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1 AN APPARATUS FOR CONTROLLI NG AN Al R CONDI TI ONERG0226¢ = §
“BACKGROUND OF THE INVENTION 1. Field of the Invention The present
invention relates in general to an air conditioner and more parti‘cul arly
to an apparatus for controlling the air conditioner in response to a
~variance of an electric voltage supplied to the air conditioner froma
power source. 2. Prior Art of the Inventjon An air ‘conditioner of
the type which is called as a separation-type air conditioner is
constructed primarily of an outdoor unit and a roomunit and these two
units are conposed of _devices and appliances which_constitute a
refrigerati onrrpcycl e,A%éppé&%EP@s%% E?O%ERQLQFQG%ﬁEBt%%qW%h ot her by
refrigerant pipes and demand signal wres. The roomunit has a room
si de heat exchanger, a fan notor, a roomfan which is driven by the fan
notor and circulates the air heated/cooled by the room side heat

exchanger, a port for connection of refrigerant pipes, a room side
controller, etc. The yLgoor it I or heat exchanger, - an
outdoor fan which is conpose fan, for

facilitating he_h exchange between the outdoor air and the outdoor
si de heat qéx%%%ﬁ%é’%%}ée%’%@f&z a motor for driving the conpressor,
four-way valve foryzui (Ghing,{ Ng,Ghhetba! ' A S 1o Ot to an air

conditioner and more particularly to an apparatus for controlling

the air conditioner in response to a \fariance of an electric voltage
supplied to the air conditioner from a power s§urce.
2. Prior Art of the Invention

An air conditioner'.bf the type which is called as a
separation-type air conditioner is constructed primarily of an
outdoor unit and a room unit and these two units ‘are composed of
-devices and appliances which constitute a refrigeration cycle, as
compressors, and are connected with each other by refrigerant pipes
and demand signal wires.

The room unit has a room side heat exchanger, a fan motor, a
room fan which is driven by the fan motor and circulates the air
heated/coocled by the room side heat exchanger, a port for
connection of refrigera-rit pipeé . a room side controller, etc.

The outdoor unit has an outdoor heat exchanger, an outdoor
fan which is composed of a motor and propeller fan, for facilitating
the heat exchange between the outdoor air and the outdoor side heat
exchanger, a compressor, a motor for driving the compressor,

four-way valve for switching the circulating direction of the



2 refrigerant, a check valve (non-return valve) for limting the
“circulation direction of the refrigerant, an el ectromagnetic valve for
controlling a flowrate of the refrigerant which is supplied to the room
-unit, a capillary tube (an expansion device), a strainer, a port for
connection of refrigerant pipes, an acc@nulator, a nuffler, and an outdoor
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conditi oner pr esent I nventi on. In a cooli ng operation
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heat exchanger an expa y The capl | ary tube and then evaporated by
the room ghde sdieabnRXER2BAY S x@@raaa&aat%qiémaﬂwc%&ﬂuqatb% ag gl n

the room~“to be air conditioned heating operation, the

refrigeraghadirseligagse Jiéwbbh%romﬁawéﬁrcé Lo 06N 889 tW¥or o T BERE) de
heat exchanger and expanded by the capillary tube and then evaporated by

the outdoghg thde RRAlceRX dedEibed 886¥é NAroPebAhEeReliOkidn! QABH LAl I -
conditioned is acconplished by utilizing the heat of condensation at the

time of cendgsedyisy iakiraetn gfébae{a@mh Peddiermigiad rderigatat €36 ARGRY -
In order to proceed cooling, heating or drying operations
is formed.

A detailed description of the refrigeration cycle will be
omitted for simplification only because a generally known
refrigeration cycle can be used in the air conditioner of present
invention.

In a cooling operation, the refrigerant discharged oﬁt of
the.compressor is condensed by the outdoor heat exchanger and
expanded by the capillary tube and then evaporated by the room side
heat exchanger, so that a cooling operation is achieved in the room
to be air conditioned.

In a heating operation, the refrigerant discharged from the
compressor is condensed by the réom side heat exchanger and

‘ expal}_ded by the capillary tube and then evaporated by the outdoor
side heat exchanger. A heating operation for a room to be air-
conditioned is accomplished by utilizing the heat of condensation
at the time of condensation of the refrigerant by the room side heat
exchanger.

In order to proceed cooling, heating or drying operations

(wherein the drying operation is conducted by using the same



«(whefein the drying operation is conducted by using the sane

“3 refrigerant flow as the cooling operation and automatically controlling
a blowing rate of the roomfan) in a separate type air conditioner having

~a roomunit and outdoor unit as describgd above, a controlling signal is
transmtted fromthe roomunit to the utdoor unit through a comunication

line. A geneiglerdliC! Eiby G O Ofodiifnd brbendlibhongla  8u¥BhaR1LAS1y

present inventlon ates wll be described with reference to Fig

In Fig. bortr¥199dg &f 8IGHIK r,@&f@w thé +SomUH)i ed & GebardAldnithdle 410f a
termnal plate A (connector %) through a signal line and then transmtted

to a serinBaATPHNLCAEYORgHE ot ufit AndOALH6Or REYitt 88 deddrd®a HBbYe,
control substrate 3) of tﬁe outdoor wunit 1. Besides, an electric power

which is £addtdedidy s$hgnapons Wiigh st s e@UERbneGHeO rodrefulimal té cknk and
atermnal [err] of the terminal plate B through termnals J[err] and

[err] of ddiRidosy Ml thedegh a( eommafieatbdnaninés Ssapgéhefal hevsebirac
noise filter to a rectifying circuit 8 and an inverter circuit 9 for

driving tiecamPIEBStheSair condiWidher ROVEFhISALI€le Opr@dénd/ ohvensiogl e
phase is connected to the termnal plate B, the rectifying circuit 8 is

swi-t ched rel aa@¥¥ky11Wd HebbeiBBAWith 2eSepghee poaBbgand the connection
between the termnal plate A and the termnal plate Bis cut of f.

The control | i ngIpoFigonl(odt saghalinfomotite afoambstirtaelis3supplibd auot door
unit 1 which receives an operation demand is controlled wth respect to a
rotati ondlersyieed @ bdfeaotérmbnalaplatetdr (Fonmectaped)nghdeggkeaosighal
refrigerant controlling electromagnetic valve 4 which controls a flow rate
or an expdms @and then transmitted to a serial communication circuit of a
control portion (outdoor unit control substrate 3) of the outdoor
unit 1. Besides, an electric power which is controlled by the room
unit 2 is supplied to a terminal @ and a terminal @ of the terminal
plate B i through terminals (D and @ of the terminal plate A
(connector 6) and is supplied through a noise filter to a rectifying
circuit 8 and an inverter circuit 9 for driving the compressor 5.

When a power source of 200 V of a single phase is connected to
the terminal plate B, the rectifying circuit 8 is switched to comply
with the 200V of a single phase and the connection between the
terminal plate A and the terminal plate B is cut off.

The controlling portion (outdoor unit control substrate) 3
of the outdoor wunit 1 which receives an operation demand is
controll_ed with respect to a rotational speed of the outdoor fan
motor 7, an opening degree of the refrigerant controlling
electromagnetic valve 4 which controls a flow rate or an expansion

amount of the refirigerant, and an operational capacity

(rotational speed) of the compressor, so that a room temperature is



«amount of the ref irigerant, and an operational capacity (rotational
“speed) of the conpressor, so that a roomtenperature is

4 shifted to a set tenperature which is predetermned in the roomunit 2.
In Fig. 2 showing a principal portion of an electric circuit .of the
control portion which is nounted on the roomunit 2, a mcroconputer 21 is

provi dedswh Fhed tVht £t deMipet aftOireSRhi ¢ sdpr&@st iRl oh tHerdom unit
conditioner, an operational display and an electric circuit which receives

a signal 2froma renote controller (not shown). The m croconput er
21 serves to control the operation of the air conditioner in accordance
wi th the signal1dFarRsNtdipsvin@ phencipadippradbiref laar eleBasid cipemifthe
setting of operations, of cooling/heating/blowing, aflow ng direction of
t he refrbgerast dontrohangacidiy whahchofis heotueted nah Bhef rbbm anmbertom 6A
in case of a heating operation, and a signal for switching ON the four-way
val ve imitressmputed 20 iseprouvided wpbthi answftdhelewitan dorimettingo at hat
a cooling operation and a heating operation are switched by the four-way
val ve. basic rodé eppitige raimrcatidlideioneyx,t anchpegetionahgismifayt lead lamp t o
change vertically and transversally the discharge direction of the
condi ti oakdctricwhinduiis whisdh aeged vesoa $gnalodmomnat ré&notte meindrold2r
drives a cross flow fan for a blow ng operation and its rotational speed
i s aut omfmétahlogwndr. ot herwi se optionally controlled. A driving circuit for
this nmotor 22 is controlled by the mcroconputor 21. In the figure of the
drawi ng, refer floemicrocomputer 21 serves to control the operation of the
air conditioner in accordance with the signal transmitted from the
remote controller. Based upon the setting of operations. of
cooling/heating/blowing, a flowing direction of the refrigerant is
changed, by way of the terminal 3 of the connector 6A in case of a
heating operation, and a signal for switching ON the four-way valve
is transmitted to the control portion of the outdoor unit 1 so that a
cooling operation and a'heating operation are switched by the
four-way valve.

A stepping motor 23 serves to change an angle of the flap to
change vertically and transversally the discharge direction of the
conditioned air which is discharged from the room unit 2. A motor
22 drives a cross flow fan for a blowing operation and its
rotational speed is automatically or otherwise optionally
controlled. A driving circuit for this motor 22 is controlled by
the microcomputor 21. In the figure of the drawing, reference
characters TH1 and TH2 are temperature sensors which detect a room

temperature and a temperature of the refrigerant heat exchanger,

respectively.



characters TH and TH2 are tenperature sensors which detect a room
tenperature and a tenperature of the refrigerant heat exchanger
respectively. 5 In Fig. 3
whi ch shows an electric circuit of a principal portion of the controlling
portion of. the outdoor unit 1, a connector 6B is connected with the

connector 6A of thheigonpeghiBl sRewEi @R OledtiLid QIR oFf D PMdiddlg. 2
such that the termnals of the sane term nal nunber in connectors 6A and

6B are copaedoad of t Bhe caRhhtenaingHasdstidie é£r ghaalouwtladbe GRits shown as

being a conbined structure between the termnal plates Aand Bin Fig. 1.

The seri gonaiectoirt 6Bat € qumadied Watht bRe MRS caf 6ACOIMEHE GRinndttigigreen

a mcroconputer 21 of the roomunit 2 and a mcroconmputer 31 of the

out door peirtibn efidhieheoon amitn tshdwinsin (i datichi that ther t&tmindTslide 20

and the outdoor unit 1 is provided with a serial circuit 30. The

m cr oconpheesand tefrntinalontwber imicbnhestorssA hnll 6B areopsimddisy eareand i s

transmtted fromthe roomunit through the serial circuit 30 to control

t he conpeesborotieror 3Herfequrtheyteahimal spllathi 65 9o etwwh RS Befngha fan

not or 7. The conpressor notor 5 uses an AC notor, and DC power

whi ch | somblinedes ttmdiiuare betweén dihebermimal pllatesd@ andiB i Figy.chovert ed

to an AC power of pseudo-sine wave based upon the PWM theory by an

i nverter circui The aeridiencidupplited.arihepicamidedorfot i sha ﬁn_mpm!e_esstC

nmotor and its rotational speed is controlled in accordance with signals

from t hecAmBrBéopplerrbetween a microcomputer 21 of the room unit 2 and a
microcomputer 31 of the outdoor unit 1, and the room unit 2 is
provided with a serial circuit 20 and the outdoor unit 1 is provided
with a serial circuit 30.

The microcomputer-Bl of the outdoor unit 1 serves that its
operation demand is transmitted from thegroom unit through the
serial circuit 30 to control the compressor motor 5, four-way valve
switching solenoid RV, and the fan motor 7.

The compressor motor 5 uses an AC motor, and DC power which
is voltage doubler rectified by a rectifier circuit 8 is converted
to an AC power of pseudo-sine wave based upon the PWM theory by an
inverter circuit 9 and then supplied. The fan motor 7 is a
brushless DC motor and its rotational speed ié controlled in
accordance with signals from the microcomputer.

The four-way valve switching solenoid RV serves to switch
the state of the fqur—way valve in accordance with the transmission
direction of an electric power. Accordingly, switching of the

transmission direction of the electric power of the solenoid RV

permits the refrigeration cycle to be changed to heating/cooling



~The four-way valve switching solenoid RV serves to switch the state of the
f our-way valve in accordance with the transm ssion direction of an
el ectric power. Accordingly, switching of the transm ssion direction of
the electric power of the solenoid RV gpernmits the refrigeration cycle to
be changed to heating/ cooling ~operation. Reference characters
TH3, TH4 cpekraitiomr eRbEBRehabUEBarsdté £ eE3xaTH40dnAMTHE a%er Yempépatatact
the tenperature of its predeterm ned portions and transmt the detected
data to tdeitdhed U Erwiddch serves to d&teat rttontempearetumonst ricsed
as descri bed above, when the power source voltage supplied to the driving
sour ce sustedstdiminetbnpessbonsDand antansmiftoritiie | devectedl datendioretheto a
protection range beyond a normal operation region, in other words, if the
vol t age isicmiceputmre3ibhan the predeterm ned value relative to a
ref erence voltage, an over-voltage is added to wi ndings of the notor with
a result of posdnbtike Eimicogddftibherncomstruaited astdescridladgbosreopshér| ow
the predeterm ned value relative to a reference voltage, it results in
l.acki ng dfherppwert soupee ared tsigel supplied dieethé|duikiing sburce rmugipasr the
SUMVARY COF THE | NVENTI ON An object of the present invention is to
provi de scomesssphmptbli agd gp £oatbsishiatigfeertensively dia agprotedbient s
and difficulties in the conventional controlling apparatus for the air
condi t i orkange beyond\rot hermab| eperyfiomerggiorentin reidmwy oreyds 4+ olprhede
an

voltage is raised more than the predetermined value relative to a

reference voltage, an over-voltage is added to windings of the
motor with a result of possible burning of the motor, and if the
voltage drops below the predetermined value relative to a reference
voltage, it results in lacking of motor torque' and stalling torque

(Locking) for the motor.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a new
controlling apparatus which permits overcoming the defects and-
difficulties in the conventional controlling apparatus for the air
conditioner.

Another object of the present invention is to.provide an
improved controlling apparatus for an air conditioner which
permits continuous operation without cutting-off a supply of an
electric power to the compressor motor, etc. when a power source
voltage is varied beyond a normal  operation range and into a
protective operation range so that an electric power supply to the

compressor motor, etc. is maintained with the appliances being



.inmproved controlling apparatus for an air conditioner which pernits
‘iconti nuous operation wthout cutting-off a supply of an electric power to
t he conpressor notor, etc. when a power source voltage is varied beyond a
normal operation range and into a protegctive operation range so that an
el ectric power supply to the conpressor notor, etc. is maintained with the

appl i ances-HEldbd and that the electric voltage supplied to €hePEShSEESEAN
that the ‘el ectric voltage supplied to the conpressor notor is adjusted to

Mai Nt ai N fdEoPRY" 34§ @M &S toOR8iAtaPXFiDbBeration as YEPbdi piksdiblde
present invention, there is provided a controlling apparatus for an air

condi tioner, comydoridishy to the Preddwerimfertiionli tthigansid oprovitqued tang a
pseudo-si ne wave froma sw tching signal obtained by conparison between a

nodul at eccon¥emel Bty apparhtas M@V en air conditidmdr) gemprisomngycl e neans
havi ng a conpressor driven by the pseudo-sine wave fromthe inverter

circuit nmeans, s@ ifdértée cimsliilwvinednsefer butpdittishgt peddoosinsoave th
an air conditioning |oad, correction means for correcting an

anpl i t udefxm Bhewi toNUh§tithrisl obitained Syeomparosen diewepredahedunaesiti me
when a rated voltage of the power source fromthe inverter circuit neans
i s .| ar geratdandaa carederotdwege by a first predeterm ned val ue, and
correcting the anplitude of the nodul ated wave into a |larger one at a
pr edet er mi ned t ianeefirégezatadbndcyolé ageand Heheingowaecompuessof rdmivdineby
I nverter circuit means is smaller than the rated voltage by a second
pr edet er nilree @ sealdoe siardwetre nfradm nithe Haverdédest ein¢wild nidams, ae thet the
di fference between the aforenenti oned power source voltage
modulated wave is adjusted in accordance with an air conditioning
load,
correction means for correcting an amplitude of the
modulated wave into a smaller one at a predetermined time when a
rated voltage of the power source £from the inverter circuit means is
larger than a rated voltage by a first predetermined value, and
" correcting the amplitude of the modulated wave into a larger one at
a predetermined time when a rated voltage of the power source f£from
the inverter circuit means is smaller than the rated voltage by a
second predetermined value, and elongating the predetermined time
as the difference between the aforementioned power source voltage
and the rated voltage becomes larger so that shutdown of the
compressor is restricted at the voltage variation of the power
source.
In a preferred embodiment, a protection means is provided
for shutting down the compressor when time duration that the power

source voltage is more than the first predetermined value or lower

than the second predetermined value is arrived at a predetermined



-and the rated vol t age becones | arger so that shutdown of the conpressor is
‘testricted at the voltage variation of the power source. In a
preferred enbodi nent, a protection neans is provided for shutting down the
conpressor when tinme duration that the power source voltage is nore than
the first predeterm ned value or lower ghan the second predeterm ned val ue
i s arrivedise @qupreden er mi ned time duration. 8
In anot her preferred enbodi nent of the invention, the protection neans is
provi ded for shulRi Fpdder tPreeterpredssobodimantt tof pther ioyenddownol ttige s
more than a third predeterm ned value higher than the first predetermne -
val ue or PFOtEGRPNSBRARS 18, Bro¥ddefsforshutitingdewn rthie peanressar een

val ue snaller than the second predeternined val ue.

BRI EF DESERPPRPERE (ROUTEe Hdkagesis more thapy a thizrdapyedetermbied wulug ate
type air %gngitioner showi ng a general structure of the air conditioner.
Fig. 2 isBd9BPTgtharofthe r §RFtinPredetefraine @i t9%Bnkhe PoWRnFAIrce
cont rol poréion t hereof . Fig. 3 is a diagram of an outdoor unit of
the air cERAFREEMT lesfoklag %fr%’rﬂt%bprSGPFPBﬁlPﬁ‘ér‘ﬁifqe smaller thag thy A),
4(B) and 4%C gre dj a;cge@jarrs show ng j udgenent of variation of the power
sour ce vofPEggBa predetermined ¥aiue, cjrcuit di agram of a detection circuit
for detecting an input of over-voltage/low voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of a separate type air conditioner
showing a general_ structure of the air conditioner.

Fig. 2 is a diagram of a room unit of the air conditioner
showing a control poftion thereof.

Fig. 3 is a di;agram of an outdoo;r unit of the air conditioner
| showing a control portion thereof.

Figs. 4(a), 4(B) and 4(C) are diagrams showing judgement of
variation of the power source voltage. |

Fig. 5 is a circuit diagram of a detection circuit for
detecting an input of over-voltage/low voltage.

Figs. 6 (a) and (B) are graphs and diagrams, respectively,
showing voltage correction.

. Fig. 7 is a circuit diagram of an inverter circuit.

Fig. 8 is a diagram showing a principle of generation of a
switching signal.

Fig. 9 is a diagram showing a state of switching signal at
the time of amplitude change of a modulated wave.

Fig. 10 is a diagram showing a generation of a switching



Figéf 6 (A) and (B) are graphs and di agranms, respectively, show ng voltage

‘torrection. Fig. 7 is acircuit diagramof an inverter circuit.
Fig. 8 is a diagramshowing a principle of generation of a swtching

si gnal . Fig. 9 is a diagramshowing a state of sw tching signal at
the time of anplitude change of a nodul ated wave. Fig. 10 is a _
di agram s§uyd4ng, @ generation of a swtching si gnal . Fig.

11 is a diagram showi ng a process of voltage adjustnent by a

m croconputer. Fig. 11 is a diagraiehewing & YRIINENIS dddde LANENTLON,
An outline of judgenent of varrtation in the power source voltage according
to the pngsaniidrodmpgiei || be described with reference to Figs. 4(A),
4(B) and 4(C). In Fig. 4 (A, acontrolling operation including a
protection operation is carried out by dividing the power source voltage
which is supplied to a driving source such as a conpressor, etc. into a
nornmal operation rangepREFERRED ESBODIMEATSASE SHECXNVENEION The
“normal operation range" of the power source voltage rs Tntended to nean.
a predet er i nedanangelahepbedguayaead o8% atiasionPigfdeh8r PbRes ¥ahigd and
a predeterm ned -b% (second predetermned value) relative to the reference
vol t age, valtadgecatpoatignyi ve tinppralsent LARERLiLE wilENMEdeseriBad witRNge
which is +a% above the reference voltage and a range which is -v% bel ow

t he ref emefference to Figs. 4(a), 4(B) and 4(C). InFig. 4 (&), a controlling

operation including a protection operation is carried out by
dividing the power source voltage which is supplied to a dfiving
source such as a compressor, etc. into a normal operation range and
a protective operation range.

The "normal operation range" of the power source voltage is
intended to mean a predetermined range of predetermined +a% (first
predetermined value) and a predetermined -b% (second predetermined
value) relative to the referénce voltage, and the "protective
operation range" is iptended to mean a range which is +a% above the
reference voltage an_d a range which is -v% below the reference
voltage. The values of "a" and "b" are determined by conditions of
the power source and the using conditions of the devices. For
example, supposing that the reference voltage is AC 220V, the
valueé “a" and "b" are set for every reference voltage such as a = 15
and b = 20.

Additional predetermined values, that is, a third
predetermined value and a fourth predetermined value are provided
outside the first and second predetermined values. When the power

source voltage extends beyond the third and fourth predetermined



vol tage. The values of "a" and "b" are deternined by conditions of the
‘power source and the using conditions of the devices. For exanple,
supposi ng that the reference voltage is AC 220V, the values "a" and "b"
are set for every reference voltage such as a = 15 and b = 20.

Addi tional predeternined values, that id0 a third predeternined value and

a fourth predetern ned val,ue provi ded. outsi.de.t i rst. and secqnd
predetermgﬁgae\%lu © %oe%ecftﬂ{e&bow&anssob?cea &Wagfgee&?enﬂé%%%hd e
third and_ fg EEPsg edet er m ned _ 10
val ues, tRe gro ection nmeans is activated to shutdown the conpressor.

Supposi ng t hat t%%g?ﬂﬁ tipe t?x@%reaﬁi:gn@tllréea%g%?ggigf}gg‘\’%ae?.é?s, Fe{sg-sh%(v%)

and the current source voltage 1's repres e ranges

. I b . s :
jcﬁgggreregte igt and'a)r&d% b]g?hgi g. 5?3}5?%@‘?‘}’%} %%hgggﬁ%&%aaﬁﬁrggg és@?e%/%f%%fgy
v f ! BgeadE AYAd sk z90g: Lange
of - & rof Srenas warosss P, PR AGd by EhE SRR Ao 4R St b1

det er m negdcasrii iy 2y ehe Y gdmdint2s £2AGEr &4 bf'lbf/q). Yigy(1> a fourth set
as LOWN zone X1,

value is determned ne. , Next, ‘'with reference to Fig.
5, there W) la PengesHr i Rachal se¥ar@l Dfviaddgdfgtd e circuit of an
over-voltage/l ow voltage of input for detecting a voltage variance in

accordance Wybhtagel HegeiB e tehraifaalas AF AWy source is rectified by a
rectifier .

(2) a range of: a reference voltage+ a% = Vac = reference
voltage - b% is determined as MID zone; and

3) a range of: -b% > Vac) a fourth set value is determined
as LOW zone.

Next, with reference to Fig. 5, there will be described an
example of a detection circuit of an over-voltage/low ';roltage of
input for detecting a voltage variance in accordance with é
judgement standard. AC power source is rectified by a rectifier
circuit 8 and converted into an AC which is controlled via converter
portion of a switching power source consisted with an inverter
circuit, etc. and then supplied to the compressor motor 5.

The output which is rectified by the rectifier circuit 8 has
a pred_etermined voitage (such as 5.6 V) and divided by resistors R3,
R4, R5 and transmitted as a refe;‘eﬁce input to one input terminal of
each of the comparators IC1, IC2 of a comparator circuit 10. The
power source voltage is divided by the resistors R1 and R2 and
supplied directly to the other input terminals of the comparators
IC1, IC2.

An output terminal i1s connected to a photo-coupler 11



gircuit 8 and converted into an AC which.is controlled via converter
‘portion of a swtching power source consisted with an inverter circuit,
etc. and then supplied to the conpressor notor 5. The out put which
is rectified by the rectifier circuit 8 has a predeterm ned voltage (such
as 5.6 V) and divided by resistors R3, !lR4, R5 and transnitted as a

ref erencediibille 4P 308 28PN BE9L néiJchna%Czhag% CorbetdBOL S g

of a conparator circul power source voltage IS

resi stor sgRln 3pd 5{?@&9 eéiJBB!ritggngi %%tult%u ofrhc?f cll.thlaeéu{:wyttegrﬁg gﬂal § of

the. conparators erminal I SZconnéec

phot 0- COURlAI1 skla to the roeeméhéeedswsmwg%ﬁf BC2. PCL and PC2 are

mi
connected In series and From S out put end port an out put VOUT of the

out put termi nal Ihsthéta@éé&ciotrpc&beuﬁ%&ceveyte{ué&géﬁfawx;oritF' es&;?uge g

In the detection circuit for over-voltage/low voltage 1 nput as

above, a @ﬁ%sh!ﬁﬁ@ﬁ%m&é PLEn Y ideridiit EQrHP@é[éii)?rﬁle |t§% cbrﬂ%af%'fﬁrs

accordance with the judgenent standard shown in

VAC > (i saareater ih hidbor &ihse Ragny ehbagigagerdly E'téﬁ&a§8tsh%?ﬂ Y&) F1§CL
t he phot o- coupl er 11 becones ON and PC2 beconmes OFF, and an out put Va

the outpuB)tesw@a nal at its center connection becomes VH, (2) if a
ref erencevol tge + a%(fi rst set value)  V[err]C > a reference voltage - b%

(second s@) yalvg)> B3 gfehberpbALA) G RInCL] RAGYRS + QY AW RR hecones
OFF, and an output VOUT of the output termnal at its cent er connection
becones Wdlu@)d PC1l of the photo-coupler 11 becomes ON and PC2 becomes OFF,
and an output Vwr of the output terminal at its center connection
bec.omés VH;
(2) if a referencevoltge + a% (first set value) = Vi = a reference
voltage - b% (second set value) . PC1 of the photo-coupler 11 becomes
ONi and PC2 becomes OFF, and an output VOUT of the output terminal at
its center connection becomes VM, and
(3) if a reference voltage -b% (second set value) » (is grater than)
VAC, PCl of the phot-coupler becomes OFF and PC2 becomes ON, and an
output of the output terminal at its center connection becomes VL.
The outputs VH, VM and VL of the thfee-step levels thus
o'btained from the output terminals is supplied to a microcomputer
31.
Similarly, Vi and the third set value and the fourth set
value are compared by fhe circuit in which values of the resistors
R3, R4 and R5 are changed, and judged by a signal which is outputted
when VAC > (is greater than) the third set value or when the fourth
set value > (is greater than) Vic.

By the microcomputer 31,



. (3) %if areference voltage -b% (second set value) > (is grater than) VAC,
-»PCl of the phot-coupl er becomes OFF and PC2 becones ON, and an out put of

the output termnal at its center connection becomes VL. The
outputs VH, VM and VL of the -three-step levels thus obtained fromthe
output terminals is supplied to a micro@onputer 31. Simlarly, VAC

and the (g} sebual 46,200 LN oLk] Bed Ble oY Blifedte conpared by the

circuit in . hval ues of the rtesistors and R5 are changed, and

j udged bypz @&&Paéhmo%a{]g% g%eﬁtﬁgegg?&ﬁ&%ﬁ@%&;ﬁﬁ ogeeaft%ntba)?ﬁ%% é he

third set value or when t our value > (1's greater than

By the myeheagRPHLPiidd to the compressor 5 is adjusted so that an I dR)
t he power sourgce Fg é'upervi sed at gll tinmes; (b)vahen t he vol t age becones

beyond t {g1RagERLoOPRE BLLMErd SHGE mGtor UHAD T HRPRbWEE 58ui-8€ \?&I“P&fé%& S
I's adjusted so that an over voltage to the conpressor notor when the power

source VahhR08si prebblfeiSaRicyeai £dngntosdds | ( HhatohgUe16ckial) I the
| ocki ng) of the "conpressor notor is prevented; (c) The voltage applied to

t he conpeempeesEBLGiotor $sihdirdtbdy selection (switching) of a voltage -
correction table applied to the conpressor notor; and (d) Wen the

vol t age ¢g) rerd ival tad uptivd tthathe ompFeksoli KBt 51 8s Seﬁi;ﬂiéifeq by
adjusting a tine for a swtching operation so that a gentle shift is nade

to a news¥dkt&donCEwLtdH iyt alfl & voltage cofrbtitebnexdiabppdiecywi té the made
with reference to an adjustnment of the voltage applied to the conpressor
not or bycblpressor motor; and
(@ When the voltage correction table is switched, a timer (time X)
is set for adjusting a time for a switching operation so that a
gentle shift is made to a new voltage co;rection table.
A Dbrief explanation will be made with reference to an
adjustment of the voltage applied to ;the compressor motor by the
microcomputer.
The microcomputer 31 controls an operation of the outdoor
unit 1 according to an input signal and generates a switching signal
for obtaining a pseudo sine wave based upon the PWM theory. A
switching signal generated by the microdomputer 31 is supplied to
the inverter circuit 9 through an amplifier for switching.
The inverter circuit 9 has, as shown in Fig. 7, a circuit
construction in which six power switching elements (X, X with bar, Y,
Y with bar, %, and Z with bar) are connected in a three-phase bridge
fashion, and DC power is applied to an end P. As the six power
switching elements, power transistors , power FET, IWGT, etc. can
be used. The six switching elements are made ON and OFF in response

to the switching signal and pseudo sine wave of three-phase are



- croconput er. The m croconputer 31 controls an operation of the
soutdoor wunit 1 according to an input signal and generates a sw tching
signal for obtaining a pseudo sine wave based upon the PWMtheory. A
swi t ching signal generat ed by the m'crgg,orrput er 31 is supplied to the
inverter circuit 9 through an arrpl ifier“for swtching. The inverter

cirCU|t igcuit construction in which six
power Pgﬁlﬁ‘%ﬁge : %g’ﬁt%orf%e {"ﬁ%ggg Y, Y wth bar, Z, and Z with bar)

are connect ed | P& Mr%%e&hgagﬁ&ha%oq ASEOB- PG DG AT 1L SRk o

an end P As the SiX errents power transistors , power

FET, 8t1ﬁ?{h% *%%e“ﬁécb 'e<né ysszgr %@:ﬂttss ar %‘1@30'@ Sdand

OFF |n rezponse he sw |ng |gna pseu do sine wave of

t hr ee- phas £ tch sinSHPRY ed o the
corrpress%r e%gEEClg.le of generaDd"op?omgr sﬁppslwledct%n%he | n?/ertery circuit 9
¥i NGl &G

|'s obtai H.&@roéxmpﬁ%y RRRS Pﬂeté‘é‘sé 9! Whilgh o‘wm lsi$ndiid- 8
shows a principle generation of a swtching signal by t

m crocongyh gk 3L, s@R¥chihg s;iqamsr)h«ar@aé@tﬁhémb%m{a\%%%cﬁiﬂg@ﬁméﬂﬂgat

is, switching signals) aré obtained by the swtching elements X

bar, Shown % RikindpaZ, SHinMhFEg 517natso ohy ke S16A&1Y BE +6L GRBRCHN vi th

bar) are those which are reversed from OV OFF signals of the swtching
el ement ¥jement ( X! WiEhJba®) arda¢abeeMEPche Bi-8s ¢averée@akirbfl ofrors( f or

exanple, a triangular wave, step-shaped triangular wave, sine (sinusoi dal)
wave, etgipnald dfenetdief toemef enambbrnepresents a
In Fig. 8, a waveform CQ0 represents a carrier wave (for
example, a triangular wave, step-shaped triangular wave, sine
(sinusoidal) wave, -etc.) and the other waveform MO represents a
modulated wave (for example, sine wave, step-shaped sine wave,
etc.). The .ON/OFEF signals are de_,termined by the amplitude of the
carrier wave CO and the modulafed wave MO. When the modulated wave
MO > the carrier wave CO, ON/OFF signals SO = ON.' The frequency and
frequency ratio of the carrier wave CO and the modulated wave MO are
not limited to those shown in Fig. 8 which shows an exemplified
frequency for the purpose of simplification only.
ON/OFF signals of the switching element Y is generated by
advancj.ng a phase angle of the modulated wave MO of Fig. 8 by 120
angular degrees and comparing the amplitude of the modulated wave
MO0 and the carrier wave CO. The ON/OFF signals of the switching
element (Y with bar) is obtained by reversing the ON/OFF signals of
the switching element Y. Further, the ON/OFF signals of the
switching element Z is obtained by delaying the phase angle of the

modulated wave MO of Fig. 3 by 120 angular degrees and comparing the



~modul at ed wave (for exanple, sine wave, step-shaped sine wave, etc.). The
*ON/ OFF signals are determined by the anplitude of the carrier wave CO and
t he nmodul ated wave MO, Wien the nodul ated wave MO > the carrier wave CO
OV OFF signals SO = ON. The frequency gpd frequency ratio of the carrier
wave CO and the nodul ated wave MO are not limted to those shown in Fig. 8
whi ch shoxgp B @EE Y | fHeE Ghodu1RAERN GAvEOMOt 8R4 PrHd G- rafers wakl tbcat TR
only. O\ OFF signals of the switching elenment Y is generated by
advanci ngoNy (iR sa giadlsCo BT tH ewidnh ages emate: VO wiftHFbgr) 8idybtAdneangy! ar
degrees and conparing the anplitude of the nodul ated wave MO and the
carrier vweeerk£dnd hae@ (OFF stignalls of thheswiichdhignglemsretrant (Y wi th bar)
is obtained by reversing the OV OFF signals of the switching el ement Y.
Further, the ONWHen $hgroNOKF silmalsw($whicigimd etrgnald) i aresupbidedbyo

del ayi ng the phase angle of the nodul ated wave MO of Fig. 3 by 120 angul ar
degr ees atlk daveattegciheuit 9, the DC power is made ON/OFF by the swittdhing
anplitude of the nodul ated wave MO and the carrier wave CO. The ON OFF

si gnal s 0d1dnen tasi (%G I gt baentY ( T wilth bbar, )2 i endhi siitbdbdy) in éher samg t he
O\ OFF signals of the switching el ement Z : When the OV OFF signals
(switchi noatstepral 83 the duppl retiivooft hbei ONLOFErsignals tagplidit BT poser
is made OV OFF by the switching elenments (X, X with bar, Y, Y with bar, Z
and Z wi tinvmrem cireuddne, gad acpsewado shoediave st generfated b@NIBPPERGNal S -
applied to the inverter circuit 9, and a pseudo sine wave i s generated by

choppi ng th@CDB® lagage. : Cycl e of the nodul ated wave MO is
correspondent with a frequency F of pseudo-si ne wave and, accordingly, the
frequency F Cycle of the modulated wave MO is correspondent with a

frequency F of pseudo-sine wave and, acc_ordingly, the frequency F
of the pseudo-sine wave can be modified by changing the cycle of the
modulated wave MO. Further, since the number of ON/OFF switching
in one cycle of the pseudo-sine wave will increase by reducing the
cycle of the carrier wave C0, the discrimination of the pseudo-sine
wave is impr_'oved. In Fig. 8, the frequency of the carrier wave is
illustrated larger- for the purpose of explanation only.
Fig. 9 shows a modificatioh oi‘ change of ON/OFF signals when
. an amplitude of the modulated w-ﬂave is modified. When the amplitude
of the modulated wave is increased to shift from MO to M1, the
pseudo-~-sine wave also is shifted from the state SO0 to the state S1,
and a-- pseudo-electric voltage (that is, theoretical terminal
voltage on both ends of the exciting coil when an electric current
of pseudo-sine wave is applied to a induction motor) is increased.
A difference between a maximum ON time and a minimﬁm ON time becomes
large, with the result that the pseudo-electric voltage becomes

higher. Further, when the amplitude of the modulated wave is



- of fﬁe pseudo-si ne wave can be nodified by changing the cycle of the
“nmodul at ed wave MO. Further, since the nunber of OV OFF switching in one

cycle of the pseudo-sine wave will increase by reducing the cycle of the
carrier wave GO, the discrimnation of ,the pseudo-sine wave is inproved.
In Fig. 8, the frequency of the carrier"wave is illustrated |arger for the

purpose Qfece¥RlsaAhh@ 51 ¥ Yed from Mo €6 %2 Ot IRk ﬁéyé%ﬁgsl g%ange '

of OV OFF signals when an anplitude of the nodul ated wave I's nodi

Wien t he thgpkithydeor af2 ! RA tiPYubat88u MRV d 5 th@c%%é&&-éfbé&i{é V1AM to
M., the pseudo-sine wave also is shifted fromthe state SOto the state

Si, andpachseddowdectric voltage (that is, theoretical termnal vol tage
on both ends of the exciting coil when an electric current of pseudo-sine

wave is appliedaé@oBdingie] la0BhaR§O0E theidMp193%8d. of Ahdi id I LS hatween a
maxi mum ON tinme and a mninum ON ti ne becones large, with the result that

the pseugermliest ai ehayngé afoderi@siol) efcthe Vbl tege oMl phaRkl hede of
t he nodul ated wave is : 15

decr easeghdpH tdistippdibdaard et inddotidiempsoddem SEmiEael yPYEShdrtye bee
state of S2, with the result that the pseudo-electric voltage becones

| over. the freqismoylbfgihe mdduhated wivé peraipkid vHangé idriiraddtalopd wave
permts a change (nodification) of the voltage of three-phase AC which is

suppl i ed o6 theefraguetcyointhethraed phiagel &¢J y, a change of the frequency
of the nodul ated wave permts a change (nodification) of the frequency of
the three-phase TaC. Fig. 10 vihidH gshbd@swha clprihedpaad psorcigual oFor then of
the mcroconputer 31 for generating the OV OFF signals (swtching
microcomputer 31 for generating the ON/OFF signals (switching
signals), an up/down counter 40 for counting OH-FFFFH of 16 bits
serves for addition (summing) of counted values in synchronism with
a clock. When the counted value reaches FFFFH, it proceeds
subtraction in synchronism with the clock, and when. the counted
value reaches OH, it returns to the procedure of addition of the
counted wvalues and, thus addition and subtraction are repeated
alternatingly. Accordingly,. the conversion of the output (counted
values) of the ceunter 40 into a voltage values will be able 1;0
provide a triangular wave (carrier wave).
Reference numeral 41 represents a sine wave control portion
to which a frequency demand value f which demands a frequency F and a
voltage demand value v for demanding a voltage V (pseudo voltage) ,
and a sine wave which corresponds to these demand values is formed
in the region of storage (memory) in the form of data variation of 0
to FFFFH.

In the storage portion 42, sine wave data is (frequency

demanding value £, voltage Vwhich is a pseudo-voltage) is stored at



..signals), an up/down counter 40 for counting OH FFFFH of 16 bits serves
-»for addition (summ ng) of counted values in synchronismwth a clock.
When the counted val ue reaches FFFFH, it proceeds subtraction in
synchronismw th the clock, and when th% counted value reaches OH, it
returns to the procedure of addition ofl® he counted val ues and, thus

addi tion gpd FREL 10302k 814 EPRat %ﬁéd@é B2t 11840 REPE HAWH Yecbhes

conver si on of e output (counted ues) of the counter 40 into a voltage

val ues wi hhrgarabé & ried erF;Q\éh@? Pebshed Glilghervaven (Badd fbraByelt is set
Ref erence nuneral 41 represents a sine wave control portion to which a

frequency tgiBadvyBhélcod W Weddaigyeond thheqrensyive ayl A predetagmideaand
value v for demandi ng a voltage V (pseudo voltage), and a sine wave which

correspondssk) shesigatienmnche dréRfudney’ aefBddihg vdEtué eDiang ahestoLggge
(menory) in the formof data variation of 0 to FFFFH In the

storage paehhfdifAg valuevVEne oBthaned, (4 hewuenty watendatt bgn\ied trestorea
voltage V which is a pseudo-voltage) is stored at

16 and i nhetheaktotafe reddon . An anplitude of the sine wave data becones:

| arger as the frequency becones higher. |In other words, it is set that a

val ue of V/f becohedigionet aatdistrdibutert 43 agerierkticar ralads ¢ads ofsehtibht i f

the frequency demandi ng value f and the voltage denanding value v are

obt ai ned, ia rEfsdthebyaveolawd tharadmaerdt oorels. | N"Thhe, stidr age freguency

In Fig. 10, a distributor 43 generates val ues each of which is offset-by

120[ err] demaéndiihacenilluenes.andus, viofltager dgmamding value v are given,
three-phase sine waves each of which is deviated or offset by 120
é.ngular degrees in frequency F-and voltage V can be obtained.

In Fig. 10, reference numerals 47 - 49 represent comparators
which compare the values. The comparators 47 - 49 compare a value
of a triangular wave (carrier wave) which is supplied from the
up/down counter 40 and a value of the sine wave (modulated wave)
represented by the waveforms 44 - 46. When the value of the
modulated wave is larger than the value of the carrier wave, the
output is made ON (H level voltage). The outputs of the comparators
47 to 49 are supplied as switching signals (ON/OFF signals) of the
switching elements X,Y,and Z, respectively, shown in Fig. 2. |

Inverting circuits 50 - 52 serve to inverse . the ON/OFF
outputs from the comparators 47 - 49 to provide switching signals
(ON/OFF signals) of the switching elements (X with bar, ¥ with bar
and % with bar). Thus, when the frequency demand value f and the
voltage demand value v {(in the range of 1.00 - 0.50) are transmitted

to the sine wave control portion 41 of the microcomputer 31, AC

power of desired frequency F and amplitude (voltage) V can be



-.demahdi ng value f and a vol tage demandi ng val ue v are given, three-phase

*si ne waves each of which is deviated or offset by 120 angular degrees in
frequency F -and voltage V can be obt ai ned. In Fig. 10, reference
nunerals 47 - 49 represent conparators _which conpare the values. The
conparators 47 - 49.conpare a val ue of 14 triangul ar wave (carrier wave)
which is %%%%HA%? fromthe up/down counter 40 and a val ue of the sine wave
(rmodul at e wavé3 ‘represented by the waveforns 44 - 46. Wen the val ue of

output 15 moe St FB AR ISERPIRE AT oF, ab SRR o iR ERveREy

out put is nmade e outputs the conparat ors

49 are S%tﬁﬁt x5 S 4G RHeNgr s;ia&&aét&o%% il %wézhe's%hr% wlftaéwﬁ'li Bé

el enent s respectively, shown in nverting

circuits P er | u r t ors
o' 0" Sbradiod Sl M JhdN 86 doth EDRCRE tRYHR L Sud | M) £6nd BERELON

el erents fohati &b BaG, Y(# t NabYor 2l Loticlrhdh) taBds cothorhd heof taguency

demand val ue f and voltage denmand value v (in the range of 1.00

0.50) ar gydgiansdlidd ¢fhe LOmpRessSbRemyBYe Ca @s,p%hhhggd%oﬁ?fza%gedemand
m croconputer 31, AC power of desired frequency F and anplitude (voltage)

V can be yvalue v) is prepared. In other words, the/ mid¥cHdMfiter 31 is
Next, an adjustnent operation of an output of the inverter —circuit at the

time of \rdwildedwotnt A& dItiRe E6HFECLYON taBleVht la REgheXdVall RBdtabR, a
response to each zone of the H zone, MD zone and LON zone of Fig. 4(B),

a vol t ageraafddis tesrrddich f@dbldearoht Age voenkhyed 1e@etllhn@O I €SE0aga DL Or

(that is, changed voltage demand value v) is prepared. In other words, the

m cr oconudr®ectlions table at a normal or regular level of voltage, and the
voltage correction tables are set such that v/f (=F0) is constant
with respect to the frequency F and voltage V.

In an adjustment of the voltage_ in each of the HI ione, MID
zone and i.OW zone, when the input over-voltage/low voltage
detection circuit shown in Fig. 5 detects that the power source
..voltage VAC is larger than the reference voltage +a% and is within
the range of the HI zone shown in Figs. 4{(a) and 4(B), the
microcomputer 31 serves to proceed the selection (switching) of a
voltage correction table at a high level of voltage which has been
pi'epared for correction to a target voltage, in response to the HI
zone.

When the input over-voltage/low voltage detection circuit
of Fig. 5 detects that the power source voltage Vi is smaller than
the reference voltage -b% and is within the range of the pfotective
operation range of the LOW zone shown in Figs. 4(a) and 4(B), the
microcomputer 31, in response to the LOW zone, proceeds the

selection (switching) of the voltage correction table at a low



jprovi‘ded with a voltage correction table at a high |l evel voltage, a
voltage correction table at a low voltage | evel and a voltage correction
table at a normal or regular |level of voltage, and the voltage correction
tables are set such that v/f (=FO is cegstant wth respect to the

frequency F and voltage V. In an adj ustment of the voltage in each
of the Hi 1g08¢,08/B1tagB8w\Eh HAY BEBR p ddreok Ngusritalon/ @bt 2w
voltage detection circuit shown in Fig. detects that the power source

vol tage V&itsgéarger than the reference voltage +a%and is within the
range of the H zone shown in Figs. 4(A) and 4(B), the mcroconputer 31
serves to proceednt h@d@et Bod ] Ofvhiesi tR8I Nihputf overovd RBgEALdweC ot agrbl e
at a high level of voltage which has been prepared for correction to a
target vodéagetiom dRspnitsef FighesHietgot®e that the pwer tdarnowwoltage
over-vol tage/l ow vol tage detection circuit of Fig. 5 detects that the
power SOUAE ¥s|l hage VYAe refefiehker vollaaget hadr asewdthény ahkageoteWtdned | S
within the range of the protective operation range of the LONzone shown
in Figs. dpdyatibon4EBnget hef ther MIpubre JE Figs espdabearid #KB) | Ofheone,
proceeds the selection (swtching) of the voltage correction table at a
| ow microcomputer 31, in response to lthe| MIP| mne,ol pageceds clthleas
been prepared for correction to a target voltage. I n addition,
when t he sepectiboer (switcyidgowty dhieageol thge ctomreat ¥wui talfe Fay. a5low
detects that the power source voltage VAC is near the reference voltage
and i s wilevel fevplbagetwhich basrbeenprepagedofor lnpmveDtionetofa Faggets( A)
and 4(B), the

voltage.

Accordingly, in accordance with v/f (=F0) of the voltage
correcfion tables at each of the zones, a frequency demand value £
which demands the frequency F, and a voltage demand value v which
demands the voltage V (pseudo-voltage), respectively, of the sine
wave control portion 41 of the switching signal generator circuit
of Fig. 10 are applied as an input, and its sine wave is formed in the
storagé regions, and the voltage which is applied to the compressor
is adjusted by the voltage controlling method described above.

When selection (switching) of the 'voltage correction tables
is proceeded, in order to avoid a shock to the voltage correction
table, a gentle shift with a considerable time being spent must be
made from the present voltage correction table to the selected
voltage correction table. Consequently, a relation is performed as
the relation between the frequency and motor voltage as shown in Fig.
6(a), and the dotted lines in Fig. 6(a) show the case of a single

voltage correction table, in which an over-voltage is provided to

the windings ( coils) of the motor to possibly provide an



~m croconputer 31, in response to the MD zone, proceeds the selection
“(switching) of the voltage correction table at a low |evel of voltage

whi ch has been prepared for correction to a target voltage.

Accordingly, in accordance with v/f (=Rg) of the voltage correction tables
at each of the zones, a frequency demand value f which demands the

f requencmnﬁesaaabaevﬁélaﬂﬁlgimaeﬂiﬁgﬁ Ut r dBE Ghhe d6HBPESsSPRoLRIL age V
(pseudo-vol tage), respectively, of the sine wave control portion 41 of the

swi t chi ng si gnabn ganreh8hEF HadEVithe &614d 4indQ & 913994 (0draprafehfPe and
its sine wave is forned in the storage regions, and the voltage which is

appl i ed tasthengornestdbon (Swatthsigd iymhle fit AgA ARG bE R IBIdod
descri bed above. When sel ection (switching) of the voltage

correcti eorrabkesn tabpsorentathidh calséethbovaMaidh aosbeckppiddery dHage
correction table, a gentle shift with a considerable tine being spent nust

be madecbmpresberpresenddijtaye seor agcttdnavobie tite t hdosR)-Aelsrdtived t age
correction table. Consequently, a relation is performed as the relation
bet ween @hsaliventagey afdvent-eoltalgeays tire sbals amd HtallidgAllo@tthghe
dotted lines in Fig. 6(A) show the case of a single voltage correction
tabl e, iafvilehotorover-voltage is provided to the windings ( coils) of
the notor to possibly provide an :
19 undesi r abl éisthalreifegeplcecko rRf)g Sstlal, eimicaskeof alier es5bageicdirection
On the other hand, the solid lines in Fig. 6(A) represent the case that
sel ect i oAt (eaglt gbnergdf ithenHlezdnomMIDkaneland/L.OW zaid aga adiusamdniof
tables, in which case the voltage to be applied to the
the voltage applied to the compressor motor at the time of power
source voltage variation, in the microcomputer 31, will be
explained.

Wh_en the process starts at step S1, an input of the power
source voltage level is received at step S2. At step S3, judgement
is made whether or not a power source voltage » (is greater than) a
reference voltage + a%$. If a power source voltage > (is greater
than) a reference voltage + a% is not sati-sfied, that is, if this
inequity is not satisfied, the process proceeds to step S4.

In step S4, judgement is made whether the power source
voltage  (is smaller than) the reference voltage-b%, and if this
inequity is not satisfied, in other words, if the reference voltage
+a% = Vi = reference voltage -b% is satisfied and the power source
voltage is within the normal operation range, the process proceeds
to step S5 at which the voltage correction table for the normal
(regular) time is selected.

In step 3, if the power source voltage > (s greater than)

the reference voltage + a%, the process proceeds to step S6, the

-



.conpressor

over-voltage to the coils and stalling (locking) of the notor.

Wth reference to Fig. 11, in case of the voltage correction at each zone

of the Hi

applied to the conpressor notor at the

zone, M D zone and LOW zone, ?6 adj ustment of the voltage
me of power source voltage

variati onvoleagaecakféegﬁaﬂ%&513’%0%& i@ v8XRhaknedse is seleéftlyb%ﬁv eﬁtdhe

process starts at step

thefil e SArodlds s cedds HIUSFEiss . 'SFHEQEef‘heﬂxh%pc/Brs&‘Otlﬁ ganer
source voltage > (1s greater than) a reference voltage + a¢

recei ved

an | nput of the power source vol t age

a pomer

source VopbRap sodrce 9688h8E < W(R8NmAL T Eﬁ&ﬁﬁ&ﬁ@kéﬁgﬁeﬁcé%dl%a@%t
satisfied, that is, if this inequity is not satisfied, the process

pr oceeds

power source voltage < (is smaller than) the reference voltage-b% and if
this inegably ficr AOhi§AVSItiAfh caBeOl Hale1MHtdd ahd HHe pebeesasery aitepge
reference voltage -b%is satisfied and the power source
sgwithin the normal operation range, the process proceeds to step
ch the voltage correction table for the normal (regular) tine is

+a% [err] VAC [err]

vol t age i
S5 at whi

sel ect ed.

tRe Sbﬁ@c&s proceeds | BoSE€8p ¥7 atdgeIEItHeS \f&.dc%é@ di@ledti®n

In Isted 698 3.a ijuddemep®nes RadeCWhathé RS hdti THHRALE a

than) the reference voltage + a% the process proceeds to step S6, the

20 vol't apewenrg@nideorolidhige variatihoghrelalttizgets ate peeselieagasasnd 1hen
the process proceeds to step S8. Further, in step S4, if the power source

vol t age <tliése simla earfibandnt he tiafeer dscsev@tt aep-SH%o obtain a time (x

seconds), and the process proceeds to step S10. Further, an
judgement is made to decide that there is no variation of power
source voltage, the process proceeds to step S10.

In step S10, a voltage correction table value is computed
during the time (x seconds) of the timer to obtain an optimum
voltage correction value. Narﬁely, in accordance with v/f (=F0) of
the voltage correction table, the frequency demand value f which
demands the frequency F, and the voltage demand wvalue v which
démands the voltage V (pseudo-voltage) ,respectively, for the sine
wave control portion 41 of the switching signal generation circuit
sﬁown in Fig. 10 is provided as an input, and its sine wave is formed
in the storage region, and then the voltage applied to the
compressor motor is adjusted by the same method of voltage control
as described above and, then the process r.eturns to step S2 to
repeat the similar processes.

Next, a case in which correction is made to change the zones
will be explained. The value FO of original (pre-change) zone (=

v/f) is set as a basis, the value of FO is changed to a target zone to

I's adjusted so as to avoid the above-descri bed disadvantages of
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“the ﬁrocess proceeds to step S7 at which the voltage correction table for
"a high voltage case is selected and then proceeds to step S8. I'n
step S8, a judgenent is made whether or not there is a power source
voltage variation relative to the preceding case. If there is a variation
atinmer is set at step S9 to obtain a t?he (x seconds), and the process

proceeds ﬁé)cﬁﬁﬁBe?lQNaﬁféﬁ%efhe:@é' ijIllidQQ’E'fQEy thie rﬁfi’ﬂ&vﬁn@ﬁf&%ﬁui@?‘t there

is no variation of power “source voltage, the process proceeds to step S10.
In step S10, a vpkbagRtGRITRELEGD Laph Ga¥abWE hPe CONRYMGEGondUri Ng the tine
(x seconds) of the tinmer to obtain an optinum vol tage correction val ue.
Nanely, in accordance with v/f (=FOgnOidjidwenesd! ¥apgecorrection table, the
frequency demand value f which denands the frequency F, and the voltage
demand val ue v whieCha;EermeKiS vidltie/8bt388 £6 DPEEEER-CtAEAIVor BERREELVA! V.
for the sine wave control portion 41 of the sw tching signal generation
circuit rohe@luenofi §.cldhged Rione dad aFRRaluRUSE BHYl PrickeniteinavVeLi S
formed in the storage region, and then the voltage applied to the

conpr ess@Lowtdmei Bn el (b v xahp1egnevery hodsedon®s tiagR eNDT, 0hnd an
descri bed above and, then the process returns to step S2 to repeat the
simlar poovedante with the Nexge of the AilffenBheds car,reeli.an i g7rade-ko,

change the zones w Il be explained. The value FO of original (pre-change)
zone v/ fx2,s.set-23, mdditiisattiion vhlthe adjdsRnientchangesl, nd ,an2 An@stnzpne
to ' 21 be changed. Nanely, there

wi || sat i0sfynt henf2gl + o8 rap4fwihlites made as showl dadiitg val(Be. of FO = FO val ue

of pre-change zone + _ -
When the modification value for the adjustment value is more

than n2, inclusive or less than -n2, inclusive, it is modified at a
rate of high speed (for example, 0.5 second). When the value of FO
becomes a FO value of the case in which present FO value = FO of the
changed zone, the chénge oJ:‘. the zone is terminated. As a result,
the zone change is made rapidly if the modification value "n'; isina
large zone, and slowly on the other hand if the modification value _
is in a small zone.  Further, the difference x and the modification
value n may be of either continuity or discontinuity.

Thus, in aécordance with renewed FO values which are
obtained from time to time, the frequency demand value f which
demands the frequency F, and the voltage demand wvalue v whigh
demands the voltage V (pseudo-voltage),respectively, for the sine
wave control portion 41 of the switching s.ignal generation circuit
shown in Fig. 10 are provided as an input, and its sine wave is
formed in the storage region, and then the voltage applied to the

compressor motor is adjusted by the same method of voltage control

as described above.
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an adjustnent val ue The adj ustnent val ue serves to proceed

conpari son between a FO value of a changed zone and a FO val ue of the
present time at a slowtinme interval (for exanple, every 10 seconds
interval), and in accordance with the range of the differences xl, x2,
..., X7, 0, -xlI, -x2,..., -x7, nodific&ion of the adjustnent values, nl
n2, n3, n4, O, -nl, -n2, -n3, -n4 wll be made as shown jn Fig. 6(B)

When the nodifi &% PERCTAPEE FRPVE hd'Rel GEPHROWET SPUECPsYIbrage #aﬁgﬁi?d

i nclusive, or |ess than -n2, ingclusive, it is nodified at a .rate of high
speed (fof® 3 tg‘.eSZgEeéﬁn%’}E.a\N?e‘ﬁﬂa{lhgp\?ﬁﬁﬁéogfr%orb'ec%F?é‘ghavﬁgteggue
of the case .in which present .FO value = FO of the. changed zgne, t change
of the sorerat i Fadleri She'q 1duartaas BoskRb oh A TRvbasraRy 11

the modi 14 Sad Rl o0 1L il ol kPGP EQG <2 Uhed Lot " G RLAGHE

hand if t I'ca value " 1s1n a small* zZone.

i scont i e sbBB1T8Y, 4 CRb il RofBE e Bresfbudf ol {0 o
T equency E o ERS oM PSR dRinG ol ey o R o Wb BERS,
Sui toni ng e anar BERR ot Hp, et TR VB BeTheRor Db R B

i nput, a%%éﬁ 'éhetWPex}e?rlpt fa?i?g? rhﬂn#hr.% Efxgjrnﬁﬂ:%rr egﬂ'@f‘%he?f‘g sifeR fﬁ%% of

vol tage applied to the conpres notor 1s a usted_by t he sane net
\2/(23| tage GRIHIAioP8sdfSEd+ RBFRAROYE prevented to avoid stalling (Locking)

of the motor and, therefore, a continuous operation of the motor can
be made as long as possible.

When the power source voltage is varied, the voltage
correction table is selected and computed to supply a suitable
" voltage to the compressor motor and, at this momént, the computing
operation is conducted by dividing it per a predetermined time so
that an output of the inverter circuit. can be controlled and,
therefore, the wvoltage applied to the compressor motor can be.
adjusted gradually. Accordingly, a smooth operation can be
achieved.

In -addition to the above, when a correction is made by-
changing the zone when the power source voltage is varied, the
computing operation is divided into predetermined time intervals
even when a difference of the corrected voltage is large, and in the
fegion in which the difference of the corrected voltage is large,'
the divided time interval is made short to proceed adjustment
rapidly, and in the region in which the difference of the corrected

voltage is small, an input of the inverter circuit can be controlled



As descri bed above, when the power source voltage is varied 1in each of the
zones of a normal operation region, a high voltage operation region, and a

| ow vol tage operation region, the voltage correction table is selected to
conpute and obtain an optinum voltage §ypp|ied to the conpressor notor so
that the power supply to the conpressor notors, etc. is continued w thout
a cut-of fabfat beowpewRingupl Ynaxdmd at OMHgetOl (1aggekd the ADFLIedM V&IOS
is restricted to prevent any burning to the notor. Further, since the
reducti onimferddr Thege€oirs, Priey &allatgeosappl 1bd ttal the Gompeeksbg)motdr t he
notor and, therefore, a continuous operation of the notor can be nade as
| ong as pbssidjusted graduallignsbhehgpbve smeotithcepanitiage and HAré£flcidiet
voltage correction table is selected and conputed to supply a suitable
vol t age tchange ofnhegooesmrAmbeavhitafied.hi s noment, the conputing - :
operation is conducted by dividing it per a predetermned tinme so that an
output of the inverter circuit can be controlled and, therefore, the
voltage applied to the conpressor notor can be adjusted gradually.

Accordingly, a snooth operation can be achieved. In addition to

t he above, when a correction is nade by changing the zone when the power
source voltage is varied, the conputing operation is divided into
predetermned tine intervals even. when a difference of the corrected
voltage is large, and in the region in which the difference of the
corrected voltage is large, the divided tine interval is nade short to
proceed adjustnent rapidly, and in the region in which the difference of
the corrected voltage is small, an input of the inverter circuit can be
control |l ed
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23 at a slowtinming by nmaking it longer (larger) the divided tine
‘interval. Therefore, the voltage supplied to the conpressor notor is

adj usted gradually so that a snoboth operation and an efficient change of

t he zones can be obtai ned. 24
VWhat is clainmed is: 1. A controlling gpparatus for an air conditioner,
conpri si ng: an inverter circuit neans for outputting a pseudo-sine
wave froma swi tching signal obtained by conparison between a nodul at ed
wave and gnhgalild 81a¥E is: a refrigeration cycle neans having a
conpressor driven by the pseudo-sine wave fromthe inverter circuit neans,
so that the nodul ated wave is adjusted in accordance with an air
conditioning | oad, correction nmeans for correcting an anplitude of

the noduj at adcovereol iy apparhtak M antair poRdEL BoMeR L Eolpia sihen a
rated vol tage of the power source fromthe inverter circuit neans is

| arger than a rairednvelrtagecihyce f nesinspfod adipuvtdthgval pseudivk imowadet i ng
the anplitude of the nodul ated wave into a | arger one at a predeterm ned

ti me whenfrorm & edivehliagesgnd hobraitledsby raampardsont betwasrrd aodulateidt
means is smaller than the rated voltage by a second predeterm ned val ue,

and el ongeave gnide qaredetrewayapd tinme as the difference between the

af orenenti oned power source voltage and the rated voltage becones | arger

so that shutdowa afefifigeration cycle means having a compressor driven by
the pseudo-sine wave from the inverter circuit means, so that the
modulated wave is adjusted in accordance with an air conditioning
load,

correction means for correcting an amplitude of the

modulated wave into a smaller one at a predetermined time when a
rated voltage of the power source from the inverter circuit means is
iarger than a rated voltage by a first predetermined value, and
correcting-the amplitude of the modulated wave into a larger one at
a predetermined time when a rated voltage of the power source from
the inverter circuit means is smaller than the rated voltage by a
second predetermined value, and elongating the predetermined time
as the difference between the aforementioned power source voltage
and the rated voltage becomes larger so that shutdown of the

compressor is restricted at the voltage variation of the power

source.

2. . A controlling apparatus according to claim 1, wherein a
protection means is provided for shutting down the compressor when
time duration that the power source voltage is more than the first

\
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eonpfessor is restricted at the voltage variation of the power source.
2. Acontrolling apparatus according to claim1l, wherein a protection
means i s provided for shutting down the conpressor when tine duration that

t he power source voltage is nore than the first
25 predeterm ned value or |ess than th@5second predeternined value is

o011V by SoBLEARLSLT M LI S IR e o) BORAE LA EFRRLAL U

accordi ng reint ctron

shutting %Pfgvéggupggg%ﬁgﬁ%ng ggl%%gﬁd@%g%ﬁPﬁgurce voltage is nore than a

third predeterm ned I'st predeterm ne value or the
power source voltage is less than a fourth predeterm ned value smaller
than the second predetermnined val ue.

3. A controlling apparatus according to claim 2, wherein the

protection means has a means for shutting down the compressor when
the power source voltage is more than a third predetermined value
higher than the first predetermine value or the power source
voltage is less than a fourth predetermined value smaller than the

second predetermined value.
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