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METHOD AND APPARATUS FOR DRIVING MOTOR

- BACKGROUND OF THE INVENTION

fhe present invention relates to a method and an
apparatus for driving a motof for use for example in an
air conditioner ahd, more particularly, to genération of
switching signals for driving a motor on the basis of a
PWM (pulse width modulation) system.

As one of the conventional systems of the described
type, there is a system disclosed in the U.S. Patent No.
4,698,744. The syﬁtem disclosed in the USP is such that
is adapted, in controlling operation (number of

- revolutions) of a single motor by means of a single
microprocessor, to generate six switching signals in the
microprocessor and control the operation of the motor
with these switching signals.

Since, in the conventional driving method, six

) switching signals are output from the microprocessor,
the microprocessor has to have at least six output ports
(terminals) therefor. Hence, when this microprocessér
is used also for controlling other electric apparatusés,'
there arises a problem tﬁat the ports become
insufficient in number for contrdlling such other

apparatuses.
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The present invention relates to an apparatus for driving a three- phase
not or -conpri sing a m croprocessor which includes a cent ral-mrsrsu&B'sHA’%
~a ROM and a first signal generator responsive to control dataREPEAFE

central processing unit for driving a 3-phase notor, the fLr “
generator having neans for generating six PWM sw tch| ng s %\& ﬁﬁmm
basis of three sine functions, 120[err] out of phase mnth and a
periodic triangular function and applying the switching signals to

appar at us 1 h whi kg REEPEBFoRbIEER Ik, aas medd FomE R g e
cont 1ol 1119 2,3 0okEnfbilos HOUBYER. & ARCAARAY St Shidet Berfeare

i nsuf fci ent € m croprocessor or s-
present invention is to provide a method and an
apparatus for driving a motor in which the difficulty of
insufficiency of ports in number is solved.

Another objeét of the present invention is to drive
a plurality of motors and other electric apparatuses

with plural sets of outputs based on a PWM system

provided by the use of a single microprocessor.

SUMMARY OF THE INVENTION

The method for driving a motor according to the
present invention comprises the steps of generating
three kinds of switching signals based on a three-phase
PWM (pulse-width modulation) system by means of a
microprocessor, inverting the switching signals output
from the microprocessor by means of inverting circuits,

) ON/OFF operating switching elements in response to the
switching signals inverted by the inverting circuits and |
the switching signals before being inverted, and driving
the motor with DC power obtained through the ON/OFF
operations of the switching elements.

In the above described method} each of the

inverting circuits is provided with a circuit for
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It is an aimof the present invention to overcone the aforenentioned

probl em using a single mcroprocessor. AN TPIRSRERTS I n
to the present invention is characcerised by second signalﬂgeuégggPﬁgqnegns

for driving a further three-phase nocor, the second signal
conprising the central processing unit operating accorE;’ﬁUE@ﬂ@[ﬂaM
instrutcions scored in the ROMto apply three PW swit ﬁﬁ o]
respective ports of the
delaying, when the switching signal is changed from an
OFF signal to an ON signal, the transmission of the ON
. signal a predetermined period of time.

The above described method further comprises the
steps of generating six kinds of switching signals based
on a three-phase PWM (pulse-width modulation) system by
means of the microprocessor, ON/OFF operating switching
elements different from the aforesaid switcﬁing elements
in response to the six kinds of switching signals output
grom the microprocessor, and driving a motor different
from the aforesaid motor with DC power obtained through
the ON/OFF operations of the switching elements.

The microprocessor further controls other electric
apparatuses. -

- In the above described method, the one motor is
that for driving a compressor and the other motor is
that for driving a blower, and the microprocessor is
mounted on the unit on the out door side of a separated
typé air conditioner, which has a refrigerating cycle
having a compreésor, a condenser, an expansion device,
and an evaporator separately mounted on a unit on the

" indoor side and a unit on the out door side.
‘The apparatus for driving a motor according to the

present invention, in an air conditioner having a
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m croprocessor, and first, second and third inverting neans for inverting
the three PWM swi tching signals, produced by the second signal generating
means, to produce thereby three additional PWM switching stHi$8HEET HAS BEEN
According to the present invention, there is provided an appar&Pk4CED

conprising an apparatus as set out above, a first notor ang:ay f _ or,
wherein the first notor is controlled by said six melsmﬁilﬁg*aggﬂ Erﬁﬂand
the second notor is controlled by said three PWM swi tching signals and said

three addit EQ@‘?!i\?EWﬁ‘Mgt 3—*951% W‘?\ﬂsﬁc Eqag&gﬁféé)éar, 2af bballeAWeGhiaRg

circuit, reponsi to sdi signals, for swtching the
current supgkpain® idnf IdeifidB! Andh 2ERSSHHESW tESmPPiSsLECHI T, responsive

to said three"PWM switching signals and 'said three additional PWM sw tching
si gnal s, fomi@w6§yadgggdgadugﬂ¢¥gi¢§uguﬁtéuaﬁgsgp@ﬂglgniﬁr are provided.
aqcordance with predetermined programs stored a ROM in
advance, switching elements performing ON/OFF operations
in response to the'switching signals for supplying
electric power based on a PWM (pulse width modulation)
theory to a motor for the compressor, and another
inverter circuit performing ON/OFF operations in
response to other switching signals output from the
microprocessor in accordance with the programs for
supplying electric power based on a PWM (pulse width
modulation) theory to other electric apparatus such as a
fan métor.

Further, the apparatus for driving a motor
according to the pfesent invention comprises a single
microprocessor for generating plural systems of
switching signals based on a PWM (pulse width
modulation) theory, and plural systems of switching
elements responsive to each system of switching signals
output from the microprocessor for performing ON-OFF
operations, in which DC power obtained by the ON/OFF

operation of each system of switching elements is
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Preferably, each switching circuit conprises a plurality of tran stors for
switching the supply of current to the respective notor. THIS SHEET HAS BEEN
_ REPLACED

i 0t
supplied to each of motors and other plural electric

apparatuses for driving the same.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an air
conditioner constituted of an indoor unit and an outdoor
unit, withlthe preseﬁt invention applied thereto;

FIG. 2 is a refrigerant circuit diagram showing a
refrigeration cycle in the air conditioner shown in FIG.
1; |

FIG. 3 is a block diagram showing a main portion of
‘the electric circuit of the indoor unit shown in FIG. 1;

FIG. 4 is a general diagram showing the electric
circuit of the outdoor unit shown ih FIG. 1;

FPIG. 5 is an electric circuit diagram showing a

- main portion of the general diagram shown in FIG. 4;

FIG. 6 is an electric circuit diagfam similar to
FIG. 5 showing a circuit for driving a blower (motor);

FIG. 7 is an electric circuit diagram showing a |
base driving circuit;

FIG. 8 is an electric circuit diagram showing a
delay circuit;

FIG. 9 is a time chart showing signal levels (H/L)

at main portions of the delay circuit;
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Preferably, delay neans for delaying the transitions of said three PW
swtching signals and said three additional PWMV sw tchi ' R

their off stues to their on states are provided and thenﬁ?'§gﬂa %@%BEFQ
controlled by respective ones of said PWM swi tching S|gnals as out

t he del ay neans. According to the present |nvent|o ﬁ’ﬁ%ﬂ[ﬂ%%&
provi ded an air-conditioning apparatus for cooling the ﬂﬁﬁ

conprising: a conpressor for conpressing a working fluid in a hear punp; a

bl ower for dring ai rygh o} e ang f e PUNp;
g a%%é Ojf/& I.F- g Bloek &iéﬁgaﬁ §ﬁo§lﬁ§ B9 %a i

a first three-ph or driving the conpress a secon ree phase
not or for dr|V|nqﬁi$ﬁ p}g&ggsognd not or and notor dr|V|ng apparatus as set
out above, wWRBrdi e first and second notors are controlled by respective

ones of said six M switidi agdsagpramsegplianatdrivhoge théVprdidadlpleg Si gnal S
together with said three additional PWM sw tching signals.

of generation of a switching signal by the

microprocessor;

FIG. 12 is a diagram showing ON/OFF signals
obtaiaed when the amplitude of the modulating wave is
changed;

FIG. 13 is a block circuit diagram of a main
portion within a waveform generator ganerating ON/OFF
signals;

FIG. 14 is a flow chart for setting up frequency £
and voltage Q;

FIG. 15 is a diagram showing sine wava data in a
storage area;

FIG. 16 is a diagram explanatory of generatibn of
switching signals output from ports of the

. microprocessor;

FIG. 17 is a diagram showing changes of the
switching signal;

FIG. 18 is a flow chart showing the main operation
(main routine) of the microprocessor;

FIG. 19 is a flow chart showiﬁg processes executed

when an interrupt occurs; and
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An enbodi nent of the present inventon wll now be described, by way of
exanple, with reference to the acconpanying drawings: FIG 1 is a schematic
di agram showi ng an air conditioner constituted of an i ndo®HISIBHEET &S BEEN
outdoor unit, with the present invention applied thereto; FI GREPLAGED
refrigerant circuit di agram show ng a refrigeration cycl q; i s
conditioner shown in FIG 1, jLﬂM1'ddﬁﬁh gj

FIG. 20 is a diagram explanatory of relationships

petween time areas of a switching signal. .

QgEAILED DESCRIPTION OF THE PIREFERRED EMBODIMENTS

An embodiment of tﬁe present invention will be
described below witﬁ reference to the accompanying
drawings. FIG. 1 is a schematic diagram of an air
conditioner constituted of an indoor unit and an outdoor
unit, to which the present invention is applied.
Referring to this diagram, reference numeral 1 denotes
an outdoor unit, which is connected with an indoor unit
5 by refrigerant pipings 2 and 3, and an electric line
4, Reference numeral 6 denotes an attachment plug
through which AC power from a commercial AC power source
is supplied to the air conditioner.

The air conditioner is adapted to control upon
receipt of wireless control signals by the indoor unit 5
from a remote controller (not shown).

FIG. 2 is a refrigerant circuit diagram showing a
refrigeration cycle in the air conditioner shown in FIG.
1. In this diagran, reference numeral 9 denotes a
compressor, 10 denotes a four-way changeover valve, 11
denotes a heat exchanger on the outdoor side, 12 and 14

denote strainers, 13 denotes an expansion device (for
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FIG 3 is a black diagram showing a main portion of the electric circuit of
the indoor unit shown in FIG 1; FIG 4 is a general THISSSHEET MADBEEN t he
electric circuit of the outdoor unit shown in FIG 1; FIREPLACER an

electric circuit diagramshowing a main portion of the
shown in, FIG 4; FIG 6 is an electric CII‘CUIt d|a gaﬂg%lmihﬂ FI G
5 shomﬁng a circuit for driving a blower (noto

example a'variablé expansion valve changed by a step

motor), 15 denotes a heat exchanger on the indoor side,

16 denotes a silencer, and 17 denotes an-accumulator,

and these members are connected in a refrigerant cycle

by refrigerant pipes.

Reference numeral 18 denotes an electromagnetic
close/open valve, which when opened allows a refrigerant
bypass circuit to be formed. ‘Reference numerals 19 and
20 denote blowers. The blower 19 have a prépeller fan
?or blowing the outdoor side air to the heat exchanger
11 in the outdoor side unit. The blower 20 have a
cross—-flow fan for blowing the indoor side air to the
heat exchanger- 15 in the indoor side unit,

In a room cooling operation, a high-temperature and
high-pressure refrigerant discharged from the compressor
9 is allowed to flow in the direction indicated by the
arrows drawn in solid line. The outdoor heat exchanger
11 effects as a condenser and the indoor heat exchanger
15 effects as an evaporator. Thus, the room cooling
operation is operated using the indoor heat exchanger
15. '

In a room heating operation, a high-temperature and
high-pressure refrigerant discharge& from the compressor

9 is allowed to flow in the direction indicated by the

- This Sheet Has Been Replaced

o [ RN




FIG 7 is an electric circuit diagram showi ng a base drivg circuit;
FIG & is an, electric circuit diagramshow ng a del a UL
| g g Y This'SHEET HAS BEEN

REPLACED

sl LR

arrows drawn in broken line. As a result, the indoor
heat exchanger 15 effects as a condenser and the outdoor
heat exchénger 11 effects as an evaporator, and thus the
room operation is operated using the indoor heat
exchanger 15. '

In a defrosting operation, the electromagnetic stop
valve 18 is opened while the refrigerant flows the same
as in the room opefation, and hence the refrigerant
flows as indicéted by the dotted solid-line. More
specifically, a portion of the high-~temperature and
high-pressure refrigerant discharged from the compressor
9 is circulated to the oﬁtdoor heat exchanger 11 effects
as evaporator so that outdoor heat exchanger 11 will be.
high temperature, and thus the defrosting operation of
the outdoor heat exchanger 11 is startgd.

FIG. 3 is a block diagram showing a main portion of
the electric circuit of the indoor unit 5 shown in FIG.
1. 1In this diagram, reference numeral 21 denotes a
microprocessor (Intel Corp. make 87Cl96MC with programs
stored therein), which executes programs stored in the
internal ROM to control the air conditioner. The
microprocessor 21, in executing the control, accepts
control signals and the room tempefature value _

transmitted from a remote controller 23 through its

—
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FIG 9is atinme chart show ng signal levels (HL) at main portions of the
delay-circuit; FIG 10 is a block diagram showi ng a nalfWSSHEETHASSBEEN a
m cr opr ocessor; FIG 11 is a diagrmexplanatory of the pr RERIAGIED of

generation of a swtching signal by the h1cropr006850r LnglﬁEﬂ”ﬂiﬂlﬂn

signal receiving portion and also accepts the suction
air temperature of the indoor heat exchanger 15 detected
by a room—temperature'sensor 24, the temperature of the
indoor heat exchanger 15 detected by a heat-exchanger
temperature sensor 25, and, thereby, controls the blast
quantity (number of revolﬁtions of a DC fan motor) of
" the blower 20 and the rotating angle (the delivery angle
of the conditioned air delivered from the indoor unit 5)
and, at the same time, calculates the cooling capacity
required by the air—conditioned room and outputs the
signal indicative of the cooling capacity to the signal
line 4 through serial circuits és and 27 (which are
circuits for modulating a signal represented by H/L
voltages to a signal at a predetermined baud rate and
for demodulating a similar signal transmitted from the
outdoor unit 1).
| The electric line 4 is formed of a dedicated line
for power f, a dedicated line for signal S, and a common
line to power and signal G. Further, the serial circuit’
27 connects one of the signal lines to the common line
G.

Reference numeral 30 denotes a power relay, make
and brake of the contacts of which ére controlled by the

output of the microprocessor 21 through a driver 29.

: ‘This Sheet Has Been Rep
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FIG 12 is a diagram showi ng OV OFF signal s obtained when the anplitude of

the nodul ating wave is changed,; FIG 13 is a block cir }g el ggké)f a

?gln portion within a waveform generator generating CNICEE s% =D N
ol 01 R

when the contacts are made, AC power obtained from the
plug 6 is supplied to the terminal 31. Reference
numeral 33 denotes a motor driving circuit which is
constructed of six power switching elements connected in
a three-phase bridge. The switching elements are ON/OFF
operated by signals from the microprocessor 21 and,
thereby, the rbtation of the DC fan motor is controlled.
The microprocessor 21 first calculates the angle of
rotation of the rotor from the'change in induced voltage
on a non-conducting stator winding and then obtains the
aforesaid output signal on the basis of the angle of
rotation (refer to U.S. Patent No. 4,495,450).

Reference numeral 34 denotes a power board which
includes a current fuse 35, a rectifier circuit 36, a
driving power circuit 37 for the DC fan motor, and a
controlling power circuit 38 for the microprocessor 21
and others. |

FIG. 4 is a general diagram showing the electric
circuit of the outdoor unit 1 shown in FIG. 1. Terminal
39 is connected with the terminal 31 shown in FIG. 3 by
signal lines with the terminal numbers agreeing with
each other.

Reference numerals 113 and 114 are thermistors for

detecting the outdoor air temperature and the

S

-
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FIG 14 is a flow chart for setting up frequency f and voltage v; FIG 15
Is a diagram showi ng sinc wave data in a storage area, Flﬁb 6 1S a d gram
expl anatory of generation of sw tching signals output fro E

m croprocessor; FIG 17 is a diagramshow ng changes of the swt

signal; FIG 18 is a flow chart showi ng the main operati :j mﬂmﬂmﬁ)

of the mcroprocessor FIG 19 is a flow chart show ng pr

when an interrupt occurs; and FIG 20 is a diagram explanatory of
relatlonshlps bet en tlé?&t eas 4 mntchln S|§nal1 FIG 1is a
schemati c di*&§P&H I WHer %%55?* BIeht L&A i ndoor unit and

respectlvely. Outputs of these thermistors 113 and 114
are linearized by outer circuits and then supplied to
A/D conversion input terminals of a microprocessor 111
(Intel Corp. make 180C196MC). Thus, the microprocessor
111 is allowed to receive the outdoor air temperature
and the temperature of the outdoor heat exchénger 11.

The microprocessor 111, upon receipt of the outéoor
air tempeiature, executes programs stored therein in
advance to control the draft quantity (number of
revolutions) of én oﬁtdoo: blower (motor) 19. The
control is operated, in the room cooling operation, such
that the number of revolutions of the motor 19 is
increased according as the outdoor air temperature rises
and, in the room heating operation, such that the
number of revolutions of the motor 19 is increased
according as the outdoor'temperature lowers.

The four-way changeover valve 10 and the
electromagnetic'cloée/open valve 18 are ON/OFF
controlled by a photo-triac (not shown) controlled by a
signal from the microprocessor 1lll. The defrosting
operation is started when relationships among the
outdoor air temperature, the heat eéchanger temperature,

and the mask time satisfy predetermined conditions.

ThlS Sheet Has Been Replaced
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an outdoor unit, to which the present invention is applied. Referring to
this diagram reference nuneral 1 denotes an outdoor unit, which is .
connected with an indoor unit 5 by refrigerant pipings 2 aﬁWS§HEEmwAmBEEN
electric line 4. Reference nuneral 6 denotes an attachment pIu waxwwh

whi ch AC power froma conmmercial AC power source is supp
condi ti oner. The air conditioner is adapted to control ﬁ ﬁg
0

wirel ess control signals by the indoor unit 5 froma renote contr
shown) .
Reference numeral 120 denotes a serial signal

circuit (interface circuit), which is an interface
circuit for exchanging signals between the
mic;oprocessor 21 and the microprocessor 1lll.

In FIG. 4, single phase AC power of 100 V supplied
from the terminal 39 is supplied to a full-wave
rectifier circuit 123 through a noise filter 121 and a

-reactor 122. Reference numerals 124 and 125 denéte
sﬁoothing capacitors, which; together with the rectifier
circuit 123, constitute a voltage doubler rectifier
circuit. Accordingly, DC power at approximately 280 V
(aﬁ approximately 250 V, in reality, because of the
voltage drop in the ﬁoise filter, etc.).

The DC power supplied through the voltage-doubling
rectification is passed through a noise filter 126 and
smoothed by a capacitor 127 and supplied to an inverter
circuit 128. The inverter circuit 128 is formed of six
power switching elements (power transistors, FETs,
IGBTs, etc.). The switching elements make ON/OFF
operations in accordance with ON/OFF signals (supplied
from the microprocessor 1lll1) obtained on the principle
of the PWM system and supply three-phase AC power formed
of a three-phase pseudo-sine wave to the compressor
(thrée—phase induction motor) 9. Accordingly, the

——f—f—‘*“;"'ﬂf—’~f—;_
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numer al

FIG 2 is arefrigerant circuit diagram showi ng a refrigeration
cycle in the air conditioner shown in FIG 1.
9 denotes a conpressor,

13 denotes an expansi on device (for 8 Hﬂ

capacity (number of revolutions) of the compressor 9 can
be determined by the frequency of the three-phase
pseudo- sine wave.

Reference numeral 131 denotes a C. T. (current
transformer) which_detects the current of the AC power
supplied from the terminal 39. The output of the C. T.
131 is converted to a DC voltage in a current detector
circuit 132 agd accepted by the microprocessor 111, the
same as the detected temperetures-by the thermistors 113
and 114, so that the current value is controlled by the
microprocessor 1lll.

The microprocessor 1lll corrects the frequency of
the three-phase pseudo-sine wave to be decreased so that
the detected current by the C. T. 131 may not exceed a
set value, for example 15 A. More specifically, the
frequency is lowered until the current becomes lower
than 15 A. Thus, the current of the AC power supplied
from the terminal 39 is prevented from exceeding 15 A.

Reference numeral 139 denotes a thermistor
detecting the temperatere of the compressor 9 at-its
portion where temperature becomes high. The
microprocessor 1lll corrects the frequency of the pseudo-

sine wave to be decreased in order that the detected

- temperature will not exceed a preset temperature, for

10 denotes a four-way changecoVRaEPLAGEDe,
denotes a heat exchanger on the outdoor side, 12 and 14 denpte“ﬁﬁ‘ﬂ“ﬁwmml

Thls Sheet: Has Been Replaced
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exanpl e a variabl e expansion val ve changed by a step notor), 15 denotes a
heat exchanger on the indoor side, 16 denotes a silencer, nas@HggTﬁﬂqugﬁ
an accunul ator, - and these nenbers are connected in a refrlgeramn

refrigerant pipes. - Ref erence nuneral 18 denotes an elﬁﬁLﬁﬁﬁarﬂihhﬂ"

......

example 104. Thereby, a temperature rise in the
compressor 9 due to overload can be prevented.

Reference numeral 149 denotes a switching power
circuit which outputs stabilized low voltages of +5 V
and +12 V, |

Reference numerals 150 to 155 denote a rectifier.
circuit, smoothing capacitors, a noise filter, a
smoothing capacitor, and an inverter circuit similar to
those mentioned above. The inverter circuit 155 is
supplied with ON/OFF switching signals from the
microprocessor 111. Reference numeral 156 denotes a
delay circuit which generates six kinds of switching
signals from three kinds of switching signals output
from the microprocessor 111 and also provides a delay
when the switching signal changes from OFF to ON.

The inverter circuit 155 is supplied with a signal
from the microprocessor 111 to turn OFF all the
switching elements.

FIG. 5 is an electric circuit diagram showing a
main portion of the general diagram shown in FIG. 4. 1In
this diagram, reference numerals 201 to 206 denote the
power switching elements which constitute the inverter
circuit 128 and are so connected aé to form a three-

phase bridge.

—
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cl ose/ open val ve, which when opened allows a refrigerant bypass circuit to
be formed. Reference nunerals 19 and, 20 denote blowers. The bl ower 19
have a propeller fan for blow ng the outdoor side air to tTHSBHEET HAS BEEN
exchanger 11 in the outdoor side unit. The bl ower 20 have a &EF$4CEPOwW

fan for blowng the indoor side air to the heat exchanger gk or
side unit. In a room cooling operation, a high- terrper‘@a “ﬂ mﬁl HW
hi gh-pressure refrigerant di scharged from the conpr esso
Reference numerals 207 to 212 denote base driving
circuits for the power switching elements'ZOl to 206.
The base driving circuits 207 to.209 are supplied with
power voltage +5 V for photocouplers and mutually
insulated power voltages V1 to V3, while the base
driving circuits 210 to 212 are supplied with the power
voltage +5 V for photocouplers and a common power
voltage V4. These power voltages +5 V and V1 to V4 are
 supplied from the switching power circuit 149. The
Yoltages’Vl to V4 are DC voltages at +6 V.
The base driving circuit is a circuit for_allowing
charges stored between the base and emitter of the power
switching element to be. discharged especially when the .
switching signal is changed from ON to OFF so that the
power switching element is quickly turned OFF. The main
portion of the base driving circuits 207 to 212 may be
integrated to form a hybrid circuit. Further, they can
be integrated into an inverter circuit 128, which is a
molded module of a combination of six transistors. (As
one of such modules, there is Sanyo Electric Co. make
STK650-316.)
Reference numeral 218 dencotes an inverting buffer
which inverts, and amplifies for power, ON/OFF (H-level

voltage/L~-level voltage) switching signals output from

This Sheet Has Been Replaced
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9 is allowed to flowin the direction indicated by the arrows drawn in
solid line. The outdoor heat exchanger 11 effects as a cOHSEHEET HASBEEN:
i ndoor heat exchanger 15 effects as an evaporator. Thus, theREBRES Ol ng

operation is operated using the indoor heat exchanger 15z: m
heati ng operation, a high-tenperature and hi gh-pressuregnﬁiuilm“mimmr
di scharged fromthe conpressor 9 is allowed to flowin the direction

i ndi cated by the : :

ports P30 to ports P35 of the microprocessor 111.
‘Outputs from the inverting buffer 218 are supplied to
corresponding base driving circuits 207 to 212.

The compressor 9 is driven by a three-phase pseudo-
sine wave output from the inverter circuit'128. By
changing the frequency of the pseudo-sine wave, the
number of revolutions of the compressor 9. can be

changed.

——

FIG. 6 is an electric circuit diagram similar to
FIG. 5 showing a circuit for driving the blower (motor)
19. In this diagram, switching elements 214 to 219
correspond to the switching elements 201 to 206, base
driving circuits 220 to 225 correspond to the base
driving circuits 207 to 212, and a buffer (not inverting
the output) 226 corresponds to the inverting buffer 218.
The base driving circuits 220 to 225 are receiving power
from the switching power circuit 149 similarly to the
above.

Reference numeral 227 denotes a switching element
which is turned ON by an ON signal from a port P9 of the

- microprocessor 111 and renders the photocouplers for the

base driving circuits 220 to 221 operative. When the

switching element 227 is OFF, the photocoupleré do not

- This Sheet Has Been Replaced -
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9 arrows drawn in broken line. As a result, the indoor heat exchanger
15 effe%ts as a condenser and the outdoor THIS SHEET HAS BEEN

REPLACED
a0

operate and, hence, the switching elements 214 to 219
are all turned OFF.

Reference numerals 228 to 230 denote delay circuits
(the delay circuit 156 in FIG. 4) which output SWitching
signals (ON/OFF signals) output from ports P54 to P56 of
the microprocessor 11l and inverted signals of the
switching signals and, in addition, delay the
transmission of signals a predetermined time period when
the switching signals are changed from OFF to ON.

- FIG., 7 is an electric circuit diagram showing the
base driving circuit (for example 207). In this
diagram, reference numeral 231 denotes a photocoupler
which is turned ON/OFF by the switching signal from the
microprocessor 1l1. Reference numeral 232 to 234 denote
switching tfansistors, which turn ON/OFF a power
transistor 203 by being turned ON/OFF by the switching
signal. Since the transistor 234 is turned ON when the
power transistor 203 is turned OFF, the potential of the
base of the power transistor 203 becomes lower than the
potential of the emitter by the amount corresponding-to
the terminal voltage of the capacitor'235 and, hence,
the charges stored on the base are readily discharged.
Incidentally, the terminal voltage of the capacitor 235

is correspondent to the forward voltage (approximately

. This Sheet Has Been Replaced
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heat exchanger 11 effects as an evaporator, and thus the roomoperation is
operated using the indoor heat exchanger 15. I n awﬁﬁ(r .rﬁ%SBEEN
operation, the electromagnetic stop valve 18 is opened CED
refrigerant flows the same as in.the room operation, and hence

refrigerant flows as indicated by the dotted solid-llne
specifically, a portion of the high-tenperature and hi gh %ﬁﬂﬂﬁi MI Ii”“l
refrigerant discharged fromthe conpressor

0.7 V) of the diode 236. (Refer to the gazette of
Japanese Utility Model Publication No. Hei 2-18710.)
since other base driving circuits ére of the same
circuit configuration, description of them will be
omitted.

FIG. 8 is an electric circuit diagram of the delay
circuit 228 (other delay circuits 229 and 230 are the
same in circuit configuration). 1In this diagram,
reference numeral 237 denotes a comparator of which the
noninverting input terminal is connecﬁed with an
integrator circuit formed of a resistor 238 and a
capacitor 239, and it is adapted such that a switching
signal (ON: H voltage at +5 V, OFF: L voltage at 0 V)
from the microprocessor 111 is supplied thereto Ehrough
the integrator circuit. The inverting input terminal is
supplied with ‘a divided voltage (2.5 V) by resistors 240
and 241, Reference numeral 242 denotes the butput
resistor of the comparator 237. _Referencé numeral 243
denotes a NAND gate and 244 denotes an OR gate. Their
respective outputs Q and Q are supplied to the buffer
226.

FIG. 9 is a time chart showing_signal levels (H/L)
at main portions of the delay circukt 228. Character S

denotes the switching signal output from the
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9 is circulated to the outdoor heat exchanger 11 effects as evaporator so
t hat outdoor heat exchanger 11 will be high tenperature §$d t éEE
defrosting operation of the outdoor heat exchanger 11 i gH %q AD EN
FIG 3 is a block diagram showing a main portion of the electric CIrCUIt

of the indoor unit 5 shown in FIG 1. In this diagram e‘f*ﬁ g ﬁﬂmal
21 denotes a mcroprocessor (Intel Corp. nake 87Cl96NMC |
stored therein), which executes prograns stored in the

microprocessor ;ll, + denotes the signal level supplied
to the noninverting input terminal of the comparator 237
(the signal passed through the integrator circuit), COMP
denotes the signal level of the output of the comparator
237, NAND denotes the signal level after being passed
through the NAND gate 243, and OR denotes the signal
level after being passed through the OR gate 244. As
apparent from the time chart, there is secured a time
difference td between the L output of the NAND gate 243

: ;nd the L output of the OR gate 244, By securing such a
time difference, the upper and lower power switching
elements constituting the inverter circuit are preyented
from assuming ON states at the same time. The time
difference td is obtained by the time constant of the
integrator circuit and it is set to 10 usec in the
present embodiment.

FIG. 10 is a block diagram showing a main structure
of the microprocessor 1ll. In this diagram, reference
numeral 245 denotes a CPU (processing unit), which.
operates in accordance with programs stored in ROM
(memory unit) 246. Reference numeral 247 denotes a
waveform generator, which, upon receipt of predetermined
data, generates the switching signal for obtaining the

pseudo-sine wave based on the PWM (pulse width
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executing the control, accepts control signals and the room q&ﬁqﬁ

internal ROMto control the air conditioner. The nicropro ?%h'é}H 5% EN
g the kD €
value transmtted froma renmote controller 23 through its - 10
; .
O L

modulation) system. Reference numeral 248 denotes an -
interrupt controller, which, at a count-out of a timer,
outputs a signal to interrupt execution of a program.

FIG. 11 is a diagram explanatory of the principle
of generation of the éwitching signal by the
microprocessor lli, i.e., a diagram explanatory of the
provision of the ON/OFF signal for the switching element

. 201 shown in FIG. 5, for example. The ON/OFF signal for
the switching element 204 is an inversion of the ON/OFF
signal for the switching element 201.

In FIG. 11, CO denotes the carrier wave (for
example triangular wave, stepped triangular wave, and
sine wave) and M0 denotes the modulating wave (for
example sine wave and stepped sine wave). The
frequencies of the carrier wave CO and modulating wave
M0 and the ratio between the frequencies are not limited
to those illustrated. Frequencies shown in FIG. 1l are
those selected for convenience of explanation., The
ON/OFF signal SO is such a signal that becomes ON when
modulating wave M0 > carrier wave CO.

The ON/OFF signal for the switching element 202 is
an ON/OFF signal that is obtained depending on whether
modulating wave M0 > carrier wave"co, when the

modulating wave MO0 is advanced in phase by 120° from the
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signal receiving portion and al so accepts the suction air tenperature of
t he i ndoor heat exchanger 15 detected by a roon}tenperature sensor 24, the

tenperature of the indoor heat exchanger 15 detected HVE% Eﬂ@ﬂger
of Tevol Ui ons of & OC fan mtory of oo el ash Tlﬁﬁilllﬁllil(lilllmber
il

modulating wave M0 of FIG. 11, and the ON/OFF signal for
the switching element 205 is an inversion of the ON/OFF
signal for the swifching element 202. The ON/OFF signal
for the switching element 203 is an ON/OFF signal that
is obtained depending on whether modulating wave M0 >
carrier wave CO0, when the modulating wave MO is delayed
in phase by 120° from the modulating wave M0 of FIG. 11,
and the ON/OFF signal for the switching element 206 is
an inversion of the ON/OFF'siénal for tpe switching
element 203.

By using such ON/OFF signals as described above, DC
power is ON/OFF controlled on the same pattern as the
ON/OFF signal shown in FIG. 1l and, thereby, a pseudo-
sine wave is generated. The period {(cycle) of the

' modulating wave MO is the same as that of the frequency
signal £. By changing the cycle of the modulating wave
M0, the frequency of the pseudo-sine wave can be
changed. By decreasing the cycle of the carrier wave
CO0, the number of ON/OFF changes in one cycle of the
pseudo-sine wave increases so that the resolution of the
pseudo-sine wave is increased. 1In FIG. 1ll, the cycle of
the carrier wave is made larger for convenience of

explanation.
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the bl ower 20 and the rotating angle (the delivery angle of the
air delivered fromthe indoor unit 5) and, at the sane tine,

condi ti oned

cal cul ates the cooling capacity

out puts the

signal indicative of the cooling capacity to th&ESHYREP

required by the ai - condHIS SHERT HADREEM

i ne

4 through serial circuits 26 and 27 (which are circuits E@
signal represented by HL voltages to a signal at a pre l a 4ﬂ$
rate and for denodulating a-simlar signal transmtted rom

FIG. 12 is a diagram showing ON/OFF signals
obtained when the amplitude of the modulating wave is
éhanged. In the case where a modulating wave Ml having
a larger ampliﬁude than the modulating wave M0 is used,
the pseudo;voltage.of ﬁhé pseudo-sine wave Sl (the
voltage value obtained from the current f£lowing through
the compressor {motor) 9 when the pseudo-sine wave is

applied to the induction motor) becomes higher. The

| difference between the maximum ON time and the minimum

ON time, i.e., the amplitude of the voltage, becomes
higher. 1In the case where the modulating wave M2 having
a smaller amplitude than the modulating wave M0 is used,
the pseudo—sine'wave S2 is obtained. The pseudo-voltage
obtained when the pseudo-sine wave S2 is used becomes
smaller than the pseudo-voltage obtained when the
pseudo~-sine wave S0 is used.

Accordingly, by changing the amplitude of the
modulating wave, the voltage of three-phase AC power
supplied to the compressor 9 can be changed and by
changing the frequency of the modulating wave, the
frequency of the three-phase AC power can be chahged.

FIG. 13 is a block circuit diggram of a main
portion within the waveform generator 247 generating

ON/OFF signals. In this diagram, reference numeral 249
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outdoor unit 1). The electric line 4 is forned of a dedicated |ine

for power P, a dedicated line for signal S, and a coomon |ine to power and
signal G Further, the serial circuit 27 connects one of th&HS SHEET HASEEEN
to the common line G Ref erence nuneral 30 denotes a power REBLAGED
make and brake of the contacts of which are controlled by tpeﬁm

t he m croprocessor 21 through a driver 29. i ﬁ Elalil

l msmii

denotes a 16-bit UP/DOWN qounfer, which makes count-up
in synchronism with a clock and, when the count reaches
FFFFH, starts count—-down in synchronism with the clock,
and when the count reaches 0H, étarts count-up again.
Thus, it alternates the count-up and count-down. Hence,
the output (count) of the counter 249 varies so as to
form a triangular wave (carrier wave).

.Reference numeral 250 denotes a sine wave cdntrol
portion, which generates, in a storage area, a sine wave
;t the frequency £ and voltage (amplitude) v with data
changing from 0 to FFFFH. The generation of the sine
wave is executed in accordance with a flow chart shown
in FIG. 14. First in step S11, £ and v are initialized
(E =0, v=20.80). Although it is not limitative, £ is
set to be £ = 0 and 10 = £ = 150 Hz, and v is set to be
0.50 = v £ 1.00, for convenience of explanation.

If it is judged necessary to change the frequeﬂcy bid
or voltage v in step S12, the sine wave data in the
storage area is rewritten in step S13. At this time,
the sine wave data (sindata) is previously corrected by
being multiplied by the value of v. The sine waves 265
to 267 in FIG. 15 show the sine wave data in the storage
area. The sine wave 265 is the fundamental wave at £ =

10 and v = 1.00 and its value varying as shown in the

- This Sheet Has Been Re placed
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11 When the contacts are nmade, AC power obtained fromthe plug 6 is

supplied to the terminal 31. Reference THIS SHEET HAS BEEN
REPLACED

] 0 01

diagram is stored at aadresses 0 to N10. The sine wave
266 is the sine wave data when £ = 10 and V = 0.66,
while the sine wave 267 is the sine wave data when £ =
20 and-v = 1.00., The values of N10 and N20 are
determined by the frequency of the clock used. When a
clock at 100 KHz is used, for example; they become' N10
= 10000 and N20 = 5000,

The sine waves (for 1/2 cycle) 262, 263, and 264
show the values (0H to FFFFH) of the sine wave data
stored in a storage portion 251. There are stored sine
wave data for each of frequencies in increment of 1 Hz
in the storage portion 251. Characters £10, £15, and
£20 denote points where the sine wave data start,
respectively. The amplitude of the sine wave data is
set to increase according as the frequency is increased.
More specifically, it is set such that v/f£ is kept
constant with respect to a preset load level.

For example,

value of sine wave 265 FFFFH/2 % sine wave 262/2,
and

value of sine wave 266 = FFFFH/2 * 0.66 x sine wave
262/2.

Likewise, other sine waves can bé obtained.

Namely, if frequency £ and voltage v are given, the sine

—
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power swiftching el ements connected in a three-phase brldge
el ementsfare OV OFF operat.ed by signals fromthe nicroprocessor and
t hereby,[the rotation of the DC fan notor is contr.oll ed. INETWLJ ‘B’ EL
ni croprocessor 21 first calculates the angle of rotation of.adi
the change in induced voltage on a non-conducting stator w nding and then
obtains the aforesaid output signal on the basis of the angle of

yave data in the storage area can be rewritten in step

nuneral 33 denotes a notor driving circuit which is constr ,%&b ééEEN
1

s13 of FIG. 14.

Although sine waves 262, 263, and 264 were shown
for 1/2 cycle in FIG. 15 for ease of explanation, they
can of course be cut to those for 1/4 cycle to reduce
the area occupied by them in the storage portion.

Reference numeral 252 in FIG. 13 denotes a
distributor of the value of sine wave, which generates

' : values of the waves with a phase difference of 120°
;herebetween. For example, in the case of the sine wave
at £ = 10 and v = 1.00 (the sine wavé 265 shown in FIG.

; 15), its length of one cycle extends frbm-o to N10 (=
10000). The step positions shifted in phase by 120° are
0, N10/3 = 3333, and N10 X 2/3 = 6666. |
Therefore, when the fundamental count (driven by

the clock) is denoted by C, it becomes such that CX = C

0 when C N1Q +

(0 = C = N10 = 10000, C becomes C

1), CY¥ = CX + N10/3 (CY becomes CY¥Y CX + N10/3 - N10
CX + 3333 -~ 10000 when CY > N10 = 10000), and CZ = CX +
Nlo x 2/3 (CZ becomes CZ = CX + N10 x 2/3 ~- N10 = CX +
6666 - 10000 when CZ > N10 = 10000).

The values of the sine wave corresponding to the_

counts CX, CY¥, and CZ correspond to the values of the

sine wave 265 shown in FIG. 15. Hence, the changes of

' " This Sheet
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rotation (refer to U. S. Patent No. 4,495, 450). Ref erence nune
denotes a power board which |ncludes a current fuse 35, 4% EEEBEEN
circuit 36, a driving power circuit 37 for the DC fan notor,

controlling power circuit 38 for the mcroprocessor 21  and iﬁLﬂm
FIG 4 is a general diagramshow ng the electric C|rCU|t;guhﬁﬁ§ﬁuﬂ

unit 1 shown in FIG 1. Termnal 39 is connected with the term nal
shown in FIG 3 by
the sine wave when the value of the count C is changed
become as shown by the waveforms 253, 254, and 255 in
FIG. 13. The waveforms 253, 254,'and 255 are mutually
shifted in phase by 120°.

Although the sine waves 265 to 266 were shown for
one cycle in FIG; 15 for ease of explanation, they may
be reduced to those for 1/4 cycle to save the storage
area occupied by them.

Thus, if the values of the frequency £ and voltage
v are given, a_three—phase sine wave at the frequency £
énd voitage v, of which phases are mutually shifted by
120°, can be obtained. |

Referring back to FIG. 13, ieference numerals 256
to 258 denote comparators for comparing magnitude of two
values. Each comparator compares magnitude of the value
of the triangular wave (carrier wave) supplied from the
UP/DOWN coﬁnter 249 and the value of the sine wave
(modulating wave) shown by the waveforms 253 to 255 and
outputs an ON level (H level voltage) when the value of
the modulating wave is larger than the value of the
carrier wave. Outputs of the comparators 256 to 258

become the ON/OFF signals for the switching elements

201, 202, and 203 shown in FIG. S.

-—
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signal lines with the term nal nunbers agreeing with each other.

Ref erence nunerals 113 and 114 are therm stors for detecti pgst SQsH
air tenperature and the 12918%55&%20 =N

‘0 0

Reference numerals 259 to 261 denote inverting

g

circuits which invert the ON/OFF signals output from the
comparators 256 to 258 to thereby provide ON/OFF signals
for the switching elements 204, 205, and 206.

When the switching elements 201 to 206 are slow in
making transition between ON/OFF states (especially,
from ON state to OFF state), a delay circuit (which is a
circuit, such as that shown in FIG. 8, for delaying the
change, when the signal is changed frém OFF to ON, for a

- predetermined time period,) is inserted in the circuit
throﬁgh which the ON/OFF signal is supplied to the
switching element.

Incidentally, by D/A converting the values supplied
to the comparators 256 to 258 into analog voltage
levels, those comparators comparing magnitude of analog
voltages may be used as the comparators 256 to 258.

The switching signals arranged as described above
are output from the terminals P30 to P35 of the
microprocessor 1ll. Thus, by having the values of the
frequency £ and voltage v stored into a predetermined
register by the CPU 245, switching signals based on the
PWM system can automatically be generated and'output.

FIG. 16 is a diagram explanaéory of generation of

switching signals output from the ports P54 to P56 of

L Th1s Sheet Has Been Replaced
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tenperature of the outdoor heat exchanger 11, respectively. Qutputs of
these,thern1stors 113 and 114 are I|near|zed by outer cir cyd SyAEEHA S@EN

suppl fed to A/ D conversion input terminals of a nlcroprocesso¢m¢LACE nte

Corp. { make i 80C196MC). Thus, the microprocessor 111 is aIIQme

t he outdoor air tenperature ' Fﬂ .l !“"iﬁjiﬂ
]

the micropfocessor.lll, which shows an ON/OFF switching
signal for one power transistor (for example the
switéhing element 214) of the six power transistors
constituting the inve;ter circuit. By generating such
switching signal for the three phases, a three—phasg
pseudo-sine wave éan be obtained.

It is shown in FIG. 16 that the ON/OFF switching
signal is generated once in each cycle of the carrier
wave, Accordingly, a desired switching signal can be
obtained by changing the timing of the ON/OFF switching
signal in each cycle. In FIG. 16, each of Tl to T4
denotes one cycle and its period is T sec, which for
example is around 1/3k sec. Assuming that the ON/OFF
switching signal.is symmetric in each cycle of the
carrier wave, if the times t0 (t0l, t02, t03, and 504)
are obtained, the times tf (tfl, tfz, t£3, and t£f4) can
be obtained from tf = T - t0.

The pseudo~sine wave based on the PWM system can be
obtained by changing the.pefiod of time (tf - t0),
during which the ON switching signal is output, so as to
take on a sine wave form. Accordingly, the point of
time at which the switching signal changes from OFF to
ON in one cycle of the carrier waée may be set to t0 = A

X sin{wt) + T/4. A is a constant and t0 changes as

e
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and the tenperature of the outdoor heat exchanger 11. The
m croprocessor 111, upon receipt of the outdoor air tenperas GREET HASEEENS
prograns stored therein in advance to control the draft quant3&R-ACRHNber

of revolutions) of an outdoor blower (nmotor) 19. The controhl EE?HWE““‘

in the roomcooling operation, such that the nunber of r v%h
notor 19 is increased according as the outdoor air tenperéiure rises
in the room heating operation, such that the

shown in FIG. 17. In FIG. 17, (a) shows the ON/OFF
switching signal when the constant A is set small and
(b) and (c) show the signal when the constant A are
progressively increased.

According as the.¢onstant A is enlafged, the
changing width of the period of time, tsl - tml (ts2 -
tm2, ts3 - tm3), during which the switching signal is
ON, becomes larger. Namely, the amplitude of the
pseudo—siné_wave becomes larger and, hence, the
equivalent voltage of the three-phase AC power supplied
to the induction motor can be made larger.

Accordingly, by changing the value of the constant
A, the voltage can be controlled. By increasing wt, the
rate of change, the frequency of the pseudo-sine wave
can be changed. By introducing such a method from
programs and executing relative operations in the

-microprocessor, ON/OFF switching signals can be
obtained. The switching signals are output from the
ports P54 to P56 of the microprocessor 11ll.

The method of generating pseudo-sine waveé is not
limited to that described in the above embodiment, but
any other method is applicable if it is only possible to
change the frequency and the equivalent voltage of the

pseudo-sine wave.
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nunber of revolutions of the notor 19 is increased accordi Ry, S BEEN
out door tenperature | owers. The four-way changeover valvéﬁ%é gnd; ﬁe
el ectronagnetic cl ose/ open valve 18 are ONOFF controlled by a hoto tr
(not shown) controlled by a signal fromthe n1croprocessor!$H g
defrosting operation is started when relationships. anong t

tenperature, the heat exchanger tenperature and t he mask tlne satlsfy
predet ermi ned conditions.

FIG. 18 is a flow chart showing the main operation

(main routine) of the microprocessor 11l. In this flow
chart, step S21 is a step in which the microprocessor
111 is initialized. In step S22, data are input. More
specifically, such data as temperatures detected
respectively by means of the thermistors 113, 114, and
139, the current value detected by'means of the C.T.
131, and operational data supplied through the terminal
39 and interface circuit 120 are input.

In step S23, the frequency of the power supplied to
tﬁe compressor 9 and the frequency of the power supplied
to the blower 19 are obtained by calculation made on the
above mentioned inpuﬁ data; In step S24, the frequency
f and voltage v of the power supplied to the compressor
9 are stored in a predetermined storage portion. Hence,
the waQeform generator 247, on the basis of the
frequency £ and voltage v, automatically outputs the
switching signals from the po;ts P30 to P35 of the
microprocessor 1lll.

In step S25 and step S26, operations are performed
for outputting the switching signals from the ports P54
to P56 of the microprocessor 111. First, the value of
wt is set up. The value of wt is changed every cycle of

the carrier wave. When a f£lag AU or BU (for the U

-_
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13 Ref erence nuneral 120 denotes a serial signal, circuit
(interface circuit), which is an interface THIS SHEET HAS BEEN
REPLACED

A

phase), to be described later, is set, the next value of

wt is obtained and, then, step S26 is executed, i.e.,
timing of ON/OFF changes in the next interval (the
period of one cycle of the carrier wave) is obtained and
the éame is set in a.timer time area, to be described
later, and the flag is cleared. The same operations are
performed on a flag AV or BV (for the V phase) and a
flag AW or BW (for the W phase).

In step 527; operations of the four-way changeover
valve 10 and the like are controlled on the basis of the
input data. Further, it is determined in step S29
whether or not any proteéting operation for the input
data is necessary and, when it is necessary, a
predetermined protecting operation is performed and a
related indication is made.

FIG. 19 is a flow chart showing the processes
executed when an interrupt occurs. The interrupt occurs
when each timer (U, V, and W) counts out a set time.
Although description will be made below on only the U
phase, the same operations are made for other phases.

When an interrupt occurs in step S21 (when a set
time is counted out), a predetermined process is
executed and the main routine (of'the flow chart in FIG.

18) is transferred to this flow chart. In the following

/
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circuit for exchanging signals between the mcroprocessor 21 and the

m cr opr ocessor 111. In FIG 4, single phase AC power oftHlD8pESBY
fromthe termnal 39 is supplied to a full-wave rectifier circuwepLA& ghkgﬁl

t hrough a noise filter 121 and a reactor 122. Reference nu rals 124

125 denote snoothing capacitors, which, together with the ﬁlu uﬁlmﬁi
circuit 123, constitute a voltage doubler rectifier <circu

DC power at approximately 280 V '

step S22, the next timer times are set in the timer U,
Such timer times are set in timer time areas, i.e., TNP
- (ON time), TFP (OFF time), TNS (ON timg), and TFS (OFF:
time) shown in FIG. 20._ The set time in the timer U
passes from left to right in FIG. 20.

These times aré calculated in the main routine in
acéordance with the flag that is set.

In step S23 and step S24, it is determined whether
or not the time set in step S22 is set in the area TNP
or area TNS. When it is set in the TNP area, the flag
AU is set (step SZS)land when it is set in the TNS, the
flag BU is set (step S26). Then, in step S27, the
output at the port is set to ON and held at it. When
the conditions in step S23 and step S24 are not met,
then, in step S28, the output at the port is_set to OFF
and held at it. |

Then, in step S29, counting of the time set in the
timer U in step S22 is started and this routine is
returned to the main routine in step S30.

FIG. 20 is a diagram explanatory of ON/OFF changes
at the port. In this diagram, T denotes one cycle of
the carrier wave. At the f£irst interrupt (INT), the
port is turned ON and at the same tﬁme the timer U

starts the counting of the time TNP. Since, the flag AU
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(at approximately 250 V, in reality, because of the voltage drop in the
noise filter, etc.). The DC power supplied through the

vol tage-doubling rectification is passed through a noise fTHi$ SHEERBASBEEN
smoot hed by a capacitor 127 and supplied to an inverter circuiREPEAGED The

inverter circuit 128 is fornmed of six power switching ele
transistors, FETs, |GBTs, etc.). The switching el errents WW mnfi““l
operations in accordance with OV OFF signals (suppli

is set at this time, next wt (period of one cycle of the

carrier wave) is calculated in the main routine and,
thereby, OFF period, ON period, and OFF period in the
next cycle wt are obtained. The first OFF period is
added to the time TFP, the ON period is set in the time
area TNS, and the last OFF period is set in the time
area TFS. 1In the next interrupt (INT), the port.is
turned OFF and at the same time the timer U starts
counting of the time TFP.

In the next interrupt (INT), the port is turned ON
and, at the same time, the timer U starts the counting
of the time TNS. Since,_at this time, the flag BU is
set, next wt (period of one cycle of the carrier wave)
is calculated in the main routine and, thereby, OFF
period, Oﬁ period, and OFF period in the next cycle wt
are obtained. The first OFF period is added'to the time
TFS, the ON period is set in the TNP area, and the last
OFF period is set in the TFP area. In the next
interrupt (INT), the port is turned OFF and at the same
time the timer U starts counting of the time TFS.

Thereafter, while the times TNP, TFP, TNS, and TFS
are sequentially set up in the main routine, the port is
turned ON/OFF every time an interrupt occurs and,

thereby, the switching signals are obtained.

——
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fromthe mcroprocessor 111) obtained on the principle of the PW system
and supply three-phase AC power formed of a three-phase pspusisHEETHASEBEEN
to the conpressor (three phase |nduct|on motor) 9. Accordi ngl \RERLAGED

14 A

In the embodiment described above, a‘method
obtaining switching signals by means of discretionary
hardware circuits and a method obtaining switching
signals by utilizing timer times set by programs are
used for obtaining switching signals based on the PWM
system for two kiﬁdé of motors. However, it may be
adapted such that both sets of switching signals may be
obtained by using hardware circuits or they may be
obtained from the changes in the timer time. Further,
%t may be adapted such that more than two sets of
SWitching signals are obtained.
| Although the compressor 9 was constituted of a
three-phase induction motor in the above embodiment, the
same may be constituted of a DC motor and arranged to be
operated by switching éignals based on USP 4,495,450
generated in the same way as those for the blower 19.

Further, the compressof can be constituted of a DC
motor and arranged to generate switching signals to
control supplying electric éower to said motor.

Further, the switching signal generated according
to the présent invention may be supplied not only to the
motors but also for example to the switching power

circuit 149 of Fig. 4 and the like.
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capacity (nunber of revolutions) of the conpressor 9 can a(Ns BERN b
the frequency of the three-phase pseudo- sine wave. TH%%; ﬁgﬂnﬁb Y

nuneral 131 denotes a C. T. (current transforner) which detect
gjr;_.ent of the AC power supplied fromthe term nal 39. “‘?ﬁ“\“ﬁ“&ﬁ “he
According to the invention as described above,
plural systems of switching signals can be obtained from
a single microprocessor and, fﬁrther, six kinds of
switching signals can be dbtained from three kinds of
switching signals by means of circuits external to the
microprocessor, and therefore, the number of ports used
of the microprocessor can be decreased and the effective
use of the ports can be achieved.
Further, using a single microprocessor, a plurality
of motors and other electric apparatuses can
'£espectively be driven by plural sets of outputs
- provided by the microprocessor.
Further, the switching signél_obtained from a
single microprocessor is not limited to the combination
of 3 kinds of switching signals and 6 kinds of switching
signalsf It can be use in any style according to the

faculties and number of the port of said microprocessor.

_—___”_,__—',_——
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131 is converted to a DC voltage in a current detector circuit 132 and
accepted by the m croprocessor 111, the sane as the detected tenperatures

by the therm stors 113 and 114,

the mcroprocessor 111. - The n1croprocessJHSﬁHEERHM$BEavthe

frequency of

t he t hree-phase pseudo-sine wave to bBEBeAGEsed so that

so that the current value is controll eg—by

t he

detected current by the C. T. 131 nay not exce for exanple
15 A. More specifically, the eﬁﬁ” ,m mgﬁ”ﬁl

WHAT IS CLAIMED IS:

1. A method for driving a motor comprising the
steps of: |

generating thrée kinds of switching signals
proceeded in a microprocessor;

inverting the switching signals output from said
microprocessor;

operating switching elements to be ON/OFF states in
response to the inverted switching signals and the
switching signals before being inverted; and

supplying electric power obtained through the
ON/OFF operations of said switching elements to said

motor for driving said motor.

2. A method for driving a motor according to claim
1, further compriéing the step of:

delaying an ON signal of said switching signal for
a predetermined period from a time which an OFF signal

of said switching signal.changed to said on signal.

3. A method for driving a motor according to claim

1, further comprising the steps of:
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frequency is lowered until the current becones |lower than 15 A Thus, the

current of the AC power supplied fromthe termnal 39 i v ted from
exceeding 15 A . Ref erence nuneral 139 denotes a ther 5? EP@ENlng
the tenperature of the conpressor 9 at its portion where tenpera?u

becones high. The mcroprocessor 111 corrects the frequ "fﬂmﬂmﬂ"ﬁiﬁmudo-
sine wave to be decreased in order that the detected not
exceed a preset tenperature for

generating six kinds of switching signals proceeded

in said microprocessor;

operating switching elements to be ON/OFF states
different from said switching elements in response to
said six kinds of switching signals output from said
microprocessor; and -

driving a motor different from said motor with
electric power obtained through the ON/OFF opérations of

said switching elements.

4. A method for driving a motor according to claim
3, further comprising the step of:
controlling other electric apparatuses by said

microprocessor.

5. A method for driving a motor according to claim
3, wherein the one motor is that for driving a
compressor and the other motor is that for driving a
‘blower, and wherein said microprocessor is mounted on
the other unit of a separated type air conditioner,
which has a refrigerating cycle having a compressor, a
heat source side heat exchanger, an expansion device,
and an utilization side heat exchénger separately

mounted on the other unit and ananother unit.

:‘R\
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exanpl e 104. Thereby, a tenperature rise in the

THIS SHEET
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6. In an air conditioner having a refrigerating
cycle having a compressor, a condenser, an expansion
device, and an evaporator, an apparatus for driving a
motor comprising:

a micropréceésor outputting switching signals in
accordance with predetermined process in said
microprocessor;

an inverter circuit performing ON/OFF operations in
response to said switching signals for supplying
electric power to a motor for the compressor; and

another inverter circuit performing ON/OFF
operations in response to other switching signals output
from said microprocessor supplying eleciric power to

other electric apparatus such as a fan motor.

7. An apparatus for driving motors comprising:

a single microprocessor for generating plurai
sysﬁems of switching signals for drive motors; and

plural systems éf switching elements responsive to
each system of switching signals output from said
microprocessor for performing ON-OFF operations, wherein

DC power obtained by the ON/OFF operation of each system

This Sheet Has Been
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conpressor 9 due to overload can be prevented. Ref erence nuneral 149
denotes a switching power circuit which outputs stabilizBYSSHREVHASEFEN of

+5 V and +12 V. Ref erence numerals 150 to 155 denote aRFR-ACEP er
circuit, snoothing capacitors a noise filter, a snpot h| rrg and
an inverter circuit simlar to those mentioned above ﬁ_m;” %gﬂ m ﬂ mlcui t

155 is supplied with OV OFF swtching signals fromt

of switching elements is supplied to each of motors and

other plural motors for driving the same.

e
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m croprocessor 111. Reference nuneral 156 denotes a delay circuit which
generates six kinds of switching si 82?@ from t hr eBHIRISHEET eiAs BEEhchi ng
signal s PUt put fromthe m croproces 11 and al so prREALAEEDa del ay
the sw tthing signal changes from OFF to ON. I ;z}l _ e r cuit 155
I's supplied with a signal fromthe m croprocessormﬁmlﬁgﬁl{mfﬁu F all the
swi tching el enents. FIG 5 is an electric circuit diagramshow ng a
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mai n portion of the general diagramshown in FIG 4. In this diagram

reference nunerals 201 to 206 denote the‘ E% r swtching el enents which
constitute the inverter <circuit 128 and é SO0 connect eTHIS SHEET HAS IBEEN.
three- fhase bridge. : REPLACED
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16 Ref erence nunerals 207 to 212 denote base driving circuits
for the power switching elenents 201 to,206. The base driving circuits 207
to 209 are supplied with power voltage +5 V for phot oconMsasﬁEﬁquémt ual l'y
i nsul ated power voltages VI to V3, while the base REPLACED
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driving circuits 210 to 212 are supplied with the power voltage +5 V for
photpcoupl ers and a common power voltagg / ﬁ These power voltages +5 V and
VI to V4 are supplied fromthe switching lp wer circuit 14FHISTSEET™MOAS BEEN
VI to V4 are DC voltages at +6 V. The base driving ci rCUIRlEPLEC@
circuit"for allowng charges stored between the base and mt gﬁﬂ [ﬁjﬁﬁ,

H

i

power swi tching elenent to be discharged especially when lh%’-’
signal is changed from ON to OFF so that the fit

FIG.4
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power switching elenent is quickly turned OFF. The main portion of the
base driving circuits 207 to 212 may be integrated to fofhi$S8HBFDHAY BEEN
circuity. Further, they can be integrated into an inverter ciREFHACED2S,
which is a nolded nodule of a conbination of six transistor ﬁ@ . of
such nodul es, there is Sanyo Electric Co. make STK650-316, ) iﬁ? @ﬁﬁence
nunmeral 218 denotes an inverting buffer which inverts, and anﬁii Tor

power, ON OFF (H-Ievel
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vol tage/ L-1 evel voltage) switching signals output from

s

FIG.6
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ports P30 to ports P35 of the mcroprocessor 111. Qutputs fromthe
I nverting buffer 218 are supplied to cgrresponding base driving circuits

207 to R12. The conpressor 9 is driven by a three-phasfy,
wave output fromthe inverter circuit 128. By changlng the frggﬁEQPHAB%EEE

t he pseudo-sine wave, the nunber of revolutions of essor
changed. FIG 6 is an electric circuit dlagran15|n1|a1mﬁa]ﬁgﬁuﬂgﬁlﬁm

FIG.7
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FIG 5 showing a circuit for driving the blower (notor) 19. In this
diagram switching elenents 214 to 219 corfgggqnd to the switching

el ements 201 to 206, base driving circuits to 225 corr eBpOBAEtPHAS BEE
base riving circuits 207.-to 212, and a buffer (not inverting memolbputy
226 corresponds to the inverting buffer 218. The base driving-¢ ﬁﬂﬁﬂ tE”'?ﬂ

to 225 are receiving power fromthe swtching power circuit.: J]
to the above. 1atsi

FIG.9
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Ref erence nuneral 227 denotes a switching elenment which is .Q_Hég g)é
ON signal froma port P9 of the mcroprgcessor 111 and rend AS BEEN
phot ocoupl ers for the base driving circddi¥s 220 to 221 operatlv n t he
switchi ng el enent 227 is OFF, the photocouplers do not ! ﬁl ”m
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operate and, hence, the switching elenents 214 to 219 are all turned OFF.

Ref erence nunerals 228 to 230 denote delay circuits (the del a"SH'&SHEEmHAéégrEN
in FIG M) which output switching signals (OVOFF signals) out putREPL.wE
ports P54 to P56 of the microprocessor 111 and inverted si gna+s

T

FIG.11
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switching signals and, in addition, delay the . transm ssion of signals a
predeterm ned tine period when the swi,tching signals are changed from OFF
to ON. FIG 7 is an electric circuit diagram show ng tiﬁﬁ SéSSA drivi ng
circuit® (for exanple 207).-In this diagram reference nunera

a photocoupler which is turned OV OFF by the sw tching signal rom

m croprocessor 111. Reference nunmeral 232 to 234 denote \{v[""}” ﬁ“””i“iil
transistors, which turn OV OFF a power RS

FIG.12
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transi stor 203 by being turned OV OFF by the switching signal. Since the
transistor 234 is turned ON when the power transistor 203 is turned OFF,
the potential of the base of the power transistor 203 becamessherveiad BEEN
t he thentlaI of the emtter by the amount corresponding to ReeLAGEDn nal
vol tage of the capacitor 235 and, hence, the charges stor d.q

are readily discharged. Incidentally, the term nal voltagg: sg ﬂﬁ@g lﬁjﬂ ﬁ'
capacitor 235 is correspondent to the forward vol tage (appf %

FIG.13
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19 0.7 V) of the diode 236. (Refer to the gazette of Japanese Uility
Model Publication No. Hei 2-18710.)

! THIS SHEET HAS BEEN
_ REPLACED
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Since other base driving circuits are of the same <circuit configuration,
description of themw |l be omtted. FI G B i s an el ect THS SHEETHAS BEEN
di agram of the delay circuit 228 (other delay circuits 229 and 2BBPIAGED he
same infcircuit confi-guration).-In this diagram. reference

) I'] .
denotes a conparator of which the noninverting input term najlgg s mm’

wth an integrator circuit fornmed of a resistor 238 and a

FIG.15
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capacitor 239, and it is adapted such that a switching signal (O\N: H

voltagg at +5 V, OFF: L voltage at 0 V) fromthe m croprocessor 111 is
suppl ifed thereto through the integrator circuit. The inver i

' nput .
termal is supplied with a divided voltage (2.5 V) by resf@ggfgpi% S BERY
241. Ref/erence nuneral 242 denotes the output ' resistor of the €0 Bt or
237. Reference nuneral 243 denotes a NAND gate and 244 de Et"'gmsgi‘l”ﬂﬂiﬂﬂle
Their respective outputs Q and Q are supplied to the buff T'E}

FIG.17
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226. FIG 9 is atine chart showing signal levels (HL) at main
portions of the delay circuit 228. Character S denotes th&dHSWSHEET HAS BEE'
si gnaly out put fromthe 20 REPLACED

T
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m croprocessor 111, + denotes the signal |evel supplied to the

noni nverting input termnal of the conparator 237 (the.signal passed
througf the integrator circuit), COMP denotes the signal |eV€|THﬁ§s}§§E-H S B
out put of the conparator 237, NAND denotes the signal |evel after ggp D 5
passed through the NAND gate 243, and OR denotes the signal |[|evel after

bei ng passed through the CR gate 244. As il AT

FIG.19
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apparent fromthe time chart, there is secured atinme difference td
between the L output of the NAND gate 243 and the L output of the OR gate
244, ﬁy securing such a time difference, the upper and | oweFHISSHEET HAS BEEN
switcfing elenents constituting the inverter circuit are prevenf&AGHEHM

assum ng ON states at the sane tinme. The tine difference t
the tine constant of the integrator circuit and it is set t(@é@i W E
in the present enbodi nent.

FIG.20
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FIG .10 s a bl ock di agram show ng a mai n structure of the nibroprocessor
2111, In this-diagram reference nuneral 245 denotes a CPU (proces

: : . ) , (3 EEN
unit), which operates in accordance with prograns stored in %ﬁ;@@
‘unit) 246. Reference numeral 247 denotes a waveform generator, mhlc

ontoi hing. the: Bseudo- o1 ne' wave based-on the VA (pul o8 w ot nILEE) A IR T

ABSTRACT OF THE DISCLOSURE

Plural systems of switching signals are obtained
from a single microprocessor for driving a plurality of
motors and other apparatuses while achieving effective
use of ports of the microprocessor. In principle, three
kinds of switching signals baséd on three-phase are
generated in the microprocessor; the three kind of
switching signals are converted to six kinds of
switching signals in circuits external to the
microprocessor, and then the signals are supplied to
their respective switchiné elements in an inverter

circuit.

—_—
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METHOD AND APPARATUS FOR DRIVING MOTOR

BACKGROUND OF THE iNVENTION-

The present invention relates to a method and an
apparatus for driving a motor for use for examplé in an
air conditioner and; more particularly, to generation of
switching signals for driving a motor on the basis of a
PWM (pulse width modulation) system. _ |

As one of the conventional systems of the described
type, there is a system disclosed in the U.S. Patent No.
4,698,744. The system disclosed in the USP is such that
is adapted, in controlling operation (number of
revolutions) of a single motor by means of a single
microprocessor, to generate six switching signalg in the
microprocessor and control the operation of the motor
with these switching signals. |

Since, in the conventional driving method, six

switching signals are output from the microprocessor,

- the microprocessor has to have at least six output ports

(terminals) therefor. Hence, when this microprocessor
ié used also for controlling other electric apparatuses,
there arises a problem that the ports become
insufficient in number for controlling such other
apparatuses. : “; -
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FIG 11 is a diagramexplanatory of the principle of generation of the

swi tching signal by the mcroprocessor 111, i.e., a di agram expl anatory of
the provisi gnal for the sw tchi-ng el eTrHIaSHEEDHAS in
FIG 5, for : signal for the swtching eIe%ﬁﬁHAQ§@4 is an
I nversion of jt et pal for the2swi tching el ement, —2_0 NE&E rl G

11, CO denot ¢st wave (for exanple triangul ar w%f
triangul ar @CSFR 159, |22l

The present invention was made for solving the
above mentioned probiem. Accordingly, an object of the
present invention is to provide a method and an
;apparatus for driving a motor in which the difficulty of
insufficiency of ports in number is solved.

Another object of the pfesent invention is to drive
a élurality of motors and other electric apparatuses
with plural sets of outputs based on a PWM system

provided by the use of a single microprocessor.

SUMMARY OF THE INVENTION
The method for driving a motor according to the
present invention comprises the steps of generating
three kinds of switching signals based on a three-phase
PWM (pulse-width modulation) system by means of a
microprocessor, inverting the switching signals output
from the microprocessor by means of inverting circuits,
ON/OFF operating switching elements in response to the
switching signals inverted by the inverting circuits and
the switching signals before being inverted, and driving
the motor with DC power obtained through the ON/OFF
: operatibns of the switching elements.
In the above described method, each of the

inverting circuits is provided with a circuit for
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sine -wave) and M) denotes the nodul ating wave (for exanpy Y d
st epped sine ya The frequenC|es of the carrier wave é@s 3 q§$$hg
wave M and [ een—t he frequencies are not linted to those

i |l ustrat ed. in FIG 11 are those seIeCteﬂﬁﬁagm ILEH
conveni ence @ OV OFF3signal SOis such--giug
e MO > carrier wave CO. The OV OFF

becomes ON wherd &Mﬂt'y
t 202 is

signal for the;smntchlng el"edre

|

\

delaying, when the switching signal is changed from an
OFF signal to an ON signal} the transmission of the ON
signal a predetermined period of time.

The above described method further comprises the
steps of generating six kinds of switching signals based
on a three-phase PWM (pulse-width modulation) system by

~means of the micropiocessor, ON/OFF operating switching
elements different from the aforesaid switching eleﬁents
in résponée to the six kinds of switching signals output

: #rom the microprocessor, and driving a motor different
from the aforesaid motor with DC power obtained through
the.ON/OFF operations of the switching elements.

The microprocessor further controls other electric
aéparatuses.

In the above described method, the one motor is
that for driving a compressor and the other motor is
that for driving a blower, and the microprocessor is

‘mounted on the unit on the out door side of a separated
.type air conditioner, which has a refrigerating cycle
having a compressor, a condenser, an expansion device,
and an evaporator separately mounted on a unit on the
i indoor side and a unit on the out door side.
The apparatus for driving a motor according to the

present invention, in an air conditioner having a

—_—

R
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an OV OFF signal that is obtained dependi ng on whet her ‘nodul ating wave MO
> carrier-wave C0, when the nodulating wave M) is advanced i n phase by

120 fromt hy

-0 THIS SHEET HAS BEEN
IRFPLACEME? B . REPLACED
r—23 APR 1996, - is’ il

5

s

refrigerating cycle having a compressor, a condenser, an

expansion device, and an evaporator, comprises a

microprocessor outputting switching signals in
accordance with predetermined programs stored a ROM in
advance, switching elements performing ON/OFF operations
in respbnse to the switching'signals_for supplying
electric power based on a PWM (pulse width modulation)

theory to a motor for the compressor, and another

inverter circuit performing ON/OFF operations in

response to other switching signals output from the
microprocessor in accordance with the programs for
supplying electric powe: based on a PWM (pulse width
modulation) theory to other electric spparatus such as.a
fan motor. _ ”

Further, the apparatus for driving a motor
according to the present invention somprises a single
microprocessor for generating plural systems of
switching signals based on s PWM (pulse width
modulation) theory, and plural systems of switching
elements responsive to.ééch system of switching signals
output fiom the microprocessor for performing ON-OFF
operations, in which DC power obtained by the ON/OFF

operation of each system of switching elements is
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nodul ati ng wave M) of FIG 11, and the OV OFF signal for the sw tching
el ement 205 is an inversion of the OV OFF signal for the switchin gFE“
202. The QV signal _for the switching el ement 203 is anT Eﬁgf

that is obt ' 'g&ﬂ: whet her nodul ating wave M) > calrilér wave
C0, when the et d-ng A e VM is del aYed in phase by 120ng;];;1;1 ?gammgﬂﬂl
nodul ati ng \Y; NBSO}\ FIG 11, { and the OV OFF signal for t ,g,d‘.s{

el ement 206 ils 9 APR 1996’ o

o

supplied to each of motors and other plural electric

apparatuses for driving the same.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an air
conditioner constituted of an indoor unit and an outdoor
dnit, with the present invention applied thereto; |

FIG. 2 is a refrigerant circuit diagram showing a
refrigeration cycle in the air cénditioner shoﬁn in FIG.
1;

FIG. 3 is a block diagram showing a main portion of
the electric circuit of the indoor unit shown-in FIG. 1;

FIG. 4 is a general diagram showing the electric.
circuit of the outdoor unit shown in FIG. 1;

FIG. 5 is an electrié circuit diagram showing a -
main portion of the general diagram shown in FIG. 4;

FIG. 6 is an electric circuit diagram similar to
FIG. 5 showing a circuit for driving a blower (motbr);

FIG. 7 is an electric circuit diagram showing a
base driving circuit;

FIG. 8 is an electric circuit diagram showing a
delay circuit; _

FiG. 9 is a time chart showing signal levels (H/L)

at main portions of the delay circuit;
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an inversion of the CN/CFF signal for the switching elenent 203. By

usi ng such OV |
controll ed on
t her eby,
nmodul ati ng wav
changing the ¢
pseudo- si ne wa

a pse

ri bed above, DC power i s TMNISSHEET HAS BEEN
s the ON OFF signal shown in FREPLAGEDnN,
s{ generated. The period (cyghe

as that 6f the frequency silgig
ti ng wave M), the frequenc

FIG. 10 is a block diagram showing a main structure
of a microprocessor}

FIG. 11 is a diagram explanatory of the principle
of generation of a switching signal by the
microprocessor; |

FIG. 12 is a diagram showing ON/OFF signals
obtainéd when the amplitude_of the modulating wave is
changed;

FIG. 13 is a block circuit diagram of a main
portion within a waveform generator generating ON/OFF
signals;

FIG. 14 is a flow chart for setting up frequency £
and voltage v;

FIG. 15 is a diagram showing sine wave data in a
storage area;

FIG. 16 is a diagram explanatory of generation of
switchihg signals output from ports of the
microprocessor;

FIG. 17 is a diagram showing changes of the
switching signal;

FIG. 18 is a flow chart showing the main operation
(main routine) of the miéroprocessor;

FIG. 19 is a flow chart showing processes executed

when an interrupt occurs; and

This Sheet Has Been Replaced
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FIG. 20 is a diagram explanatory of relationships

between time areas of a switching signal.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

| An embodiment of the present invention will be
described below with reference to the accompanying
drawings. FIG. 1 is a schematic diagram of an air
conditioner constituted of an indoor unit and an outdoor
unit, to which the presént invention is applied.
Referring to this diagram, reference numeral 1 denotes
an outdoor unit, which is connected with an indoor unit
5 by refrigerant pipings 2 and 3, and an electric line
4. Reference numeral 6 denotes an attachment plug
through which AC power from a commercial AC power source
is supplied to the air conditioner. |

The air conditioner is adapted to control upon
receipt of wireless control signals by the indoor unit §
from a remote controller (not shown).

FIG. 2 is a refrigerant circuit diagram showing a
refrigeration cycle in the air conditioner shown in FIG.
1. 1In this diagram; reférenCe numeral.Q'denotes a
compressor, 10 denotes a four-way changeover valve, 11
denotes a heat exchanger on the outdoor side, 12 and 14

denote strainers, 13 denotes an expansion device (for
D

Sheet Has Been Replaced ..

I



23 :
the anplitude

nodul ati ng wav

i's used,

FIG. 12 is a d|a ram showi ng OV OFF signals obtained when
ek i%yh rwave is changed. In the case where a
ger anplitude than the nodul ati ng wave M
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example a variable expanéion valve changed by a step
motor), 15 denotes a heat exchanger on the indoor side,
16 denotes a silencer, and 17 denotes an accumulator,
and these members are connected in a rgfrigerant cycle
by refrigerant pipes.

Reference numeral 18 denotes an electromagnetic
close/open valve, which when opened allows a refrigerant
bypass circuit to be formed. Reference numerals 19 and
20 denote blowers. The blower 19 have a propeller fan
for blowing the_outdoor side air to the heat exchange;
11l in the outdoor side unit. The blower 20 have a
cross-flow fan for blowing the indoor side air to the
heat exchanger 15 in the indoor side unit.

In a room cooling operation, a high-temperature and
high-pressure.refrigerant discharged from the compressor
9 is allowed to flow in the direction indicated by the
arrows drawn in solid line. The outdoor heat exchanger

11 effects as a condenser-énd the indoor heat exchénger

15 effects as an evaporator. Thus, the room cooling

operation is operated using the indoor héat exchanger
15. |

In a room heating operation, a high?temperature and
high-pressure refrigerant discharged from the compressor

S is allowed to flow in the direction indicated by the



t he pseudo~vol tage of the pseudo-sine wave Sl (the voltage val ue obtained
fromthe current flowing throygh the conpressor (notor) 9 when the
pseudo- si ne [ i ISHEEﬁC)the i nducti on notor) becomes higher. The
di fference be ACE] umnm ON tinme and the mnimum ONtinme, i.e., the

anpl i tude ofj tjhe %ghgﬁg@ bdcqmes highé&. In the case where the nodul ating
wave M2 havipn g I P6arplitude than the nodul ati ng wave M) is used,
t he pseudo-s '

btlai ned. The pseudo-vol t age

arrows drawn in broken line. As a résult, the indoor
heat exchanger 15 effects as a condenser and the outdoor
heat exchanger 11 effects as-an evaporator, and thus the

~ room operation is operated using the indoor heat
exchanger 15.

In a defrosting operation, the electromagnetic stop
valve 18 is opened while the refrigerant flows the same
as in the room operation, and hence the refrigerant
flows as indicated by the dotted solid-line. More
specifically, a portion of the'high-tgmperature and
high-pressure refrigerant discharged from the compressor
9 is circulated to the outdoor heat exchanger 11 effects
as evaporator so that outdoor heat exchanger 11 will be
high temperature, and thus the defrosting operation of
the outdoor heat exchanger 11 is started.

FIG. 3 is a block diagram showing a main portion of
the electric circuit of the indoor unit 5 shown in FIG.
1. In this diagram, reference numeral 21-denotes a
microprocessor (Intel Corp. make 87C196MC with programs
stored therein), which executes programs stored in the
internal ROM to control the air conditioner. The
microprocessor 21, in executing the control, accepts
control signals and the room temperature value

‘transmitted from a remote controller 23 through its



obt ai ned Whén the pseudo-sine wave S2 is used becones snaller than the
pseudo-vol t age pseudo-si ne wave SO i s used.

Accordingly, b itude of the nodul ating wave, the voltage
of three-phase d to the conpressor 9 can be changed and by
changi ng the fjr und;prf gge dul ati nifd.wave, the frequency of the

t hr ee- phase AC gdower canjﬁ changed. FIG 13 is a block circuit

di agram of a mai | '

éignal receiving portion and aléo accepts the suction
air temperature of the indbor heat exchanger 15 detected
by-a room—-temperature sensor 24, the temperature of the
indoor heat exchanger 15 detected by a heat-éxchanger
temperature sensor 25, and, thereby, controls the blast
quantity (number of revolutions of a DC fan'motor) of
the blower 20 and the rotating angle (the delivery angle
of the conditioned air delivered from the indoor unit 5)
and, at the same time, calculates the cooling capacity
rgquired by the air-cdnditioned room and outputs the
signal indicative of the cooling capacity to the signal
line 4 through serial circuits 26 and 27 (which are
circuits for modulating é signal represented by H/L
voitages~to a signal at a predetermined baud rate.and
for demodulating a similar signal transmitted from the
.outdoor unit 1).

The electric line 4 is formed of a dedicated line
for power P, a dedicated line for signal S, and a common
line to power ‘and signal G. Further, the serial circuit
27 connects one of the signal lines to the common line |
G. |

Reference numeral 30 denotes a power relay, make
and brake of the contacts of which are controlled by the

output cf the microprocessor 21 through a driver 29.



portion wthi
this diagram g

n the maveforn1generator 247 generating OV COFF signals. 1In
. rerat! 249 24
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When the contacts are made, AC power obtained from the
plug 6 is supplied to the terminal 31. Reference
numeral 33 denotes a motor driving circuit which is
constructed of six power_switching elements connected in
a three-phase bridge. The switching elements are ON/OFF
operated by signals from the microprocessor 21 and,
thereby, the rotation of the DC fan motor is controlled.
The microprocessor 21 first calculates the angle of |
rotation of the rotor from the change in induced voltage
on a non-conducting stator winding and then obtains the

aforesaid-output signal on the basis of the angle of

.rotation (refer to U.S. ?atent No. 4,495,450).

Reference numeral 34 denotes a power'board which

includes a current fuse 35, a rectifier circuit 36, a

driving power circuit 37 for the DC fan motor, and a
controlling power circuit 38 fdr the microprocessor 21
and otﬁers. |

FIG. 4 is a general'diag;am showing the electric
circuit of the outdoor_ﬁnit 1 shown in FIG. 1. Terminal
39 is connected with the termina1_3l shown in FIG. 3 by
signal lines with the terminal numbers agreeing with
each other.

Reference numerals 113 and 114 are thermistors for

detecting the outdoor air temperature and the



denotes a 16-
when the count reaches FFFFH, starts count-down in

a clock and,

bit UP/ DOMN counter, which nmakes count-up “in synchronismw th

synchroni sm
agai n. Thus,

(count) of the cgsgter 249 vartes so asli

wave) .
whi ch genera

_J-'

E ﬁ1d when the count reaches OH, starts count-up
P count - UF and count-down. Hence, the output
20 forma triangular wave (carrier
9%%er &1 | 250 denotes a sine wave control = portion,
e , In a storage Area, a sine wave N

LACEAENT. §8

temperature of the outdoor heat exchanger 11,
respectively. Outputs of these thermistors 113 and 114
are linearized by outer circuits and then supplied to
A/D conversion input terminals of a microprocessor 111
(Intel Corp. make i80C196MC). Thus, the microprécessdr
11l is allowed to receive the outdoor air temperature
and the temperature of the outdoor heat exchanger 11l.

The microprocessor 111, upon receipt of the outdoor
air temperature,'executes programs stored therein in
advance to control the draft quantity (number of
revolutions) of an outdoor blower (motor) 19. The
control is operated, in the room cooling operation, such
that the number of rgvolutions of the motor 19 is
increased according.as the outdoor air temperature rises
and, in the room heating operation, such that the
number of revolutions of the motor 19 is increased
according as the outdoor temperature lowers.

The four-way.chanéeover valve 10 and the
electromagnetic close/open valve 18 are ON/OFF
controlled by a photo-triac (not shown) controlled by a
signal from the microprocessor 11l1l. The defrosting
operation is started when relationships among the
outdoor air temperature,lthe heat exchanger temperature,

and the mask time satisfy predetermined conditions.



at the frequ®ncy f and vol t age (anplltude) v with data "changing fromO to

FFFFE. The gen§a§§+fﬁ+4ﬂL4Hma-shne wave is executed in accordance with a
fl ow chart sho IﬁﬁﬂﬂﬂﬁﬂTﬁﬁﬂﬂfFlrst in step S11, f and v are initialized
(f =0, v= 0.80 . Altnougn flt is not limtative, f is set to bef =0

—

and 10 [err] f F E& nd vis sé tobe 0.50 [err] v [err] 1.00,
for conveni ence of exp an Por ITit is judged necessary to change

t he frequency ff -{#—*%#4éwﬁaugir step S12, the sine wave data in the

" Reference numeral 120 denotes a serial signal
circuit (interface circuit), which is an interface
circuit for exchanging signals between the

- microprocessor 21 and the microprocessor 111l.

In FIG. 4, singlé phase AC power of 100 V supplied
from the terminal 39 is supplied to a full-wave
rectifier circuit 123 through a noise filter 121 and a

- reactor 122. Reference numerals 124 and 125 denote
smoothing capacitors, which, together with the rectifier
circuit 123, constitute a voltage doubler rectifier
‘circuit. Accordingly, DC power at approximately 280 V
(at approximately 250 V, in reality, because of the
voltage drop in the noise filter, etc.).

The DC power Suppliedﬁthrough the voltage-doubling
rectification”is passéd through a noise filter 126 and
smoothed by a capacitor 127 and supplied to an inverter
circuit 128. The in&erte; circuit 128 is formed of six
power switching elements (power transistors, FETs,
IGBTs, etc.). The switching elements make ON/OFF
opérations in accordance with ON/OFF signals (supplied
from the microprocessor 11l1) obtained on the principle
of the PWM system and supply three-phase AC power formed
of a three-phase pseudo-sine wave to the compressor

(three-phase induction motor) 9. Accordingly, the



Prasy

(sindata) is pré¢xL _ by being nutiplied by the value of v.
The sine waves 269 to 267 1n FIG 15 show the sine wave data in the .
_storage area. Thé.s)BAPRYYPE6D |s the fundamental wave at f = 10 and v =
1.00 and its valjug¢ varying as shopwn in ide '

storage area isj I 1 o S13. At this tine, the sine wave data
; MENT SHEET
|

Ul

capacity (number of revolutions) of the compressor 9 can
be detefmined by the frequency of the three-phase
pseudo—- sine wave.

Reference numeral 131 denotes a C. T. (current
transformer) which detects the current of the AC power
supplied from the terminal 39. The output of the C. T.
131 is converted to a DC voltage in a current detector
circuit 132 and accepted by the microprocessor 111, the
same as the detected temperatures by the thermistors 113
and 114, so that the current value is controlled by the
microprocessor 111.

The microprocessor 111 corrects the frequency of
the three-phasé pseudo-sine wave to be decreased so that
the detected current by the C. T. 131 may not exceed a
set value, for example 15 A. - More specifically, the
frequency is lowered until the current becomes lower
than 15 A. Thus,.the current of the AC power supplied
ffom the terminal 39 is prevented from exceeding 15 A.

Reference numeral 139 denotes a thermistor
detecting the températute of the compressor 9 at its
portion where temperature becomes high. The
microprocessor 111 corrects the frequency of the pseudo-
sine wave to be decreased in ofder that the detected

temperature will not exceed a preset temperature, for



25 diagramis stored at addresses 0 to N1O. The sine wave 266 is the

si ne wave dafa when f = 10 and = 0.66, while the sine wave 267 is the
si ne wave data EACEWH%HQSHEET" = 1.00. The values of N10 and N20 are
7 li
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example 104. Thereby,_é temperature rise in the
compressor 9 due to overload can be prevented.

Reference nume;al.l49 denotes a switching power
circuit which outputs stabilized low voltages of_+5 v
and +12 V. |

Reference numerals 150 to 155 denote a rectifier
circuit, smoothing capacitors, a noise filter, a
smoothing capacitor, and an inverter circuit similar to
those mentioned above. The inverter circuit 155 is
supplied with ON/OFF switching signals from the
ﬁicroProceSsor 111. Reference numeral 156 denotes a
delay circuit which genérates six kinds of switching
signals from three kinds of switching signals output
from the microprocessor 111 and also provides a délay
when the switching signal changes from OFF to ON.

The inverter circuit 155 is supplied with a signal
from the microprocessor 11l to turn OFF all the
switching elements.

FIG. 5 is an electric circuit diagram showing a
main portion of the general diagram shown in FIG. 4. In
this diagram, reference numerals 201 to 206 denote the
power switching eleﬁentS'which constituté the inverter
circuit 128 and are so connected as to form a three-

' phase bridge.



determ ned HV"the frequency of the clock used. Vheh.a ¢lock at 100 KHZ is

used, for exa

waves (for 1/
t he sine wave
wave data for
portion 251.

wave data stant,

N10 = 10000 and N20 = 5000. The sine
A1) and 264 show the values (OH to FFFFH) of
ddta " "stored-mia|st orage portion 251. There are stored sine

eechznglsRquéanci @s in iné_gerrent of 1. HZz in the storage :
¢hgracters f10; 1%, and f20 denote points where the sine

Vi

Reference numerals 207 to 212 denote base driving
circuits for the power switching elements 201 to 206.
The base driving circuits 207 to 209 are supplied with
power voltage +5 V for photocoupleré and mutually
insulated power voltages V1 to V3, while thé base
driving circuits 210 to 212 are supplied with the power
voltage +5 V for photocouplérs and a common power
voltage V4. These power voltages +5 V and V1 to V4 are
supplied from the switching power circuit 149. The
?oltages V1l to V4 aré DC voltages at +6 V.

The base driving circuit is a circuit for allowing
charges stored between the base and emitter of the power
switching element to be discharged especially when the

switching signal is changed from ON to OFF so that the

'power switching element is quickly turned OFF. The main

portion of the base driving gircuits 207 to 212 may be
integrated to form a hybrid circuitf Further, they can
be integrated into an inverter circuit 128, which is a
molded module of a combination of six trénsistors. (As
one of such modules, there is Sanyo Electric Co. make
STK650-316.) |

Reference numeral 218 denotes an inverting buffer
which inverts, and amplifies for power, ON/QFF (H-level

voltage/L-level voltage) switching signals output Zrom



respectively. The anplitude of the sine wave data is set to increase
accordi ng as=the frequency is increased. Mre specifically, it is set such
that v/f is kept=—eeRstant. wWth respect to a preset |oad |evel. For
exanpl e, RERI, s e 265 FFFFH 2 [err] sine wave 262/2, and
val ue of sine Aay€“266“ﬂ” [err] D766 x sine wave 262/2..

1

ports P30 to ports P35 of the microproces;or 111.
Outputé from the inverting buffer 218 are supplied to
corresponding base driving circuits 207 to 212.

The compressor 9 is driven by a three-phase pseudo-
sine wave output from the inverter circuit 128. By
changing the frequency of the pseudo-sine wave, the
number of revolutions of the compressor 9 can be
changed.

FIG. 6 is an electric circuit diagramlsimilai to
FIG. 5 showing a circuit for driving the blower (motor)
19. In this diagram, switching-elements 214 to 219
correspond to the switching elements 201 to 206, base
driving circuits 220 to 225 correspond to the base
driving circuits 207 to 212, and a buffer (not inverting
the output) 226 corresponds to the inverting buffer 218. -
The base driving circuits 220 to 225 are receiving power
from the switching power circuit 149 similarly to the
above.

Reference numeral 227 denotes a switching element
which is turned ON by an ON signal from a port P9 of the
microprocessor 111 and rendgrs the photocouplers for the
base driving circuits 220 to 221 operative. When the

switching element 227 is OFF, the photocouplers do not



* e

Likemﬁse,'otheL_sLne_uauesmsaamﬁe obtained. Nanely, if frequency f and
vol tage v are (REPHACEMENT SHEET 26
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operate and, hence, the switching elements 214 to 219
are all turned OFF. _

Reference numerals 228 to 230 denote.delay circuits
(the delay circuit 156 in FIG. 4) which output switching
sighals (ON/OFF signals) output from ports P54 to P56 of
the microprocessor 111 and inverted signals of the
.switching signais and, in addition, delay the
transmission of signals a predetermined time period when
the switching signals are changed from OFF to ON.

FIG. 7 is an electric circuit diagram showing the
base driving circuit (for example 207). In this
diagram, reference numeral 231 denotes a photocoupler
which is turned ON/OFF by the switching signal from the
microprocessor 1lll. Reference numeral 232 to 234 denote
‘switching transiétérs, which turn ON/OFF a power
transistor 203 by being turned ON/OFF by the switching
signal. Since the transistor 234 is turned ON when the
power transistor 203 is-turned OFF, the potential 6f the
base of the power transistor 203 becomes lower than the
potential of the emitter by the amount corresponding to
the terminal voltage of the capacitor 235 and, hence,
the charges stored on the base are readily discharged.
Incidentally, the terminal voltage of the capacitor 235

is correspondent to the forward_vdltage (approximately



wave data’ i .t he storage area can-be rewritten in step S13 of FIG 14.

Al t hough sine waves 262 _263..and 264 were shown for 1/2 cycle in FIG 15
for ease of exBEPIACEMENTSHEEERan of course be cut to those for 1/4 cycle
to reduce the}|apea-eecupteay fhemin the storage portion.

Ref erence nunefa i 13) denoted a distributor of the value of

si ne wave, whith giél%@g% X '

0.7 V) of the diode 236. (Refer to the gazette of
Japanese Utility Model Publication No. Hei 2-18710.)
Since other base driving circuits are of the same
circuit configuration, description of them will be
omitted. | _

FIG. 8 is an electric circuit diagram of the delay
circuit 228 (othef delay circuits 229 and 230 are the
same in circuit configurationi. In this diagram,
reference numeral 237 denotes a.comparator of which the
noninverting input terminal is connected with an
integrator circuit formed of a resistor 238 and a
capacitor 239, and it is adapted such that a switching

'signal (ON: H voltage at +5 V, OFF: L voltage at 0 V)
from the microprocessor 1lll is supplied thereto thfough
the integrator circuit. The inverting input terminal is
supplied with a divided voltage (2.5 V) by resistors 240
and 241. Reference numeral-242 denotes the output
resistor of the comparator 237. Reference numeral 243
denotes a NAND gate and 244 denotes an OR gate. Their
respective outputs Q and Q are supplied to the buffer
226.

FIG. 9 is a time chart showing signal levels (E/L)
at main portions of the delay circuit 228. Character S

denotes the switching signal output from the



val ues of the-waves with a phase -di-f f erence of 120[err]

exanpl-e, in the_case_gL_Lhe_suna wave at f = 10 and v = 1.00 (the sine
wave 265 shown|REPIFAGEMENT) SHEEE| | ength of one cycle extends from0 to N1O
(= 10000). The *heg ‘postttomsy shifted in phase by 120[err] are 0, N10/3
3333, and N10 K TherefZl e, when the fundanmental count
(driven by the Ig%éfﬁﬁgﬁﬁ@hoted.by C, it becones such that CX =C (O
[err] Clerr] N1Q_=_10000, C bkecpnes C = 0 when C = N10 +

of the microprocessor 1ll.

) therebetmeén

microprocessor 111, + denotes the signal level supplied
to the noninverting input terminal of the comparator 237
(the signal passed through the integrator circuit), COMP
denotes the signal level of the output of the comparator
237, NAND denotes the signal level after being passed
through the NAND gate 243, and OR denotes the signal
level after being passed through the OR gate 244. As
apparent from the time chart, there is secured a time
difference td between the L output of the NAND gate 243
and the L output of the OR gate 244. By securing such a

time difference, the upper and lower power switching

elements constituting the inverter circuit are prevented

from.assuming ON states at the same time. The time
difference td is obtained by the time constant of the
integratdr'circuit and it is set to 10 usec in the
present embodiment. |

FIG. 10 is a block diagram showing a main structure
In this diagram, reference
numeral 245 denotes a CéU (proceséing unit), which
operates in accordance with.programs stored in ROM

(memory unit) 246. Reference numeral 247 denotes a

waveform generator, which, upoﬁ receipt of predetermined'

data, generates the switching signal for obtaining the

pseudofsine wave based on the PWM (pulse width

For



1), CY =
10000 when CY > NI1QO_=.
+ N10 x 2/3 - NHEDX G
val ues of the s ik
correspond to t}
t he changes or

10000) ,

TS
vglsuﬁs of t hq

CX +=N10/ 3 (CY becones CY =
.and CZ =

e

_sine Wgye 265 shown

CX + N10/3- NI1O =

CX + NLO x 2/3 (
0000 when CZ > N10O =
ding to the counts CX,

modulation) system.

Reference numeral 248

"CX [err]
10000) .

in FIG 3.

3333 -
CZ becones CZ =
The
CY, and CZ

denotes an

interrupt controller, which, at a count-out of a timer,

outputs a signal to interrupt execution of & program.

FIG. 11l is a dxagram explanato y of the principle

of generation of the switching signal by the

microprocessor 111, i.e., a diagram explanatory of the

provision of the ON/OFF signal_for the switching element

201 shown in FIG. 5, for example.

The ON/OFF signal for

the switching element 204 is an inversion of the ON/OFf

signal for the switching element 201.

In FIG.

11, CO denotes the carrier wave (for

example triangular wave, stepped triangular wave, and

sine wave) and MO0 denotes the modulating wave (for

example sine wave and stepped sine wave).

The

frequencies of the carrier wave CO and modulating wave

MO0 and the ratio betwéen the frequencies are not limited

to those illustrated.
those selected for convenience of
ON/OFF signal SO is such a signal

modulating wave MO > carrier

T™he ON/OFF

an ON/OFF

ating wave MO0 s adva

wave CO.

wave C0, when

.
carrier

nceé in phase by

Freguencies shown in FIG.

explanation.

i1l are

The

that becomes ON when

signal for the switching element 202 i

signazl that Is obtzined depending on whether

the

i20° f£rom the

cX

Hence,



bepst he val ue of the count Ci's changed becomne

CEpp RS

27 -t h€ sine
e "'254, and 255 in FIG 13. The waveforns 253,

as shown by t
254, and 2595

modulating wave M0 of FIG. 11, and the ON/OFF signal for
the switching element 205 is an inversion of the ON/OFF
signal for the switching element 202. The ON/OFF signal
for the switching element 203 is an ON/OFF signal that
is obtained depending on whether modulating wave MO >
carrier wave C0, when the modulating wave M0 is delayed
in phase by 120° from the modulating wave MO of FIG. 11,
and the ON/OFF signal for the switching element 206 is
an inversion of the ON/OFF signal for the switching .
glement 203.

B§ using such ON/OFF signals as described above, DC
power is ON/OFF controlled on the same pattern as the
ON/OFF signal shown in FIG. 11 and, thereby, a pseudo-
sine wave is generated. The'period (cycle) of the
modulating wave MO is the same as that of the frequency
signal £. By changing the cycle of the modulating wave
MO, the fregquency of the pseudo-éine wave can be
changed. By decreasing the cycle of the cé:rier wave
C0, the number of ON/OFF changes in one cycle of the

pseudo-sine wave increases so that the resociution o0f the

)

pseudo-sine wave is increased. 1In FIG. 11, the cycle of
the carrier wave is made larger Zor convenience of

f i
explanation.



shifted in prase by 120. Al t-hough the sine waves 265 to 266 were
shown for onnﬁgﬁize‘Jn ELG 15 for ease of explanation, they may be

reduced to thg

Thus, if the
t hr ee- phase s
are mutually

4 wﬁﬂ 0 save the storage area occupied by them
'alues of--tfe gpency f and voltage v are given, a

i f;/%éw 1%}0[ quency 23 and voltage v, of which phases

r]. can Deé obt ai ned.

]
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FIG. 12 is a diagram showing ON/OFE signals
obtained when thé amplitude of the modulating wave is
changed. In the case where a modulating wave Ml having
a larger amplitude than the modulating wave M0 is used,
the pseudo-voltage of the pseudo-sine wave Sl (the |
voltage value obtained from the current flowing through
the compressor (motor) 9 when the pseudo-éine wave is
applied to the induction motor) becomes higher. The -
difference between the maximum ON time and the minimum
ON time, i.e., the amplitude of the voltage, becomes
higher. In the case where the modulating wave M2 having
a smaller amplitude than the modulating wave M0 is used,
the pseudo-sine wave S2 is obtained. The pseudo-voltage
obtained when the pseudo-sine wave S2 is used becomes
smaller than the pseudo-voltage obtéined.when the
pseudo-sine wave S0 is used.

Accordingly, by changing the amplitude of the

modulating wave, the voltage of three-phase AC power

supplied to the compressor 9 can be changed and by
changing the frequency of the modulating wave, :he
fregquency of the three-phase AC power can be changed.
G. 13 is a block cizcuit diagram o2 2 main
portion within the wavefcfn generator 247 genera t'hg

ON/OFF signalis. In this ciagram, reference numerzl 249



Referring back to FIG 13, reference nunerals 256 to 258 denote
conparators .for conparing nagnitude of two values. Each conparator

conpar es nagni Agggﬁigx T, of the triangular wave (carrier wave)

supplied fro “CYRIBOMECHEHN er 249 and the val ue of the sine wave

(rmodul ating wavée) shown by the haveforn®24 253 to 255 and outputs an ON
oIZEgNBR\lgﬂﬁ‘n hg val ue OF the nodul ating wave is |arger

| evel (H | evel
than the valu¢ ¢f the carrief pave. Qutputs of the conparators 256 to 258

1%

denotes é le-bit UP/DOWN counter, which makes count-up
in synchronism with a clock and, when the count reaches
FFFFE, starts count-down in synchronism with the clock,
and when the count reaches 0H, starts count-up again.
Thus} it alternates the count-up and count-down. Hence,
the output (counﬁ) of the counter 249 varies éo as to
form a triangular waﬁe (carrier wave).

Reference numeral 250 denotes a sine wave control -
portion, which generates, in a storage area, a sine wave
;t the frequency £ and voltage (amplitude) v with data
changing from 0 to FF?FE. The generation of the sine
wave is executed in accordance with a flow chart shown
in FIG. 14. First in step S11, £ and v are initialized
(£E =0, vs= 0.80). Although it is not limitative; f is
set to Be £ =0 and 10 §_f = 150 Hz, and v is set to be
0.50 = v = 1.00, for convenience of explahation.

If it is judged necessary to change the £requency £
or voltage v in step S12, the sine wave data in %he
storage area is rewritten in step S13. At this time,
the sine wave data (sindata) is previously corrected by
being muitipiied by the &alue of v. The sine waves 265
T0 267 in FIG8. 15 show the sine wave data in the storage
area. The sine wave 265 is zthe Zundamentzl wave a+ £ =

20 and v = 1.00 ané its value varying as shown in che



becone the«CN/CFF S|gnals for the switching elenents 201, 202, and 203

shown in FIG

28
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diagram is stored at addresses 0 to Nl0. The sine wave
266 is the. sine wave data when £ = 10 and V = 0.66,
while the sine wave 267 is the sine wave data when f =
20 and v = 1.00. The values of N10 and N20 are
determined by the fregquency of the clock used. When a
clock at 100 KHz-is used, for example, they become N10
= 10000 and N20 = 5000.

The sine waves (for 1/2 cycle) 262, 263, and 264
show the values (0HZ to FFFFE) of the Sine wave data
stored in a storage portion 251. There are stored sine
wave data for each of frequencies in increment of 1 Hz
in the storage portion 251. Characters £10, £15, and
£20 denote points where the sine wave data start,
fespectively. The amplitude of the sine wave data is
seé.to increase according as the freguency is increased.
More specifically, it is set such that v/£ is kept
constant with respect to a preset load level.

For example,

+ sine wave 262/2,

]
'
%
g
%
i
~
X}

value of sine wave 265

and

value of sine wave 266 = FFFFHE/2 = 0.66 x sine wave

262/2.

' Likewise, other sine waves can be obtained.

i

Nameiy, if freguency ané vgolitage v are given, the sine



Reference numerals 259 to 261 denote inverting
ON/ OFF si gnal’s output fron1theww

ON OFF signal s |
the switching e

circuits which invert.fhe
conparators 256 to 258 to thereby provide
4 el ements 204, 205, and 206. When

are slowin

maki ng transition between

O\ OFF states (eépeC|aPI

(which is a

”frcm ON stap@ to OFF state),

cifcli 2.3 ABR1996 thdt showr—in FIG 8, for del ayi ng the

wave data in the storage area can be rewritten in step
S13 of FIG. 14. |
Although sine waves 262, 263, and 264 were shown
for 1/2 cycle in FIG. 15 for ease of explanation, they
to those for 1/4 cycle to

can of course be cut reduce

the area occupied by them in the storage portion.
Reference numeral 252 in FIG. 13 denotes a

éistributor of the value of éine wave, which.generateé.
values of the waves with a phase difference of 120°
therebetween.

v
£
at £ =

For example, in the case of the sine wave
10 and v = 1.00 (the sine wave 265 shown in FIG.
15), its length of one cycle extends from 0 to N10 (=

10000). The step positions shifted in phase by 120° are

0, N10/3 = 3333, and N10 X 2/3 = 6666.
.Therefore, when the fundamental count'(&riven by
the clock) is dencted by C, it becomes such that CX = C

'N10 = 10000, C becomes C

(0 = C = 0 when C = N10 +

1), C¥ = CX + N10/3 (CY becomes CY CX + N10/3 - N10

CX + 3333 - 10000 when CY > N10 = 10000), and CZ = CX +

N10 x 2/3 (CZ becomes CZ = CX + N10 x 2/3 - N10 = CX +

6666 — 20000 when CZ > N10 = 10000).

The values of the sine wave corresponding to the

counts TX, CY, and CZ correspond to the values of

-

sine wave 265 shown in FIG. LS.

a delay circuit



change, whgn the signal is changed from OFF to ON, for a predeternined
time periof) is inserted in the circuit through which the OV CFF signa

i's supplied {BeE S““"blenent. Incidentally, by DA
converting tkgEﬂg&ggyﬁb ' g to the conparators 256 to 258 into anal og
voltage Ilevglq, those conpafafjors conpafi ng magni tude of analog voltages
may be used ds it h@ APRPPS ofs {256 to 258. The switching signals
arranged as deqcri bed above :

o

the sine wave when the value of the count C is changed
become as shown by the waveforms 253, 254, and.255 in
FIG. 13. The waveforms 253, 254, and 255 are mutually
shifted in phase by 120°.

Although the sine waves 265 to 266 were.shown for
one cycle in FIG. 15 for ease of explanation, they may
be reduced to those for 1/4 cycle to save the storage
area occupied by them.

Thus, if the values of the frequency £ and voltage
v are.given, a three-phase sine wave at the frequency £
and voltage v, of which phéses are mutually shifted by
120°, can be obtained.

Referring back to FIG. 13, reference numerals 256
to 258 denote comparators for comparing magnitude of two
values. Each comparator compares magnitude of the value
of the triangular wave (car:iér wave) supplied from the
UP/DOWN countér 249 and thé value of the sine wave
(mo&ulating wave) shown by the'wavéﬁorms 253 to 255 and
outputs an ON level (E level voltagé) when the value of
the modulating wave is larger than the value of the
carrier wave. Outpuﬁs of the comparators 256 to 258
become the ON/OFF signals Zor the switching elements

201, 262, ané 203 shown in FIG. 5.



are output R~omthe termnals P30 to P35 of the

ports P54 tolP 6 2

alues of the frequency f and voltage v stored into a

predetern1neo”~-‘ =T , CPU 245, switching signals based on the
system can ayt gr xs '&*‘: Htler at ed and out put . FIG 16 is a
é fieTatifon of s28tching signals output fromthe

APR 1994

Reference numerals 259 to 261 denote inverting
circuits which invert the ON/OFF signals output from the
comparators 256 to 258 to thereby p:oﬁide ON/OFF signals
for the switching elements 204, 205, and 206.

When the switching elements 201 to 206 are slow in
making transition between ON/OFF states (especially,
from ON sﬁate to OFF state), a delay circuit (which is a
circuit, such as that shown in FIG. 8, for delaying the
change, when the signal is changed from OFF to ON, for a
predete:mined time period,) is inserted in the circuit
through which the ON/OFF signal is supplied to the
switching element.

Incidentally, by D/A converting the values supplied
to the comparators 256 to 258 into analog voltage
levels, those comparators comparing magnitude of ana;og
voltages may be used as the comparators 256 to 258.

The switching signals arranged as described above
are output from the terminals P30 to P35 of the
microprocessor 1lll. Thus, by having the values of the
f:éQuen;Y £ and voltage v stored into a predetermined
-w:egiste: by the CPU 245,_switching'signals based on the

PWM system can automaticalliy be generated and output.

cr

’l-
th

~on

0]

IG. 16 1s a cdiagram explanatory of genera

>
(4]

switching signals output from the ports P3

J

th

D P55 ¢©

nicroprocessor 111. Thus,

PVW



29 t he
for one powWer

Si X power trq

such

m croprocessor 111, which shows an OV OFF ‘switching signal
transi stor (for exanple the switching elenent 214) of the
et i ng the inverter circuit. By generating

29
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the microprocessor 111, which shows an ON/OFF switching
signal for one power transistor (for example the
switching element 214) of the six'power transistors
constituting the inverter circuit. By generating such
switching signal for the three phases, a three-éhase.
pseudo-sine wave can be obtained.

It is shown in FIG. 16 that the ON/OFF switching
signal is generated once in each cycle of the carrier .
wave. Accordingly, a desired switching signal can be
obtained by changing the ﬁiming of the ON/OFF switching:
signal in each cycle. 1Ian FIG. 16, each of Tl to T4
denotes one cycle and its period is T sec,'which for
example is around 1/3k sec. Assuming that the ON/OFF
éwitching signal is symmetric in each cycle of the |
carrier wave, if the times tO0 (t0l, t02, t03, and t04)
are obtained, the times tf (tfl, tf£2, t£3, and tf4{ can
be obtained from tf = T - t0.

The pseudo-sine wave based on the PWM system can be
obtaiﬁed by changing the period of time (tf'— £0),
éuring which the ON swztchlng signal is output, so as to
take cn a sine wave form. Accordingly, the point of
time at which the switching signal changes from OFF %o
ON :in oné cvcie of the carrier wave may be set %o t0 = A

% sin(wzt) = T/4. R 1s a conszant and =0 chanaes as



swi tchi ng -gj.gnal for the three phases, a three-phase pseudo-sine wave can
be obt ai ned. RS c in FIG 16 that the OV OFF switching signa
i s generated EE A A of the carrier wave. Accordingly, a
desired swit ¢hihg ugnai ca obt ai ned by changing the timng of the

ON OFF swi t chi g a¢h cycle.3¢n FIG 16, each of Tl to T4
denot es one cyclezihﬁﬂﬁf@égﬂ} d |g T sec, which for exanple is around

1/ 3k sec. Asdurfing that _the OFF '

shown in FIG. 17. In FIG. 17, (a) shows the ON/OFF
switching signal when the constant A is set small and
(b) and (c¢) show the signal when the constant A are
progressively. increased.

According as the constant A is enlarged, the
changiné width of the period of time, tsl - tml (ts2 -
tm2, ts3 - tm3), during which the switching signal is “
ON, becomes larger. Namely, the amplitude of the
pseudo-sine wave becomes larger and, hence, the
eau*valent voltage of the three-phase AC power supplied
to nhe ;nduculon motor can be made larger.

Accordingly, by changing thé value of the conétant
A, the voltage can be controlled. By increasing w;, the
rate of change, the frequency of the pseudo-sine wave
can be changed. By introducing such a method from
programs énd executing relative operations in the
microprocessor, ON/OFF switching signals can be
obtained. The switching signals are output £rom the
ports P54 to P56 of the microprocessor 111.

The method of generating pseudo-sine waves is not
iimited to that described in the.above embodiment, but
any other method is appiicable if it is only poséible to
change the Zrequency ané the equivalent voltage of the

pseudo-sine wave,



swi t ching signal
times tO (tO1,

tf3, and tf4)
based on the
- t0), durin
si ne wave for
si gnal change

if the
tf2,

is symmetric in €ach cycle of the carrier wave,
t02, t03._ and.tQd4) are obtained, the times tf (tfl,

: romtf =T - tO. The pseudo-si ne wave
.jk stent. obt ai ned by changing the period of time (tf
mlch t ching s3gnal is output, so as to take on a
he point—of tinme at which the sw tching
Homd¢to* '

FIG. 18 is a flow chart showing thé main operation
(main routine) of the microprocessor 111. 1In this fléw
chart, step S21 is a step in which the microprocessor -
111 is initialized. 1In step S22, data are input. More
specifically, such data as temperatures detected
respectively by means of the thermiéfors 113, 114, and
139, the current value detected by means of the C.T.
131, and operational data sdpplied through the terminai
39 and interface éircuit 120 are input.

In step S23, the frequency of the power supplied to
the compressor 9 and the frequency of the power supplied
to the blower 19 are obtained by calculation made on the
above mentioned input data. In step S24, the frequency
f and voltage v of the power sﬁpplied to the compressor
9 are stored in a predetermined storaée portion. Hence,
the waveform generator 247, on the basis of the
frequency £ and voltage v, automatically_outputs the
switching signals from the ports P30 to P35 of the
microprocesspr 111.

In step S25 and step S26, operations are performed
for outputting the switching signalslfrom the ports P54
First,

to P56 of the microprocessor 111. the value of

wt is set up. The value of wt is changed every cycle of

the carrier wave. When a £lag AU or BU (for the U



ON in one'cycle of the carrier wave may be set to t0 = A X sin(w) [err]
T/4. A is a&tonstant and t0 changes as

RE?M ACEMENT SHEET
32
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phase), to be described later, is set, the next value of
wt is obtained and, then, séep S26 is executed, i.e.,
timing of.ON/OFF changes in the next interval (the
period of one cycle of the carrier wave) is obtained and
the same is set in a timer time area, to be described

| later, and the flag is cleared. The same operations are

| performed on a flag AV or BV (for the V phase) and a
flag AW or BW (for the W phaée).

In step S27, operations of the four-way changeover
valve 10 and the like are'éontrolled on the basis of the
input data. Further, it is determined in step S28
whether or not any proﬁecting operation for the input
data is necessary and, when_it is necessary, a
predeterﬁined protectihg operation is performed.and a
related indication is made.

FIG. 19 is a flow chart showing the processes
exécute& when an interrupt occurs. The interrupt occurs
when each timer (U, V, and W) counts out a set time.
Although description will be made below on only the U
phase, the same operations are made for other phases.

When an'interrﬁ?t occurs in step S21 (when a set
time is counted out), a predetermined process is
executed and the main routine (of the flow chart in FIG.

18) is transferred to this flow chart. In the following



shown in FIG 17. In FIG 17, (a) shows the OV OFF smﬁ?chihg signal when
the constant™A is set small and (b) and (c) show the signal when the

constant A ar cEICT eased. According as the constant A
i s enl arged, tﬂéﬁiEXEﬁgﬁigm h of the period of tine, tsl - tm (ts2 -
tnm2, ts3 - t )A duri ng whi ch it He switcBBng signal is- ON, becomes |arger.
Nanel y; the anplii t @8ABR 1966
i
L

step S22, thé.next timer times are set in the timer U.
Such tlmer tlmes are set in timer time areas, i.e., TNP
(ON time), TFP (OFF tlme), TNS (ON t:.me), and 'I'FS (OFF
time) shown in FIG. 20. The set time in the timer U
passes from left to right in FIG. 20.

These times are calculated in the main routine in
accordance with the flag that is set.

In step S23 and step S24, it is deﬁermined whether'
or not the time set in step S22 is set in the area TNP
or area TNS. When it is set in the TNP area, the flag
AU is set (step S25) and when it ié set in the TNS, the
flag BU is set (step S26). Then, in step S27, the
output at the port is set to ON and held at it. When
the conditions in step S23 and step S24 are not met,
then, in step S28, the output at the port is set to OFF
and held at it.

Then, in step S29, counting of the time set in the
timer U in step S22 is started and this routine is
returned to the main routine in step S30.

PIG. 20 is a diagrgm explanatory of ON/OFF changes
at the port. 1In this diagram, T denotes one cycle of
the carrier wave. At the first interrupt (INT), the
port is turned ON and at the same time the timer U

starts the counting of the time TNP. Since, the flag AU



pseudo- si ne-wave becones | arger and, hence, the equivalent voltage of the
t hr ee- phase~AC power supplied to the induction motor can be made |arger.

Accordi ngly,
controll ed.

~-Re=wg| ue of the constant A, the voltage can be
§HEETithe rate of change, the frequency of the

PLACEREE

pseudo- si ne avwe~tan be-thanged. By inB4oducing such a method from

prograns and

execyt I tijve operatlons in the nlcroprocessor QN OFF
swi t ching sidn3l 520361@@% 19%?[ :

is set at this time, next wt (period of one cycle'of the
carrier wave) is calculated in the main routine and,
thereby, 0FF°period,_0N period, and OEF period in the
next cycle wt are obtained. The first OFF period is
added to the time TFP, the ON period is set in the time
area TNS, and the last OFF period is set in the time
area TFS. In the next interrupt (INT), the port is
turned OFF and at the same time the timer U starts
counting of the time Téﬁ. -

In the next interrupt (INT), the port is turned ON
and, at the same time, the timer U starts the counting

of the time TNS. Since, at this time, the flag BU is

'set, next wt (period of one cycle of the carrier wave)

is calculated in the main routiﬁ; and, thereby, OFF
period, ON period, and OFF period in the next cycle wt
are ob;gined. The first OFF period is added to the time
TFS,'the ON period is set in the TNP area, and the last
OFF period is set in the TFP area. In the next
intefrupt'(INT), the port is turned OFF and at the same
time the timer U starts counting of the time TFS.

Thereafter, while the times TNP, TFP, TNS, and‘TFS
are sequentially set.up in the main routine, the port is
turned ON/OFF every time an interrupt occurs and,

thereby, the switching Signals are obtained.



obt ai ned. The swi tching signals

are output fromthe ports P54 to P56 of

the m croprocessor 111. The met hod of generating pseudo-sine waves is
not linmited to that descrlbed in the above enbodi nent, but any other
method is applig¢ -s--00lyeep0SSi bl € to change the frequency and the
equi val ent vol t a%]amté,ittebﬁ‘pgﬁg@p sine S@wve.
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In the embodimént described above, a method

obtaining switching signals by means of discretionéry

hardware circuits

and a method obtaining switching

signals by utilizing timer times set by programs are

used for obtaining switching signals based on the PWM

system for two kinds of motors. However, it may be

adapted such that
obtained by using
‘obtained from the
' it may be adapted
« switching signals

Although the

both sets of switching signals may be
hardware circuits or they may be
changes in the timer time. Further,
such that more than two sets of

are obtained. | |

compressor 9 was constituted of a

three-phase induction motor in the above embodiment, the

same may be constituted of a DC motor and arranged to be

operated by switching signals based on USP 4,495,450

generated in the same'way as those for the blower 19.

Further, the compressor can be constituted of a DC

motor and arranged to generate switching signals to

control supplying

Further, the

electric power to said motor.

switching szgnal generated according

to the present invention may be supplied not only to the

motors but also for example to the switching power

circuit 149 of Fig. 4 and the like.



31 ' FIG 18 is a flow chart showing the nain operation (main

routine) of the mcroprocessor 111. In this flow chart, step S21 is a step
in which tHe nicro _ _
REPLACEMENT SHEET
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According to the inQention as described above,
plural systems of switching signals can be obtained from
a'single microprocessdi and, further, six kinds of
switching signals can be obtained from three kinds of
sﬁitching signals by means of circuits external to the
microprocessor, and therefore, the number of ports used

. of the microprocessor can be decreased and the effective
use of the ports can be achieved.

Further, usihg a singie microprocessor, a plurality
of motors énd other electric apparaéuses can
respectively be driven by plural sets of outputs
provided by the microprocessorg

Further, the switching signal obtained from é
single microprocessor is not limited to the combination
of 3 kinds of switching sigrnals and 6 kinds of switching
signals. It can be use in any style according to the

faculties and number of the port of said microprocessor.



111 is initialized. In step S22, data are input. Mre spect-HeaHy—sueh
data as ‘wenperatures detected respectively by nmeans of the tPﬁr ' Lor

113, 114,

and oper at R oo

circuit 12
supplied t
t he bl ower

the current val ue detected by neans of the
st F through the terminal 39 and.int
| In step S237 the frequency of the
2&§conpresscr 9 and the fTequency of the po supplle
ABBt®96ed Hy cal cul ati on made on the

- N

Q.

-

A AL

WHAT IS CLAIMED 1IS:

1. A method for driving a motor comprising the
steps of: | |

gene:ating three kinds of switching signals
proceeded in a microprocessor;

inverting the switching signals output from said
micrdprocessor; |

operatihg switching elements to be ON/OFF stétes in
response to the inverted swiﬁching signals and the
éwitChing signals before being inverted; and

| supplying electric power obtained through the

ON/OFF operations of said switching elements to éaid

motor for driving said motor.

2. A method for driving a motor according to claim
1, further comprising the step of: |

delaying an ON signal of said switching signal for
a predetermined period from a timg which an OFF signal

of said switching signal changed to said on signal.

3. A method for driving a motor according to claim

1, further comprising the steps of:




above nentioned i nput data I n step S24, the frequency " f and voltage v-of

t he pome?”supplled to the conpressor 9 are stored in a predetern1ne

st orage po
frequency
fromthe
step S26,
fromthe

(0] ¢ erggﬁpﬁ 1§§§

-

A :

'generating siz kinds of switching signals proceeded
in said microprocessor;

operating switching elements to be ON/OFF states
different from said switching elements in response to
said six kinds of switéhing signals output from said
microprocessor; and

| driving a motor different from said motor with |

electric power. obtained through thelON/OFF operations of

said switching elements.

4. A method for driving a motor according to claim
3, further comprising the step of: '
controlling other electric apparatuses by said

microprocessor.

5. A method for dr1v1ng a motor accordlng to claim
3, wherein the one motor 1s that for driving a

compressor and the other motor is that for driving a

" blower, and wherein said microprocessor is mounted on

the other unit of a separated type air conditioner,
which has a refrigerating cycle having a compressor, a
heatfsource side heat exchanger, an expansion device,
and an utilization side heat exchanger separately

mounted on the other unit and ananother unit.

. wavef orm generat or 247, on the eﬂmﬂd
GﬂMﬂMﬁ@Hﬁ Ehtonatlcally outputs the smntchl ﬂ
“‘“PEU‘TU*P35~ the nicrop8ocessor 111.

Aerforned for~out putting the SMAtChIng S|gnals '




to P56 of the mcroprocessor 111. First, the value of i . ;
val ue of..\ is changed every cycle of - the carrier wave. V%ﬁ@m@a&kﬁ&géyq%&ap

BU (for The U IIIIIIIIIIIII l
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6. In an air conditioner having a refrigeraﬁing
cycle having a compressor, a condenser, an expanéion
device, and an evaporator, an apparatus for driving a -
motor comprising: |

a microprocessof outputting switching signals in
accordance with predetermined process in said
microprocessor; .

an inverter circuit performing ON/OFF operations in
respoﬁse to said switching signals for supplying
electric power to a motor for the compressor; and

another inverter circuit performing ON/OFF
'operations in response to other switching signals output
from said microprocessofisupplying electric power to

other electric apparatus such as a fan motor.

7. .An apparatus for driving motors comprising:
a single microprocessor for generéting plural
systems of switching signals for drive motors; and
plural systems-of switching elements reéponsive to
~ each system of switching signals output from said
microprocessor for performing ON-OFF 6perations, wherein

DC power obtained by the ON/OFF operation of each system



- phase), to be described later, is set, the next value of w is obtained

and, then, step S26 is executed, i.e., timng of OV OFf s I'n the
next- intgrval (the period of one-cycle of the carrier Ma Emuﬂewmwd
and the sane is set in atimer tine area, to be descrlbe

flag is cl REP 3 e—sane _operations ar4d H‘“\ﬁ“‘“

ACEMENT SHry —
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of switching elements is supplied to each of motors and

other plural motors for driving the same.



BV (for the V phase) and a flag AWor BW (for
t he thase) In step S27, operations of the four-way changeover
val ve 10 and t he I|ke are controlled on the basis of the input data.
Further, it- - dubltzgt €p S2% whether or not any protecting
operatlon fo SjﬁEq‘ls necessgty and, when .it is necessary, a

predet er m ned profect‘T“ﬁ'g’“‘O‘perctlon S perforrred and a related indication
i's nmade. | 23APR 1996 |
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FIG 19 is a flow chart showi ng the processes executed when an interrupt
occurs. The interrupt occurs when each tinmer (U, V, and W counts out a
set tinme. ~Al though description will be nmade below on only the U phase,
the sane op ns_are made for- ot her phases. When an i nterrupt
occurs in stREPE time is2counted out), a predeterm ned
process is EJ‘ 010 ok |nr0ut|ne(of the flow chart in FIG 18)
is transfer e( t£ this flowchart. I'n the foll owi ng
’L 3 APR 1996 -
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the next tiner tinmes are set

step S22,

in the tinmer U.
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Such timer times are set in tinmer tine areas, i.e., TNP (ONtine), TFP

(OFF time),”TNS (ON time), and TFS (OFF time) shown in FIG 20. The set
—re—Y mleft to right in FIG 20. These

time in the tfer—t-—Ha66eshs
times are cal REFAAEEMENT HEERTIn routine in accordance with the flag that

tep S24, 4t is deternm ned whether or not

is set. 'rT"E:t“:é“ﬁ"'"S?%ma'
in the area TNP or area TNS. Wien it is

I
the tine set finf s ' d
set in theTParg?;)AFﬁgw??a

FIG.4
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AU is set (step S25) and when it is set in the TNS, the- f'Iag BU is set
(step S26). Then, in step S27, the output at the port is set to ON and
held at it. When_ the conditions in step S23 and step S24 are not net,

then, in st Me-ootamty at the port-is set to OFF and held at it.
Then, in st@i@&@@i\mtrﬁdﬂcf the timeSset inthe timer Uin step S22 is
started ang this routine ig freturned to the main routine in step S30.
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FIG 20 is a diagram explanatory. of OV OFF changes
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is set at this time, next wt (period of one cycle of the carrier wave) is
~calculated in the main routine and, thereby, OFF period, ON period, and
OFF periaod in the next cycle wt are obtained. The first OFF period is
added to the tinme TFP, the ON period is_7set in the tine area TNS, and the

| ast OFF p¢d the tine
SwW
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area TFS. In the next interrupt (INT), the port is turned OFF and at the
sane time the tiner U starts counting of the tine TFP. I n the next
interrupt (INT), the port is turned ON and, at the sanme tine, the timer U
starts thé’countlng of the time TNS. Since, at this tine, the flag BU is
set, next wprtpes+od-of ope cycle of thd carrier wave) is calculated in
the main roy "ﬁélﬁﬁiﬁ?hﬁhm OFF period, ON period, and OFF period in
the next cygl ¢ Wt = smmmiany ' .
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are obtaimed. The first OFF period is added to the time " TFS, the ON period

Is set in th ea, and the last OFF period is set in the TFP area. In
t he next irRéPLH@EB&QgT F port is turned OFF and at the sane time the
timer U StamST— - time TFS. Thereafter, while the tines

TNP, TFP, T %%%NEES arej spquentiall¥@ set up in the main routine, the

[ |

port is tuf ry fime an interrupt occurs and, thereby, the
swi tching si ls are obtaih )
- © R i
=—J ¥ & >4 of
- o 2 | a.
s lea] OO
= =0 | W
-y we | 9 }
= sZ | W
O (o} =
o Cici
] l
o w
o &
5
3| |5
O au
21 |28
o cx | .
ot =
- 20 @ '
Q ge =0« N
A : N <
. N Em
S - 1| NEE|  [es
i
™ | w ol lEl L ES
| o] |e¥|! Su 3
= Q= |1 '<'E Y.
o 1l [B] |88 =8
T et et
N- ou |,
{ = | ©
| ! oy
: oo ' ~ S
i
| = E | (O] n'g
I < wn | Qo
'l fr 6 | QE
! i ; o=
12 o | =
o |l
IQ | <
o e o e e 4 1= -
a S
Go e
= o
< =] Y -
(1 2 ¢
'me ‘-E S R
> _ Q
<



a met hod

In the enmbodi nent- descri bed above,

35
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obtaining swtching signals by nmeans of discretionary ‘hardware circuits

and a netshod obt ai ni ng SMAtChIng signals by utilizing timer tines set by

progr anms are—-mused(fu. +a+ni Ng swi tching signals based on the PWV

system for ﬁﬁb-k N gﬁEﬁHPs. However, it may be adapted such that both

sets of sw chlng srgnaT““”ay be obtalged by using hardware circuits or

t hey may be ﬁPﬂﬁ gom tjhe changes in the timer tine. Further, It
? suc

may be adapj e at norgd than two sets of
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Al t'hough

t hr ee- phase induction notor in the above enbodi nent,
ed of a DC notor and arranged to be
, 4, 495, 450

gen

the conpressor 9 was _
t he
oper at ed by
erated in the sane way as

Further, 12he conpressor can be constituted

tqr an. a“er_;'iﬁ"é‘gEﬂ 0 generat€® switching signals to contr ol
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Further, the swtching signal 'generat ed according to the present
I nvention may be.supplied not only to the notors but al so for exanple to

t_he swi t chi RE?E%E}”E‘} :ng“ﬁ% 149 of Fig. 4.and the like.
| 13 |
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According ‘to the invention as descri bed above, plural systens of sw tching
‘'signal s can obt ained from a single mcroprocessor and, further, six
kinds of s an be obtained fromthree kinds of switchi ng
si gnal s by xternal to the mcroprocessor, and

t herefore, used 14
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of the m gfoprocessor can be decreased and the effective
using a single mcroprocessor,
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signals. It can be use in any style according to the faculties and nunber
of the port‘wf said mcroprocessor. -37-
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Cl ai s 1. An apparatus for driving a three-phase notor conprising a

m croprocessor (111) which includes a central processing unit (245), a ROM
(246) and g first signal generator (247) responsive to control data from
the centralpEmrogeesEOR Ti-t—f or driving a 3-phase notor, the first signal
generator h 3 et a L= Y| 253, 254, XBS5, 256, 257, 258, 259, 260, 261)

- for generati] Tt dhi ng signal s on the basis of three sine
functions,f 3 phase with each other, and a periodic triangular
function gndg itching signals to respective ports (P30, ....

INTERRUPT U

. S22
SET NEXT e

TIME DATA
S23 '
/‘325
¥ J
SET
AU FLAG
l /526
SET
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! s27
OFF oNn | 7%

START '
IMER [ 222
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characterized by second signal generating neans for driving a further
t hr ee- phase notor, the second signal generator conprising the centra
processi ng gt operating according to programinstructions stored in
t he ROM ( 24@3° AL N T SRR

(P354 ..., iP5 = ﬁiaorocessor a8d first, second and third

i nverting neg 230) for inVETting the three PWM swit chi ng

si gnal s, pro-uce gcgnd signal generating neans, to produce thereby
three addi ffi dn S i Ag sigal s. '
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METHOD AND APPARATUS. FOR DRIVING MOTOR

ABSTRACT OF THE DISCLOSURE

Plural systems of switcliing signals are obtained
from a single microprocessor for driving a plurality of
motors and other apparatuses while échieving effective
use of ports of the microprocessor. 1In priﬁciple, three
kinds of switching signals based on three-phase are

- generated in the microprocessor, the'three kind of
switching signals are converfed to six kinds.of
switching signals in circuits external to the
microprocessor, and then the signals are supplied to

their respective switching elements in an inverter

circuit. Figure 6 -
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3. At appar atus according to claim 2,

circuit (20
switching th
circuit (214}:1.
and said thrke| a
supply to a pegond notor (FM i
3, wherein efc
(201, ..., 296, 214,
respective rrbtor_(CM FM .

. 219),

: mel 0
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sive to said six P
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M D AND APPARATUS FOR DRIVING MOTOR

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus for driving a three-phase moror

comprising 2 microprocessoc which includes a central processing unit,2 ROM and

first signal generator responsive to coatrol daca from the central processing uaic for

driving a 3-phase motor, the firse signal generacor having means for generating six

PWM switching signals on the basis of three sine functions, 120° out of phase with

each ather, and a periodic triangular funcrion and applying the switching signals to

respective ports of the microprocessor,

US-A-4698744 disclases an appararus in which 2 microprocessor generates six PWM

- signals for controlling 2 single motor., However, a problem arises in thac there are

insufficient ports on the microprocessor for controlling two morors.

It is an aim of the present invention to overcome the aforementioned problem using a

single microprocessor.




- 39 - i 5. _An apparat us according to claim4, including del ay
means (228, {239 i ) aying the transitions of said three PWM

swi tching si ‘ ee additional PWM sw tching signals from
their off statestothelr ) tates, wherein said

(18 NOV 1997 N

An apparacus according to the present invention is characterised by second signal
generating me::;ns for driving a furcher three-phase motor, the second signal generator
comprising the central processing unit operating according to program instructions -
stored in the ROM to apply three PWM switching signals to respective ports of the
micropracessor, and first, second and chird inverting means for inverting the three
PWM switching signals, produced by the second signal generaring means, to produce
thereby three additional PWM switching signals.

According to the present invention, there is provided an apparatus comprising an
apparatus as set out above, 2 first motor and 2 second mator, wherein the first motor
is cbntrolled by said six PWM switching signals and the second moror is controlled
by said three PWM switching signals and said three additional PWM switching
signals. Preferably, a first switching circuir, repoasive to said six PWM switching
signals, for switching the current supply to a firsc moror and a second switching
circuit, responsive to said three PWM switching signals aad said three additional
PWM switching signals, for switching the-current supply to a second motor are

provided.

Preferably, each switching circuit comprises a pluralicy of transistars for switching

the supply of current to the respective motor.



transi stors are_cont rnlLed.“by—u-espect I ve ones of said PWM switching signals

as output by HEP@%@V“@EaSﬁEnT 6. An air-conditioning apparatus
for cooling th¢ atf—rna cpnprising a conpressor (9) for conpressing

a working flui i fﬁ a blower (19) for driving air over the
air-cooling heat |ex m;‘ﬁll pf the heat punp; a first three-phase
motor (CM for {diiving.the. conpressor; ="a second three-phase nmotor (FM for
driving the blgwer; and an appafatus according to any one of clains 2 to
5, wherein the first—and-seecond notors (CM FM are controlled by
respective ones of said six PWMswi tching signals and said three PW
switching signals together with said three additional PWM sw tching

si gnal s.

Preferably, delay means for delaying che transitions of said three PWM switching
signals and said three additional PWM swx:chmg signals from their off states to the:r
on states are provided and the transistors are controlled by respective ones of said

PWM switching signals as outpur by the delay means.

. According to the presenc inveation, there is also provided an air-conditioning
apparatus for cooling the air in 2 space comprising: a compressor for compressing
working fluid in a heat pump; a blower for driving air over the air-cooling heac
exchanger of the hear pump; 2 first three-phase motor for driving the compressor; 2
second three-phase motor for driving the blower; and 2 motar 48d motor driving
apparatus as set ouc above, wherein the first and second motors are controlled by
respective ones of said six PWM switching signals and said thres PWM switching
signals together with said three additional PWM switching signals.

An embodiment of the presenr invention will now be described, by way of example,
wich reference 10 the 2ccompanying drawings:
- FIG. 1 is a schematic diagram showing an air conditioner constituted of an indoar
uait and an outdoor uait, with the present invention applied thereto;
FIG. 2 is a refrigerant circuic diagram showing a refrigeration cycle in the air

conditioner shown in FIG. 1:
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FIG. 3 is 2 black diagram showing a main portion of the electric cireuit of the indoor

unic shown ia FIG. 1;

FIG. 4 is 2 general diagram showing the electric circuit of the outdoar unit shownin
FIG. 1;

FIG. 5 is an electric circuit diagram showing a

main portion of the general diagram shown in FIG. 4;

FIG. 6 is aa electric circuit diagram similar to FIG. 5 showing a circuit for driving a

blower (motor);

FIG. 7 is an electric circuit diagram showing a base driving cirouis;

FIG. 8 is an electric circuir diagram showiﬁg 2 delay circuir;



7. An apparatus according to claim®6, the blower driven by the first
motor is contreki-ed pg;@“"ﬂﬁf——mPMlemﬁtchlng signal s, and the second notor
i s: confrolled &j&éﬁ 4%%Fée A |swi t ching signals together with said three
addi tional PWM simtchi ng signal s\ 8. An apparatus according to
claimé6 or 7, j§ngl m@nbﬂ rieture sensor (24) located in the space to
be cool ed, whejeitn the m cro “E cessor {311) is programred to be responsive
to the output of furejsensor to control the first and second

swi tching signgl generators

FIG. 9 is 2 time charc showing signal levels (H/L) at main portions of the delay.

circuls;

FIG. 10 is a block diagram showing 2 main strucrure of 2 microprocessor;

FIG. 11 is a diagram explanatory of the prmc:plc of generation of 2 switching Slgml

by the microprocessor;

FIG. 12 is 2 diagram showing ON/OFF sigﬁzls obtained when the amplitude of the
modulating wave is changed;

FIG. 13 is a block circuig diagram of a main portion wichin 2 waveform generatar
generating ONIOFF stgnals;
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FIG. 14 is a flow chart for secting up frequency f and voleage v;

FIG. 15 is a diagram showing sine wave datz in 2 storage area;

FIG. 16.is 2 diagram explanatory of generation of switching signals ourput from ports
of the microprocessar;
'FIG. 17 is 2 diagram showing changes of the switching signal;
‘FIG. 18 is 2 flow chart showing the main operation (main rourine) of che
micraprocessar;

FIG. 19 i1 a flow chart showing processes executed when 2n interrupr occurs; and

FIG. 2 is 2 diagram explanatory of relacionships between time areas of a switching

signal.

FIG. 1 is 2 schematic diagram of an air conditioner coastitured of an indoor unit and
an outdaor uaic, to which the presenc inventior is applicd. Referring to this diagram,
refereace pumeral 1 denotes an ourdaor unit, which is connecred wich an indoor unit
5 by refrigerant pipings 2 and 3, and an clecrric line 4. Reference numeral 6 denotes
an aachment plug through which AC power from 2 commercial AC power source
is supplied to the air conditioner.

The air conditioner is adapted to concrol upaon receipt c.:f wireless control signals by

the indoor unit § from 2 remore coneroller {not shown).
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Claims '
1. An apparatus for driving a three-phase motor comprising a microprocessor

(111) which includes a central processing unit (245), a ROM (246) and 2 first signal
generator (247) responsive to control data from the central processing unit for driving
a 3-phase motor, the first signal generator having means (249, 253, 254, 255, 236, 257,
258, 259, 260, 261) for generating six PWM switching signals on the basis of three sine
functions, 120° out of phase with each other, and a periodic triangular function and
applying the switching signals to respective ports (P30, ..., P35) of the

Microprocessor,

characterized by

second signal generaring means for driving a further three-phase motor, the second
signal generator comprising the central processing unit (245) operating according to
program instructions stored in the ROM (246) to apply three PWM switching signals
to respective ports (P54, ..., P56) of the microprocessor, and

first, second and third inverting meaas (228, 229, 230) for inverting the three PWM .
switching signals, produced by the second signal generating means, to produce
thereby three additional PWM switching signals. |
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(CM) and a second motor (FM), wherein the first motor (CM) is oon:rollc'd by sai
ix PWM switching signals and the second motor (FM) is controlled by said three

s * . *

PWM switching signals and said three additional PWM switching signals.

3. An apparatus according to claim 2, including a ﬁrs.t SW.’itChing circuit (201,1...,':0
206), reponstve to said six PWM switching signals, for switching the cur.rent 51::711; > 4

a first motor (CM) and a second switching circuit (214, ..., 219), fespjo.nsw:e ::I f
three PWM switching signals and said three additional PWM switching signals, for

switching the current supply to a second motor (FM).

4 An apparatus according to claim 3, wherein each switching circuit comprises a
iurality of transistors (201, ..., 206, 214, ..., 219) for switching the supply of current

p ? oo

to the respective motor (CM, FM).
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5. An apparatus according to claim 4, including delay means (228, 229, 230) for
delaying the transitions of said three PWM switching signals and said three additional
PWM switching signals from their off states to their on states, wherein said
transistors are controlled by respective ones of said PWM switching signals as output
by the delay means.

é. An air-conditioning apparatus for cooling the air in a space comprising:

a compressor (9) for compressing a working fluid in a heat pump;

a blower (19) for driving air over the air-cooling heat exchanger (11) of the heat
pump;

a first three-phase movor (CM) for driving the compressor;

a second three-phase motor (FM) for driving the blower; and

an apparatus according to any one of claims 2 ¢o0 5,

" wherein the first and second motors (CM, FM) are controlled by respective ones of
said six PWM switching signals and said three PWM switching signals together wich
said three additional PWM switching signals.
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7. An apparatus ;u:cording to claim 6, the blower driven by the first motor is
controlled by said six PWM switching signals, and the second motor is controlled by
said three PWM switching signals together with said three additional PWM switching

signals. )

8. An apparatus according to claim 6 or 7, including a temperature seasor (24)
located in the space to be cooled, wherein the microprocessor (111) is programmed to

1 ond
be responsive to the output of the temperature sensor to control the first and sec

~ switching signal generators.
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METHOD AND APPARATUS FOR DRIVING MOTOR

ABSTRACT OF THE DISCLOSURE

Plural systeﬁs of switching signals are obtained
from a single microprocessor for driving a plurality of
motors and other apparatuses while achieving effective
use of ports of the microprocessor. In principle, three
kinds 6f switching signals based on three-phase are
generated in the microprocessor, the three kind of
switching signals are converted to six kinds of
switching signals in circuits external to the
microprocessor, and then the signals are supplied to
their respective switching elements in an inverter

circuit. Figure 6



