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I57] ABSTRACT

A method of and «device for c&intr&ifling an nir condi-
t&omng system in which an air-flow proport&onmg door
is positioned between a heater urn& and a refngerant
evaporator urut «nd is mov«blc mto and out oi'«n angu-
lar posn&on shutting off thc flow of a&r from the evapo-
rator umt to the heater unit and m which a refngerani
compressor umt associated with the evaporator unit is

operated io alternately stop and start depending upon
the temperature of thc air dehvered from the evapora-
tor umt, wherem the angular position of the a&r-flo&v

proporuonmg door and the compressor stop and start
temperatures are controlled depending upon a larget
blowoff temperature calculated I'rom decided and de-

tected temperatures of the space to be air conditioned
and a detected ambient temperature so as to rcducc the
duty cycle of the compressor unit.
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29 28



U.S. Patent Aug. 30, 1983 Sheet 2 of 6 4,401,149

FIG. 2

TIME

III

IIJ

— -t1-1

I ME



U.S. Patent Aug. 30, 1983 Sheet 3 of 6 4,401,149



U.S. Patent Aug. 30, 1983 Sheet 4 of 6 4,401,149

FIG. 5A

F IG. 5B



U.S. Patent Aug. 30, 1983 Sheet 5 of 6 4,401,149

F IG. 6

I-

8

O'C 3'C
DESIRED COMP. STOP/START TEMPERATURES

F IG. 7

hI(Tttt hatt) DESIRED ANG. POSITION,P
DESIRED COM. STOP/START TEMPERATURES



U.S. Patent Aug. 30, 1983 Sheet 6 of 6 4,401,149



METHOD AND DEVICE FOR CONTROLLING AN
AIR CONDITIONING SYSTEM

FIELD OF THE INVENTION
The present invention relates generally to air condi-

noning systems and particularly to a method of and a
device for controlling an air conditioning system for,
particularly, installation in a vehicle such as an automo-
tive vehicle. 10

SUMMARY OF THE INVENTION
In accordance with one outstanding aspect of the

present invention, there is provided a method of con-
trolhng an air condinoning system including a refriger- l5

ant evaporator unit, a refrigerant compressor unit, a
heater unit positioned downstream of the evaporator
unit and an air-flow proportioning door positioned be-
tween the evaporator unit and the heater unit and with
respect to the heater unit movable into and out of a 50

predetermined angular position shutting off the flow of
air from the evaporator unit to the heater unit, compris-
ing the steps of producing signals, and pieces of infor-
mation, the signals being respectively representative of
a desired temperature of the space to be air conditioned, 25

a detected atmospheric temperature, a detected temper-
ature of the air conditioned space, a detected angular
position of the air-tlow proportioning door, and a de-
tected evaporator temperature of the air passed through
the evaporator unit, the pieces of information being 50

respectively indicative of the operative or inoperative
condition of the refrigerant compressor, and a com-
mand of a person in the air conditioned space to put the
refrigerant compressor into or out ofoperation, produc-
ing from the signals representative of the desired tern- 55

perature of the space to be air conditioned, the detected
atmospheric temperature and the detected temperature
of the air conditioned space a target blowoff tempera-
ture of the air to be delivered from the evaporator unit,
comparing the target blowoff temperature with a prede- 40
termined cutical temperature for producing a signal
indicative of the above mentioned predetermined angu-
lar position of the air-flow proportioning door when the
target blowoff temperature is found lower than the
predetermined critical value or indicative of a desired 45
angular position of the door, the desired angular posi-
tion of the door being variable with the target blowoff
temperature, in the presence of the piece of information
indicating the person's command to put the refrigerant
compressor into operation, producing from the target 50
blowoff temperature signals respectively representative
of desired compressor stop and start temperatures at
which tbe compressor unit is to be brought to a stop and
thereat'ter actuated to start, the desired compressor stop
and start temperatures being variable with the target 55
blowoff temperature when the target blowoff tempera-
ture is lower than the predetermined critical value and
being fixed when the target blowoff temperature is
higher than the predetermined critical value, comparing
the signal representative o( said detected evaporator 60
temperature with the signals respectively representative
of the desired compressor stop and start temperatures
lor producmg a command signal to hold the compressor
unit operative when the detected evaporator tempera-
ture is found higher than the desired compressor stop 65
temperature with the piece of information indicating the
operating condition of the refrigerant compressor unit
and to actuate the compressor unit to a start when the

detected evaporator temperature is found higher than
the desired compressor start temperature with the piece
of information indicating the inoperating condition of
the refrigerant compressor unit, the command signal
bringing the refrigerant compressor unit to a stop when
the detected evaporator temperature is found lower
than the desired compressor stop temperature with the
piece of information indicating the operating condition
of the refrigerant compressor unit, the command signal
further holding the refrigerant compressor unit inopera-
tive when the detected evaporator temperature is lower
than the desired compressor start temperature with the
piece of information indicating the inoperating condi-
tion of the refrigerant compressor unit, and in the pres-
ence of the signal representative of the desired angular
position, comparing the signal representative of the
desired angular position with the signal representative
of the detected angular position of the air-flow propor-
tioning door for producing a command signal indicative
of the angular position to which said air-flow propor-
tioning door is to be moved.

In accordance with another outstanding aspect of the
present invention, there is provided a control device of
an air conditioning system including a refrigerant evap-
orator unit, a refrigerant compressor unit including
electrically-operated actuating means, a heater unit
positioned downstream of the evaporator unit, an air-
flow proportioning door positioned between the evapo-
rator unit and the heater unit and movable with respect
to the heater unit into and out of a predetermined angu-
lar position shutting off the flow of air from the evapo-
rator unit to the heater unit, and electrically-operated
door actuating means operative to drive the air-flow
proportioning door to continuously move out of and
into the aforesaid predetermined angular position
thereof, comprising means operative to produce signals
respectively representative of a desired temperature of
the space to be air conditioned, a detected atmospheric
temperature, a detected temperature of the air condi-
tioned space, a detected angular position of the air-flow
proportioning door, and a detected evaporator temper-
ature of the air passed through the evaporator unit,
switch means operative to produce pieces of informa-
tion respectively indicative of the operative or inopera-
tive condition of the refrigerant compressor unit, and a
command of a person in the air conditioned space to put
the refrigerant compressor unit into or out of operation,
a target blowoff temperature calculating module re-
sponsive to the signals representative of the desired
temperature of the space to be air conditioned, the de-
tected atmospheric temperature and the detected tem-
perature of the air conditioned space, the target blowoff
temperature calculating module being operative to pro-
duce a signal representative of a target blowoff temper-
ature of the air to be delivered from the evaporator unit,
the target blowoff temperature being variable with the
desired temperature ol'he space to be air conditioned,
the detected atmospheric temperature and the detected
temperature of the air conditioned space, a desired
door-position calculating module responsive to the sig-
nal from the target blowoff temperature calculatmg
module and operative to compare the target blowoff
temperature with a predetermined critical value for
producing a signal indicative of the predetermmed an-
gular position of the air-flow proportioning door when
the target blowoff temperature is found lower than the
predetermined critical value or indicative of a desired
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angular position of the door, the signal representative of
the desired angular position of the door bemg variable
with the signal representative of the target blowoff
temperature, a desired evaporator temperature calculat-
ing module responsive to the signal from the target
teniperature calculating module and operative to pro-
duce signals respectively representative of desired com-
pressor stop and start temperatures at which the com-
pressor unit is to be brought to a stop and thereafter
actuated to start, m the presence of the piece of informs- io
tion indicatmg the person's command to put the refrig-
erant compressor mto operation, the signals produced
by thc desired evaporator temperature calculating mod-
ule being variable with the signal from the target tem-
perature calculating module when the target blowoff ts
temperature is lower than the predetermined cntical
value and bemg fixed when the target blown(I tempera-
ture is higher than the predetermined critical value, a
door-position error detectmg module responsive to the
signal from said desired door-position calculatmg mod- 2o
ule and the signal representative of the detected angular
position of the air-flow proportioning door and opera-
uve to compare these signals with each other for sup-
plymg to the aforesaid door actuating means a com-
mand signal indicative ol'he angular position to which 23
the air-flow proportioning door ts to be moved, and a
temperature comparator module responsive to the sig-
nals from said den red evaporator temperature calculat-
ing module and the signal representative of the detected
evaporator temperature and operative to compare the 30
signal representative with the detected evaporator tem-
perature with the signals representative of the desired
compressor stop and start temperatures for supplying to
the actuating means of the compressor unit a command
signal effective to hold the compressor unit operative 33
when thc detected evaporator temperature is found
higher than the desired compressor stop temperature
with the piece ol'nformation indicating the operating
condition of the refrigerant compressor unit and to
actuate the compressor umt to a start when the detected ao
evaporator temperature is I'ound higher than the desired
compressor start temperature with the piece of informa-
tion indicating the inoperating condition oF the refriger-
ant compressor, the command signal bringing the re-
frigerant compressor unit to a stop when the detected 43
evapnrator temperature is found lower than the desired
compressor stop temperature with the piece of informa-
tion indicating the operatmg condition oF the refrigerant
compressor unit, the command signal further holdmg
the refrigerant compressor unit inoperative when the so
detected evaporator temperature is found lower than
the desired compressor start temperature with the piece
ol'nformation mdicating the inoperating condition of
the refrigerant compressor

BRIEF DESCRIPTION OF THE DRAWINGS 53

The features of a method and a device according to
the present invention will be more clearly understood
from the folfnwmg description taken m conjunction
with the accompanymg drawings in which: 60

FI(h I is a schematir. sectional view of the mechani-
cal arrangement of an automotive air conditiomng sys-
tem of the nature to which the present mvention apper-
tains;

FIG. 2 is a graph showmg variation, in terms of time, 65
in the evaporator temperature of the air delivered from
a refrigerant evaporator unit in an air conditioning sys-
tem usmg a prior-art control device;

FIG. 3 is a graph showing vanauon, m terms of time .

in relatively low and relatively high evaporator temper-
atures;

FIG. 4 is a block diagram showing a preferred em-
bodiment of a control device accordmg to the present
invention;

FIG. 5A is a graph showing the relationship between
a target blowoff temperature calculated m the control
device illustrated in FIG. 4 and a desired angular posi-
tion of an air-flow proportioning door formmg part ol
the air conditioning system of FIG. I under conditions
in which a refrigerant compressor unit mcluded m the
air conditionmg system is operative,

FIG. 5B is a graph showing the relationship between
the target blowoff temperature and the desired angular
position of the air-flow proportiomng door under con-
ditions in which the refrigerant compressor unit is held
at rest;

FIG. 6 is a graph showing the relationship between
the target blowoff temperature and the evaporator tem-
perature as achieved by the control device illustrated in
FIG. 4;

FIG. 7 is a graph m which the characteristics indi-
cated by the graphs of FIGS. 5A and 5B are shown
combined, and

FICr. 8 is a flowchart showing a method according to
the present invention

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Refernng to the drawings, first particularly to FIG. I
thereof, an automotive air conditioning system to which
the present invention appertains is shown comprising an
air conditioner assembly I having an air conditioner
duct structure which mcludes an air intake box portion
2 formed with a fresh air intake 3 and a recirculated air
intake 4. In the air intake box portion 2 is provided with
an mtake air shift door 5 which is pivotally movable
between an angular position allowing the fresh air in-
take 3 to be fully open and closing the recirculated air
mtake 4 as indicated by full lines and an angular position
closing the fresh air intake 3 and allowing the recircu-
lated air mtake 4 to be I'ufly open as mdicated by broken
Imes. The intake air shift door 5 is movable between
these two angular positions so as to regulate entry of
fresh or recirculated air mto the air mtake box portion 2
through the fresh air intake 3 or the recirculated air
intake 4 as indicated at A and B, respectively. The m-
take air shift door 5 is operated by a vacuum-operated
door actuator unit (not shown).

The atmospheric air or the air recirculated from the
vehicle compartment (not shown l thus entemng the air
intake box portion 2 is forced into the air conditioner
assembly I by means of a suitable forced-flow inducing
unit which is shown constituted by an air-intake blower
6 positioned downstream of the air mtake box portion 2.
The air-intake blower 6 herein shown is assumed, by
way of example, to be of the variable-speed motor-
driven type and is shown consututed by a centrifugai or
Sirocco fan provided with and driven by an electric
motor 7.

The duct structure of the air conditioner assembly I
further mcludes an evaporator housing portion 8 having
provided therein a refngerant evaporator unit 9 which
is positioned on the leeward side of the air intake blower
6. The refrigerant evaporator unit 9 is adapted to con-
vert a refrigerant fluid into a gaseous state to extract
heat of evaporation from the flow of air passed there-
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through and forms part ol'a refrigerauon system which
further comprises an engine-driven refrigerant com-
pressor unit 10 having a suction port communicating
w&th the refngerant discharge end of the evaporator
umt 9 The compressor unit 10 is adapted to convert the
low-temperature, low-pressure refrigerant gas from the
evaporator unit 9 into a high-temperature, high-pres-
sure refngerant gas. Though not shown in the draw-
mg», the refrigeration system includ&ng the refrigerant
compressor unit 10 further compnses a condenser un&t &O

havmg an mlet end communicating with the dehvery
port of the compressor un&t 10 and adapted to covert the
refrigerant gas from the compressor unit 10 into a liquid
state. and an expansion valve provided between the
outlet end of the condenser unit and a relr&gerant inlet &3

end of the evaporator unit 9. The compressor unit 10 is

provided with suitable actuating means such as an elec-
tromagnetically operated clutch (not shown) and is

made operative and moperative by selecuve coupling
and uncoupltng of the clutch, as is well known in the 20

a&'t

The duct structure of the air conditioner assembly I
further includes an air distribution housing portion 11

having formed therem an air entrance chamber 12

wh&ch is located on the leeward side of the evaporator 23

unit 9. In the air entrance chamber 12 is prov&ded an air
heatmg unit 13 comprising an air heater unit 14 posi-
tioned downstream of the evaporator unit 9 and an
air-flow proportiomng door 15 disposed between the
evaporator unit 9 and the heater unit 14. The air-flow 3o

proportiomng door 15 is pivotally mounted on a shaft
16 and is movable about the shaft 16 between a first
angular position to shut off the flow of air from the air
entrance chamber 12 to the heater unit 14 as indicated
by I'ull lines and a second angular position to induct the 33

flow of air from the entrance chamber 12 totally to the
heater unit 14 as indicated by broken lines. The propor-
tiomng door 15 is continuously movable between these
two angular positions about the shaft 16 and &s operative
to regulate the proport&on in wh&ch the cooled air deliv- ao

ered from the refrigerant evaporator unit 9 into the air
entrance chamber 12 is to be passed through the heater
unit 14. The heater unit 14 &s usually of the type adapted
to recirculate therethrough the cooling water which has
been circulated through the cooling system of the en- 43

gme The heater unit 14 is thus sho~n provided with
conduits 17 communicating with the coohng system of
the engine through a su&table flow shut-off valve such as
a hot-water cock (not shown) which is mechamcally
connected to and accordingly movable w&th the air- 30

flow proportiomng door 15. The hot-water cock is

operated by a vacuum-operated actuator unit (not
shown)

The air distribution housing portion 11 of the air
conditioner duct structure is I'urther formed with an air 33

distnbution chamber 18 which is lncated downstream
of the air entrance chamber 12 partially across the
heater unit 14 and partially aside from the heater unit
14. The air-flow proportioning door 15 is, thus, adapted
to regulate the proportion between the flow rate of air so

to be passed from the air entrance chamber 12 to the air
distnbution chamber 18 through the heater unit 14 and
the flow rate of air to be passed directly from the air
entrance chamber IZ to the air distnbution chamber 18.
W'hen the air-flow proportioning door 15 &s held in an 63

angular position &ntermed&ate between the above men-
tioned first and second angular positions thereof about
the &haft 16, the a&r passed through and heated by the

heater umt 14 &s mixed in the air di&inhution chamber 18

with the cooled air passed d&rectly from the entrance
chamber IZ to the air distribut&on chamber 18, produc-
ing in the air d&stribut&on chamber 18 air with a temper-
ature dictated by the proportion between ihe draught
volumes of air past &he a&r-flo&v proport&onmg door 15.

The duct structure of thc air c&mditioner as&embly I
further has air outlets 19, 20 and 21 communicating
with, for example, mstrument panel ventilator ducts,
flow ventilat&on nozzles and wmdsh&eld rJefroster noz-
zles (not shown) The draught volumes of thc air &o he
distnbuted from the air d&stn but ion chamber 18 to these
air outlets 19, 20 and 21 are regulated by draught con-
trol doors 22, 23 and 24, respectively, v,hich are pro-
vided in the air d&stnhut&on chamber 18. Though not
shown in the drawingw each of the draught control
doors 22, 23 and 24 is operated hy a vacuum-operated
door actuator um&.

The temperature of a&r m the a&r distnbut&on chamber
18 is dictated by the proportion between the draught
volume of the air passed through the heater umt 14 and
the draught volume ol'he air bypassing &he heater unit
14 as above descnbed and is ar;cord&ngly determmed by
the angular position of the a&r-flow proponioning door
15 about the shaft 16 To control the angular position of
the a&r-flow proportioning door 15, there &s provided a
door control dev&ce 25.

In FIG. 1 of the draw&ngs, the door control de~ice 25

is shown comprismg a vacuum-operated door actuator
unit 26 mechanically coupled to the air-flow proper-
t&oning door 15 by means of a door actuatmg rod 27.

Though not shown in the drawings, the vacuum-
operated door actuator unit 26 &s formed w&th a varia-
ble-volume control chamber v;h&ch i& in part defined by
a spring-loaded flexible diaphragm The above men-

t&oned door actuating rod 27 is secured at one end
thereof to this d&aphragm and is p&votally connected at
the other end thereof to the air-flow propor»oning door
15, which &s accordingly pivotally movable about the
shaft 16 as the d&aphragm ol'he door actuator umt 26 &s

moved or deformed to cause expans&on or contraction
of the variable-volume control chamber of the actuatnr
unit 26. The control chamber ol'he ac&uator urut 26 is

communicable selectively with the open air through a

solenoid operated air-induct&on valve 28 or with a suit-

able source of vacuum (not shown) through a solenoid-
operated vacuum-mduction valve 29. When the mr-

induction valve 28 is open wth the vacuum-mduction
valve 29 closed, atmosphenc a&r is uitroduced through
the air-mduction valve 28 mtr& the control chamber of
the door actuator umt 26 and allow~ the control cham-
ber to be expanded by the force of the spnng actmg on
the diaphragm ol the actuator um& 26 When. on the
other hand, the vacuum-mduction valve 29 is open w&th

the air-mduction valve 28 held closed, a&r in the r:&&ntrol

chamber of the door actuator &m&i 26 &s evacuated

theref-

romm through the vacuum-induct&on valve 29 so that the
control chamber is caused to contract against the force
of the spnng actmg on the diaphragm of the actuator
unit 26. Fach of the valves 28 and 29 is electncally
actuated to produce an opemng degree continuously
variable w&th an electric control &ignal supphed to a

soleno&d coil (not shown) of ihe valve Thc axial posi-

tion of the actuating rod 27 with respec& to the duct
structure of the air conditioner assembly I and accord-
ingly the angular position of the a&r-flnw proportiomng
door 15 with respect to the heater umt 14 are, thus,
continuously variable with the electoc control signals
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respectively applied to the solenoid coils of the valves
28 and 29.

The angular position of the air-flow proportioning
door 15 thus operated by the door actuator umt 26 is
detected by door position detecting means which is s
shown constituted by a feedback potentiometer unit 30
engagmg the actuating rod 27. Designated by 32 is a
vacuum programming switch which is mechanically
connected to the actuating rod 27 and which is accord-
ingly responsive to the angular displacement of the io
air-flow proportioning door 15. The vacuum program-
ming switch 32 is operative to control the vacuum to be
inducted to each of the vacuum operated actuator units
for the intake air shift door 5, the draught control doors
ZZ, 23 and 24 and the hot-water cock for the heater unit is
14.

In the air conditioning system of the nature hereinbe-
fore described, the air sucked into the air conditioner
assembly 1 through the fresh air intake 3, the recircu-
lated air intake 4 or both of these is cooled by the refng- 20
erant evaporator unit 9 to a predetermined temperature
of, for example, about 4' without respect to the tem-
perature of the air to be distributed from the air distribu-
tion chamber 18. When the air-flow proportioning door
15 is held in an angular position allowing the heater unit 23
14 to be open to the air entrance chamber 12, the air
thus cooled by the evaporator unit 9 is at least partially
heated by the heater unit 14 so as to produce air with a
desired temperature in the air distribution chamber 18.
Conditioning air in these two steps is advantageous in 30
that a broad range of temperatures is available of condi-
tioned air and in that the air to be conditioned is dehu-
midifled when passed through the evaporator unit 9.
The latter effect is of importance especially at sultry
seasons when relatively hot air is to be cooled by the air 33
conditioning system.

In the air conditiontng system constructed and ar-
ranged as herembefore described with reference to
FIG. 1, it has been an ordinary practice to have the
refrigerant compressor unit 10 of the refrigeration sys- 40
tern operated in such a manner that the compressor unit
10 is periodically brought to a stop each time the tem-
perature of the cooled air delivered from the evaporator
umt 9 approaches a predetermined degree ti of, for
example, about O'. This is important for preventing 43
the refrigerant evaporator unit 9 from being frozen up
by accumulation of frost on the fins of the evaporator
unit. When the temperature of the cooled air delivered
from the evaporator unit 9 rises to a predetermined
degree tz of, for example, about 4'. after the refriger- 30
ant compressor unit 10 is thus made inoperative, the
compressor unit 10 is put into operation for a second
time so as to enable the evaporator unit 9 to cool the air
supplied thereto. As a consequence, the temperature
ITe) of the air passed through the evaporator unit 9 ss
with the compressor unit 10 operated in this fashion
varies cyclically between values respectively close to
the above mentioned predetermined degrees ti and tz as
indicated in FIG. 2 of the drawings.

Experiments have been conducted by the inventors ao
to determine the characteristics with which the temper-
ature Te of the air passed through the refrigerant evapo-
rator unit 9 varies when the temperatures ti and tz are
selected at relatively low levels ti.i and tz.i and rela-
tively high levels ti 2 and tz.z, respectively. In this in- 63
stance, the temperature levels ti i, tz.i, ti.z and tz z have
been selected in such a manner that the lower tempera-
ture range between the levels ti i and tz i is substantially

equal to the higher temperature range between the
levels ti.z and tz.z. The results of the expenments thus
conducted are indicated by curves a and b in FIG. 3.
wherein ON and OFF denote the durations for which
the refrigerant compressor unit 10 is held operative and
inoperative, respectively. From the curves a and b
shown in FIG. 3, it will be observed that the duty cycle
of the refrigerant compressor unit 10 is shorter for the
higher temperature range ti z-tz 2 than I'r the lower
temperature range ti.i-tz i This clearly suggests that it
is advantageous for the sake of saving the energy re-
quired for the operation of the air conditioning system
that the refrigerant compressor unit 10 be made opera-
tive and inoperative in response to relatively high tem-
peratures of the air passed through the refrigerant evap-
orator unit 9.

On the other hand, the atmospheric air is far less
humid at cold seasons than in summertime and, for this
reason, the air to be conditioned at cold seasons need
not be positively dehumidified. It is thus desirable also
for the sake of energy economy to have the refrigerant
evaporator unit 9 held inoperative when the tempera-
ture of the atmospheric air is at relatively low levels.

The present invention contemplates provision of a
device for controlling the air conditioning system of the
described nature in such a manner as to realize the
above described advantages.

A preferred embodiment of a control device accord-
ing to the present invention will be hereinafter de-
scribed with reference concurrently to FIGS. 1 and 4 of
the drawings. As illustrated in FIG. 4, the control de-
vice embodying the present invention comprises a de-
sired mternal temperature register 33, an ambient tem-
perature sensor 34, an internal temperature sensor 35, a
door position sensor 36, and an evaporator temperature
sensor 37. The desired internal temperature register 33
is adapted to register therein a desired temperature Td
of the air in the interior of the vehicle and to produce an
analog output signal Ad representative of the desired
mternal temperature Td. The ambient temperature sen-
sor 34 is operative to detect the temperature Ta of the
atmospheric air and to produce an analog output signal
Aa representative of the detected atmospheric tempera-
ture Ta. The internal temperature sensor 35 is operative
to detect the temperature Ti of air in the interior of the
vehicle and to produce an analog output signal Ai rep-
resentative of the detected internal temperature Ti.
Furthermore, the door position sensor 36 is operative to
detect the angular posuion P of the air-flow proportion-
ing door 15 with respect to the heater unit 14 in the air
conditioner assembly I illustrated in FIG. I and to pro-
duce an analog output signal Ap representative of the
detected angular position P of the door 15. The door
position sensor 36 is herein assumed, by way of exam-
ple, as being constituted by the feedback potentiometer
unit 30 in the air conditionmg system illustrated in FIG.
1. On the other hand, the evaporator temperature sensor
37 is operative to detect the evaporator temperature Te
of the air passed through the refrigerant evaporator unit
9 of the air conditioner assembly I shown in FIG. I and
to produce an analog signal Ae representative of the
detected evaporator temperature Te.

The control device shown in FIG. 4 further com-
prises switches including a shift-door position respon-
sive switch 38, a compressor actuating switch 39 and an
air conditioner switch 39'. The shift-door position re-
sponsive switch 38 is responsive to the movement of the
intake air shift-door 5 in the air conditioning system



illustrated in FIG. I and is closed when the shiftMoor 5
is in the position allowing the fresh air intake 3 to be
fully open and open when the shiftMoor 5 is in the
position allowing the recirculated air intake 4 to be fully
open. The door-position responsive switch 3S is thus I
adapted to produce a piece of information S indicative
of the position of the intake air shift-door 5. The com-
pressor actuating switch 39 is electrically connected
between a power source (not shown) and the solenoid
coil of the solenoid-operated clutch of the refrigerant lO

compressor unit 10 in the system illustrated in FIG. 1
and is operative to actuate the clutch tc couple and
thereby put the compressor unit 10 into operation when
closed. The compressor actuating switch 39 is thus
adapted to produce a piece of information C indicative iS
of the operative or inoperative condition of the refriger-
ant compressor unit 10. Furthermore, the air condi-
tioner switch 39's manually operated by a person in the
interior of the vehicle and is adapted to produce a piece
of information A indicative of the person's command to 20
put the compressor unit 10 into or out of operation.

The desired internal temperature register 33, ambient
temperature sensor 34, internal temperature sensor 3S,
door position sensor 36 and evaporator temperature
sensor 36 are connected to the input terminals of ana- 25
log-to-digital (A/D) converters 40 so that the analog
output signal Ad delivered from the register 33 and the
analog output signals Aa, Ai, Ap and Ae resptx:tively
delivered from the sensors 34, 35, 36 and 37 are con-
verted into corresponding digital signals Dd, Da, Di, Io
Dp and De, respectively. The digital signals Dd, Da,
Di, Dp and De thus produced by the analog-to-digital
converters 40 are fed to a signal processing network 41.

The signal processing network 41 comprises a target
blowoff temperature calculating module 42, a desired 25
door-position calculating module 43, a desired evapora-
tor temperature calculating module 44, a door-position
error detecting module 45 and a temperature compara-
tor module 46 as shown. The target blowoff tempera-
ture calculating module 42 has input ports connected to 40
the output terminals of the analog-to-digital converters
40 connected to the desired internal temperature regis-
ter 33, ambient temperature sensor 34 and internal tem-
perature sensor 35. The calculating module 42 is
adapted to calculate a target blowoff temperature Tt of 45
the air to be blown oiT from the air conditioning system
from the digital signals Dd, Da and Di delivered from
the analog-to-digital converters 40 connected to the
register 33 and sensors 34 and 35, producing a digital
output signal Dt representative of the target blowoff so
temperature Tt. The target blowoff temperature Tt is
calculated from the digital signals Dd, Da and Di on the
basis of suitable parameters stored together with the
above mentioned function f(Td, Ta, Ti) in the calculat-
mg module 42 and is thus variable as a function f{Td, ss
Ta, Ti) of the desired internal temperature Td, detected
ambient temperature Ta and detected internal tempera-
ture Ti of the vehicle, as will be described in more
detail.

The signal Dt thus produced by the target blowoff ao
temperature calculating module 42 is fed to each of the
desired door-position calculating module 43 and the
desired evaporator temperature calculating module 44.
The desired door-position calculating module 43 is
adapted to calculate from the input signal Dt a desired 65
angular position P'f the air-flow proportioning door
15 with respect to the heater unit 14 in the system illus-
trated in FIG. I and to produce a digital output signal

10
Dp'epresentative of the desired angular position of the
door 1S thus calculated. The calculating module 43 has
control terminals connected to the shift-door position
responsive switch 38 and the air conditioner switch39'nd

is operative to produce the output signal Dp'hich
varies depending upon the open or closed condition of
each of the switches 38 and 39'. When the air condi-
tioner switch 39's closed and accordingly the piece of
information A indicative of the person's command to
put the compressor unit 10 into operation is fed to the
calculating module 43, the output signal Dp'roduced
by the calculating module 43 varies as a function gi(Tt)
of the target blowoff temperature Tt as indicated by
plot Gi in FIG. SA if the target blowoff temperature Tt
is higher than a predetermined critical value Ttt. If the
target blowoff temperature Tt is lower than the prede-
termined critical value Ttt with the air conditioner
switch 39'losed, the signal Dp'roduced by the calcu-
lating module 43 is indicative of a zero-degree angular
position Po of the air-flow proportioning door 15 fully
isolating the flow of air in the air entrance chamber 12
from the heater unit 14 in the system shown in FIG. 1.
When, on the other hand, the air conditioner switch39's

open, then the output signal Dp'roduced by the
calculating module 43 varies as a function gz(Tt) of the
target blowoff temperature Tt as indicated by plot Gz in
FIG. SB if the shift-door position responsive switch 38
is closed and as a function gi(Tt), of the target blowoff
temperature Tt as indicated by plot Gi in FIG. SB if the
switch 38 is open. The functions gi(Tt), gz(Tt) and
gi(Tt) above mentioned are stored in the desired door-
position calculating module 43. In each of FIGS. SA
and SB, the angular position of the air-flow proportion-
ing door 1S is indicated in terms of the angle which the
door IS makes with respect to the heater unit 14 about
the center axis of the shaft 16 and is represented by zero
degrees when the door 15 is held in the angular position
fully isolating the heater unit 14 from the air entrance
chamber 12.

The signal Dp'hus produced by the desired door-
position ca)culating the module 43 and the digital signal
Dp produced by the analog-to-digital converter 40 con-
nected to the door position sensor 36 are fed to the
door-position error detecting module 45. The door-
position error detecting module 45 is constituted by a
comparator circuit and is adapted to produce a digital
door-position error signal Db representative of the dif-
ference between the detected angular position P and the
desired angular position P'f the door 15 as represented
by the signals Dp and Dp', respectively.

On the other hand, the desired evaporator tempera-
ture calculating module 44 is adapted to calculate from
the output signal Dt from the target blowoff tempera-
ture calculating module 42 a desired evaporator temper-
ature Te'f the air to be delivered from the refrigerant
evaporator unit 9 in the system illustrated in FICr. 1 and
to produce two digital output signals De i and Dez rep-
resentative of desired compressor stop and start temper-
atures Ti and Tz at which the refrigerant compressor
unit 10 (FIG. 1) is to be brought to a stop and thereafter
actuated to start, respectively. The desired compressor
stop and start temperatures Ti and Tz are produced as
functions hi(Tt) and hz(Tt), respectively, of the target
blowoff temperature Tt when the target blowoff tem-
perature Tt is lower than the predetermined critical
value Ttt and as constant hi(Ttt) and hz(Ttt), respec-
tively, when the target blowoff temperature Tt is higher
than the predetermined critical value Ttt as indicated by



plots Hi and H m FIG. 6 of the drawings. Thus, the
desired compressor stop and start temperatures Ti and
Ti determined by the calculating module 44 increase
from predetermmed values of, for example, O'. and 3

C., respectively, as the target blowoff temperature Tt 3

represented by the signal Dt delivered from the calcu-
lating module 42 mcreases up to the previously men-
tioned predetermined critical value Ttt. When the tar-
get blowoff temperature Tt is higher than the cnticat
value Ttt, the desired compressor stop and start temper- to
atures Ti and Tz remain constant. As will be I'urther
seen from FIG. 6, the desired compressor start tempera-
ture T. is constantly higher by a predetermined value
of, for example, 3 degrees than the desired compressor
stop temperature Ti. The cntical value Ttt of the target is
biowoff iemperature Tt is selected as a desired crest
value of the penodically varying temperature Te of the
cooled air dehvered from the refrigerant evaporator
unit 14 in the system shown in FIG. 1. The desired
evaporator temperature calculating module 44 has a zo
control termmal connected to the air conditioner switch
39'nd is operative to produce the signals Dei and Dez
only when the switch 39's closed

The signals De i and Dez thus produced by the desired
evaporator temperature calculating module 44, the sig- 23
nal De delivered from the analog-to-digital converter
40 connected to thc evaporator temperature sensor 37
and the piece nr mformation C produced by the com-
pressor actuating switch 39 are fed to the temperature
comparator module 46. In the temperature comparator 30
module 46, the signal De representative of the detected
evaporator temperature Te of the air passed through the
evaporator unit 14 (FIG I) is compared with the signals
Dei and Dez representative of the desired compressor
stop and start temperatures Ti and Tz, respectively, and 33
causes the comparator module 46 to produce a digital
output signal Dc when the detected evaporator temper-
ature Te represented by the signal De is found higher
than the desired compressor stop temperature TI with
the piece of information C indicating the operating 40
condition of the refrigerant compressor unit 10. The
temperature comparator module 46 also produces the
digital output signal Dc when the detected evaporator
temperature Te is found higher than the desired com-
pressor start temperature T2 with the piece of informs- 43
tion C indicating the inoperating condition of the refng-
erant compressor unit 10.

The digital output signals Db and Dc thus delivered
from the signal processmg network 41 are supplied to
digital-to-analog (D/A) converters 47 and are thereby so
converted into corresponding analog signals Ab and
Ac, respectively. The analog signal Ab is fed to a door
positiim control circuit 48 adapted to produce from the
signal Ab a command signal Cb for controlling the
angular position of the airaflow proportioning door 15 33
in the system illustrated m FIG. I The command signal
Cb thus produced by the door position control circuit
48 is fed to the solenoid coils of the solenoid-operated
air-mduction and vacuum-induction valves 28 and 29
and actuates the valves 28 and 29 and accordingly the 60
vacuum-operated door actuator umt 26 in such a man-
ner as to dnve the air-flow proportioning door 15 to
pivotally moves to an angular position dictated by the
output signal t'rom the door control mrcuit 48. On the
other hand, the analog signal Ac delivered from the 63
digital-to-analog converter 47 connected to the temper-
ature comparator module 46 is fed to a compressor
control circuit 49 adapted to produce from the signal

pr Or+ pta+ (ta+ 0 +tza Eq

This quanuty of heat Qt is a function of the difference
between the temperature Tt of the air delivered t'rom
the air conditioning system and the temperature Ti of
the conditioned air in the vehicle. On the other hand,
each of the thermal loads Qr and Qv is dictated by the
difference between the atmospheric temperature Ta and
the temperature Ti of the conditioned space in the vehi-
cle, while the thermal load Qs is determined by the
temperature Ts of solar and sky radiation, The loads
Qm and Qg can be practically deemed as substantially
unchanged. Thus, the above Equation I can be trans-
lated into the I'oflowmg equation of temperature eqmlib-
flulil:

Ti = a Tt + b Ta+ T + d.

where a, b, c and d are constants. Assuming, now, that
the temperature of the air delivered from the air condi-
tioning system when the temperature Ti of the condi-
tioned space in the velncle has a predetermined value
Ti's denoted as Td', the temperature Td's given as

Td'a.Trq b. iataz +d

From Equations 2 and 3, the target blowoff temperature
Tt at a given temperature Ti of the conditioned space
can be expressed m the form

Tr= Td'+ T. Eq 4

where

T=UIT 13 Eq i

In the circuit arrangement illustrated in FIG. 4, the
target blowoff temperature calculating module 42 has
registered therein the values of the constants a, b, c and
d and the temperature Ts of solar and sky radiation and
is programmed to base the calculation on the above

12
Ac a command signai Cc for actuating the refrigerant
compressor unit 10 in the system illustrated in FIG. 1.

The comman&t signal Cc thus produced by the compres-
sor control circuit 49 is supplied to the solenoid of the
solenoid-operated clutch of the refrigerant compressor
unit 10 and permits the compressor unit to remain oper-
ative The angular position P of the air-flow proportion-
mg door 15 (FIG. I) and the evaporator temperature Te
of the air to be delivered from the air conditiomng
system are in these manners controlled to vary u ith the
target blowoff temperature Tt as graphically depicted
in FIG. 7 of the drawmgs.

When, nov, the temperature of the conditioned space
in a vehicle is maintained at a lixed value. the quantity
Qt of the heat delivered from the air conditioning sys-
tem is equal to the sum of the thermal loads of the vehi-
cle. In this mstance. the thermal loads applied to the
vehicle include the heat Qr transmitted mto or out of
the vehicle due to the difference between the atmo-
spheric temperature and the temperature in the condi-
uoncd space of the vehicle, the heat Qv of ventilation
air, the heat Qs of solar and sky radiation, the heat Qm
radiated from the vehicle occupant or occupants, and
the heat Qg emitted from the engine and other heat-
generating mstruments and devices of the vehicle. The
quantity Qt of the heat delivered from the air condition-
ing system is thus as
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Equations 3, 4 and 5 when supplied with the signals Dd,
Da and Di representative of the desired internal temper-
ature Td, the detected ambient temperature Ta and the
detected mternal temperature T&, respectively, of the
veh&cle. 5

FIG. 8 of the drau ings shows in the form of a flow-
chart the steps taken in the hereinbefore described cir-
cuit arrangement of FIG. 4.

When the a&r conditiomng system is actuated to start,
the desired internal temperature Td, the detected ambi- &0

ent temperature Ta, the detected internal temperature
Ti, the detected angular posit&on P of the air-flow pro-
portionmg door 15 (FIG I) and the detected evapora-
tor temperature Te are reg&stered in a first step 50. In

the first step 50 are further registered the piece of infor- I5

mat&on indicat&ve of the pos&&ion of the intake-air sh&ft

door 5 in the system shown &n FIG. I, the piece of'formationC ind&cated whether the refngerant com-
pressor unit 10 in the system shown in FIG. I is in

operation or at rest and the piece of information A 20

mdicat&ng the person's command to put the compressor
unit 10 into or out of operation. As prev&ously dc-
ccnbed, these p&eces of informat&ons S, C and A are
produced by the mtake-air shift switch 3S, the compres-
sor actuating switch 39, and the air conditioner switch 25

39', respectively, in the circuit arrangement illustrated
in FIG 4 Out of the vanous pieces of information Td,
Ta, 'I'&, P, Te. S, C and A thus registered m the first step
50, the pieces of mformation representative of the de-
sired internal temperature Td, the detected ambient 30

temperature Ta and the detected internal temperature
Ti are processed in a second step 51 to calculate the
target blowotT temperature Tt at the function f(Td, Ta,
T&) of the temperatures Td, Ta and T& in accordance
w&th the previously shown Equations 3, 4 and 5. The 35

second step 51 is followed by a third step 52 to deter-
mine from the piece of informat&on A registered in the
first step 50 whether or not the person in the space to be
air conditioned commands to put the compressor unit
10 into operat&on If the answer in the third step 52 is in 40

the affirmat&ve YES, the third step 52 proceeds to a
fourth step 53 m which the target blowoff temperature
Tt calculated in the second step 51 is compared with a
predetermined crit&cal value Ttt so as to determine
whether or not the former is lower than the latter. If, in 45

this mstance, the target blowoff temperature Tt is lower
than the predetermined critical value Ttt, a s&gnal Dp's
produced in a fifth step 54, mdicating the zero-degree
angular position Po of the air-flow proportioning door
15 (FIG. I). If the target blowol'f temperature Tt is 50

higher than the predetermined critical value Ttt, then a
stgnal Dp's produced in a sixth step 55, indicating a

desired angular posit&on P'f the a&r-flow prnportioning
door 15 as the function g&(Tt) of the target blowoff
temperature Tt m accordance with the characteristic 55

indicated by the plot G& in FIG. 5A. If, on the other
hand, the answer tn the third step 52 is in the negative
NO, namely, the air condit&oner switch 39's open, the
third step 52 proceeds to a seventh step 56 sn as to
produce a signal Dp'nd&catwe of a desired angular 60

position P'f the a&r-flow prnportioning door 15 (FIG.
I) as the (unction gz(Tt) or the I'unction gz(Tt) of the
target blowolf temperature Tt in accordance w&th the
characteristic indtcated by the plot Gz or the plot Gz,
respectivdy, in FIG. 5B depending upon the piece of 65

mformation S registered in the first step 50
When the person in the space to be air cond&tioned

ci&mmandc to put the compressor unit 10 into operation,

the above ment&oned fifth and s&xth steps 54 and 55 are
followed by eighth and mnth steps 57 and 58, respec-
tivelys. In the e&ghth step 57, signals Dei and Dcz are
produced wh&ch are indn;ative of dec&red compressor
stop and start temperatures Ti and T& ac the funct&ons

h&(Tt) and h&(Tt), respectwely, of the target blocvoff
temperature Tt lower than the predeternnned cntical
value TB in accordance with the temperature charac-
tenstms mdicated by the plots Hi and Hz m HG 6 On
the other hand, in the ninth step 58 are produced c&gnalc

De& and Dezwh&ch are &nd&cative ofdccircd coinpreccor
slop and start temperatures Ti and T ac thc conctanic
hi(Ttt) and hz(Tt&), respectively, m accordance v,&th

thc temperature charactcncticc also inda:ated by the
plots Hi and Hz in FIG. 6. The eighth or mnth step 57

or 58 &s followed by a tenth step 59 to determine from
the p&ece of in(ormat&on C rcg&&tered &n the first step 50
whether or not the refngerant compressor umt 10 (FIG.
I) is in operation. If the answer in the tenth ctep &s m the
aflirmauve YES, the tenth step 50 proceeds to an elev-
enth step 60 &n wh&ch the detected r vaporator tempera-
ture Te ic compared with the demred comprcswir stop
temperature TI thus determined m Ihe e&ghth step 57 or
ninth step 5S If, m th&s ms&ance, the detected evapora-
tor temperature Te &s found h&gher than the dcc&rcd

compressor stop temperature Tl, a command signal Cc
is produced m a twelfth step 61, causing the ret'rigerant
compressor unit 10 m the system illustrated m FIG. I to
remain operative. If, however, the detected evapiirator
temperature Te is found lower than th«desired com-
pressor stop temperature TI, the solenoid cuil of the
solenoid-operated clutch of the rel'ngerant compressor
un&t 10 is de-energized and as a consequence the com-
pressor unit 10 is brought to a stop If, on the other
hand, the answer m the tenth step 59 &c m the negative
NO, the tenth step 59 proceeds to n thirteenth step 62 m

wh&ch the detected evaporator temperature Te ic com-
pared with the desired compressor start temperature
T2. If, m this mstance, the detected evaporator tempera-
ture Te is tound higher than the desired compressor
start temperature T2, the command signal Cc is pro-
duced in the twelfth step 61, causmg thc refngerant
compressor 10 m the system illuctrated in FK), I to be
actuated to start If, however, the detected evaporator
temperature Te is found lower than the desired com-
pressor stop temperature T2, ihe solenoid coil of the
solenoid-operated clutch of the refrigerant compressor
unit 10 &s de-energized and as a concequence the com-
pressor umt 10 is to remain moperauve

In the meantime, the desired angular position P'f
the atr-flow proportiomng door 15 ac determ&ned m one
of the fifth, sixth and seventh steps 54, 55 and 56 ic

compared in a (ourteenth step 63 w&th thc dctec&ed

angular pos&t&on P reg&stered m the first step 50 In the
fourteenth step 63 &c thus produced a command signal
Cb on the basis of the difference bctwecn thc de&ected

and desired angular posit&ons P and I'f the door 15.

The snlenoid-operated air-induct&on and vacuum mduc-
tion valves 28 and 29 m the system illustrated in F'IG. I

are thus operated to drive the air flow proportnmmg
door 15 to turn through an angle dictated by the com-
mand signal Cb until door 15 assumes thc desired angu
lar position P's

will have been understood from the I'oregomg
description, the control device accordmg to the present
invenuon is charactenzed m that the d ivme has two
different modes of operation depending upon the target
blowoff temperature Tt calculaieil from the des&red
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internal temperature Td, detected ambient temperature
Ta and detected internal temperature Ti of the vehicle.
When the target blowoff temperature Tt is lower than
the predetermined critical value Ttt, the air-flow pro-
portioning door 15 is maintained in the zero-degree
position thereof with respect to the heater unit 14 and,
furthermore the refngerant compressor unit 10 is
brought to a stop and thereafter actuated to start at the
desired compressor stop and start temperatures Ti and
Tz which vary with the target blowofT temperature Tt. 10
When, on the other hand, the target blowoff tempera-
ture Tt is higher than the predetermined critical value
Ttt, the angular position of the air-flow proportioning
door 15 is controlled to vary with the target blowoff
temperature Tt and, furthermore, the refrigerant corn- f5
pressor unit 10 is operated to automatically stop and
start at fixed temperatures independently of the target
blowoff temperature Tt. By reason of these two differ-
ent modes of operation, the duty factor of the air condi-
tioner compressor unit 10 is significantly reduced at 20
relatively low target blowoff temperatures and more
remarkably at relatively high target blowoff tempera-
tures. The control device according to the present in-
vention is thus adapted for the saving of the energy to
be consumed by an air conditioning system for automo- 25
tive use.

What is claimed is:
1. A method of controlling an air conditioning system

mcluding a refrigerant evaporator unit, a refrigerant
compressor unit, a heater unit positioned downstream 30
of the evaporator unit and an air-flow proportioning
door positioned between the evaporator unit and the
heater unit and with respect to the heater unit movable
into and out of a predetermined angular position shut-
ting off the flow of air from the evaporator unit to the 35
heater unit, comprising the steps of

(1) producing signals and pieces of information, said
signals bemg respectively representative of a de-
sired temperature of the space to be air condi-
tioned, a detected atmospheric temperature, a de- 40
tected temperature of the air conditoned space, a
detected angular position of said mr-flow propor-
tioning door, and a detected evaporator tempera-
ture of the air passed through said evaporator unit,
said pieces of information being respectively indic- 45
ative of the operative or inoperative condition of
said refrigerant compressor, and a command of a
person in the air conditioned space to put the re-
frigerant compressor unit into or out of operation,

(2) producing from the signals representative of the 50
desired temperature of the space to be air condi-
tioned, the detected atmospheric temperature and
the detected temperature oF the air conditioned
space a target blowoff temperature of the air to be
delivered from said evaporator unit, 55

(3) comparing said target blowoff temperature with a
predetermined critical temperature for producing a
signal indicative of said predetermined angular
position of the air-flow proportioning door when
the target blowoff temperature is found lower than 60
said predetermined critical value nr indicative of a
desired angular position of the door, said desired
angular position of the door being variable with
said target blowofT temperature,

(4) in the presence of said piece of informatinn indi- 65
cating the person's command to put said refrigerant
compressor into operation, producing from said
target blowoff temperature signals respectively

representative of desired compressor stop and start
temperatures at which the compressor umt is to be
brought to a stop and thereafter actuated to start,
the desired compressor stop and start temperatures
being variable with said target blowoff tempera-
ture when the target blowoff temperature is lower
than said predetermined critical value and being
fixed when the target blowoff temperature is
higher than said predetermined critical value,

(5) comparing the signal representative of said de-
tected evaporator temperature with said signals
respectively representative of the desired compres-
sor stop and start temperatures for producing a
command signal to hold said compressor unit oper-
ative when the detected evaporator temperature is
found higher than the desired compressor stop
temperature with the piece of mformation indicat-
ing the operating condition of the refrigerant com-
pressor unit and to actuate the compressor unit to a
start when the detected evaporator temperature is
found higher than the desired compressor start
temperature with the piece of information indicat-
ing the inoperating condition of the refngerant
compressor unit, the command signal bringmg the
refrigerant compressor unit to a stop when the
detected evaporator temperature is found lower
than the desired compressor stop temperature with
the piece of information indicatmg the operating
condition of the refrigerant compressnr unit, the
command signal further holding the refrigerant
compressor unit inoperative when the detected
evaporator temperature is lower than the desired
compressor start temperature with the piece of
information indicating the inoperating condition of
the refrigerant compressor unit, and

(6) in the presence of the signal representative of said
desired angular position, comparing the signal rep-
resentative of the desired angular position with the
signal representative of the detected angular posi-
tion of the air-flow proportioning door for produc-
ing a command signal indicative of the angular
position to which said air-flow proportioning donr
is to be moved.

2. A method as set forth in claim 1, further compris-
ing the step of producing the signal representative nf
said desired angular position as a flrst desired angular
position of said air-flow proportioning door when said
piece of information indicates the person's command tn
put said refrigerant compressor unit mto operation and
said target blowoff temperature is found higher than
said predetermined critical value or, when the piece of
information indicates the person's command tn put the
refrigerant compressor unit out of operation, a signal
representative of a second desired angular position of
the air-flow proportionmg door and venable with said
target blowoff temperature, one of the signals represen-
tative of the first and second desired angular positions
being compared with the signal representative of said
detected angular position of ihe air-flow proportiomng
door for producmg said command signal indicative of
the angular position to whmh the air-flow prnportion-
ing door is to be moved in the presence of the signal
representatwe of the first or second desired angular
position.

3. A method as set forth in claim 2, m which said air
conditioning system further includes a fresh air intake, a
recirculated air intake and a shift door operative to
selectively close one of the fresh and recirculated air



intakes, the method further comprising the steps of
detecting the position of said shift door for producing a
signal representative of a third desired angular position
of the air-flow proportioning door when said piece of
information indicates the person's command to put said 5

refrigerant compressor unit out of operation and con-
currently the position of said shift door is detected as
fully closing one of said air intakes, the signal represen-
tative of said second desired angular position being
produced when the piece of information indicates the 10

person's command to put the refrigerant compressor
unit out of operation and concurrently said shift door is
detected to be in the position closing the other of said
fresh and recirculated air intakes, said third desired
angular position being variable with said target blowoff 15

temperature, one o( the signals representative of the
first, second and third desired angular positions being
compared with the signal representative of said de-
tected angular position of the air-flow proportioning
door for producing said command signal indicative of 20
the angular position to which the air-flow proportion-
ing door is to be moved in the presence of the signal
representative of the first, second or third desired angu-
lar position.

4. A method as set forth in any one of claims 1 to 3, 25
in which said desired compressor start temperature is
constantly higher by a predetermined value than said
desired compressor stop temperature.

S. A control device of an air conditioning system
including a refrigerant evaporator unit, a refrigerant 30
compressor unit including electrically-operated actuat-
ing means, a heater unit positioned downstream of the
evaporator unit, an air-flow proportioning door posi-
tioned between the evaporator unit and the heater unit
and movable with respect to the heater unit into and out 35
of a predetermined angular position shutting off the
flow of air from the evaporator unit to the heater unit,
and electrically-operated door actuating means opera-
tive to drive said air-flow proportioning door to contin-
uously move out of and into said predetermined angular so
position thereof, comprising:

means operative to produce signals respectively rep-
resentative of a desired temperature of the space to
be air conditioned, a detected atmospheric temper-
ature, a detected temperature of the air conditioned 45

space, a detected angular position of said air-flow
proportioning door, and a detected evaporator
temperature of the air passed through said evapora-
tor unit,

switch means operative to produce pieces of informs- so
tion respectively indicative of the operative or
inoperative condition of said refrigerant compres-
sor unit, and a command of a person in the air
conditioned space to put the refrigerant compres-
sor unit into or out of operation, 55

a target blowoff temperature calculating module re-
sponsive to the signals representative of the desired
temperature of the space to be air conditioned, the
detected atmospheric temperature and the detected
temperature of the air conditioned space, the target eo
blowoff temperature calculating module being op-
erative to produce a signal representative of a tar-
get blowoff temperature of the air to be delivered
from said evaporator unit, the target blowoff tem-
perature being variable with the desired tempera- 65
ture of the space to be air conditioned, the detected
atmospheric temperature and the detected temper-
ature of the air conditioned space,

18
a desired door-position calculating module respon-

sive to the signal from the target blowoff tempera-
ture calculating module and operative to compare
the target blowoff temperature with a predeter-
mined critical value for producing a signal indica-
tive of said predetermined angular position o( said
air-flow proportioning door when the target blow-
off temperature is found lower than said predeter-
mined critical value or indicative of a desired angu-
lar position of the door, the signal representative of
the desired angular position of the door being vari-
able with the signal representative of said target
blowoff temperature,

a desired evaporator temperature calculating module
responsive to the signal from said target tempera-
ture calculating module and operative to produce
signals respectively representative of desired com-
pressor stop and start temperatures at which said
compressor unit is to be brought to a stop and
thereafter actuated to start in the presence of said
piece of information indicating the person's com-
mand to put the refrigerant compressor into opera-
tion, the signals produced by the desired evapora-
tor temperature calculating module being variable
with the signal from said target temperature calcu-
lating module when the target blowoff temperature
is lower than said predetermined critical value and
being fixed when the target blowoff temperature is
higher than the predetermined critical value,

a door-position error detecting module responsive to
the signal from said desired door-position calculat-
ing module and the signal representative of the
detected angular position of said air-flow propor-
tioning door and operative to compare these sig-
nals with each other for supplying to said door
actuating means a command signal indicative of the
angular position to which said air-flow proportion-
ing door is to be moved, and

a temperature comparator module responsive to the
signals from said desired evaporator temperature
calculating module and the signal representative of
the detected evaporator temperature and operative
to compare the signal representative of the de-
tected evaporator temperature with the signals
representative of said desired compressor stop and
start temperatures for supplymg to said actuating
means of the compressor unit a command signal
effective to hold the compressor unit operative
when the detected evaporator temperature is found
higher than the desired compressor stop tempera-
ture with the piece of information indicating the
operating condition of the refrigerant compressor
unit and to actuate the compressor unit to a start
when the detected evaporator temperature is found
higher than the desired compressor start tempera-
ture with the piece of information indicating the
inoperating condition of the refrigerant compres-
sor, said command signal bringing the refngerant
compressor unit to a stop when the detected evapo-
rator temperature is found lower than the desired
compressor stop temperature with the piece of
information indicating the operating condition of
the refrigerant compressor unit, said command
signal further holding the refngerant compressor
unit inoperative when the detected evaporator
temperature is found lower than the desired com-
pressor start temperature with the piece of infor-
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mation indicating the inoperating condition of the
refrigerant compressor

6. A control device as set forth in claim 5 wherein
said desired door-position calculating module is opera-
tive to produce said signal representative of said desired
angular position as a lirst desired angular position of
said air-flow proportioning door when said piece o(
information indicates the person's coinmand to put said
refrigerant compressor unit into operation and said
target blowoff temperature is found higher than said lo
predetermined critical value by the desired door-posi-
tion calculaiing module or, when the piece of informa-
tion indicates the person's command to put the refriger-
ant compressor unit out ol'peration, a signal represen-
tative of a second desired angular position of the air- ts
flow propotsioning door and variable with said target
blowoff temperature, said door-position error detecting
module being operative to compare one of the signals
representative of the first and second desired angular
positions with the signal representative of the detected 30
angular position of the air-flow proportioning door and
to supply to said door actuating means said command
signal indicative of the angular position to which the
air-flow proportiomng door is to be moved in the pres-
ence of the signal representative of the first or second 35

angular position.
7. A control device as set forth m claim 6. in which
id air conduionmg system I'urther includes a fresh air

intake, a recirculated air intake and a shift door opera-
tive to selectively close one ol'the fresh and recirculated 30
air intakes and in which said switch means constitutes

first switch mean~, the control device further compris-
mg second switch means responsive to each of the posi-
tions of said shift door closing said fresh and recircu-
lated air mtakes, said desired door-position calculatmg
module being operative to produce the signal represen-
tative of said second desired angular position when said
piece of information produced by the first switch means
indicates the person's command to put said refrigerant
compressor unit out of operation and concurrently said
shift door is detected by said second switch means as
being in one of said positions thereof or a signal repre-
sentative of a third desired angular position of said air-
flow proportioning door when the piece ol'nformation
produced by the lirst switch means mdicates the per-
son's command to put the rel'rigerant compressor unit
out of operation and concurrently the shifl door is de-
tected by said second switch means as being in the other
of said positions thereof, the signal representative of the
third desired angular position being variable with the
signal representative of said target blowoff temperature,
said door-position error detecting module being opera-
uvc to compare one of the signals representative of the
first, second and third desired angular positions with the
signal representative of the detected angular position of
said air-flow proportioning door and to supply to said
door actuating means said command signal indicative of
the angular position to which the air-flow proportion-
ing door is to be moved in the presence of the signal
representative of the first, second or third desired angu-
lar position.
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