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571 . ABSTRACT
The outlet temperature of a cooler (31) is controlled

within predetermined limits in accordance with the
difference between a.desired set temperature in an en-

[56]

_closure (13) and the actual temperature therein in such

a manner as to minimize the time the cooler (31) is. .
energized. Minor temperature variations in the enclo-
sure occuring while the cooler (31) is off are compen-
sated for by positioning an air. mix door (37). ’

3234 9 Claims, 6 Drawing Figures
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VEHICLE TEMPERATURE CONTROL
APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus for
controlling the temperature in an enclosure such as a
passenger compartment of a motor vehicle. '

Such a system’ typically comprises a heater and a
cooler disposed in an air duct which opens into a vehi-
cle passenger compartment. The heater and cooler are
automatically controlied to maintain the temperature in
the compartment at a desired set or command value. An
air mix door or damper is provided to control the pro-
portion of air flow through the heater and cooler.

Under low cooling load conditions, a compressor-or-

an evaporator of the cooler are maintained on or the
compressor is operated in an ON-OFF mode by a de-
froster switch having a constant changeover tempera-
ture level to maintain the temperature of air passing
through the evaporator at a constant level. The air mix
door mixes heated air from the heater with cooled air
from the cooler to provide the desired compartment
temperature.

It is not efficient to mix heated air with cooled air due
to the irrational waste of power caused by .the heater
and cooler working against each other. The conven-
tional prior art arrangement further wastes power since
the compressor is operated more than necessary. The
power wasted by the temperature control apparatus is
produced by the engine, resulting in reduced vehicle
performance and increased consumptlon of expensxve
fuel. ;

SUMMARY OF THE iNVENTION

A temperature control apparatus for controlling.a
temperature in an enclosure embodying the present
invention includes set means for setting a command
enclosure temperature for the enclosure, enclosure tem-
perature sensor means for sensing an actual enclosure
temperature in the enclosure, -temperature control
means for discharging temperature controlled air into
the enclosure and outlet temperature sensor means for
sensing an outlet temperature of the-temperature con-
trol means, and is characterized by comprising opera-
tion control means for turning the temperature control
means on and off, the operation control means being
constructed to compute:a control on'temperature and a
control off temperature as predetermined functions' of
the command enclosure temperature and the actual
enclosure temperature, turn the temperature control
means on when the outlet temperature is higher than the
control on temperature and turn the temperature con-
trol means off when the outlet temperature is lower
than the control off temperature.

In accordance with the present invention, the outlet
temperature of a cooler is controlled within predeter-
mined limits in accordance with-the difference between

a desired set temperature in an énclosure and the actual

temperature therein in such a manner s to minimize the
time the cooler is energized. Minor temperature varia-
tions in the enclosure occuring While the cooler is off
are compensated for by positioning an air mix door.:

It is an object of the present invention to provide an
rmproved vehicle temperature control apparatus which
operates in a more efficienit manner than comparable
apparatus known heretofore. ’
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1t is another object of the present invéntion to pro-
vide a vehicle temperature control apparatus’ which
eliminates an operation in which a heater and a cooler
work against each other.

It is another object of the presént invention to pro-
vide an improved vehicle temperature control appara-
tus which reduces the time whrch a compressor is mam-
tained in operation.

It is another object of the present invention to ‘pro-
vide a generally improved vehicle temperature control
apparatus

Other objects, together with the foregomg, are at-
tained in the embodiments described in the following
description and-illustrated in' the accompanying draw-
ing. - v L ; ‘

. BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is-a schematic diagram of a vehicle tempera-
ture control apparatus embodymg the present inven-
tion;.

"FIG. 2 is an electrrcal schematic diagram of a com-
pressor control circuit of the present apparatus; and

FIGS. 3 to 6 are graphs 111ustratmg the operatlon of
the present invention.

b DESCRIPTION OF THE PREFERRED
‘ EMBODIMENTS : :

While the- vehicle temperature control apparatus of
the present invention is susceptible of numerous physi-
cal embodiments, depending upon the environment and
requirements of use, substantial numbers of the herein
shown and described embodiments have been made,
tested and used, and all have performed in an emmently
satisfactory manner.

Referring now to FIG. 1 of the drawmg, a vehlcle
temperature control- apparatus embodying the present

.invention is generally designated by the reference nu-

meral 11 and comprises an air flow duct 12 which leads
into an enclosure 13 such as a passenger compartment of
an automotive vehicle. The duct 12 has an outside air
inlet 14 and a recirculated air inlet 16 which communi-
cates with the enclosure 13, although the connection is
not illustrated. The duct 12 also hasan upper outlet 17,
a lower outlet. 18 and a.defroster outlet 19 which open
into the enclosure 13. Air is forced from the inlets 14
and 16 to the outlets 17, 18 and 19 by a blower 21. Air
flow through the inlets 14 and 16 is controlled by a door
or damper 22 by means of an actuator 23. Air flow
through the outlets. 17 and 18 is controlled by a door 26 -
by means of an actuator 27. Air flow through the outlets
18 and 19 is controlled by a.door 28 by means of an
actuator-29. :

-An evaporator or. cooler 31 is dlsposed in the duct 12
for cooling air passing therethrough. The evaporator 31
forms a cooling circuit in combination with a compres-
sor 32, a radiator 33 and an expansion valve 34. A heater
core.36 is disposed in the duct 12 downstream of the
evaporator 31. Hot water from the vehicle engine cool-
ing system is passed through the heater core 36 to heat
air passing through the duct 12. An air mix door 37 is
movable by means of an actuator 38 to control the pro-
portion of air passing through and around the heater
core 36 and thereby the temperature of air discharged
from the duct 12 into the enclosure 13. The actuator 38
also controls a valve 39 which in turn controls commu-
nication between the heater core 36 and the vehicle
cooling system.
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A sensor 41 is provided to sense the outside air tem-
perature. A sensor 42 senses the air temperature in the
enclosure 13. A set unit comprising a dial, variable and
resistor the like is illustrated in block form and desig-
nated as 43. The vehicle operator sets the desired or
command enclosure temperature into the apparatus 11
by means of the set unit 43. For example, if the operator
wishes the temperature in the enclosure 13 to be 25° C.,
he will turn a dial (not shown) in the set unit 43 until it
indicates 25° C.

The outputs of the sensors 41 and 42 and the set unit
43 are connected to inputs of a control unit 44 which
may comprise a microcomputer or discrete compo-
nents. The actuators 23, 34, 27 and 29 are powered by
vacuum or pressure from a source 46. In a predeter-
mined manner, the control unit 44 connects or discon-
nects the source 46 and actuators 23, 34, 27 and 29 by
means of electrical solenoid valves 47, 48, 49 and 51 to
automaticaily maintain the temperature in the enclosure
13 at the set or command value.

In accordance with an important feature of the pres-
ent invention, the control unit 44 is constructed to turn
the compressor 32 on or off by means of an electrically
controlled clutch 52. The manner in which this opera-
tion is automatically performed will be described with
reference to FIGS. 2 to 6.

A portion of the control unit 44 which controls the
clutch 52 is designated as 53 in FIG. 2 and comprises a
voltage divider consisting of resistors 54 and 56 con-
fiected in seres between a positive source +V and
ground. The junction of the resistors 54 and 56 is con-
nected to the non-inverting input of an operational am-
plifier 58 through an input resistor 57. The sensor 42 is
constituted by a thermistor connected in series with a
resistor 59 across the resistor 54. The set unit 43 com-
prises a variable resistor 61 connected in series with a
resistor 62 across the resistor 54. The junction of the
thermistor 42 and resistor 59 is connected through an
input resistor 63 to the inverting input of the operational
ampliﬁer 58 whereas the junction of the resistors 61 and
62 is connected through a resistor 64 to the non-invert-
mg input of the operatlonal amplifier 58. The amplifier
58 is connected to function in the differential mode with
negative feedback being provided by a resistor 66.

The output of the amplifier 58 is connected through a
first clamp circuit 67 consisting of resistors 68, 69 and 71
and diodes 72 and 73 and a second clamp circuit 74
consisting of resistors 76, 77 and 78 and diodes 79 and 81
to the inverting input of an operational amplifier 82 by
means of an input resistor 83. Another sensor in the
form of a thermistor 84 is disposed downstream of the
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evaporator 31 to sense the outlet temperature thereof

and is connected in series with a resistor 86 between
4V and ground. The junction of the thermistor 84 and
resistor 86 is connected through an input resistor 87 to
the non-inverting input of the amplifier 82. The ampli-
-fier 82 is connected to function as a voltage comparator
with hysterisis provided by a feedback resistor 88.
The output of the amplifier 82 is connected through
resistors 89 and 90 to ground. The junction of the resis-
tors 89 and 90 is connected to the base of an NPN tran-
sistor 91, the emitter of which is connected to ground.
The collector of the transistor 91 is connected to +V
through a relay coil 92. A diode 93 is connected in
parallel with the coil 92. Contacts 94 connected in series
with the clutch 52 between -V and ground are closed
when the coil 92 is energized, thereby turning on the
compressor 32.

55

60

65

4

The operating characteristic of the thermistors 42 and
84 is shown in FIG. 4. The electrical resistances and
thereby the voltages across the thermistors 42 and 84
which are applied to the amplifiers 58 and 82 respec-
tively from the thermistors 42 and 84 decrease as the
temperatures sensed by the thermistors 42 and 84 in-
crease.

It will be assumed that the command enclosure tem-
perature set in the unit 43 is designated as TD whereas
the actual enclosure temperature sensed by the sensor
42 is designated as TR. The output of the amplifier 58 is
isllustrated in FIG. 3. Increasing the resistance of the
resistor 61 increases the voltage applied to the non-
inverting input of the amplifier 58 and thereby the set or
command temperature TD. As the actual temperature
TR in the enclosure 13 increases, the voltage at the
inverting input of the amplifier 58 decreases. The output
of the amplifier 58 is proportional to the difference
between the temperatures TD and TR, or TD-TR.
Where the temperatures TD and TR are equal, the
output of the amplifier 58 is V/2 or 4 volts. Where the
actual temperature TR exceeds the command tempera-
ture TD by 2° C., the output of the amplifier 58 is 6
volts, etc.

The function of the clamp circuit 67 is to prevent the
discharge temperature of the evaporator 31 from in-
creasing above a predetermined level at which the re-
sponse time of the apparatus 11 becomes too long to
ensure the comfort of the occupants. This level corre-
sponds to V1 (2 volts). As will be understood from
further description, the voltage at the output of the
amplifier 58 (between limits V1 and V2) is inversely
proportional to a des1red outlet temperature of the
evaporator 31.

As long as the voltage at the output of the amplifier
58 is above V1, the diode 72 will be forward biased and
the diode 73 will be reverse biased so that the output of
the amplifier 58 is applied to the clamp circuit 74. How-
ever, if the output voltage of the amplifier §8 drops
below V1, the diode 72 will be reverse biased and the
diode 73 will be forward biased, applying the voltage at
the junction of the resistors 68 and 69 (V1) to the clamp
circuit 74.

The clamp circuit 74 functions to prevent the outlet
temperature of the evaporator 31 from falling below a
predetermined value at which the evaporator 31 would
freeze. As long as the voltage at the output of the ampli-
fier 58 is below a limit value V2, the diode 79 will be
forward biased and the diode 81 will be reverse biased
and the output of the clamp circuit 67 will be applied
through the clamp circuit 74 to the amplifier 82. If,
however, the output voltage of the amplifier 58 rises
above V2, the diode 79 will become reverse biased and
the diode 81 will become forward biased. to apply the
voltage at the junction of the resistors 76 and 78 (V2) to
the input of the amplifier 82..

Whereas the voltage at the inverting input of the
amplifier 82 increases (within the limit values V1 and
V2) as the temperature TR in the enclosure 13 in-
creases, the voltage at the non-inverting input of the
amplifier 82 decreases as the temperature at the outlet of
the evaporator 31 increases. The voltage at the invert-
ing input of the amplifier 82 constitutes a command
temperature at the outlet of the evaporator 31 which
increases as the temperature TR in the enclosure 13
decreases. When the output of the amplifier 82 is high,
the transistor 91 is turned off and the compressor 32 is
turned off. Conversely, when the output of the amplifier



4,356,705

5
82 is low, the transistor 91 is turned on and the compres-
sor 32 is also turned on.

From the above it will be understood that the ampli-
fier 82 provides, due to the hysterisis provision, a tem-
perature dead range between an upper trip point which
corresponds to a compressor off or lower control tem-
perature and a lower trip point which corresponds to a
compressor on or upper control temperature. It is, how-
ever, well within the scope of the present invention to
eliminate the resistor 88 and thereby the hysterisis pro-
vision of the amplifier 82 so that there is only one
changeover point rather than two.

FIG. 5 illustrates the operation of the circuit 53. The
upper control temperature is designated as 96 whereas
the lower control temperature is designated as 97.
There is a parallel channel of 2° C. between the temper-
atures 96 and 97. The evaporator 31 temperature is
maintained between 6°-8° C. as long as the enclosure
temperature TR is 2° C. or more below the set or com-
mand temperature TD. Conversely, the temperature of
the evaporator 31 is maintained between 2°-4° C. as
long as the actual temperature TR is 2° C. or more
higher than the command temperature TD to increase
the cooling efficiency. Within this range, the evaporator
temperature is controlled to be inversely proportional
to the actual temperature TR.

The advantage of the present invention will become
clear from the graphs of FIG. 6 in which curves illus-
trate the relationship between the evaporator outlet
temperature, the angular position of the air mix door 37,
and the duct outlet temperature relative to the variation
of the enclosure temperature TR. The illustrated rela-
tionship holds when the evaporator 31 is maintained on
at an enclosure temperature TR higher than a desired
set or command temperature TD (25° C.).

First, the enclosure temperature TR gradually drops
between (1) and (2) and the air mix door 37 starts
moving toward “HEAT” side. The evaporator outlet
temperature then remains at the lower limit. Next, the
enclosure temperature TR further drops between (2)
and (3), and the evaporator outlet temperature rises. At
this time, however, since the air mix door 37 is moved
toward “COOL” side by an angular distance propor-
tional to the rise of the evaporator outlet temperature,
the duct outlet temperature remains the same. The en-
closure temperature TR is maintained stable at the de-
sired command temperature TD (25° C.) between ©)
and (@), and again drops between @ and (®. The
enclosure temperature TR rises between ® and ®
and is again maintained stable at the desired command
temperature TD (25° C.) between ® and (). It is thus
noted that minor temperature variations may be com-
pensated for by positioning the air mix door 37. The
dotted line in the curve of FIG. 6 illustrates, for com-
parison, conventional control involving evaporator
pressure regulation or control using a defroster switch
having a constant changeover point.

In summary, it will be seen that the present invention
overcomes the drawbacks of the prior art and provides
a vehicle temperature control apparatus which mini-
mizes the amount of time a compressor of a cooling
system is energized and thereby the power consumption
of the apparatus. Various modifications will become
possibie for those skilled in the art after receiving the
teachings of the present disclosure without departing
from the scope thereof.

What is claimed is:
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1. A temperature control apparatus for controlling a
temperature in an enclosure, comprising:

air flow duct means communicating with the enclo-

sure and having cooling means, heating means and
air mix door means for controlling a proportion of
air passing through the heating means;

outlet temperature sensor means for sensing an outlet

temperature of the cooling means;
set means for setting a command enclosure tempera-
ture for the enclosure; )

enclosure temperature sensor means for sensing an
actual enclosure temperature in the enclosure; and

operation conirol means for turning the cooling
means on and off, the operation control means
being constructed to control the cooling means in -
such a ‘manner that the outlet temperature of the
cooling means is controllably varied within prede-
termined limits in accordance with a difference
between the set command enclosure temperature
and the actual enclosure temperature to thereby
minimize the time the cooling means is energized;

the operation control means being constructed. to
compute a control on temperature and a control off
temperature as predetermined functions of the
command enclosure temperature and the actual
enclosure temperature, turn the cooling means on
when the outlet temperature is higher than the
control on temperature and turn the cooling means
off when the outlet temperature is lower than the
control off temperature;

the operation control means comprising differential

amplifier means having inputs connected to outputs
of the set means and enclosure temperature sensor
'means respectively, upper and lower clamp means
connected to an output of the differential amplifier
means and comparator means provided with a hys-
terisis function and having inputs connected to
outputs of the upper and lower clamp means and
the outlet temperature sensor means respectively.

2. An apparatus as in claim 1, in which the control on,
and control off temperatures are equal.

3. An apparatus as in claim 1, in which the control on
temperature is higher than the control off temperature.

4. An apparatus as in claim 1, in which the operation
control means is constructed to compute the control on
and control off temperatures as predetermined func-
tions of a difference between the command enclosure
temperature and the actual enclosure temperature.

5. An apparatus as in claim 1, in which the operation
control means is constructed to increase the control on
and control off temperatures as the actual enclosure
temperature decreases.

6. An apparatus as in claim 1, in which the operation
control means is constructed to increase the control on
and control off temperatures up to predetermined re-
spective upper limit values as the actual enclosure tem-
perature decreases when the actual enclosure tempera-
ture is below the command enclosure temperature; and
decrease the control on and control off temperatures
down to predetermined respective lower limit values as
the actual enclosure temperature increases when the
actual enclosure temperature is above the command
enclosure temperature.

7. An apparatus as in claim 1, in which minor temper-
ature variations in the enclosure occuring while the
cooling means is off are compensated for by positioning
the air mix door means.
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8. An apparatus as in claim 1, in which the outlet
temperature sensor means is disposed downstream of
the cooling means in the air flow duct means.

9. An apparatus as in claim 1, in which the cooling
means comprises a compressor having an electromag-
netic clutch, the operation control means further com-
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prising an electromagnetic relay having a coil con-
nected to an output of the comparator means and
contacts connected in series with the electromagnetic
clutch.
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