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Air Conditioner

BACKGROUND OF THE INVENTION

The present invention relates to a air conditioner
for exchanging heat frem a refrigerant to the outside
so as to adjust at least one of room temperature and
humidity to desired temperature er humidity and having
a function for controlling an air supplying means that
supplies conditioned air to the room so as to vary the
air supplying amount in multiple levels corresponding
to a reference air amount and irregularly.- '

"A conventional air conditioner exchanges'heat from
a refrigeraht to the outside and opefatés in various
modes such as a heating m;de, a cooling mode, a drying
mode, and an automatic operating mode; In the
automatic operating mode, the air conditioner compafes
a designated temperafufe and the room tempéerature and
automatically selects the heating modé or the cooling
mode co%?eSponding to the desired result. The user can
select a desired mode'ﬁith a remote controller that is
.an accessory of the air conditioner so as to air-
condition the room.

.A particular air conditioner has a special cooling
function for supplying air while varying the air
supplying amount as with natural air. 1In this.
function a predetermined fluctuation width (amplitude)'

is designated regardless of the predetermined reference



ah eri¢l osure or room and operates in various nodes such as_a heating node,

i drving node, and automatic operating - The
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node .or the cooling ding to the desired result. The user can
sel ect a desired nod e controller that is an accessory of the
air conditioner so as to air-condition the room A particular air
condi tioner has a special cooling function for supplying air while varying
the amount of aidifugRbugt, s6. 8s, tBYvarPPLABERLKNAmbunt tih AMairal air. In
this function, a predeterm ned fluctuation width (anplitude or variation)
in the anount offmictsappbhedidshdeni gpeegdlaggpestieods.of whed RihRdeiigr m ned
reference air anount and the _ _

amount is controlled in such a manner, the user in the

automatic operatin e, .the air nditioner conpares a d ated . ..,
t enperature and thgfhéﬁ\]ﬁﬁ?ﬂai‘iﬁ% and autpmatical |y sel lbcts tHE KSR ng

room cannot expect the air amqunt. Thus, since he can
unexpectedly feel coolness, the comfortableness in the
room improves. |

In other words, although this function includes a
psychological factor of the user, the coolness that the
user feels can be improved in comparison with the
conventional temperature control method with equal air
amount. Since the coolness is improVed, the designated
temperature can be increased than the conventional
cooling imethod. Thus; this function contributes to so-
called energy saving.

However, in such a function, the fluctuation width
of the air supplying amount does.not accord with the
predé%ermined reference air amount. Thus, the ratio of
the fluctuation width to the predetermined air amount
variés corrésponding to a change of the predetermined
air amount. In other words, when the prédetermined
reference amount is small (weak), the ratio of the
flucfuation width theretp is large. Thus, the user can
satisfactorily feel the fluctuation of the air
supplying amount. In contrast, when the'feference air
amount is large (strong), since the ratio of
fluctuation w;dth thereto becomes small. Thus, the

user cannot satisfactorily feel the fluctuation.

. N



aimount” of air supplied is varied in irregular periods. Were—ar—amoent
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cool ness, the confo om_i gproves. In ot her words, because
thls.functlon |nclu gi cal factor of the user, the cool ness
that the user feels ed I n conmparison with the conventi ona
t enrperature control nethod mhlch uses equal air anounts. Since the feeling
of cool ness is

amount or timng of;td iHﬁ%%%eryReﬁfafeﬁe rOThus since he can {nexpelE¥Eehy=D eel

To solve this problem, the ratio in the case that
the reference air amount is maximum may be designated
to the fluctuation width of which the user can
satisfactorily feel the fluctuation function. However,
when the reference air amount is small, the ratio of
the fluctuation width thereto becomes too large,
resulting in increasing the noise. Thus, the user may
feel uncomfortableness. |

To satisfactorily employ the fluctuation function,
the environment in which the air conditioner is used
(the efficiency of the air flow.and the reference air
amount that is often used that depend on the area of
the room, the iayout of furniture, and so forth) should.
be considerea. Thus, 'when only the ratio to the
reference air amount ie considered, the fluctuation
function may not be satisfactorily employed.

SUMMARY OF THE INVENTION

The present invention is made from the above-
described point of view; An object of the.present
invention is to provide an air conditioner for
improving the fundamental functions (coolness,
warmness, and so forth) thereof, reducing.heise in
association with the operation thereef, and totally
improving the comfortableness of the user.

The present invenfion is an air conditioner having
a refrigerating cycle of at least a compressor, a

condenser, an expansion device, and an evaporator



- i fiproved, the designated tenperature can be increased qve*‘?fﬁﬁ:w@f++thM_
t he conventi on i — Thus, this function contri|pdt¥ESSHBET HAS BEEN

so-cal | ed ener gyns 8heei1fhs BERWEMGEy | N Such a function, the_f.uctu&ﬁ?éﬁﬁéﬁ
the period and a M [|I" supply doeg not -accord with the _
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space with an air supplying device, and adjusting the
temperature of the air-conditioned space to a
predetermined temperature, comprising a signal output
means for outputting a first signal for designating an
air supplying amount of the air supplying device a
control means for adjusting the air supplying amount of
the air supplying device COrresponding to the first
signal, an air supplying amount compensating means for
supplying a second signal to the control means, the
second signal being adapted for causing the air
supplying amount of the air supplying device to be
automatically varied in a predetefmined range of the
air supplying amount designated corresponding to the
first signal, and a variable width cbnfrdl means for
designating the predetermined range corresponding to
the first signal supplied from the signal output means.
.- The variation width control means is adapted for
designating the predetermined range corresponaing to a
predetermined ratio of the predetermined air supplying
amount corresponding to the first signal supplied from
the signal output means.
‘The variation width control means is adapted for
'~ decreasing- the predetermined range corresponding to the
increase of the predetermined air éﬁpplYing amount

corresponding to the first signal supplied from the
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(the efficiency sifgridie aitput oveamsl. t he ref erence air anount which is often
used that depend on the area of the room the |ayout of furniture, and so
forth) should be conél‘l"cmr\arlabis widithn controheneans olis oadaptedf foence air
amount i s

increasing the predetermined range when the
predetermined air supplying amount corresponding to the
first signal supplied from the signal output means is
in.a predetermined range.

The air supplying amount compehsating means is
adapted for automatically varying the designated air
supplying amount corresponding to the first signal
supp;ied from the signal output.meéns in such a manner
that power spectrum is inversely proportional to
frequency.

These and other objects, features and advantages
of the present invention will become more apparent in
light 6f the following detailed description of a best
mode embodiment thereof, as illustrated in the
accompanying drawings.

Brieleescrigtion of Drawings

Fig. 1 is a block diagram showing a construction
of an air conditioner according to an embodiment of the
present invention;

Fig. 2 is a side view showing an internal

' construction of an indoor unit;

Fig. 3 is a schematic diagram showing a
refrigerant circuit of the air conditioner according to
the embodiment of the present invention;

Fig. 4 is an electric circuit diagram of the



- onsidered, the fluctuation function may not be satisfactoril 19mpsagEdHASBELN
SUMVARY OF THE | NVENTI ON The present invention is made from tif REPLACED _
above-descri bed point of Vi ew. An obj ect of the present inven-“ B SV AT
provide an air :c w# roving th fundanmental functions
(cool ness, marnnei ) t her eof, reducing noi se associated with
the operation the l'y inmproving the confortabl eness of the
user. The present |nvent|on |s an air conditioner having a refrigerating
cycle of at least a conpressor, a condenser, an expansi on device, and an
evapor at or - CoNNegiRsbPYurdi € &5# | €8s M r F&&?dléfﬂenéfraéeaﬁaihgn% theadapt ed
for supplying heated or cooled air to an
embodiment of the present invention;

Fig. 5 is an electric circﬁit diagram of an
outdoor unit of the air conditioner according to the
embodiment of the present invention;

Figs. 6 (A) to (C) are fluctuation width
designating maps stored in a microcomputer according to
the embodiment of the present invention; Fig. 6 (A) is
a map showing an air amount and fluctuation width for
emphasizing a 1/f fluctuation function, Fig. 6 (B) is a
map showing air amount and fluctuation width for
emphasizing noise reduction, and Fig. 6 (C) is a map
shoWing air amount and fluctuatidh’ﬁidthlfOr
emphasizing the 1/f fluctuation function'in a
predetermined air amount state;_and .

Fig. 7 is a flow chart for controlling the
designation of & fluctuation width for the 1/f
fluctuation function.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
| Next, with refefence fo the accdmpanying drawings,

an embodiment of the present invention will be
described. Fig. 1 shows an air conditioner according
to the embodiment of the present invention. The air |
cohditioner comprises an indoor unit 10, an outdoor

- unit 12, and a remote contrqller 14. The indoor unit
10 and the outdoor unit 12 each have a refrigerant

circulating path for circulating a refrigerant. The



3- ai'r-conditi oned space with an air supplying device,
tenperature of the—arr=conditionedspace to a predeterm EAPEF aldre
The devi ce conpri pEsshaet Hadikdh ROUL4AUt nMeans for generatingia fi LECERAl

i BHEF bLAPBLEN

for designating an i B[l t o be suppli ed to the air supplying
device, a control ME" 1 jjpti ng the air supply anount fromthe air
suppl yi ng device a first signal, an air supplying anpount

conpensating means for supplying a second signal to the control neans, the
second signal being adapted for causing the air supply amount fromthe air
supplyi ng devi-ceré¢mobe eohtrallerl 14 yénd€doperation signals as

infrared rays to the air conditioner so as to remotely
control it.

The remote controller 14'has various operation
keys for turning on/off the power, selecting
cooling/heating modes, designating temperature,

- designating timer, and so forth. With the operation
keys, corresponding operation signals are output to the
air conditioner. The remote controller 14 has air
amount designating keys. With the air amount
designating keys, the user can select the air amount
from "WEAK", "MEDIUM", and "STRONG".

In this embodiment, an air cénditicner that has
the three levels of air ambunt will be exemplified.
However, thé above-described three levels 6f air amount
are fundamental in the embodiment. Thus, the |
embodiment can be_appiied for other constructions of
which the air amount is varied in seﬁeral levels
(including for example “breeze“; "high power", etc.),
the air amount is gradually varied rather than in the
fixed levels. |

In addition, the remote controller_14 according to
the embodiment has a "1/f'f1uctuation“ designating key.
With the "1/f fluctuation" deésignating key, the 1/f
fluctuation function is executed.

In the 1/f fluctuation function; a predetermined

fluctuation width  (amplitude) is designated regardless
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Fig. 1 is a block diagramshow ng a construction of an air conditioner

according to an steik BRiadfediitndd BERIrddiEe L Panblie. 2 LR 2 S de view

showi ng an internal construction of an-indoor un
addition, the air amount is 1rregu1arly varied in the

fluctuation width so that the power spectrum is
inversely proportional to the frequency. Thus, since
the air amount is unexpectedly varied, the
comfortableness of tﬁe user is imprdved in comparison
with the fixed air amount.

In this embodiment, as a meaﬁs for sending
operation signals of the remote controller 14 to the
indoor unit 10, électromagnétic waves such as infrared
rays are used. The indoor unit 10 has an optical
-sensor 76B that receives the infrared rays. The
optical sensor 76B will be described later.

When an operation sigal sent from the remote
controller 14 is received' by the optical sensor 76B of
the indoor unit 10, the air conditioner controls'thé
room temperature, humidity, and so forth corresponding
to the code of the received operation sigral. It
should be noted that ‘the remote controller 14 can be
connected to the indbor unit with a signal line.

As shown in Fig. 2, the indoor unit 10 is .covered
by a caSihg 202. The casing 202 is detachably secured
to the upper and lower edges of a mounting base 200. A
cross flow fan 204 is disposed at a center portion of
the cas1ng 202. The cross flow fan 204 is driven by a
drive force of a fan motor 70E (that will be described

later). The cross flow fan 204 sucks air in the room



Fi g. 3 is a schematic diagram showing a refrigerant circuit] DfISt$eEs mAS BEEN
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according to the e presenL ighvention; Fig. 5 is an electric
circuit diagram of ﬂmmmﬂm of the ai'r conditioner according to the
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enphasi zi ng noi sshd an indoor heat exchanger 16 and supplies the
resultant air to the indoor through an air path 210.
The air path 210 has a horizontal fén 212 and
horizontal flaps 214 so as to adjust the direction of
the air supplied to the-room.

A drain pan 216 is infegrally disposed at the
casing 202 corresponding to the lower portion of the
indoor heat exchanger 16.

Fig. 3 shows a refrigerant circuit of the air
conditioner controlled by a control unit according to
the eﬁbodiment of the present invention. In Fig. 3,
reference numeral 26 is a compressor. Reference
numeral 29 is a four-way vélve. Reference numeral 28
is an outdoor heat exchanger disposed in thé outdoor

"unit 12. Reference numeral 30 is a capillary tube.
Beference numeral 16 is an indoor heat exchanger
disposed in the indoor unit 10. Reference numeral 24
'is an accumulator. These elements are circularly
connected by a refrigerant pipe'so as to construct a
refrigerant cycle. | |

In the air cpnditioher, when the'four-way valve 29
is placed in the state denoted by a solid line shown in
Fig. 3, the refrigerant supplied from the compressor 26
flows in the direction of an arrow denoted by a solid -
iine. Thus, the refrigerant is compressed in the

outdoor heat exchanger 28. The refrigerant is



' 4 -reduction, and Fig. 6 (C) is a map show ng air anoun _ ti-on.
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anount state; and Fig. 7 |s flo¥/chart for controlling tlhe destignaitdizgan of
a fluctuation w&"ﬁml uctuation. functi on. DETAICED DESCRF-PTREN

OF THE PREFERRED , with reteb@nce to the acconpanyi ng
drawi ngs, an enbod

evaporated by the indoor heat exchanger 16.
Consequently, the room is cooled. On the other hand,
when the four-way valve 29 is placed in the state
denoted by a dotted line shown in Fig. 3, the
refrigerant supplied from the compressor 26 flows in
the direction of an arrow denoted by a dotted line.
The refrigerant is compressed by the indoor_heat
exchanger 16. The refrigerant is evaporated by the
outdoor heat exchanger 28. Consequently, the room is
heated.

Reference numeral 112A is a fan motor that
constructs an outdoor air supplying device. Reference
numeral 70E is a fan motor that constructs an indoor
air supplyiﬁg device along with the cross flow fan 204.
The fan motor 112A and the fan motor 70E cause air to
be supplied to the outdoor heat exchanger 28 and thé
indoor heat exchanger 16, respectively.

Fig. 4 shows an electric circuit of the indoor
unit 10. The electric circuit has a power supply board
70 and a control board 72. The power supply board 70
has a drive circuit 70A, a motor power supply circuit
70B, a control circuit power supply circuit 70C, and.a
serial circuit power supply circuit 70D. The drive
circuit 70A is connected to the fan motor 70E that
controls the air amount supplied to the room. ' The
motor power supply circuit 70B generates the power for

driving various motors. .The control circuit power



present invention will be described. Fig. 1 shows an air conditioner X
according to the enhodinent of the present invention. The m,uum t1 UlIICoII__EEN
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14. The i ndoor ut door uni t 2_ each have a |tefri derant=">

the
1 mﬁm g a refri ger%}l‘u The renmote controller 14
sends operati onal frared rays to the air conditioner so as to
renmotely control it. The renote gontroller 14 has various operation keys
for turning on/off the power, selecting cooling/heating nodes, designating
tenperature, dessgpplyn@iréaet 20d §entpatls éé%@rthsroﬁﬁéahbﬂ%r% S,

correspondi ng operation signals are sent to t alr conditioner he renote

control | er. 14 hasipcuiBDUThe Ose¥0hUNBiLE618NBbWAE LapplyVElikcuie 20b
anount

circul ating path

generates the power for the serial circuit.

The fan motbr 70E of the embodiment is a DC motor.
‘The voltage supplied to the fan motor 70E is controlled
with eight bits. Thus, by the voltage control, the air
amount can be controlled in 256 levgls. This wvoltage
control allows the air amount to be finely controlled
for the 1/f fluctuation function.

The control board 72 has a serial CirGUit.72A, a
drive circuit 72B, and a microcomputer'72C. The serial
circuit 72A is éonnected to the serial circuit power
supply circuit 70D. The drive circuit 72B drives a
motor. The microcomputer 72C funcfions as a control
circuit. The drive cifcuit 72B is connected to an
up/down flap motor 74A, left/right flap motors 74B and
74C, and a floor sensor motor 74D. The up/down flap
motor 74A vertically moves a flap.. The floor sensor
motor 74D rotates a floor sensor that detects the
temperature of the entire surface of the floor.

The microcomputer 72C is connected to a display

LED, an optical sénsor 76B, and a
76A. The display LED is disposed
76 and displays an operation mode

receiving circuit 76a receives an

infrared rays through the optical

. remote controller 14.

receiving circuit

on the display board
and so forth. The
operation signal as

sensor 76B from the



desi ghati ng keys, the user can select .the air volunme from’

and "STRONG'. | n—this—enbodinent _an air conditioner that ha fﬂ@fﬁﬁfééﬁfiﬁE
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three levels of aif e Y danental j» the embodinent. Thus, the
enbodi nent can be e,mmﬂ l( r constructrons in which the air anmount is
varied in several | i ng for exanple "breeze", "high power”,
etc.), or in which the air amount is gradually varied rather than being
changed in fixed levels. In addition, the renmote controller 14 acsordlng to
the embodi ment has a id/&d8livebHpt the" mdesbebaputarkoec &t Bohbectld to
fluctuation" designating key, the 1/f fluctuation

: an area LED and a floor sensor. The area LED is

disposed on the sensor plate 78 and displays the
temperature detecting area of the floor.

The remote controller 14 causes the air
conditioner to drive the flap motors 74A, 74B, and 74C
and change the flap angleé and so forth, thereby
selecting each mode of heating mode, cooling mode, dry
mode, and automatic operating mode, changing the
designated temperature, and changing the air supplying
amount.

In addition, the microcomputer 72C is connected to
a room temperature sensor 80A, a heat exchanger
temperature sensor 80B, and a.humidity sensor 80C. The
room témperature sensor 80A detects the room
temperature. The heat exchanger temperature sensor 80B
detects the temperature of the refrigerant coil of the
indoor heat exchanger 16. The humidity sensor 80C
detects the humidity of the room. In addition, the
microcomputer 72C is connected to a self diagnosis LED,
an operation selection switch, and a self diagnosis
switch that are disposed on the switch board 82. The
‘operation selection switch selects one of the heating
mode, the cooling mode, the"dry'mode, and the automatic
operation mode.

Display LEDs corresponding to the "heating mode" ,'

"cooling mode", "dry mode", and "automatic operation
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mode" are disposed on the display board 76 and light
corresponding to the operation modes.

Fig. 5 shows an electfic circuit of the outdoor
unit 12. This electric circuit has a rectifier circuit
100 and a control board 102. Terminals (1) to (3) of
the electric circuit of the outdoor unit 12 are
connected to the electric circuit of the indoor unit 10
shown in Fig. 4.

The control board 102 has a serial circuit 102A,
noise filters 102B, 102C, and 120D, a switching power
supply circuit 102E, and a microcomputer 102F. The
serial circuit 102A is connected to the serial circuit
power supply circuit 70D of the indoor unit 10. The
noise filters 102B, 102C, and 120D remove noise. The
switching power supply circuit 102E generates a power
for switching the inverter 104. The microcomputer 102F
functions as a control circuit.

The switching power supply circuit 102E is
connected to the inverter 104. The inverter 104 is
connected to a compressor motor 106 that drives the
compressor 26, which compreéses the refrigerant.

The ‘microcomputer 102F is connected to an outer
air temperature thefmistor 110A, a coil temperature
thermistor 110B, and a COmpréésbr temperature
thermistor 110C. The outer air temperature thermistor
110A is an outer temperature sensor that detects the

temperature of the outer air. The coil temperature
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14 is received 4 E

condi ti oner cont ‘tenperature, humdity, and so forth according

to the code in the received operation signal. It should be noted that the
renote controller 14 can be connected to the indoor unit wth a signal

line. As shown ifekih9stér GHBB RE0Qr cBRh! tifipeTatAte b6 st Ng 202
The casing 202 is detachably secured to the upper and | ower edges of a

nmounting base 2@@teAts’ @h& temperature of the refrigerant coil of the

oﬁtdoor heat exchanger 28. The compressor temperature
thermistor 110C is a temperature sensor that detects
the temperature of the compressor 26.

The noise filter 102B is connected to a fan motor
112A and a fan motor condenser 112B. The fan motor
112A supplies air to the outdoor heat exchanger 28. 1In
parallel with the fan motor 112A and the fan motor
condenser 112B, the four-way valve 27 and a solenoid
valve 29 are connected to the noise filter 102B.

In this embodiment, the fluctuation width
(amplitude of air amount) of the 1/f fluctuation
function is varied corresponding to the designated
reference air amount.

In other words, the microcomputer 72C stores
fluctuation width designéting maps corresponding to the
predetermined reference air amount (see Figs. 6 (A) to
(C)).” One of the fluctuation width designating maps is
selected corresponding to the position at which the

~indoor unit 10 is installed. These maps represent the
relation between the reference ai: amount and
fluctuation width corresponding to different
installation conditions of the air conditioner.

In this embodiment, the three maps have been

_stored. However, any one or any two of the maps may be

selected and stored. In other words, when the



flow*fan 204 is disposed at a center portion of the casing
flow fan 204 is driven by afamsetor 70E (that will be de§cTiiBesHAEAtHAY BEEN
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t hrough vari ous f
the resultant air H of a roomthrough an air channel 210. The
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air channel 210 has a vane 212 and horizontal flaps 214 so as to
adj ust the direction of the air supplied to the room A drain pan 216 is
integrally disposed on the casing 202 at the | ower portion of the indoor
heat exchanger ifistBljatioshownddtiefr agewbichcitheuiindsion pnidi (10 is
conditioner controlled by a control unit according to the enbodi nent of the
present inventi dhstraledgiszknowngr &hee indperaunit 10 can be operated

with only one relation between reference air amount and
fluctuation width.

In the map shown in Fig. 6 (A), the fluctuatioq
width increases corresponding to the increase of the
air amaunt. In other words, when the air amount is
"weak", the fluctuation width is also "small". When
the air amount is "strong”, the fluctuation width
becomes "large". In the map shown in Fig. 6 (A), the
fluctuation width is designated so that the ratio of
the fluctuétion rétio to each air émount is constant.
Thus, since the varying ratio of the air amount of the
1/f fluctuation function is constant regardless of the i
air amount, the user in the room can feel the 1/f

fiuctuation effect regardless of the air amount.

In the map shown in Fig. 6 (B), the fluctuation
width decreases corresponding to the.increase of the
air amount. In other words, when the air amount is
"weak", the fluctuation width is "large”. When the air
amount is "strong", the fluctuation width becomes
"weak". Since the air amount and the fluctuation width
are controlled in such a manner, when the air amount is
"weak”, the noise of the air amount is low. Thus, so

"as to satisfactorily employ the 1/f fluctuation
function, the fluctuation width is increased. When the

air amount is "strong”, the noise of the air amount is



26 identifies a conpressor. Refefence nuneral 29 identififs—§=Fﬁar LY
val ve. Reference nuneral 28 identifies an outdoor heat exﬁﬁ%ﬂﬁ@ﬁEgﬂ BEEN
in the outdoor unit 12. -6 - Reference nuneral 30 indigates gD ary

y

tube. Reference®} Been Replaied at es an Lpggﬁr_heat exchanger di sposed 1n
t he i ndoor unit # ﬂ nuneral 24 1 tifies an accunul ator. These
el enents are cir ted by a refrigerant pipe so as to construct

a refrigerant cycle.

large. Thus, so as to suppress the 1/f fluctuation
function, the fluctuation width is decfeased.

In other words, regardless of the air amount, when
the noise is kept almost constant (averaged), the
discomfortableness of the noise can be reduced.

In the map shown in Fig. 6 (C), a fluctuation
width is designated so that the 1/f fluctuation
function can be satisfactorily employed with a
predetermined air amount. With other than the
predetermined air amount, the fluctuation width is
suppressed so as to reduce the noise. In Fig. 6 (C),
when the air amount is "medium”, the 1/f fluctuation
function is emphasized. When the air amount is "weak"
or "strong", the noise reduction is emphasized. In
this embodiment, when the indoor'ﬁnit is installed, one °
of (1) 1/f fluctuation emphasizing state (Fig. 6 (A)),
(2) low reduction emphasizing state (Fig. 6 (B), and
(3) combination state (Fig. 6 (C)) is selected and
designated. After the indoor unit is installed, the
fluctuation width is controlled corresponding to thé
selected map. In this embodiment, the 1/f fluctuation
emphasizing state is designated.

Next, the operation of the air conditioner
according to this embodiment will be described. First,
the normal-operation of the air conditioner will be
described.

When the remote controller 14 is operated in the




'n the air conditioner, when the four-way valve 29 is placed in the state

denoted by a sorrd—hﬂnyﬁﬁﬁwwr++f$¥g 3, the refrigerant si
conpressor 26 fl owsis kiked e pbh RESHLLPN Of an arrow denoted by 6EE§;A5§%

Thus, the refrlger ed in the pytdoor heat exq
refri gerant is eva ﬂm Hl)ﬂ i ndoor heat exchanger 16. Consequently,
the roomis cool ed. hand, when the four-way valve 29 is placed

in the state denoted by a dotted line shown in Fig. 3, the refrigerant
supplied fromthe conpressor 26 flows in the direction of an arrow denoted

by a dotted |inecp@hatiehrstopastate endpansepdrayibhesigaanr jkeat
exchanger 16. The refrigerant is evaporated by the outdoor heat exchanger

28. Consequent | yre¢aivedoby i theeneedlvﬂegecmcemumnal thé28odedoEathe a
fan nmotor that drives an outdoor air
-received operation signal is analyzed.

It is determined whether or not the analyzed
result is a power on command or a timer designating
command. In the power off state, some operation
signals of. for example temperature designating command
and air amount designating éomménd are canceled. Thus,
when such operation signals are-inpuf, they are not
accepfed and the receiving circuit 7 is kept in the
receiving state. |

When a timer designating command is detected, the
user of the remote COhtroiler 14 can designate the
timer so that the éir conditioner will operates at a
predetermined time (for example, two hours later).
Thus, the remote controller 14 outputs atcorresponding
operation signal to the air conditioner and thereby the
timer (on time) is dééignafed in the air conditioner.
Thus, the air conditioner automatically operates two
hours later.

When a power on command is detected, the air
conditioner starts-in the designated mode of the last
operation.

Thereafter( when an operation signal is received
from the remote controller 14, the codé of the received

operation signal is analyzed and it is determined

whether or not the analyzed result is a power off



‘Suppl'yi ng device. Reference numeral 70E indicates a fan noto -ﬂhgk ervé;ff'“”

an indoor air Sk&ﬁ#ﬁH+ﬁTﬁﬁﬁﬁ1ﬂ?7ﬂTﬂE)VMth the cross flow fan| 204. @gw"{ﬂ_ l
nmot or 112A and t hg fsal ARtEREN RePlceause air to be supplied tothe—sutaaos

heat exchanger 28 heat exchajger 16, respectively. Fig. 4
shows the electric H@lm‘mumﬁ I ndoor unit 10. The electric circuit has
a power supply boa trol board 72. The power supply board 70
has a drive circuit 70A, a notor power supply circuit 70B, a control 5
circuit power supply circuit 70C, and a serial circuit power supply circuit
70D. The drive ocommand/Odniaigoancantddésigheting Uehahgiﬂé)tééhmﬁﬁa%r0|5

the air anmount supplied to the room The notor power supply circuit 70B
generates the pometemperaWunen@esﬁgmmﬁﬁngD(OMSngihg)Ceahmahdcl69Ubt power

timer designating (changlng) command. Corresponding to
the determined result, an item corresponding to the
analyzed result is selected. Thus, the operation of
the air conditioner is stopped or the designated
operation mode is executed.

When the 1/f fluctuation function is commanded,
the fan motor 70E is controlled. The air amount is
varied with the fluctuation width corresponding to the
designated air amount. Next, with reference to the
flow chart of Fig. 7, the air.amgunt control of the 1/f
fluctuation function will be described. ‘

At step 300, the air amount that has geen
designated at present is read. In other words, one of
"weak", "medium”; and "strong" is selected.

At step 302, one of the maps shown in Figs. 6 (A)
to (C) is read. The map that is read is predesignated
corresponding to the condition in which the air
conditioner is installed. 1In this embodiment, the map
shown in Fig. 6 (A) is selected. At step 304, the
fluctuation width is obtained corresponding to the map.
In other words, when the air amount is "weak"”, the
fluctuation width is "small”. When the air amount is
"strong", the fluctuation width becomes "large".

At step 306, a command signal that causes the 1/f

fluctuation function to be executed corresponding to



“Supply circuit 70C generates power for the control circuit.]] Thes seEiadAs &
circuit power s i ' erates the power for t ser REPLACED

ey

By

circuit. The fan it SeetiERQL RERe£MDOdi NENt is a DC notor.
supplied to the fa HIj[Hicontrol ledgMih an eight bit code. Thus,
by the voltage congmmngﬂﬁ!

| evels. This volta

- air ampunt can be controlled in 256
controlled for the 1/f fluctuation function.

ws the amount of air to be finely

the map is output. Thereafter, the flow advances to
step 308.

At step 308, it is determined whether or not the
reference air amount has been changed. When the
determined result is YES}lthe flow returns fo step 300
so as to repeat the above-described process. When the
‘determined result is NO, the flow advances to step 310.
At step 310, it is determined whether or not the 1/f
fluctuation function has been canceled. When the
determined result is YES, the flow advances to step
312. At step 312, a signal for causing the 1/f
fluctuation function to be canceled is output. Thus,
this routine is finished.

When the 1/f fluctuation function is executed
corresponding to the map shown in Fig. 6 (A), since the
ratio of the fluctuation width to each air amount is
almost constant, the user can feel almost the same
fluctuation effect regardless of any reference air
amount being selected.

In this embodimenf, the map shown ‘in Fig. 6 (A) is
selected. However, in the case that the map shown in
Fig. 6 (B) is selected,lwhen the air amount is "weak",
the fluctuation width-beqomes "large”. When the air
amount is "strong”, the fluctuation width becomes
"low". -

When such a control is performed, the noise can be

equalized regardless of the reference air amount.




a
~The contr ol board 72 has a serlal circuit 72A, a drive cirFq¢ﬁ gé Tg %r " 1
AS SEE] f

m cr oconput er It 72A 1s connected to g{g@

circuit power Sup | GWel, REDRed The drive circuit 72B dr:&eﬁzalnnﬁﬁFﬂ'Thq_j
m croconputer 7 cont rol c cuit. The drive circuit 72B 1s
connected to an up mnlu ﬂm'mt T4A, er ght flap notors 74B and 74C,
and a fl oor sensor up/domn flap not or 74A vertically noves a
flap. The floor sensor nmotor 74D rotates a fl oor sensor that detects the
tenperature of the entire surface of the floor. The m croconputer 72Cis

connected to a a apia e Jogi rcuit
76A. The di spl agd/ﬂﬁ%j ﬁﬁéj&%ﬁés% C@%ﬁ sgxf %%rd 712 gﬁ% %ﬁ%l 853 t he .

operation node aigh &P émtﬂuﬁlﬁaﬁﬁs&mmqg%ﬁsi%recel ves an
operation

In the case that the map shown in Fig. 6 (c) is
selected, when the éir amount is "medium”, the
fluctuation width is large. Thus, the effect of the
1/f fluctu&tion function can be maximally obtained. At
this point, although the noise increases to some
extent, when another reference air amount is selected,
since the fluctuation width is maximally suppressed,
the effect of the 1/f fluctuation function cannot be
satisfactorily obtained. However, in this case, the
noise can be reduced. In this émbodiment, the
reference air amount that is ?ften used is "medium".
However, another air amount cén be selected.

According to this‘embodiﬁent, since the
fluctuation width is varied corresponding to the
reference air amount, effects that have not
accomplished (for example, the emphasis of the 1/f
fluctuation function, thé_emphasis-of the noise, or the
antinomy of the improvement of 1/£f fluctuation function
and the noise reductioh) can be accomplished.

For example, when a relatively narrow room of a
quiet residence is air-conditioned, the noise reduction
can be emphasized (with fhe map shown in Fig. 6 (B)).

- . ' When a room of a store or the like that does not
relatively require a quiet environment is air-

conditioned, the 1/f fluctuation function can be



e -

signal as infrared rays through the optical sensor 76B fromj e
controller 14. Tn addition, the mrcroconputer 72C is connect dH®SHREBHeS BEEN |

LED and a fl oor §hmm&m}hih&nak @ed ED i s di sposed on the sendpr pl &EPLAGESN f
di spl ays the tenp ng'area of #?Q_floor The rennte controf et -
14 causes the air drive the ap notors 74A, 74B, and 74C in
order to change th ap an and so forth, thereby selecting each of the

heating node, cooling node, dry node, and automatic operating node,
changi ng the designated tenperature, and changi ng the anount of air

supplied. In addihpBdved NSoMhET 66 08N EindRdy | EwELANERLCHa Ogﬁgﬁﬂo
tenperature sensor 80A, a heat exchanger tenperature senso 0B, an
hum dity sensor B0g. Gheaypom

Now consider the case that a large room is
normally air-conditioned with a strong constat air
amount and a small paftitioned area of the room is air-
conditioned with a weak air amognt. In this case, wifh
the map shown in Fig. 6 (C), when the large room is
air-conditioned, the'l/f fluctuation function can be
emphasized. When the small area is air-conditioned,
the noise reduction can be emphasized. .

In this embodiment, the three types of fluctuation
width designating maps have been stored in the
microcomputer 72C. When the air conditioner is
installed, one of the maps is selected. However, it
should be noted that more than three types of maps may
be prepared. In addition, after the air conditioner is
installed, the user can select one of the maps.
Instead, one of the maps may be stored.

As described above, according to the air
conditioner of the present invention, a fluctuation
width to each reference air amount is designated sb
that the ratio of the fluctuation width thereto becomes
constant. _Thus, thg user can feél the comfortableness
of the 1/f fluctuation régardless of any reference air
amount. -

When the fluctuation width is decreased

corresponding to the increase of the predetermined
- :



~tenpérature sensor 80A detects the roomtenperature. The hea 'ﬁ¥§@@@@?%
t enper at ure sensor—80B detects the tenperature of the refriggran A
t he i ndoor heat excihwdghed HifBeel Raplabad) dity sensor 80C det ect
of the room |n addi conputer, 72C is connected to a self
di agnosi s LED, an opq on switd@f and a self di agnosi s switch
that are di sposed on SWtch board 82. The operation -8- selection

switch selects one of the heating node, the cooling node, the dry node, and
t he

:eference air amount, the noise of the air supplying
means can be kept constant regardless of the

. predetermined reference air amount. Thus, the
discomfortableness of the noise can be removed.

When the 1/f fluctuation function is
satisfactorily employed with to a reference air amount
that is often used and otherwise the 1/f fluctuation
function is suppressed for noise reduction, both the
effects of ahtinomy can be accomplished.

In other words, when the 1/f fluctuation function
is employed, the fundamental functions (coolness,
warmness, and so forth) of the air conditioner are
improved. 1In addition, the noise of the air
conditioner is }educed. Thus, the comfortableness of
the user can be totally iﬁproved.

Although the presenf invention has been shown and
described with respect to a best mode embodiment
thereof, it should be understood by those skilled in
the art that the foregoing and various other changes,
omissions, and additions in the form and detail thereof
may be made therein without departing from the spirit

and scope of the present invention.



‘aut ofmatic operation mode_ Display LEDs correspondl ng to thﬂ T t

shows "an electr| e outdoor wnig 12. This electric circuit has
a rectifier C|rc ontrol board 102. Terminals (1) to (3)of—

the electric CIrCUIt of the outdoor unit 12 are connected
circuit of the indoor unit 10 shown in Fig. 4. The control ﬂ ulrnﬂ ﬂaﬂ’,
serial circuit 102A, noise filters 102B, 102C, and 102D, a*smmtc I Ny
supply circuit 102E, What dsnclagigeeduiser 102F. The seri al

"cool i ng node dry no "automati c operation node" jjar {
t he di spl ay bod ﬁﬁi‘Mﬁ corresponding to the operat hon-lm&!é .'

1. An air conditioner having a refrigerating
cycle of at least a compressor, a condenser, an
expansion device, and an evaporator connected by a
refrigerant pipe and adapted for supplying heated or
cooled air to an air-conditioned space with an air
supplying device, anq adjusting the temperature of the
air-conditioned space to a desired temperatufe,
comprising:

signal output means for outputting a first signal
for designating an air supplying amount of the air
supplying device;

control means for adjusting the air supplying
amount of the air supplying device corresponding to the
first signal;

air supplying amount compehsating means for
supplying a second signal to éaid control means, the
second signal being adapted for causing the air
supplying amount of the air supplying device to be
éutomatically sway in a predetermined range of the air
supplying amount designated corresponding to the first
signal; and

variable width control means for designating the
predetermined range correspoﬁding to the first signal
supplied from_said signal output means.

2. The air conditioner as set forth in claim 1,

wherein said variation width control means is



dircuit 102A is connected to the serial circuit power suppl y C1+Fs!§w4p,_?(al;a\qoéga\
t he i ndoor unlt 10. |ne noisé frlters 102B, 102C, and 102D rgnove #ok:Sesn

The swi tching Eﬁr nRéplacadi t 102E i s connected to and Qeperat-es—powsr——=

for the |nverter conputer 10%F functions as—a—eeﬂLFGL________
circuit. The |nv ﬂ nnected to & conpressor 106

drives the conpressor 0 conpress the refrigerant. The ,mﬂmm "m,”",
102F is connected to an outer air tenperature therm stor

tenperature thermistor 1 OB, and a conpressor tenperature thern1stor 1%0¢
The outer air tedpprtaidirert BRISTgHainkl Hhe PrvdtdiidsdPedgdlr € sensor
that detects the tenperature of the outside air. The coil tenperature

therm stor 110Bcosresponding to a predetermined ratio of the

pfedetermined air supplying amount corresponding to the
first signal supplied from said signal output means.

3. The air conditioner as set forth'in claim 1,

wherein said variation width control means is
adapted for decreasing the predetermined range
corresponding to the increase of the'predetermined air
supplying amount corresponding to the first signal
supplied from said signal output means.

4. The air conditioner as set forth in claim 1,
wherein said variable width control means-is
adapted for increasing the predetermlned range when the
predetermlned air supplying amount correspondlng to the
first signal supplied from said signal output means is

in a predetermined range.

5. The air conditioner.as set forth in claim 1,

wherein said air supplying amount compensating
means is adapted for automatically varying the
designated air supplyiﬂg amount corresponding to the
first signal supplied from said signal output means in
such a manner that power spectrum is inversely
proportional to frequency.

6. The air conditioner as set forth in claim 2,

wherein said air supplying amount compensating
means is adapted for automatically varying the

designated air supplying amount corresponding to the



température sensor that detects the tenperature of the refri ?ﬁgr\g{og@tﬂmé B[cm
the outdoor heat exchanger 28. The conpressor tenperature thgm st @pl}0E:

o) 4

i s a tenperature—sensor-that detects the tenperature of the dmafﬁssa 26—
The noi se fil tgEs shileBadperpiated to a fan notor 112A and a fan notor

condenser 1128 112A supplies_air to the outdoor heat
exchanger . C#
not or condenser

aIIeI with tR8 fan notor
four-way valve 29 and a salj[ﬁmmﬂ""mmﬁall as
wel | as the noise filter 102B. *+ ¢ L M s *

first signal supplied from said signal output means in such a manner that power
spectrum is inversely proportional to frequency.

7. The air conditioner as set forth in claim 3, wherein said air supplying
amount compensating means is adapted for automatically varying the designated air
supplying amount corresponding to the first signal supplied from said signal output
means in such a manner that power spectrum is inversely proportional to frequency.

8. The air conditioner as set forth in claim 3, wherein said air supplying
amount compensating means is adapted for automatically varying the designated air
supplying amount corresponding to the first signal supplied from said signal output
means in such a manner that power spectrum is inversely proportional to frequency.

9. An air conditioner substantially as herein described with reference to
the accompanying drawings.

10. A method of operating an air conditioner, said method being
substantially as herein described with reference to the accompanying drawings.
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-'9- 4en this enbodi ment, the fluctuation width (i.e., the var|! tTHtsmmmﬂt«h.&Jr»
anplitude of the air am)unt) of the 1/f fluctuation function;ji s VaFLedALQJ

correspondence with the designated reference air anount. In

qu,

the m croconputer 72C stores fluctuation wi dth designating maps
corresponding to the predeterm ned reference air amount (see Figs. 6 (A to
(C)). One of the fluctuation w dth desi gnatdéhg maps is sel ected
corresponding to the position at which the indoor unit 10 is install ed.

These nmaps represent the rel ation between the ref erenceﬁ%
fluctuation width corresponding to different installati or»rhggg | ons of the

a1 et et ummummnﬂfm

ABSTRACT

The present invention discloses an air conditioner (12) for exchanging heat
from a refrigerant to the outside and adjusting at least one of room temperature and
humidity to a desired room temperature and humidity. The air conditioner (12) has a
1/f fluctuation function for controlling an air supplying means (112A, 112B) for
supplying conditioned air in multiple levels. An air amount designating means (300)
designates a reference air amount of the air supplying means (112A, 112B), an air
amount control means (308) controls the air supplying means (112A, 112B)
corresponding to the designated reference air amount and a fluctuation width
designating means (304) designates a fluctuation width (amplitude of the air amount)
corresponding to the designated air amount.

Figs. 4 &5

T by



j'fg anodlnent the three maps have been stored. However, any one or
any two ‘6t the maps may be selected and stored. In other mords, when t he -
installation condition at which the indoor unit 10 is installed is known,
the indoor unit 10 can be operated with only one relationship between
reference air anmount and fluctuation wix’h. In the map shown in Fig. 6 (A,
the fluctuation width increases with an increase in the anount of air. In
ot her words, when the amount of air is "weak", the fluctuation width is
also "small". Wen the amount of air is "strong", the fluctuation width
beconmes "large". In the map shown in Fig. 6 (A), the fluctuation width is
designated so that the ratio of the fluctuation width to each air anmount is
constant. Thus, since the varying ratio of the air amount of the 1/f
fluctuation function is constant regardl ess of the air anount,

FIG. 1

§ 14 1g0
REMOTE | | INDOOR
CONTROLLER UNIT
OUTDOOR
UNIT

)

12



—TC

t e useér in the roomcan feel the 1/f fluctuation effect regardl ess of the
air anount. In the map shown in Fig. 6 (B), the fluctuation w dth decreases
with an increase in the anount of air. In other words, when the air anount
is "weak", the fluctuation width-is "large”. Wien the air amunt is
“strong”, the fluctuation wdth beconeszjyeak". Since the air amount and
the fluctuation wdth are controlled in'such a nmanner, when the air anount
is "weak", the noise created by the fan in supplying the air amount is |ow.
Thus, so as to satisfactorily enploy the 1/f fluctuation function, the
fluctuation width is increased. Wien the air amount is "strong", the noise
of the air supplying neans in the F:I (3 22
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270 -%air anount is large. Thus, so as to suppress the 1/f fluctuation
function, the fluctuation width is decreased. In other words, regardl ess of
the air anmount, -when the noise is kept al nbst constant (averaged), the

di sconfort fromthe noise can be reduced, In the map shown in Fig. 6 (O, a
fluctuation width is designated so that3yfe 1/f fluctuation function can be
satisfactorily enployed with a predeternmined air anount. Wth other than
the predeterm ned air amount, the fluctuation width is suppressed so as to

reduce the noise. In Fig. 6 (C, when the air amount is "nmediunt, the 1/f
fluctuation

T0E




function is enphasi zed. Wien the air amount is "weak" or "strong", the

noi se reduction is enphasized. In this enbodi nent, when the indoor unit is
installed, one of (1) 1/f fluctuation enphasizing state (Fig. 6 (A)), (2)

| ow reducti on enphasi zing state (Fig. 6 (B), and (3) conbination state
(Fig. 6 (C) is selected and designated.4/fter the indoor unit is
installed, the fluctuation width is controlled corresponding to the
selected map. In this enbodi nent, theElLGf I40t uation enphasi zing -state is
desi gnated. Next, the operation of th WA .Conditioner according to this
enbodi nent will be described. First, the normal operation of the air

condi ti on?rJ will be JPOWERRELAYWien t hdINBOOR:UMNIRl roller 14 is operated in
t

t he operatMop stop staté an operation signal is received by
recei vi ng ci\&wt 764, the cosnfrgLhe received ﬁj"@ '
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operation signal is analyzed. It is determ ned whether or not the analyzed-

result is a power on command or a tinmer designating conmand. In the power
of f state, some operation signals, for exanple the tenperature designating
command and air anmount designati ng command, are cancell ed. Thus, when such
operation signals are input, they are n9y7accepted and the receiving
circuit 7 is kept in the receiving state. Wien a tinmer designating comrand
is detected, the user of the renote controller 14 can degi gnate the tlner
so that the air conditioner will operate at a predeter m@ed tgﬁe (f
exanple, two hours later). Thus, the renote controller outButs aF-
correspondi ng operation signal to the air .conditioner adE theggby té% timer

“(on tinme) is designat in the
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air conditioner. Thus, the air conditioner automatically turns on and
operates two hours later. When a power on conmand is detected, the air
conditioner starts in the designated node of the |ast operation.

. Thereafter, when an operation signal is received fromthe renote controller
14, the code of the received operation signal is analyzed and it is '
determ ned whether or not the analyzed signal is a power off command, an
ai r anount desiqgﬁting3(changing) o

pu 8
S 35 3
& QO =
= = 3 2
3 o & 3
T L (o3} N
%ﬁagéﬁgﬁ 5§;§§ és © ?%
SIFS TFE T EE=<c] O
20 B A8 i) o W Wy a
2B 2 (320 | o' ] %
== =4 - 1 : B
O F 4O © L | S _ %Q:_E)_ o
i) —
= B | wwe| |18l 8 .
S © s b | sawodl Bl =g
AITUIMOd0AIMIIZ __Y199Ue] 1o S S
- - S [ 3lol Wess
o M EEE 1.
0 _ =
gs 5@8 < S I =
== ; SSx B < 3o Y=z
| o 3 ‘HE}_T.JH ‘-‘F’ng
. -E%}————- 7 - E§'5
5 o 7 1 .8
2 o o 1o o vii””ﬁiﬁ“
‘ = &t S
| o
’ V%,
1 9
i 3
§ ] |5

@
S0
105V

EICR 5~




commaid, a t enper at ure desi gnating (changi ng) command, or a tiner

desi gnating (changi ng) conmand. Corresponding to the determ ned result, an
itemcorresponding to the analyzed result is selected. Thus, the operation
of the air conditioner is stopped or the designated operation node is
executed. Wien the 1/f fluctuation funcgypn is comrmanded, the fan notor 70E
is controlled. The anount of air is varied with the fluctuation wdth
according to the designated air anmount. Next, with reference to the flow
chart of Fig. 7, the air amount control of the 1/f fluctuation function

wi |l be described. At step 300, the air amount that has been designated at
present is read. In other words, one of "weak", "nediunt, and "strong" air
amounts is sel ected.

FLUCTUATION WIDTH
LARGE |

T

FIG. 6A *

SMALL e VEDIUM STRONG.

FLUCTUATION WIDTH
LARGE ﬁ

FIG.6B |

SMALL - e
WEAK  MEDIUM STRONG

FLUCTUATION WIDTH
LARGE }

F1G. 6C

SMALL WEAK™ MEDIUM STRONG



At ste?é 302, one of the maps shown in Figs. 6 (A to (C) is read. The map
that is read is predesignated corresponding to the condition in which the
air conditioner is installed. In this enbodinent, the nmap shown in Fig. 6
(A) is selected. At step 304, the fluctuation width is obtained
corresponding to the map. I n other mords,,,7\/men the air armunt s "weak",
the fluctuation wdth is small . Wien the air anount is “strong”, the
fluctuation width beconmes "large". At step 306, a conmand si gnal t hat
causes the 1/f fluctuation function e eyecuted according to the map is
out put. Thereafter, the programfloFE@a gs to step 308. At step 308, it
I s determ ned whether or not the reference air anmpunt has been

( DESIGNATE FLUCTUATION WIDTH )

~

READ PREDETERMINED 300
REFERENGCE AIR AMOUNT

READ MAP 302

DESIGNATE FLUGTUATION wipTH |/~ 304

OUTPUT 1/f FLUCTUATION Ve 306
EXECUTION SIGNAL

HAS REFERENCE AIR
AMOUNT BEEN VARIED ?

HAS 1/f FLUCTUATION
BEEN CANCELED ?

310

+QUTRUT.1/f FLUCTUATION
CANCELLATION SIGNAL 312

P S (R
| ~ ' “RETURN )




[

N =
IS

changed: Wen the determned result is YES, ‘the flow returns| t;@.SKQQIVEIﬂﬁ SHEET |
as to repeat -12- the above-descri bed prfocess. Wen the dgterm Tef)d .
result is NO the programflow advances to step 310. At step| 3.0\ 1. J“ngg ......
determ ned whet her or not the 1/f fluctuatjyon function has b
When the determned result is YES, the program advances to step 312. At °
step 312, a signal for causing the 1/f fluctuation function to be cancel | ed

is output. Thus, this routine is finABYEHNDITIONER

Tt |\,u

ABSTRACT

The present invention discloses an air conditioner (12) for exchanging heat from
a refrigerant to the outside and adjusting at least one of room temperature and humidity
to a desired room temperature and humidity. The air conditioner (12) has a 1/f
fluctuation function for controlling an air supplying means (112A, 112B) for supplying
conditioned air in multiple levels. An air amount designating means (300) designates a
reference air amount of the air supplying means (112A, 112B), an air amount control
means (308) controls the air supplying means (112A, 112B) according to the designated
reference air amount and a fluctuation width designating means (304) designates a

fluctuation width (amplitude of the air amount) according to the designated air amount.

Figs. 4 & 5
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Fig. 6 (A) since the ratio of the fluctuation width to eah alr am)urv g@
al nost constant, the user can feel alnpbst the sane fl uctua |Q§teef'té i
regardl ess of any reference air anount that is selected. | '
enbodi nent, the map shown in Fig. 6 (A) is selected. However, in the case
Wnere the map shown in Fig. 6 (B) is sel ected, when the air anount is
"weak", the fluctuation w dth becones "l arge". When the air anount is’

strong , t?: gecones “low'. Wien such a control is
perforned, TNe | zed regardl ess of the reference air
amount . Air Conditioner |

BACKGROUND OF THE INVENTION

The present invention relates to an air conditioner for exchanging heat from a
refrigerant to the outside of a room so as to adjust at least one of the room temperature
and the humidity to a desired temperature or humidity, and having a function for
controlling an air supplying means that supplies conditioned air to the room so as to vary
the amount of air supplied in multiple levels correspoﬁding a selected reference air
amount.

A'conventional air conditioner exchanges heat from a refrigerant to the outside of
an enclosure or room and operates in various modes such as a heating mode, a cooling
mode, a drying mode, and an automatic operating mode. In the automatic operating
mode, the air conditioner compares a designated temperature and the room temperature
and automatically selects the heating mode or the cooling mode corresponding to the
desired result. The user can select a desired mode with a remote controller that is an
accessory of the air conditioner so as to #_ir-cq_n_di_tion the room.

A particular air conditioner has a special cooling function for supplying air while
varying the amount of air supplied, €.g., by supplementing it with natural air. In this
function, a predetermined fluctuation width (amplitude or variation) in the amount of air
supplied is designated regardless of the predetermined reference air amount and the
amount of air supplied is varied in irregular periods. When the air amount is controlled in
such a manner, the user in the room cannot anticipate the amount or timing of the supply
of air. Thus, since he can unexpectedly feel coolness, the comfortableness in the room
improves. .

In other words, because this function includes a psychological factor of the user,
the coolness that the user feels can be improved in comparison with the conventional

temperature control method which uses equal air amounts. Since the feeling of coolpess is



Thus,, the .nqgi se can be nore reduced than the case in whi ch HErestEnENTaSEET
width is constant: In the case where the map shown in Figj 6 (C) is

sel ected, when the air anmount is "nediunl", the fluctuatio
Thus, the effect of the 1/f fluctuation function can be 2 obt-s
At this point, although the noise increasgs to sone extent, when anot her
reference air anount is selected, since thé fluctuation width is maximally
suppressed, thé effect of  the 1/f fluctuation function cannot be

sati sfact orjlyovat aierzﬁghgr i %Eﬁ?#eratﬁx‘% dallibe ih@eed V& tARH With BRtoRferitRAHE €d.-

In this enbodi ment, t refce alr anpunt that is often used is

"medi unt',  HWRNE netdAO TR, ﬁidﬁﬁﬂ%iﬂéorﬁ%ht&b&o%@hﬁﬂé@&aer?wmg.ng to this
enbodi ment, since the fluctuation width is varied according to

However, in such a function, the fluctuation of the period and amount of the air

AT M I DR WA S R Y A M B

supply does not accord with the predetermined reference air amount. Thus, the ratio of
the fluctuation of the air supplied to the predetermined air amount varies as though there
were a change of the pfedetermined air amount. In other words, when the predetermined
reference amount is small (weak), the ratio of the fluctuation width thereto is large. Thus,
the user can satisfactorily feel the fluctuation of the air supplying amount. In contrast,
when the reference air amount is large (strong), since the ratio of fluctuation width thereto
becomes small. The user cannot satisfactorily feel the fluctuation.

To solve this problem, the ratio in the case where the reference air amount is
maximum may be designated for the fluctuation width in which the user can satisfactorily
feel the fluctuation function. However, when the reference air amount is small, the ratio
of the fluctuation width thereto becomes too large, resulting in an increase in the noise
from the air supplying device. Thus, the user may fecl uncomfortable.

To satisfactorily employ the fluctuation function, the environment in which the air
conditioner is used (the efficiency of the air flow and the reference air amount which is
often used that depend on the area of the room, the layout of furniture, and so forth)
should be considered. Thus, 'when only the ratio to the reference air amount is
considered, the fluctuation function may not be satisfactorily employed.
SUMMARY OF THE INVENTION

The present invention is made from the above-described point of view. An object
of the present invention is to provide an air conditioner for improving the fundamental
functions (coolness, warmness, and so forth) thereof, reducing noise associated with the
operation thereof, and totally improving the comfortableness of the user.

The present invention is an air conditioner having a refrigerating cycle of at least
a compressor, a condenser, an expansion device, and an evaporator connected by a

refrigerant pipe. The air conditioner is adapted for supplying heated or cooled air to an



the reference air amount, effects that have not acconpli shatl qEFercexEmT S{EET
the enphasis of the 1/f fluctuation function, the enphasis |pf the, noj

the trade of f between the inprovenent of 1/f fluctuation f Qhkanléhuﬁihgﬁé@
noi se reduction) can be acconpli shed. -13- For exanpl e, = : :
relatively narrow room of a-quiet residence is air- conditioned, the noise
reduction can be enphasized (wth the map“Shown in Fig. 6 (B)). Wwen a room
of a store or the like that does not require a relatively quiet environnent

s air-conditioned space with an air supplying device, and adjusting the temperature of the

air-conditioned space to a predetermined temperature. The device comprises a signal
output means for generating a first signal for designating an amount of air to be supplied
to the air supplying device, a control means for adjusting the air supply amount from the
air supplying device according to the first signal, an air supplying amount compensating
means for supplying a second signal to the control means, the second signal being adapted
for causing the air supply amount from the air supplying device to be automatically varied
in a predetermined range about the air supplying amount which is designated accordingly
to the first signal, and a variablé width control means for designating the predetermined
range in accordance with the first signal supplied from the signal output means.

These and other objects, features and advantages of the present invention will
become more apparent in light of the following detailed description of a best mode
embodiment thereof, as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a block diagram showing a construction of an air conditioner according

~ to an embodiment of the present invention;

Fig. 2 is a side view showing an internal construction of an indoor unit;

Fig.3isa schematié diagram showing a refrigerant circuit of the air conditioner
according to the embodiment of the present invention;

Fig. 4 is an electric circuit diagram of the indoor unit of the air conditioner
aécording to the embodiment of the present invention;

Fig. 5 is an electric circuit diagram of an outdoor unit of the air conditioner
according to the embodiment of the present invention;

Figs. 6 (A) to (C) are fluctuation width designating maps stored in a
microcomputer according to the embodiment of the present invention; Fig. 6 (A) is a map
showing an air amount and fluctuation width for emphasizing a 1/f fluctuation function,

Fig. 6 (B ) is a map showing air amount and fluctuation width for emphasizing noise



air-condi.tioned, the 1/f fluctuation function can be inproVJeBE80AGSENT SREET
energy (wwth the map shown in Fig. 6 (A)). Now consider the case that a '
large roomis normally air-conditioned with a strong const dnbatai:x]. 50VtI906....~|
and a small partitioned area of the roomis air-conditione e
amount. In this case, with the map shown in Fig. 6 (C), when the | arge room

Is air-conditioned, the 1/f fluctuation fdnction can be enphasi zed. Wen

the smal|l area’is air-conditioned, the noise reduction can be enphasi zed.

In this emegidRat and ﬁg.%ﬂtﬁ%&&&g%@&iﬁ € 5Hal ARd \WuBfuBsleWidR & Ng_ maps

have been stored int m croconputer 7Z2C. When the air conditioner is

instal | ed, QhghaSkirstBe THTuchfuitioR fakties in HPY&RREmirell aghdust batefah@d t hat
nore than three types of maps may be

Fig. 7 is a flow chart for controlling the designation of a fluctuation width for the

1/f fluctuation function.

Next, with reference to the accompanying drawings, an embodiment of the
present invention will be described. Fig. 1 shows an air conditioner according to the
embodiment of the present invention. The air conditioner comprises an indoor unit 10, an
outdoor unit 12, and a remote controller 14. The indoor unit 10 and the outdoor unit 12
each have a refrigerant circulating path for circulating a refrigerant. The remote
controller 14 sends operational signals as infrared rays to the air conditioner so as to
remotely control it.

The remote controller 14 has various operation keys for turning on/off the power,
sélecting cooling/heating modes, designating temperature, designating time, and so forth.
With the operation keys, corresponding opefation signals are sent to the air conditioner.
The remote controller 14 has air amount or volume designating keys. With the air amount
designating keys, the user can select the air volume from 'WEAK", "MEDIUM", and
"STRONG". |

In this embodiment, an air conditioner that has the three levels of air amount will
be exemplified. However, the above-described three levels of air volume are fundamental
in the embodiment. Thus, the embodiment can be applied to other constructions in which
the air amount is varied in several levels (including for example "breeze", "high power", -
etc.), or in which the air amount is gradually varied rather than being changed in fixed
levels.

In addition, the remote controller 14 according to the embodiment has a "V/f
fluctuation" designating key. With the "l/f fluctuation” designating key, the I/f fluctuation

function is executed.



prepared., .In addition, after the air conditioner is install|l edeisheresarsnEsT
sel ect one of the maps. Instead, one of the maps may be st
descri bed above, according to the air conditioner of the
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a fluctuation width related to each reference air anount ated so

that the ratio of the fluctuation w dth becones constant. Thus, #5 elg
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anount. Wien the fluctuation width is decreased corresponding to an
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the air amount is irregularly varied in the fluctuation width so that the power spectrum is
inversely proportional to the frequency. Thus, since the air amount is unexpectedly
varied, the comfort of the user is improved in éomparison with a fixed air amount.

In this embodiment, as a means for sending operation signals of the remote
controller 14 to the indoor unit 10, electromagnetic waves, such as infrared rays, are used.
The indoor unit 10 has an optical sensor 76B that receives the infrared rays (Fig. 4). The
optical sensor 76B will be described later.
| When an operation signal sent from the remote controller 14 is received by the
optical sensor 76B of the indoor unit 10, the air conditioner controls the room
temperature, humidity, and so forth according to the code in the received operation signal.
It should be noted that the remote controller 14 can be connected to the indoor unit with a
signal line. | |

As shown in Fig. 2, the indoor unit 10 is covered by a casing 202. The casing
202 is detachably sgcui'ed to the upper and lower edges of a mounting base 200. A cross
flow fan 204 is disposed at a center portion of the casing 202. The cross flow fan 204 is
driven by a fan motor 70E (that will be described later). The cross flow fan 204 sucks air

_ in the room from a vent opening 206 through various filters 208 and an indoor heat
exchanger 16 and supplies the resultant air to the inside of a room through an air channel
210. The air channel 210 has a horizontal vane 212 and horizontal flaps 214 so as to
adjust the direction of the air supplied to the room.

A drain pan 216 is integrally disposed on the casing 202 at the lower portion of
the indoor heat exchanger 16. '

Fig. 3 shows a refrigerant circuit of the air conditioner controlled by a control
unit according to the embodiment of the present invention. In Fig. 3, reference numeral
26 identifies a compressor. Reference numeral 29 identifies a four-way valve. Reference

numeral 28 identifies an outdoor heat exchanger disposed in the outdoor unit 12.



Wien the,1/f fluctuation function is satisfactoril y enpl oysj'
a reference air anount that is often used, and ot herw se t
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paradoxi cal effects can be acconplished. In other words, er—the—3At :
fluctuation function is enployed, the fur_lga}rrent al functions (cool ness,

war mess, and so forth) of the air conditi'oner are inproved.
addition, the noise of the air conditioner is reduced. Thus,

In - 14-
the confort of

the user cagefBRnce numeral 30 indicates a capillary tube. Reference numeral 16 indicates an

indoor heat exchanger disposed in the indoor unit 10. Reference numeral 24 identifies an

accumulator. These elements are circularly connected by a refrigerant pipe so as to

construct a refrigerant cycle.

In the air conditioner, when the four-way valve 29 is placed in the state denoted

by a solid line shown in Fig. 3, the refrigerant supplied from the compressor 26 flows in

the direction of an arrow denoted by a solid line. Thus, the refrigerant is compressed in

the outdoor heat exchanger 28. The refrigerant is evaporated by the indoor heat
exchanger 16. Consequently, the room is cooled. On the other band, when the four-way
valve 29 is placed in the state denoted by a dotted line shown in Fig. 3, the refrigerant
supplied from the compressor 26 flows in the direction of an arrow denoted by a dotted
line. The refrigerant is compressed by the indoor heat exchanger 16. The refrigerant is
evaporated by the outdoor heat exchanger 28. Consequently, the room is heated.
Reference numeral 112A indicates a fan motor that drives an outdoor air
supplying device. Reference numeral 70E indicates a fan motor that drives an indoor air

supplying device along with the cross flow fan 204. The fan motor 112A and the fan

motor 70E cause air to be supplied to the outdoor heat exchanger 28 and the indoor heat

exchanger 16, respectively.

Fig. 4 shows the electric circuit of the indoor unit 10. The electric circuit has a

power supply board 70 and a control board 72. The power supply board 70 has a drive

circuit 70A, a motor power supply circuit 70B, a control circuit power supply circuit 70C,

and a serial circuit power supply circuit 70D. The drive circuit 70A is connected to the

fan motor 70E that controls the air amount supplied to the room. The motor power supply

circuit 70B generates the power for driving various motors. The control circuit power

supply circuit 70C generates power for the control circuit. The serial circuit power supply

circuit 70D generates the power for the serial circuit.

The fan motor 70E of the embodiment is a DC motor. The voltage supplied to

the fan motor 70E is controlled with an eight bit code. Thus, by the voltage control, the
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air amount can be controlled in 256 levels. This voltage control allows the amount of air
to be finely controlled for the 1/f fluctuation function.

The control board 72 has a serial circuit 72A, a drive circuit 72B, and a

microcomputer 72C. The serial circuit 72A is connected to the serial circuit power supply'

circuit 70D. The drive circuit 72B drives a motor. The microcomputer 72C functions as
a control circuit. The drive circuit 72B is connected to an up/down flap motor 74A,
left/right flap motors 74B and 74C, and a floor sensor motor 74D. The up/down flap
motor 74A vertically moves a flap. The floor sensor motor 74D rotates a floor sensor that
detects the temperature of the entire surface of the floor.

The microcomputer 72C is connected to a display LED, an optical sensor 76B,
and a receiving circuit 76A. The display LED is disposed on the display board 76 and
displays the operation mode and so forth. The receiving circuit 76A receives an operation
signal as infrared rays through the optical sensor 76B from the remote controller 14.

In addition, the. microcomputer 72C is connected to an area LED and a floor
sensor. The area LED is disposed on the sensor plate 78 and displays the temperature
detecting area of the floor. . _ -

The remote controller 14 causes the air conditioner to drive the flap motors 74A,
74B, and 74C in order to change the flap angles and so forth, thereby selecting each of the
heating mode, cooling mode, dry mode, and automatic operating méde, changing the
designated temperature, and changing the amount of air supplied.

In addition, the microcomputer 72C is connected to a room temperature sensor
80A, a heat exchanger tem_peraturé sensor 80B, and a humidity sensor 80C. The room
temperature sensor 80A detects the room temperature. The heat exchanger temperature
sensor 80B detects the temperature of the refrigerant coil of the indoor heat exchanger 16.
The humidity sensor 80C detects the humidity of the room. In addition, the
microcomputer 72C is connected to a self diagnosis LED, an operation selection switch,

and a self diagnosis switch that are disposed on the switch board 82. The operation

13
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CLAIMS 1, , . An air conditioner having a refrigerating cyllRERLACENRNGSHEET
| east a conpressor, a condenser, an expansion device, and gn evappRNFY 1996
connected by a refrigerant pipe and adapted for (i) supply| Hftheated or-

cooled air to an air-conditioned space by nmeans of an air Supplying Jd€Vi CE,
and (ii) adjusting the tenperature of thejair- conditioned space to a
desired tenperature, conprising: signal olitput means for generating a first
si gnal designating an anount of air to be supplied by the air supplying’
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automatic operation mode. :

Display LEDs corresponding to the "heating mode", "cooling mode", "dry
mode", and "automatic operation mode" are disposed on the display board 76 and light
corresponding to the operation modes.

Fig. 5 shows an electric circuit of the outdoor unit 12. This electric circuit has a
rectifier circuit 100 and a control board 102. Terminals (1) to (3) of the electric circuit of
the outdoor unit 12 are connected to the electric circuit of the indoor unit 10 shown in Fig.
4. |

The control board 102 has a serial circuit 102A, noise filters 102B, 102C, and
102D, a switching power supply circuit 102E, and a microcomputer 102F. The serial
circuit 102A is connected to the serial circuit power supply circuit 70D of the indoor unit
10. The noise filters 102B, 102C, and 102D remove noise. The switching power supply
circuit 102E is connected to and generates poWer for the inverter 104. The
microcomputer 102F functions as a control circuit.

The inverter 104 is connected to a compressor motor 106 which drives the
compressor 26 to compress the refrigerant. |

The microcomputer 102F is connected to an outer air temperature thermistor
110A, a coil temperature thermistor 110B, and a compressor temperature thermistor
110C. The outer air temperature thermistor 110A is an outer temperature sensor that
detects the temperature of the outside air. The coil temperature thermistor 110B is a coil
temperature sensor that detects the tefperature of the refrigerant coil of the outdoor heat
exchanger 28. The compressor temperature thermistor ilOC is a temperature sensor that
detects the temperature of the compressor 26.

The noise filter 102B is connected to a fan motor 112A and a fan motor
condenser 112B. The fan motor 112A supplies air to the outdoor heat exchanger 28.
Connected in parallel with the fan motor 112A and the fan motor condenser 112B, are the

four-way valve 29 and a solenoid valve 29' as well as the noisg filter 102B.
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anount fromthe air supplying device to be automatically v
predet erm ned range about the air supply anount designated &
the first signal; and variable w dth cont_gql means for designating the
predeterm ned range in accordance with thé first signal supplied fromsaid
si gnal output neans. 2. - The air conditioner as set forth in claim1,
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designated reference air amount.

In other words, the microcomputer 72C stores fluctuation width designating maps
corresponding to the predetermined reference air amount (see Figs. 6 (A) to (C)). One of
the fluctuation width designating maps is selected corresponding to the position at which
the indoor unit 10 is installed. These maps represent the relation between the reference air
amount and fluctuation width corresponding to different installation conditions of the air
conditioner.

In this embodiment, the three maps have been stored. However, any one or any
two of the maps may be selected and stored. In other words, when the installation
condition at which the indoor unit 10 is installed is known, the indoor unit 10 can be
oberated with only one relationship between reference air amount and fluctuation width.

In the map shown in Fig. 6 (A), the fluctuation width increases with an increase
in the amount of air. In other words, when the amount of air is "weak", the fluctuation
width is also "small”. When the amount of air is "strong", the ﬂuctu_at_ipn width becomes .
"large". In the map shown in Fig. 6 (A), the fluctuation width is designated so that the
ratio of the fluctuation width to each air amount is constant. Thus, since the varying ratio
of the air amount of the /f fluctuation function is constant regardless of the air amournt,
the user in the room can feel the I/f fluctuation effect fegardless of the air amount.

In the map shown in Fig. 6 (B), the fluctuation width decreases with an increase
in the amount of air. In other words, when the air amount is "weak", the fluctuation
width is "large". When the air amount is "strong", the fluctuation width becomes "weak".
Since the air amount and the fluctuation width are controlled in such a manner, when the
air amount is "weak", the noise created by the fan in supplying the air amount is low.
Thus, so as to satisfactorily employ the I/f fluctuation function, the fluctuation width is

increased. When the air amount is "strong", the noise of the air supplying means in the
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wi dth control means is adapt ed for decreasing the predete m ned Lﬁtr}ﬁw 1995.

corresponding to an increase in the predeterm ned air sup |32

corresponding to the first signal supplied fromsaid signal™ out put means.
4. The air conditioner as set forth ip,claiml, - 16 - wherein said
variable width control neans is adapted for increasing the

air amount is large. Thus, so as to suppress the I/f fluctuation function, the fluctuation
width is decreased.

In other words, regardless of the air amount, when the noise is kept almost
constant (averaged), the discomfort from the noise can be reduced.

In the map shown in Fig. 6 (C), a fluctuation width is designated so that the I/f
fluctuation function can be satisfactorily employed with a predetermined air amount. With
other than the predetermined air amount, the fluctuation width is suppressed so as to
reduce the noise. In Fig. 6 (C), when the air amount is "medium", the 1/f fluctuation
function is emphasized. When the air amount is "weak" or "strong", the noise reduction
is emphasized. In this embodiment, when the indbor unit is installed, one of (1) I/f
fluctuation emphasizing state (Fig. 6 (A)), (2) low reduction emphasizing state (Fig. 6 (B),
and (3) combination state (Fig. 6 (C)) is selected and designated. After the indoor unit is
installed, the fluctuation width is controlled corresponding to the selected map. In this
embodiment, the I/f fluctuation emphasizing state is designated.

Next, the operation of the air conditioner according to this embodiment will be

_ de_scribed_. First, the normal opcration of the air conditioner will be desc_r'ibed.

When the remote controller 14 is operated in the operation stop state and an
operation signal is received by the receiving circuit 76A, the code of the received
operation signal is analyzed. |

It is determined whether or not .the analyzed result is a power on command or a
timer designating command. In the power off state, some operation signals, for example
the temperature designating command and air amount designating command, are cancelled.
Thus, when such operation signals are input, they are not accepted and the receiving
circuit 7 is kept in the receiving state.

When a timer designating command is detected, the user of the remote controller
14 can designate the timer so that the air conditioner will operate at a predetermined time
(for example, two hours later). Thus, the remote controller 14 outputs a corresponding

operation signal to the air conditioner and thereby the timer (op time) is designated in the
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designated air

When a power on command is detected, the air conditioner starts in the
designated mode of the last operation.

Thereafter, when an operation signal is received from the remote controller 14,
the code of the received operation signal is analyzed and it is determined whether or not
the analyzed signal is a power off command, an air amount designating (changing)
command, a temperature designating (changing) command, or a timer designating
(changing) command. Corresponding to the determined result, an item corresponding to
the analyzed result is selected. Thus, the operation of the air conditioner is stopped or the
designated operation mode is executed.

When the I/f fluctuation function is commanded, the fan motor 70E is controlled.
The amount of air is varied with the fluctuation width according to the designated air
amount. Next, with reference to the flow chart of Fig. 7, the air amount control of the I/f
fluctuation function will be described.

At step 300, the air amount that has béen designatéd at present is read. Inother

 words, one of "weak", "medium", and "strong" air amounts is selected.

At step 302, one of the maps shown in Figs. 6 (A) to (C) is read. The map that is
read is predesignated corresponding to the condition in which the air conditioner is
installed. In this embodiment, the map shown in Fig. 6 (A) is selected. At step 304, the
ﬂuctuation width is obtained corresponding to the map. In other words, when the air
amount is "weak", the ﬂuctﬁation width is "small". When the air amount is "strong", the
fluctuation width becomes "large".

At step 306, a command signal that causes the I/f ﬂuctuation function to be
executed according to the map is output. Thereafter, the program flow advances to step
308.

At step 308, it is determined whether or not the reference air amount has been

changed. When the determined result is YES, the flow returns to step 300 so as to repeat
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adapted for automatically varying the designated air supply anmount
corresponding to the first signal suppl |_ep2from sai d signal output neans in
such a manner that power spectrumis inversely proportional to frequency.

8. The air ‘conditioner as set forth in claim4, wherein said air
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i nversely proportional to frequency.
function has been cancelled. When the determined result is YES, the program advances to
step 312. At step 312, a signal for causing the I/f fluctuation function to be cancelled is
output. Thus, this routine is finished.

When the V/f fluctuation function is executed according to the map shown in Fig.
6 (A), since the ratio of the ﬂuctu_ation width to each air amount is almost constant, the
user can feel almost the same fluctuation effect regardless of any reference air amount that
is selected.

In this embodiment, the map shown in Fig. 6 (A) is selected. However, in the
case where the map shown in Fig. 6 (B) is selected, when the air amount is "weak", the
fluctuation width becomes "large". When the air amount is "strong”, the fluctuation width
becomes "low".

When such a control is performed, the noise can be equalized regardless of the
reference air amount.

Thus, .the noise can be more reduced than the_case in which the fluctuation width
is constant.

In the case where the map shown in Fig. 6 (C) is selected, when the air amount is
"medium", the fluctuation width is large. Thus, the effect of the 1/f fluctuation function
can be maximally obtained. At this point, although the noise increases to some extent,
when another reference air amount is selected, since the fluctuation width is maximally
suppressed, the effect of the I/f fluctuation function cannot be satisfactorily obtained.
However, in this case, the noise can be reduced. In this embodiment, the reference air
amount that is often used: is "medium", However, another air amount can be selected.

According to this embodiment, since the fluctuation width is varied according to
the reference air amount, effects that have not accomplished (for example, the emphasis of
the I/f fluctuation function, the emphasis of the noise, or the trade off between the

improvement of I/f fluctuation function and the noise reduction) can be accomplished.
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For example, when a relatively narrow room of a quiet residence is air-
conditioned, the noise reduction can be emphasized (with the map shown in Fig. 6 (B)).
When a room of a store or the like that does not require a relatively quiet environment is
air-conditioned, the 1/f fluctuation function can be improved so as to save energy (with the
map shown in Fig. 6 (A)).

Now consider the case that a large room is normally air-conditioned with a strong
constant air amount and a small partitioned area of the room is air-conditioned with a
weak air amount. In this case, with the map shown in Fig. 6 (C), when the large room is
air-conditioned, the I/f fluctuation function can be emphasized. When the small area is
air-conditioned, the noise reduction can be emphasized.

In this embodiment, the three t&pes of fluctuation width designating maps have
been stored in the microcomputer 72C. When the air conditioner is installed, one of the
maps is selected. However, it should be noted that more than three types of maps may be
prepared. In addition, after the air conditioner is installed, the user can select one of the
maps. Instead, one of the maps may be stored.

As described above, according to the air conditioner of the present inventjon, a
fluctuation width related to each reference air amount is designated so that the ratio of the
fluctuation width becomes constant. Thus, the user can feel the comfort of the I/f
fluctuation regardless of ény reference air amount.

When the fluctuation width is decreased corresponding to an increase in the
predetermined reference air amount, the noise of the air supplying means can be kept
constant regardless of the predetermined reference air amount. Thus, the annoyance of the
noise can be removed.

When the I/f fluctuation function is satisfactorily employed with regard to a
reference air amount that is often used, and otherwise the V/f fluctuation function is
suppressed for noise reduction, both of these paradoxical effects can be accomplished.

In other words, when the I/f fluctuation function is employed, the fundamental

functions (coolness, warmness, and so forth) of the air conditioner are improved. In



o

REPLAGEMERT SHEET

~15N0V 1996

[ D21 (= TSI

© e e e 12 1)

-14 -

acidition, the noise of the air conditioner is reduced. Thus, the comfort of the user can be
totally improved.

Although the present invention has been shown and described with respect to a
best mode embodiment thereof, it should be understood by those skilled in the art that the
foregoing and various other changes, omissions, and additions in the form and detail
thereof may be made therein without departing from the spirit and scope of the present

invention.
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1. An air conditioner haviﬁg a refrigera;ing cycle including at least a

compressor, a condenser, an expansion device, and an evaporator connected by a
refrigerant pipe and adapted for (i) supplying heateci or cooled air to an air-conditioned
space by means of an air supplying device, and (ii) adjusting the temperature of the air-
conditioned space to a desired temperature, comprising:

signal output means for generating a first signal designating an amount of air to
be supplied by the air supplying device;

control means for adjusting the air supply amount from the air supplying device
in accordance with the first signal;

air supplying amount compensating means for supplying a second signal to said
control means, the second signal being adapted to cause the air supply amount from the air
supplying device to be automatically varied in a predetermined range about the air supply
amount designated accordingly to the first signal; and

variable width control means for designating the predetermined range in
accordance with fhe first signal supplied from said signal output means.

2. The air conditioner as set foﬁh in claim 1,

wherein said variable width control means is adapted for designating the
predetermined range in accordance with a predetermined ratio of the predetermined air
supply amount corresponding to the first signal supplied from said signal output means.

3. The air conditioner as set forth in claim 1,

wherein said variable width control means is adapted for decreasing the
predetermined range corresponding to an increase in the predetermined air supply amount
corresponding to the first signal supplied from said signal output means.

4. The air conditioner as set forth in claim 1,
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wherein said variable width control means is adapted for increasing the
predetermined range whén the predetermined air supply amount corresponding to the
first signal supplied from said signal output means is in a predetermined range.

5. Thel air conditioner as set forth in claim 1,

wherein said air supplying amount compensating means is adapted for
automatically varying the designated air supply amount corresponding to the first signal
supplied from said signal output means in such a fnanner that power spectrum is
inversely proportional to frequency.

6. The air conditioner as set forth in claun 2,

wherein said air supplying amount compensating means is adapted for
automatically varying the giesignated air supply amount corresponding to the first signal
supplied ﬁom said ‘signal output means in such a manner that power spectrum is
inversely proportional to frequency.

7. The air conditioner as set forth in claim 3, wherein said air supplying
amount compensating means is adapted for automatically varying the designated air
supply amount corresponding to the first signal supplied from said signal output means
in such a manner that power spectrum is inversely propdrtioﬂal to frequency. |

8. The air conditioner as set forth in claim 4, wherein said air supplying
amount compensating means is adapted for automatically varying the designated air
supply amount corresponding to the first signal supplied from said signal output means
in such a manner that power. spectrum is inversely proportional to frequency.

9. An air conditioner substantially as herein described with reference to
the accompanying drawings.

10. A method of operating an air conditioner, said method being -

substantially as herein described with reference to the accompanying drawings.



