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[57] ABSTRACT
An air conditioner system for an automotive vehicle
includes air cooling means, air heating means arranged
downstream of the air cooling means, a bypass air pas-
sage bypassing the air heating means, means for detect-
ing the temperature of intake air immediately before
passing through the air cooling means, and means for
comparing the intake air temperature detected by the
intake air temperature detecting means and a desired
temperature. The amount of air flow through the bypass
air passage is controlled when the intake air tempera-
ture is lower than the desired temperature by a first
predetermined deviation value, and the amount of air
flow through the bypass air passage is controlled at the
maximum value when the intake air temperature is
greater than the desired temperature value by a second
predetermined deviation value. The compressor is actu-
ated when the intake air temperature is larger than the
desired air temperature. The compressor is not actuated
when the intake air temperature is smaller than the
desired air temperature.

4 Claims, 6 Drawing Sheets
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FIG. 3
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AIR CONDmONER SYSTEM FOR AUTOMOTIVE
VEHICLES

BACKGROUND OF THE INVENTION
The present invention relates to an air conditioner

system of the type including air cooling means and air
heating means and capable of maintaining any given
temperature within a given space and more particularly 10
to an air conditioner system well suited for installation
on automotive vehicles.

The automobile air conditioner systems used in the
early days employed a cooler and a heater separately.
Later, air conditioner systems of the type in which the 15
cooler and heater were controlled as a unit to satisfacto-
rily control the temperature within the vehicle com-
partment at a constant value against a wide range of
outside air temperatures, that is, the so-called reheat air
mixing type came into use. Since the reheat air mixing 20
type, is advantageous in that it is excellent in the conti-
nuity of temperature control and it also serves a dehu-
midifying function, air conditioner systems of this type
have come into wide use.

One such automobile air conditioner system of the 25
reheat air mixing type is disclosed for example in Japa-
nese Unexamined Publication No. 55-36166. In this
prior art system, the operating range of a refrigerant
compressor is so wide that as for example, the compres-
sor or cooling means is operated even until the outside 30
air in temperature is so low the vehicle compartment
would not be uncomfortable without any cooling and
dehumidification.

In this connection, 80% of the power required for the
operation of this type of air conditioner system is con- 35
sumed in driving the cooling means or the refrigerant
compressor.

Thus, this type of conventional air conditioner system
is disac:brantageous from the energy saving point of view 40
in that an unnecessarily large amount of engine power is
consumed when considered in terms of the whole year.

On the other hand, another type of automobile air
conditioner system is disclosed in Japanese Unexamined
Publication No. 58-156410, for example. With the auto- 45
mobile air conditioner system disclosed in this publica-
tion, however, as will be described later in detail, no
consideration is given to the temperature of the intake
air before the heat exchanging stage and therefore there
is a disadvantage that the heat exchanging characteristic 50
fails to become monotonic at the boundary between
cooling and heating of the air so that the automatic
control of the vehicle compartment temperature to the
desired temperature is deteriorated in convergence and
a considerable time is required prior to reaching a 55
steady-state condition.

Another example of the prior art is disclosed in U.S.
Pat. No. 4,416,324. However, this air conditioner sys-
tem still leaves room for improvement in energy saving
in that even though the desired discharged air tempera" 60
ture of the cooling means is shifted to an upper level
when the heating means comes into operation, the cool-
ing means is also in operation.

Other prior art literatures include U.S. Pat. Nos.
4,337,818; 4,311,188; 4,408,713; 4,460,035; 4,416,324; 65
4,466,480; 4,417,618; 4,375,754; 4,407,446; 4,354,547;
4,323,111; and 4,498,309; and Japanese Patent Nos.
34371 and 71618.

2
SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
air conditioner system for automotive vehicles which

5 overcomes the foregoing deficiencies in the prior art
and is capable of satisfactorily reducing the amount of
wasteful energy consumption and ensuring excellent
convergence (comparable to the prior art).

To accomplish the above object, in accordance with
the invention there is thus provided an air conditioner
system of the reheat air mixing type which is designed
so that the temperature of the air flowing into cooling
means is taken into consideration to accomplish smooth
changeover between the functions of the cooling and
heating means and thereby ensure a monotonic heat
changing characteristic.

By reflecting the changeover to the operation of the
heating means when the desired discharged air tempera-
ture of the cooling means becomes substantially equal to
its intake air temperature, it is possible to avoid any
useless operation of the cooling means and effect the
changeover from the cooling means to the heating
means smoothly.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1shows the overall construction of an embodi-

ment of the present invention.
FIG. 2 is a functional block diagram for explaining

the principle of an automatic temperature control sys-
tem including the invention.

FIG. 3 is a flow chart for explaining the operation of
the embodiment of the invention.

FIG. 4 is a control characteristic diagram of the heat
exchanging section in the embodiment of the invention.

FIG. 5 is a heat radiation characteristic diagram for
the embodiment of the invention.

FIGS. 6 and 7 are respectively a control characteris-
tic diagram and heat radiation characteristic diagram
for the heat exchanging section of the conventional air
conditioner system (Unexamined Publication No.
58-156410).

FIG. 8 is a control characteristic diagram for the heat
exchanging section in another embodiment of the inven-
tion.

FIG. 9 is a flow chart for explaining the operation of
another embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An automobile air conditioner system according to
the invention will now be described in detail with refer-
ence to the illustrated embodiments.

Referring now to FIG. 1illustrating the first embodi-
ment of the invention, numeral 1designates a heat ex-
changing section as a whole and the heat exchanging
section 1 includes an outside air inlet 101 for drawing
the air from the outside of the vehicle compartment, an
inside air inlet 102 for drawing the vehicle compartment
air and an air inlet door 111 for controlling the opening
and closing of the air inlets 101 and 102. The air inlet
door 111 is selectively controlled to its three positions
by a double-action vacuum actuator 112 and a return
spring 113. More specifically, the vacuum working
chambers of the vacuum actuator 112 are respectively
connected to a negative pressure source 90 (not shown)
through electromagnetic valves 114 and 115 so that
when both of the electromagnetic valves 114 and 115
are not energized, the air inlet door 111 is caused by the
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force of the return spring 113 to close the inside air inlet
102 and thereby draw the outside air, whereas when
both of the electromagnetic valves 114 and 115 are
energized, in response to the negative pressure supplied
to the two vacuum working chambers of the vacuum 5
actuator 112 the outside air inlet 101 is closed thereby
drawing the inside air. Also, when the electromagnetic
valve 114 is energized and the electromagnetic valve
115 is deenergized, the negative pressure is supplied
only to one of the vacuum working chambers of the 10
vacuum actuator 112 so that the air inlet door 111 is
stopped at the illustrated position which is, intermediate
the previously mentioned conditions and both the out-
side air inlet 101 and the inside air inlet 102 are opened,
for drawing both the inside and outside air. 15

Disposed inside a heat exchanging section unit case
100 is a blower 121 for drawing the air from the air
inlets and supplying the air to the heat exchanging sec-
tion which will be described later. The amount of air
flow by the blower 121 is controlled by controlling the 20
applied voltage supplied to a motor 122 by a driver 123
under the control of a controller 2.

An evaporator 131 is arranged downstream of the
blower 121 and the evaporator 131 provides, along with 25
a compressor 132, an expansion valve 133, etc., a com-
pression refrigeration cycle. The evaporator 131, forms
cooling means for the air flowing through it.

The compressor 132 is driven through an electromag-
netic clutch 132a by the vehicle engine which is not 30
shown and its on and off operations are effected by
energizing and deenergizing the electromagnetic clutch
132a through a compressor relay 132b which is con-
trolled by the control signals from the controller 2.

A heater core 141 forming heating means is also dis- 35
posed downstream of the evaporator 131 and the engine
cooling water (hot water) of the vehicle is circulated
through the heater core 141, thereby heating the air
passed through the heater core 141. A temperature
adjusting door-142 is provided to control the amount of 40
heat application by varying the amount of air flow
through the heater core 141. The temperature adjusting
door 142 is pivoted by a vacuum actuator 143 con-
nected to the negative pressure source 90 through elec-
tromagnetic valves 145 and 146 and a return spring 144. 45
When both of the electromagnetic valves 145 and 146
are not energized, the vacuum working chamber of the
vacuum actuator 143 is connected to the atmosphere
through the electromagnetic valves 145 and 146 so that
no negative pressure is applied and the temperature 50
adjusting door 142 is pivoted by the return spring 144 in
the direction tending to decrease the angle 6 in FIG. 1,
thereby increasing the amount of air flow through the
heater core 141. When the electromagnetic valve 145 is
energized and the electromagnetic valve 146 is deener- 55
gized, the vacuum working chamber of the vacuum
actuator 143 is connected to the negative pressure
source 90 through the electromagnetic valves 146 and
145 and the negative pressure is applied. As a result, the
temperature adjusting door 142 is pivoted in the direc~ 60
ti6n which increases the angle 8 against the force of the
return spring 144. In other words, the adjusting door
142 is operated in the direction which decreases the
amount of air flow through the heater core 141. A po-
tentiometer 147 is operable in association with the tem- 65
perature adjusting door 142 so that a position signal
corresponding to the position ofthe temperature adjust-
ing door 142 is applied in the form of a voltage V Tto an

4
input 148 of the controller 2 and the value of V T is
increased with increase in the angle 6.

The temperature adjusting door 142 is feedback con-
trolled by the above-described construction so that the
amount of air flow through the heater core 141 is con-
trolled in the range between 0% (6 is maximum) and
100% (6 is zero) of the blower air flow A supplied by
the blower 121. On the other hand, the air bypassing the
heater core 141 is passed through a bypass 103 arranged
in parallel to the heater core 141 so that it is mixed with
the air heated through the heater core 141 and the
mixed air is supplied into the vehicle compartment.

The air passed through the evaporator 131 and the
heater core 141 or the bypass 103 is blown into the
vehicle compartment through a top discharge outlet
104 or a bottom discharge outlet 105 for the vehicle
compartment or a discharge outlet 106 for the wind-
shield glass.

A mode door 151 is provided to selectively open the
air discharge outlets for the vehicle compartment and
the mode door 151 is selectively controlled to its three
positions by a double-action vacuum actuator 152 in the
like manner as the air inlet door 111. The vacuum actua-
tor 152 has two vacuum working chambers which are
respectively connected through electromagnetic valves
154 and 155 to the negative pressure source 90. Thus,
when both of the electromagnetic valves 154 and 155
are not energized, the top discharge outlet 104 is closed
by a return spring 153 and the air is discharged through
the bottom discharge outlet 105. When both of the
electromagnetic valves 154 and 155 are energized, the
negative pressure source 90 is connected to the vacuum
working chambers of the vacuum actuator 152 so that
the mode door 151 closes the bottom discharge outlet
105 and the air is discharged through the top discharge
outlet 104. When the electromagnetic valve 154 is ener-
gized and the electromagnetic valve 155 is deenergized,
only one of the vacuum working chambers of the vac-
uum actuator 152 is connected to the negative pressure
source 90 and the mode door 151 is moved to the posi-
tion shown which is intermediate the previously men-
tioned conditions. Thus, both of the top and bottom
discharge outlets 104 and 105 are opened and the air is
discharged through the two outlets, thereby attaining a
so-called high-level condition. The air discharge outlet
106 for the windshield glass is opened and closed by a
door 156. It is usually so constructed that there is a
small amount of discharged air even when the door 156
is closed.

The door 156 is the so-called defroster door and it is
operated by a vacuum actuator 157 connected to the
negative pressure source 90 through an electromagnetic
valve 159 and a return spring 158. When the electro-
magnetic valve 159 is energized, the negative pressure is
applied to the vacuum actuator 157 and the defroster
door 156 is opened against the return spring 158. When
the electromagnetic valve 159 is deenergized, the door
156 is closed by the return spring 158.

Disposed immediately downstream of the evaporator
131 is a discharged air temperature sensor 160 compris-
ing a thermister to detect the temperature of the air just
emerging from the evaporator 131 or discharged air
temperature T c and the discharged air temperature T c
is supplied in the form of a voltage Veto an input 161
of the controller 2.

In addition, an intake air temperature sensor 165 com-
prising a thermistor is arranged upstream of the evapo-
rator 131 to detect the temperature of the air prior to its
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passage through the evaporator 131 or intake air tem- to be noted that the disturbance heat QD includes the
perature Tiand the intake air temperature Tiis supplied infiltration heat from the outside of the compartment,
in the form of a voltage Vi to an input 166 of the con- the radiant heat of the sun, the transmitted heat from the
troller 2. engine room and the radiation of heat from the occu-

On the other hand, a vehicle compartment tempera- 5 pants.
ture sensor 170 is mounted in a suitable position inside The vehicle compartment air receives the heat quan-
the vehicle compartment to supply a vehicle compart- tity Q+QD and the vehicle compartment temperature
ment temperature TR in the form of a voltage VR to an TR is varied with a ftrst-order lag. This vehicle com-
input 171 of the controller 2.

The controller 2 includes an AID converter 21 for partment temperature TR is negatively fed back to the
10 controller 2. With this negative feedback control sys-converting the analog signals from the previously men-

tioned sensors and an operating section 3 to digital sig- tem, it is proved mathematically that the vehicle com-
nals, a microcomputer 22 for performing computational partment temperature TR is stably adjusted to the de-
operations on the digital signals from the AID con- sired preset value if the coefficients of the various ele-
verter 21 and the operating section 3 and an interface 15 ments are proper and thus the automatic temperature
circuit 23 responsive to the output signals of the mi- control is accomplished.
crocomputer 22 to control the various devices in the With the embodiment of this invention, the above-
heat exchanging section 1. The interface circuit 23 in- mentioned temperature control is performed in the fol-
cludes transistors 231 to 238 serving as switching ele- lowing way.
ments for controlling the electromagnetic valves 114, 20 FIG. 3 is an operational flow chart for the microcom-
115, 145, 146, 154, 155 and 159 and the compressor relay puter program of the controller 2 and the numerals in
132b in the heat exchanging section 1, and a D/ A con- the Figure are step numbers indicating the sequence of
verter 239 for supplying an analog voltage to the driver the flow. As shown in the Figure, the operation of the
123 which supplies an electric power to the motor 122. system comprises an initialize routine including steps

The operating section 3 includes an air conditioner 25 201 to 203, a main routine which repeats steps 204 to 217
switch (not shown) for turning on and off the present for an indeftnite number of times and an interrupt rou-
system, temperature setting means 31 for presetting the tine which performs steps 220 to 227 at a period which
vehicle compartment to the desired temperature, a de- is one/several hundredths (one hundredth in this em-
humidiftcation switch 32 for manually dehumidifying bodiment) of one period of the main routine (about
the vehicle compartment, a switch 33 operable so as to 30 Isecond in this embodiment) during the execution of the
blow the air toward the windshield glass from the dis- main routine.
charge outlet 106, etc. The desired compartment tem- Firstly, when the system is started by the air condi-
perature (desired preset temperature Ts) preset by the tioner switch, in the microcomputer 22 of the controller
temperature setting means 31 is applied as a voltage Vs 2 the I/O data are set to the predetermined initial values
to the controller 2 and the output signals VDEH and 35 h 201 d h RAM ( h ). 1 "d
VDEFofthe dehumidiftcation switch 32 and the switch at t e step an t e not-s own IS c eare at
33 are also applied in the form of voltages to the con- the step 202. Then, at the step 203, the voltage V T gen-
troller 2. erated from the potentiometer 147 and corresponding to

With the construction described above, the operation the position (6=0) of the temperature adjusting door
of the automobile air conditioner system according to 40 142 is converted to a digital v3lue V Tby the AID con-
the invention will now be described. verter 21 and it is read as a door reference position

FIG. 2 illustrates the principle of an automatic tem- initial value. It is to be noted that the door reference
perature control employed by the present embodiment. position signal is monitored and renewed by the inter-
The desired preset temperature Tspreset by the setting rupt routine at the step 224. "
means 31 of the operating section 3 and the vehicle At the step 204, the voltage Vs corresponding to the
compartment temperature TR detected by the sensor 45 desired temperature Ts set by the operating section 3,
170 which will be described later are compared and the the voltage VR corresponding to the vehicle compart-
resulting temperature difference IlT=Ts- TR is sub- ment temperature TR, the voltage Vccorresponding to
jected to PI computation (proportional plus integral the discharged air temperature T c and the voltage Vi
computation). corresponding to the intake air temperature Ti are re-

In this case, if the result of the PI computation is 50 spectively converted to digital values Vs, VR, Vc and
represented by X, the following equation holds. Vi by the AID converter 21 and supplied to the mi-

crocomputer 22.
The voltage V T corresponding to the position of the·

temperature adjusting door 142 is read in response to a
timer interruption as will be described later.

Then, at the step 205, the digital values VR, V c and
Vi are respectively converted to digital values TR, Tc
and Ti corresponding to the vehicle compartment tem-
perature, the discharged air temperature and the intake
air temperature by a conversion map circuit 240 in ac-
cordance with the conversion map stored in the ROM
of the microcomputer 22.

Also, at the step 206, the digital value Vsis converted
to a desired temperature indicative digital value Ts by a
desired preset temperature circuit 241 in accordance
with a linear transformation formula. At the step 207,
the difference IlT=Ts- TR between the desired tem-

The PI computation is the procedure which has been 55
generally used in the fteld of automatic control. Thus, as
will be seen from the above equation, the result is di-
vided into the proportional portion and time integral
portion of the difference between the desired condition
and the actual controlled variable and the required 60
quantity for changing the controlled variable to the
desired condition is computed from these portions In
this way, the controller 2 controls the heat exchanging
section 1 in such a manner that a heat quantity Q pro-
portional to the value of the computation result X is 65
supplied into the vehicle compartment 4. At this time,
the vehicle compartment air (heat load) receives a dis-
turbance heat QDin addition to the heat quantity Q. It is
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perature Ts and the vehicle compartment temperature
TR is determined.

Then, at the step 208, a PI computation of X=k
·.1T +961 f .1Tdt is performed by an integrating adder
circuit 242.

In this equation, the integral term is obtained by add-
ing the temperature difference .1T at intervals of a given
time selected by the timer processing at the step 226 of
the interrupt routine and then the value of k·.1T is
added to the integral term thus obtaining the control 10
signal X (the step 2(9). In the equation, k and T are
constants which are determined by the control system.

The thus obtained control signal X represents a value
corresponding to the heat quantity required by the com-
partment heat load in the course of controlling the vehi- 15
cle compartment temperature TR at the preset tempera-
ture Ts and in this embodiment the previously men-
tioned constants are selected k>O and T>O. Therefore,
it means that the compartment heat load requires more
heating power as the value of X increases when X>O 20
and requires more cooling power as the value of - X
increases when X<O.

The operation of the air conditioner system based on
the value of the control signal X will now be described
with reference to FIG. 4. FIG. 4 illustrates the manner 25
in which the heat exchanging section 1 is operated in
accordance with the control signal X which is repre-
sented by the abscissa.

At the step 210, the desired discharged air tempera-
ture Teo corresponding to the control signal X is deter- 30
mined by a desired discharged air temperature setting
circuit 247 in the following manner. More specifically,
with respect to a predetermined negative value X2 of X,
in the range of X;£X2 the desired temperature Teo
assumes a minimum permissible value TC1(2.5° C. in this 35
embodiment) which is on the verge of freezing the
evaporator surface, while in the range of X~X2 the
desired temperature T co assumes a value determined by
a linear equation connecting a point of the minimum
value TCI when X~X2 and a point of a given value T C2 40
(250 C. in this embodiment) when X=O.

Then, at the step 211, the desired temperature adjust-
ing door voltage V 10 corresponding to the control sig-
nal X is determined by the following computations.
Firstly, the intake air temperature Tiand the abovemen- 45
tioned mentioned equation would not be uncoII;1fortable
are compared so as to obtain as Xi the value of the
control signal X corresponding to the value of Teo
which is equal to the value of Ti. It is assumed that the
desired temperature adjusting door voltage V 10 is rep- 50
resented by a linear equation in the range between the
value Xi and a predetermined value X3 of X so that
V1O=Vn is obtained when X=X; and V1O=V12 is
obtained when X = X3. It is to be noted that the value of
V ncorresponds to the output voltage of the potentiom- 55
eter 147 when the passage to the heater core 141 is
closed by the temperature adjusting door 142 (8is maxi-
mum) and the value of V 12 corresponds to the output
voltage of the potentiometer 147 when the passage to
the heater core 141 is opened fully (8=0). . 60

Then, at the step 220 of the interrupt routine, the next
timer interrupt is enabled. At the next step 221, the
contents of the registers which have been used by the
main routine are temporarily transferred to other mem-
ory, and at the fmal step 227 these contents are retrans- 65
ferred to the registers thereby preventing any detrimen-
tal effect on the execution of the main routine. At the
next step 222, the output voltage of the potentiometer

8
147 is read as a position signal of the temperature adjust-
ing door 142 and then converted to a digital value V Tby
the AID converter 21.

Then, at the step 223, a temperature adjusting door
5 position control circuit 244 compares the desired volt-

age V 10 with the value of V Tto control the position of
the temperature adjusting door 142. In other words, the
value of.1 V T=V 10-V Tis determined to cause control
signal generating circuits 245 and 246 to respectively
generate a control signal Tl which goes to "I" when
.1V T~.1 V TP and goes to "0" when .1V T< .1V TP with
respect to a predetermined value .1V TP>O and a con-
trol signal T2 which goes to "I" when
-.1 V TP;£.1 V T;£.1 V Tpand goes to "0" in other circum-
stances. When the control signals TI and T2 go to "I",
the switching elements 233 and 234 are turned on and
the electromagnetic valves 145 and 146 are energized.
When the control signals TI and T2 go to "0", the elec-
tromagnetic valves 145 and 146 are not energized. In
response to these operations, as mentioned previously,
the temperature adjusting door 142 is pivoted in the
direction tending to increase the illustrated angle 8 in
the range .1VT>.1VTP and the temperature adjusting
door 142 is pivoted in the direction tending to decrease
the angle 8 in the range .1V T<.1 V TP. In the range
V1O-.1VTP;£.1VT;g;,V1O+.1VTP, the temperature ad-
justing door 142 is held stationary and its position 8
corresponds to the desired voltage V 10.

Then, at the step 215, the desired discharged air tem-
perature Teo and the discharged air temperature T care
compared to determine the temperature difference
.1Tc=Teo- Tcand a compressor actuating signal gen-
erating circuit 248 is responsive to the temperature
difference .1T c to generate a compressor actuating sig-
nal C in the following manner. In other words: the
actuating signal C goes to "0" when .1T c~ 0 and goes
to "I" when .1Tc<O.

When the compressor actuating signal C goes to "I",
at the time of the step 217 the switching element 35 is
turned on and the compressor relay 132b is energized.
The compressor relay 132b energizes the electromag-
netic clutch 132a so that the compressor 132 is operated
and the air flowing through the evaporator 131 is
cooled, thereby decreasing the discharged air tempera-
ture T Co When the discharged air temperature T c is
decreased, eventually .1Tc~O results and the actuating
signal C goes to "0". Thus, at the time of the fmal step
217 of this routine, the compressor 132 is cut out of
operation. ;Bycutting the compressor 132 in and out of
operation repeatedly in this way, the discharged air
temperature T c is maintained at around the desired
temperature Teo determined by the control signal X.

In the range X~X;, however, Teo~Tiresults as men-
tioned previously. Therefore, even if the cooling means
is not operated, .1Tc~O results and the compressor 132
is not cut into operation. Thus, Tc:::::T;results

The amount of air supplied to the evaporator 131 and
the heater core 141 or the bypass 103 by the blower 121
or the blower air flow A is practically proportional to
the voltage VF supplied to the motor 122. The supply
voltage VFto the motor 122 is controlled in the follow-
ing way. At the step 216, the desired voltage VFis first
determined in correspondence to the control signal X
by a blower air flow computing circuit 249. The desired
voltage VF is controlled in such a manner that with
respect to a predetermined negative value Xl and posi-
tive value )4 of X, the desired voltage VF attains a
maximum value VF1 (12 V in this embodiment) when
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X;§Xt and X ?;;)4, respectively, and attains a minimum
value VF2 (4 V in this embodiment) in the range be-
tween the negative value X2 and a positive value X3. In
the range Xt;§X ;§X2, the desired value Vpis deter-
mined by a linear equation connecting a point of VF1 5
when X=Xt and a point of VF2 when X=X2. In the
range X3;§X;§)4, the desired value Vp is determined
by a linear equation connecting a point of VF2 when
X=X3 and a point of VF1 when X=)4.

At the step 217, the thus determined desired value 10
Vpis converted to an analog voltage Vpsby the D/A
converter 239 and the driver 123 is controlled by the
analog voltage VFS, thereby operating the motor U2.

Thus, the motor U2 is controlled continuously in
such a manner that the blower air flow A attains a maxi- 15
mum value Amax when the control signal X is smaller
than Xt, the blower air flow A is decreased substantially
linearly from the maximum value Amax to a minimum
value Amin in the range between Xt and X2, the blower
air flow A is maintained at the minimum value Amin in 20
the range between X2 and X3, the blower air flow A is
increased linearly from the minimum value Amin to the
maximum value Amax in the range between X3 and )4,
and the blower air flow A is maintained at the maximum
value Amax in the range greater than )4. 25

In addition to these operations, the air inlet door 111
and the mode door 151 are also controlled in the course
of the main routine in accordance with the value of the
control signal X in the following way.

To control the air inlet door 111, at the step 212, an 30
air inlet door control circuit 250 generates a control
signal It which goes to "I" when X;§O and goes to "0"
when X?;;O and a control signal 12which goes to "I"
when X;§Xs and goes to "0" when X?;;Xs. Here, Xs is
a negative value which has a relation Xl <XS<X2. 35

When the control signals It and h go to "I", at the
step 217, the switching elements 231 and 232 are turned
on and the electromagnetic valves 114 and 115 are ener-
gized. When the control signals It and 12go to "0", the
electromagnetic valves 114 and 115 are not energized. 40

When the control signal X;§Xs, both of the control
signals It and 12go to "I" thereby energizing the elec-
tromagnetic valves 114 and 115 and the air inlet door
111 is moved to the inside air supply position by the
operation of the actuator 112. When X?;;0, both of the 45
control signals It and hgo to "0" and the air inlet door
111 is pulled into the outside air supply position by the
return spring 113. -

When Xs;§X;§O, the control signal It goes to "I" and
the control signal hgoes to "0", thereby moving the air 50
inlet door 111 into the intermediate position to supply
both the inside and outside air.

Similarly, the mode door 151 is also controlled by the
control signal X. To control the mode door 151, the
values of X6 and X7 are selected such that a top supply 55
mode is selected when the value of X is smaller than X6,
a bottom supply mode is selected when X>X7, and
both the top and bottom supply modes are selected in
the intermediary range between X6 and X7. Also, there
is a relation 0<X6<X7<X3. As regards the actual 60
control signals, at. the step 213, a mode door control
circuit 251 generates a control signal Ot which goes to
"I" when X<X7 and goes to "0" when X?;;X7 and a
control signal 02 which goes to "I" when X<X6 and
goes to "0" when X<X6. 65

In accordance with the values of the control signals
Otand 02, the mode door 151 is actuated in the following
manner at the step 21'7.

4,865,119
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When X <X6 so that both of the control signals Otand
02 go to "I", the switching elements 236 and 237 are
both turned on and the electromagnetic valves 154 and
155 are both energized. Thus, the mode door 151 is
moved into the top supply position by the actuator 152.

When X>X7, both of the control signals 01and 02go
to "0" so that the electromagnetic valves 154 and 155
are not energized and the mode door 151 is moved into
the bottom supply position by the return spring 153.

When X6;§X;§ X7so that the control signal Otgoes to
"I" and the control signal 02 goes to "0", the electro-
magnetic valve 154 is energized and the electromag-
netic valve 155 is deenergized, thereby moving the
mode door 151 into the intermediate position to select
the top and bottom supply modes.

FIG. 5 shows how the radiation heat quantity Q to
the vehicle compartment is varied by the abovemen-
tioned operations. X<Xt represents the maximum cool-
ing period and X>)4 represents the maximum heating
period. Represented by XI < X <)4 is the range in
which the radiation heat quantity Q is controlled lin-
early.

The radiation heat quantity Q is the sum of the heat
quantity QHofthe air heated by the heater core 141 and
the heat quantity Qc of the air supplied through the
bypass 103 after passing through the evaporator 131.

If TH represents the temperature of the air just after
its passage through the heater core 141 and AH repre-
sents that part of the blower air flow A which flows
through the heater core 141, the following relations
hold

Firstly, in the range Xt;§X;§X2,AH=0 so that
QH=O and (Tc- TR)=(Tct- TR). The latter is a nega-
tive constant value and the value of A varies linearly
with X. Thus, Q=Qc decreases as the cooling power
from the maximum cooling power proportionately with
increase in the value of X (decrease in the absolute
value), .
In the range X2;§X;§Xi,QH=0 and
Q=Qcoc(Tc-TR)Amin still result and the value of
Amin is constant. Since (Tc- TR) varies linearly from
(TCt-TR) to (Ti-TR) with increase in the value of X
(decrease in the absolute value), the value of Q de-
creases as the cooling power proportionately with in-
crease in the value ofX. Then, in the range X;:~X;§X3,
the intake air temperature Ti is lower than the desired
discharged air temperature Ten and therefore the cool-
ing means or the compressor 132 is not operated.

Therefore T c= T i results with the following

Q=QH+QC

Thus, QCa:(fi-TR)Amin+(fH-Ti)AH. Since
(fi - T R) is a negative constant and Amin is also a
constant, (fi- TR)Amin is a negative constant and
(f H-T i) is a positive constant. In this case, the
heating capacity of the heater core 141 is
sufficiently large and therefore the value of THis
maintained constant. Also, the value of AH varies
linearly from 0 when X=Xi up to 100% of A or
Amin when X=X3 and thus the value of Q
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increasesproportionatelyas thevalueofX prior art system still leaves room for improvement in
increasesfromXi to X3· energy saving as compared with the embodiment of this

In the range X3~X~)4,AH=A and hence invention.
Q=QHCX:(TH- TR)A. Since (TH- TR) is constant and
the value of A varies linearly with X, the value of Q A dehumidifying function used in the rainy season,

5 etc., will now be described.increases proportionately with increase in the value of
X. In response to the dehumidification command signal

The range X~)4 represents the maximum heating V VDEHfrom the dehumidification switch 32 ofthe oper-
condition. As described hereinabove, the radiation heat ating section 3, the dehumidification mode is read at the
quantity to the vehicle compartment (the negative manual switch read step 225 of the microcomputer
quantity is the cooling power to remove the heat from 10 interrupt routine (FIG. 3).
the vehicle compartment air) is monotonically continu- At the dehumidification switch timer processing step
ously controlled in accordance with the control signal 226, the desired discharged air temperature T aJ at the
X. main routine step 214 is maintained at the permissible

Referring to FIGS. 6 and 7 relating to the air condi- 15 minimum temperature TCI as shown by the dot-and-
tioner system disclosed in the previously mentioned dash line in FIG. 4 for a period oftime determined by a
Japanese Unexamined Publication No. 58-156410, there timer 244 (e.g., 10 minutes in this embodiment), thereby
are illustrated characteristic diagrams corresponding to maintaining the temperature T c of the air just after its
the above-mentioned FIGS. 4 and 5 for the embodiment passage through the evaporator 131 at the permissible
of this invention. In FIG. 4 of this invention, the intake minimum temperature TCI (250 C. in this embodiment).
air temperature Ti is detected such that the angle 8 of 20 Also, the characteristic of the temperature adjusting
the door 142 starts decreasing after the time of Xi at door 142 is changed to assume as if Ti=Tcl.
which the intake air temperature Ti becomes equal to In this condition, the air passing through the evapora-
the desired discharged air temperature T aJ. In other tor 131 is simultaneously cooled and dehumidified and
words, when the value of Ti approaches the value of then supplied into the vehicle compartment. However,
T aJ from the low temperature side, it means that practi- 25 the characteristic of FIG. 5 remains unchanged except
cally the operation of the evaporator 131 is not re- the shifting of Xi to X2. This condition is the same with
quired, and in the c~nditi~n TaJ~Tithe closin~. of the the conventional reheat air mixing type such as dis-
d?Dr 142 (decrease m 8) IS started so as to utilIZe the closed in the previously mentioned Japanese Unexam-
~ifference between the two temperatures for the heat- ined Publication No. 55-36166 and the energy saving
mg by the heater core 141. 30 effect incorporated in Unexamined Publication No.

In the case of FIG. 6 relating to the prior art system, 58-156410 is ruined
however, there is no means fo~ ~et~cting .the intake air A windshield ak supply operation for blowing the
temp~rature Ti ~d ther:fore It I~ ImpOSSibleto detect discharged air to the windshield glass of the vehicle
the tIme at w~ch t~e mtake ~ temperature comes 35 from the air discharge outlet 106 for the front wind-
close to the deSired ~schar~ed aIr temperature. There- shield glass will now be described.
fore, the door 141 still contmues to close the passage to I t th . d hi ld· I d
th h 141 ( h Ill·· ft n response 0 e wm s e aIr supp y comman

e eater core t e ang e u ISmaxImum) even a er . al V f th ·t h 33 fth f f
the intake air temperature has become practically equal Sign DEF .rom e SWlc .0 ~opera m~ sec Ion
t th d . d di h d· t tur b .. h 3, the operatmg mode of the wmdshield glass ISread ato e. esIre sc arge aIr empera e elore reac - h . . .
ing the time at which the door 141 starts closing in FIG. 40 t ~ ste~ 225 of the mt~rrupt r,?utme. When the ~md-
6 (the time of x=o in FIG. 6). In other words, the shield aIr s~pply mode.ls estabhshed,}~; control Signal
control of the radiation heat quantity Q in the air condi- D from a.fllp-fl~p 252 ISchanged to 1 at the s~ep ~13
tioner system is not effected smoothly as in the case of of the mam r?utme so that at the step 217, the s~ltching
this invention. This is also apparent from the character- elem~nt 238 ~sturned on and the :lectroma~e~lC valve
istic diagram shown in FIG. 7. In other words, the 45 159 IS energIZed, thereby actuatmg the air discharge
value of Q is held constant at Q=Qccx: (Ti- TR)Amin in outlet chan~eov~r do~r 156 by the v~cuum actua~or
the range X ·sx sO and the value of Q increases in the 157. The wmdshield air supply operation for blowmg
range O~X~X3-:- the air. from the ~efroster o~tlet 106 can be released by

More specifically, when Ti<TC2, the value ofQ does operatmg !he SWitch 3.3 agam. .
not monotonically continuously increase with X but 50 . The basiC.constructIOn of the emb?d~ent for start-
increases with steps. This has been the cause of deterio- mg the.openmg ofthe temperatur: adJustmg door 142 at
ration in the convergence of the automatic temperature the pomt of Xi of the control signal X has been de-
control described in connection with FIG. 2 in the scribed hereinabove. However, this is not always neces-
vicinity of Xi~X~X3. In the case of FIG. 2, the con- sary and it is possible to arrange so that the opening of
trol-constants, etc., of the controller 2 have been preset 55 the door 142 is started at around the point of Xi. In this
on the assumption that the radiation heat quantity con- case, there is the possibility of both the cooling means
trol is effected monotonically continuously in accor- and the heating coming into operation in this limited
dance with the control signal X and the presence of range.
such steps ruins this assumption. However, if the range is limited suitably, there is no

On the other hand, an examination of the air condi~ 60 danger of the intended energy saving effect of the sys-
tieiner system disclosed in U.S. Pat. No. 4416324 shows tem being reduced considerably and also there is no
that while an energy saving effect is obtained due to the danger of ruining the monotonic continuity of the tem-
fact that the heating means does not function when the perature control.
discharged air temperature of the cooling means is Referring now to FIG. 8, there is illustrated a charac-
lower than the upper level, the cooling means operates 65 teristic diagram of another embodiment of the invention
in such a manner that the discharged air temperature and this characteristic diagram corresponds to the pre-
attains the upper level even in conditions where the viously mentioned FIG. 4. FIG. 8 shows only the differ-
heating means is caused to function. Therefore, this ence from FIG. 4.



4,865,119
13

FIG. 8 differs from FIG. 4 only in that the lower
change points of the desired discharged air temperature
T cuand the desired temperature adjusting door position
V ro are respectively shifted from X2 and X3 to X2' and
X3'. It will be apparent from the qualitative point of 5
view without any detailed explanation that this change
has no detrimental effect on the monotonic continuous
increasing characteristic of the radiation heat quantity
Q in accordance with the control signal X.

As shown by the characteristic diagram of FIG. 5, if 10
the discharged air temperature is dropped to the mini-
mUm temperature Tel while holding the blower air
flow A at the minimum value Amin, a light current of
cooled air is blown toward the knees of the occupants
thus tending to cause a feeling of discomfort. Therefore, 15
the air flow is increased slightly before the discharged
air temperature is dropped to the minimum value (i.e.,
the discharged air temperature is decreased to the mini-
mum at the time of X2') In addition, if all the hot air is
blown from the bottom discharge outlet while maintain- 20
ing the blower air flow A at Amin , only the feet of the
occupants are warmed thus tending to cause a feeling of
discomfort. Therefore, the air flow is increased starting
at the time of X3 preceding the time of X3' at which the
maximum air temperature is attained. 25

The foregoing description premises the use of the
intake air sensor 165 as a means of detecting the intake
air temperature of the evaporator 131.

However, the intake air temperature Ti can be de-
tected without especially mounting such an intake air 30
temperature sensor in the manner which will be de-
scribed hereunder. While no description has been made
since the foregoing description has not required it, gen-
erally the outside air temperature sensor (designated at
180 in FIG. 1) is mounted at the suitable position outside 35
the vehicle compartment as a low temperature protec-
tive measure for the cooling unit, and a method of com-
puting the intake air temperature T ias well as the sensor
output--J>ignal .by computer calculations will be de-
scribed first. The sensor 180 comprises a thermistor or 40
the like and the detected outside air temperature TA is
applied in the form of a voltage VA (FIG. 1) to the
controller 2. The main routine of the microcomputer
operational flow chart for this case is shown in FIG. 9.
This is the same as the main routine of FIG. 3 except 45
that the air inlet door operation decision step is ar-
ranged above the desired discharged air temperature
computing step 210.

The temperature of the air supplied to the evaporator
131 is determined in accordance with the previously 50
mentioned various data including the outside air tem-
perature TA,the vehicle compartment temperature TR
and the air inlet door control signals II and 12 in the
following way.

<D T;

<6l T;

(j) T;

TR when both of 1\ and h go to "I".

TA when both of 1\ and h go to "0".

e· TR + (I - C)TA when 1\ goes to "I"

and h goes to "0".

Here, C is a coefficient indicating the ratio of the
amount of air supplied from the inside air inlet 101 to
the total amount of air supplied from both of the outside 65
air inlet 101 and the inside air inlet 101 and it has a given
value depending on the construction of the heat ex-
changing section 1.

55
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Thus, in this case there is no need to use any exclusive

sensor for detecting the intake air temperature Ti,
thereby correspondingly reducing the cost and simpli-
fying the construction.

The intake air temperature Timay be detected in The
following way. More specifIcally, an average value Te
over a given time of a digital value T e corresponding to
the temperature T e detected by the discharged air tem-
perature sensor 160 is obtained and this average value
Teis compared with the desired discharged air temper-
ature T cu for the then current control signal X, thereby
determining the intake air temperature as Ti=Tewhen
Te<Tcu. In other words, when there is the condition
T e<T cu. the cooling function of the evaporator 131
should have been stopped as mentioned previously so
that the temperature change of the air passed through
the evaporator 131 is reduced to zero and therefore
Ti=Teholds.

Then, when Te:§Tcu, there is the condition X:§Xias
mentioned previously so that there is no need to calcu-
late the value of V ro and it is necessary to simply set
Vro=VTI.

Thus, also in this case, there is no need to use any
intake air temperature sensor with the resulting reduc-
tion in cost and simplification in construction.

In the above described embodiments, the compressor
is subjected to the on-off control or the duty cycle
control for controlling the discharged air temperature
Teat the desired temperature Tcu. However, the inven-
tion is not limited to the duty cycle control and a vari-
able displacement type compressor may be used.

From the foregoing description it will be seen that in
accordance with the invention the intake air tempera-
ture is taken into consideration to control the amount of
radiation heat to the vehicle compartment, with' the
result that a stable temperature control is effected with
a stable adjusting performance throughout the control
range requiring the air conditioning, thereby easily
ensuring comfortable air conditioning. Also, the detec-
tion of the intake air temperature does not necessarily
require the additional installation of any intake air tem-
perature sensor and it can be detected by calculation
from the output signal of the existing sensor. This has
the effect of reducing the cost and simplifying the con-
struction as compared with the addition of an intake air
temperature sensor.

We claim:
1. An air conditioner system for an automotive vehi-

cle comprising:
housing means having intake means for taking in air

and said housing means defining air passage means
extending through said air conditioner system from
said intake means;

a blower for taking in air through said intake means
and moving it through said air passage means;

air cooling means located in said air passage means;
air heating means located in said air passage means;
cooling control means for detecting a temperature of

discharged air from said air cooling means immedi-
ately after passage therethrough to control said air
cooling means in a manner that said detected dis-
charged air temperature is adjusted to a desired
discharge air temperature;

means for bypassing air around said air heating means
said bypassing means including an air distributing
door for adjusting a proportion of an intake air
supplied to said air heating means to an intake air
supplied by said blower;

60
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means for detecting the temperature of intake air
immediately before passage through said air cool-
ing means; and

heat exchange rate control means for establishing said
desired discharged air temperature and operating 5
said air cooling and heating means and said cooling
control means to control a rate of heat exchange
between said intake air and said air cooling and
heating means to reduce said proportion of intake
air supplied to said air heating means to a minimum 10
when said desired discharged air temperature is
lower than a predetermined value and to increase
said proportion of intake air supplied to said air
heating means responsive to said desired discharge
air temperature becoming higher than said prede- 15
termined value,

wherein said predetermined value of said discharged
air temperature is substantially equal to a tempera-
ture of said intake air detected by said intake air
temperature detecting means immediately before 20
passage through said air cooling means; and

wherein said air cooling means is not actuated by said
control means when said intake air temperature is
smaller than said desired discharged air tempera-
ture and said air cooling means is actuated when 25
said intake air temperature is larger than said de-
sired discharged air temperature.

2. A system according to claim 1, wherein said intake
air temperature detecting means comprises a tempera-
ture sensor arranged immediately upstream of said air 30
cooling means.

3. An air conditioner system for an automotive vehi-
cle comprising:

housing means having intake means for taking in air
and said housing means defIning air passage means 35
extending through said air conditioner system from
said intake means;

a blower for taking in air through said intake means
and moving it through said air passage means;

air cooling means located in said passage means;
air heating means located in said passage means;
cooling control means for detecting a temperature of

discharged air from said air cooling means immedi-
ately after passage therethrough to control said air
cooling means in a manner that said detected dis- 45
charged air temperature is adjusted to a, desired
discharge air temperature;

means for bypassing air around said air heating
means, said bypassing means including an air dis-
tributing door for adjusting a proportion of an 50
intake air supplied to said air heating means to an
intake air supplied by said blower;

means for detecting the temperature of intake air
immediately before passage through said air cool-
ing means; and 55

heat exchange rate control means for establishing said
desired discharged air temperature and operating
said air cooling and heating means and said cooling
control means to control a rate of heat exchange
between said intake air and said air cooling and 60
heating means to reduce said proportion of intake
air supplied to said air heating means to a minimum
when said desired discharged air temperature is
lower than a predetermined value,

wherein said predetermined value of said discharged 65
air temperature is substantially equal to a tempera-
ture of said intake air detected by said intake air

40
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temperature detecting means immediately before
passage through said air cooling means;

wherein said cooling means is not actuated by said
control means when said intake air temperature is
smaller than said desired discharged air tempera-
ture and said air cooling means is actuated when
said intake air temperature is larger than said de-
sired discharged air temperature; and

wherein said intake air temperature detecting means
detects said intake air temperature by performing
computational operations on output signals from
means for detecting a temperature of air outside of
said vehicle, means for detecting a temperature of
air in said vehicle and means for detecting an in-
side-outside air ratio of air drawn from the inside
and outside of said vehicle.

4. An air conditioner system for an automotive vehi-
cle comprising:

housing means having intake means for taking in air
and said housing means defIning air passage means
extending through said air conditioner system from
said intake means;

a blower for taking in air through said intake means
and moving it through said air passage means;

air cooling means located in said air passage means;
air heating means located in said air passage means;
cooling control means for detecting a temperature of

discharged air from said air cooling means immedi-
ately after passage therethrough to control said air
cooling means in a manner that said detected dis-
charged air temperature is adjusted to a desired
discharge air temperature;

means for bypassing air around said air heating
means, said bypassing means including an air. dis-
tributing door for adjusting a proportion of an
intake air supplied to said air heating means to an
intake air supplied by said blower;

means for detecting the temperature of intake air
immediately before passage through said air cool-
ing means; and

heat exchange rate control means for establishing said
desired discharged air temperature and operating
said air cooling and heating means and said cooling
control means to control a rate of heat exchange
between said intake air and said air cooling and
heating means to reduce said proportion of intake
air supplied to said air heating means to a minimum
when said desired discharged air temperature is
lower than a predetermined value;

wherein said predetermined value of said discharged
air temperature is substantially equal to a tempera-
ture of said intake air detected by said intake air
temperature detecting means immediately before
passage through said air cooling means;

wherein said air cooling means is not actuated by said
control means when said intake air temperature is
smaller than said desired discharged air tempera-
ture and said air cooling means is actuated when
said intake air temperature is larger than said de-
sired discharged air temperature; and

wherein said intake air temperature detecting means
computes and average value of said discharged air
temperature over a predetermined period of time
whereby said average value is considered as said
intake air temperature when said average value is
lower than said desired discharge air temperature.

* * * * *
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