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The present invention relates

to a method of

detecting a load current flowing in an electric load such as

an air conditioner, and tg a load eurrent 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.
such as a fan motor, a flap motor,

computer in addition to a heat exchanger.

The indoor unit A includes a_load 70
and a control micro-

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 [Aa],
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an air conditigner,»and to a |oad current detector. There are
mapy types. of .electric |oads which receive power from AC power supplies.
A nmet hod of detecting an operating current flowing in such an electri cal

| oad such as an air conditioner, especially a hone air conditioner, taken
as an exanple will be described bel ow A separate type air
conditioner is generally known, which is constituted by an indoor unit A

and an outdoor unit . ) e e
consumption ®f the air conditionér 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 voltf
age-divided by resistors 835a and 85b to be input, as a
proper DC voltage, to the A/D port of a microcomputer 86
where it is determined wﬁethe; the operating current reachés

' 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 gquickly,
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%
B, as shown in,Fig.-1. The indoor unit A includes a |load 70 such as a fan
mogor, a flap nmotor, and a control mcro- conputer in addition to a heat
exchanger. The outdoor unit B includes a |oad 80 such as a conpressor and
a control mcroconputer in addition to a heat exchanger, a fan notor, and
an expansi on devi ce. A hone air conditioner is nornmally operated
with a comrercial AC power supply such as 100 [V]. Since a maxi num

cur et capabl & Qlolbng sy Shroudlng SLANGh: Gdrully £RINSELEE, oo
increase in operating current which is detected by the
current transformer 81 and is input to the microcomputer 86
tends to be slightly delayed from the actual increase in
operating current. If, therefore, the preset wvalue of an
operating current, at which the power supply is turned off,
is set to be egqual 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 £rom
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 thé
current, thereby compensating for a delay in current change.

With such measufés, 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
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2 consunption 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

condi ti oner

is detected. Wen

[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 operatiné

current detector including a smoothing capacitor.

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.

In order to achieve the above aim , according to
the present invention, the current waveform of AC powei:'
supplied from a power supply to an electric load is con-

verted into A/D (anaiog/d@gital)-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, in orxder to achieve the above aim,
there is provided a current detecting method wherein a

current waveform is converted into A/D (ana-
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the detected current is about to exceed 20 [A], the current
cqnpressor is decreased to reduce its consuned current.

flowing in the
As shown

in Fig. 1, a conventional operating current detector includes a current
transf or nkogf@igirad) -tonveteedct ichangelsoadrcurawenterdt owrauén abe aut door
unit B. The primary side of the current transfornmer 81 is inductively
coupl ed tpredétedminednperied, tand hortwertiBin cohtal dst perfiopmedf oom t he

secondary side of the current transforner 81

the basis of the avérage value of theseé dtirrent 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.

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

detector used in a conventional air conditioner;

current

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 cirquit diagram showing a

detector according to the present invention;

current

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

invention;

present
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is rectified and snpothed by a resistor 82, a diode 83, and a snoot hing
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

m croconputer 86 where it is determ ned whet her the operating current
reaches a preset val ue. Since a capacitor having a | arge
capacitance is used as the snoothing capacitor 84 in such an operating

current detector, the}_.‘,g,_agac.}tgHEs ?%VZ%WS cASr? l%@fﬁa fairlottﬁ\.rer FaL-ERkES

capaci tor 84.

reason, in an air condi

roner er type for
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 inventién;

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.fl;;l

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.
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exanpl e,

| f

the eurrent flowing in the conpressor is increased to

| ngt ease’ t he cool i ng/ heating power quickly,
3 al t hough the actual operating current quickly increases, an increase

in operating current which is detected by the

L

This Sheet Has Been Reﬂ

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 réspectively 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

10



current transforner-81 and its input to the mcroconputer 86 tends to be
sld ghtly del ayed fromthe 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 permssible turrent, i.e.
20 [A], the actual operating current overshoots the perm ssible current
of 20 [A]. In the current state, the preset value is set to be about 18

LA uhich 1s LouBr bhant he BELTh 3ok asRhBnSHE] 0ha®tndOhbik sblirce-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 mniddle of PFig. 3 corresponds to a control circuit
arranged in an indoor uait 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 1lines 100 and a
communication line 200.

The control ciréuit 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;) 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,;) 16 for blowing cool

This Sheet Has Been Reﬂlaced
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in order to prevents the actual operating current from exceeding the
perm ssible current of 20 [A]. In the conventional operating
current detector, the capacitance of the snobothing capacitor 84 is set to

be large to obtain a current value close to the peak value of the
current, thereby conpensating for a delay in current change.

such neasures,

however, good response charac- teristics with respect to

changes in current and a proper current value cannot both be obtained.
addi tion, whein Hatqudr amothdie s mis-candigricaed « ot & Sdtagd &

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 motoxr 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
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the detected current value and the actual current is |arge. It is,

however, preferable that the preset current value at which the power

supply is turned off be close to 20

4

[Al,

because the increase in current through the conpressor can gain

t he maxi mum cool i ng/ heati ng power.

terminal board T;. 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 ﬁo 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‘;, T’,, and

' T’; respectively connected to terminal boards T,, T, and T,

in the indoor unit A are arranged. Reference numeral 31

denotes a varistor connected in parallel with the terminal

. boards T/, and T',; 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].
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10 - T



Al t hough detection of an operating current in an air conditioner, as an

exanpl e, has been descri bed above, the sane applies to other electrical

| oads using an operating current detector including a snoothing capacitor.

O her relevant prior art is described in International Publication No. WO

90/ 12325 whi ch describes a sanpling circuit, particularly for sanpling

vol tage and current anplitudes in an AC kWh neter. Signals fromtransducers

representing the voltage_and current a Iitgfes respectively are .

sel ectively applied t %ﬂeﬁﬁﬁF%gﬁBm?GﬁgF&%: SRR r BeSehy3an HkdWduetor

mul ti pl exer under_the, contr.ol ?f a_processor ich varies the se ueqﬁg.ég
o] r¥ o Ret

whi ch the si grRFSEFRiNgFlgga CEEMPEY t%r . A TREMFEce &M
| cul ati | d t t Is t ey
Nso o 1t or R s EB3, dRRRE e | R° AN ANl 0B8R NEY Hiadell mrs ve

di gi tal tegtli | ay h J it I I ti f AC- t

< por fof mad JANIPEEY okt s kA AVl Rt KB cAPE. ot S 4 EESE
s perfored | ki dPeuPat .
s perfor med Vo Th ok Sent Ay TEREF £o5 BNt CRraRe e P pe i g AT tidE O

protective rehg€an, barsi gnicirgamid Yeiamsfyeder (CT) I BROSRRAlLing the
i nventi on has been made in consideration of the above situation, and thus

aims to increasmddre: pnes af pan vellasige c drahdapylythat thel pC 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 motoxr for
driving the compressor for the refrigeration cycle; 44, a
discharge temperature se'ns_or; 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.

- 11 -
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accurately detecting changes in operating current flowing in the electric

| pad, 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 perm ssible
current val ue. It is described bel ow how the current waveform of AC

power supplied froma power supply to an electric load is converted into
A/ D (anal og/digital)- converted changes in current value at a predeterm ned

i od, and th h p d
peri od, and the ave age \ldie,ole {NESE CHE" Shledi@UCS s Bt eGhed itdbe

current val ue of power rom't hé power suppl ectric Ioad

In addition, SriatudeSdd %&%6:‘?”&&5&6&@ Ngn"BLEALYN @RipdrAture

current mavefo IS converted Into (ana-
is arranged near the air intake port, and a heat exchanger

temperature sensor 49 for detecting the temperature of the
outdoor heat exchanger 1is arranged. Detection wvalues
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 stofing 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 sho in Fig. 3.
(< 0 0 wn g . This Sheot Hag
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5 log/digital)-converted changes in current value  at a
preedet erm ned period, and correction control is performed on the basis of
the average val ue of these current values in the direction in which the
power of a |load is decreased. : The accurate effective value of a
current flomwng in a |oad can be obtained by directly inputting a current
waveform as digital data, and obtaining the average val ue of the digital
dat a Accord vention

provi ded apparatus forT gteEPFﬁSng gg% Sflné uFP@ﬁFiFFﬁmnﬁgelncﬁﬁrent

electric load acc ng to a Pr rre eat.ures . of he
invent:on areé gﬁg PHer §§ 'fgr detecting a éhﬁ%eng glowfﬁg in thb

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 transformexr
33 is directly applied to the A/D port of the microcomputer
41. The microcomputer 41 fetches this data et a period of
500 psec.

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 wvoltage at the output terminal a of the
current transformer 33iosci}1ates by 2.5 [V] upward and

" downward with respect to the level of 2.5 [Vj (the voltage
at the output terminal b), and that when the voltage is 2.5
[V] on the positive side, the cuxrrent 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.

““iiiiﬂ‘:i‘i‘i!ﬂ““ i‘ﬂin




deséribed, by way of exanple, with reference to the acconpanying

v awi ngs, in which:- Fig. 1 is a circuit diagramshow ng a

current detector used in a conventional air conditioner; Fig. 2is
a diagramshow ng a refrigeration cycle in an air conditioner to which the
present invention is applied, Fig. 3is a circuit diagram show ng

a control circuit of the air conditioner to which the present inven- tion

ccording | B fy esixa i, 8 wabePOER (028 o o Snseid gStne.

according to the pres

vavel ormof 2 4oLEBSS QULIMLALRATRESS Y { SOL g8l PoLYr ﬁag;aor%eg?t@ﬁe

present I nvent i on; | 6W™C

Fﬁbgﬁ{?éhng QQféﬁébgﬂpﬂﬁégoﬁﬂEdwﬂicﬁ WaGLLELRPULEEebBohlE PECSCBine 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 psec to be stored, as digital data, in the
microcomputer. Note that in Fig. 5, a portion represénting
a time width of 500 psec is enlarged.

Fig. 6 is a flow chart showing a érincipal 6peration
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 usec elapses, current control is performed
on the basis of an actual current value I (step S-8), a PWM
(pulse width modulation)fsigngl is generated (step S-9), and

- other control is performed (step S-10). After a lapse of
500 psec (step S-2), already stored data D, is changed to D,,,
(step S-3) (n - 0). The voltage wvalue 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

This Sheet Has Been Re
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Fig. #is a flow chart show ng another current calculating

operation perfornmed by the mcroconputer in the present invention;
Fig. 8 is a flowchart show ng frequency correction

This Sheet Hag

|
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of the resultant voltage is set as data D, (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,
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).

I’= .rf(i D;) /200}

i=0

By performing a current calculating operation based
on this flow chart, the current value I’ (substantially
corresponding to the effective wvalue) can be calculate&
every 500 upusec. 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-8). Othexr control
operations are then perforﬁed (step S-10). If n = 199, with
a 50 Hz AC wvoltage, the average value of current wvalues
corresponding to five periods can be obtained; and with a
60 Hz AC voltage, the average value of current values corre-
spénding to six periods.

In the case shown in Fig. 6, current calculation is
performed every 500 pusec. Fig. 7 shows a case wherein

current calculation is performed every 200 msec.

- 15 -
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processi ng performed on the basis of an output fromthe current detector

according to the present invention; Fig. 9 is a graph showing a
state of an operating current based on an output current froma current
transform er; Fig. 10 is a graph showi ng changes in current to

make a conpari son between current detection performed by the present
I nvention and current detection perfornmed by the prior art;

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, is calculated (step S-11) when 500
psec elapées, similar to step (S-4) in Fig. 6. Subsequent¥
ly, the data D, fetched every 500 psec 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
5-13), a current value I’ is calculated according to the
following equation (step S-14).

= 1(-2)
400

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 S5-15), 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 éo 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 imdicates 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

T uﬂin -



Fig. 11 is a circuit diagramshow ng another current detector used in a

cqnventional air conditioner; - Figs. 12(a) to 12(c) are charts
showi ng the wave- fornms of outputs from sone conponents of the
conventional current detector in Fig. 11; Fig. 13 is a chart

show ng the waveform of a single-phase conponent of a three-phase current

which flows in a current transfornmer when three-phase AC power is used,

and Fig. 14 is a circuit dla%ran1shomnng a current
current value I is in e 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, "Ig" in
FPig. 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; set when thg
actual current value I increases and that set when the
actual current value I decreases. In this embodiment, I =
15.8 {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], Is = 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 detegmined 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 Fy of thiee-phase.AC power supplied to the compres-
sor to be 0 (step's—Zl). 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
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detector according to another enbodinent of the present invention.

7

§-23). If the actual current value I is not in the DOWN
region, the target frequency F is set to be eqgual to the
frequency value F, supplied from the indoor unit A through
the cémmuﬁication line 200 (step S-24).

Subsequently, the frequency value F, actually
supplied ‘to the compressor is coﬁpared with the target
frequency F (step S§-25). If F > F,, the supplied frequency
value F, is decreased by 1 Hz (step S-26). If F £ F,, it is
checked whether F < F, (step S-27).. If F < F,, the supplied
frequency value F, is decreased by 1 Hz. However, if F = Fy,
the supplied frequency value F, is kept unchanged (step
S-28}.

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 cuxrent 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 éresent invention and changes in current
value detected by the conventional current detectoxr shown in
Fig. 11. Note that the current detector shown in Fig. 11

uses a 220 uF capacitor as a smoothing capacitor 84, 2 KQ
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Fig.’2 is a diagramshowing a refrigeration cycle in an air conditioner
as, an exanple of electric |oads to which the present invention is

appl i ed.

Referring to Fig. 2, reference nuneral 1 denotes a

hermeti c conpressor incorporating a notor elenment and a conpression

el ement driven by the notor elenent; 2, a nuffler for reducing noise nmade

by a refrigerant discharged fromthe conpressor 1; 3, a 4-way valve for

changi ng t he

direction of the refrigerant in _a cooling/heating operation;
resistors as resistors 85a and 85b, and a 1-pF capacitor as

a capacitor 87.

Referring to Fig. 10, the solid curve reéresents 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 thg
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 {:he_ 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-

-~ 19 -
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4, a heat-source-side heat exchanger; 5, a capillary tube (expansion
deyice); 6, a screen filter; 7, a use-side heat exchanger; 8, a nuffler;
9, an accumul ator; and 10, a solenoid valve. The refrigerant

di scharged fromthe conpressor 1 flows in three nodes respectively

i ndicated 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 .
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,, the current value indicated by the one
dotted chain curve exhibits a value I; (effective wvalue),
while the current wvalue indicated by the two dotted chain
curve exhibits a value I, (peak value).

When the current increases at a rate of (I3 - Ig}/{t,
- t3) in the interval between time t, and time t,, 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 vglue becomes a value I, at time t,,
the current value indicéted‘by the one dotted chain curve
reaches the same value at time t;; and the current value
indicated by the two dotted chain curve, at time t,.

Therefore, if a current is detected by the conven-~
tional current detector shown in Fig. 11, for example, when
the current I, is detected, the actual currents increase to

values I, and I,,, respectively. For this reason, when

current control is performed, a preset current value must be
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opened/ cl osed states of the solenoid valve 10. 1In a cooling operation,
t e heat-source-si de heat exchanger 4 serves as a condenser, whereas the
use-si de heat exchanger 7 serves as an evaporator. |In a heating

operati on,

t he use-side heat

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 giveh to a preset
current value. |

In addition, the detected currents indicated by the
one dotted chain curve and the two dotted lchain curve
converge at delayed times, i.e., time t5; and time t,.

As described above, since the conventional current
detéctor uses a smoothing capacito;, the response speed with
respect to changes in actual current is low.

In the present invention, although the microcomputer
4] determines on the bésis 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
reasén, the minimum operating current at which the power

source is turned off can be set to be larger than 18 {A] as
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exchanger 7 serves as a condenser; and the heat-source-side heat exchanger
4,,an evaporator. In a defrostlng operation, part of the refrigerant,

di scharged fromthe conpressor 1, which in the heating operation, is
directly supplied to the heat-source-side heat exchanger 4 to raise the
tenperature of the heat-source-side heat exchanger 4, thereby performng
a drying operation therein while conducting the heatlng operati on.

Fig. 3 shows a control circuit in the air condition- er to which the
present inventilefei $oad iRl Fhepessibile. 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 compressoxr 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) sho%s 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 correspondlng to

“ﬁiiiiﬂ‘ﬁiilﬁiﬂ“ I

the voltage shown in Fig. 12(c).
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portion located on.the left side of the chain line drawn in the niddle of
Fig. 3 corresponds to a control circuit arranged in an indoor unit A; and
the circuit portion |ocated 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 comunication |ine
200. The control circuit in the indoor unit A conprises a

rectifier 11, a power supply circujt 12 for nDtorg a
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 valué) 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 ip
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 énqthgr' 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,
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power supply
L7, a receiv
rectifier 11
power supply
to a DC fan

circuit 13 for controlling, a notor driver 15, a switch board

er 18a, a display panel 18, and a flap notor. (Merr]) 19.

The

rectifies an AC voltage of 100 [V] applied by a plug 1. The

circuit 12 for notors adjusts a DC voltage, which is appl
notor (brushless notor) (Merr]) 16 for bl ow ng cool
and a voltage at a voltage-dividing point ¢ 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 thé
present invention can be applied to various other types of
electric loads.

According to the present invention, the following
effects can be obtained. |

® 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‘difectly 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
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9 —air into a roomto be air-conditioned, into a voltage of 10 to 36 [V]
I R accordance with a signal froma m croconputer 14. The power supply
circuit 13 generates a DC voltage of 5[V] to be applied to the

m croconput er 14. The not or driver 15 controls the energization tlnlng
of the stator wi nding of the DC fan notor 16 in response to a signal from
the m croconputer 14, which is based on rotational position I nformati on

on the DC fan notor 16. The switch board 17 is
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.

@ 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 valué
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.

i
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nDunted on an operatlon panel for the indoor unit A An OV OFF switch, a
test gmm‘uﬂ'ﬂmuﬁumﬂ |i ke are arranged on the switch board 17. The
receiv renot e operation signal (e.g.,.an OV OFF signal,

a cool i ng/ Heatin§ °®switching signal, or a roomtenperature setting signal)
from a wireless renote controller 60. The di splay panel 18 di spl ays
an operating state of the air conditioner. The flap notor 19 serves to

nove fl aps foiAchgnglng t he bl ow ng direction of cool/warmair

1. A method of detecting a load current flowing in
an electrid load, comprising steps of:

cdnverting a current supplied from an AC power
supply to said load to a value corresponding to said current
at every predetermined period;

calculating an average value of said current after
obtaining a predetermined number of said values in said

converting step; and

detecting said average value as a current value
supplied to the electric load.

2. A method accoiding to claim 1, wherein'saia
current value supplied from said AC power supply to said
electric load is detected by a current tranéformer.

3. A method according to claim 2, wherein said
current value detected by the current transformer is fetched
as a change in voltage value with respect to a positive or
negative reference voltéée.

4. A method according to claim 3, wherein current
data is an absolute value of a difference between the
fetched voltage value and the reference voltage.

5. A method according to any of the preceding craims,. wherein: said
electric load is an air conditioner or air conditioners.

6. A method according to claim 5, wherein said air

conditioner comprises a compressor of variable power type
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In addltlon "the control circuit includes a room tenperature sensor 20 for
det ecting Hlmnmnmmam mlure, a heat exchanger tenperature sensor 21 for
detecting of the indoor heat exchanger, and a humdity
sensor 22 f&r Hetect® n§ the roomhunidity. Detection values obtained by

t hese sensors are A/D-converted to be fetched. A control signal fromthe
m croconputer 14 is transmtted to the outdoor unit B through a serial

cireuit 23&%&%§%ed to be driven by said current and further comprising
a step of controlling said compressor in such a manner as to
reduce the power of said compressor so that said average
value maylnot exceed a predetermined value.

7. A method according to claim 6, wherein said
current is a current supplied to said compressor.

8. A method according to claim 7, further compris-
ing steps of;

converting said current to a DC power;

re-converting said DC power to an AC power of any
frequency;

supplying said AC power to said compressor; and

varying the frequency of said AC power in order to
change the power of said compressor.

9. A load current detector comprising:

a current transformer for detecting a current
supplied from an AC power supply to an electric load,
converting the detected éurrept to a voltage whose amplitude
corresponds to said current and outputting said voltage from
a secondary side of said current transformer;

a converting means for A/D convertihg said output
voltage from said secondary side of said current transformer
to a value; and

a calculating means for calculating an average value

of some of said values obtained by A/D conversion,
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“term nal board rerri. In addition, a triac 26 and a heater relay 27

aJe CCTE"HW!} ycroconputer 14 through a driver 24, thereby
perfor l NH ﬂm of power supplied to a re-heating heater 25 used

or f a dr¥yirg toperasi of. Ref erence nuneral 30 denotes an external
RONI or

wherein a current value corresponding to the average
value is output as a load current.

10. A load current detector according to claim 3,
wherein said electric load is an air conditioner and said
air conditioner comprises controlling means for controlling
said air conditioner in such a manner as to reduce thé power
consumption of the air conditioner so that said average
value may not exceed a predetermined value.

11. A load current detector according to claim 10,
wherein said air conditioner comprises a compressor of
variable power type adapted to be driven by said current and
said controlling means comprises means for controlling said
compressor in such a manner as to reduce the power of the

compressor.

12. A load current detector according to claim 11,
further comprising;

means for converting said current to a DC power;

means for converéing said DC power to spurious sine
"wave power of desired frequency;

means for supplying said spurious sine wave power to

said compressor; and

means for varying said frequency in order to change

" NATR A

the power of said compressor.
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storing ."specific data" specifying the type and characteris- tics of the
ai ¢ conditioner. These specific data are fetched fromthe external ROM
30 imedi ately after the power supply is turned on and an operation is
st opped. When the power supply is tu®BSTIRAMET i nput of a command fromthe
wireless renote controller 60 or detection of the state of the OV CFF
switch or theeieobh 0 pEWECTINGVIOAD SRARENIOARD \Mdgn RO RRRNG 'n'%‘ﬁ%c'r%tner)
are not perforned untiT TetCchrng of the specrfic gata fromrtie—extermal
ROM 30 i s conpl et ed. The control circuit in the outdoor unit B

wll be In order to increase the capacity of an electric

load by relatively accurately detecting an operating
current flowing in the electric load without a delay and
setting a preset value, at which the supply of power to
the load is cut, to be close to an permissible current
value, this invention includes a current transformer for
detecting a current flowing in the load, an A/D
converting section for converting an output wvoltage from
the secondary side of the current +transformer into
digital data, and a calculating section for obtaining the
average value of the digital data, whereby a current
value corresponding to the average value is output as a

current flowing in the load.

Figure 4 should accompany the Abstract.

i
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descri bed next. . In the outdoor unit B, termnal boar T [err],
T Jerr], and T [err] respectively connected to termnal boards T[err],
T[err], and T[err] in the indoor unit A are arranged. Ref er ence nuner al

31 denotes a varistor connected in parallel with the term nal 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
snoothing circuit for obtaining a DC voltage of about 280 [V] froman AC

vol tage of 100 [V]. FIG ]

INDOOR UNIT A OUTDOOR UNIT B
L B S .

j;) toap |80
1

83 84 85a




Ref erence numeral 39, denotes a serial circuit for perform ng signal
copversion of a®control signal supplied fromthe indoor unit A through
the termnal board T [err]- to transmt it to a mcroconputer 41; 40, a
current detector
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for detecting a current, supplied to a |load in the outdoor unit B, in a
curent transformer (CT) 33, snoothing the current into a DC vol tage, and
applying the DC voltage to the m croconputer 41; 41, the m croconputer
42, a sw tching power supply circuit for generating a power supply
voltage for the mcroconmputer 41; and 38, a notor driver for perform ng
PWM control of power supplied to a conpressor notor 43 (to be describe

| ater) on the basis of a control signal fromthe m croconputer 41. The
Ssi X power transistors of the notor driver 38 are connected in the form of
a

33 40 //141

T
— e e
E‘ } ey :- MICROCOMPUTER [—=
Bicii=2 |
| ]9 0
L————+ | |
| 3
L | ]

+5.(lr’

+25

+q Ul —

TIME(SEC)

VOLTAGE APPLIED TO MICROCOMPUTER

500, (SEC)
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three phase bridge, thus constituting a so-called inverter unit.

Ref erence nuner al 43 denotes a conpressor notor for driving the
conpressor for the refrigeration cycle; 44, a discharge tenperature
sensor for detecting the tenperature of the refrigerant on the discharge

side of the conpressor; 45, a fan notor 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 sol enoi d val ve, respectively, used to switch
the paths of the refrigerant in the refrige 1
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atloh cycl e.

12

Furt her nore,

t hg outdoor unit B, "an out door tenperature sensor 48 for detecting an
out door tenperature is arranged near the air intake port, and a heat

exchanger
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t enperat ure sensor 49 for detecting the tenperature of the outdoor heat
exghanger is artanged. Detection values obtained by these sensors 48
and 49 are A/D-converted and fetched by the m croconputer 41.

Ref erence nuneral 50 denotes an external ROM having the sane function as
that of the external ROM 30 in the indoor unit A The inherent data about
the outdoor unit B, which are simlar to those described with reference to
the external ROM 30, are stored in the ROM 50. Not e t hat
reference synbol F in each of the control

FIG. 8
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circuits of the indoor unit A and the outdoor unit B denotes a fuse.

Each of the m cf oconput er s (control elements) 14 and 41 is designed such
that a ROM for storing prograns in advance, a RAMfor storing reference
data, and a CPU for executing the progranms are housed in the sanme package
(87C196NC (MCS-96 series) available fromlIntel Corporation). Fi g.
4 shows a current detector, used for the air conditioner, according to an
enbodi mrent of the present
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I nvefti on.
40, shown in Figs 37

current detector 40 conprises the current
current flowng in the

Fig. 4 is a detailed circuit diagramof the

current detector
13 * The
transforner 33 for detecting a

FIG. 11
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outddor unit B of the air conditioner, a resistor_ 91 connected in
pacallel with the secondary si de of the current transformer 33, and
voltage dividing“resistors 92a and 92b. A voltage at an output termnal a
of the current transfornmer 33 is directly applied to the A/D port of the
m croconputer 41. The mcroconputer 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 sane resistance, a voltage of

FIG. 13
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2.5 [V] is applied to the node between the resistors 92a and 92b, i.e., an
output ternminal b of the current transforner The resistance

of the_resi stomsmeetﬂassaaén gdeda manner th ézfﬁﬁwﬂfﬁ@ﬂ\msm §50
‘terni*nal “a of t ansforrrer 33 osic asiptioy : pagedl V] e Wl
downward with r Ievel of 2.5 [\] M Cledm(s)l t ager- 1a}.1'hg ui
term nal b), an e vol tage is 2./50 Pwings he:q q€J} T
t he current peak vaI ue corresponds Abstract :i)u,b ,,,3%

L0 pa -
o ouJ .....
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METHOD OF DETECTING LOAD CURRENT AND 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 eurrent 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
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to a current of 30 [A]. Consequently, a voltage which may change

fromO o
14

5[V] is applied to the A/D port of the m croconputer 41.

Fig. 5 shows the waveformof a voltage (a voltage waveform

corfesponding to a current) to be applied to the

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 voltf
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 wﬁethe; 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,
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m croconputer 41, which waveform corresponds to a sine wave

(having no

distortign) 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

di gi t'al

representing a tine wdth of 500 [err]s®gc is enlarged.

dat a,

in the microcomputer. Note that in Fig. 5, a portion
Fig. 6is

a flow chart showi ng a principal operation of current calculation
processi ng performed by the mcrocom puter 41.

although the actual operating current quickly increases, an
increase in operating current which is detected gy the
current transformer 81 and i's input to the micfocomputer~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 £rom
exceeding the permissible current of 20 [A].

In the conventional operating current detector, the
capacitance of the smoothing capacitor B4 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
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When the power switch (not shown) of the air conditioner is turned on, a
current ;calculating operation is started. Initialization is perforned

flrst (step Sq%kSMQm%sngmﬁi .qi Ncorporated in the mcroconputer 41 starts

count- ing. Be sec elapses current control is perforned on
the basis of an
nodul ation) sig

t value 4 (step S-8), a PWM (pulse width
ed (step S-9), and other control is perforned
(step S-10). After a Iapse of 500 [err]sec (step S-2), already stored
data Derr] is changed to Dierr] (step S-3) (n - 0). The vol tage val ue
at the outpyta], because the increase in current through the compressor
can gain the maximum cooling/heating power.
s 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.

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.

In order to achieve the above aim , according to
the present invention, the current waveform of AC powef
supplied from a power supply to an electric load is con- -
verted into A/D (anaiog/d@gital)-converted changes in
currenf value at a predetermined period, and the average
value of  these current values is qetected as the current
value of power sﬁpplied from the power supply to the
electric load.

In addition, in order to achieve the above aim,
there is provided a current detecting method wherein a

current waveform is converted into  A/D (ana-

- ——

REPLAFE& 'dT SHEE

13 AUG 196




termnal a ofq Tf%éaﬁggggR aaldsformer 33 is fetched as current data, and a

vol t ages of . 2. 5 tral level of the sine wave is subtracted
fromthe digit |Hlml | Em voltage applied to the m croconputer 41.
The "absol-ut e v 5 15 .

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 wﬁich the powér of a load is decreased. -

The accurate effective value of a current flowing iA.
a load can be obtained by directly inputting a' current

waveform as digital data, and obtaining the average value of

the digital data.

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 4is a circuit diagram showing a controib
circuit of the air conditioner to which the present inven-
tion is aéplied;

Fig. 4 is a circﬁit 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 detectoi according to the present
invention;

Fig. 6 is a flow chart showing a current calculating
operation performed by a microcompqper in the present

invention;
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of the resultant voltage is set as data Dlerr] (step'S-4). Wth this
operatign, the current can be fetched upon full-wave rectification of the
oscillation anplitude. Thereafter, current calculation is perforned
according to the following equation (gtep S-6). Note that at the start of
an opera- tion, current calculation is not perfornmed until 200 data D err]
are fetched (step S-5). A current value |I' is calculated according to the
foll owi ng equation only when 200 data are fetched (step S-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 ié(c) are charts showing the wave-
forms of outputs from some components of the conventional
current detector in Fig:'l;;i

Fig. 13 4is a chart showing the waveform of a
single-phase component of a three-phase current which flows
in a current tfansformei when three-phase AC péwer is used;
and - . _

Fig. 14 is a circuit diagram showing a current
detector according to another embodiment of the present

invention.




By performng a current calcul ating operation based on

lerr] _ :
this flew 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 nmanner

(step S-7). A PW signal is generated (step S-9). Oher control
a 50 Hz AC

operations are then perforned (step S-]10). If n =199, with
vol tage, the average val ue of current Vval ues

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 réspec;ively indicated by the solid
arrows (cooling operation), the broken arrows (heating
operation), and the dotted arrows (defrosting operation) in
éccordance with the state of the 4-way valve 3 and the
opened/closedlstates 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 exchahger 7 serves as

an evaporator. In a heating operation, the use-side heat
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corresponding to five periods can be obtained; and with a 60 Hz AC
vol tage, the average value of current values corre- sponding to siXx
peri ods. 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 ngec.

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 dryiné 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
éortion 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 ciréuit én'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;) 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;} 16 for blowing cool
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n the current calculation processing shown in Fig. 7, steps (S-1) and
(S-2) are the sane as those in Fig. 6. However, data Dferr] is calculated
(step S-11) when 500 [err]sec elapses, sinmlar to step (S-4) in Fig. 6.
Subsequent- |y, the data Dierr] fetched every 500 [err]sec is added to
data D (step S-12). This processing is repeated for 200 nsec to fetch and
store 400 dat a. When 200 nsec el apse% (step

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 thé’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
temperatufe 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
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S-13), a current value |' is calculated according to the follow ng
“equatiqn (step S-14). [err] Simlar to the case shown in Fig.
6, current control is perfornmed on the basis of the |atest current val ue
' *calculated in this manner (step S-15), a PWMsignal is generated (step
S-9), and other control operations are perfornmed (step S-10). Fig.
8 is a flow chart showi ng a procedur e lQor

terminal board T,. In addition, a triac 26 and a heaterx
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-
ticé 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 ocutdgor uhit B, terminal boards T’;, T‘;, and

ey respectively connected to terminal boards T,, T,, and T,
in the indoor unit A are arranged. Reference numeral 31
denotes a varistor connected in parallel with the terminal
boards T’; and T’,; 32, a noise filter; 34, a reactor; 35, a
voltage double rectifier for dbubling 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].
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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 conpressor. Note that "I = TRIP" in the flow chart
indicates a case wherein the actual cyrrent value | is in the TRIP region
shown in Fig. 9, i.e., the region wher L he actual current value | exceeds
the permssible current of 20 [A], and that "I = DOM' indicates a case

wherein the actua
Reference numeral 39 denotes a serial circuit for

performing signal conversion of a control signal supplied

‘o from the indoor unit A through the terminal board T’s~ 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 thé
currént 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 sénsor'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-wéy vaive and a solénoid valve, respectively,"

used to switch the paths of the refrigerant in the refrigexr-

ation cycle.
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17 current value | is in the DOM region in Fig. 9, i.e., the regionin

" which the actual current value | is very close to the permssible 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 Bt ween the value I[err] set when the

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 wvalues
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 stofing 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, accofding "to an embodiment of the present
invention. Fig. 4 is a detailed circuit diagram of the

current detector 40 shown in Fig. 3.
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~actual current value | increases and that set when the actual current

val ue I, decreases. In this enbodinent, I[err] = 19.8 [A] is set in
consideration of the mninumcapacity varjiation range (1 Hz) of the
conpressor. If the permssi- ble current, i.e., the maxinmum current
consunption, is to be controlled below3l5 [A], I[err] = 14.8 [A] may be
set. The flow chart shown in Fig. 8 wll be described below
The m croconputer 41 checks whether the actual <current value | is in the

TRI P regi on shown i nThieg. c@rfreindp detector 40 comprises the current
transformer 33 for detecting a current flowing in the
‘ outdoor unit B of the afr 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 transformexr
33 is directly applied to the A/D port of the microcomputer
41. The microcomputer 41 fetches this data at a period of’

500 usec.

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 transformér 33fosci}lates by 2.5 [V] upward and
downward with respect to the level of 2.5 {Vj (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 froﬁ 0 to

5 [V] is applied to the A/D port of the microcomputer 41.
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S-20). If the actual current value | is in the TRIP region in Fig. 9, it
Is detekm ned that the operating current exceeds the perm ssible 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
conpres- sor to be O (step S-21). In contrast to this, if the actual
current value | is not inthe TRIP regildn, it is checked whether the
actual current value | is in the DOM region (step S-22). If the actual

current value I is inpihe BOMowseEHN waivd B OR of " 8AYRNDAde | £ dG6TBASRM

by 1 Hz (step
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 usec to be stored, as digital data, in the
microcomputer. Note that in Fig. 5, a portion representing
a time width of 500 psec is enlarged.

Fig. 6 is a flow chart showing a érincipal 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 usec elapses, current control is performed
on the basis of an actual current value I (step S-8), a PWM
(pulse width modulation)isignal is generated (step.S—S), and

- other control is performed (step S$-10). After a lapse of
500 usec (step S-2), already stored data D, is changed to D,
(step S-3) (n -~ 0). The voltage wvalue at the output
terminal a of the current transformer 3§.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

lvoltagg applied to the microcomputer 41. The absolute value




18 8-23). If the actual current value | is not in the DOMN region, the
target frequency F is set to be equal. to the frequency value F[err]
sypplied fromthe indoor unit A through the communication [ine 200 (step

S-24) .
15

of the resultant voltage is set as data D; (step S$-4). With
this operation, the current can be fetched upon full-wave
rectification of the oscillation amplitude. Thereafter,
curréﬁt 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,
are fetched (step S-5). A current value I’ is calculated
accoxding to the following equation only when 200 data are
fetched (step S-6).

Il = I{(ipi)/zoo}
i=0

By performing a current calculating operation based
on this flow chart, the current value I' (substantially
corresponding to the effective wvalue) can be calculate&
every 500 psec. Current contrel is performed by using the
latest current value I’ calculated in this manner (step
S-7). A PWM signal is generated (step 5-~8). Othexr 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 usec. Fig.' 7 shows a case wherein

current calculation is performed every 200 msec.
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. Subsequently, the frequency value F[err] actually supplied to the

conpressor is conpared with the target frequency.F (step S-25). If F >
Flerr], the supplied frequency value FO is increased by 1 Hz (step S 26).
If F [err] Flerr], it is checked whether F < Flerr] (step S-27). If F <
Flerr], the supplied frequency valueerr] 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 | in the

above-descri bed manmgy , therr enkrennt rehlbatedion tpeoseksashg shown in

Fig. 7, steps (S-1) and (S-2) are the same as those in
Fig. 6. However, data D, is calculated (step S-11) when 500
psec elapses, similar to step (S-4) in Fig. 6. Subseguent-
ly, the data D, fetched every 500 psec 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).

/= (2
T = g5’

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 f.oz':
correcting a frequency 1;‘0 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
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~current value | can be perfornmed. That is, the range of variation in
actual ,current can be controlled to be narrow as conpared with the
conventional control schene using an approximate current val ue obtai ned
updn snoot hi ng by the capacitor. Fig. 10 shows changes in actua
current value detected by the present ji-nvention and changes in current

val ue detected by the conventional current detector shown in Fig. 11. Note

that the current detector shown in Fig. 11
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, “Ig" 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; set when the
actual current value I increases and that set when the
actual current value I decreases. In this embodimenf, Is =
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
contrclled below 15 [A], Ig = 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 showﬁ in Fig. 9 (step
§-20). If the actual current value I is in the TRIP region
in Fig. 9, it is dete;mined 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, 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  §-22). 1If the actual current value I is in the DOWN

region, a target frequency F is decreased by 1 Hz (step
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.uses a 220 [EMslﬁaHapﬁgi¢gh s a snoot hing capacitor 84, 2 K[err]
19 rQS|stor 85a and 85b, and a 1-[err]F capacitor as a
ring to Fig. 10, the solid curve represents-an

capaci t or
act’ual current va d by the present invention; and

18

S5-23). 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, supplied from the indoor unit A through
the communication line 200 (step S5-24).

Subsequently, the frequency value F, actually
supplied ' to the compressor is compared with the target
frequency F (step S-25). If F > F,, the supplied frequencf
value F, is decreased by 1 Hz (step S$-26). If F £ F,, it is
checked whether F < F, (step §~27).. If F < F,, the supplied
frequency value F, is decreased by 1 Hz. However, if F = F,,
the supplied frequency value F, is kept unchanged (step
5-28).

By obtaining the actual current wvalue 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 copvéntional control scheme using an
approximate current valﬁe'obtainéd upon smoothing by Ehe
capacitor.

Fig. 10 shows changes in actual current value
detected by the bresent 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 uF capacitor as a smoothing capacitor 84, 2 KQ
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the one dotted chain curve and the two dotted chain curve, current val ues
detected by the prior art. The changes in current which are

i ndj cated by the one dotted chain curve appear when the capacitance of the
snoot hing capacitor is set such that the effective value of the current
(corresponding to the actual current value detected by the present

i nvention) is obtained when the curreift is stable. The changes in
current which are indicated by the two dotted chain curve appear when the

resistors as resistors 85a and 85b, and a 1-pF capacitor as
a capacitor 87.

v 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 obtéining éhe 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-

| REPLACEMENT S
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. capaci tance of the snoothing capacitor is set such that alnost the peak
current value of the current waveformis obtained when the current is

st abl e. The val ue of each elenent 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 [38 for an instantaneous current of
O [A], and a voltage of 5 [V] for an instantaneous current of 30 [A].

In the conventional current detector shown in Fig. 11, a mcroconputer 86

A D-convers i Ay Vohd 898r£Ont Ovlue with the digital data corresponding
to the voltage.

Referring to Fig. 10, when the actual current value
is stable at I,, the current wvalue indicated by the one
dotted chain curve exhibits a value I, (effective wvalue),
while the current wvalue indicated by the two dotted chain
curve exhibits a value I, (peak value).

When the current increases at a rate of (I; - I)/(t,
- ty) in the interval between time t, and time t,, 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 delaysfbefore the respective
current values reach the actual current value. For example,
if the actual cur;ent_vglue becomes a value I, at time t,,
the current value indicéted'by the one dotted chain curve
reaches the same value at time t,; and the current value
indicated by the two dotted chain curve, at time t,.

Therefore, if a current is detected by the conven-
tional current detector shown in Fig. 11, for example, when
the current I, is detected, the actual currents increase to

values I and I, respectively. For this reason, when

current control is performed, a preset'Current value must be




[V]) corresponding to a current value and fetches the resultant val ue,

" thus perform ng current control by associ -
20 ating the current value with the digital data corresponding to the

vol t age.
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; and time t,.

As described above, since the conventional current
detector uses a smoothing capacitor, the response speed with
respect to changes in actual current is low. i

In the present invention, although the microcomputer
41 determines on the bésis of an output from the current
transformer 33 whether the operating current xreaches 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
reasén, the minimum operating current at which the power
source is turned off can be set to be larger than 18 fA] as
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Referring to Fig. 10, when the actual current value is stable at I[err],
the cureent value indicated by the one dotted chain curve exhibits a val ue
I[err] (effective value), while the current value indicated by the two
dotted chain curve exhibits a value I[err] (peak val ue). When the
current increases at a rate of (I[err] -,h[err])/(t[err] - t[err]) in the
I nterval between tinme t[err] and tinme t[err], the current val ues
respectively indicated by the one and two dotted chain curves increase at

the sane timoddWeyeho JAIC&d NSosSIBPEN NAsCAPALIL AN NeEHS d 05 RF£0&) 9€d,
the rates of change
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. iz(c).
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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
del ays before the respective current values reach the actual current

val uve. For exanple, if the actual current value becones a value I[err] at
time t[err], ‘the current value indicated by the one dotted chain curve
reaches the sane value at time t3; and £Re current value indicated by the
two dotted chain curve, at tinme t[err]. Therefore, if a current is

detected by the convefs cyrrent detected according to the present
invention, since the current waveform shown in Fig. 12(b) is
v directly read as changes in data, the average value (effaec-
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
iﬁvention.

Fig. 14 shows énqthgi' 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 rectificatién in a
full-wave rectifier 93, the output from the full—wave-

rectifier 93 is voltage-divided by resistors 94a and 94D,
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tional current detector shown in Fig. 11, for exanple, when

I'Terr] i,s detected, the actual currents increase to values I[err],

the current

I[err], respectively. For this reason, when current control is

and

per f'ormed, a preset current val ue nust be

21

24

and a voltage at a voltage-dividing point ¢ 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 conditionexr 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.

@ Since a current waveform is stored upon convexrsion
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 wvalue
of the current waveform can be directly obtained. That is,

since the effective wvalue 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
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set to be lowin consideration of such an increase in current. In
additign, since such an increase in current is influenced by the rate of
chqnge in actual current (a larger increase in current with an increase in
rate of change), the preset current value nust 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 val ue.

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.

® 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 valué-
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 withou£ a
delay instead of an average current_value, current control
based on the effectiv; .value can always be performed

regardless of the distortion of a current waveform.
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In addition, the detected currents indicated by the one dotted chain curve
“and the two _dotted _chain_curve converge at delayed tines, i.e., tine
t[err] and tinme t[err]. As descri bed above, since the conventiona

curr ent mum“u&m ﬂﬂlﬁunmothl ng capgcitor, the response speed wth
respect t current is |ow In the present

i nvention, *al fhotgh" t He i croconmputer 41 determines on the basis of an
out put fromthe current transformer 33 whether the operating current
reaches a gparmMs

1. A method of detecting a load current flowing in
an electric load, compriéing steps of:

converting a current supplied from an AC power
supply to said load to a value corresponding to said current
at every predetermined period;

calculating an average value of said current after
obtaining a predetermined number of said values in said
converting step; and

detecting said average value as a current value
supplied to the electric load.

2. A method according to claim 1, wherein'saia
current value supplied from said AC power supply ‘to said
electric load is detected by a current transformer.

3. A method aécording to claim 2, wherein said
current value detected by the current transformer is fetched
as a change in voltage value with respect to a positive or
negative reference voltéée.

4. A method according to claim 3, wherein current
data is an absolute value of a difference between the
fetched voltage value and the reference voltage.

5. A method according to any of the preceding -claims,. wherein said
electric load is an air conditioner or air conditioners.

6. A method according to claim 5, wherein said air

conditioner comprises a compressor of variable power type

e _ REPLACEMENT &hEtT
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preset value at-—which-the .power_source is turned off, since the output
current transfornmer 33 is directl fetched by the m croconputer

fromthe y
41, the oper at Jmll jl j“""l ]IlEe detected as an effective value wthout a
del dy. For -thi I mum operating current at which the power
source is turned off can'be set to be |27 ger than 18 [A] as

adapted to be driven by said current and further comprising
a step of controlling said compressor in such a manner as to

v reduce the power of said compressor so that said average
value may not exceed a predetermined value.

7. A method according to claim 6, wherein said
current is a current supplied to said compressor.

8. A method according to claim 7, further compris-
ing steps of;

converting said current to a DC power;

re-converting said DC power to an AC power of any
frequency;

supplying said AC power to said compressor;.and

varying the frequency of said AC power in order to
change the power of said compressor.

9. A load current detector comprising:

a current transformer for detecting a current
supplied from an AC power supply to an electric load,

. converting the detected éurrept to a voltaée whose amplitude
- corresponds to said current and outputting said voltage from
a secondary side of said current transformer;

a converting means for A/D converting said output
voltage from said secondary side of said current transformer
to a value; and

a calculating means for calculating an average value

of some of said values obtained by A/D conversion,
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.22 . cfose to 20 [A] as possible. As a result, since inverter control

of thes.nptor f ] t he conpressor can be performed up to a value
clgse to 20 [@"!@ g m M"’eatl ng power can be increased.
Figs. 12(a) an vely show the wavefo- rms of currents

detected by the current t ransf or mer when the conpressor is actually
operated by using a signal-phase AC power. The distortion of the current

wavef orm shown in

wherein a current value corresponding to the average
value is output as a load current.

10. A load current detector according to claim 9,
wherein said electric load is an air conditioner and said
air conditioner comprises controlling means for controlling
said air conditioner in such a manner as to reduce the power
consumption of the air conditioner so that said average
value may not exceed a predetermined value.

11. A load current detector according to claim 10,
wherein said air conditioner comprises a compressor of
variable power type adapted to be driven by said current and
said controlling means comprises means for controlling said
compressor in such a manner as to reduce the power of the
compressor.

12. A load current detector according to claim 11,
further comprising;

means for converting said current to a DC power;

means for converting gaid DC power to spurious sine

‘wave power of desired frequency;

means for supplying said spurious sine wave power to

said compressor; and

means for varying said frequency in order to change

the power of said compressor.
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Fig. 12(b) is caused when double voltage rectification is perforned by a
rectifying/snoothing circuit. Fig. 12(a) shows a term nal voltage of the
snoot hi ng 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 Fizp 12(b) flows only when the charge
of the capacitor is consuned, and the term nal voltage of the snoothing
capaci tor becones |lower than the vgesegecobtained after full wave
rectification. -

METHOD OQF DETECTING LOAD CURRENT AND LOAD CURRENT DETECTOR

In order to increase khe capacity of an electr%p
load by relatively accuratély detecting an operating
current flowing in the electric load without a delay and
setting a preset wvalue, at which the supply of power to
the load is cut, to be close to an permissible current
value, this invention includes a current transformer for
detecting a current flowing in the load, an A/D
converting section for converting an output voltage from
the secondary side of the current transformer into
digital data, and a calculating section for obtaining the
average value of the digital data, whereby a current

value corresponding to the average value is output as a

current flowing in the load.
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Fig. 12(c) shows changes in voltage after the current detected by the
‘current, transformer 33 is smoothed by the capacitor. The conventi onal
current detector deter- nmines an operating current value on the basis of
thi‘'s 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 val ue correspondi ng tqlgthe vol tage shown in Fig. 12(c).

FIG. 1
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23 . ' I'n current detected according to the present invention, since

the current waveform shown in Fig. 12(b) is
data, the average val ue (effec-

12(B) can be obtai

12(c) exhibits a current value larger than this average

directly read as changes in
tive value) of the waveform shown in Fig.

ned. It is apparent that the waveform shown in Fig.
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value. In addition, according to the waveformshown in Fig. 12(c), it is
apparent that the capacitance of the snoothing capacitor shown in Fig. 11
is increased in order to reduce the range of variation in voltage in a
stabl e period. Fig. 13 is a graph show ng changes in single-phase
conponent flowng in the current transforner when a three- phase AC power
Is used. Even with such a distorted wave- form the average value of a
current can be directly 3/9
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obt ai ned by using the current detector of the present invention.

Fig. 14 shows anot her enbodi nent of the current detector of the present
i nvention shown in Fig. 4. The sane reference nunerals in Fig. 14 denote
the sanme parts as in Fig. 4. In this enbodi nent, an out put
voltage froma current transformer 33 is subjected to full wave
rectification in a full-wave rectifier 9%2the output fromthe full-wave
rectifier 93 is voltage-divided by resistors 94a and 94b,

) FIG. 6
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24 " and a voltage at a voltage-dividing point ¢ is input to a
m croconputer 41. According to this enbodi nent, the resol ution of
current detection is doubled to achieve a reduction in error

. 5/9
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8
" in turrent detection. In the above enbodi nents, an air conditioner
"is exenplified 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 |oads. According to
the present invention, the followng effects can be obtai ned.
[err] Since a current waveformis stored upon conversion

6/9

FIG. 8

f

F=fo FeF-1
(S-24) | (S-23)

fFe =0
(S-21)

e

Fo = Fo-1
(S-28)

51

. REPLACEMENT SHEET.

13 AUG 1996 |




into changes in current value at a predeterm ned 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 obtai ned
even while the current varies, a preset value with respect to the wupper
current linit for current control cafd/Be set to be close to the upper
current limt. Therefore, when the present invention is applied to
an air conditioner, the operating Frg entgfor the air
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conditi oner can be substantially increased to a value close to the
permissible current, and hence the maxi num capacity

25 operatlon of the air conditioner can al ways be perfornmed at the start
of 'an operation within the upper current linmt,

8/9
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t hus I nproving the starting characteristics of an air-cond- itioning
“operatjon [err] Since a current waveformis stored upon conversion
into éﬁanges in current value at a predeterm ned period, and the average
valfue of the current values is set as the -current value of this current
waveform the effective value can always be obtained regardl ess of the
distortion or shape of a current waveform Therefore, as conpared with
the conventional current detector igygahich the distortion or

FIG. 13
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defor@atlon of a current waveformis absorbed by the snoot hi ng capamtor

t h& response speed with respect to changeg™i %# GW G
Gt AF %ﬁ i%

anount corresponding to the delay based on

addition, since an effective value can be ?a*,
ont P@ﬁ a@eﬂa%ﬂgf he

%P@&‘e@n -of

del ay instead of an average current val ue,
ef fective value can always be perforned r¢g
current waveform 1 paged ----- to paged ...

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 eurrent 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 tﬁrough a branch circuit

connected to a plug 1 ikﬂsét to be 20 [A], if the power
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26 Clains 1.

Apparatus for detecting an alternating current flow ng

in*an ‘el ectric | oad havi ng a current transforner (33) to detect said

alternating current,

conpri si ng: converting nmeans (40, 41) for

converting a value of said current suppjied froman AC power supply to said
electric load (80) to a mathemati cal value corresponding to said current,
sai d mat hemati cal val ue being an absol ute val ue taken with respect to a
central value of said alternating current; di vi di ng nmeans (91)
for dividing Bl dseauseithe ipcseasedinofureeat dhrough ¢t compiesses can gain dbeial

i nterval ;

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 detgcted-as the current value of power supplied
from the power supply to the elec.tn"c- i;)ad.

In addition, there is described a current detecting method wherein a

current waveform is converted into A/D (ana-
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starting nmeans (41) for allow ng said converting neans (o _performa
convertlng action at every said equal interva
¢41)' for calculating an average val ue of N conseflut |veR“
of said current converted at said equal interva
and detecting Reans (41) for detecting said average val ué - i
~ obt ai ned by said cal culating means (41) as a current value supplied to the
diggltedt y4codwadted chang@es Adnapganaterst acealwengato @l aim 1, wherein said
current value detected by said current transforner (40,41) is fetched as g
e teghmimpd ipenicid ageds gogaagitien eopdceek d sapgsdorimegd on neg i °°

vol t age. 3. An apparat%e according to claim1 or
basis of the average value of ese Ccurrent values in

g neans
val ues
neans,

iirection in which the power of a load is decreased.

The accurate effective value of a current flowing in %ﬁ
ad can be obtained by directly inputting a current
‘'orm as digital data, and obtaining the average value of
digital data.

According to the present invention, there is provided

atus for detecting an alternating current flowing in an
ric load according to claim 1.

Preferred features of the invention are now described, ;
y of example, with reference to the accompanying drawings,

ich:-

Fig. 1 is a circuit diagram showing a current
rtor used in a conventionai alr conditionexr:;

Fig. 2 is a diagram showing a refrigeration cycle in
ir conditioner to which the present invention is
ed;

Fig. 3 is a circuit diagram showing a control peo
it of the air conditioner to which the present inven-

is applied;

Fig. 4 is a circuit diagram showing a current

:or according to the present invention;
Fig. 5 is a graph showing the waveform of a voltage

from the current detector according to the present

jion;
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sald electrlc |l oad (84) is an air conditioner or air conditioners.

4. + An*apparatus according to claim3, wherein said air conditioner
conprises a conpressor of variable power type adapted to be driven by said
current and further conprising nmeans for controlling said conpressor in
such a manner as to reduce the power of said conpressor so that

27 said average value may not exceed1® predeterm ned val ue.

of the resultant voltage is set as data D, (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,
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).

I’ = I{(f: Dy} /200}

i=0

By performing a current calculating operation based
on this flow chart, the current value I’ (substantially
corresponding to the effective value) can be calculateci
every 500 usec. Current control is performed by using the
latest current wvalue I’ calculated in this manner (step
S-7). A PWM signal is generated (step S-9). Other control
operations are then perforhed (step S-10). If n = 199, with
a .50 Hz AC voltage, the average value of current values
cdrresponding to five periods can be obtained; aﬁd 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 50'0 uéeqe.__,f Fig. 7 shows a case wherein

current calculation is perfdrmed every 200 msec.
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5. An_ apparatus according to claim4, wherein said current is a current
supplied to said conpressor. 6. An apparatus according to claim
5, further conprising neans for converting said current supplied from said
AC power supply to a DC power; neans for re-converting said DC power to AC
power of any frequency based on the PWM techni que; neans for supplying said
re-converted AC power to said conpres%%r; and neans for varying the
frequency of said re-converted AC power in order to change the power of
said conpreSsdB8). 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, supplied from the indoor unit A through

the cOmmunication line 200 (step S-24).

Subsequently, the frequency value F, actually
supplied "to the compressor is compared with the target
frequency F (step $§-25). If F > F,, the supplied frequency
value F, is increased by 1 Hz (step S-26). If F < F,, it is
checked whether F < Fy, {(step S-27).. If F < F,, the supplied

frequency value F; is decreased by 1 Hz (step S-28). However,

if F = F,, the supplied freqguency value F, . 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 comparéd with the copvéntional control scheme using an
approximate current valﬁe'obtainéd upon smoothing by the
capacitor.
| Fig. 10 shows changes iq. 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 pF capacitor as g smoothing capacitor 84, 2 KQ

REPLACEMENT SHEET

107 JUL 1999




"""""""""""""" REPLACEMENT SHEED |

O O | 07 JuL B9

- 26

Clains

1. Apparatus for detecting an alternmating 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 wvalue 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

'ipositive 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 acqérding to claim 3, wherein said
air conditioner compriseé a compressor of wvariable power
type adapted to be driven by said current and further
comprigsing means for controlling said compressor in such a

manner as to reduce the power of said compressor so that
)



. "

A

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.
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ABSTRACT

. "LOAD CURRENT DETECTOR

In order to increase .the capacity of an electric
load by relatively accuratély detecting an operatir;g
current flowing in the electric load without a delay and
setting a preset yalue, at which the supply of power to
the load is cut, to be close _to an permissible current
value, this invention includes a current transformer for
detecting a current flowing in the load, an A/D
converting section for converting an output voltage €from
the secondary side of the current +transformer into
digital data, and a calculating section for obtaining the
average value of the digital data, whereby a current

value corresponding to the average value is output as a

current flowing in the load.

Figure 4 ’ ——
. ’—r\'-w_a'-;—- e =
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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 1is 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 inwvention is applied;

Fig. 3 1is a «circuit diagram showing a control
circuit of the air conditioner to which the present inven-
tion is applied;

Fig. 4 1is a circuit diagram 'showing a current
detector according to the present invention;

Fig. S5 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; EMW SHEET
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_a.u.ulé-,



