment 1s provided
with a current detection device 3, an overcurrent level gen-
eration device 4, an overcurrent detection device 5, and an
adjusting apparatus 6.

[0037] Annverter 2 allows a direct-current power supply 1
to be connected, generates an alternating-current power by
means of switching a switching element, and drives a perma-
nent magnet-type synchronous motor 7.

[0038] The current detection device 3 1s serially connected
between the direct-current power supply 1 and the inverter 2.
The current detection device 3 includes a resistor for current
detection (heremaiter also called as “detection section”) and
an amplifier circuit for amplifying a voltage that 1s generated
from the resistor for the current detection. Further, the current
detection device 3 detects an electric current flowing through
a circuit formed of the direct-current power supply 1 and the
inverter 2, and outputs an output voltage Vsens 1n correspon-
dence to the electric current to the overcurrent detection
device 5 and the adjusting apparatus 6.

[0039] The overcurrent level generation device 4 generates
a reference voltage. Vret serving as an abnormality judgment
reference value of the output of the current detection device 3.
Furthermore, the overcurrent level generation device 4
includes resistance value-adjusting sections 10a, 105, and
10c¢ (hereinafter, simply called as “resistance value-adjusting
section 10~ when not distinguished). The resistance value-
adjusting section 10 includes a fixed resistor and a zener diode
connected to the fixed resistor 1n parallel therewaith.

[0040] The overcurrent level generation device 4 generates
the reference voltage Vref 1in correspondence to a resistance
value of the resistance value-adjusting section 10. By means
ol an operation, described later, a resistance value 1s adjusted
by zapping 1n the resistance value-adjusting section 10.
[0041] The overcurrent detection device 5 generates an
overcurrent detection signal OCT serving as an interruption
signal for the mverter 2 on the basis of the output voltage
Vsens inputted from the current detection device 3 and the
reference voltage Vrel inputted from the overcurrent level
generation device 4, and outputs 1t to the iverter 2.

[0042] Forexample, the overcurrent detection device 5 out-
puts the overcurrent detection signal OCT when the output
voltage Vsens reaches the reference voltage Vrel or more.
[0043] The inverter 2 stops a switching element in the
inverter 2 when the overcurrent detection signal OCT 1s input-
ted.

[0044] Theadjusting apparatus 6 1s connected to the current
detection device 3, the overcurrent level generation device 4,
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and the overcurrent detection signal OC'T. Further, the adjust-
ing apparatus 6 includes a constant current source that allows
a predetermined electric current to flow through the detection
section of the current detection device 3. Furthermore, the
adjusting apparatus 6 applies a reverse-bias current to the
zener diode of the resistance value-adjusting section 10.
[0045] Moreover, by mean of an operation, described later,
the adjusting apparatus 6 monitors the overcurrent detection
signal OCT, and varies the resistance value of the resistance
value-adjusting section 10 so that an overcurrent of the
iverter 2 1s detected with a previously determined accuracy.
[0046] Next, an adjusting operation for the reference volt-
age Vrel ol the overcurrent detection circuit in the present first
embodiment will be explained using FIG. 2.

[0047] FIG. 2 1s an operation-explanatory view for the
overcurrent detection circuit according to the first embodi-
ment of the present invention. In FIG. 2, Ish refers to a current
in the detection section 1n the current detection device 3
(heremaftter referred to as “current in the detection section™).

[0048] Ioc refers to a current value from which the overcur-
rent 1s detected.
[0049] Im refers to a maximum current value 1 a case

where the overcurrent detection circuit 1s 1n a normal operat-
ing state.

[0050] Vocmax refers to a permissible maximum value of
the output voltage of the current detection device 3 when the
current value Ioc flows through the detection section.

[0051] Vocmin refers to a permissible minimum value of
the output voltage of the current detection device 3 when the
current value Ioc flows through the detection section.

[0052] Hereinatter, an adjusting operation for the reference
voltage Vrel will be explained along a time axis of FIG. 2.

Time (1)

[0053] Firstly, the adjusting apparatus 6 applies the current
value Ioc, from which the overcurrent 1s detected, to the
detection section of the current detection device 3.

[0054] Thereafter, the adjusting apparatus 6 observes an
output voltage Vsens of the current detection device 3, and
obtains an output voltage V1 at the time when the current
value Ioc 1s applied.

[0055] Then, the adjusting apparatus 6 confirms whether
the output voltage V1 1s within a permissible value. That 1s,
the adjusting apparatus 6 confirms whether the output voltage
V1 1s equal to Vocmin or more, and equal to Vocmax or less.

Time (2)

[0056] Theadjusting apparatus 6 stops an application of the
electric current to the detection section of the current detec-
tion device 3.

Time (3)

[0057] Next, the adjusting apparatus 6 adjusts the reference
voltage Vrel to become equal to the output voltage V1 or less.

[0058] The adjusting operation for the reference voltage
Vret 1s performed by a zapping operation.

[0059] At this moment, the zapping operation of the zener
diode will be explained with reference to FIG. 3.

[0060] FIG. 3 1s aview illustrating the zapping operation of
the zener diode.

[0061] The zapping operation 1s performed 1n such a way
that the resistance value between terminals 1s varied by means
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of causing a short-circuit break upon applying the reverse-
bias current (Ica 1n FIG. 3) to the zener diode.

[0062] The adjusting apparatus 6 varies a combined resis-
tance between both ends of the resistance value-adjusting
sections 10a through 10¢ that are connected 1n series, to a
desired resistance value by means of zapping the built-in
zener diode 1n the resistance value-adjusting sections 10a,
105 and 10c.

[0063] That 1s, 1n a case of the overcurrent level generation
device 4 inthe present first embodiment, the reference voltage
Vret of the overcurrent level generation device 4 can be
lowered 1n a stepwise manner by varying a divided voltage
ratio of the voltage by means of performing the zapping
operation for each of the zener diodes of the resistance value-
adjusting sections 10a, 105, and 10c.

[0064] The adjusting apparatus 6 performs the zapping
operation for an arbitrary zener diode 1n the respective zener
diodes of the resistance value-adjusting sections 10a, 105,

and 10C.

[0065] Next, the adjusting apparatus 6 confirms whether
the reference voltage Vret 1s smaller than the output voltage
V1.

[0066] The adjusting apparatus 6 turther performs the zap-

ping operation for the zener diode when the reference voltage
Vret 1s larger than the output voltage V1. The adjusting appa-
ratus 6 repeats the zapping operation until the reference volt-
age Vrel becomes smaller than the output voltage V1.
[0067] On the other hand, the adjusting apparatus 6 com-
pletes the zapping operation when the reference voltage Vrel
becomes smaller than the output voltage V1.

[0068] Next, the adjusting apparatus 6 confirms whether an
overcurrent-detecting operation 1s correctly performed by
means of the reference voltage Vret that 1s adjusted by the
zapping operation.

Time (4)

[0069] Firstly, the adjusting apparatus 6 applies a maxi-
mum current value Im 1n a case that the overcurrent detection
circuit 1s 1n a normal operating state, to the detection section
of the current detection device 3.

Time (5)

[0070] The adjusting apparatus 6 confirms that the overcur-
rent detection signal OCT 1s not outputted from the overcur-
rent detection device S.

[0071] Incidentally, when the overcurrent detection signal
OC'T 1s outputted at a time when the maximum current value
Im 1s applied, the adjusting apparatus 6 releases the zapping
operation, for example, for the resistance value-adjusting sec-
tion 10 whose fixed resistor has a large resistance value, and
performs the zapping operation for the resistance value-ad-
justing section 10 whose fixed resistor has a small resistance
value. Thereby, the reference voltage Vref of the overcurrent
level generation device 4 can be 1ncreased.

Time (6)

[0072] Thereatfter, the adjusting apparatus 6 increases the
clectric current applied to the detection section, to form the
current value Ioc. The adjusting apparatus 6 confirms that the
overcurrent detection signal OCT 1s outputted from the over-
current detection device 5.

[0073] The adjusting apparatus 6 completes the adjusting
operation for the reference voltage Vref.

-
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[0074] By performing the above-described operation, the
abnormality judgment reference value (reference voltage
Vret) 1s adjusted to become less than the output voltage V1 at
the time when the current value Ioc 1s applied, and to exceed
the voltage at the time when the maximum current value Im 1s
applied.

[0075] Asdescribed above, 1n the present first embodiment,
the reference voltage Vref 1s adjusted on the basis of the
output at the time when the current value loc, from which the
overcurrent 1s detected, 1s applied to the current detection
device 3.

[0076] Accordingly, the error of the abnormality judgment
reference value due to an initial fluctuation of the overcurrent
detection circuit can be reduced.

[0077] Therelfore, even when the power supply voltage or
the current detection device 3 contains the initial fluctuation,
a deterioration of an accuracy of the overcurrent-detecting
operation can be suppressed, and an overcurrent detection
circuit with high accuracy can be obtained.

Furthermore, by means of zapping the zener diode, the refer-
ence voltage Vref of the overcurrent level generation device 4
1s adjusted.

[0078] Accordingly, the abnormality judgment reference
value can be adjusted 1n a state that electronic parts are
mounted on a board, and there 1s no need to newly add a
soldering process or the like, and a cost required for the
process can be suppressed.

[0079] Further, since the reference voltage Vref can be
adjusted by a solid element that does not have a sliding
portion, a possibility 1n which the resistance value 1s varied
due to a vibration or the like after the adjusting operation 1s
reduced, and an overcurrent detection circuit having high
reliability can be obtained.

[0080] Next, an advantage accompanying an improvement
of the accuracy of the abnormality judgment reference value
will be explained.

[0081] In a case that the abnormality judgment reference
value tluctuates, an operation range (permissible electric cur-
rent range) ol a product, on which the overcurrent detection
circuit 1s mounted, 1s limited to the range where the operation
can be performed, even when the operation range 1s at a lower

limit value of a fluctuation range of the abnormality judgment
reference value.

[0082] Hence, the improvement of the accuracy of the
abnormality judgment reference value has an advantage to
expand the operation range of the product on which the over-
current detection circuit 1s mounted.

[0083] Furthermore, the fluctuation of the abnormality
judgment reference value also causes a fluctuation in the

maximum current value of the electric current flowing
through the inverter 2.

[0084] On the other hand, 1n many cases, the product using
the 1nverter 2 requires compensation for the operation even
under a condition 1 which a fluctuation of the parts exists.
Therefore, 1n order to satisiy the condition for compensating
the operation, the maximum rated current of circuit elements
serving as parts, and a load are designed on the basis of an
upper limit of the fluctuation of the maximum current.

[0085] Hence, when the accuracy of the abnormality judg-
ment reference value 1s 1mproved, it becomes possible to
reduce the rated value of the maximum current of the inverter
2 and the load. Moreover, as a result of that, a compact s1zing
and a cost reduction 1s realized.
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[0086] Further, in the present first embodiment, since the
load driven by means of the inverter 2 i1s the permanent
magnet-type synchronous motor 7, the following advantage
can be obtained.

[0087] Since the permanent magnet-type synchronous
motor 7 generates a magnetic field by means of a magnet, a
system having a good efficiency can be provided. On the other
hand, when a counter-magnetizing field having a predeter-
mined amount or more 1s applied to the magnet, a magnetic
force 1s permanently lowered (demagnetization), and there-
fore designs of the overcurrent detection circuit and the per-
manent magnet-type synchronous motor 7 are made 1n such a
way that the demagnetization 1s prevented.

[0088] The overcurrent detection circuit 1s set such that the
abnormality judgment reference value i1s equal to a demag-
netization level or less. For example, as a current value for
detecting the overcurrent, a current value that does not
demagnetize the magnet 1s set.

[0089] On the other hand, as the permanent magnet-type
synchronous motor 7, 1t becomes necessary to secure a coer-
cive force with a designed value or more. However, the coer-
cive force of the permanent magnet-type synchronous motor
7 generally has a correlation with the cost, and the more the
coercive force of a material 1s low, the more the cost 1s
Inexpensive.

[0090] Hence, when the accuracy of the abnormality judg-
ment reference value 1s improved, the coercive force required
for the magnet mounted 1n the permanent magnet-type syn-
chronous motor 7 can be lowered, and the reduction of the
cost can be realized.

[0091] Furthermore, when the load driven by means of the
permanent magnet type synchronous motor 7 1s a load that
drives a compressor, specifically a rotary compressor or a
reciprocating compressor, the following advantage 1s
obtained.

[0092] Inthe compressor, it 1s known that each of a suction
process, a compression process, and a discharge process 1s
transferred 1n synchronization with a rotational position of a
rotor, and therefore a torque pulsation occurs 1n no small part
during the rotation.

[0093] Hence, the motor current that drives the compressor
rotor 1s increased such that a peak value 1s several times the
elfective value.

[0094] Accordingly, an operation limit of such a compres-
sor largely relies on a relationship between the current peak
value of the motor current and the abnormality judgment
reference value.

[0095] Thatis, as described in the present first embodiment,
when the fluctuation of the abnormality judgment reference
value can be suppressed, and the lower limit of the range, in
which the abnormality judgment reference value fluctuates,
can be increased, the operation limit of the compressor 1s
expanded, and the compressor can be operated without stop-
ping due to the overcurrent even 1n a further severe driving
condition. This improves a product performance.

[0096] Moreover, 1n a case that the load driven by the per-
manent magnet-type synchronous motor 7 1s an air-condi-
tioning machine using a compressor, an improvement of an
air-conditioning capability 1s anticipated, and a big advantage
1s brought to the improvement of the product performance.
[0097] Incidentally, i the present first embodiment,
although a case i which the overcurrent detection signal
OCT 1s 1 positive logic (the overcurrent 1s detected at Hi
level) 1s explained, a case of negative logic 1s also applicable
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by disposing positions of the resistance value-adjusting sec-
tions 10a, 105, and 10¢ on a power supply side 1n relation to
an output point of the reference voltage Vref.

[0098] Incidentally, in the present first embodiment,
although a case in which the resistance value-adjusting sec-
tion 10 1s three in number 1s explained, the present invention
1s not limited thereto, and one or more arbitrary number of the
resistance value-adjusting sections may be provided. As
described above, by means of connecting the same 1n plural-
ity 1n series with each other, resolution of the resistance value
to be adjusted can be improved.

[0099] Further, the solid resistors connected in parallel with
the zener diodes may have different resistance values, respec-
tively. Thereby, the resolution can be improved.

[0100] Incidentally, in the present first embodiment,
although a case in which the resistance value-adjusting sec-
tions 10a, 105, and 10¢ are connected in series with each other
1s explained, the present invention 1s not limited thereto, and
an arbitrary connection such as a parallel connection, a com-
bination of serial and parallel connections or the like 1s also
applicable.

[0101] Incidentally, in, the present first embodiment, the
operation in which the reference voltage Vret 1s lowered by
means of the zapping operation 1n a case that the reference
voltage Vrel 1s larger than the output voltage V1 1s explained.

[0102] The present invention 1s not limited thereto, and the
adjustment can be made such that the reference voltage Vref
1s increased 1n a case that the reference voltage Vrel 1s smaller
than the voltage at the time when the maximum current value
Im 1s applied.

[0103] For example, a following operation 1s performed 1n
the below described construction.

[0104] In addition to the construction illustrated in the
above-illustrated FIG. 1, another resistance value-adjusting
section 10 1s additionally connected further in series with

cach other. For example, three of resistance value-adjusting
sections 10d, 10e, and 10f are added.

[0105] Furthermore, the adjusting apparatus 6 applies a
reverse bias to the zener diode of the resistance value-adjust-
ing sections 104, 10e, and 10/1n a normal time (1nitial state).

[0106] The adjusting apparatus 6 stops application of the
reverse bias to the arbitrary zener diode 1n each of the zener
diodes of the resistance value-adjusting sections 104, 10e,
and 10f when raising the reference voltage Vref.

[0107] By suchanoperation, the reference voltage Vref can
be increased 1n a stepwise manner.

[0108] Hence, the abnormality judgment reference value
(reference voltage Vrel) can be adjusted in such a way that the
abnormality judgment reference value becomes equal to or
less than the output voltage V1 at the time when the current
value loc 1s applied, and exceeds the voltage at the time when
the maximum current value Im 1s applied.

[0109] Incidentally, in the present first embodiment,
although a case 1in which the reference voltage Vret of the
overcurrent level generation device 4 1s adjusted 1s explained,
the present invention i1s not limited thereto, and 1t may be
applicable that the output voltage Vsens of the current detec-
tion device 3 1s adjusted. For example, 1t 1s realizable to adjust
the output voltage Vsens by means of a method, such as that
the resistance value of the amplification circuit in the current
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detection device 3 1s adjusted, or the like. Thereby, the same
advantage as that of the present first embodiment can be
obtained.

Second Embodiment

[0110] FIG. 41s aconstruction view 1llustrating an overcur-
rent detection circuit according to the second embodiment of
the present invention.

[0111] Incidentally, the same numerals are attached to the
clements having the same function as that of the above-de-
scribed elements 1n FIG. 1.

[0112] Asillustrated in FIG. 4, a resistance value-adjusting
section 10 in the present second embodiment 1s 1nserted
between an output point of the reference voltage Vref 1n the
overcurrent level generation device 4 and the power supply.
The resistance value-adjusting section 10 1s constructed with
a resistor 1n which a resistance value varies by means of
irradiation of a laser.

[0113] Further, the overcurrent level generation device 4
generates the reference voltage Vref serving as the abnormal-
ity judgment reference value 1n correspondence to a resis-
tance value of the resistance value-adjusting section 10.
[0114] The adjusting apparatus 6 includes a laser apparatus
11 that radiates a laser.

[0115] Thelaser apparatus 11 radiates the laser 1n a manner
so as to vary the resistance value of the resistance value-
adjusting section 10.

[0116] In the present second embodiment, the reference
voltage Vret 1s adjusted by varying the resistance value by
means of irradiating the resistance value-adjusting section 10
with the laser.

[0117] Next, an adjusting operation for the reference volt-
age Vrel of the overcurrent detection circuit 1n the present
second embodiment will be explained using FIG. 5.

[0118] FIG. 51s an operation-explanatory view for an over-
current detection circuit according to the second embodiment
of the present invention.

[0119] Incidentally, the same names are attached to the
same signals and values as that 1n the above-described FIG. 2.
[0120] Heremafter, the adjusting operation for the refer-
ence voltage Vrel will be explained along a time axis 1n FIG.

5.

Time (1)

[0121] Firstly, the adjusting apparatus 6 applies the current
value loc, from which the overcurrent i1s detected, to the
detection section of the current detection device 3.

[0122] Thereatfter, the adjusting apparatus 6 observes the
output voltage Vsens of the current detection device 3, and
obtains the output voltage V1 at the time when the current
value Ioc 1s applied.

[0123] Further, the adjusting apparatus 6 confirms whether
the output voltage V1 1s within a permissible value. That 1s,
the adjusting apparatus 6 confirms whether the output voltage
V1 1s equal to Vocmin or more, and equal to Vocmax or less.

Time (2)

[0124] Next, the adjusting apparatus 6 adjusts the reference
voltage Vref to become less than the output voltage V1.
[0125] The adjusting operation for the reference voltage
Vret 1s performed by laser trimming.

[0126] Currently, the laser trimming for the resistor will be
explained with reference to FIG. 6.
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[0127] FIG. 6 1s a view 1llustrating an example of the laser
trimming for the resistor.

[0128] The laser trimming 1s a laser processing method for
setting an electric characteristic with high accuracy by means
of cutting a part of or entire resistor on a ceramic base with a
laser beam.

[0129] As illustrated 1n FIG. 6, a resistance value between
terminals can be increased to a desired value by means of
cutting the resistor by 1rradiating the resistor with the laser as
indicated by an arrow Xx.

[0130] That 1s, 1n a case of the overcurrent level generation
device 4 1n the present second embodiment, the divided volt-
age ratio of the voltage 1s varied by performing the laser
trimming for the resistor of the resistance value-adjusting
section 10, and thereby the reference voltage Vretl of the
overcurrent level generation device 4 can be varied.

[0131] The adjusting apparatus 6 increases the resistance
value by performing the laser trimming for the resistance
value-adjusting section 10.

[0132] Thereby, the reference voltage Vrel of the overcur-
rent level generation device 4 1s gradually decreased.

[0133] The adjusting apparatus 6 monitors the overcurrent
detection signal OCT simultaneously with the laser trim-
ming.

Time (3)

[0134] The adjusting apparatus 6 stops the laser 1rradiation
from a laser apparatus 11 when the output of the overcurrent
detection signal OCT 1s detected, and completes the adjusting
operation for the reference voltage Vref.

[0135] By means of the above-described operation, the
abnormality judgment reference value (reference voltage
Vret) 1s adjusted to form an approximately the same value as
the output voltage V1 at the time when the current value Ioc 1s
applied.

[0136] As described above, 1n the present second embodi-
ment, since the reference voltage Vrel 1s adjusted on the basis
of the output at the time when the current value Ioc from
which the overcurrent i1s detected 1s applied to the current

detection device 3, the same advantage as that of the afore-
mentioned first embodiment can be obtained.

[0137] Further, in accordance with the present second
embodiment, since the resistance value 1s set by means of the
laser trimming, the adjusting operation for the abnormality
judgment reference value can be realized with high accuracy
even 1n a case of the board after each of the parts of the
overcurrent detection circuit 1s mounted thereupon.

[0138] Incidentally, in the present second embodiment, the
operation for decreasing the reference voltage Vrel by means
of the laser trimming 1n a case that the reference voltage Vref
1s larger than the output voltage V1 1s explained.

[0139] The present invention 1s not limited thereto, and 1n a
case that the reference voltage Vret 1s smaller than the output
voltage V1, the reference voltage Vrel can be adjusted to
Increase.

[0140] For example, a following operation 1s performed 1n
the below described construction.

[0141] In addition to the construction 1n FIG. 4 1llustrated
above, a resistance value-adjusting section 106 including a
resistor allowing the laser trimming 1s further added between
an output point of the reference voltage Vret 1 the overcur-
rent level generation device 4 and a GND (ground). Further-

Jun. 30, 2011

more, the adjusting apparatus 6 1s further provided with a
laser apparatus 115 for 1rradiating the resistance value-adjust-
ing section 105 with a laser.

[0142] Moreover, the adjusting apparatus 6 increases the
resistance value by means of performing the laser trimming to
the resistance value-adjusting section 105 when the reference
value Vret 1s increased.

[0143] By such an operation, the reference voltage Vref can
be increased.
[0144] Incidentally, in the present second embodiment,

although a case 1n which the reference voltage Vref of the
overcurrent level generation device 4 1s adjusted 1s explained,
the present mvention 1s not limited thereto, and the output
voltage Vsens of the current detection device 3 may be
adjusted.

[0145] An example of such a construction in which the
output voltage Vsens of the current detection device 3 is
adjusted will be explained with reference to FIG. 7.

[0146] FIG. 7 1s a construction view of the overcurrent
detection circuit according to the second embodiment of the
present invention.

[0147] InFIG. 7, the detection section of the current detec-
tion device 3 1s constructed with a resistor in which the
resistance value varies by means of the irradiation of the laser.
The adjusting apparatus 6 1s provided with a laser apparatus
11 for irradiating the detection section of the current detection
device 3 with the laser.

[0148] By such a construction, in the same manner as the
operation described above, the current value Ioc 1s applied to
the detection section of the current detection device 3 and the
output voltage V1 1s obtained.

[0149] Further, the adjusting apparatus 6 increases the
resistance value of the detection section of the current detec-
tion device 3 by means of the laser trimming. Since the
voltage generated 1n the detection section 1s thereby
increased, the output voltage V1 of the current detection
device 3 can be increased.

[0150] Even i such a construction, the output voltage V1
can be adjusted to form the approximately same voltage value
as that of the reference voltage Vrel.

[0151] Accordingly, the same advantage as the advantage
described above can be obtained.

Third Embodiment

[0152] FIG. 8 1s a construction view of an overcurrent
detection circuit according to the third embodiment of the
present 1nvention.

[0153] Incidentally, the same numerals are attached to the
clements having the same function as that of the above-de-
scribed elements 1 FIG. 1.

[0154] Asillustrated in FIG. 8, an overcurrent level genera-
tion device 4 1n the third embodiment includes a D/A con-
verter circuit 22, a reader section 21, and a nonvolatile
memory 20.

[0155] The nonvolatile memory 20 1s constructed with, for
example, an EEPROM (Flectrically Erasable and Program-
mable Read Only Memory).

[0156] The nonvolatile memory 20 1s a readable and writ-
able storage device that stores a Vrel command value output-
ted from the adjusting apparatus 6.

[0157] Incidentally, the Vrel command value corresponds
to “information regarding an abnormality judgment reference
value™ 1n the present invention.
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[0158] The reader section 21 reads out the Vref command
value that 1s stored 1n the nonvolatile memory 20, and outputs
the Vref command value to the D/A converter circuit 22. The
Vref command value outputted by the reader section 21 1s a
digital signal formed by, for example, an arbitrary number (n)

of bits.

[0159] The D/A converter circuit 22 adjusts the voltage on
the basis of a digital signal of n-bit inputted from the reader
section 21 and outputs the reference voltage Vret to the over-
current detection device 5.

[0160] Next, the adjusting operation for the reference volt-
age Vrel of the overcurrent detection circuit in the present
third embodiment will be explained using FIG. 9.

[0161] FIG. 9 1s an operation-explanatory view for the
overcurrent detection circuit according to the third embodi-
ment of the present invention.

[0162] Incidentally, the same names are attached to the
same signals and values as that 1n FIG. 2 illustrated above.

[0163] Hereinafter, the adjusting operation for the refer-

ence voltage Vref will be explained along a time axis 1n FIG.
9.

Time (1)

[0164] Firstly, the adjusting apparatus 6 applies the current
value Ioc, from which the overcurrent 1s detected, to the
detection section of the current detection device 3.

[0165] Thereafter, the adjusting apparatus 6 observes the
output voltage Vsens of the current detection device 3, and
obtains the output voltage V1 at the time when the current
value Ioc 1s applied.

[0166] Further, the adjusting apparatus 6 confirms whether
the output voltage V1 1s within a permissible value. That 1s,
the adjusting apparatus 6 confirms whether the output voltage
V1 1s equal to Vocmin or more, and equal to Vocmax or less.

[0167] Furthermore, the adjusting apparatus 6 writes the
Vref command value corresponding to a maximum voltage
value that can be generated by means of the D/A converter
circuit 22 to the nonvolatile memory 20.

[0168] The reader section 21 transfers the Vrelf command
value written to the nonvolatile memory 20 to the D/A con-
verter circuit 22.

[0169] The D/A converter circuit 22 generates a voltage on
the basis of the mputted Vref command value.

[0170] Moreover, the adjusting apparatus 6 confirms that
the overcurrent detection signal OCT at this moment 1s Low
(in non-detection state).

Time (2)

[0171] Next, the adjusting apparatus 6 adjusts the highest
bit (the bit where voltage resolution becomes maximum) of
the digital signal constituting the Vref command value.

[0172] The adjusting apparatus 6 writes the Vrel command
value, 1n which the highest bit 1s set to 1, and all the lower bits
are set to 0, to the nonvolatile memory 20.

[0173] At this moment, the adjusting apparatus 6 monitors
the overcurrent detection signal OCT.

[0174] Further, 1f the overcurrent detection signal OCT 1s
High (overcurrent detection), the adjusting apparatus 6 fixes
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the highest bit to 1, and 11 the overcurrent detection signal
OC'T 1s Low, the adjusting apparatus 6 fixes the highest bit to
0.

Time (3)

[0175] This operation 1s performed n times from a higher
bit of the digital signal constituting the Vrel commend value
in sequence. Thereby, all the bits are fixed and the adjusting
operation 1s completed.

[0176] Adfter the adjusting operation 1s completed, the ret-
erence voltage Vrel 1s fixed on the basis of a content of the
nonvolatile memory 20, and 1s adjusted to a desired abnor-
mality judgment reference value.

[0177] By means of the above-described operation, a bit
arrangement of the Vrel command value 1s set to output the
reference voltage Vret closest to the output voltage V1.

[0178] As described above, in the present third embodi-
ment, since the reference voltage Vrel 1s adjusted on the basis
of the output at the time when the current value Ioc, from
which the overcurrent i1s detected, 1s applied to the current
detection device 3, the same advantage as that of the afore-
mentioned first embodiment can be obtained.

[0179] Furthermore, in accordance with the present third
embodiment, by means of the trimming for the reference
voltage Vref using the D/A converter circuit 22 and the non-
volatile memory 20, even 1n the case of the board on which
cach of the parts of the overcurrent detection circuit has been
mounted, the adjusting operation for the abnormality judg-
ment reference value can be realized with high accuracy.

[0180] Moreover, 1n the present third embodiment, since
the readable and writable nonvolatile memory 20 and the D/A
converter circuit 22 are used, there 1s no physical limitation in
increase and decrease direction of the output voltage, and the
output voltage 1s variable during the operation. This permits
setting of the abnormality judgment reference value to be
suitable for use conditions.

[0181] An example of such a setting operation for the
abnormality judgment reference value to be suitable for the
use conditions will be explained 1n a fourth embodiment.

Fourth Embodiment

[0182] FIG. 10 1s a construction view of an overcurrent
detection circuit according to the fourth embodiment of the
present invention.

[0183] Incidentally, the same numerals are attached to the

clements having the same function as that of the above-de-
scribed elements in FIG. 8.

[0184] As 1llustrated in FIG. 10, an overcurrent detection
circuit according to the fourth embodiment of the present
invention 1s further provided with a temperature sensor 23 and
a temperature correction device 24 i addition to the construc-
tion in the aforementioned third embodiment.

[0185] The temperature sensor 23 detects a temperature of
a magnet included in the permanent magnet-type synchro-
nous motor 7. The temperature sensor 23 notifies the detected
temperature to the temperature correction device 24.

[0186] The temperature correction device 24 corrects the
Vref command value in the nonvolatile memory 20 on the
basis of an output of the temperature sensor 23.

[0187] The reader section 21 reads out the corrected Vrefl
command value, and outputs it to the D/A converter circuit

22.

-
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[0188] TheD/A converter circuit 22 adjusts a voltage on the
basis of the Vrel command value mputted from the reader
section 21, and outputs the reference voltage Vrefl to the
overcurrent detection device 5.

[0189] Next, a correcting operation for the Vrel command
value 1n the temperature correction device 24 1n the present
fourth embodiment will be explained using FI1G. 11.

[0190] FIG. 11 1s a view explaining the correcting opera-
tion for the reference voltage Vretl according to the fourth
embodiment of the present invention.

[0191] FIG. 11 (a) illustrates a temperature characteristic
ol the coercive force of the magnet included 1n the permanent
magnet-type synchronous motor 7.

[0192] FIG. 11(b) illustrates a characteristic data of the
temperature and a correction coelfficient of the Vref command
value.

[0193] Inthe temperature correction device 24, the charac-
teristic data of the temperature and the correction coetlicient
of the Vrel command value illustrated 1n FIG. 11(b) are
recorded.

[0194] This characteristic data can be realized, {for
example, by means of forming a data table or the like 1n
accordance with the characteristic data (in FIG. 11(5)) of the
temperature and the correction coeflicient of the Vref com-
mand value, from the previously obtained temperature char-
acteristic (1n FIG. 11(a)) of the coercive force of the magnet
included in the permanent magnet-type synchronous motor 7.

[0195] The temperature correction device 24 corrects the
Vref command value on the basis of the successively detected
temperature and the characteristic data during the operation
of the permanent magnet-type synchronous motor 7.

[0196] By means of the above-described, an overcurrent
protection circuit 1n correspondence to the coercive force of
the magnet differing by the temperature, or the temperature
characteristic of the overcurrent detection circuit can be real-
1zed.

[0197] Thereby, a high load drive in a high coercive force
temperature zone, which cannot realized in a case that the
abnormality judgment reference value 1s constant, becomes
to be applicable.

[0198] Such an operating range expanding advantage will
be explained with reference to FIG. 12.

[0199] FIG. 12 1s a view illustrating an operation range
expanding advantage according to the forth embodiment of
the present invention.

[0200] FIG. 12(a) illustrates the operation range 1n a case
that the abnormality judgment reference value 1s constant.

[0201] FIG. 12(b) illustrates the operation rage 1n case that
a coercive force characteristic of the permanent magnet-type
synchronous motor 7 1s that of a magnetic material A 1n FIG.
11 1n the present fourth embodiment.

[0202] The magnetic material A has a coercive force that 1s
lowered at high temperature. Therefore, according to the
present fourth embodiment, a limitation with respect to the
clectric current can be set to be further high as far as at the
time of a middle temperature and a low temperature.

[0203] Further, although the operation limit of a motor
includes an electric current limitation, a power limitation, and
a limitation of a number of revolutions, according to the
present fourth embodiment, it 1s possible to expand the elec-

tric current limitation under a condition of the low tempera-
ture, and as illustrated in FIG. 12(d), the product capability
can be significantly expanded.
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[0204] Incidentally, the aforementioned second through
fourth embodiments, an advantage caused by performing the
overcurrent detection with good accuracy 1s the same as that
of the first embodiment, and the advantages described 1n the
first embodiment are provided 1n a similar manner.

[0205] Incidentally, 1n the aforementioned first to fourth
embodiment, the current value Ioc, from which the overcur-
rent 1s detected, 1s applied to the detection section of the
current detection section 3, and the reference voltage Vret 1s
adjusted on the basis of the output voltage V1 at this time.
However, the present invention 1s not limited thereto, and 1t 1s
also applicable that a predetermined constant electric current
1s applied to the detection section of the current detection
section 3, and the reference voltage Vret 1s adjusted on the
basis of the output at this time.

[0206] For example, 1t 1s also applicable that a constant
clectric current having an amount of '~ times that of the
current value Ioc 1s applied to the detection section, and the
reference voltage Vret 1s adjusted on the basis of the voltage
value which 1s 2 times that of the output at this time.

[0207] As described above, by means of applying the elec-
tric current smaller than the current value loc, a decrease of
damage of parts, or an improvement of a life can be aimed at.
Further, a capacity of the constant current source included 1n
the adjusting apparatus 6 can be reduced, and a compact
s1zing and a weight saving can be aimed at.

Fifth Embodiment

[0208] Next, an apparatus that significantly provides the
advantage of expanding the operation range by means of the
overcurrent detection circuit that 1s explained in the afore-
mentioned {first through {fourth embodiments will be
explained using FIG. 13 through FIG. 15.

[0209] FIG. 13 1s a view 1llustrating a structure of a com-
pressor according to a fifth embodiment of the present inven-
tion.

[0210] FIG. 14 1s an operation-explanatory view for a
single rotary compressor.

[0211] FIG. 15 1s a view 1llustrating a load torque and a
motor current of the single rotary compressor.

[0212] Firstly, a construction of a single rotary compressor
29 1n the present fifth embodiment will be explained.

[0213] In FIG. 13, the single rotary compressor 29 1s con-
structed with a rotor 7a and a stator 75 of the permanent
magnet-type synchronous motor 7, a shait 32 connected to the
rotor 7a, and a cylinder 30 for performing a compression
operation for a gas.

[0214] Furthermore, in FI1G. 14, the cylinder 30 1s provided
with a rolling piston 31, a suction port 33, a discharge port 34,

and a vane 35 serving as a partition wall between the suction
port 33 and the discharge port 34.

[0215] Currently, a voltage 1s applied to the permanent
magnet-type synchronous motor 7 from the inverter 2, and the
permanent magnet-type synchronous motor 7 rotates the

rotor 7a, and performs the compression operation via the
shaft 32.

[0216] Next, the compression operation of the single rotary
compressor will be explained using FIG. 14.

[0217] The rolling piston 31 1s transierred in the order of
FIGS. 14(a), (b), (¢), and (a) while rotating by means of the
permanent magnet-type synchronous motor 7. By means of
such a transition of the rolling piston 31, a suction, a com-
pression, and a discharge of the gas 1s performed.
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[0218] At this moment, torque applied to the shaft 32 is
increased along the way where the gas 1s compressed, and
decreased along the way where the gas 1s discharged.

[0219] Such a torque variation of the torque applied to the
shaft 32 1s indicated in FIG. 15.

[0220] A load torque of the permanent magnet-type syn-
chronous motor 7 (four-pole motor i the present fifth
embodiment) varies in correspondence to a rotation angle
(crank angle) of the compressor.

[0221] Moreover, since the load torque 1s applied to the
permanent magnet-type synchronous motor 7 through the
shaft 32, a pulsation of the electric current occurs 1n corre-
spondence to the load torque.

[0222] In the single rotary compressor 29, the electric cur-
rent pulsation occurs by the reason of a principle as described
above.

[0223] Such an electric current pulsation causes an increase
of a current peak value, and as a result, the permanent magnet-
type synchronous motor 7 and the inverter 2 having a high
abnormality judgment reference value are specifically
needed.

[0224] Theretfore, a compact sizing and a cost reduction of
the permanent magnet-type synchronous motor 7 and the
iverter 2 can be realized by means of using the overcurrent
detection circuit described 1n the first through fourth embodi-
ments described above, 1n the inverter 2 that drives the single
rotary compressor 29.

Sixth Embodiment

[0225] FIG. 16 1s a view 1llustrating a construction of an
air-conditioning machine according to a sixth embodiment of
the present invention.

[0226] In FIG. 16, the air-conditioning machine in the
present sixth embodiment 1s provided with an outdoor unit
310 and an indoor unit 320, and the outdoor unit 310 1s
provided with the single rotary compressor 29 being con-
nected to a not-1llustrated refrigerant circuit and constituting,
a refrigeration cycle, and an air-blower 312 for use 1n the
outdoor unit for blowing air to a not-1llustrated heat
exchanger.

[0227] Further, the single rotary compressor 29 1s driven by
means of the permanent magnet-type synchronous motor 7 in
the above-described first to fifth embodiments. Furthermore,
the permanent magnet-type synchronous motor 7 1s driven by
means of the inverter 2 on which the overcurrent detection
circuit 1n the above-described first to fifth embodiments 1s
mounted.

[0228] By means of such a construction, the same advan-
tage as that 1n the alforementioned first to fifth embodiments
can be obtained.

INDUSTRIAL APPLICABILITY

[0229] As an application example of the present invention,
the present ivention 1s widely utilizable for a load that per-
forms power consumption by a direct current.

[0230] Specifically, since the operation range 1s expanded
by means of applying the present invention to the inverter that
drives the permanent magnet-type synchronous motor, and a
compact sizing and a cost reduction can be aimed in the
circuit and the load, the present invention can be applied to all
the home electric appliances, such as a refrigerator, a dehu-
midifier, a heat pump water heater, a showcase, a cleaner, or
the like other than an air-conditioning machine, a freezer, and

Jun. 30, 2011

a washer and dryer, and at the same time, the present invention
can also be applied to a fan motor, a ventilation fan, a hand
dryer, and so forth.

1. An overcurrent detection circuit comprising:

a current detection device connected between a direct-
current power source and an 1nverter 1n series therewith,
for detecting an electric current flowing through the
inverter:;

an overcurrent level generation device for generating an
abnormality judgment reference value;

an overcurrent detection device for generating an interrup-
tion signal to the inverter on the basis of an output of the
current detection device and the abnormality judgment
reference value; and

an adjusting apparatus for correcting the abnormality judg-
ment reference value of the overcurrent level generation
device on the basis of the output at a time when a con-
stant electric current 1s applied to the current detection
device,

wherein the overcurrent level generation device includes
one or a plurality of resistance value adjusting sections

having a fixed resistor and a zener diode connected to the
fixed resistor 1n parallel therewith, and generates the
abnormality judgment reference value in correspon-
dence to a resistance value of the resistance value adjust-
ing section, and

wherein the adjusting apparatus performs a zapping opera-
tion by means of applying a reverse-bias to the zener
diode, and corrects the abnormality judgment reference
value.

2. An overcurrent detection circuit comprising:

a current detection device connected between a direct-
current power source and an 1mverter 1n series therewith,
for detecting an electric current flowing through the
inverter;

an overcurrent level generation device for generating an
abnormality judgment reference value;

an overcurrent detection device for generating an interrup-
tion signal to the inverter on the basis of an output of the
current detection device and the abnormality judgment
reference value; and

an adjusting apparatus for correcting the abnormality judg-
ment reference value of the overcurrent level generation
device on the basis of the output at a time when a con-
stant electric current 1s applied to the current detection
device,

wherein the overcurrent level generation device includes a
resistor whose resistance value varies by means of a
laser 1rradiation, and generates the abnormality judg-
ment reference value in correspondence to the resistance
value of the resistor, and

wherein the adjusting apparatus includes a laser apparatus
for radiating the laser, and corrects the abnormality
judgment reference value by means of varying the resis-
tance value upon 1rradiating the resistor with the laser.

3. An overcurrent detection circuit comprising:

a current detection device connected between a direct-
current power source and an 1mverter 1n series therewith,
for detecting an electric current flowing through the
inverter;

an overcurrent level generation device for generating an
abnormality judgment reference value;
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an overcurrent detection device generating an interruption
signal to the mverter on the basis of an output of the
current detection device and the abnormality judgment
reference value; and

an adjusting apparatus for correcting the abnormality judg-
ment reference value of the overcurrent level generation
device on the basis of the output at a time when a con-
stant electric current 1s applied to the current detection
device,

wherein the overcurrent level generation device includes a
storage device 1 which nformation regarding the
abnormality judgment reference value 1s stored, and a

D/A converter circuit for generating the abnormality

judgment reference value on the basis of the information

stored 1n the storage device, and

wherein the adjusting apparatus corrects the abnormality
judgment reference value by means of varying the infor-
mation regarding the abnormality judgment reference
value stored 1n the storage device.

4. An overcurrent detection circuit comprising:

a current detection device connected between a direct-
current power source and an iverter 1n series therewith,
and detecting an electric current flowing through the
inverter:;

an overcurrent level generation device for generating an
abnormality judgment reference value;

an overcurrent detection device generating an interruption
signal to the verter on the basis of an output of the
current detection device and the abnormality judgment
reference value; and

an adjusting apparatus for correcting the output of the
current detection device on the basis of the output at a
time when a constant electric current 1s applied to the
current detection device,

wherein the current detection device includes a resistor
whose resistance value varies by means of a laser irra-
diation, and detects an electric current flowing through
the mnverter 1n correspondence to the resistance value of
the resistor, and

wherein the adjusting apparatus includes a laser apparatus
for radiating a laser, and corrects the output of the cur-
rent detection device by means of varying the resistance
value upon wrradiating the resistor with the laser.

5. The overcurrent detection circuit according to claim 1,
wherein the current value of the constant electric current
applied to the current detection device 1s a current value, from
which the overcurrent 1s detected.

6. The overcurrent detection circuit according to claim 1,
wherein the overcurrent detection device outputs the inter-
ruption signal when the output of the current detection device
becomes equal to or more than the abnormality judgment
reference value, and the adjusting apparatus corrects the
abnormality judgment reference value so that the abnormality
judgment reference value becomes equal to or less than the
output at the time when the current, from which the overcur-
rent 1s detected, 1s applied to the current detection device, and
exceeds the output at the time when the current, from which

a maximum current 1n a normal state 1s detected, 1s applied to
the current detection device.

7. The overcurrent detection circuit according to claim 1,
wherein a load driven by means of the inverter 1s a permanent
magnet-type synchronous motor, and a current value of the
constant electric current applied to the current detection
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device 1s a current value that does not demagnetize the magnet
included by the permanent magnet-type synchronous motor.

8. The overcurrent detection circuit according to claim 1,
turther comprising:

a temperature sensor for detecting a temperature of the
magnet included by the permanent magnet-type syn-
chronous motor driven by means of the inverter; and

a temperature correction device for correcting the abnor-
mality judgment reference value on the basis of the
temperature of the magnet.

9. An 1nverter on which the overcurrent detection circuit

according to claim 1 1s mounted.

10. A compressor comprising:

an verter according to claim 9; and

an electric motor driven by means of the inverter.

11. An air-conditioning machine comprising:

an inverter according to claim 9;

an electric motor driven by means of the inverter; and

a compressor driven by means of the electric motor.

12. An adjusting method for adjusting an overcurrent
detection circuit for adjusting an abnormality judgment ret-
erence value comprising: a current detection device for
detecting an electric current tlowing through an inverter and
an overcurrent detection device for generating an interruption
signal to the inverter on the basis of the output of the current
detection device and the abnormality judgment reference
value, wherein there are provided the steps of:

applying a predetermined electric current to the current
detection device;

detecting the output of the current detection device; and

adjusting the abnormality judgment reference value of the
overcurrent detection device on the basis of the detected
output.

13. An adjusting method for adjusting an overcurrent
detection circuit for adjusting an abnormality judgment ret-
erence value comprising: a current detection device for
detecting an electric current tlowing through an inverter and
an overcurrent detection device for generating an interruption
signal to the mverter on the basis of the output of the current
detection device and the abnormality judgment reference
value, wherein there are provided the steps of:

applying a predetermined electric current to the current

detection device;

detecting the output of the current detection device; adjust-

ing the abnormality judgment reference value of the
overcurrent detection device on the basis of the detected
output; and

repeating the steps from the applying step up to the adjust-

ing step, upon varving a current value of the predeter-
mined electric current.

14. The overcurrent detection circuit according to claim 2,
wherein the current value of the constant electric current
applied to the current detection device 1s a current value, from
which the overcurrent 1s detected.

15. The overcurrent detection circuit according to claim 3,
wherein the current value of the constant electric current
applied to the current detection device 1s a current value, from
which the overcurrent 1s detected.

16. The overcurrent detection circuit according to claim 4,
wherein the current value of the constant electric current
applied to the current detection device 1s a current value, from
which the overcurrent 1s detected.

17. The overcurrent detection circuit according to claim 2,
wherein the overcurrent detection device outputs the inter-
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ruption signal when the output of the current detection device
becomes equal to or more than the abnormality judgment
reference value, and the adjusting apparatus corrects the
abnormality judgment reference value so that the abnormality
judgment reference value becomes equal to or less than the
output at the time when the current, from which the overcur-
rent 1s detected, 1s applied to the current detection device, and
exceeds the output at the time when the current, from which
a maximum current 1n a normal state 1s detected, 1s applied to
the current detection device.

18. The overcurrent detection circuit according to claim 3,
wherein the overcurrent detection device outputs the inter-
ruption signal when the output of the current detection device
becomes equal to or more than the abnormality judgment
reference value, and the adjusting apparatus corrects the
abnormality judgment reference value so that the abnormality
judgment reference value becomes equal to or less than the
output at the time when the current, from which the overcur-
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rent 1s detected, 1s applied to the current detection device, and
exceeds the output at the time when the current, from which
a maximum current 1n a normal state 1s detected, 1s applied to
the current detection device.

19. The overcurrent detection circuit according to claim 4,
wherein the overcurrent detection device outputs the inter-
ruption signal when the output of the current detection device
becomes equal to or more than the abnormality judgment
reference value, and the adjusting apparatus corrects the
abnormality judgment reference value so that the abnormality
judgment reference value becomes equal to or less than the
output at the time when the current, from which the overcur-
rent 1s detected, 1s applied to the current detection device, and
exceeds the output at the time when the current, from which
a maximum current 1n a normal state 1s detected, 1s applied to
the current detection device.
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