
LOAD CURRENT DETECTOR            The present invention relates to a method
of  detecting a load current flowing in an electric load such as 



an air conditioner, and to a load current detector.            There are
many types of electric loads which receive  power from AC power supplies.
A method of detecting an  operating current flowing in such an electrical
load such as  an air conditioner, especially a home air conditioner, taken
as an example will be described below.          A separate type air
conditioner is generally known,  which is constituted by an indoor unit A
and an outdoor unit  



B, as shown in Fig. 1. The indoor unit A includes a load 70  such as a fan
motor, a flap motor, and a control micro-  computer in addition to a heat
exchanger. The outdoor unit  B includes a load 80 such as a compressor and
a control  microcomputer in addition to a heat exchanger, a fan motor,  and
an expansion device.          A home air conditioner is normally operated
with a  commercial AC power supply such as 100 [V]. Since a maximum
current capable of flowing safely through a branch circuit  connected to a
plug 1 is set to be 20 [A], if the power 



2   consumption of the air conditioner increases, and the  operating
current exceeds 20 [A], a circuit breaker is  operated to turn off the
power supply. For this reason, the  operating current in the air
conditioner is detected. When 



the detected current is about to exceed 20 [A], the current  flowing in the
compressor is decreased to reduce its  consumed current.          As shown
in Fig. 1, a conventional operating current  detector includes a current
transformer (C.T.) 81 for  detecting a load current flowing in the outdoor
unit B. The  primary side of the current transformer 81 is inductively
coupled to a feeder connected to the load 80.  A current  output from the
secondary side of the current transformer 81  



is rectified and smoothed by a resistor 82, a diode 83, and  a smoothing
capacitor 84.  The resultant current is volt-  age-divided by resistors 85a
and 85b to be input, as a  proper DC voltage, to the A/D port of a
microcomputer 86  where it is determined whether the operating current
reaches  a preset value.          Since a capacitor having a large
capacitance is used  as the smoothing capacitor 84 in such an operating
current  detector, the capacitor 84 serves as a low-pass filter. For  this
reason, in an air conditioner of inverter type for 



example,  if  the  current  flowing  in  the  compressor  is  increased to
increase the cooling/heating power quickly,
3   although the actual operating current quickly increases, an  increase
in operating current which is detected by the 



current transformer 81 and its input to the microcomputer 86  tends to be
slightly delayed from the actual increase in  operating current.  If,
therefore, the preset value of an  operating current, at which the power
supply is turned off,  is set to be equal to the permissible current, i.e.,
20 [A],  the actual operating current overshoots the permissible  current
of 20 [A]. In the current state, the preset value  is set to be about 18
[A], which is lower than the permissi-  ble current of 20 [A], in
consideration of a safety margin,  



in order to prevent the actual operating current from  exceeding the
permissible current of 20 [A].          In the conventional operating
current detector, the  capacitance of the smoothing capacitor 84 is set to
be large  to obtain a current value close to the peak value of the
current, thereby compensating for a delay in current change.          With
such measures, however, good response charac-  teristics with respect to
changes in current and a proper  current value cannot both be obtained.  In
addition, when  the current waveform is distorted, the difference between 



the detected current value and the actual current is large.          It is,
however, preferable that the preset current  value at which the power
supply is turned off be close to 20
4   [A], because the increase in current through the compressor can gain
the maximum cooling/heating power. 



Although detection of an operating current in an air conditioner, as an
example, has been described above, the same applies to other electrical
loads using an operating current detector including a smoothing capacitor.
Other relevant prior art is described in International Publication No. WO
90/12325 which describes a sampling circuit, particularly for sampling
voltage and current amplitudes in an AC kWh meter. Signals from transducers
representing the voltage and current amplitudes respectively are
selectively applied to an analogue-to-digital converter by an analogue
multiplexer under the control of a processor which varies the sequence in
which the signals are applied to the converter. The processor performs
calculations on values measured by the converter to derive the kWh.
Also of interest is European Publication No. EP-A-0322518 which describes a
digital protective relay. The amplitude value calculation of an AC-current
is performed using three sampling values and the calculation result is
obtained at high speed, and even if the frequency is varied the calculation
is performed with high accuracy; thereby performance of the digital
protective relay can be significantly improved.        The present
invention has been made in consideration of the above situation, and thus
aims to increase the power of an electric load by relatively 



accurately detecting changes in operating current flowing in the electric
load, to which AC power is supplied and setting a preset value, at which
the supply of power to the load is cut, to be close to a permissible
current value.        It is described below how the current waveform of AC
power supplied from a power supply to an electric load is converted into
A/D (analog/digital)- converted changes in current value at a predetermined
period, and the average value of these current values is detected as the
current value of power supplied from the power supply to the electric load.
In addition, there is described a current detecting method wherein a
current waveform is converted into A/D (ana-          



5 log/digital)-converted   changes   in   current   value   at   a
predetermined period, and correction control is performed on the basis of
the average value of these current values in the direction in which the
power of a load is decreased.            The accurate effective value of a
current flowing in a load can be obtained by directly inputting a current
waveform as digital data, and obtaining the average value of the digital
data.            According  to  the  present  invention,  there  is
provided apparatus for detecting an alternating current flowing in an
electric load according to claim 1.            Preferred  features  of  the
invention  are  now 



described,  by  way  of  example,   with  reference  to  the accompanying
drawings, in which:-            Fig. 1 is a circuit diagram showing a
current detector used in a conventional air conditioner;          Fig. 2 is
a diagram showing a refrigeration cycle in an air conditioner to which the
present invention is applied;          Fig. 3 is a circuit diagram showing
a control circuit of the air conditioner to which the present inven- tion
is applied;          Fig. 4 is a circuit diagram showing a current detector
according to the present invention;          Fig. 5 is a graph showing the
waveform of a voltage output from the current detector according to the
present invention;          Fig. 6 is a flow chart showing a current
calculating operation performed by a microcomputer in the present
invention; 



6            Fig. 7 is a flow chart showing another current  calculating
operation performed by the microcomputer in the  present invention;
Fig. 8 is a flow chart showing frequency correction 



processing performed on the basis of an output from the  current detector
according to the present invention;          Fig. 9 is a graph showing a
state of an operating  current based on an output current from a current
transform-  er;          Fig. 10 is a graph showing changes in current to
make a comparison between current detection performed by the  present
invention and current detection performed by the  prior art;  



Fig. 11 is a circuit diagram showing another current  detector used in a
conventional air conditioner;         Figs. 12(a) to 12(c) are charts
showing the wave-  forms of outputs from some components of the
conventional  current detector in Fig. 11;         Fig. 13 is a chart
showing the waveform of a  single-phase component of a three-phase current
which flows  in a current transformer when three-phase AC power is used;
and         Fig. 14 is a circuit diagram showing a current 



detector according to another embodiment of the present  invention.
7     



Fig. 2 is a diagram showing a refrigeration cycle in   an air conditioner
as an example of electric loads to which   the present invention is
applied.          Referring to Fig. 2, reference numeral 1 denotes a
hermetic compressor incorporating a motor element and a  compression
element driven by the motor element; 2, a  muffler for reducing noise made
by a refrigerant discharged  from the compressor 1; 3, a 4-way valve for
changing the  direction of the refrigerant in a cooling/heating operation; 



4, a heat-source-side heat exchanger; 5, a capillary tube  (expansion
device); 6, a screen filter; 7, a use-side heat  exchanger; 8, a muffler;
9, an accumulator; and 10, a  solenoid valve.          The refrigerant
discharged from the compressor 1  flows in three modes respectively
indicated by the solid  arrows (cooling operation), the broken arrows
(heating  operation), and the dotted arrows (defrosting operation) in
accordance with the state of the 4-way valve 3 and the  



opened/closed states of the solenoid valve 10.  In a cooling  operation,
the heat-source-side heat exchanger 4 serves as  a condenser, whereas the
use-side heat exchanger 7 serves as  an evaporator.  In a heating
operation, the use-side heat             



exchanger 7 serves as a condenser; and the heat-source-side  heat exchanger
4, an evaporator.  In a defrosting operation,  part of the refrigerant,
discharged from the compressor 1,  which in the heating operation, is
directly supplied to the  heat-source-side heat exchanger 4 to raise the
temperature  of the heat-source-side heat exchanger 4, thereby performing
a drying operation therein while conducting the heating  operation.
Fig. 3 shows a control circuit in the air condition-  er to which the
present invention is applied. The circuit 



portion located on the left side of the chain line drawn in  the middle of
Fig. 3 corresponds to a control circuit  arranged in an indoor unit A; and
the circuit portion  located on the right side, corresponds to a control
circuit  arranged in an outdoor unit B. The two control circuits are
connected to each other through power lines 100 and a  communication line
200.          The control circuit in the indoor unit A comprises  a
rectifier 11, a power supply circuit 12 for motors, a  



power supply circuit 13 for controlling, a motor driver 15,  a switch board
17, a receiver 18a, a display panel 18, and  a flap motor (M[err]) 19.  The
rectifier 11 rectifies an AC  voltage of 100 [V] applied by a plug 1.  The
power supply  circuit 12 for motors adjusts a DC voltage, which is applied
to a DC fan motor (brushless motor) (M[err]) 16 for blowing cool         



9   air into a room to be air-conditioned, into a voltage of 10   to 36 [V]
in accordance with a signal from a microcomputer   14. The power supply
circuit 13 generates a DC voltage of   5 [V] to be applied to the
microcomputer 14.   The motor   driver 15 controls the energization timing
of the stator   winding of the DC fan motor 16 in response to a signal from
the microcomputer 14, which is based on rotational position   information
on the DC fan motor 16. The switch board 17 is 



mounted on an operation panel for the indoor unit A. An   ON/OFF switch, a
test run switch, and the like are arranged   on the switch board 17. The
receiver 18a receives a remote   operation signal (e.g., an ON/OFF signal,
a cooling/heating   switching signal, or a room temperature setting signal)
from   a wireless remote controller 60.   The display panel 18   displays
an operating state of the air conditioner.   The   flap motor 19 serves to
move flaps for changing the blowing   direction of cool/warm air.  



In addition, the control circuit includes a room  temperature sensor 20 for
detecting the room temperature, a  heat exchanger temperature sensor 21 for
detecting the  temperature of the indoor heat exchanger, and a humidity
sensor 22 for detecting the room humidity. Detection values  obtained by
these sensors are A/D-converted to be fetched.  A control signal from the
microcomputer 14 is transmitted to  the outdoor unit B through a serial
circuit  23 and a     



10  terminal board T[err].  In addition, a triac 26 and a heater  relay 27
are controlled by the microcomputer 14 through a  driver 24, thereby
performing phase control of power  supplied to a re-heating heater 25 used
for a drying  operation.          Reference numeral 30 denotes an external
ROM for  



storing "specific data" specifying the type and characteris-  tics of the
air conditioner.   These specific data are  fetched from the external ROM
30 immediately after the power  supply is turned on and an operation is
stopped. When the  power supply is turned on, input of a command from the
wireless remote controller 60 or detection of the state of  the ON/OFF
switch or the test run switch (which operations  will be described later)
are not performed until fetching of  the specific data from the external
ROM 30 is completed.          The control circuit in the outdoor unit B
will be 



described next.          In the outdoor unit B, terminal boards T'[err],
T'[err], and  T'[err] respectively connected to terminal boards T[err],
T[err], and T[err]  in the indoor unit A are arranged.   Reference numeral
31  denotes a varistor connected in parallel with the terminal  boards
T'[err] and T'[err]; 32, a noise filter; 34, a reactor; 35, a  voltage
double rectifier for doubling a voltage; 36, a noise  filter; and 37, a
smoothing circuit for obtaining a DC  voltage of about 280 [V] from an AC
voltage of 100 [V].  



Reference numeral 39 denotes a serial circuit for   performing signal
conversion of a control signal supplied   from the indoor unit A through
the terminal board T'[err]- to   transmit it to a microcomputer 41; 40, a
current detector  



for detecting a current, supplied to a load in the outdoor   unit B, in a
current transformer (CT) 33, smoothing the   current into a DC voltage, and
applying the DC voltage to   the microcomputer 41; 41, the microcomputer;
42, a switching   power supply circuit for generating a power supply
voltage   for the microcomputer 41; and 38, a motor driver for   performing
PWM control of power supplied to a compressor   motor 43 (to be describe
later) on the basis of a control   signal from the microcomputer 41. The
six power transistors   of the motor driver 38 are connected in the form of
a 



three-phase bridge, thus constituting a so-called inverter   unit.
Reference numeral 43 denotes a compressor motor for   driving the
compressor for the refrigeration cycle; 44, a   discharge temperature
sensor for detecting the temperature   of the refrigerant on the discharge
side of the compressor;   45, a fan motor controlled in three steps of
speed and   designed to send air to the outdoor heat exchanger; and 46
and 47, a 4-way valve and a solenoid valve, respectively,   used to switch
the paths of the refrigerant in the refriger-  



ation cycle.                                  12           Furthermore, in
the outdoor unit B, an outdoor  temperature sensor 48 for detecting an
outdoor temperature  is arranged near the air intake port, and a heat
exchanger  



temperature sensor 49 for detecting the temperature of the  outdoor  heat
exchanger is arranged.    Detection  values  obtained by these sensors 48
and 49 are A/D-converted and  fetched by the microcomputer 41.
Reference numeral 50 denotes an external ROM having  the same function as
that of the external ROM 30 in the  indoor unit A. The inherent data about
the outdoor unit B,  which are similar to those described with reference to
the  external ROM 30, are stored in the ROM 50.          Note that
reference symbol F in each of the control 



circuits of the indoor unit A and the outdoor unit B denotes  a fuse.
Each of the microcomputers (control elements) 14 and  41 is designed such
that a ROM for storing programs in  advance, a RAM for storing reference
data, and a CPU for  executing the programs are housed in the same package
(87C196MC (MCS-96 series) available from Intel Corporation).          Fig.
4 shows a current detector, used for the air  conditioner,  according to an
embodiment of the present  



invention.  Fig. 4 is a detailed circuit diagram of the  current detector
40 shown in Fig. 3.                                     13           The
current detector 40 comprises the current  transformer 33 for detecting a
current flowing in the  



outdoor unit B of the air conditioner,  a resistor_ 91  connected in
parallel with the secondary side of the current  transformer 33, and
voltage dividing resistors 92a and 92b.  A voltage at an output terminal a
of the current transformer  33 is directly applied to the A/D port of the
microcomputer  41. The microcomputer 41 fetches this data at a period of
500 [err]sec.          A voltage of +5 [V] is applied to the series circuit
of the voltage dividing resistors 92a and 92b.  Since the  resistors 92a
and 92b have the same resistance, a voltage of 



2.5 [V] is applied to the node between the resistors 92a and  92b, i.e., an
output terminal b of the current transformer  33.          The resistance
of the resistor 91 is set such a  manner that the voltage at the output
terminal a of the  current transformer 33 oscillates by 2.5 [V] upward and
downward with respect to the level of 2.5 [V] (the voltage  at the output
terminal b), and that when the voltage is 2.5  [V] on the positive side,
the current peak value corresponds  



to a current of 30 [A].          Consequently, a voltage which may change
from 0 to  5 [V] is applied to the A/D port of the microcomputer 41.
14           Fig. 5 shows the waveform of a voltage (a voltage  waveform
corresponding to a current) to be applied to the 



microcomputer 41, which waveform corresponds to a sine wave  (having no
distortion) oscillating with respect to the level  of 2.5 [V].  This change
in voltage is A/D-converted at a  period of 500 [err]sec to be stored, as
digital data, in the  microcomputer. Note that in Fig. 5, a portion
representing  a time width of 500 [err]sec is enlarged.          Fig. 6 is
a flow chart showing a principal operation  of current calculation
processing performed by the microcom-  puter 41.  



When the power switch (not shown) of the air  conditioner is turned on, a
current calculating operation is  started. Initialization is performed
first (step S-1), and  a timer incorporated in the microcomputer 41 starts
count-  ing. Before 500 [err]sec elapses, current control is performed  on
the basis of an actual current value I (step S-8), a PWM  (pulse width
modulation) signal is generated (step S-9), and  other control is performed
(step S-10).  After a lapse of  500 [err]sec (step S-2), already stored
data D[err] is changed to D[err]  (step S-3)  (n - 0).   The voltage value
at the output 



terminal a of the current transformer 33 is fetched as  current data, and a
voltage of 2.5 [V] as the central level  of the sine wave is subtracted
from the digital value of the  voltage applied to the microcomputer 41.
The absolute value                                   15 



of the resultant voltage is set as data D[err] (step S-4). With  this
operation, the current can be fetched upon full-wave  rectification of the
oscillation amplitude.   Thereafter,  current calculation is performed
according to the following  equation (step S-6).  Note that at the start of
an opera-  tion, current calculation is not performed until 200 data D[err]
are fetched (step S-5).  A current value I' is calculated  according to the
following equation only when 200 data are  fetched (step S-6).  



[err]           By performing a current calculating operation based  on
this flow chart, the current value I' (substantially  corresponding to the
effective value) can be calculated  every 500 [err]sec. Current control is
performed by using the  latest current value I' calculated in this manner
(step  S-7).  A PWM signal is generated (step S-9).  Other control
operations are then performed (step S-10). If n = 199, with  a 50 Hz AC
voltage, the average value of current values 



corresponding to five periods can be obtained; and with a  60 Hz AC
voltage, the average value of current values corre-  sponding to six
periods.          In the case shown in Fig. 6, current calculation is
performed every 500 [err]sec.   Fig. 7 shows a case wherein  current
calculation is performed every 200 msec.        



In the current calculation processing shown in  Fig. 7, steps (S-1) and
(S-2) are the same as those in  Fig. 6. However, data D[err] is calculated
(step S-11) when 500  [err]sec elapses, similar to step (S-4) in Fig. 6.
Subsequent-  ly, the data D[err] fetched every 500 [err]sec is added to
data D  (step S-12). This processing is repeated for 200 msec to  fetch and
store 400 data.   When 200 msec elapses  (step  



S-13), a current value I' is calculated according to the  following
equation (step S-14).     [err]           Similar to the case shown in Fig.
6, current control  is performed on the basis of the latest current value
I'  calculated in this manner (step S-15), a PWM signal is  generated (step
S-9), and other control operations are  performed (step S-10).         Fig.
8 is a flow chart showing a procedure for  



correcting a frequency F[err] on the basis of the operation in  step (S-6)
in Fig. 6, i.e., the actual current value I, when  three-phase AC power is
supplied to the compressor.         Note that "I = TRIP" in the flow chart
indicates a  case wherein the actual current value I is in the TRIP  region
shown in Fig. 9, i.e., the region where the actual  current value I exceeds
the permissible current of 20 [A],  and that "I = DOWN" indicates a case
wherein the actual     



17   current value I is in the DOWN region in Fig. 9, i.e., the  region in
which the actual current value I is very close to  the permissible current
of 20 [A].   In addition,  "I[err] in  Fig. 9 is a value set to prevent the
actual current value I  from  exceeding  the permissible  current of  20
[A].   A  differential value is set between the value I[err] set when the 



actual current value I increases and that set when the  actual current
value I decreases. In this embodiment, I[err] =  19.8 [A] is set in
consideration of the minimum capacity  variation range (1 Hz) of the
compressor. If the permissi-  ble current, i.e., the maximum current
consumption, is to be  controlled below 15 [A], I[err] = 14.8 [A] may be
set.          The flow chart shown in Fig. 8 will be described  below.
The microcomputer 41 checks whether the actual  current value I is in the
TRIP region shown in Fig. 9 (step  



S-20). If the actual current value I is in the TRIP region  in Fig. 9,  it
is determined that the operating current  exceeds the permissible current
of 20 [A] and hence the air  conditioner is in a dangerous state, thus
setting the  frequency F[err] of three-phase AC power supplied to the
compres-  sor to be 0 (step S-21). In contrast to this, if the actual
current value I is not in the TRIP region, it is checked  whether the
actual current value I is in the DOWN region  (step S-22). If the actual
current value I is in the DOWN  region, a target frequency F is decreased
by 1 Hz (step 



18  S-23).  If the actual current value I is not in the DOWN  region, the
target frequency F is set to be equal to the  frequency value F[err]
supplied from the indoor unit A through  the communication line 200 (step
S-24).  



Subsequently, the frequency value F[err] actually  supplied to the
compressor is compared with the target  frequency F (step S-25). If F >
F[err], the supplied frequency  value F0 is increased by 1 Hz (step S-26).
If F [err] F[err], it is  checked whether F < F[err] (step S-27).  If F <
F[err], the supplied  frequency value F[err] is decreased by 1 Hz (step
S-28). However,  if F = F[err], the supplied frequency value F[err] is kept
unchanged.          By obtaining the actual current value I in the
above-described manner, current control based on the actual 



current value I can be performed.  That is, the range of  variation in
actual current can be controlled to be narrow  as compared with the
conventional control scheme using an  approximate current value obtained
upon smoothing by the  capacitor.          Fig. 10 shows changes in actual
current value  detected by the present invention and changes in current
value detected by the conventional current detector shown in  Fig. 11. Note
that the current detector shown in Fig. 11  



uses a 220 [err]F capacitor as a smoothing capacitor 84, 2 K[err]
19   resistors as resistors 85a and 85b, and a 1-[err]F capacitor as   a
capacitor 87.          Referring to Fig. 10, the solid curve represents-an
actual current value detected by the present invention; and 



the one dotted chain curve and the two dotted chain curve,  current values
detected by the prior art.          The changes in current which are
indicated by the  one dotted chain curve appear when the capacitance of the
smoothing capacitor is set such that the effective value of  the current
(corresponding to the actual current value  detected by the present
invention) is obtained when the  current is stable.   The changes  in
current which are  indicated by the two dotted chain curve appear when the



capacitance of the smoothing capacitor is set such that  almost the peak
current value of the current waveform is  obtained when the current is
stable.   The value of each  element of the current detector shown in Fig.
11 is a  constant for obtaining the peak value of a current, and a  current
transformer 81 outputs a voltage of 0 [V] for an  instantaneous current of
0 [A], and a voltage of 5 [V] for  an instantaneous current of 30 [A].
In the conventional current detector shown in  Fig. 11, a microcomputer 86
A/D-converts a voltage (0 to 5 



[V]) corresponding to a current value and fetches the  resultant value,
thus performing current control by associ-
20   ating the current value with the digital data corresponding  to the
voltage.  



Referring to Fig. 10, when the actual current value  is stable at I[err],
the current value indicated by the one  dotted chain curve exhibits a value
I[err] (effective value),  while the current value indicated by the two
dotted chain  curve exhibits a value I[err] (peak value).          When the
current increases at a rate of (I[err] - I[err])/(t[err]  - t[err]) in the
interval between time t[err] and time t[err], the current  values
respectively indicated by the one and two dotted  chain curves increase at
the same time. However, since the  smoothing capacitor needs to be charged,
the rates of change 



in current which are indicated by the one and two dotted  chain curves
decrease with respect to the changes in actual  current value, thus causing
delays before the respective  current values reach the actual current
value. For example,  if the actual current value becomes a value I[err] at
time t[err],  the current value indicated by the one dotted chain curve
reaches the same value at time t3; and the current value  indicated by the
two dotted chain curve, at time t[err].          Therefore, if a current is
detected by the conven-  



tional current detector shown in Fig. 11, for example, when  the current
I[err] is detected, the actual currents increase to  values I[err], and
I[err], respectively.   For this reason, when  current control is
performed, a preset current value must be
21   



set to be low in consideration of such an increase in  current. In
addition, since such an increase in current is  influenced by the rate of
change in actual current (a larger  increase in current with an increase in
rate of change), the  preset current value must be set in consideration of
a  difference in increase in current depending on the rate of  change.
That is, the range of variation in actual current is  increased in
accordance with a margin given to a preset  current value. 



In addition, the detected currents indicated by the  one dotted chain curve
and the two dotted chain curve  converge at delayed times, i.e., time
t[err] and time t[err].          As described above, since the conventional
current  detector uses a smoothing capacitor, the response speed with
respect to changes in actual current is low.          In the present
invention, although the microcomputer  41 determines on the basis of an
output from the current  transformer 33 whether the operating current
reaches a  



preset value at which the power source is turned off, since  the output
from the current transformer 33 is directly  fetched by the microcomputer
41, the operation current can  be detected as an effective value without a
delay. For this  reason, the minimum operating current at which the power
source is turned off can be set to be larger than 18 [A] as         



22    close to 20 [A] as possible.  As a result, since inverter   control
of the motor for driving the compressor can be   performed up to a value
close to 20 [A], the cooling/heating   power can be increased.
Figs. 12(a) and 12(b) respectively show the wavefo-  rms of currents
detected by the current transformer 33 when  the compressor is actually
operated by using a signal-phase  AC power. The distortion of the current
waveform shown in 



Fig. 12(b) is caused when double voltage rectification is  performed by a
rectifying/smoothing circuit.   Fig. 12(a)  shows a terminal voltage of the
smoothing capacitor after  double voltage rectification. Referring to Fig.
12(a), the  broken curve indicates changes in voltage after full wave
rectification. The current shown in Fig. 12(b) flows only  when the charge
of the capacitor is consumed, and the  terminal voltage of the smoothing
capacitor becomes lower  than the voltage obtained after full wave
rectification.  



Fig. 12(c) shows changes in voltage after the  current detected by the
current transformer 33 is smoothed  by the capacitor. The conventional
current detector deter-  mines an operating current value on the basis of
this  voltage. Therefore, there is a large difference between the  actual
current (corresponding to the area of the waveform  shown in Fig. 12(b))
and the current value corresponding to  the voltage shown in Fig. 12(c).



23           In current detected according to the present  invention, since
the current waveform shown in Fig. 12(b) is  directly read as changes in
data, the average value (effec-  tive value) of the waveform shown in Fig.
12(b) can be  obtained.   It is apparent that the waveform  shown in  Fig.
12(c) exhibits a current value larger than this average 



value.  In addition, according to the waveform shown in  Fig. 12(c), it is
apparent that the capacitance of the  smoothing capacitor shown in Fig. 11
is increased in order  to reduce the range of variation in voltage in a
stable  period.          Fig. 13 is a graph showing changes in single-phase
component flowing in the current transformer when a three-  phase AC power
is used. Even with such a distorted wave-  form, the average value of a
current can be directly  



obtained by using the current detector of the present  invention.
Fig.  14 shows another embodiment of the current  detector of the present
invention shown in Fig. 4. The same  reference numerals in Fig. 14 denote
the same parts as in  Fig. 4.          In this embodiment, an output
voltage from a current  transformer 33 is subjected to full wave
rectification in a  full-wave rectifier 93, the output from the full-wave
rectifier 93 is voltage-divided by resistors 94a and 94b, 



24   and a voltage at a voltage-dividing point c is input to a
microcomputer 41.          According to this embodiment, the resolution of
current detection is doubled to achieve a reduction in error 



in current detection.          In the above embodiments, an air conditioner
is  exemplified as an electric load to which the present  invention is
applied.  It is, however, apparent that the  present invention can be
applied to various other types of  electric loads.          According to
the present invention, the following  effects can be obtained.
[err] Since a current waveform is stored upon conversion  



into changes in current value at a predetermined period, and  the average
value of the current values is set as the  current value of this current
waveform, the effective value  of the current waveform can be directly
obtained. That is,  since the effective value can be constantly obtained
even  while the current varies, a preset value with respect to the  upper
current limit for current control can be set to be  close to the upper
current limit.          Therefore, when the present invention is applied to
an air conditioner, the operating current for the air 



conditioner can be substantially increased to a value close  to the
permissible current, and hence the maximum capacity
25   operation of the air conditioner can always be performed at  the start
of an operation within the upper current limit, 



thus improving the starting characteristics of an air-cond-  itioning
operation          [err] Since a current waveform is stored upon conversion
into changes in current value at a predetermined period, and  the average
value of the current values is set as the  current value of this current
waveform, the effective value  can always be obtained regardless of the
distortion or shape  of a current waveform.   Therefore, as compared with
the  conventional current detector in which the distortion or  



deformation of a current waveform is absorbed by the  smoothing capacitor,
the response speed with respect to  changes in current is increased by an
amount corresponding  to the delay based on the smoothing capacitor. In
addition,  since an effective value can be directly obtained without a
delay instead of an average current value, current control  based on the
effective value can always be performed  regardless of the distortion of a
current waveform.     



26  Claims       1.  Apparatus for detecting an alternating current flowing
in an electric load having a current transformer (33) to detect said
alternating current, comprising:           converting means (40, 41) for
converting a value of said current supplied from an AC power supply to said
electric load (80) to a mathematical value corresponding to said current,
said mathematical value being an absolute value taken with respect to a
central value of said alternating current;           dividing means (91)
for dividing a repetitive period of said current N times at an equal
interval; 



starting means (41) for allowing said converting means to perform a
converting action at every said equal interval;           calculating means
(41) for calculating an average value of N consecutive mathematical values
of said current converted at said equal interval by said converting means;
and           detecting means (41) for detecting said average value
obtained by said calculating means (41) as a current value supplied to the
electric load.        2.  An apparatus according to claim 1, wherein said
current value detected by said current transformer (40,41) is fetched as a
change in voltage value with respect to a positive or negative reference
voltage.        3.  An apparatus according to claim 1 or 2, wherein 



said electric load (84) is an air conditioner or air conditioners.
4.  An apparatus according to claim 3, wherein said air conditioner
comprises a compressor of variable power type adapted to be driven by said
current and further comprising means for controlling said compressor in
such a manner as to reduce the power of said compressor so that
27 said average value may not exceed a predetermined value. 



5.  An apparatus according to claim 4, wherein said current is a current
supplied to said compressor.        6.  An  apparatus  according  to  claim
5,  further comprising means for converting said current supplied from said
AC power supply to a DC power; means for re-converting said DC power to AC
power of any frequency based on the PWM technique; means for supplying said
re-converted AC power to said compressor; and means for varying the
frequency of said re-converted AC power in order to change the power of
said compressor.    










