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(54) Air conditioner

(57) In an air conditioner which receives power sup-
ply from a three-phase four-wire system alternating cur-
rent power source, it is intended to accurately detect an
N phase loss. An air conditioner AC receives power sup-
ply from a three-phase four-wire system alternating cur-
rent power source 1. The air conditioner AC comprises
a crank case heater (electric load) 26 connected between
the N phase and an L1 phase of the alternating current
power source 1, a first current transformer 28 and a sec-
ond current transformer 29 which detect an electric cur-
rent flowing through the N phase and the L1 phase, and
a controller 12. The winding number of a secondary wind-
ing wire 34 of the first current transformer 28 is larger
than that of a secondary winding wire 38 of the second
current transformer 29. The controller 12 determines that
the N phase is lost or the crank case heater 26 is abnor-
mal, if the output of the first current transformer 28 is
smaller than the output of the second current transformer
29 or the output of the first current transformer 28 does
not reach a predetermined value during energizing the
crank case heater 26, in a state where the a compressor
7 stops.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an air condi-
tioner which receives power supply from a three-phase
four-wire system alternating current power source.
[0002] Conventionally, one of this type of air condition-
ers is operated by being supplied with electric power from
a three-phase four-wire system alternating current power
source having an N phase. In such an air conditioner,
when abnormality of the power source connection state
is detected, zero cross waveforms between phases of
the power source are generated, and the waveforms are
input to a controller (control means). Thus, abnormality
such as a phase loss is detected from a phase difference
among the waveforms (for example, see Jpn. Pat. Appln.
KOKAI Publication No.2005-304129).
[0003] However, when the N phase of a power source
is lost, such a phase difference as to enable the detection
of the clear abnormality is not generated owing to the
influence of a capacitor on the circuit, unless power con-
sumption of the power source including the N phase (for
example, between L1 phase and N phase) is large.
[0004] Further, another type of the air conditioners
mounts a crank case heater to heat a compressor. In this
type of conditioner, to detect abnormality such as break-
age, it is only one way to confirm temperature rise of the
compressor by use of, for example, a temperature sen-
sor. In this way, however, it is difficult to detect the ab-
normality without fail, because an abnormality detection
reference based on the temperature rise varies depend-
ing on an operation status of the compressor and ambient
temperature conditions.

SUMMARY OF THE INVENTION

[0005] The present invention has been made in order
to solve the above-mentioned conventional technical
problems, and an object the present invention is to enable
accurate detection of N phase loss in an air conditioner
which receives power supply from a three-phase four-
wire system alternating current power source.
[0006] For the solution of the above-mentioned prob-
lems, a first aspect of the invention is directed to an air
conditioner which receives power supply from a three-
phase four-wire system alternating current power source
and which comprises an electric load connected between
an N phase and a phase other than the N phase of the
alternating current power source, a first current trans-
former and a second current transformer provided re-
spectively to detect an electric current which flows
through the N phase and the phase other than the N
phase, and control means to control an electrical device
which is connected to the output of a secondary winding
wire of each current transformer and which is connected
to the alternating current power source including the elec-
tric load, wherein a winding number of the secondary

winding wire of the first current transformer is larger than
that of the secondary winding wire of the second current
transformer, and the control means determines that the
N phase is lost or the electric load is abnormal, if the
output of the first current transformer is smaller than that
of the second current transformer or the output of the first
current transformer does not reach a predetermined val-
ue, based on the outputs of the respective current trans-
formers during energizing the electric load, in a state
where electrical devices other than the electric load stop.
[0007] A second aspect of the invention is directed to
the above air conditioner wherein the winding number of
the secondary winding wire of the first current transformer
is set so that the output of the secondary winding wire of
the first current transformer is greater than the output of
the secondary winding wire of the second current trans-
former, by power consumption of the electric load.
[0008] A third aspect of the invention is directed to any
one of the above air conditioners wherein the electric
load is a crank case heater to heat a compressor as the
electrical device.
[0009] An air conditioner according to the first aspect
of the present invention receives power supply from a
three-phase four-wire system alternating current power
source and comprises an electric load connected be-
tween an N phase and a phase other than the N phase
of the alternating current power source, a first current
transformer and a second current transformer provided
respectively to detect an electric current which flows
through the N phase and the phase other than the N
phase, and control means to control an electrical device
which is connected to the output of a secondary winding
wire of each current transformer and which is connected
to the alternating current power source including the elec-
tric load, wherein a winding number of the secondary
winding wire of the first current transformer is larger than
that of the secondary winding wire of the second current
transformer. Thus, the output of the first current trans-
former reaches a predetermined value and is larger than
that of the second current transformer, if the N phase is
not lost or any abnormality does not occur in the electric
load during energizing the electric load, in a state where
electrical devices other than the electric load stop.
[0010] On the other hand, if the N phase is lost or an
abnormality occurs in the electric load, the output of the
first current transformer is smaller than the predeter-
mined value and does not reach that of the second cur-
rent transformer.
[0011] According to the present invention, the control
means is configured to determine that the N phase is lost
or the electric load is abnormal, if the output of the first
current transformer is smaller than that of the second
current transformer or the output of the first current trans-
former does not reach the predetermined value, based
on the outputs of the current transformers during ener-
gizing the electric load, in the state where the electrical
devices other than the electric load stop. Therefore, it is
possible to accurately detect the loss of the N phase or
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the abnormality of the electric load connected between
the N phase and the phase other than the N phase, which
detection has been difficult by the conventional method
utilizing a phase difference.
[0012] In particular, the winding number of the second-
ary winding wire of the first current transformer is made
larger than that of the secondary winding wire of the sec-
ond current transformer, and therefore, it is possible to
use the same software for a peripheral circuit configura-
tion to input the outputs of both the current transformers
to the control means and the control means.
[0013] In this case, when the winding number of the
secondary winding wire of the first current transformer is
set so that the output of the secondary winding wire of
the first current transformer is greater than that of the
secondary winding wire of the second current transform-
er by the power consumption of the electric load as in
the second aspect of the invention, it is possible to se-
curely detect the loss of the N phase and the abnormality
of the electric load.
[0014] When the electric load is a crank case heater
to heat the compressor as an electrical device as in the
third aspect of the invention, it is possible to accurately
detect even the abnormality of the crank case heater,
which has heretofore been difficult. Further, the crank
case heater is energized while the compressor stops,
and therefore, it is possible to detect the loss of the N
phase or the abnormality of the crank case heater, after
turning on the alternating current power source and be-
fore activating the compressor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is an electric circuit diagram of an air con-
ditioner to which the present invention is applied.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0016] Embodiments of the present invention will be
explained below in detail. In Fig. 1, an air conditioner AC
in an embodiment adjusts compression performance of
a compressor (electrical device connected to an alternat-
ing current power source 1) by varying a drive power
source frequency in a range of, for example, 15 Hz to
100 Hz according to an air conditioning load and the var-
iable control of the drive power source frequency is per-
formed by a controller (control means) 12 built in the air
conditioner AC.
[0017] Three-phase alternating current power (LI
phase to L3 phase) supplied from the three-phase four-
wire system alternating current power source 1 having
an N phase is given to a noise filter 2. The noise filter 2
is an LC integral type noise filter including a reactor and
capacitor and removes noise (particularly, high frequen-
cy noise) included in the supply power from the alternat-
ing current power source 1 and outputs the alternating
current power to a rectification circuit 3. The rectification

circuit 3 is a three-phase bridge rectification circuit in-
cluding a diode and converts the supplied alternating cur-
rent power into direct current power.
[0018] The converted direct current power is supplied
to a transistor module 6 after ripple components are re-
moved by a smoothing circuit including a reactor 4 and
a smoothing capacitor 5. The transistor module 6 gener-
ates alternating current power of a predetermined fre-
quency from the supplied direct current power under
PWM control in accordance with a control signal sent
from the controller 12 (a controller main portion 18 which
will be described later) via a control signal line 10, to drive
a compressor motor of the compressor 7.
[0019] A power source terminal 21 of the controller 12
is wired so that alternating current power between the N
phase and the L1 phase is supplied from an output end
of the noise filter 2 via a power source wire 19. Via the
noise filter 2, the alternating current power is converted
into direct current power by a rectification circuit 16. As
the rectification circuit 16, a bridge rectification circuit in-
cluding a diode is used. The direct current power con-
verted by the rectification circuit 16 is smoothed in a
smoothing capacitor 15, and then sent to a switching reg-
ulator 17 to improve regulation, that is, to accomplish
stabilization. Then, the thus stabilized current power is
provided to the power source of the controller main por-
tion 18 (a microcomputer constituting the controller 12
which is the control means) of the controller 12. As the
switching regulator 17, there is utilized a self-oscillation
type using, for example, a high frequency transformer.
[0020] Between the N phase and the L1 phase on the
output end side of the noise filter 2, a serial circuit of a
crank case heater 26 and a switch 27 is further connect-
ed, as an embodiment of the electric load (an electrical
device connected to the alternating current power source
1) of the present invention. The crank case heater 26 is
a heater configured to be energized while the compressor
7 stops to heat the compressor 7, thereby separating and
evaporating a liquid refrigerant dissolved in the oil of a
refrigerator, to operate the compressor 7. If the compres-
sor 7 is operated in a state where the wire of the crank
case heater 26 is broken, liquid compression occurs to
cause a problem such as a damage of the compressor
7. Then, opening/closing of the switch 27 is controlled by
the controller main portion 18 of the controller 12. The
controller 12 closes the switch 27 while the compressor
7 stops, to energize the crank case heater 26. In conse-
quence, the crank case of the compressor 7 is heated to
prevent the occurrence of the liquid compression.
[0021] On the other hand, in the N phase and the L1
phase (phase to which the crank case heater 26 is con-
nected) of the alternating current power source 1 on the
input end side of the noise filter 2, a first current trans-
former 28 and a second current transformer 29 are pro-
vided, respectively. The current transformers 28, 29 each
have annular magnetic cores 31, 32 and the power
source line of the N phase penetrates through the annular
magnetic core 31 of the first current transformer 28 as a
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primary conductor 33 and a secondary winding wire 34
to take out an electric signal is wound around the annular
magnetic core 31. Further, the power source line of the
L1 phase penetrates through the annular magnetic core
32 of the second current transformer 29 as a. primary
conductor 37 and a secondary winding wire 38 to take
out an electric signal is wound around the annular mag-
netic core 32.
[0022] In particular, in the present invention, the wind-
ing number of the secondary winding wire 34 of the first
current transformer 28 is made larger than that of the
secondary winding wire 38 of the second current trans-
former 29. In this case, it is assumed that the winding
number of the secondary winding wire 34 is set so that
the output of the secondary winding wire 34 of the first
current transformer 28 is greater than the output of the
secondary winding wire 38 of the second current trans-
former 29 by power consumption in the crank case heater
26 which is energized while the compressor 7 stops.
[0023] Then, the output of each of the secondary wind-
ing wires 34, 38 is connected to the controller main por-
tion 18 via electric current detection signal waveform
shaping circuits 41, 42 respectively of the controller 12
The electric current detection signal waveform shaping
circuits 41, 42 convert the electric current (output) which
flows through each of the secondary winding wires 34,
38 into a voltage and inputs it to the controller main portion
18. Here, when the compressor 7 is operated, an amount
of electric current which flows through the second current
transformer 29 to detect the electric current of the L1
phase is by far larger than that of electric current which
flows through the crank case heater 26, and therefore, if
the winding number of the secondary winding wires 34,
38 of both the current transformers 28, 29 is the same,
it is no longer possible for the controller main portion 18
to determine the change in output of the first current trans-
former 28 with the peripheral circuit and software for the
second current transformer 29 and a special peripheral
circuit and software for the first current transformer 28
are necessary.
[0024] However, in the present invention, the winding
number of the secondary winding wire 34 of the first cur-
rent transformer 28 is made larger than that of the sec-
ondary winding wire 38 of the second current transformer
29, and therefore, it will cause no trouble even if the same
peripheral circuit configuration of the controller 12 to input
the output of both the current transformers 28, 29 and
the same software of the controller main portion 18 are
used for both the current transformers 28, 29. To the
controller main portion 18 of the controller 12, a display
of abnormal 43 (including an LED etc.) as a warning
means is connected.
[0025] In accordance with the above-mentioned con-
figuration, there will be explained a detection operation
of the N phase loss abnormality in the alternating current
power source 1 and the breakage abnormality of the
crank case heater 26 in the present invention. In a state
where the alternating current power source 1 is turned

on and the compressor 7 (including a fan motor, not
shown schematically) which accounts for almost all the
power consumption of the air conditioner AC stop, the
controller main portion 18 of the controller 12 closes the
switch 27 and energizes the crank case heater 26. When
the N phase is not lost (the primary conductor 33, which
is the power source line of the N phase, is not dislocated)
and there is no breakage in the crank case heater 26, by
closing the switch 27, an electric current between the L1
phase and the N phase of the alternating current power
source 1 flows through the crank case heater 26 and the
crank case heater 26 generates heat.
[0026] In this case, as described above, the winding
number of the secondary winding wire 34 of the first cur-
rent transformer 28 is made larger than that of the sec-
ondary winding wire 38 of the second current transformer
29 and the winding number of the secondary winding
wire 34 is set so that the output of the secondary winding
wire 34 is greater than the output of the secondary wind-
ing wire 38 by the power consumption of the crank case
heater 26, and therefore, the output of the secondary
winding wire 34 of the first current transformer 28 to be
input to the controller main portion 18 of the controller 12
becomes greater than a predetermined value (set in ad-
vance in the controller main portion 18) and greater than
the output of the secondary winding wire 38 of the second
current transformer 29. In this case, the controller main
portion 18 determines that the N phase loss abnormality
or the breakage abnormality of the crank case heater 26
has not occurred.
[0027] On the other hand, when the N phase of the
alternating current power source 1 is lost or when break-
age occurs in the crank case heater 26, the crank case
heater 26 does not generate heat even if the switch 27
is closed, and therefore, the output of the secondary
winding wire 34 of the first current transformer 28 no long-
er reaches the predetermined value. Further, when there
is no breakage in the crank case heater 26 but the N
phase is lost, despite that the N phase is lost, if the switch
27 is closed, an electric current flows through the primary
conductor 37 of the second current transformer 29, which
is the power source line of the L1 phase, by the influence
of power charged in the capacitor in the electric circuit
etc. and an output is generated in the secondary winding
wire 38 of the second current transformer 29. However,
if the N phase is lost, no electric current flows through
the primary conductor 33 of the first current transformer
28, which is the power source line of the N phase, and
therefore, no output is generated in the secondary wind-
ing wire 34 of the first current transformer 28 and conse-
quently the output of the secondary winding wire 34 of
the first current transformer 28 becomes smaller than the
output of the secondary winding wire 38 of the second
current transformer 29.
[0028] Because of the above, the controller main por-
tion 18 of the controller 12 determines that the N phase
of the alternating current power source 1 is lost or there
is breakage in the crank case heater 26 and inhibits the
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activation of the compressor 7 as well lighting the display
of abnormal 43 to issue warning when the switch 27 is
closed to energize the crank case heater 26 while the
compressor 7 stops and if the output of the secondary
winding wire 34 of the first current transformer 28 is small-
er than the output of the secondary winding wire 38 of
the second current transformer 29 or the output of the
secondary winding wire 34 of the first current transformer
28 does not reach the predetermined value.
[0029] As described above, the controller main portion
18 of the controller 12 determines that the N phase is lost
or the crank case heater 26 is abnormal, if the output of
the first current transformer 28 is smaller than that of the
second current transformer 29 or the output of the first
current transformer 28 does not reach the predetermined
value, based on the output of each of the current trans-
formers 28, 29 during energizing the crank case heater
26 (electric load), in a state where the compressor 7 (elec-
trical device) stops. Therefore, it is possible to accurately
detect the loss of the N phase and the abnormality of the
crank case heater 26 connected between the N phase
and the L1 phase other than the N phase, which detection
has been difficult by the conventional method utilizing
the phase difference.
[0030] In particular, the winding number of the second-
ary winding wire 34 of the first current transformer 28 is
made larger than that of the secondary winding wire 38
of the second current transformer 29, and therefore, it is
possible to make the same the peripheral circuit config-
uration of the electric current detection signal waveform
shaping circuits 41, 42 to input the output of both the
current transformers 28, 29 to the controller main portion
18 etc. and the software of the controller main portion 18.
[0031] In this case, the winding number of the second-
ary winding wire 34 of the first current transformer 28 is
set so that the output of the secondary winding wire 34
of the first current transformer 28 is greater than the out-
put of the secondary winding wire 38 of the second cur-
rent transformer 29 by the power consumption of the
crank case heater 26, and therefore, it is possible to se-
curely detect the N phase loss and abnormality of the
crank case heater 26.
[0032] Further, the crank case heater 26 is energized
while the compressor 7 stops, and therefore, it is possible
to detect the N phase loss or abnormality of the crank
case heater 26 before activating the compressor 7 after
turning on the alternating current power source 1.

Claims

1. An air conditioner which receives power supply from
a three-phase four-wire system alternating current
power source, the air conditioner comprising:

an electric load connected between an N phase
and a phase other than the N phase of the al-
ternating current power source;

a first current transformers and a second current
transformer provided respectively to detect an
electric current which flows through the N phase
and the phase other than the N phase; and
control means to control an electrical device
which is connected to the output of a secondary
winding wire of each current transformer and
which is connected to the alternating current
power source including the electric load;
wherein a winding number of the secondary
winding wire of the first current transformer is
larger than that of the secondary winding wire
of the second current transformer, and
wherein the control means determines that the
N phase is lost or the electric load is abnormal,
if the output of the first current transformer is
smaller than that of the second current trans-
former or the output of the first current trans-
former does not reach a predetermined value,
based on the outputs of the respective current
transformers during energizing the electric load,
in a state where electrical devices other than the
electric load stop.

2. The air conditioner according to claim 1, wherein the
winding number of the secondary winding wire of the
first current transformer is set so that the output of
the secondary winding wire of the first current trans-
former is greater than the output of the secondary
winding wire of the second current transformer, by
power consumption of the electric load.

3. The air conditioner according to any one of claims 1
and 2, wherein the electric load is a crank case heater
to heat a compressor as the electrical device.
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