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Whvention relates to a'tenperature control appar at us detectlng the
tenperature of a unit whose tenperature varies over a w de ran such as a
heat exchanger placed in a refrigeration cycle, by neans of a m st or

t her eby execute tenperature control of the unit. There have rece tly been
spread air conditioners

TEMPERATURE CONTROL APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a temperature
control apparatus detecting the temperature of a unit
whose temperature varies over a wide range, such as a
heat exchanger placed in a refrigeration cycle, by means
' : of a thermistor to thereby execute temperature control
of the unit.

There have recently been spread air conditioners
for controlling room temperature and humidity and
ventilation of the room to thereby provide comfortable
atmosphere for human beings in offices, homes, vehicles,
and the like.

Many of air conditioners have both air cooling and -
air heating functions and, during its operation, the
room temperature is detected and the detected room
temperature is compared with a set temperature to
thereby achieve an alr-condltlonlng operation. In the
meantime, the temperature of a heat exchanger installed
indoors is detected to prevent the heat exchanger from
freezing or overheatlng.

The thermistor (temperature detection device) used

as the temperature sensor has its electrical resistance
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for controlling roomtenperature and hunmidiy and ventilation of the roomto
thereby provide confortabl e atnosphere for human beings in offices, hones,
vehicles, and the like. Many of air conditioners have both air cooling and
air heating functions and, during its operation, the roomtenperature is
detected and the detected roomtenperature is conpared with a set
tenperature to thereby achieve an air-conditioning operation. In the
meantinme, the tenperature of a heat exchanger installed

varying with changes in temperature. By connecting a
thermistor and a resistor in series and applying a
voltage across the series connection, it is achieved to
determine the temperature according to the voltage at
the junction point. '

There are manufactured various types of thermistors
different from each other in resistance-temperature
characteristic according to the temperature_range within
which they are used. For example, there are a type
remarkably varying its resistance value with changes in
temperature over a temperature range of 100°C or so, a
type remarkably changing its resistance value with
changes in temperature over a temperature range of 300°C
or so, and, further, a type largely changing its
resistance value in a temperature range from -20°C to
+80°C or in a temperature range f£rom 0°C to +100°C.

Thermistors are different in price according to
thgir features. Those which have a wide detectable
temperature range or those of which resistance value
greatly changes for a given change in temperature
(having good sensitivity) are expensive.

A resistance-temperature characteristic of a
thermistor whosé resistance value changes over a range

of changing temperature of 90°C is shown in FIG. 7 as an
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|ndoors is detected to prevent t he heat exchanger fron1free2|ng or
overheating. The therm stor (tenperature detection device) used as the
tenperature sensor has its electrical resistance varying with changes in
tenperature. By connecting a therm stor and a resistor in series and
applying a voltage across the series connection, it is achieved to

example. When this thermistor is connected as shown in
FIG. 10, the point a in FIG. 10 exhibits a voltage-
temperature characteristic as shown in FIG. 8. Since
the voltage—-temperature characteristic of the thermistor
becomes a curve as shown in FIG..8, the voltage value at
the point a does not vary uniformly for a given change
in temperature.

In the temperature control of air conditioning
apparatus of the described type, an A/D converter has so
far been used for converting the voltage detected at the
point a in FIG. 10 into a temperature. Namely, a
temperature is given a corresponding value, for example,
out of 0 to 255 (1 byte) by the A/D converter and a
value previously stored in the mierocomputer is compared
with the value output from the A/D converter. The
temperature control has been executed in accordance with
the result of the comparison. |

In this case, the comparison of the set temperature
and the temperature detected by the thermistor is
performed through a comparison between step values, and
hence there is no problem arises even if the
characteristic of the thermistor becomes nonlinear
(curvilinear) as described above. . Howe&er, wﬁen the

thermistor characteristic is not linear, the wvalue
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“determ ne the tenperature accordlng to the voltage at the JUﬂCtIOﬂ poi nt .
Jhere are manufactured various types of thermstors different from each

in resistance-tenperature characteristic according to the tenperature
range within which they.are used. For exanple, there are a type remarkably
varying its resistance value wth changes in tenperature over a tenperature
range of 100[err]C or so, a type remarkably changing its resistance val ue
wi th changes in tenperature over a tenperature range of 300[err]C

output from the A/D converter does not vary uniformly
with respect to a given change in actual temperature.

If, now, there is a relationship expressed by a
iinear expression between the value x (hereinafter
called "step value") obtained by the A/D conversion and
the temperature t detected by the thermistor (for
example, x = t + @), the control will be simple.
However, since the step value after the A/D conversion
does not change proportionally with temperature in the
nonllnear portion of the characterlstlc, it becomes
necessary, in actually performlng the control using the
nonlinear portlon( to compensate the step value stored
within the microcomputer so that this step value will
uniformly vary with changes in temperature. From this,
problems arise that the processing in the microcomputer
becomes complex and that a difference in the resolution
is produced in the conversion of the temperature to the
step value between the resolution in the nonlinear
portion and that in the linear portion.

Therefore, it has been practiced to connect the
thermistor in parallel with a resistor Rl as shown in
FIG. 11 and detect the voltage at the point b. By so
doing, the voltage—temperature characteristic at the

point b in FIG. 11 comes to have a linear portion ¢ in
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or so, and, further, a type largely changing i'ts resistance value in a
tenperature range from-20[err]C to +80[err]C or in a tenperature range
fromO[err]C to +100[err]C. Therm stors are different in price according to
their features. Those which have a wi de detectable tenperature range or

t hose of which resistance value greatly changes for a given change in
tenperature (having good sensitivity) are expensive. A

resi stance-tenperature characteristic of a therm stor whose resistance

val ue changes over a range
its middle portion as shown in FIG. 9. Since the

voltage is substantially proportional to the temperature
in the portion c, the step value obtained through the
A/D conversion also becomes proportional to the
temperature, and hence the control circuit becomes
simpler. Thus, the portion c has so far been used for
temperature detection.

The temperature of the indoor heat exchanger of an
air conditioning apparatus varies over a wide range of
temperature from -10°C or so to +70°C or so when both
air cooling and air heating are taken into
consideration. If such a wide temperature range is to
be detected using low priced thermistors not having a
wide detectable temperature range (such as that having a
temperature range of about 20°C as the portion c of FIG.
9), it becomes necessary to use two thermistors, one
detecting —-5°C to +15°C in the air cooling domain and
the other detecting +40°C to +60°C in the air heating
domain.

This is because, referring to FIG. 12, it is
necessary to decrease the number of revolutions of the
compressor to suppress its capacity when its temperature
becomes lower than +2°C in the cooling cycle, or to stop

the compressor when the tempefature becomes lower than
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of changing tenperature of 90[err]Cis showmn in FIG 7 as an | NAY 109.
exanpl e.
point a in FIG 10 exhibits a voltage- tenperature characteristic as shown
in FIG 8. Since the voltage-tenperature characteristic of the thermstor
beconmes a curve as shown in FIG 8, the voltage val ue at

Wien this therm stor is connected as shown in FIG 10, the

0°C and remainé in this state for two minutes because,
then, there is danger lest the compressor be frozen, or
in the heating cycle, to decrease the number of
revolutions of the compressor to suppress its capacity
when the temperature becomes higher than +55°C, or to
stop the compressor when its temperature becomes higher
than +60°C taking it for an overheated state.

Incidentally, it has been in practice, when the
temperature becomes higher than 5°C after the compressor
was stopped or its capacity was suppressed for
preventing the indoor heat exchanger from being frozen,
to restore the operation of the compressor to the
original state and, when the temperature becomes lower
than +47°C after the compressor -was stopped or its
capacity was suppressed to protect it from overheating,
to restore the operation of the compressor to the
original state.

Thus, when a plprality of thermistors are used to
cover the wide range of changing temperature of the
object whose temperature is to be detected, not only a
plurality of thermistors are required, but also the
processes for setting up the thermistors and inspecting
them increase, and therefore cost is increased. If a
thermistor having a wide ¢ portion of FIG. 9 is used,
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the point a does not vary uniformy for a given change I n tenperature In
the tenperature control of air conditioning apparatus of the described
type, an A/D converter has so far been used for converting the voltage
detected at the point ain FIG 10 into a tenperature. Nanely, a
tenperature is given a corresponding value, for exanple, out of 0 to 255 (1
byte) by the A/D converter and a value previously stored in the

m croconputer is conpared with the value output fromthe A/D converter. The

this also increases the cost because such a thermistor

is very expensive.

SUMMARY OF THE INVENTION

The present invention was made to solve the above
mentioned problems. Accordingly, it is an object of the
present invention to provide'a'temperature control
apparatus utilizing the detection characteristic of a
temperature detection device (thermistor) over a wide
range of changes in temperature, i.e., utilizing the
characteristic as it is including its nonlinear
portions, whereby it is made possible to controlia unit
by using a single temperature detection device for
detecting a wide range of changes in temperature.

In order to achieve the above mentioned object, an
air conditioning apparatus according to the present
invention comprises a temperature detection circuit for

. outputting a voltage corresponding to the resistance
vélue of a temperature detection device whose resistance
value varies with changes in temperature and processing
means having a step acquiring the aforesaid voltage,
after A/D converting Ehe_same, and then converting the
voltage to a mathematically expressed temﬁeraturé value

using a predgtermined relationship and a step performing
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tenperature control has been executed in accordance with the result of the
conparison. In this case, the conparison of the set tenperature and the
tenperature detected by the therm stor is perforned through a conparison
bet ween step val ues, and hence there is no problemarises even if the
characteristic of the therm stor becones nonlinear (curvilinear) as

descri bed above. However, when the therm stor characteristic is not |inear,
t he val ue

a process to execute temperature control using the

temperature value obtained by the conversion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a control circuit
of an air conditioning apparatus with a temperature
control apparatus according to the present invention
applied thereto;

FIG. 2 is a diagram showing a refrigerant cycle in
the indoor unit and outdoor unit of an air conditioning

" apparatus;

FIG. 3 is a diagram showing an electric connection
of the indoor unit and outdoor unit of an air
conditioning apparatus;

FIG. 4 is a real wiring diagram of a portion of the
control circuit shown in FIG. 1;

FIG. 5 is a real wiring diagram of the other
remaining portion of the control circuit shown in FIG.
1;

FIG. 6 is a flow chart of a process adjusting the
air conditioning capacity of an air conditioning
apparatus accordiné to the present invention;

FIG. 7 is a diagram showing a temperature-

resistance characteristic of a thermistor;
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-4-" out put fromthe A/D converter does not vary unlforn1y W th respect to a
given change in actual tenperature. If, now, there is a relationship
expressed by a |linear expression bet ween the val ue x (hereinafter called
"step val ue") obtained by the A/D conversion and the tenperature t detected
by the therm stor (for exanple, x =t + [err]), the control will be sinple.

FIG. 8 is a diagram showing a temperature-
voltage characteristic of a thermistor at the point a
shown in FIG. 10;

FIG. 9 is a diagram showing a temperature-
voltage characteristic of a thermistor at the point b

shown in FIG. 1l1;

FIG. 10 is a diagram showing an example of electric
connection of a thermistor;

FIG. 11l is a diagram showing another example of
electric connection of a thermistor; and

FIG. 12 is a diagram.showing a manner of compressor
control executed according to changes in temperature of

an indoor heat exchanger.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT -
Since, in the present invention, the air. |

conditioning apparatus is comprised of a temperature
detection circuit for outputting a voltage corresponding
to the resistance value of a temperature detection
device whose resistance value varies with changes in
temperature and processing means having a step acquiring
the aforesaid voltage, after A/D converting the same,
and then converting the voltage to a mathematically

expressed temperature value uéing a predetermined

. .
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Fbmevér: since the step value after the A/D conversion does not chénge

proportionally with tenperature in the nonlinear portion of the

characteristic, it becones necessary, in actually perform ng the control
to conpensate the step value stored within the

usi ng the nonlinear portion,
uniformy vary with changes in

m croconputer so that this step value w ||

t enperature
m croconput er becones conplex and that a difference in the resolution is

Fromthis, problens arise that the processing in the

produced in the conversion of the tenperature to the-

relationship and a step performing a process to execute

temperature control using the temperature value obtained

by the conversion, it is made possible to perform
calculation for temperature control within the
microcomputer on the basis of mathematically expressed
actual temperature, not on the basis of the step value
corresponding to the temperature. Accordingly, even if
a single temperature detection device is used for
temperature detection over a wide range of temperature,
it is achieved to detect the temperature with uniform
resolution and, at the same time, even if the
temperature detection device is that having a nonlinear
characteristic, it is made possible to use it as that
with a linear characteristic. |

An embodiment of the present invention will be
described below with reference to the accompanying
drawings. FIG. 2 is a refrigerant circuit indicating a
refrigeration cycle for an air conditioning apparatus.
In the refrigerant circuit diagram, reference numeral
110 denotes a refrigerant compressor (compressor), 111
denotes a four-way valve, 112 denotes an outdoor heat
exchanger (heat exchanger on the heat source side), 113
and 115 denote strainers for removing impurities from '

the refrigerant, 114 denotes a motor—-operated expansion
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step val ue betmeen the resolutlon in the nonllnear portlon and. that in the
Li near portion. Therefore, it has been practiced to connect the therm stor
in parallel with a resistor RL as shown in FIG 11 and detect the voltage
at the point b. By so doing, the voltage-tenperature characteristic at the
point b in FIG 11 cones to have a |inear portion c in

valve for varying the reduced pressure of the
refrigerant in accordance with the evaporation
temperature of the refrigerant, 116 denotes an indoor
heat exchanger (heat exchanger on the user side),-il7
denotes a silencer, and 118 denotes an accumulator, and
these devices are connected by an annular refrigerant
piping. Reference numeral 119 denotes an
electromagnetic valve which is opened during a
defrosting operation.

When the four-way valve 111l is in the state
delineated by solid line in FIG. 2, high-temperature and
high-pressure refrigerant delivered from the compressor
110 flows in the direction of the arrow drawn by -solid
line. Accordingly, the outdoor heat exchanger ‘112
functions as a condenser and the indoor heat exchanger
116 functions as an evaporator and, thus, a cooling
operation by means of the indoor heat e#change: 116 is
performed.

When the four-way Qalve 111 is in the state
delineated by broken line in FIG. 2, high~temperature
and high-pressure refrigerant delivered from the
compressor 110 flows in the direction of the arrow drawn
by broken line. Accordingly, the outdoor heat exchanger

112 functions as an evaporator and the indoor heat

_—
.
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its mddle portion as shomn in FIG. 9. Since the voltage IS substantially
to the tenperature in the portion c, the step val ue obtai ned
t hrough the A/ D conversion al so becones proportional to the tenperature,
and hence the control circuit becones sinpler. Thus, the portion ¢ has so
far been used for tenperature detection. The tenperature of the indoor
exchanger of an air conditioning apparatus varies over a w de range of
tenperature from-10[err]C or so to +70[err]C or so when both

proporti onal

exchanger 116 functions as a condenser and, thus, a
heating operation by means of the indoor heat exchanger
116 is performed.

When it becomes necessary to perform_a defrosting
operation while heating operation is being made, the
electromagnetic valve 119 is opened and, thereby, a
portion of high-temperature and high-pressure
refrigerant delivered from the compressor 110 is
directly led to the outdoor heat exchanger (evaporator)
112 so that the outdoor heat exchanger 112 is heated and
defrosting of it is performed. At this time, the
refrigerant flows in the direction of the dotted solid
line in FIG. 2.

The air conditioning apparatus is formed, as shown
in FPIG. 3, of a unit (hereinafter called "indoor unit")
1l installed indoors and a unit (hereinafter called
"outdoor unit") 2 installed outdoors. Both the units 1
and 2 are connected by a power line 120, a commuhication
line 200, and a refrigerant piping 300.

Further, the indoor unit 1 has the indoor heat
exchanger 116 mounted thereon'and”the outdoor unit 2 has
the outdoor heat exchanger 112, compressor 110, motor-
operated expansion valve 114, and the four-way valve 111

mounted thereon.

heat

This.Sheet Has Been Rep

e HIIIIIHIIIMIHHI!Illl



o —— o ——

air cooling and air heatlng are taken |nto con5|derat|on I f such a wi de
tenperature range is to be detected using low priced therm stors not having
a W de detectable tenperature range (such as that having a tenperature
range of about 20C as the portion ¢ of FIG 9), it becones necessary to use
two therm stors, one detecting -5[err]Cto +15C in -the air cooling domain
and the other detecting +40[err]C to +60[err]C in the air heating domain.
This is because, referring to FIG 12, it is )

FIG. 1 shows a control circuit for an air
conditioning apparatus according to the present
invention, in which the circuit portion on the left side
of the chain line drawn in the middle of the diagram is
the control circuit provided in the indoor unit 1 and
the circuit portion on the right side is the control
circuit provided in the outdoor unit 2 and they are
connected by the power line 120 and communication line
200.

In the control circuit of the indoor unit 1, there
are provided a rectifier 11 for rectifyihg AC 100V
supplied from a plug 10, a motor power circuit 12 for
setting the voltage of DC power supplied to a DC fan
motor (brushless motor) (M;) 16, blowing cool or warm
air into the room, to a value between 10 and 36 (V) -
according to a signal from a microcomputer 14, a
controlling power circuit 13 generating 5V DC power for
the microcomputer 14, a.motor drive circuit 15 for
controlling the timing of current conduction through a
stator winding of the DC fan motor 16 in response to a
signal from the microcomputer 14 generated thereby
according to rotational position information of the DC
fan motor 16, a switch board 17 provided on a control

panel of the indoor unit 1 including an ON/OFF switch, a

\
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necessary to decrease t he nunber of revolutlons of the conpressor to
suppress its capacity when its tenperature becones |ower than +2C in the
cooling cycle, or to stop the conpressor when the tenperature becones | ower
t han -6- O[err]C and remains in this state for two m nutes because,
then, there is danger |lest the conpressor be frozen, or

test operation switch, etc., a receiver 18a for
receiving remote control signals (an ON/OFF signal, a
cooling/heating witching signal, a room temperature
setting signal, etc.) from a wireless remote controller
60, an indicator panel 18 for indicating the operating
status of the air conditioning apparatus, and a flap
motor'(Mz) 19 for moving flaps for changing the blowing
direction of the cool/watm air.

There are further provided a room temperature
sensor 20 for detecting the room temperature, a heat
exchanger temperature sensor 21 for detecting the
temperature of the indoor heat exchanger 116, and a
humidity sensor 22 for detecting the room humidity. The
detected values (voltages) by these sensors 20, 21, and
22 are acquired, after being A/D converted, by the
microcomputer 14. Control signals from the’
microcomputer 14 to the outdoor unit 2 are Eransmitted
through a serial circuit 23 and a terminal board T,.
Separately, a triac 26 and a heater relay 27 are
controlled by a signal from the microcomputer 14 through
a driver 24, whereby the current supply to a reheating
heater 25 used during a dehumidifying oﬁeration is

controlled for phase.

-
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in the heating cycle, to decrease the number of revol utions of the
conpressor to suppress its capacity when the tenperature becomes higher
than +55C, or to stop the conpressor when its tenperature becones higher
than +60[err]C taking it for an overheated state. Incidentally, it has been
in practice, when the tenperature becomes higher than 5[err]C after the.
conpressor was stopped or its capacity was suppressed for preventing the

i ndoor heat exchanger from being frozen, to restore the operation of the

conpressor to the

Reference numeral 30 denotes an externally attached
ROM storing therein "characteristic data" specifying
types of air conditioning apparatuses and various
characteristics. From the external ROM 30 storing the
characteristic data, the microcomputer 14 acquires such
characteristic data immediately after the power has been
turned on and immediately after the operation has been
stopped. When the power has been tuned on, reception of
commands from the wireless remote control 60 and the
later described detection of the states of the operation
and test operation switches are not performed until the
acquisition of the characteristic data from the éxternal
ROM 30 is completed.

The control circuit for the-outdoor unit 2 will be
described below.

In the outdoor unit 2, there are provided terminal
boards T;', T,', and-T3' connected with the terminal
boards T;, T,, and T; of the indoor unit 1,
respectively. Reference numeral 31 denotes a varistor
connected parallel to the terminai boards T,' and T,',
32 denotes a noise filter, 34 denotes a reactor, 35
denotes a voltage doubler, 36 denotes a noise filter,
and 37 denotes a smoother for smoothing the double

voltage generated by the voltage doubler 35, and by

\
Th;s Sheet

SR |11

\



L

ori gi nal

the conpressor was stopped or its capacity was suppressed to protect it
fromoverheating, to restore the operation of the conpressor to the

ori gi nal

state and, when the tenperature becones |ower than +47[err]C after

state. Thus, when a plurality of therm stors are used to cover the

wi de range of changing tenperature of the object whose tenperature is to be

det ect ed,

not only a plurality of thermstors are required, but also the

processes for setting up the therm stors and inspecting

means of which, a DC voltage of approximately 280V is
obfained from an AC voltage of 100V.

Reference numeral 39 denotes a serial circuit for
signal conversion of the control signal from the indoor
unit 1 input through the terminal board T;' into a
signal to be transmitted to a microcomputer 41, 40
denotes a current detection circuit for detecting the
current supplied to the outdoor_uﬁit 2 with a current
transformer (CT) 33, converting the detected signal into
a DC voltage, and supplying the DC voltage to the
microcomputer 41, 41 denotes the microcomputer, and 42
denotes a switching power circuit for generating the
power voltage for the microcomputer 41. Reference
numeral 38 denotes a motor drive circuit for PWM
controlling the current supply to a later described
compressor motor 43 in accordance with a control signal
from the microcomputer 41, in which six power
transistors are connected in a three-phase bridge form
to constitute a so—-called inverter device. Referénce
numeral 43 denotes the compressor motor for driving the
compressor 110 of the refrigeration cycle, 44 denotes a
delivery temperature sensor for detecting the
refrigerant temperature on the delivery side of the

compressor 110, 45 denotes a fan motor whose speed can
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themincrease, and therefore cost is |ncreased If a therm stor having a
wide c portion of FIG 9 is used, - 7 - this also increases the cost
because such a thermi stor is very expensive. SUVWWARY OF THE | NVENTI ON The
present invention was nade to solve the above .

be varied to three speeds and performs air blasting to
an outdoor heat exchanger 112. Reference numerals 46
and 47 denote coils for the -four-way valve 111 and
electromagnetic valve 119, respectively, for shifting
the paths of the refrigerant in the refrigeration cycle.

Further, the outdoor unit 2 is provided with an
outside air temperature sensor 48 in the vicinity of the
air inlet for detecting the temperature of the outside
air and, further, a heat exchanger temperature sensor 49
for detecting the temperature of the outdoor heat
exchanger 112, and the detected values'(voltages) by
these sensors are acquired by the microcompﬁter 41 after
being A/D converted.

Réference numeral 50 denotes an externally attached
ROM having the same function as that of the external ROM -
30 of the indoor unit 1. The ROM 50 stores therein
characteristic data of the outdoor unit 2 similar to
those described above for the external ROM 30.

Incidentally, reference characters F's shown in
control circuits for the indoor unit 1 and outdoor unit
2 denote fuses.

The microcomputer (processing means) 14 is of such
a structure that has a ROM storing programs previously

written therein, a RAM for storing reference data, and a
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menti oned problens. Accordingly, it is an object of the present invention
to provide a tenperature control apparatus utilizing the detection
characteristic of a tenperature deteltion device (therm stor) over a w de
range of changes in tenperature, i.e., utilizing the characteristic al it
Is including its nonlinear portions, whereb, it is nmade possible to control
a unit by using a singl tenperature detection device for detecting a w de
range of changes in tenperature. According to the present invention, there

'S CPU for executing programs all put in one package (for
example, INTEL Corporation make 8797JF (TRADENAME of
INTEL Corporation)). |

FIG. 4 and FIG. S5 are real wiring diagrams of the
portions: around the microcomputer 14 of the indoor unit
1 of the electric connection diagram shown in FIG. 3.
FIG. 4 shows the wiring on the left side of the
microcomputer 14 and FIG. 5 shows the wiring on the
right side of the microcomputer 14. FIG. 4 and FIG. 5
put together will present the whole of the real wiring
diagram. In these diagrams, component parts the same as
the component parts in FIG. 1 are denoted by the
corresponding reference numerals.

Referring to FIG. 4, the microcomputer 14 outputs
control data to be transmitted to the outdoor unit 2
from the port Pl so that the signal is supplied to the
serial circuit 23 through a buffer 101. The serial
circuit 23 outputs the control data to the communication
line 200 connecting the indoor unit 1 and the outdoor
unit 2. When receiving control data from the outdoor
unit 2, the microcomputer 14 receives it through the
communication.line 206, the serial circuit 23, and a
buffer 102 and from the port P2. The serial circuit 23

achieves inputting of the control data between the
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provi ded a tenperature control apparatus conprising a tenperature detectlon
device that presents an inpedance characteristic having a value that varies
in a non-linear manner as a function of detected tenperature, and
processi ng neans responsive to a signal representative of said inpedance
value to provide a tenperature signal representative of the: detected
t enperat ure and conpensated for said non-linear rel ationship, wherein

communication line 200 and the buffers 101 and 102 using
photocouplers.

The output ports P3 to P6 output the driving signal
of the flap motor 19. As the flap motor 19 is used a
step motor. The angle of rotation of the flap motor 19
can be changed by supplying the coil of the f£lap motor
19 with current by signals output from the output ports
P3 to P6. Incidentally, the signals éutput from the
output ports P3 to P6 are amplified in power to the
level to be supplied to the coil of the flap motor 19 by
a buffer 19a.

The output port Pll outputs a triggering signal for
the triac 26, the output port'Pl7 outputs a signal
controlling the current supply to the heater relay 27,
and the output port P18 outputs a signal for causing a
buzzer 103 to produce a sound. Each of these signals is
amplified in power in the buffer 1l9a. |

The output port P19 outputs a signal of DC voltage
to be used for a power supply to the fan motor 16. This
signal of DC voltage is formed of a pulse train in which
the duty factor of the pulse is changed. The pulse
train is converted to a DC voltage in a conversion
circuit 104. This DC voltage is supplied to the motor
power circuit 12. The motor power circuit 12 supplies a

\
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-8- said processing neans includes neans storlng data defining a
predet er m ned mat hemat i cal rel ati onship corresponding to the non-Ilinear
rel ati onshi p between said i npedance val ue of the detection device and
tenperature, and neans for operating upon said inpedance value signal in
accordance wth said predeterm ned nmat hematical relationship so as to
produce said tenperature signal. Preferably, said stored relationship is of
the form :

DC power with the voltage corresponding to the DC
voltage to a motor drive circuit 15. Accordingly, the
voltage supplied to the motor drive circuit 15 can be
varied by changing the duty factor of the pulse train
output from the port P1l9. While it is described later,
the number of revolutions of the fan motor 16 can be
varied by varying the voltage supplied to the motor
drive circuit 15 because a brushless motor is used for
the fan motor 16.

The conversion circuit 104 is chiefly formed of
transistors, resistors, and a smoothing capacitor, not
shown.

The input port;PZl inputs a signal for controlling
the timing of the current supply to the fan motor
(three—phase brushless motor) 16. This signal is a
signal obtained when the current flowing through each
stator winding of the three-phase brushless motor
changes its polarity across the neutral point and this
signal is obtained six times for each rotation of the
motor. The circuit to obtain the sigﬁal is incorporated
in the motor drive circuit 15 (Sanyo Electric Co., Ltd.
make Hybrid ICKAl60 (TRADENAME of Sanyo Electric Co.,
Ltd.)). In the motor drive circuit 15, there are

further incorporated an inverter circuit with six power

This Sheet Has Been Réplaced

TN i

- 20 -~



[err] where x is the inpedance value signal, a is a constant, t is the
tenperature signal an n is an integer value. Mre preferably, n = 3.
According to the present invention, there is also provided a tenperature
‘control apparatus for executing control of operation of a unit on the basis
of its tenperature detected by a tenperature detection device whose

resi stance value varies with changes in tenperature conprising: a

t enperature detection circuit for

transistors connected in a three—phase bridge form and a
switching circuit achieving high speed turning ON/OFF of
the power transistors (a circuit substantially making
shorter the discharging time of the accumulated charges
between the base and the emitter of the power
transistor).

Accordingly, by turnihg ON/OFF the power
transistors in sequence of predetermined combination of
ON/OFF states and in accordance with the angle of |
rotation of the rotor of the motor, the fan motor 16 can
be rotated. The ON/OFF signals for each of the power
transistors based on the combination of ON/OFF states
are output from the output ports P22 to P27 of a
microcomputer 14.

The microcomputer 14 performs_predetermined | _
calculation on the basis of the signal (the signal-to-
signal time) received from the port P21 to thereby
determine the angle of rotation of the rotor and,
thereupon, outputs the ON/OFF controlling signals in

' conformity with the angle of rotation from the ports P22
to P27 to the motor drive circuit 15.

Referring now to FIG. 5, an output of a room

temperature sensor 20 is input to the port 51, an output

of the heat exchanger temperature sensor 21 is input to

S
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outputting a voltage corresponding to the resistance value of said

tenperature detection device; Al D conversion neans for A/ D converting
said voltage thereby outputting t he step val ue corresponding to
sai d -9- tenperature; nunerical value conversion neans for

converting said step value to a mathematically expressed

the port P50, an output of an illuminance sensor 105
(cds) is input to the port P49, and an output of a
humidity sensor 22 is input to the port P48 of the
microcomputer 14. These outputs are A/D (analog-to-
digital) converted at the ports P51, P50, P49, and P48
and then stored as data in the ROM within the
microcomputer 14. The switch board 17 is provided with
contacts C; to C; for complete stopping, operation, test
operation, fault diagnosis, etc. and for which there is
provided a slider 17a to be manually slided sideways.
The potentials at the éontacts C; to C, are arranged to
assume four steps of mutually different values by means
of resistors 106 to 108 and the voltage 5 (V).
Therefore, by checking the potential value at the input
port P47 (A/D converting input port), it can be
determined with which contact the slider 17a is in
contact. The switch 109 for fault diagnosis is
connected with the port P45 of the microcomputer 14. A
remote control signal received by the receiver 1l8a is
input to the port P42 of the microcomputer 14.. From the
ports P36 to P41l are output signals for turning on light
emitting diodes 18b on the indicator panel 18 indicating
the mode, i.e., operation, automatic cooling, automatic

heating, and defrosting.
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tenperature value in accordance with a predetern1ned functlon ‘and
processi ng neans for executing control of said unit using said tenperature
val ue, wherein said predetermined function is a characteristic expression
i ndi cative of the tenperature versus step value relationship ;
obtained froma characteristic expression indicative of the tenperature
versus resistance value relationship of said tenperature detection device,
a characteristic expression indicative of the resistance val ue versus

vol t age relationshnp of said tenperature
he ports P34, P35, and P44 of the microcomputer 14

are connected with the external ROM 30 so that the
microcomputer 14 can read the above described i
characteristic data stored in the ROM 30.according to
the need.

When reading a set of the characteristic data, the
microcomputer 14 resets the external ROM 30 with a
signal output from the port P34 as shown in FIG. 5,
oﬁtputs a clock from the port P35, inputs the data
corresponding to the clock from the port P44, and stores
the data in the internal RAM. As the external ROM, a
one time programmable sequential read only memory, for
example, Fujitsu, Ltd. make MB85419P (TRADENAME of
Fujitsu, Ltd.) is used.

Now, description will be made on temperature
detection of the indoor heat exchanger 116 by the heat
exchanger temperature sensor 21 having a great range of
changing témperature.

Voltage depending on the change in the resistance
value of the indoor heat exchanger temperature sensor 21
varies as shown in FIG. 7 and input to the pdrt P50 of
the microcoﬁputer 14 as shown in FIG. 5. ‘

The microcomputer 14 accepts the voltage applied to

the port P50, i.e., the voltage varying with the
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detection circuit, and a characteristic expre55|on ‘indicative of

vol tage versus step value relationship of said A/ D conversion neans.
According to the present invention, there is further provided a tenperature
control nethod for executing control of operation of a unit on the basis of
its tenperature detected by a tenperature detection device whose resistance
val ue varies wth changes in tenperature conprising t he st eps of :

obt ai ni ng a voltage corresponding to the resistance value of said

t enper at ur e

detected temperature of the heat exchanger temperature
sensor 21, having the signal A/D (analog-to-digital)
converted. The A/D conversion is performed, with a
predetermined voltage range (the range between Vg and Vv
shown in FIG. 8) divided into 1024 steps (0 to 255), by
obtaining the step value x corresponding to the voltage
applied to the port P50.

Thus, the microcomputer 14 can obtain the step
value corresponding to the voltage applied to the port
port P50. In the case where a sensor having such a
characteristic as shown in FIG. 8 is used, the
relationship betﬁeen the above vocltage and the
temperature detected by the heat exchanger temperature
sensor 21 can be given by the following approximate
expression

=dt3 + et?2 + £t + g eee (1)
where V is the voltage (or the number of step x), t is
the temperature detected by the heat exchanger
temperature sensor 21, and 4, e, £, and g are constants
depending on the characteristics of the thermistor.

Incidentally, the approximate expression of the
relationship between the voltage and the temperature is

not limited to the above expression (1) but may be set
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detection device; A/D converting said voltage thereby -10- obtai ni ng
t he step val ue correspondi ng to sai d tenperature; converting

sai d step val ue to a mat hematically expressed tenperature value in
accordance with a predeterm ned function; and processing to execute control
of said unit using said tenperature val ue,

up suitably according to the characteristics of the
thermistor to be used.

The microcomputer 14 has the expression (1) stored
therein and inversely calculate the temperature detected
by the heat exchanger temperature sensor 21 of the
indoor heat exchanger 116 using the expression (1) from
the number of step x obtained by A/D conversion (value
converted from voltage), and sfores the result of
calculation as a mathematically expressed temperature
value (for example +25°C, +30°C, +35°C) into its storage
portion.

Incidentally, it takes a long processing time for a
microcomputer 14 (a microcomputer with a slow processing
speed) to actually calculate the temperature value t
inversely from the expression (1) because calculation of“
square root and cubic root are then required to be made,
and hence, such a problem arises, when some abndrmality
occurs in the air conditioning apparatus, that the
countermeasure against it cannot be taken in time.
Therefore, it is arranged such that the microcomputer 14
stores in advance a following approximate expression (2)
indicating the characteristic of the temperature t
corresponding to the voltage value (the step value x)

based upon the characteristic 'of FIG. 8 and calculates
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wher ei n sai d predetern1ned function is a characteristic. ‘expr essi on’
Lndicative of the tenperature versus step value relationship obtained
from a characteristic expression i ndi cative of t he tenperature
versus resistance value relationship of said tenperature detection
device, a characteristic expression indicative of the resistance val ue
versus voltage relationship of said tenperature detection circuit for
outputting the voltage corresponding to the resistance value of said
tenperature detection device, and a characteristic

the temperature value t directly from the step value x

using the expression (2) and stores it into its storage
portion |

t =d'x3 + e'x2 + £'x + g eee (2)
where t is the temperature value, x is the step value,
and d;, e', £', and g' are constants.

The operations related to the above are given in a
flow chart of FIG. 6. In step (S-1), the microcomputer
14 A/D converts the voltage applied to the port P50 and
obtains the step value x. Then, it, in step (S-2),
calculates the temperature value t from the step value x
using the expression (2) and stores the temperature
value t into the storage portion.

In step (S-3), the microcomputer 14 célculates the
required air conditioning capacity on the basis of the
set temperature value (for example-+25°C) and the
témperature valﬁe t stored in the storage pdrtibn. In
calculating the air conditioning capacity, PID control,
the fuzzy logic, etc. is applied to the difference
between the set temperature and the temperature t and
the variation At of the temperature value t. In step
(S-4), the microcomputer 14 outputs the values
indicative of the air conditioning capacity (calorific

value, wattage, values indicative of the operating
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A/ D conversion neans for A/D converting said voltage. BRI EF DESCRI PTI ON OF

THE DRAWNGS FIG 1 is a block diagram showing a contro
conditioning apparatus with a tenperature -11-

circuit of an air

capacity of the compressor motor 43 (number of
revolutions, frequency,.etc.)) to the outdoor unit. The
outdoor unit controls the operation of the compressor
motor 43 in accordance with the above values to thereby
provide the required air conditioning capacity.

In the present invention as described above, the
temperature within the range of detection (90°C) of a
thermistor as it is can be dealt with as the temperature
value t by the microcomputer 14, and from which, the
temperature expressed by the voltage within the range
from-V, to Vy can be obtained.

When the present invention was not used, the PID or
fuzzy calculation was made using the step value obtained
by the microcomputer 14 through A/D conversion as
described abové and the step value previously stored
within the microcomputer 14. Therefore, it was required
that there exists the relationship i =t + a (a is a
constant) between the step value obtained by the A/D
conversion and thé temperature detected by the
thermistor, and hence in the portion where this
relationship does not hold (the nonlinear portion), it
was necessary to compensate the previously stored step
value so that the variation in the step value with

respect to the temperature is linearized. Therefore,
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control apparatus according to the present i nventi on applled thereto;
FIG 2 is a diagramshow ng a refrigerant cycle in the indoor unit and
outdoor unit of an air conditioning apparatus; FIG 3 is a diagram show ng
an electric connection of the indoor unit and outdoor unit of an air
conditioning apparatus; FIG 4 is a real wiring diagramof a portion of the
control circuit shown in FIG 1, :

the resolution was different with temperature and a
complicated calculation process had to be additionally
provided for the compensation in the microcomputer 14.
Thus, there was a problem that the storage capacity of
the microcomputer was considerably used for the storage
area of the programs.

However, since the temperature value as
mathematically expressed actual temperature value is
used in the present invention, there is produced no
difference in resolution. Therefore, even if the range
of detected temperature of the heat exchanger
temperature sensor 21 is expanded, detection with the
same resolution can be attained and a non-linear
characteristic can be controlled as a linear
characteristic.

The control of the compressor motor 43 in the
present embodiment is executed such that the temperature
of the indoor heat exchanger 116 is determined on the
basis of an average of temperature values obtained by 16
times of detection thereof, each detection being made
every 2msec. Namely, the compressor motor 43 is
contrdlled once in each 32msec. The control of the
compressor motor 43, in concrete terms, means adjustment

of the frequency of the three4phase AC voltage for
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FIG 5is areal wiring diagramof the other remaining portion of the
Lontrol circuit shown in FIG 1; FIG 6 is a flow chart of a process
adjusting the air conditioning capacity of an air conditioning
apparatus according to the present invention; FIG 7 is a diagram show ng a
tenperature-resi stance charateristic of a therm stor

operating the compressor motor 43 sd that the number of
revolutions of the compressor motor 43 is varied or the
compressor motor 43 is stopped.

Although, in the above described embodiment, the
expression of third order expressed as (1) was used in
obtaining the temperature value t from the output of the
heat exchanger temperature sensor 21, it was confirmed
through a number of tests made by us that the similar
results can be obtained if the expression is a
polynomial of third order or above.

Althouéh, in the above described embodiment, the
example in which the present invention was applied to
detection of the temperature of the indoor heat
exchénger 116 of an air conditioning apparatus was
described, the present invention is not limited to such -
application but is of course applicable to temperéture
detection of other part of an air conditioning apparatué
and further to temperature detection in other apparatus
than air conditioning appafatus.

Although, in the above described embodiment, the
example in.which temperature detection was made with a
thermistor connected as shown in FIG. 4 or FIG. 10 and
with a temperature-voltage characteristic as shown in

FIG. 8 expressed by an approximate expression was
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-12 - FIG. 8is a dlagran1shomnng a tenperature- vol t age characteristic of
a thermstor at the point a shown in FIG 10; FIG 9 is a diagram show ng a
tenperature- voltage characteristic of a therm stor at the point b shown in
FIG 11; FIG 10 is a diagram showi ng an exanple of electric connection of
athermstor; FIG 11 is a diagram show ng anot her exanpl e of

described, the present invention is not dependent on the
manner in which the thermistor is connected. For
example, the thermistor may be connected as shown in
FIG. 11 and its temperature-voltage characteristic as
shown in FIG. 9 may be expressed by an approximate
expression to achieve temperature detection.

As described in the foregoing, it has been made
possible by the present invention to achieve temperature
detection over a wide range of temperature using a
single temperature detection device (thermistor) by
utilizing the temperature characteristic of the
temperature detection device as it is. Therefore, even
when the temperature of an object whose temperature
véries over a wide range is to be detected, the
temperature sensor can be structured of a single
temperature detection device. Thus, the number of
temperature detection devices to be used can be
decreased and, hence, manufacturing and inspecﬁion
processes can be decreased and cost reduction can
thereby be achieved.

Especially accordihg to the present invention, the
calculation for temperature control within the
microcomputer can be'performed not according to the'step

value corresponding to temperéture but according to the
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el ectric connection of a thermistor; and FIG 12is a dlagran1shomnng a
panner of conpressor control executed according to changes in tenperature
of an indoor heat exchanger. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMODI MENT Since, in the present invention, the air conditioning apparatus
I's conprised of a tenperature detection circuit for outputting a voltage
corresponding to the resistance value of a tenperature detection device
whose resi stance value varies with changes in :
actual temperature value which can be mathematically
expressed. Therefore, even if a single temperature
detection device is used over a wide range_of
temperature, temperature detectionm with uniform
resolution can be achieved and, at the same time, even
if the temperature detection device is that with a
nonlinear characteristic, the' temperature control can be

performed using the same as that with a linear

characteristic.
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tenperature and proce55|ng neans having a step ach|r|ng the aforesaid
vol tage, after A/ D converting the sane, and then converting the voltage to

a mat hematical ly expressed tenperature val ue using a predetermned——13-

rel ationship and a step perfornmng a process to execute
usi ng the tenperature val ue obtai ned

WHAT IS CLAIMED IS:

" AFTNFAFIn 0

1. A temperature control apparatus for executing

control of Operation of a unit on the basis of its

temperature detected by a temperature detection device

whose resistance value varies with changes in

temperature comprising:

a temperature detection circuit for outputting a

voltage corresponding to the resistance value of said

temperature detection device; and

processing means having a step acquiring said

voltage, after A/D (analog-to-digital) converting the

same, and then converting said voltage to a

mathematically expressed temperature value using a

predetermined relationship and a step performing a

process to execute temperature control using said

temperature value obtained by the conversion.

2. A temperature control apparatus for executing

control of operation of a unit on the basis of its.

temperature detected by a temperature detection device

whose resistance value varies with changes in

temperature comprising:

- 32-
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by the conversion, it is made p055|ble to perforn1ca|cu|at|on for
tenperature control within the m croconputer on asi s _of .mat henat i

expressed actual tenperature, not on the ba5|s of the u"ﬁ |! Iﬂ
corresponding to the tenperature. Accordingly, even if * ure
detection device is used for tenperature detection over a Wi dé range of
tenperature, it is achieved to detect the tenperature with uniform
resolution and, at the same tinme, even if the tenperature detection device
I's that having a nonlinear
a temperature detection circuit for outputting a
voltage corresponding to the resistance value of said
temperature detection device;
A/D conversion means for A/D converting said
voltage thereby outputting the step value corresponding
to said temperature;
numerical value conversion means for converting
said step value to a mathematically expressed
temperature value in accordance with a predetermined
function; and

processing means for executing control of said unit

using said temperature value.

3. A temperature control apparatus acco:ding to
claim 2, wherein said predetermined function is a
characteristic expression indicative of the témperature
versus step value relationship obtained from a
characteristic expression indicative of the temperature
versus resistance value relationship of said temperature
detection device, a characteristic expression indicative
of the resistance value versus voltage relationship of
said temperature detection circuit, and a characteristic
expression indicative of voltage versus step value
relationship of said A/D conversion means. -

I —
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characteristic, it is nmade possible to use it as that with a linear
€haracteristic. An enbodi nent of the present InventlOH~MLLL_Q§_Q§?E;52§QH
bel ow with reference to the acconpanyi ng draw ngs. FIG a refr
circuit indicating a refrigeration cycle for an air con IIE ﬂ’”m’aﬂ 'lus

In the refrigerant circuit diagram reference nuneral
refrigerant conpressor (conpressor), 111 denotes a four way va vé 112
denotes an outdoor heat exchanger (heat exchanger on the heat source side),

113

4. A temperature control apparatus for executing
control of operation of a unit on the basis of its
temperature detected by a temperature detection device
whose resistance value varies with changes in
temperature comprising:

a temperature detection circuit for outputting a
voltage corresponding to the resistance value of said
temperature detection device; and

a single package incorporating therein A/D
conversion means for A/D cqnverting said voltage théreby
obtaining the step value corresponding to said
temperature, numerical value conversion means for
converting said step value to a mathematically expressed
temperature value in accordance with a predetermined
function, and processing means for executing control of

said unit using said temperature value.

3. A temperature control method for executing
control of operation of a unit on the basis of its
temperature detected by a temperature detection device
whose resistance value varies with changes in
temperature comprising the steps of:
R —
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and 115 denote strainers for. renDV|ng inpurities fromthe r refrlgerant 114~
denot es a notor-operated expansi on -14- valve for var

pressure of the refrigerant in accordance with the evapor gty f
of the refrigerant, 116 denotes an i ndoor heat exchanger a ” ﬂﬂﬁﬂ ;’”m
* c L L] S *

t he user side), 117

obtaining a voltage corresponding to the resistance
value of said temperature detection device;

A/D qonverting said voltage thereby obtaining the
step value corresponding to said temperature;

converting said step value to a mathematically
expressed temperature value in accordance with a
predetermined function; and

processing to execute control of said unit using

said temperature value.

6. A temperature coqtrol method according to claim
5, wherein said predetermined function is a
characteristic expression indicative of the temperature
versus step value relationship obtained from a
characteristic expression indicative of the temperature
 versus resistance value relationship of said temperature
detection device, a characteristic expression indicative
of the resistance value versus voltage relationship of
said temperature detection circuit for outputting the
voltage corresponding to the resistance value of said
temperature detection device, and a characteristic
expression indicative of the voltage versus step value
relationship of said A/D conversion means for A/D

converting said voltage.

Thx:, Sheet Has Been Replace

Hllllll MG

- 35 -



-

Connected by an annular ref igerant piping. Reference numer i | HH GAINeGl [
an el ectromagnetic valve which is opened during a defrosting operation™® ¢ *
.When the four-way valve 111 is in the state delineated by solid line in

FIG 2, H.dlemperaturd cortrehdppagapcemprising aftemperature detéotioredevice(2l he
conpr S.SSQ[latlf)P §ce'n?é"’%§' Hnb%ﬁaﬁ'éé hiatfeRsté Maving WvahRthatyvated th'd An-
Accordi "Qinear manter 582 fulcton of defEtd éemperature, and processing means (14)
responsive to a signal representative of said impedance value to provide a
temperature signal representative of the detected temperature and compensated

for said non-linear relationship, characterised in that said processing means
includes means storing data defining a predetermined mathematical relationship
corresponding to the non-linear relationship between said impedance value of

the detection device and temperature, and means for operating upon said
impedance value signal in accordance with said predetermined mathematical

relationship so as to produce said temperature signal.

8. Temperature control apparatus according to claim 7 wherein said stored
relationship is of the form:

t=y" a,x”

where x is the impedance value signal, a is a constant, t is the temperature '
signal and n is an integer value.

9. Temperature control apparatus according to claim 7 wherein n = 3.
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functions as a condenser and the indoor heat ‘exchanger 116 functions as an
evapor at or and,

thus, a cooling operation by neans of the indoor heat

exchanger 116 is perforned. Wen the four-way valve 111 is in the state
delineated by broken line in FIG 2, high-tenperature and hi gh-pressure
refrigerant delivered fromthe conpressor 110 flows in the direction of the
arrow drawn by broken line. Accordingly, the outdoor heat exchanger 112
functions as an evaporator and the indoor heat

10

15

20

-1 =

Abstract

Temperature control apparatus for use e.g. in an air
conditioner, utilises a thermistor (21) as a
temperature detection device. The thermistor has a
non-linear temperature/voltage characteristigiwhich is
compensated for, by means of a processor (14). The
voltage output developed across the thermistor (21) is
converted to digital form, and the processor (14) is
pre-programmed with data concerning the non-linear
relationship of the detector impedance versus
temperature, which is used to compensate for the
non-linearity of the thermistor. The stored

relationship is of the form
t=Y" ax"®

where x is the impedance value, a is a constant, and t
is the temperature, n being an integer; for example n =
3. As a result, the thermistor can be used over a much

larger sensing range than hitherto
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‘exchanger

imreans of the indoor

bei ng nmade,

116 functions as a condenser
heat exchanger

‘and,

th

us,

a heating operation by

116 is perfornmed. Wien it becones
necessary to performa defrosting operation while heating operation is

of high-tenperature and hi gh-pressure

FIG.1

t he el ectromagnetic valve 119 is opened and,

t hereby, a portion
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refrigerant delivered fromihe conpressor 110 is directly led to the
put door heat exchanger (evaporator) 112 so that the outdoor heat exchanger
112 is heated and defrosting of it is perforned. At this tinme, the
refrigerant flows in the direction of the dotted solid line in FIG 2. The
air conditioning apparatus is formed, as showmn in FIG 3, of a unit
(hereinafter called "indoor unit") 1 installed indoors and a unit
(hereinafter called "outdoor unit") 2 installed outdoors. Both the units 1

©
\\

/ /'—- 8

~———»= FLOW WHILE COOLING
—-—-= FLOW WHILE HEATING

FIG.2

15
N
J

4

13

yrA
i

heet Has Been Replace“

TN



e

and 2 are connected by a power 1ine 120, @ comuniTation- re 200, _and.a
the indoor unit 1 has the indoor heat

refrigerant piping 300. Further,
exchanger 116 nounted thereon and the outdoor unit 2 has the outdoor heat
exchanger 112, conpressor 110, notor- operated expansion valve 114, and the

four-way valve 111 nounted thereon.

FIG.3

e 1

f— 300

120

1
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-16- FIG 1 shows a control circuit for an air conditioning apparatus
according to the present invention, in which the circuit portion on the
| eft side of the chain line drawn in the mddle of the diagramis the

control circuit provided in the indoor unit 1 and the circuit portion on
the right side is the control circuit provided in the outdoor unit 2 and

they are connected by the power |ine 120 ieitgfqaynication line 200.

.e_
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[Tthe comtrot TiTTui t—of TheTTdoor —unrt— [~ There are provided a rectifier—— ~
11 for rectifying AC 100V supplied froma plug 10, a notor power circuit 12

for setting the voltage of DC power supplied to a DC fan notor (brushless

notor) (Merr]) 16, blowing cool or warmair into the room to a val ue

bet ween 10 and 36 (V) according to a signal froma mcroconputer 14, a
controlling power circuit 13 generating 5V DC power for the nlcroconputer

14, a notor drive circuit 15 for controllliiQ(EPefilln ng of current

conducti oh through a
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E>° i

. 105
20@ @?'[? :E @/22 /106

/07
108
P47O— e LoL oL
p3 P460O It TTTTT {’ ’
P4
P5
P6 & Cir
P7 S LN
ps & 1
P9 8 4 -g—
P10 ca
o A~ 4
& » 5
= 6
Fm [ E
PASO———F
P12 P43 i
P13 = Ba
14 | Y. k-ﬂ
Ps Ti‘*‘] _1',: |
P16 P420 v 1 |
[ = 2F——1 Ol
3l |
4 1
st |
6 | '
71 !
8 [ |
s — |
T...{__._._.J\_._J
I8b 18

Sheet Has Been Replaced

T I |II|




stator wi ndi ng of the DC fan notor 16 in response to a signal fromthe =
m croconputer 14 generated thereby according to rotational position

i nformation of the DC fan notor 16, a switch board 17 provided on a control
panel of the indoor unit 1 including an OV CFF switch, a -17- test
operation switch, etc., a receiver 18a for

FIG.6
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feceiving renote control signals (an ON OFF si gnal a cool i ng/ heat i ng
wtching signal, a roomtenperature setting signal, etc.) froma wrel ess
renote controller 60, an indicator panel 18 for i ndi cat i ng the operating
status of the air conditioning apparatus, and a flap nmotor (Merr]) 19 for
nmoving flaps for changing the blowing direction of the cool/warmair. There
are further provided a roomtenperature sensor 20 for detecting the room
tenperature, a heat exchanger tenperature sensor 21 for detecting the

FIG.7
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féﬁﬁéfﬁfﬁre of the Tndoor heat exchanger 116, and a humidity sensor 22 for

gdetecting the roomhumdity. The detected val ues (voltages) by these
sensors 20, 21, and 22 are acquired, after being A/D converted, by the

m croconputer 14. Control signals fromthe mcroconmputer 14 to the outdoor
unit 2 are transmtted through a serial circuit 23 and a term nal board
T[err]. Separately, a triac 26 and a heater relay 27 are controlled by a
signal fromthe mcroconputer 14 through a driver 24, whereby the current
supply to a reheating

FIG.9
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‘heater 25 used dur| ng a dehum di fyi ng operatlon S control | ed for phase.
.- 18 - Reference nuneral 30 denotes an externally attached ROM storing
“therein "characteristic data" speci fying types of air conditioning

appar at uses and various characteristics. Fromthe external ROM 30 storing

t he

FIG.10
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ke
characteristic dat
¥mredi ately after the power

operation has been stopped. Wen the power
commands fromthe wireless renote control

a, the mcroconputer 14 acquires such characteristic data
has been turned on and i nmmedi ately after the

has been tuned on, reception of
60 and the | ater described

detection of the states of the operation and test operation switches are

not performed until

the acquisition of the characteristic data fromthe

external ROM 30 is conpleted. The control circuit for the outdoor unit 2
will be
60°C COMPERSSOR STOPPED
55°C COMPRESSOR SPEED DECREASED.
TEMP RANGE 13°C
o Y
COMP
TEMP OF INDOOR OMPRESSOR SPEED RESTORED
HEAT EXCHANGER
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2°C \\ COMPRESSOR SPEED DECREASED
0°C COMPRESSOR STOPPED
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described ‘below. In the outdoor unit 2, there are provided t el ®oar ds
Tlerr], Tlerr]', and T[err]' connected with the termnal boards T[err],

Tlerr],

denotes a varistor connected parallel to the term nal boards T[err]"’

Tlerr]",

and T[err] of the indoor unit 1, respectively. Reference nuneral

and

32 denotes a noise filter, 34 denotes a reactor, 35 denotes a
vol t age doubl er, 36 denotes a noise filter, and 37 denotes a snoother for

snoot hi ng the doubl e vol t age generated:%Q t he vol tage doubl er 35, and by

TEMPERATURE CONTROL APPARATUS

Abstract

Temperature control apparatus for use e.g. in an air
conditioner, utilises a thermistor (21) as a
temperature detection device. The thermistor has a
non-linear temperature/voltage characteristiclwhich is
compensated for, by means of a processor (14). The
voltage output developed across the thermistor (21) is
converted to digital form, and the processor (14) is
pre-programmed’ with data concerning the non-linear
relationship of the detector impedance versus
temperature, which is used to compensate for the
non-linearity of the thermistor. The stored

relationship is of the form
-t=2:a,x"

where x is the impedance value, a is a constant, and t
is the temperature, n being an integer; for example n =
3. As a result, the thermistor can be used over a much

larger sensing range.than hitherto

ST S et }
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- 19°- nmeans of which, a DC voltage of approxinately 280V is obPaPHe® from
an AC vol tage of 100V. Reference nuneral 39 denotes a serial circuit for
signal conversion of the control signal fromthe indoor unit 1 input
through the terminal board T[err]' into a signal to be transnitted to a

m croconputer 41, 40

36
TEMPERATURE CONTROL APPARATUS ".
heet Has Been Replaced :

g i

Temperature contrdl apparatus for use e.g. in an air
conditioner,.utilises a thermistor (21) as a
5 temperature détection device. The thermistor has a
non-linear temperature/voltage characteristic which is
compensated for, by means of a processér (14). The
yoltage output developed écross the thermistor (21) is
converted to digital fqrm, and the processor (14) is
10  pre-programmed with data concerning the non-linear
relatidnsh%p of the detector impedance versus
temperature, which is used to compensate for the
non-lineariﬁy of the thermistor. The stored
relatlonshlp is of the form

15

l:--E a,x?
where x is the impedance value, a is a constant, and t
is the temperature, n being an integer; for example n =
3. As a result, the thermistor can be used over a much
20 larger sensing range than hitherto
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denotés a current detection circuit for detecting the currgnt su lied to

t e outdoor unit 2 with a current transfornmer (CT) 33, con aﬂPPeuRepL.ccd
detected signal into a DC voltage, and supplying the DC voI

m croconputer 41, 41 denotes the microconputer, and 42 denot

power circuit for generating the power voltage for the mcrocorrpute

Ref erence nuneral 38 denotes a notor driggve circuit for PWM controlling the :
current supply to a tater described conpressor notor 43.in accordance with

a control signal
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fromthe mcroconmputer 41, in which six power transistors ‘are connected in
a three-phase bridge formto constitute a so-called inverter devi ce.

Ref erence nuneral 43 denotes the conpressor notor for driving

conpressor 110 of the refrigeration cycle, 44 denotes a MShWéH&’sBcenReplaced' '

tenperature sensor for detecting the refrigerant tenperat
delivery side of the conpressor 110, 45 denot es a fan not E#H"l can

9
\I

= —18

~——»= FLOW WHILE COOLING
—==-= FLOW WHILE HEATING
—e—> FLOW WHILE DEFROSTING




-20-"be varied to three speeds and perforns air blasting to out door heat .
exchanger 112. Reference nunerals 46 and 47 denote coils forﬁ'?mvmy\
val ve 111 and el ectronagnetic val ve 119, respectively, for shilﬁiSiSh@tM@%eenRel
paths of the refrigerant in the refrigeration cycle. Further, t j paced,
unit 2 is provided with an outside air tejmerature sensor 48 i W[ﬁ”’””l
vicinity of the air inlet for detecting the tenperature of the ou L

1— 300

— 120




air and, further, a heat exchanger tenperature sensor 49 for detecting the
t-enperature of the outdoor heat exchanger 112, and the det @Bt Sktettfik BRS Replaced
(vol tages) by these sensors are acquired by the microconput ;

being A/ D converted. Reference nuneral 50 denotes an exter nqwmlwbugu
ROM havi ng the sane function as that of the external ROM 30 'OF ti L)

unit 1. The ROM 50 stores therein characteristic data of the outdoor unit 2,
simlar to those described above for the external ROM 30. '
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I nci dental |y, reference characters F's shown in control cikrcuits: 'f-,:'o_r ‘"t he
| hdoor unit 1 and outdoor unit 2 denote fuses. The m croconputer

(processing neans) 14 is of such a structure that has a ROMstoring ,
prograns previously witten therein, a RAMfor storing. remrssﬂ&emdweal,k

e | .l |III*ib'i I IIII

FIG.5
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CPU for executing prograns all put in one package (for exanmple, |NTEL
Cor poration make 8797JF ( TRADENAME of | NTEL Cor por at i on) )ThisSheet Has BeenReplaéad

5 are real wiring diagranms of the portions around the mcr
the indoor unit 1 of the electric connection di agram shown G
4 shows the wiring on the left side of the m croconputer 14 and F

shows the wiring on the right side of the mcroconputer 14. FI'G.- 4 and
FIG 5 put together will present the |l e of the real wring

FIG.6
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diagram In these di agrans, conponent parts the sane as the conponent parts
iksn FIG 1 are denoted by the corresponding reference nunerals. Referring to
FIG 4, the mcroconputer 14 outputs control data to be transmtted to the
outdoor unit 2 fromthe port Pl so that the signal is suppliedto the
serial circuit 23 through a buffer 101. The serial circuit 23 out puts the
control data to the comunication |ine_200 connecting ee a“fl and
the outdoor unit 2.-Wien receiving confrol data fromth

FIG.7
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unit® 2, the mcroconputer 14 receives it through the comuni cation |ine

200, the serial circuit 23, and a buffer 102 and fronrrhe-port—Pi——4ﬂﬂ?
serial circuit 23 achieves inputting of the control Sp&{ﬁ\ﬁ%gen ced -

22 - communication line 200 and the buffers 101 and 10
WA
. 8
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The output ports P3 to P6 output the driving signal
19 is used a step notor.
19 can be changed by supplying the coil
with current by signals output fromthe output ports P3 This
the signals output fromthe output ports P3
to be supplied to the c0|

As the flap notor
flap notor

I nci dental ly,

anplified in power to the |evel
19 by a buffer”

not or
for

19a. The out put po?t

of the flap notor 19.
The angle of rotati

of the flap ”DtORe;:hgceJ

iR

P11 outputs a tr| ggering signal

FIG.10

TO+8V

TO GROUND
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THERMISTOR

FIG.11
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thestriac 26, the output port P17 outputs a signal controlling the current

supply to the heater relay 27, and the output port Pls&&fi_a signal for
causing a buzzer 103 to produce a sound. Each of these signal s 15 anmptifi+ed

in power in the buffer 19a. The output port P19 out put smS&egmdB@,iR%ced
voltage to be used for a power supply to the fan motor 1 of
DC voltage is fornmed of a pulse train in which the duty. ?}’Wﬂg}lﬁﬂg’kul se
is changed. The pulse train is convert!®d to a DC voltage I'n a n

FIG.12

60°C -1 COMPERSSOR STOPPED
55°C COMPRESSOR SPEED DECREASED.
TEMP RANGE 13°C .
47°C COMPRESSOR SPEED RESTORED
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EXCHANGER
Vi
5°C ~ COMPRESSOR SPEED RESTORED
2°Cc \l - COMPRESSOR SPEED DECREASED
0°C COMPRESSOR STOPPED
" .WHEN 2 MIN PASSED
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CL}GUIt 104. This DC voltage is supplied to the notor power ci PEWE42. The
notor power circuit 12 supplies a -23 - DC power with the voltage
corresponding to the DC voltage to a notor drive circuit 15. Accordingly,
the voltage supplied to the notor drive circuit 15 can be varied by
changi ng the duty factor of the pul se tggin

TEMPERATURE CONTROL APPARATUS

ABSTRACT

Temperature control apparatus for use e.g. in an air
conditioner, utilises a thermistor (21) as a
temperature detection device. The thermistor has a
non-linear temperature/voltage characteristic which is
compensated for, by means of a processor (14). The |
voltage output developed across the thermistor (21) is
converted to digital form, and the processor (14) is |
pre-programmed with data con¢erning the non-linear
relationship of the detector impedance versus
temperature, which is used to compensate for the
non-linearity of the thermistor. The stored

relationship is of the form
=), a,x"?

where x is the impedance value, a is a constant, and t
is the temperature, n being an integer; for example n =
3. As a result, the thermistor can be used over a much

larger sensing range than hitherto .

Figure 1 REPLACEMENT SHEET
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output fromthe port P19. Wile it is described |ater, the number Hfrzsze
revol utions of the fan notor 16 can be varied by varying the voltage
supplied to the notor drive circuit 15 because a brushless notor is used

- for_the fan§pqgggéé£? The conversion circuit 104_is chiefly forned of
T oa

2 N >

s, and a snoot hi ng capacijt or RERDACEMENT. STERETS NPWG

t” P put s |( nal for controlling the {i Bfmgscﬁ;bﬁbmepfgéﬂtﬁﬂio pagenlse
1t he..ﬁf gr'] Mﬁ?t % 1 e -1- M’Ciaim(s) - :paged 2. to paged 3%
; I MALR . . [?memagzp%mdﬁtm;mgﬁﬂk

— - DATE OF RECEIPT .&ls/%...... . |

TEMPERATURE CONTROL APPARATUS

BACKGROUND OF TEE INVENTiON

The present invention relates to a tempefature
control apparatus detecting the temperature of a unit
whose temperature varies over a wide range, such as a
heat exchanger placed in a rgfrigeration cycle, by means
of a thermistor to thereby execute temperature control
of the unit. |

There have reéently been spread air conditioners
for controlling room temperature and humidity and
ventilation of the rocm to thereby provide comfortable
atmosphere for human beings in offices, homes, vehicles,
and the like.

Many of air donditioners have both air cooling and
air heating functions and, during.its operation, the
room temperature is detected and the detected room
temperature is compared with a set temperature to
thereby achieve an air-conditioning operation. 1In the
meantime, the temperature of a heat exchanger installed
indoors is detected to prevent the heat exchanger from
freezing or overheating.

The thermistor (temperature detection device) used

as the temperature sensor has its electrical resistance

-




(three-phase brushless notor) 16. This signal is a signal obtained when the
current flow ng through each stator w nding of the three-phase: brushl ess
notor changes its polarity across the neutral poi nt and phis S|gnal S
obtained six times for each rotation of the notor. ThE“C] btaln
the signal is incorporated in the notor dri-ve circuitf ﬂfﬂMﬁﬁMgnﬂ

Co., Ltd. make Hybrid | CKA160 ( TRADENAME o4 .Sanyo El gct \
the notor drive circuit 15, there are furtfiér incorpdr
circuit with six power : '

varying with changes in temperature. By connecting a
-hermistor and a resistor in series and applying a
voltage across the seriés connection, it is achieved to
Zetermine the temperature according to the voltage at
<he junction point.

There are manufactured various types of thermistors
different from each other in resistance-temperature
characteristic according to the temperature rangé within
which they are used. PFor example, there are a type
remarkably varying its resistance value with changes in
temperature over a temperature range of 100°C or so, a
type remarkably changing its resistance value with
changes in temperature over a temperature range of 300°C
or so, and, further, a type largely changing its
resistance value in a temperature range from -20°C to
+80°C or in a temperature range from 0°C to +100°C.

Thermistors are different in price according to
their features. Those which have a wide detectable
temperature range or those of which ;esistance value
greatly changes for a given change in temperature
(having gobd sensitivity) are expensive.

A resistance-temperature characteristic of a
thermistor whose resistance value changes over a range
of changing temperature of 90°C is shown in FIG. 7 as an
P

i



-24- transistors connected in a three-phase bridge formand a sw tching
tircuit achieving high speed turning OV OFF of the power transistors (a
circuit substantially making shorter the discharging time of the
accunul at ed charges between the base and the emtter of the power

transi St'OTTREPLACEMENT SHEET :' . | | .‘...:

!__QH55P11
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example. When this thermistét is connedtéd as shown in
FIG. 10, the point a in FIG. 10 exhibits a voltage-
:temperature characteristic as shown iﬁ FIG. 8. Since
the voltage-temperature characteristic of the thermistor
becomes a curve as shown in FIG. 8, the voltage value at
the point a does not vary uniformly for a given change
in temperature.

In the temperature control of air conditioning
apparatus of the described type, an A/D converter has so
far been used for converting the voltage detected at the
peint a in FIG. 10 into a temperature. Namely, a
temperature is given a corresponding value, for example,
out of 0 to 255 (1 byte) by the A/D converter and a
value previously sfored in the miﬁrocomputer is compared
with the value output from the A/D converter. The
temperature control has been executed in accordance with
the result of the comparison.

In this case, the comparison of the set temperature
and the temperature detected by the thermistor is
performed through a comparison between step values, and
hence there is no problem arises even if the
characteristic of the thermistor becomes nonlinear
(curvilinear) as described above. However, when the

thermistor characteristic is not linear, the value

—_—
S ———



Accordingly, by turning OV OFF the power transistors in sequence of
predet erm ned conbi nati on of OV OFF states and in accordance with the angle
of rotation of the rotor of the notor, the fan notor 16 can be rotated. The
O\ OFF signals for each of the power transistors based on the conbination
of OV OFF stla rom the output ports P22 to P27 of a

m cr oconput Eﬁ“ﬁﬁﬂﬁﬁﬁgﬁﬁ 5 ut er 14[x%forns predeterm ned cal cul ati on
on the ba5|s of the signal (the signal-to-

0 8 MAY 1008

output from the A/D converter does not vary uniformly
with respect to a given change in actual temperature.

If, now, there is a relationship expressed by a
linear expression between the value x (hereinafter
called "step value") obtained by the A/D conversion and
the temperature t detected by the thermistor (for
example, x = t + a), the control will be simple.
However, since the step value after the A/D conversion
does not change proportionally with temperature in the
nonlinear portion of the characteristic, it becomes
necesﬁary, in éctually performing the control using the
nonlinear portion, to compensate the step value stored
within the microcomputer so that this step.vaiue will
uniformly vary with changes in temperature. From this,
problems arise that the processing in the microcomputer
becomes complex and that a difference in the resolution
is produced in the conversion of the temperature to the
step value between the resolution in the nonlinear
portion and that in the linear portion.

Therefore, it has been practiced to connect the
thermistor in parallel with a resistor Rl as shown in
FIG. 11 and detect the voltage at the point b. By so

doing, the voltage-temperature characteristic at the

point b in FIG. 11 comes to have a linear portion c in

l
|
!
|
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signal time) received fromthe port P21 to thereby determ ne the angle of
rotation of the rotor and, thereupon, outputs the OV OFF controlling
signals in conformty with the -angle of rotation fromthe ports P22 to P27
to the notor drive circuit 15 Referring nowto FIG .5, an output of a room

ar 20 is input to the port 51, an output of the heat

tenperature SE-DS

exchanger ten

x ;

mcmﬁf% I S™i npu.t RN

X

its middle portion as shown in FIG. 9. Since the

- voltage is substantially proportional to the temperature

ih the portion ¢, the step value obtained through the
A/D conversion also becomes proportional to the
temperature, and hence the control cifcuit becomes
simpler. Thus, the portion c has so far been used for
temperature detection.

The temperature of the indocor heat exchanger of an
air conditioning apparatus varies over a wide range of
temperature from -10°C or so to +70°C or so when both
air cooling and air heating are taken into
consideration. If such a wide temperature range is to
be detected using low priced thermistors not hawving a

wide detectable temperature range (such as that having a

- temperature range of about 20°C as the portion ¢ of FIG.

9), it becomes necessary to use two thermistors, one
detecting -5°C to +15°C in-the air cooling domain and
the other detecting +40°C to +60°C in the air heating
domain.

This is because, referring to FIG. 12, it is
necessary to decrease the number of revolutions of the
compressor to suppress its capacity when its temperature
becomes lower than +2°C in the cooling cycle, or to stop

the compressor when the temperature becomes lower than




-25 - the port P50, an output of an illum nance sensor 105 (CdS) is input
to the port P49, and an output of a humidity sensor 22 is input to the port
P48 of the m croconputer 14. These outputs are A/D (anal og-to- digital)
converted at the ports P51, P50, P49, and P48 and theTaﬁﬁuimLas_déLé_LD
the ROMw thin the microconputer 14. The switch board 1REPEﬂ0@WEMthﬂngth
contacts Cl to C4 for conplete stopping, ogeration, tg¢st

08 MAY a3

0°C and remains in this state for two minutes because,

then, there is danger lest the compressor be frozen, or
in the heating cycle, to decrease the number of
revolutions of the compressor to suppress its capacity
when the temperature becomes higher than +559c, or to
stop the compressor when ité temperature becomes higher
than +60°C taking it for an overheated state.

- Incidentally, it has been in practice, when the
temperature becomes higher than 5°C after the compressor
was stopped or its capacity was suppressed for
preventing the indoor heat exchanger from being frozen,
to restore the operation of the compressor to the
original state and, when the temperature bedomés lower
than +47°C after the compressor was stopped or its
capacity was suppressed to protect it from overheating,
to restore the operation of the compressor to the _
original state.

Thus, when a plurality of thermistors are used to
cover the wide rangé of changing temperature of the
object whose temperature is to be detected, not only a
plurality of thermistors are required, but also the
processes for setting up the thermistors and inspecting
them increase, and therefore cost is increased. If a

thermistor having a wide c portion of FIG. 9 is used,




operation, fault diagnosis, etc. and for which there is provided a
17a to be manual ly slided sideways. The potenti al s et :
are arranged to assunme four steps of nutually diffég #<f ToS DV

resistors 106 to 108 and the voltage 5 (V). Theref
potential value at the input port P47 (A/ D convertiingd
be determ ned with which contact the slidey_ 17a isf{ir

"C
WPBP?MW

.contact.

14. A

this also increases the cost because such a thermistor is

very expensive.

SUMMARY OF THE INVENTION

The present invention was made to solve the above
mentioned problems. Accordingly, it is an object of the
present inventién to provide a temperature control
apparatus utilizing the detection characteristic of a
temperature dete{tion device (thermistcr) over a wide
range of" changeé in temperature, i.e., utilizing the
characteristic a! it is including its ncnlinear porticas,
whereb, it is made possible to contyol a unit by using a
singl temperature detection device for detecting a wide
range of changes in temperature.

According to the present invention, there is
provided a temperature controi apparatus ccmprising a
temperature detection device that presents an impedance
.characteristic having a value that varies in a non-linear
mapner as a functioﬁ of detected temperature, and
processing means responéiva to a signal representative of
said impedance value to provide a temperature signal
representative of the  detected temperature and

compensated for said non-linear relationship, wherein



of the mcroconputer 14. Fromthe ports P36 to P41 a

t he node, i.

defrosti ng.

turning on light emtting diodes 18b on the indicato ALALENENT ot
., operation, autonmatic cooling, automafifearrmg, anay]:
- 26 - 08 MAY 1998 |
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said processing means includes means storing data
defining a predetermined mathematical relationship
corresponding to the non-linear rélat:i.onship between said .
impedance value of the detection device and temperature,
and means for operating upon said impedance value signal
in accordance with said predetermined mathematical
reia:ionship g0 as to produce said temperature signal.

Preferably, said stored relationship is of the form:

le:Za"x"
where x is the impedance wvalue signal, a is a constant, t
is the temperatuxe signal an n is an integer wvalue. More
preferably, n = 3.

According to the present invention, there. is .also
provided a temperature control apparatus for executing
control of operation of a unit on the basis of its
temperature detected by a temperature detection device
whose resistance value varies with changes in temperature
comprising: a  temperature detection circuit for
outputting a voltage corres‘pohding to the resistance
value of said temperature detection device; A/D
conversion means for A/D converting said voltage thereby

outputting the step value correaponding to said



The porlts P34, P35, and P44 of the mcroconputer 14 are connected with the
external ROM 30 so that the mcroconputer 14 can r §a@ TRECOBOVE FoSETy-bed
characteristic data stored in the ROM 30 accor di ngf§it 8¢ 'ﬁ el e

reading a set of the characteristic data, the mcrd@c
external ROM 30 with a signal output fromthe port §P
outputs a clock fromthe port P35, input§9t_he.datac rr
clock fromthe port P44, and stores

g MAYwgssn fFijc 5,
espondi ng td the

temperature; numerical value conversion means for
converting said step value to a mathamatically expressed
temperature value in abcordance with a predetermined
function; and processing means for executing control of
said unit wusing said temperature value, wherein said
predetermined function is a characteristic _expression
indicative of the temperature versus step value
relationship obtained from a characteristic expressidn
indicative of the temperature versus resistance value
relationship of said temperature detection device, a
characteristic expression indicative cf the resistance
véiue versus voltage relationship of said temperature
detection «circuit, and a characteristic expres,sion
indicative of voltage versus step value relationship of
said A/D conversion means.

According to the present invéntion, there is further
provided a temperature control method for executing
control of operation of a unit on the basis of its
temperature detected by a temperature detection device
whose resistance value varies with changes in temperature
comprising the steps of: obtaining a voltage -
corresponding to the resistance value of said temperature

detection device; 'A/D converting said wvoltage thereby



the data in the internal RAM As the external ROM a one time progranmmabl e

sequential read only nmenory, for exanple, Fujitsu, Ltd. m
( TRADENAME of Fujitsu, Ltd.) is used. Now, description w |+
tenperature detection of the indoor heat exchanger 116 by Yeat
exchanger tenperature sensor 21 having a great range of chahgigng MAY 1998

Vol t age dependi ng on the chgg?q In the resisfapce val ue of 'the
i ndoor heat -exchanger tenperature sensor I '

t enper at ure.

~obtaining the step value corresponding to said

temperature; converting said step value to a
mathematically expressed temperaturxe wvalue in accordance
with a predetermined function; and processing to execute
control of said wunit using said temperature value,
wherein said predetermined functien is a characteristic
expression indicative of the temperature versus step
value relationship obtained from a characteristic
éxpression indicative of the tempe:ature versus
resistance value relatidnahip cf said temperature
detection device, a characteristic éxpfession indicative
of the resistance value versus voltage relationship of
said temperature detection circuit Ffor outputting’ the
voltage corresponding to the resistance value of said
temperature detection device, and a characteristi;
expression indicative of the voltage versus step value
relationship of said A/D conversion means for A/D

converting said voltage.

FIG. 1 is a block diagram showing a control circuit

of an air conditioning apparatus with a - temperature



varies as shown in FIG 7 and input to the port P50 of the m croconputer 14
as shown in FIG 5. The mcroconputer 14 accepts the voltage applled to t he
port P50, i.e., the voltage varying with the -27. - de .

of the heat exchanger tenperature sensor 21, having
(anal og-to-digital)

-11 -

control apparatus according to the present: infention
applied thereto;

FIG. 2 is a diagram showing a refrigerant cycle in
the indoor unit and outdoor_unit of an air conditioning
apparatus;

FIG. 3 is a diagram showing an electric connection
of the indoor wunit and outdoor unit of an air
conditioning apparatus;

FIG. 4 is a real wiring diagram of a portion of the
contrel circuit shown in FIG. 1;

FIG. s is a real wiring diagram of the other
remaining portion of the control circuit shown in FIG. 1;

FIG. 6 is a flow cﬁart of a process adjusting,the
air conditioning capacity of an air conditioning
apparatus according to the present invention;

FIG. 7 is a diagram showing a temperaturefresistance

charateristic of a thermistor;



1024 steps (0 to 255), by obtaining the step value x Cné‘;"”
vol tage applied to the port P50. Thus, the nicroconput§r §14 ca
step val ue corresponding to the voltage applied to the
the case where a sensor having such a chajpacteristic a
used, the relationship between the above voltage and tHe

FIG. 8 is a diagram showing a temperature-
voltage characteristic of a thermistor at the point a
shown in FIG. 10;

FIG. 9 is a diagram showing a temperature-
voltage characteristic of a thermistor at the point b -
shown in FIG. 11;

FIG. 10 is a diagram showing an example of electric
connection of a thermistor;

FIG. 11 is a diagram showing another example of
electric connection of a thermisﬁor; and

FIG. 12 is a diagram showing a manner of compressor
control executed according to changes in temperature of

an indoor heat exchanger.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Since, in the present invention, the air
conditioning apparatus is comprised of a temperature
detection circuit for outputtihg a voltage corresponding
to the resistance value of a temperature detection
device whose resistance value varies with changes in
temperature and processing means having a step acquiring
the aforesaid voltage, after A/D converting the same,
and then converting the voltage to a mathematically

expressed temperature value using a predetermined



tenperature detected by the heat exchanger tenperature sensor 21 can be
given by the followi ng approxi nate expression V = dt[err] + et[err] + ft +
g ... (1) where Vis the voltage (or the nunber e

is the tenperature detected by the heat exchanger t ergeretTyL g
and d, e, f, and g are constants dependi ng on the chd ¥arel'ry]
thermstor. Incidentally, the approximate ;gxpression t
bet ween the voltage and the tenperature is

relationship and a step performing a process to execute.
temperature control using the temperature value obtained
by the conversion, it is made possible to perform |
calculation for temperature control within the
microcomputer on the basis of mathematically expressed
actual temperature, not on the basis of the step value
corresponding to the temperature. Accordingly, even if
a single temperature detection device is used for
temperature detection over é wide range of temperature,
it is achieved to detect the temperature with uniform
resolution and, at the same tiﬁe, even if the
temperature detection device is that having a nonlinear
characteristic, it is made possible to use it as that
with a linear characteristic.

An embodiment of the present invention will be
described below with reference to the accompanying
drawings. FIG. 2 is a refrigerant circuit indicating a
refrigeration.cycle for an air conditioning apparatus.
In the refrigerant circuit diagram, reference numeral
110 denotes a refrigerant compressor (compressor), 1lll
denotes a four-way valve, 112 dehotes an outdoor heat
exchanger (heat exchanger on the heat source side), 113
and 115 denote straineré for removing impurities from

the refrigerant, 114 denotes a motor—-operated expansion



not limted to the above expression (1) but may be set
according to the characteristics of the therm stor to bg=s&
m croconputer 14 has the expression (1) stored therein gngEM
calculate the tenperature detected by the heat exchange;
21 of the

-14 -

valve for varying the reduced pressure of the
refrigerant in accordance with the evaporation
temperature of the refrigerant, 116 denotes an indoor
heat exchanger (heat exchanger on the user side), 1;7
denotes a silencer, and 118 denotes an accumulator, and
these devices are connected by an annular refrigerant
piping. Reference numeral 119 denotes an
electromagnetic valve which is opened during a
defrosting operation.

When the four-way valve 1lll is in the state
delineated by solid line in FIG. 2, high-temperature and
high-pressure refrigerant delivered from the compressor
110 flows in the direction of the arrow drawn by solid
line. Accordingly, the outdoor heat exchanger 112
functions as a condenser and the indoor heat exchanger
116 functions as an evaporator and, thus, a cooling
operation by means of the indoor heat e#changer 116 is
performed.

When the four-way valve 111 is in the state
delineated by broken line in FIG. 2, high-temperature
and high-pressure refrigerant delivered from'fhe
compressor 110 flows in the direction of the arrow drawn
by broken line. Accordingly, the outdoor heat exchanger

112 functions as an evaporator and the indoor heat



I ndoor heat exchanger 116 using the expression (1) fromthe nunber of step
X obtained by A/D conversion (val ue converted fromvoltage), and stores the
result of calculation as a mathematically expressed t e pEeatiepit—yaltie
exanpl e +25[err]C, +30[err]C, +35[err]C) into its storagterid

Incidentally, it takes a |long processing tinme for a m ¢r
m croconputer with a sl ow processing speedk fo actuall I :
s ae,ang @gy‘gggthor
. ' j

tenperature val ue t |nversely fromthe expression (1)
of

- exchanger 116 functions as a condenser and, thus, a
.heating operation by means of the indoor heat exchanger
116 is performed.

When it becomes necessary to perform a defrosting
operation while heating operation is being made, the
electromagnetic valve 119 is opened and, thereby, a
portion of high-temperature and high-preséure.
refrigerant delivered from the compressor 110 is
directly led .to the outdoor heat exchanger (evaporator)
112 so that the outdoor heat exchanger 112 is heated and
defrosting of it is performed. At this time, the
refrigerant flows in the direction of the dotted solid
line in FIG. 2.

The air conditioning apparatus is formed, as shown
in PIG. 3, of a unit (hereinafter called "indoor unit")
l installed indodrs and a unit (hereinafter'called
"outdoor unié") 2 installed outdoors. Both the units 1
and 2 are connected by a power line 120, a communication
line 200, and a refrigerant piping 300.

Further, the indoor unit 1 has the indoor heat
exchanger'116 mounted thereon and the outdoor unit 2 has
the outdoor heat exchanger 112, compressor 110, motor-
6perated expansion valve 114, and the four-way vaive 111

mounted thereon.




square root and cubic root are then required to be made, and hence, such a
.probl em ari ses, when sonme abnormality occurs in the air eendJ_Ll_in_ﬂg_~____~
apparatus, that the counterneasure against it cannot be takEﬁ‘#ﬁ~P+nE*~______
Therefore, it is arranged such that the m croconputer 14 ; S=gjance
a follow ng approxi mate expression (2) indicating t eﬁ-, AR
tenperature t corresponding to the voIt Pe val ue (tHe
upon the characteristic of FIG 8 and cal cul ates

FIG. 1 shows a control circuit for an air
conditioning apparatus acéording to the present
invention, in which thé circuit portion on the left side
of the chain line drawn in the middle of the diagram is
the control circuit provided in the indoor unit 1 and
the circuit portion on the right side is the control
circuit provided in the 6utdoor unit 2 and they are
connected by the power line.lzo and communication line
200.

In the control circuit of the indoor unit 1, there
are provided a rectifier 11 for rectifying AC 100V
supplied from a2 plug 10, a motor power circuit 12 for_
setting the voltage of DC power supplied to a DC fan
motor (brushless motor) (M;) 16, blowing cool or warm
air into the room, to a value between 10 and 36 (V) -
according to a signal from a microcomputer 14, a
controlling power circuit 13 generating 5V DC power for
the microcomputer 14, a motor drive circuit 15 for
controlling the timing of current conduction through a
stator winding of the DC fan motor 16 in response to a
signal from the microcomputer 14 generated thereby
according to rotational pdsition information of the DC
fan motor 16, a switch board 17 pfovided on a control

panel of the indoor unit 1 including an ON/OFF switch, a



-29 - the tenperature value t directly fromthe step value x using the

expression (2) and stores it into its storage portiont = d' x[err -
e' x[err] + f'x + ¢ ... (2) where t is the tenerTl e tar g -
the step value, and d', e, f', and g' are constants. THeRERACENEDcSTE
related to the above are given in a

-17 -

test operation switch, etc., a receiver 18a for
receiving remote control signals (an ON/OFF signal, a
cooling/heating witching signal, a room temperature
setting signal, etc.) from a wireless remote controller
60, an indicator panel 18 for indicating the operating
status of the air conditioning apparatus, and a flap
motor (M,) 19 for moving flaps for changing the blowing
direction of the cool/warm air.

There are further provided a room temperature
sensor 20 for detecting the room temperature, a heat
exchanger temperatute sensor 21 for detecting the
temperature of the indoor heat exchanger 116, and a
humidity sensor 22 for detecting the room humidity. The
detected values (voltages) by these sensors 20, 21, and
22 are acquired, after being A/D converted, by the
microcomputer 14. Control signals from the
microcomputer 14 to the outdoor unit 2 are transmitted
through a serial circuit 23 and a terminal board Tj;.
Separately, a triac 26 and a heater relay 27 are
controlled by a signal from the microcomputer 14 through
a driver 24, whereby the current supply to a reheating
heater 25 used during a dehumidifying operation is

controlled for phase.

i



flow chart of FIG 6. In step (S-1), .the mcroconputer 14 A/D converts the
Thnn H I n

vol tage applied to the port P50 and obtains the step yalue X —Fhef—t=
step (S-2), calculates the tenperature value t fron1thﬁEpL -ng

the expression (2) and stores the tenperature val ue t}-i
portion. In step (S-3), the mcroconputer 14 cal cul atfs
condi tioning capacity on the basis of tbq set tenperafufe
exanple +25[err]C) and the tenperature vapue t storedji

portion. In

Reference numeral 30 denotes an externally attached
ROM storing therein "characteristic data" specifying
types of air conditioning apparatuses and various
characteristics. From the external ROM 30 storing the
characteristic data, the microcomputer 14 acquires such
characteristic data immediately after the power has been
turned on and immediately after the operation has been
stopped. When the power has been tuned on, reception of
commands from the wireless remote control 60 and the
later described detection of the states of the bperation
and test operation switches aie not performed until the
acquisition of the characteristic data from the external’
ROM 30 is completed.

The control circuit for the outdoor unit 2 will be °
described below.

In the outdoor unit 2, there are provided terminal
boards T,', T,', and T;' connected with the terminal
boards T,, T,, and T; of the indoor unit 1,
respectively. Reference numeral 31 denotes a varistor
connected parallel to the terminal boards T,' and T,',
32 denotes a noise filter, 34 denotes a reactor, 35
denotes a voltage doubler, 36 denotes a noise filter,
and 37 denotes a smoother for smobthing the double

voltage generated by the voltage doubler 35, and by



cal culating the air conditioning capacity, PID control, the fuzzy |ogic,
etc. is applied to the difference between the set tenperature and the
tenperature t and the variation At of the tenperature ;

(S-4), the mcroconputer 14 outputs the val ues |nd|cau|${!%* i M 1
conditioning capacity (calorific value, wattage, val ugs ' ' ﬁe t
oper ati ng -19 -

means of which, a DC voltage of approximately 280V is
obtained from an AC voltage of 100V.

Reference numeral 39 denotes a serial circuit for
signal conversion of the control signal from the indoor
unit 1 input through the terminal board T;' into a
signal to be transmitted to a microcomputer 41, 40
denotes a current detectién circuit for detecting the
current supplied to the outdoor unit 2 with a current
transformer (CT) 33, converting the detected signal into
a DC voltage, and supplying the DC voltage to the
‘microcomputer 41, 41 denotes the microcomputer, and 42
denotes a switching power circuit for generating the
power voltage for the microcomputer 41. Reference
numeral 38 denotes a motor drive circuit for PWM
controlling the current supply to a later described
compressor motor 43 in accordance with a control signal
from the microcomputer 41, in which six power
transistors are connected in a three-phase bridge form
to constitute a so-called inverter device. Reference
numeral 43 denotes the compressor motor for driving the
compressor 110 of the refrigeration cycle, 44 denotes a
delivery temperature sensor for detecting the
refrigerant temperature on the delivery side of the

compressor 110, 45 denotes a fan motor whose speed can



-30 - capacity of the conpressor notor 43 (nunber of revolutions,
frequency, etc.)) to the outdoor unit. The outdoor unit controls the
operation of the conpressor notor 43 in accordance et les to
t hereby provide the required air conditioning capacj R LI n
I nvention as descri bed above, the tenperature wthi

EctTon
(90[err]C) of a thermstor as it is can bggdealt w§ h}a: 4998:rpt tire
value t by the m croconputer 14, and fromfovvhi ch, th asmm__ : '

— R

be varied to three speeds and performs air blasting to
an outdoor heat exchanger 112. Reference numerals 46
and 47 denote coils for the four-way valve 1lll and
electromagnetic valve 119, respectively, for shifting
the paths of the refrigerant-in the refrigeration cycle.

Further, the outdoor unit 2 is provided with an
outside air temperature sensor 48 in the vicinity of the
air inlet for detecting the temperature of the cutside
air and, further, a heat exchanger temperature sensor 49
for detecting the temperature of the outdoor heat
exchanger 112, and the detected values (voltages) by
these sensors are acquired by the microcomputer 41 after
being A/D converted.

- Reference numeral 50 denotes an externaily attached
ROM having the same function as that of the external ROM
30 of the indoor unit 1. The ROM 50 stores therein
characteristic data of the outdoor unit 2 similar to
those described above for the external ROM 30.

Incidentally, reference characters F's shown in
control circuits for the indoor unit 1 and outdoor unit
2 denote fuses. . |

The microcomputer (processing means) 14 is of such
a structure that has a ROM stofing programs previously

written therein, a RAM for storing reference data, and a



t enperature expressed by the voltage within the range fromV[err] to V[err]
can be obtai ned. Wien the present invention was not used, the PID or fuzzy
cal cul ati on was made using the step val ue obtained by the m croconputer 14
t hrough A/ D conversion as descri bed above and the steg MJL':FJ’:“F?ﬁé.y’
stored within the mcroconputer 14. Therefore, it MﬁSULlﬁL‘%#“ALE”“L“'

exists the relationship x =t + a (a is g constant) bgt\feen the step |

p
C@iBoMAY 088 |

obt ai ned by the A/D conversion and the t€nperature de§ed

CPU for executing programs all put in one péckage (for
example, INTEL Corporation make 8797JF (TRADENAME of
INTEL Corporation)).

FIG. 4 and FIG. 5 are real wiring diagrams of the
portions around the microcomputer 14 of the indoor unit
1 o§ the electric connection diagram shown in FIG. 3.
FIG. 4 shows the wiring on the left side of the
microcomputer 14 and FIG. 5 shows the wiring on the
right.side of the microcomputer 14. FIG. 4 and FIG. 5
put together will present the whole of the real wiring
diagram. 1In these diagra@s,.component parts the same as
the component parts in FIG. 1 are denoted by the
corresponding reference numerals.

Refefring to FIG. 4, the microcomputer 14 outputs
control data to be transmitted to the outdoor unit 2
from the port Pl so that the signal is supplied to the
serial circuit 23 through a buffer 10l. The serial
circuit 23 outputs the control data to the ‘communication
line 200 connecting the indoor unit 1 and the outdoor
unit 2. When receiving control data from the outdoor
unit 2, the microcomputer 14 receives it through the
communication line 200, the serial circuit 23, and a
buffer 102 and from the port P2. The serial circuit 23

achieves inputting of the control data between the



therm stor, and hence in the portion where this rel ationship does not hold
(the nonlinear portion), it was necessary to conpensate the previously
stored step value so that the variation in the step ' Yoy
the tenperature is linearized. Therefore, -31 - tHge
different with tenperature and a '

«22 -

08 mvmsi

communication line 200 and the buffers 101 and 102 using
photocouplers.

The output ports P3 to PG output the driving signal
of the flap motor 19. As the flap motor 19 is used a
stép motor. The angle of rotation of the £lap motor 19
can be changed by supplying the coil of the flap motor
19 with current by signéls output from the output ports
P3 to P6. Incidentally,_the signals 6utput from the
output ports P3 to P6 are amplified in power to the
level to be supplied to the coil of the flap motor 19 by
a buffer 19a.

The output port Pll outputs a triggering signal for
the triac 26, the output port Pi7 outputs a signal
controlling the current supply to the heater relay 27,
and the output port P18 outputs a signal for causing a
buzzer 103 to produce a sound. Each of these signals is
amplified in power in the buffer 19%a.

The output port Pl9 outputs a signal of DC voltage
to be used for a power supply to the fan motor 16. This
signal of DC voltage is formed of a pulse train in which
the duty factor of the pulse is changed. The pulse |
train is converted to a DC voltage in a conversion
circuit 104. This DC voltage is supplied to the motor

power circuit 12. The motor power circuit 12 supplies a




conplicated cal cul ation process had to be additionally provided for the
conpensation in the mcroconputer 14. Thus, there was a problemthat the

storage capacity of the mcroconputer was consider

or age

area of the prograns. However, since the tenperatur
mat hemati cal |y expressed actual tenperature val ue

I nventi on,
if the range of detected tenperature of

;!e#megnsm SHEE-TS

there is produced no differengg_in resol ti’onf T“iqeﬁgée
?%e heat exjhcndkﬁr_.'_i  |

DC power with the voltage corresponding to the DC
voltage to a motor drive circuit 15. Accordingly, the
voltage supplied to the motor drive circuit 15 can be
varied by changing the duty factor of the pulse train
output from the port P19. While it is described later,
the number of revolutions of the fan motor 16 can be
varied by varying the voltage supplied to the motor-
drive circuit 15 because a brushless motor is used for
the fan motor 16.

The conversion circuit'104 is chiefly formed of
transistors,'resistors, and a smoothing capacitor, not
shown. |

The input port P21 inputs a signal for controlling
the timing of the current supply to the fan motor
(three—-phase brushless motor) 16. This signal is a
signal obtained when the current flowing through each
stator winding of the three-phase brushless motor
changes its polarity across the neutral point and this
signal is obtained six times for each rotation of the
motor. The circuit to obtain the signal is incorporated
- in the motor drive circuit 15 (Sanyo Electric Co., Ltd.
make Hybrid ICKAl60 (TRADENAME of Sanyo Electric Co.,
Ltd.)). 1In the motor drive circuit 15, there are

further incorporated an inverter circuit with six power

ven



tenperature sensor 21 is expanded, detection with the sane resol ution can
be attai ned and a non-linear characteristic can be contrg a_linear
characteristic. The control of the conpressor notor 43

enbodi ment is executed such that the tenperature of the |n
exchanger 116 is determ ned on the basis of an average of. Je
val ues obtained by 16 times of detectionyjhereof, each detpc dp

every 2msec. Nanely, the conpressor notof 43 is

transistors connected in a three-phase bridge form and a
switching circuit achieving high speed turning ON/OFF of
the power transistors (a circuit substantially making
shorter the discharging time of the accumulated charges
between the base and the emitter of the power
transistor).

Accordingly, by turning ON/OFF the power
transistors in sequence of predetermined combination of
ON/OFF states and in accordance with the angle of
rotation of the rotor of the motor, the fan motor 16 can
be rotéted. The ON/OFF signals for each of the power
transistors based on the combination of ON/OFF states
are output from the output ports P22 to P27 of a
microcomputer 14.

The microcomputer 14 performs predetermined
calculation on the basis of the signal (the signal-to-
signal time) received from the port P21 to thereby
determine the angle of rotation of the rotor and,
thereupon, outputs the ON/OFF controlling signals in

'conformity with the angle of rotation from the ports P22
to P27 to the motor drive circuit 15.

Referring now to FIG. 5, an output of a room

temperature sensor 20 is input to the port 51, an output

of the heat exchanger temperature sensor 21 is input to



control l ed once in each 32msec. The control of the conpressor notor 43, in
concrete terns, neans adjustnent of the frequency of the three-phase AC
vol tage for - 32 - operating the conpressor notor_43—se—that_the nunber

of revolutions of the conpressor motor 43 is varied OﬁEﬁgiﬁgﬁﬁﬁﬁrgﬁEFr—ﬁﬁ%e%— '
43 i s stopped. I N '
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the port P50, an output of an illuminance sensor 105
(CdS) is input to the port'P49, and an odtput of a
humidity sensor 22 is input to the port P48 of the
microcomputer 1l4. These outputs are A/D (analog-to-
digital) converted at the ports PS1, P50, P49, and P48
and then stored as data in the ROM within the
microcomputer l4. The switch board 17 is provided with
contacts C; to C; for complete stopping, operation, test
operation, fault diagnosis, etc. and for which there is
provided a slider 17a to be manually slided sideways.
The potentials at the contacté C, to C; are arranged to
assume four steps of mutually different values by means
of resistors 106 to 108 and the voltage 5 (V).
Therefore, by checking the potential value at the input
port P47 (A/D converting input port), it can be
determined with which contact the slider 1l7a is in
contact. The switch 109 for fault diagnosis is
connected with the port P45 of the microcomputer 14. A
remote control signal received by the receiver 18a is
input to the port P42 of the microcomputer 1l4. From the
ports P36 to P41 are output signals for turning on light
emitting diodes 18b on the indicator panel 18 indicating
the mode, i.e., operation, automatic cooling, automatic

heating, and defrosting.



Al t hough, in the above described enbodi nent, the expression of third order
expressed as (1) was used in obtaining the tenperature v

out put of the heat exchanger tenperature sensor 21, it REPLD
t hrough a nunber of tests made by us that the simlar requlj-e
obtained if the expression is a polynomal of third order
Al t hough, in the above descri bed enbom|ﬁ¥$, t he exanpl e §i
present invention was applied to detecti dilf of the tenperdt
heat

The ports P34, P35, and P44 of the microcomputer 14
are connected with the external ROM 30 so that the
microcomputer 14 can read the abqve described
characteristic data stored in the ROM 30 according to
the need.

When reading a set of the characteristic data, the
microcomputer l4 resets tﬁe external ROM 30 with a
signal output from the port P34 as shown in FIG. 5,
outputs a clock from the port P35, inputs the data
corresponding to the clock from the port P44, and stores
the data in the internal RAM. As the external ROM, a
one time programmable sequential read only memory, for
example, Fujitsu, Ltd. make MB85419P (TRADENAME of
Fujitsu, Ltd.) is used.

Now, description will be made on temperature
detection of the indoor Heat exchanger 116 by the heat
exchanger temperature sensor 21 having a great range of
changing témperature.

Voltage depending on the change in the resistance
value of the indoor heat exchanger temperature sensor 21
varies aé shown in FIG. 7 and inpu# to the port P50 of
the microcomputer 14 as shown in FIG. S. |

The microcomputer 14 accepts the voltage applied to

the port P50, i.e., the voltage varying with the



exchanger 116 of an air conditioning apparatus was described, the present
i'nvention is not limted to such application but is of course applicable to

tenperature detection of other part of an air conditioninp miha 1S
further to tenperature detection in other apparatus than i OI10 on
apparatus. Al though, in the above described enbodi nent, thelexanple in
whi ch tenperature detection was made with g, therm stor copngcfled MAY <488 |
in FIG 4 or FIG 10 and with a tenperatur®-Vvoltage charafteristic as sha
in ' :

detected temperature of the heat exchanger temperature
sensof 21, having the signal A/D (analog-to-digital)
converted. The A/D conversion is performed, with a
predetermined voltage range (the range between Vy and V,
shown in FIG. 8) divided into 1024 steps (0 to 255), by
obtaining the step value x corresponding to the voltage
applied to the port PS0. |

Thus, the microcomputer 14 can obtain the step
value corresponding to the voltage applied to the port
port P50.  In the case where a sensor having such a
characteristic as shown in FIG. 8 is used, the
relationship between the above voltage and the
temperature detected by the heat exchanger temperature
sensor 21 can be given by the following approximate
expression

Vv=atd +et2+ £t +g eee (1)
where V is the voltage (or the number of step x), t is
the temperature detected by the heat exchanger
temperature sensor 21, and 4, e, £, and g are constants
depending on the characteristics of the thermistor.

Incidentally, the approximate expression of the
relationship between the voltage and the temperature is

not limited to the above expression (1) but may be set



FIG. 8 expressed by an approxi mate expressi on was -33- described, the

-pr esent

connected. For exanple, the therm stor nmay be connedTglL,
and its tenperature-voltage characteristic as shownii¥
expressed by an approxi mate |

i nvention is not dependent on the manner in which the thermstor is

0 FPG 11
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up suitably according to the characteristics of the
thermistor to be used.

The microcomputer 14 has the expfession'(l) stored
therein and inversely calculate the temperature detected
by the heat exchanger temperature sensor 21 of the
indoor heat exchanger 116 Esing the expression (1) from
the number of step x obtained by A/D conversion (value
converted from voltage), and stores the result of
calculation as a mathematically expressed temperature
value (for example +25°C, +30°C, +35°C) into its storage
portion.

Incidentally, it takes a long processing time for a
microcomputer 14 (a microcomputer with a slow processing
speed) to actually calculate the temperature value t
inversely from the expression (1) because calculation of
square root and cubic rooéaare then required to be made,
and hence, such a problem arises, when some abnormality
occurs in the air conditioning apparatus, that the
countermeasure against it cannot be taken in time.
Therefore, it is arranged such that the microcomputer 14
stores in advance a following approximate expression (2)
indicating the characteristic of the temperature t
corresponding to the voltage value (the step value x)

based upon the characteristic of FIG. 8 and calculates

~



expression to achieve tenperature detection. As described in the foregoing,
it has been made possible by the present invention t | [ e

detection over a wide range of tenperature using a siNEPLAGEFWMENTSHEET

detection device (thermstor) by utilizing the tenperfat, _ ¢
of the tenperature detection device as it is. Therefqre ﬁxegﬂwh the-{ .
tenperature of an object whose tenperati2®-varies ovedr p &j .,a%@i S toi

O‘ . '., ; . ™ 4

be detected, the tenperature sensor can be structure

the temperature value t directly from the step value x
using the expression (2) and stores it into its storage
portion |

t =d'x3 +e'x2 + £'x + g' eee (2)
where t is the temperature value, x is the step value,
énd d', e', £', and g' are conétants.

The operations related to the above are given in a
flow chart of FIG. 6. In step (S-1), the microcompdter
14 A/D converts the voltage applied to the port P50 and
obtains the step value x. Then, it, in step (S-2),
calculates the temperature value t from the step value x
using the expression (2) and stores the temperature
value t into the storage portion.

In step (S-3), the microcomputer 14 calculates the
required air conditioning capacity on the basis of the
set temperature value (for example-+25°C) and the
temperature value t stored in the storage portibn. In
calculating the air conditioning capacity, PID control,
the fuzzy logic, etc; is applied to the difference
between the set temperature and the temperature t and
the variation At of thé temperature value t. In step
(S-4), the microcomputer 14 outputs the values |
indicative of the air conditioning capaciﬁy (calorific

value, wattage, values indicative of the operating



tenperature detection device. Thus, the nunber of tenpe
devices to be used can be decreased and, hence, manufa

i nspection processes can be decreased and cost reductilo
achi eved. Especially according to the present inventign,
for tenperature control within the m croconputer can Qe
according to the step value correspondi ng 4¢_ t enper at L
t he '

capacity of the compressor motor 43 (number of
revolutions, frequency, etc.)) to the outdoor unit. The
outdoor unit controls the operation of the compressor
motor 43 in accordance with the above values to thereby
provide the required air conditioning capacity.

In the present invention as described above, the
temperature within the'raébe‘of detection (9050) of a
thermistor as it is can be dealt with as the temperature
value t by the microcomputer 14, and from which, the
temperature expressed by'the voltage within the range
from -V, to V5 can be obtained.

When the present invention was not used, the PID or
fuzzy calculation was made using the step value obtained
by the microcomputér 14 fhrough A/D conversion as
described above and the step value previously stored
within the microcomputer 14. Therefore, it was required
that there exists the relationship x =t + a (a is a
constant) between the step value obtained by the A/D

- conversion and thé temperature detected by the
thermistor, and hence in the portion where this
relationship does not hold kthe nonlinear portion), it
was necessary to compensate the previously stored step
value so that the variation in the step value with

respect to the temperature is linearized. Therefore,



-. 34 - actual tenperature val ue which can be mathematically expressed. .
Therefore, even if a single tenperature detection device is used over a
wi de range of tenperature, tenperature detection with uniformresolution

can be achieved and, at the sane tinme, even if the te -
device is that with a nonlinear characteristic, the te GEHlﬁﬂHW chn
be | -31- L
: i
)

the resolution was different with temperature and a
complicated calculation process had to be additionally
provided for the compensation in the microcomputer 14.
Thus, there was a problem that the storage capacity of
the microcomputer was considerably used for the storage
area of the programs.

However, since the temperature value as
mathematically expressed actual temperature wvalue is
used in the present invention, there is produced no
difference in resolution. Therefore, even if the range
of detected temperature of the heat exchanger
temperature sensor 21 is expanded, detection with the
same resolution can be attained and a non-linear
characteristic can be controlled as a linear
characteristic.

The control of the compressor motor 43 in the
present embodiment is executed such that the temperature
of the indoor heat exchanger 116 is determined on the
basis of an average of temperature values obtained by 16
timeslof detection theréof, each detection being made
every 2msec. Namely, the compressor motor 43 is
controlled once in each 32msec. The control of the
compressor motor 43, in concrete terms, means adjustment

of the frequency of the three-phase AC voltage for



performed using the sanme as that with a |inear characteristic. - 35 -
CLAI M5 1. A tenperature control apparatus conprising a tenperature

detection device that presents an inpedance characteristi-e yamy f? e
L] I
that varies in a non-Ilinear Ewmdi :

Trosmes

operating the compressor motor 43 so that the number of
revolutions of the compressoﬁ motor 43 is varied or the
compressor motor 43 is stopped.

| Although, in the above described embodiment, the
expression of third order expressed as (1) was used in
obtaining the temperature value t from the output of the
heat exchanger temperature sensor 21, it was confirmed
through a number of tests made by us that the similar
~results can be obtained if the expression is a
polynomial of third order or above.

Although; in the above described embodiment, the
example in which the present invention was applied to
detection of the temperature of the indoor heat
exchanger 116 of an air conditioning apparatus was
described, the present invention is not limited to such
application but is of course applicable to temperature
detection of other part of an air conditioning apparatus
and further to temperature detection in other apparatus
than air conditioning apparatus.

Although, in the above described embodiment, the
example-in.which temperature detection was made with a
thermistor connected as shown in FIG. 4 or FIG. 10 and
with a temperature-voltage characteristic as shown in

FIG. 8 expressed by an approximate expression was



manner as a function of detected tenperature, and processing neans
responsive to a signal representative of said inpedance value to provide a
tenperature signal representative of t he det ected >4 n
conpensated for said non-linear relationship, whereih RfACEWENY SHEETT]

means includes mneans storing data defining a pfege - .
mat hemat i cal rel ationship correspondL§§_to t he nonLI
bet ween sai d i npedance val ue of the deté&Ction devicel a
means for operating upon said inpedance val ue signal

described, the present invention is not dependent on the
manner in which the thermistor is connected. For
example, the thermistor may be connected as shown in
FIG. 11 and its temperature-voltage characteristic as
shown in FIG. 9 may be expressed by an approximate
expression to achieve temperature detection.

As described in the foregoing, it has been made
possible by the present invention to achieve temperature
detection over a wide range of temperature using a
single temperature detection device (thermistor) by
utilizing the temperature characteristic of the
temperature detection device as it is. Therefore, even
when the temperature of an object whose temperature
varies over a wide range is to be detected, the
temperature sensor can be structured of a single
temperature detection device. Thus, the number of
temperature detection devices to be used can be
decreased and, hence, manufacturing and inspection
processes can be decreased and cost reduction can
thereby be achieved.

Especially according to the present invention, the
calculation for tempe;ature control within the
microcomputer can be performed not according to the step

value corresponding to temperature but according to the



in accordance with said predetern ned mathematical relationship sQ . aS.t.o.
produce said tenperature signal. 2. A tenperature contr §iE

according to claim1, wherein said stored relationship ne. Lo

[err] where x is the inpedance value signal, a is a con tant,ft ) e

tenperature signal an n is an integer val ue.
-34 -
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actual temperature value which can be mathematically
expressed. Therefore, even if a single temperature
detection device is used over a wide range of
tempe:ature, temperature detection with uniform
resolution can be achieved and, at the same time, even
if the temperature detection device is that with a
nonlinear characteristic, the' temperature control can be
performed using the séme as that with a linear

characteristic.



-36 - 3. A
n=3 4. A

- _ I apparatus according to claim 2, wher ei n
t BEPIA '@gggﬁr apparatus for executing control of

operatlon of & uprt—on the badis] of its tenperature detected by a
tenperature def eft i) MY 1898 vhoke resi stance value varies with changes—ina—
tenperature co |S|ng ate rpture detection C|rCU|t4for

vol tage correspofng to the res|stance ggl_ue of said ““lﬁ“llﬂﬁi“l“ﬂlﬂ“l

1. A temperature control apparatus 'ccmprising a
temperature detection device that presents an impedance
characteristic having a value that varies in a non-linear
manner as a function of detected temperature, and
proéessing means responsive to a signal. representative of
said impedance value to provide a temperature signal
representative of the detected E.emperature and
compensafed for sald non-linear relationship, wherein
gaid proc'essing. means includes means storing data
defining a predetermined mathematical relationship
correspondirfg to the non-linear rej.ationship between ’said
impedance value of the detection device and temperature,
and means for operating upon said impedance value signal
in accordance with said predetermined -nlathemétical

"relationship so as to produce said temperature signal.

2. A temperature contzrol apparatus according to claim
1, wherein said stored relationship is of the férm:

| ta:Za“x"
where x is the impedance value signal, a is a constant, ¢t

is the temperature signal an n is an ihteger value.



tenperature detection device; A D conversion neans for A/D converting said
vol tage thereby catputting the step value corresponding_to said
t enperature; nunerical val ue conversion neans for converti-ng-said prn

value to a mat

pr edet er ni ned f LUREPLACEMENT SMHEEeSg tngrrprrg;ﬁtsu¥ grvgl(ggulttnng Mlm """'ﬂ"fm,

unit using saidjt el wher Slsrl said predet

function s Jla 0§ MAY 1938 -

3. A temperature cenzrsl agparatus according to claim

2, wherein n = 3.

4. A temperature .::.::::cl apparatus for executing
c‘ont:-rol of operaticn sf a unit on the bkasis of its
temperature detacted Lty a temperature detection devi;e
whose resistance value varies with changes in temperature
comprising:

a temperature detecticn circuit for outputting a
véltage corresponding to the resistance value cf said
temperature detection device;

A/D conversion means for A/D converting said vo];tage
thereby catputting the step value corresponding to said
temperature;

numerical value conversion means for converting said
step value to a mathematically expressed temperature
value in accordance with a predetermined function; and

processing means for executing control of said unit
using said temperature value,

wherein  said predetermined function is a

characteristic expression indicative of the temperature



characteristic expression indicative of the tenperature 37 - S
step value relationshi-p ined from a ChMI on
i ndi cative of tle §E|q_rmn\nﬁj\l]'rSH5@r us resistance val I ons

c

f said
t enperature det € aracteristic expre m‘\“\‘\‘[\“‘“of t he
ationship of i“““

resi stance val ue Jers S eir
. ﬁ% ﬂ bwas } 37
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wherein said | predetermined function is a
characteristic expressio.n indi.cative of the temperature
versus | step value relationship <obtained from a
characteristic expression indicative of the temperature
versus resistance value relationship of said temperature
detection device, a characteristic e:u:p?essicn indicative
of the resistance value versus voltage relationship of
said temperature detection circuit for outputting the
voltage correspondir;g to the resistance value of said
temperatur'e detection devicé, and a charactaristic
expression indicative of the voltage versus step value
relationship of said A/D conversion means for A/D

converting said voltage.



said tenperature detection circuit, and a characteristic expression

I ndi cative pPf géﬂgm- up step value rel ationship of said A/ID
conversi on Qﬁg’m_ Amerat ure control nethed—fer—executing Tontr ol
of operation of a unit on t basis of its tenperature detected by a

 Penmer ot of cLeamr o st bt ope ot i n na. TN Hllll;lﬂﬁlmsllﬂllﬁﬂé‘?%és

to the resistance value of saill tenperatlire detectidn Hevice

U

versus step value relationship cbcained from - a
characteristic expression indicative of the temperature
versus resistance value rs=lationship of said temperature
detection device, a characteristic expression indicative
of tﬁe resistance value versus vgoltage relationship of
said temperature detaction circuit,'and a char;cteristic
expression indicative of +vwvoltage wversus step value

relationship of said A/D conversion means.

S. A tear pe:;a'cure centrel méthcd for executing control
of cperacicg cf a unit cn the kasis cf its temperature
detected by a temperaturs detection device whose
resistance value varies with changes in temperature
comprising the steps of:

obtaining a voltage corresponding to the. z:esistance
value of said temperat!;.re .detection device;

A/D converting said voltage thereby obtaining the
step value corresponding to said temperature;

converting said step value tc a mathematically
expressed temperature value in ~accordance with a

predetermined function; and

processing to execute control of said unit using

said temperature value,



A/ D converting said voltage thereby obtaining the ste ondi ng
to said tenperature; converting said step val ud ' gy dqal | y
expressed tenperature value in accordance  w-g§h"
function; and processing to execute control ef saild
tenperature value, :

-39-

TEMPERATURE CONTROL APPARATUS

Abstract

Temperature control apparatus for use e.g. in ah air
conditioner, utilises a thermistor (21) as a
temperature detection device. The thermistor has a
nonélinear temperature/voltage characteristic.which is
compensated for, by'means‘of a processor (l14). The
voltage output developed across the thermistor (21) is
converted to digital form, and the processor (14) is
pre-programmed with data concerning the non-linear
relationship of the detector impedance wversus
temperature, which is used to compensate for the
non-linearity of the thermistor. The stored

relationship is of the form

t=2:a&x"

where x is the impedance value, a is a constant, and t
is the temperature, n being an integer; for example n =
3. As a result, the thermistor can be.used over a much

larger sensing range than hitherto

FIGURE 1



- 38 - wherein sai d predetermined function . is =T ST
expression indicative of the tenperature versus .. -ste 'REWE&TSHEET
relationship obtained from a characteristic explessi-spr~thdtcat

the tenperature versus resistance value relationship
detection device, a characteristic expression indicatijve
val ue versus voltage relationship of said tenperature |deteet
outputting the voltage corresponding to the resistanc
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tenperature detection device, and a characteristic expression
I ndi cative of the voltage versus step value relationship of said AAD
conversion means for A/D converting said voltage.
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FIG.6

START

! (S-1)
A/D CONVERSION

r (S-2)

CALC TEMP t FROM
STEP VALUE X

\ (S-3)

CALC REQD AIR COND CAP
FROM SET TEMP & TEMP t

1 (S-4)

OUTPUT REQD AIR COND
CAP TO OUTDOOR UNIT

END
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FIG.12

COMPERSSOR STOPPED

COMPRESSOR SPEED DECREASED.
TEMP RANGE 13°C
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characteristic expressiod indicacive cf the Cemperacurs
versus resis:a..nce. value rzlationship of said temrerature
detaecticn device, a characteristic expressicn indicative
of the rasistance valus versus vcltage relationship ef
said tempexatuxs detacticn circuit, .a.nd a characterigtic
exprassion indicative of voltage versus step value

relaticnship of said A/D conversion means.

maczhcd for exacuting contrel
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of operaticr cf a unmit cn the Ebasis cf its Cemperaturs
detectad by a temperatura detection device whose
resistance value varies with changes in tguiperat:uée
comprising the steps of:

.cb::aining a valtage corresponding to the resistanca

value of said temperature detection device;

A/D converting said voltage thereby obtaining the

step value corresponding to said temperature;
converting said step value tc a maf.hema.cically
expressed temperature value in accordance with a

predetermined function; and

processing Cto execute control of said unit using -

said temperature value,
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wherein said predeterminad - function is a
characteristic expression ind.i.cati\re of the temperature
versus step value <relationship <obtained from a
characteristic expression indicative of the temperature
versus resistance value relationsﬁip of said temperature
detection device, a characteristic expression indicative
of the resistance value versus voltage relationship of
gaid temperature detection circuit f£or outputting the
voltage corresponding to the :ésistance value of said
temperature detection device, and a characteristic
expression indicative of the voltage versus step value
relationship of said A/D conversion means for A/D

converting said voltage.



