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[57] ABSTRACT 

Disclosed is an air conditioner for use in an automotive 
vehicle. The air conditioner includes a timer circuit for 
deciding whether or not a given period of time has 
elapsed after an engine of the automotive vehicle has 
been started, an air quantity controller for limiting the 
amount of air to be introduced into a passenger com- 
partment for a given period of time after an air cooling 
operation has been started, a compressor controller for 
prohibiting the operation of a compressor of the air 
conditioner for the given period of time to be decided 
by the timer circuit, a temperature sensor for detecting 
the temperature of the passenger compartment, and a 
switch portion for starting the compressor. The timer 
circuit, the air quantity controller, the compressor con- 
troller, and the switch portion are all provided in an air 
conditioner control unit. The control unit increases the 
amount of air within the first period of time when the 
temperature detected by the temperature sensor is 

greater than a predetermined value and when the 
switch portion outputs no instruction within the given 
period of time decided by the timer circuit. Alterna- 
tively, the control unit increases the amount of air from 
within the second period of time longer than the first 
period of time when the temperature detected by the 
temperature sensor is greater than the predetermined 
value and when the switch portion outputs an instruc- 
tion for starting the compressor within the given period 
of time decided by the timer circuit. 

6 Claims, 5 Drawing Sheets 

START 

fs f 

UTO n 

ss 
2ND TIMER ON 

ft 3 EVAPO, 
OW TEMP. 

IS 4 No 

AIR CONTROL 
IN LOW AMOUN 

st 5 
ELAPSED y 

SS7 R 

RQA 

I]IT19N 

OOM TEM. 
IGK S 

YES 

MA 
CON 

NUAL 
TROL 

COMP. START . y 
(OROSR PRESEN 

fs9 ? 
fsf0 

ELAPSED 

stf I ft 12 St 13 

IST CONTROL 2ND CONTROL SRD CONTROL 

sf f4 
AUTO. CONTROL 

RETURN 



U. S. Patent July 2, 1991 Sheet 1 of 5 5, 027, 611 

PRIOR AR'T 

K 
Ct 

0 
Z 
0 

Hl r r 
r r 

Lo 

OFF 
TIME 

Hi 

0 
I- z 

Lo 

OFF 

T I ME 



U. S. Patent July 2, 1991 Sheet 2 of 5 5, 027, 611 

~ I 

O 
O 
D 
O 
0 
Q 

4. 



U. S. Patent July 2, 1991 Sheet 3 of 5 5, 027, 611 

Fi g. 

60 

SENSOR 46 

SENSOR 47 

SENSOR 48 

SENSOR 49 

0 E I- 
Z 
O 
O 

4l 

MAIN SW 

AUTO. SW 

FAN W 

TEMP. SW 

A I R CHANGE- 
OVER SW 

MODE SW 

IST TIMER 

2ND TIMER 44 

63 
4 

65 
6 
7 
8 

35 

ECU 

45 

40~ 
42 

Ay $'W 

COMP. 
CONT. 

IST CONT 

2ND CONT 

3RD CONT. 

MA IN CONT. 

AUTO CONT. 

52 
53 
54 
55 

28 

29 

2 

O 

34 
MIXING 
MOTOR 

MODE 
MOTOR 

COMP. 



U. S. Patent July 2, 1991 Sheet 4 of 5 5, 027, 611 

Fi g. 4 

START 

AN 
UTO ~ 

YES 

2ND TIMER ON 

~ 3 EVAPO, 
OW TEMP. 

g4 NO 

AIR CONTROL 
IN LOW AMOUN 

tt 5 
Et APSED 

NO 

SOLAR 
RADIATION 

LARG 
ES 

YE 

COMP. START . 
~ORDER PRESENT 09 

ROOM. TEM. 
IGH '? 

YES 

MANUAL 
CONTROL 

tttO 
Y ELAPSED 

5 l2 4 I5 

1ST CONTROL 2ND CONTROL 5RQ CONTROL 

AUTO. CONTROL 

RETURN 



U. S. Patent July 2, 1991 Sheet 5 of 5 5, 027, 611 

Fig. 5 

START 

AN 
UTO 

YES 

2ND TIMER ON 

¹ 3 EVAPO, 
OW TEMP. 

¹4 NO 

AIR CONTROL 
IN LOW AMOUN 

4t5 
Tg 

ELAPSED 

MANUAL 
CONTROL 

ROOM. TEM. 
IGH '? 

YES 

COMP. START. 
~ORDER PRESENT ¹9 

4t10 
Y ELA/SED 

I l2 4t l3 
IST CONTROL 2ND CONTROL 3RO CONTROL 

¹ l4 
AUTO. CONTROL 

RETURN 



AIR CONDITIONER FOR USE IN AN 
AUTOMOTIVE VEHICLE 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
The present invention relates generally to an air con- 

ditioner for use in an automotive vehicle, and more 
particularly, to an air conditioner capable of appropri- 
ately adjusting the amount of air to be introduced into 
the interior of an automotive vehicle at the time of 
starting the air conditioner so that the comfortability 
may be improved. 

2. Description of the Related Art 
When an air conditioner of an automotive vehicle 15 

parked outdoors in hot weather is started, a great 
amount of air is emitted from the air conditioner to a 
passenger compartment in order to rapidly lower the 
temperature of this compartment. However, it is impos- 
sible to cool the air immediately after the air conditioner 20 

starts operating because the temperature of cooling 
components, for example an evaporator and the like, is 
high. Therefore, a great amount of hot air is emitted 
into the passenger compartment, thus lowering the 
comfortability. 25 

An air conditioner as disclosed in Japanese Utility 
Model Laid-open Application (unexamined) No. 61 
-142616 comprises a temperature detecting means for 
detecting the surface temperature of a heat exchanger 
mounted therein and a time measuring means for mea- 30 

suring the lapse of time after the air conditioner has 
been switched on. According to this disclosure, a rela- 
tively small amount of air is supplied to a passenger 
compartment when the temperature detected by the 
temperature detecting means is greater than a predeter- 35 

mined temperature and the period of time measured by 
the time measuring means is less than a predetermined 
period of time, thus preventing a great amount of hot air 
from being introduced into the passenger compartment 
at the time of starting the air conditioner. 40 

Conventionally, even when an air conditioner is 
switched on in spring or autumn in which everybody 
does not feel so hot, a great amount of air is emitted into 
a passenger compartment in order to rapidly minimize 
the difference between the actual temperature of the 45 

passenger compartment and the setting temperature. 
Thus, there arises the problem that the comfortability is 
lowered. 

In order to solve this kind of problem, when the 
temperature of the passenger compartment or the 50 
amount of solar radiation exceeds a predetermined 
value, the above-described control is performed to re- 
strict the amount of air to a relatively small amount at 
the time of starting the air conditioner. It is further 
considered that when the temperature of the passenger 55 

compartment and the amount of solar radiation are less 
than respective predetermined values, the time required 
for increasing the amount of air from a predetermined 
small amount to a predetermined large amount is pro- 
longed. 60 

More specifically, when it is necessary to rapidly cool 
the passenger compartment because the temperature 
thereof or the amount of solar radiation exceeds the 
predetermined value, the amount of air fed from the air 
conditioner is rapidly increased to a large amount (Hi) 65 

after a starting control period T2' by the small amount 

(Lo) of air has elapsed as shown by a solid line in FIG. 
1 or when the temperature of air from the air condi- 

tioner has become lower than a predetermined value. 
On the other hand, when the passenger compartment is 
gradually cooled because the temperature thereof and 
the amount of solar radiation are less than respective 
predetermined values, the amount of air is gradually 
increased to the amount (Hi), as shown by a dotted line 
in FIG. 1. Thus, not only a great amount of hot air is 
prevented from being introduced into the passenger 
compartment at the time of starting the air conditioner, 
but the passenger compartment can be rapidly cooled in 
summer and gradually cooled in spring or autumn. 

Generally speaking, since a compressor of a refrigera- 
tor of an air conditioner is coupled to an output shaft of 
an engine, the compressor consumes part of the engine 
output. Accordingly, the engine output is reduced by 
the operation of the compressor, thus lowering the 
starting performance of the engine. It is, therefore, con- 
sidered that the compressor is kept stopped for a prede- 
termined period of time at the time of engine starting. 

However, if the compressor is not operated when the 
engine starts, the cooling of the evaporator is delayed, 
which leads to the delay in starting the air cooling oper- 
ation. As such, even though the amount of air is reduced 
for the predetermined period of time at the time of 
starting the air conditioner, it is difficult to effectively 
remove uncomfortableness of a driver or other passen- 

gers due to hot air introduced into the passenger com- 
partment, particularly in summer. 

SUMMARY OF THE INVENTION 

The present invention has been developed to over- 
come the above-described problems. 

It is accordingly an object of the present invention to 
provide an air conditioner of an automotive vehicle 
capable of restricting the amount of hot air introduced 
into a passenger compartment at the beginning of the air 
cooling and contributing to the improvement of the 
starting performance of an engine. 

In accomplishing this and other objects, an air condi- 
tioner according to the present invention includes a 
time counting means for deciding whether or not a 
given period of time has elapsed after an engine of the 
automotive vehicle has been started, an air quantity 
limiting means for limiting the amount of air to be intro- 
duced into a passenger compartment for a given period 
of time after an air cooling operation has been started, a 
compressor control means for prohibiting the operation 
of a compressor of the air conditioner for the given 
period of time to be decided by the time counting 
means, a temperature detecting means for detecting the 
temperature of the passenger compartment, an instruct- 
ing means for starting the compressor, and an air quan- 
tity control means for increasing the amount of air from 
a first amount to a second amount greater than the first 
amount. 

The air quantity control means includes a first control 
means for increasing the amount of air from the first 
amount to the second amount within a first period of 
time when the temperature detected by the temperature 
detecting means is greater than a predetermined value 
and when the instruction means outputs no instruction 
within the given period of time decided by the time 
counting means, and a second control means for in- 

creasing the amount of air from the first amount to the 
second amount within a second period of time longer 
than the first period of time when the temperature de- 
tected by the temperature detecting means is greater 



than the predetermined value and when the instruction 
means outputs an instruction for starting the compres- 
sor within the given period of time decided by the time 
counting means. 

The temperature detecting means may be replaced by 
a solar radiation detecting means for detecting the 
amount of solar radiation. 

Furthermore, the air conditioner may be provided 
with both the temperature detecting means and the 
solar radiation detecting means. In this case, the amount 
of air is increased from the first amount to the second 
amount within the first period of time when at least one 
of the temperature detected by the temperature detect- 
ing means and the amount of solar radiation detected by 
the solar radiation detecting means is greater than a 
predetermined value and when the instruction means 
outputs no instruction within the given period of time 
decided by the time counting means. Otherwise, the 
amount of air is increased from the first amount to the 
second amount within the second period of time longer 
than the first period of time when at least one of the 
temperature detected by the temperature detecting 
means and the amount of solar radiation detected by the 
solar radiation detecting means is greater than the pre- 
determined value and when the instruction means out- 
puts an instruction for starting the compressor within 
the given period of time decided by the time counting 
means. 

According to the above-described construction, 
when an instruction for starting the compressor is given 
during the stop period of the compressor after the en- 
gine starting i. e. , at the beginning of the air cooling, the 
period of time for lowering the temperature of an evap- 
orator is substantially restricted to a short period. In the 
case where it 'is difficult to effectively restrict hot air 
from being introduced into the passenger compartment 
even though the control for reducing the amount of air 
is performed for a predetermined period after the start- 
ing of the air cooling, the amount of air is gradually 
increased from the first amount to the second amount. 
As a result, not only the starting performance of the 
engine can be improved, but the introduction of hot air 
into the passenger compartment can be minimized at the 
beginning of the air cooling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects and features of the present 
invention will become more apparent from the follow- 
ing description taken in conjunction with the preferred 
embodiments thereof with reference to the accompany- 
ing drawings, throughout which like parts are desig- 
nated by like reference numerals, and wherein: 

FIG. 1 is a graph indicative of the control to be car- 
ried out in a conventional air conditioner at the begin- 
ning of the air cooling operation; 

FIG. 2 is a schematic diagram of an air conditioner 
according to the present invention; 

FIG. 3 is a block diagram of a control system of the 
air conditioner of FIG. 2; 

FIG. 4 is a flowchart indicative of the control of air 
to be fed from the air conditioner at the beginning of the 
air cooling operation; 

FIG. 5 is a flowchart indicative of a modification of 
the flowchart of FIG. 4; and 

FIG. 6 is a graph similar to FIG. 1, indicative of the 
control to be carried out in the air conditioner of FIG. 
2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the drawings, there is shown in 
5 FIG. 2 an air conditioner 1 according to the present 

invention, which comprises a compressor 2 connected 
to an output shaft Es of an engine E through a power 
transmitting means 8 such as a transmission belt, a con- 
denser 3 positioned in the front end portion of an engine 

10 room, a refrigerant receiving tank 4 of a constant vol- 
ume disposed downstream of the condenser 3, and an 
expansion valve 5 positioned downstream of the tank 4 
and immediately upstream of an evaporator 6. These 
components are connected by refrigerant tubes 7 in 

15 series in this order, thus composing a refrigerating cycle 
of the air conditioner 1. The evaporator 6 constitutes 
the main portion of a cooling unit 12 for cooling air 
introduced into an air conditioning unit 10. 

A gas refrigerant which has been inhaled and com- 
20 pressed by the compressor 2 becomes high in tempera- 

ture and pressure and is fed to the condenser 3 in which 
the gas refrigerant is cooled and condensed into a liquid 
refrigerant as a result of the heat exchange with air 
introduced in an automotive vehicle when the vehicle is 

25 running. The liquid refrigerant is fed to the refrigerant 
receiving tank 4 and then to the expansion valve 5 in 
which the pressure of the liquid refrigerant is reduced 
to a predetermined pressure and adiabatically expands. 
Then, the liquid refrigerant is fed to the evaporator 6 in 

30 which it evaporates by absorbing the heat from the 
surrounding air. The evaporated refrigerant is again 
inhaled and compressed by the compressor 2. The re- 
frigerant cycles in this manner. 

An electromagnetic clutch 9 is interposed between 
35 the output shaft Es of the engine E and a drive shaft of 

the compressor 2 so that both of the latter can be con- 
nected to each other and disconnected from each other 
by the former. When the engine E is in operation, the 
electromagnetic clutch 9 is turned on. As a result, the 

40 compressor 2 is driven while it is consuming part of the 
engine power. The electromagnetic clutch 9 is con- 
nected to an air conditioner control unit 40 comprising 
a microcomputer so that signals are transmitted therebe- 
tween. The electromagnetic clutch 9 is turned on or off 

45 in response to an instruction signal transmitted thereto 
from the control unit 40. 

The air conditioning unit 10 comprises, sequentially 
in the order from the upstream side, a blower unit 11 for 
taking air to be airwonditioned and supplying the air to 

50 the air conditioning unit 10, a cooling unit 12 for cool- 
ing the air by the evaporator 6, and a heater unit 13 
including a heater core 22 for heating the air by the use 
of cooling water of the engine E. The heater unit 13 is 
connected to an air conditioning duct 14, which intro- 

55 duces the air to the interior of the automotive vehicle. 
The air conditioning duct 14 communicates with air 
outlets 15, a heater outlet 16, and defroster outlets 17. 
The heater unit 13 is provided with air mixing doors 23 
and 24 for adjusting the amount of air passing through 

60 the heater core 22 so as to control the temperature of 
the air. The air conditioning duct 14 is provided with a 
vent door 25, a heater outlet door 26, and a defroster 
door 27, all of which are selectively operated in compli- 
ance with a selected air discharge mode. 

65 Both the air mixing doors 23 and 24 are connected to 
an air mixing door motor 28 whereas the vent door 25, 
the heater outlet door 26, and the defroster door 27 are 
connected to a mode door motor 29. The motors 28 and 



29 are connected to the control unit 40 for controlling 
the operation of the air conditioner 1. The motors 28 
and 29 are driven in response to signals transmitted 
from the control unit 40, thereby adjusting the opening 
of the doors 23, 24, 25, 26, and 27 so that the tempera- 5 

ture of the air and the air discharge mode may be desir- 
ably controlled. 

The blower unit 11 comprises an air-intake box 31 for, 
by the opening and closing of a damper 32, introducing 
the external air or cycling the internal air, a blower fan 10 
34 for introducing the external air or the internal air to 
the downstream side through the air-intake box 31, and 
a blower motor 35 for driving the blower fan 34. A 
damper driving motor 33 mounted on the damper 32 
adjusts the opening of of the damper 32 so that the 15 
external air or the internal air or a mixture thereof may 
be introduced into the air conditioning unit 10. The 
amount of air can be adjusted by controlling the number 
of rotations of the blower motor 35. 

The air conditioner 1 is of an automatic air condi- 20 
tioner having an automatic control function and an 
automatic mode selecting function. The control unit 40 
for controlling the air conditioner 1 is connected to an 
input operation panel 60. The input operation panel 60 
comprises an input portion 61 for setting the air condi- 25 

tioner 1 to a desired condition and a display portion 62 
for displaying the operation condition of the air condi- 
tioner 1. The input portion 61 comprises a main switch 
63 for turning the air conditioner 1 on and off, an auto- 
matic switch 64 for automatically operating the air 30 
conditioner 1, a fan switch 65 for manually setting the 
amount of air, a temperature setting switch 66 for set- 
ting the temperature in the passenger compartment, a 
change-over switch 67 for manually selecting either the 
introduction of the external air or the circulation of the 35 
internal air, and a mode switch 68 for manually setting 
the air discharge mode. 

Upon first depression of the main switch 63, the air 
conditioner 1 is turned on and an economy mode (ECO 
mode) is set. In the economy mode, the control unit 40 40 
decides the required cooling power, thus turning the 
electromagnetic clutch 9 on and off intermittently so 
that the compressor 2 may be intermittently operated. 
Upon second depression of the main switch 63, an air 
conditioning mode (A/C mode) for starting the air 45 
cooling operation is selected, in which the electromag- 
netic clutch 9 remains connected to the control unit 40 
so that the compressor 2 may be continuously operated. 
Upon third depression of the main switch 63, the air 
conditioner 1 is turned off. Alternatively, a mode 50 
change-over switch for switching the operation mode 
of the air conditioner 1 between the A/C mode and the 
ECO mode may be provided in addition to the main 
switch 63. When the automatic switch 64 is turned on 
with the main switch being kept on, either the A/C 55 

mode or the ECO mode is selected according to the 
environmental conditions of the automotive vehicle, 
and in addition, the air conditioner 1 is automatically 
turned off. 

As shown in FIG. 3, the control unit 40 comprises a 60 
decision control portion 41 connected to each switch of 
the input operation panel 60, a compressor control por- 
tion 42 for performing the on/off control of the com- 
pressor 2 through the electromagnetic clutch 9, a first 
timer circuit 43 for counting the time elapsed after the 65 
engine E has been started, a second timer circuit 44 for 
counting the time elapsed after the blower fan 34 has 
been driven, and an air quantity control portion 50 for 

controlling the amount of air by controlling the speed of 
the blower motor 35. The decision control portion 41 
receives an ON/OFF signal outputted from an ignition 
switch IG and a signal outputted from an engine control 
unit ECU in addition to signals to be transmitted from 
the input operation panel 60. The decision control por- 
tion 41 further receives a signal outputted from a solar 
radiation sensor 46 (shown in FIG. 2) for detecting the 
amount of solar radiation a signal outputted from an 
evaporator sensor 47 for mainly detecting the tempera- 
ture of the evaporator 6, a signal outputted from an 
internal air sensor 48 for detecting the temperature of 
the passenger compartment, and a signal outputted from 
an external air sensor 49 for detecting the temperature 
of the external air. 

The decision control portion 41 includes an A/C 
switch portion 45 for starting the air cooling operation 
when the operation mode of the air conditioner 1 is set 
to the A/C mode. The A/C switch portion 45 is turned 
on when the A/C mode is selected upon depression of 
the main switch 63 in the manual operation mode. The 
A/C switch portion 45 is also turned on when the A/C 
mode is set according to the environmental conditions 
of the automotive vehicle in the automatic operation 
mode, thereby outputting a signal required for continu- 
ous operation of the compressor 2 to the compressor 
control portion 42. 

When the ignition switch IG and the main switch 63 
of the input operation panel 60 are turned on and the 
operation of the air conditioner 1 and the control unit 40 
is started, signals from the sensors 46, 47, 48, and 49 and 
a signal from the engine control unit ECU are inputted 
to the decision control portion 41. Further, the opera- 
tion of the air conditioner 1 is started manually or auto- 
matically according to the conditions set by the 
switches of the input operation panel 60. At the same 
time, the following controls are carried out: the open- 
ings of the air mixing doors 23 and 24 are adjusted 
through the air mixing door motor 28 to adjust the 
temperature; the mode doors 25, 26, and the defroster 
door 27 are opened or closed through the mode door 
motor 29 to set the blow-out mode; the operation of the 
compressor 2 is controlled by the compressor control 
portion 42; and the amount of air is controlled by the air 
quantity control portion 50. 

In this embodiment, the air quantity control portion 
50 comprises the following control portions: a manual 
control portion 54 for manually controlling the amount 
of air in the manual operation; an automatic control 
portion 55 for automatically controlling the amount of 
air during the automatic operation; a first control por- 
tion 51 for increasing the amount of air from a predeter- 
mined small amount to a predetermined large amount 
within a first predetermined period of time when a 
value detected by the solar radiation sensor 46 or the 
internal air sensor 48 is greater than a predetermined 
value and when no instruction for starting the compres- 
sor 2 is transmitted from the A/C switch portion 45 to 
the compressor control portion 42 within a first period 
of time T1 predetermined by the first timer circuit 43 
after the starting of the engine E; a second confrol por- 
tion 52 for increasing the amount of air from the prede- 
termined small amount to the predetermined large 
amount within a second predetermined period of time 
longer than the first predetermined period of time when 
the value detected by the solar radiation sensor 46 or 
the internal air sensor 48 is greater than the predeter- 
mined value and when an instruction for starting the 



compressor 2 is transmitted from the A/C switch por- 
tion 45 to the compressor control portion 42 within the 
first period of time Tl after the starting of the engine E; 
and a third control portion 53 for increasing the amount 
of air from the predetermined small amount to the pre- 
determined large amount within a third predetermined 
period of time longer than the second predetermined 
period of time when the value detected by the solar 
radiation sensor 46 or the internal air sensor 48 is less 
than the predetermined value. The automatic control 
portion 55 has a function for limiting the amount of air 
to the small amount only within a predetermined period 
of time T2 at the beginning of the air cooling operation. 

The amount of air to be controlled by the air quantity 
control portion 50 at the beginning of the air cooling 
operation is discussed hereinafter with reference to a 
flowchart shown in FIG. 4 and a graph shown in FIG. 
6. 

When the control of the amount of air starts, it is 

decided at step gl whether or not the fan switch 65 is in 

the automatic mode and the blower fan 34 is automati- 

cally operated. If no, i. e. , if the blower fan 34 is manu- 

ally operated by the fan switch 65, the amount of air is 
manually controlled through the manual control por- 
tion 54 at step f6. If yes at step f1, the procedure 
proceeds to step g2 at which the second timer circuit 44 
is turned on to start counting the time elapsed after the 
blower fan 34 has been operated. At step g3, it is de- 

cided whether or not the temperature of the evaporator 
6 is less than the predetermined value. If no, the amount 
of air is limited to the predetermined small amount (Lo) 
and the air is supplied to the passenger compartment for 
the period of time T2 as shown in FIG. 6 (step g4). 
Then, it is decided at step g5 whether or not the prede- 
termined period of time T2, for example about 7 sec- 
onds, set by the second timer circuit 44 has elapsed after 
the starting of air supply. If no, the air supply continues 
in the small amount (Lo). 

If it is decided at step g3 that the temperature of the 
evaporator 6 is lower than the predetermined tempera- 
ture or if it is decided at step g5 that the period of time 
T2 has elapsed, it is decided at step g7 whether or not 
the amount of solar radiation is greater than the prede- 
termined value. If no, it is decided at step g8 whether or 
not the temperature in the passenger compartment is 
higher than the predetermined temperature. If no, the 
third control portion 53 controls the amount of air at 
step 013. That is, as shown by a dotted line in FIG. 6, 
the amount of air is increased from the small amount 
(Lo) to the predetermined large amount (Hi) in the 
longest period of time, for example approximately 30 
seconds. This control gradually cools the passenger 
compartment and prevents a great amount of air from 
being introduced into the passenger compartment at the 
beginning of the air cooling, particularly in spring and 
autumn in which the amount of solar radiation is rela- 
tively small and the temperature of the passenger com- 
partment is not so high. 

If it is decided at step g7 that the amount of solar 
radiation is greater than the predetermined amount or at 
step 18 that the temperature of the passenger compart- 
ment is higher than the predetermined temperature, the 
procedure proceeds to step g9 at which it is decided 
whether or not an instruction for starting the compres- 
sor 2 is transmitted from the A/C switch portion 45 to 
the compressor control portion 42. If no, the first con- 
trol portion 51 increases the amount of air from the low 
amount (Lo) to the high amount (Hi) in the shortest 

period of time, for example approximately 10 seconds, 
as shown by a solid line in FIG. 6 (step Ill). This 
control rapidly sets the temperature of the passenger 
compartment to the predetermined temperature be- 

cause an instruction for starting the compressor 2 is not 
issued from the A/C switch portion 45, though the 
amount of solar radiation is relatively large and the 
temperature of the passenger compartment is relatively 

high. In this case, the driver or other passengers do not 
&0 feel uncomfortable even though a great amount of air is 

introduced into the passenger compartment. 
If it is decided at step t9 that an instruction for start- 

ing the compressor 2 is issued, the procedure proceeds 
to step f10 at which it is decided whether or not the 
period of time Tl, for example approximately 5 sec- 
onds, set by the first timer circuit 43 has elapsed after 
the starting of the engine E when an instruction for 
starting the compressor 2 has been issued. If yes, since 
the stop period of time of the compressor 2 terminates, 
the procedure proceeds to step f11 at which the air 
control is effected by the first control portion 51. If no 
at step 110, the procedure proceeds to step f12 at 
which the amount of air is gradually increased by the 
second control portion 52. The period of time required 
for performing the air control at step f12 is longer than 

that required at step f11 and shorter than that required 
at step f13. Mo' re specifically, it is very likely that hot 
air having a considerably high temperature is intro- 

lp duced into the passenger compartment when an instruc- 
tion for starting the air cooling is given by the control in 

the automatic operation mode or by the manual opera- 
tion to the A/C mode in the manual operation mode and 
when this instruction is given before the stop period of 

35 time Tl of the compressor elapses after the engine start- 

ing. Such a case happens when the amount of solar 
radiation is large and the temperature of the passenger 
compartment is high. Therefore, the rate of increase in 

the amount of air is restricted to minimize the introduc- 

4p tion of hot air into the passenger compartment at the 
beginning of the air cooling. 

After the air control at step f11, f12, or f13 termi- 
nates, the automatic control of the amount of air is 
performed by the automatic control portion 55. 

45 FIG. 5 is a flowchart indicative of a modification of 
the flowchart of FIG. 4. 

In the flowchart of FIG. 5, the decision at step g7 in 
the flowchart of FIG. 4 is deleted. 

In this case, the decision whether or not the amount 

5p of solar radiation is greater than the predetermined 
value has no connection with the air control. 

According to the above embodiments, one of the 
first, second, and third air controls is selected according 
to at least the temperature of the passenger compart- 

55 ment and the timing an instruction for operating the 
compressor is issued. However, the external tempera- 
ture or other temperature relating to the temperature of 
the passenger compartment may be used instead of the 
temperature of the passenger compartment. 

60 Although the present invention has been fully de- 
scribed in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, 
it is to be noted that various changes and modifications 
are apparent to those skilled in the art. Such changes 

65 and modifications are to be understood as included 
within the scope of the present invention as defined by 
the appended claims unless they depart therefrom. 

What is claimed is: 
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l. An air conditioner for use in an automotive vehicle 

comprising: 
a time counting means adapted for deciding whether 

or not a given period of time has elapsed after an 
engine of the automotive vehicle has been started; 

an air quantity limiting means for limiting an amount 
of air to be introduced into a passenger compart- 
ment for a given period of time after an air cooling 
operation has been started; 

a compressor control means adapted for prohibiting 
an operation of a compressor of the air conditioner 
for the given period of time to be decided by said 
time counting means; 

a temperature detecting means for detecting a tem- 
perature of the passenger compartment; 

an instructing means for starting the compressor; and 
an air quantity control means for increasing the 

amount of air from a first amount to a second 
amount greater than said first amount; said air 
quantity control means comprising: 

a first control means for increasing the amount of air 
from said first amount to said second amount 
within a first period of time when the temperature 
detected by said temperature detecting means is 
greater than a predetermined value and when said 
instruction means outputs no instruction within the 
given period of time decided by said time counting 
means; and 

a second control means for increasing the amount of 
air from said first amount to said second amount 
within a second period of time longer than said first 
period of time when the temperature detected by 
said temperature detecting means is greater than 
the predetermined value and when said instruction 
means outputs an instruction for starting the com- 
pressor within the given period of time decided by 
said time counting means. 

2. The air conditioner according to claim 1, wherein 
said air quantity control means further comprises a third 
control means for increasing the amount of air from said 
first amount to said second amount within a third period 
of time longer than said second period of time when the 
temperature detected by said temperature detecting 
means is less than the predetermined value. 

3. An air conditioner for use in an automotive vehicle 
comprising: 

a time counting means adapted for deciding whether 
or not a given period of time has elapsed after an 
engine of the automotive vehicle has been started; 

an air quantity limiting means for limiting an amount 
of air to be introduced into a passenger compart- 
ment for a given period of time after an air cooling 
operation has been started; 

a compressor control means adapted for prohibiting 
an operation of a compressor of the air conditioner 
for the given period of time to be decided by said 
time counting means; 

a solar radiation detecting means for detecting an 
amount of solar radiation; 

an instructing means for starting the compressor; and 
an air quantity control means for increasing the 

amount of air from a first amount to a second 
amount greater than said first amount; said air 
quantity control means comprising: 

a first control means for increasing the amount of air 
from said first amount to said second amount 
within a first period of time when the amount of 
solar radiation detected by said solar radiation 
detecting means is greater than a predetermined 
value and when said instruction means outputs no 

instruction within the given period of time decided 
by said time counting means; and 

a second control means for increasing the amount of 
air from said first amount to said second amount 
within a second period of time longer than said first 
period of time when the amount of solar radiation 
detected by said solar radiation detecting means is 
greater than the predetermined value and when 
said instruction means outputs an instruction for 
starting the compressor within the given period of 
time decided by said time counting means. 

4. The air conditioner according to claim 3, wherein 
said air quantity control means further comprises a third 
control means for increasing the amount of air from said 
first amount to said second amount within a third period 

t5 of time longer than said second period of time when the 
amount of solar radiation detected by said solar radia- 
tion detecting means is less than the predetermined 
value. 

S. An air conditioner for use in an automotive vehicle 

20 
comprising: 

a time counting means adapted for deciding whether 
or not a given period of time has elapsed after an 
engine of the automotive vehicle has been started; 

an air quantity limiting means for limiting an amount 
of air to be introduced into a passenger compart- 
ment for a given period of time after an air cooling 
operation has been started; 

a compressor control means adapted for prohibiting 
an operation of a compressor of the air conditioner 
for the given period of time to be decided by said 
time counting means; 

a temperature detecting means for detecting a tem- 
perature of the passenger compartment; 

a solar radiation detecting means for detecting an 
amount of solar radiation; 

an instructing means for starting the compressor; and 
an air quantity control means for increasing the 

amount of air from a first amount to a second 
amount greater than said first amount; said air 
quantity control means comprising: 
a first control means for increasing the amount of 

40 air from said first amount to said second amount 
within a first period of time when at least one of 
the temperature detected by said temperature 
detecting means and the amount of solar radia- 
tion detected by said solar radiation detecting 
means is greater than a predetermined value and 
when said instruction means outputs no instruc- 
tion within the given period of time decided by 
said time counting means; and 

a second control means for increasing the amount 
of air from said first amount to said second 
amount within a second period of time longer 
than said first period of time when at least one of 
the temperature detected by said temperature 
detecting means and the amount of solar radia- 
tion detected by said solar radiation detecting 

55 means is greater than the predetermined value 
and when said instruction means outputs an in- 
struction for starting the compressor within the 
given period of time decided by said time count- 
ing means. 

6. The air conditioner according to claim 5, wherein 
said air quantity control means further comprises a third 
control means for increasing the amount of air from said 
first amount to said second amount within a third period 
of time longer than said second period of time when the 
temperature detected by said temperature detecting 

65 means and the amount of solar radiation detected by 
said solar radiation detecting means are less than respec- 
tive predetermined values. 

30 

50 


	< x0 y0 >Abstract
	< x0 y0 >Claims
	< x0 y0 >Description
	< x0 y0 >Drawings

