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An air conditioner capable of enhancing rcsponsivity of a
blowout tcmperaturc of conditioncrl air while prcvcnting
occurrence of an overshoot or undershoot condition of thc
blowout temperature when a user gives an instruction to
change the blowout temperature in a dehumidilving opera-
tion mode In a control state, if a set temperature level is
adjusted to increase a blowout temperature of conditioned
air by increasing the target condcnscr outlet tcmpcraturc, thc
rotating speed of thc rcfrigcrant compressor is incrcascd,
while thc restriction opening of thc hcatin expansion valve
is maintained. Thus, the comlenser outlet temperature is
regulated to the target temperature with mimmal undershoot
or overshoot of the target temperature.
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AIR CONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related tn.lapanese Patent Application
Nn Hei 9-1004&IiI filed on Apr 17, 1997, the contents of
which arc hcrcby incorporated liy rcfcrcncc.

BA( KGROUNIJ Ol'JIL'NVL'N'llON

1. Field of. Lhe Invenuon lc

The present invention relates to an air comhtroner bavin ~

two internal refngerating-cycle heat exchangers in an air-
conditionin housing for air rlehurnidification, and more
particularly to an improved air conrlitioner which is capable
of enhancing controllability of blowout air mmpcraturc in a '-'ehumidifyingoperation mode.

2. Description of Rclatcd Art
A conventional automotive air conditioner having a

dehumidifying-mode setting is disclosed in Japancsc Uncx-
zc

amincd Publication No. 40056'1996, Thc conventional air
comhtioner is arranged to male it possible to set up a

dehumidiTying operauon mode by means of a refrigerahn ~

cycle system comprising an intenial condenser and an
internal evaporator in an air-conditioning housing, and an
external heat cxchangcr outside thc air-conditioning hous-
in .

In the dehumidifying mnrle, a refrigerant flows through
the internal conrlcnscr, thc cxtcrnal heat exchanger anti then
the internal evaporator. In thc internal evaporator, air is
cooled and dehumidilied. The cooled and dehumnhlied air is
then heated in Lhe internal condenser.

In this scqucncc of rlchumidification, in which the air is
cooled aml dehumidilied sufficiently m the internal
evaporator, heatin ~ performance of Lhe internal condenser is
controlled to regulate a temperature of air passing through
the internal condenser (condenser outlet temperature) cor-
responding to a blowout temperature of conditioned air

More specifically, in the abnve-mentioned conventional
arrangement, a temperature of air immediately after passing ap
through thc internal evaporator (evaporator outlet
tcmpcraturc) is made lower than a suction tcmpcraturc of air
before passing through thc internal evaporator by a rlc rcc of
ai least a predetermined value. The above Ls accomplished
by controlling compressor rotational speed ui provide a

required level of air cooling, and rlehumidification.
The conilenser outlet Lemperature is regulated by control-

ling a restriction opemng of variable flow res(wc(ion means
(electric expansion valve), equipped between the external
heat exchanger and the internal condenser, to provide a sn
required blowout tcmpcraturc TAO as calculated accorrhn
to various air-conditioning cnvironmcntal factors (e.g,
inside air tcmpcraturc, outsirlc air mmpcraturc, etc ).

Howcvcr, it has bccn founrl that thc conventional arrange-
ment mentioned above has scvcral disadvantages In the s
conventional air condiuoner mennoned above, when a user
adi usta a blowout temperatu re aching lever for regulaun ~ the
comlenser outlet temperature, the blowout temperature TAO
is recalculated accordingly The restriction opening of the
variable flmv restriction means is then varied in small
incrcmcnts so that thc condenser outlet tcmpcraturc rcachcs
a target value corrcsponrling to thc required blowout tem-
perature TAO. Since Lhe restnction opening Ls vened in
small increments as stated above, the conventional air con-
duioner is disadvantageous in that a response characteristic as
of the condenser outlet temperature is typically slow, and
thus unsatisfactory

It may be possible to regulate Lhe condenser outlet tem-
perature quickly by varying the restriction opening in larger
increments However, if the restriction npening is varied in
such a manner, refrigerant flow rate varies significantly,
causing an overshoot or undershoot conrlition of Lhc con-
rlcnscr outlet tcmpcraturc with respect to thc target blowout
temperature TAO.

SUMMARY OF THE INVENTION

In view of the foregomg, it is an object of the present
invention to provide a motor vchiclc air conditioning system
that allows condcnscr outlet tcmpcraturc to bc regulated
iiuring a dehumidifying mode in accidence with a desirable
response characterisuc ami wnh minimal undershoot and
overshoot of. a Lar et Lemperature.

I'he above object is achieved by the present invention by
providing a motor vchiclc air conditioner system including
an air conditinncr, and a control panel that permits a user to
select an air conditioner operanng mode, includm ~ a dehu-
midifving mode. The system includes air conditioner sen-
sors that sense air conditioner operating conditions anti that
generate signals indicative of the sensed operating condi-
tions. A controller receives the signals from the sensors, and
adiusts operating paramctcrs of thc system compressor and
the valve to adjust thc blowout tcmpcraturc during a dchu-
middicauon mode in which blowout air dehum«hlicauon is
a dominant lector. The controller also adjusts the operating
parameters of the compressor, anil maintains the operating
parameters of the valve, during a dehumirlification mode
having blnivout temperature, rather than dehumirliiication,
as a dominant factor, to minimize scnscd blow out Lcmpcra-
turc overshoot and umlcrshoot, and to minimize Lime nccdcd
to reach the target blowout temperature.

Other objects and features of the present invention will
appear in the course of the rlescnption that folloivs

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an enure conligurauon diagram oi an ur
comhtioner for automobiles in a preierred embodiment of
the present invention;

FIG. 2 is a diagram showing a control unit of thc air
conrlitioner for automobiles in thc prcfcrrcrl cmbodimcnt of
the present invenuon,

I IG 3 is a front vieiv of an air-conditinning control panel
in the preferred embodiment of the present invention;

FIG. 4 is a floiv diagram showing control steps to bc
performed by the connol unit in the preierred embodiment
of the present invenuon;

I I G 5 is a graph showing a relationship between a suction
air tempcraturc and a target evaporator outlet tcmpcraturc in
the preferred embodiment of thc prcscnt invention;

FIG. 6 ts a graph showing a relauonship among an outsnle
air temperature, a target condenser outlet temperature TCO
anti a discharge pressure Pd in the preferred embnrliment of
the present invention;

FIG. 7 is a ~aph showing a correlation among rcspcctivc
control factors for air-condiuoning in the preferred emboih-
ment of the presenL invention,

I IG 6 is a floiv diagram showing control steps to be
pcrformcd for dehumidification-dominant air-conditioning
control in thc prcfcrrcd cmbodimcnt of thc prcscnt invcn-
uon; anti

I IG 9 is a floiv diagram showing control steps to be
performed for blowout-temperature-dominant air-



comhtiomng control in the preferred emboihment of the
present invention
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This invention will now be described in detail by way of
example, with rcfercncc to thc accompanying drawin s.

Thc prcscnt prcfcrrcd cmbodimcnt of thc invention fintls
application in an automobile air conditioner. Rcfcrring to
FIG. 1, an air-condiuoning housing 2 in an air-comirtiomn ~

unit I constitutes an air duct Ior introducing air into an
automobile compartment. At one end of the air-comlrtiomn ~

housing 2, inside/outside air selecting means 3 and air
blowing means 4 are provirlerl At the other end thereof, a
plurality of blow outlets 14 to 16 to thc passen cr compart- '-'ent

arc provided.
Thc inside outside air sclccting means 3 comprises an

inside,'outside air selecung chamber having an mside air
inlet 5 for taking in air inside the passenger compartment
(inside air), an outside air inlet 6 for taking in air outside the
passenger compartment (outsirle air), anil an inside/outside
air selecting door 7 equipped for selectively opening/closing
either of thc air inlets 5 anil 6. Thc inside/outside air
sclccting door 7 is driven by an inside/outside air sclcctor
lever 54 to be described later (shown in FIG. 3) throu h a

manual control mechanism (not illustrated).
The air blowing means 4 produces an air current in the

air-condition mg housing 2, which is arranged as an air duct
fhus, air is fed from the inside air inlet 5 or outside air inlet ic

6 toward each of thc bloc out outlets 14 to 16. To bc more
specific, a centwfugal multililadc fan 9 is provided in a scroll
cainng 8, and the Ian 9 is dnven by a motor lb.

A cooling evaporator 11 (cooling heat exchanger) is
located at the air downstream side of the fan 9 in the ss
air-conditionmg housing 2 'I'he cooling evaporator 11 is a
heat exchan er that is part of a refrigerating cycle system 20
to be described later 'I'he cooling evaporator 11 serves as an
evaporator for dehumidifying and cooling air in thc air-
conditioning housing 2 by evaporating a rcfri crant flowin ap
therethrough in a cooling operauon moile. In a heahn ~

operation mode, the refngerant does not flow through the
cooling evaporator 11

A he sung contlenser 12 is equipped on ihe air ilownstream
side of the coohng evaporator 11 in the air-comlrtionin ~

housing 2 'I'he heating condenser 12 is a heat exchanger m
the refrigerating cycle system 20, and it serves as a con-
denser for heating air m the air-conditioning housing 2 by
condensing the rcfrigc rant flowing there through in a hcatin
operation mode In a cooling operation mode, although the so
refngerant also flows through the heaung rxmdenser 12, the
re-heating of air is circumvented by an air mixing door 13.

Thc air mixing door 13 is positioned adjacent the hcatin
comlenser 1Z in the air-conihuoning housing 2, anil is
controlled by an electronic control unit (ECV) 40. The ECU
40 is programmed to set the position of the air mixing door
13 to regulate a flow rate of force fed air from the fan 9 to
the heating condcnscr 12, anil of force fcd air that bypasses
the heating condcnscr 12 In a cooling operation motte, the
ECU sets thc air mixing door 13 to a position such that all ec
force fed air from the fan 9 bypasses the heahng condenser
12. In a heating operauon mode, the ECU sets the air mixin ~

door 13 to a position such that all the force fed air fmm the
fan 9 passes through the heating conrlenser 12

Still referring to FIG 1, the blow outlets 14 to 16 are now ss
described in more detail 'I'he iilow outlet 14 is a defrosting
blow outlet for delivenng conditionerl air toward the internal

surface of. a wmdshielil of the automobile The blow outlet
15 is a lace blow outlet for delivewng conditioned air toward
the upper part of each occupant in thc passenger compart-
ment. Thc blow outlet 16 is a foot blow outlet for dclivcring
conditioned air toivard the feet of each occupant in the
passenger compartment. At blow outlet upstream air
poiutions, doors 17 to 19 are provided for openm,iclosing
the blow outlets.

I'he refrigerating cycle system 20 is of a heat pump type;
the cooling evaporator 11 and the heating condenser 12 are
thereflire used lor cooling, heahng ami dehumidifying air in
the passenger compartment. In addihon to the heat exchang-
crs 11 and 12, the refrigerating cyck system also inclurlcs
the following components a rcfrigcrant compressor 21; an
external heat exchan er 22 located outside the air-
conditioning housing 2; a coohng expansion valve 23; a
heating expansion valve Z4, an accumulator 25; a cooling
solenoid valve. Z6 for changing over a flow of refrigerant,
and a heating solenoid valve 28. Thcsc components arc
conncctcd in circuit as shown in FIG. 1 using a rcfrigcrant
pipe 27. In I'l(l I, reference numeral 29 indicates an
external air blowing fan and reference numera129rr indicates
an electnc motor for driving the external air blowm ~ fan 29.
The heaung expansion valve 24 is located on a reingerant
flow path between thc heating contlcnscr 12 and thc cxmrnal
heat cxchangcr 22.

The rehugerant compressor 21 sucks, compresses and
thschargcs the rcfrigcrant when driven by an electric motor
(not illustrated). This elcctwc motor is incorporated in a
hermetic casing in combination with the refrigerant com-
pressor 21, and a rotating speed thereof is continuously
under control of an inverter 31 Lxcitation of the inverter 31
is controflcd by thc ECU 40.

In the present preferred embodiment, each of the cooling
expansion valve 23 and heating expansion valve 24 is of an
clcctric type that can rcgulatc a restriction opening in terms
of a cross-section arcs of thc rcfrigcrant flow path. Thc
cooling expaniuon valve Z3 and heating expansion valve 24
are also controlled by the ECU 40.

The cooling expansion valve 23 is used to reduce pressure
of the refrigerant, and expantls in the coohn ~ operation
motte so that the refrigerant is properly led Irom the external
heat exchanger 22 to the cooling evaporator 11 The heating
expansion valve 24, located between the heating condenser
12 and thc external heat cxchangcr 22, is used to rcducc
prcssure of the rcfrigcrant ivith expansion in thc heating
operation mode so that thc rcfrigcrant is properly fi:d from
the heahng condenser IZ to the external heat exchanger 22.

Thc following dc scribes thc control unit 40 with particular
reference to FIGS. I and 2. As shown in FIGS. 1 and 2, the
control umt 40 receives input signals from a discharge
pretwure sensor 41 that detours hi h pressure of the refrig-
erant discharged from the refngerant compressor 21. A
suction temperature sensor 42 detects the temperature of air
taken into thc air-comlitioning housing 2 by thc fan 9

(suction air temperature Tin of thc cooling evaporator 11).
An evaporator blowout air temperature sensor 43 detects a

temperature of air immediately after passing through the
cooling evaporator 11 (surface temperature of the cooling
evaporator, hereinafter referred to as evaporator outlet
temperature) An outside air temperature sensor 44 detects a
tcmpcraturc of outside air. A condcnscr blowout air tcm-
pcraturc sensor 45 detects a tcmpcraturc of air immcdiatcly
after passing through the heaun ~ condenser 11 (heremafter
referred to as condenser outlet temperature). In adduion, the
ECU 40 receives input signals Irom levers and swuches of
a control panel 51 mounted on the front part in the passenger
compartment



Refernng to FIG. 3, the control panel 51 ts operator
controlled and includes the following: a blowout mode
setting Icvcr 52 used for setting each blowout mode by the
operator; an air volume setting lcvcr 53 for adjusting air
volume to be blown into the passenger compartment; an
insidcioutside air sclcctor Icvcr 54 for selling an insirlci
outside air sclcct mode; a cooling'heating operation mode
setting switch 55 inclurling a cooling sivitch 55a for scttin
a coohn ~ operauon mode of the refrigeraung cycle system
20, a heating switch 550 for salon ~ a healmg operation
mode; a dehumidifying switch 55c for setting a dehumidi-
fying operation mode, and; a temperature setting lever 56 for
adjustin a blowout tcmpcraturc of conditioned air to be
introduced into thc passcngcr compartment.

Referring again to I'IG 2, the L'CU 40 incorporates a is
known microcomputer comprising a CPU, ROM, RAM,
andior other conventional memory and processing compo-
nents well known to those skill in lhe arl (not illustralerl).
Input signals from the sensors 41 to 45, and mput signals
from the control panel 51 are applied lo the microcomputer zo
through an input circuit (not illustrated) in the L'CU The
microcomputer then carries out predetermined processing to
be dcscribcd later, and rcspcctivc drive means, includin the
invcrtcr 31, arc controlled by proccssin . Power to thc ECU
40 is supplied from a bauery (nol illustraletl) when a key
switch (nol illustrated) of Ihe automobile is lurned on.

Thc following dcscribcs thc rcfrigcranl liow path durin
operation of the reingerating cycle system lb.
(I) ('oohng Operauon Mode

When the cooling switch 55a is turned on by a user, the
microcomputer opens the solennid valve 26 and closes the
solenoid valve 28 Thus, the refrigerant tlows through the
route indicated by arroivs C in FIG. 1 as follows: rcfngcrant
compressor 21 external heat cxchangcr 22 coolin
expansion valve 23 (pressure reducing ilevice) coohn ~ zs
evaporator 11 accumulator 25 rein erant compressor
21. Therefore, at lhe cooling evaporator 11, air rs cooled for
conditionin by evaporation of the refrigerant In the cooling
operation mode, the microcomputer controls the air mixing
door 13 so that all thc air bypasses thc heating condcnscr 12. Lo

(Z) Heating Operation Mode
When Ihe heaung switch 55b is turned on by lhe user, the

microcomputer closes the solenoid valve 26 and opens the
solenoid valve 28. Thus, Ihe refngerant llows through the
route indicated by arrows I I in I'l(L I as follows: refngerant
compressor 21 heating cnnrlenser 12 beating expansion
valve 24 external heat exchanger 22 solenoid valve
28 accumulator 25 refrigerant compressor 21. Thcrcforc,
ai the healing condenser 12, air is healed for conihuoning by
comlensalion of lhe refngeranl. In the heaung operauon o

mode, the microcomputer controls lhe air mixing door 13 so
that all the air passes through the heating condenser 12 The
heating expansion valve 24 is optimally contnilled by an
electric motor so that pov cr consumption is minimizcrl.
(3) Dehumidifying Operation Mode ss

When lhe dehumidiiying switch 55c is turnetl on by the
user, Ihe microcomputer closes both lhe solenoid valves 26
and 28. Thus, the reingeranl llows through the route inth-
cated by arrows II-C m I'IG I; refrigerant compressor
21 heatin condenser 12 heating expansion valve
24 cxtcmal heat cxchangcr 22 cooling expansion valve
23 cooling evaporator 11 accumulator 25 rcfngcrant
compressor Zl.

Therefore, lhe refngerant discharged Irom the refrigerant
compressor 21 is condensed through Ihe external heat os

exchanger 22 and the heating condenser 12 (heat
exchanger), and then it is evaporaterl at the cooling evapo-

ralor 11 (heal exchanger). As a result, air introduced into the
air-conditioning housing 2 is cooled by the cooling evapo-
rator 11. The cooled air is then heated by the heatifig
condenser 12 In the dehumidifying operation mode, the
microcomputer controls thc air mixing rloor 13 so that all thc
air goes through the heating conrlcnscr 12.

Relermng lo FIG. 4, the Iollowing descrdies a control
priicesiung method performed by the microcomputer. First,
when the key sivitch is turned on to cnnnect pnwer to the
Li('U 40, and the air volume setting lever 53 is set to any
pnsition other than the Girl position, the routine shown in
FIG. 4 is executed. At step S105, initialization is carried out
for the initial setting. Next, at step S110, input signals from
the sensors 41 to 44, and input signals from lhe levers and
switches on the control panel 51 are reail into the micro-
computer. At step S115, the L'CU determines whether the
cooling switch 55a is turned on If the cnnling switch 55a is
turnerl on, the method advances to step S120 where a
coolin operation mode control is pcrformcd.

In the coolin operation mode control, a cooling target
evaporator blowout temperature, corresponding to a target
evaporator outlet temperature, is calculaled based on a

predehned computational formula (not shown) according to
input signals from the sensors 41 to 44 and a set position of
the temperature setting lever 56 I'hen, using the inverter 31,
a rotating speed of thc refrigerant compressor 21 is con-
trolled so that a tempcraturc of actually conditioned air,
ilelected by Ihe evaporator blowout air temperature sensor
43, meals the cooling target blowout temperature.

I'hereafter, at step S125, a target blower vnltage is deter-
mined according to a set position of the air volume settifig
lever 53, and the blower motor 10 is controllerl tn provide
the target blower voltage At step S130, a rotating spccd of
the cxtcrnal fan 29 (air volume to bc blown) is controlled,
and then Ihe sequence is returned to step S110.

If Ihe result of the check at slap S115 is *NO', lhe method
advances lo step S135 to determine whelher lhe heating
switch 556 is turned on. If the determinatinn at step S135 is
'LiS*, the method advances to step S140 to perform heating
operation mode control.

In the heating operation mode control, a heating target
blowout temperature corresponding Lo a largel value of
comlenser outlet temperature is calculated According to the
calculated value of heaung target blowout temperature, a

target value of heating performance at the heating condenser
12 (more specifically, discharge pressure Pd of the refriger-
ant compressor 21) is dctcrmincrl. Thus, thc invcrtcr 31 is
controlled to regulate, a rotating spccd of thc refrigerant
compressor 21 so that a value detected by Ihe discharge
pressure sensor 41 meets Lhe largeL value.

If the determination at step S135 is 'NO', the method
advances to step S150 to determine whether the dehumidi-
fymg switch 55c is turned on If the result of step S150 is
'NO', it is dctcrmincd that thc cooling operation mode
control, heating operation mode control and dehumidifying
operation mode control are nol selected with Ihe operation
motte setting switch 55. Subsequently, the method advances
to slap S145 lo stop the refrigerant compressor 21. Steps
S125 and S130 are then carried out to perform air blowing
mode operation

If thc dehumidifying switch 55c is turncrl on and the result
of step S150 is 'YES*, thc mcthorl advances to step S152 to
perform dehumidifying operation mode control.

The following describes a sequence of lhe dehumidifying
operation mode, control lo be periormed at slaps S155 to
S180 At step S155, the method determines whether the
dehumidifying operation mode control has been performed



in the previous execuuon of Ihe rouune fiowcharted in FIG.
4 That is, if step S155 is perfomierl in the first execution of
the flowcharted routine, the result at step S155 is 'NO*, and
step!1160 is then performed

At step SI60, dehumidifying operation mode control A is
performed to carry out dehumidificatio-dominant air-
comhtiomng control The following descmhes a sequence of
the dehu mid ilicauon-dominant air-condiuonmg wmtrol with
reference to the flow diagram in I'IG 8

(I) Dehumidification-Dominant Air-conrlitioning Control
I'irst, at step S161, based on a predetermined character-

istic shown in FIG 5, a target evaporator outlet tcmpcrature
TEO is calculated so that it liccomcs 5'. less than the
sucuon air temperature Tin detected by Ihe suction tempera-
ture sensor 4Z, in a range higher than 3'. A value of 3'. Ls

corresponds In a predetermined control temperature level to
prevent frosting on the cooling evaporator 11.

Next, at step S162, the refrigerant compressor 21 rota-
tional spccd is controlled so that a value dckctcd hy the
evaporator blowout air tcmpcraturc sensor 43 meets the zo

target evaporator outlet temperature TEO. More specfiically,
under PI or fuzzy feedback control, the rotating speed of the
refrigerant compressor 21 is changed to a larger extent as a
difference increases between the value detected hy the air
temperature sensor 43 (after air passes through the cooling
evaporator) and thc target evaporator outlet tcmpcrature
TEO.

The temperature of air introduced mto the air-
comhtiomng housing 2 is always lowereil hy the coohn ~

evaporator 11 to remove moisture from the air, while keep-
ing the evaporator blowout air temperature of the cooling
evaporator 11 higher than 3' Thus, occurrence of frosting
on thc cooling evaporator ll can bc prcvcntcrl.

At step S163, in thc dehumidification-dominant air-
comhhomng control, a target condenser blowout tempera- zs
ture TCO (target conrlenser outlet temperature) of mr that
has passed through lhe heating condenser 12, i.e., a linal
blowout temperature of conrlitioned air, is determined
accordin to outside air temperature based on a predeter-
mined characteristic shown in FIG. 6. As shown in FIG 6, ao

the target comlcnscr outkt tcmpcraturc TCO incrcascs as
function of a sel position of Ihe temperature seltin ~ lever 56
(HOT).

Also, because Ihe target condenser outlet lemperalure
VCO is correlated ivith a value of discharge pressure Pd
detected hy the rhscharge pressure sensor 41 as shown m
FIG. 6, thc target conrlcnscr outlet tcmpcraturc TCO is
convcrtcd into a value rcprcscntcd in discharge prcssure Pd.
At step S164, based on a predelermined charactensnc shown
in FIG. 7, a restwcuon opening of the heatm ~ expansion o

valve 24 is controlled according to a rotaung speed of the
refrigerant compressor 21

I'IG 7 shows a correlation rliagram of rotating speed of
the rcfrigcrant compressor 21, restriction opening of the
cooling expansion valve 23, restriction opening of thc heat- s
ing expansion valve 24, evaporator blowout air temperature,
targeL evaporator oulleL temperature TEO, condenser blow-
out air lemperature, and target condenser outlet lemperalure
VCO under the conditions that the outside air temperature
and the air volume of the fan 9 are constant and that the
tcmpcraturc setting lcvcr 56 is sct at thc middle position.
Although not shoivn in FIG 7, thc characteristics of these
factors vary depending on variables such as the air volume
of Ihe fan 9, and the posnion of Ihe temperature setun ~ lever
56. ss

Referring again to I'IG 4, at step S155, if it is determined
that the dehumidifying operation mode control has been

performed in Ihe previous execunon of the routine, the
method advances to step S170 to determine whether the
temperature setting lever 56 has been arliusted 'I'hat is, it is
determined whether the user has adjusted the temperature
scttin lever 56 in the dehumidifying operation mode. If thc
result of step S170 is 'ES', the rlc humidification-dominant
air-conditioning control is stopped anil the method advances
to step S180 to perform dehumidifying operation moile
control 8, i e, blowout-temperature-dominant air-
conditioning control

I'he folloiving describes a sequence of the hlowout-
tcmpcraturc-dominant air-conditioning control with rcfcr-
cncc to thc fiov. diagram in FIG. 9.

(2) Blowout-Temperature-Dominant Atr-Conditioning Con-
trol

In the blowout-temperature-dominant air-conditioning
control, based on the predetermined characteristic shown in
I'IG 6, a target condenser outlet temperature TCO is cal-
culated at step S181 according to a sct position of thc
tcmpcraturc setting lcvcr 56 Then, at step S183, a restriction
opening of Ihe heating expansion valve 24 is mainlamed. At
step S184, based on the predetermined charac(enatic shown
in FI(i. 7, a rotating speed of the reftugerant compressor 21
is controlled so that a value of condenser outlet temperature
meets the target condenser outlet temperature T(XI More
specifically, under PI or fuzzy fccrlback control, thc rotating
spccd of thc rcfrigcrant compressor 21 is changed to a larger
extent as a difference increases between a value detecied hy
the conrlenser blowout air temperature sensor 45 aml the
target condenser outlet temperature TCO The restriction
opening of the heat expansion valve is cnntrnlled at step
S185 only after the condenser outlet temperature meets the
TCO.

With refcrcncc to FIG. 7, thc follovnng dcscribcs thc
blowout-temperature-dominant air-conditioning control in
lurlher detail. As a premise in the lollowing descnption, il is
assumerl that the restriction openin ~ of the cooling expan-
sinn valve 23 is 'h', the restriction opening of the heating
expansion valve 24 is '('*, the target evaporator outlet
tcmpcraturc TEO is 5'., thc target condcnscr outlet
tcmpcraturc TCO is 33', and thc rotating speed of thc
refrigerant compressor 21 is 'a*in the dehumidilication-
ilominanl;nr-conditioning controL This control state
referred lo as 'X's shown in FIG. 7.

In the above control state X, if a set temperature level is
adjusted with the temperature setting lever 56 to increase a
blowout temperature of conditioncrl air by increasing thc
tar ct condenser outlet tcmpcraturc TCO to TC01 (38'.),
the rotating speed of the refri erant compressor 21 is mg-
nilicanllv increaserl from 'e'o 'f', while the restnction
opening ol the heating expansion valve 24 is maintained at
'(7 I'hus, the condenser outlet temperature is regulated to
the temperature TCOI in the present preferred emhndiment
(control state Y).

As contrasted, in thc control state X, if thc sct tcmpcraturc
level is adlusled with lhe temperature setting lever 56 to
ilecrease the blowout temperature of condiuoned air hy
ilecreamng Ihe target condenser outlet temperature TCO to
T('02 (30'2), the rotating speed of the refrigerant com-
pressor 21 is decreased from *e* to 'g*, while the restriction
opening of the heating expansion valve 24 is maintained at
'O'hus, thc hloivout tcmpcraturc of conditioned air is
regulated to lhe temperature TCOZ in the present preferred
embodimenl (control slate W)

In the arrangement mentioned above, Ihe rolaung speed of
the refrigerant compressor 21 is easier to finely control than
the heating expansion valve 24 Therefore, it is possible to



enhance responsivity of the blowout temperature of conch-
tinned air while preventing nccurrence of an overshoot or
undershoot condition of the blowout temperature by con-
trolling the rotating speed nf the refrigerant compressor 21
for blowout tcmpcraturc regulation in air-conditioning.

When thc control state X is changed to thc control state Y
as descnbed above, Lhe evaporator blowout air temperature
of Lhe cooling evaporator 11 may become lower than 3'.
as shown in I I(k 7, causing frosting, on the cooling evapo-
rator 11 (cooling heat exchanger) Also, when the control
state X is changed to the control state W, cooling dehumidi-
fication pcrformancc of thc cooling evaporator 11 may
decrc asc since the evaporator blowout tcmpcraturc incrcascs
to a large extent as shown in FIG. 7. Therelore, in the
abovemennoned blowout-temperature-dominant air- is
conditionin control of the dehumidifying operation mode,
priority is given to blowout temperature controllability
Minimum priority is given to the cooling dehumidification
performance of thc cooling heat cxchangcr 11.

Thcrcforc, to cnsurc thc cooling dehumidificatio pcrfor- zc

mance and to prevent I roaring, when the temperature set(in ~

lever is adtusted in the dehumidifying operation mode, aml
the condenser outlet temperature reaches the target con-
denser outlet temperature 'I'('0, the method advances to step
5185 shown in I'IG 9 As described above, m the
tcmpcraturc-dominant air-conditionin control, when the
tcmpcraturc setting lcvcr 56 is adjusted, Lhc condcnscr outkt
temperature is regulated by controlling Lhe rotating speed of
the refrigerant compressor 21 while main«uning the restrm-
tion openin of the heating expansinn valve 24. In contrast,
at step 5185, both the restriction opening of the heating
expansion valve 24 anil the rotating, speed of the refngerant
compressor 21 arc controllcrl.

Morc specifically, to prcvcnt possible occurrcncc of frost-
ing on the cooling evaporator 11 in transiuon from the zs
control state X to the control state Y, the rotaun ~ speed of the
refngerant compressor 21 is decreased Irom 'f'o 'e'lso,
the restriction opening of the heating expansion valve 24 is
reduced from 'c'o 'I)*. 'I'hus, the evaporator blowout air
tcmpcraturc of thc cooling evaporator 11 docs not fall below ac3'., thcrcby making it possible to prcvcnt frosting on the
cooling heat exchanger 11 while maintainmg the condenser
outlet temperature at the target condenser outlet temperature
TCO.

To prevent the possible inadequate cooling dehumidifi-
cation of the cooling heat exchanger 11 during transition
from the control state X to thc control state W, Lhc rotatin
spccd of thc refrigerant compressor 21 is incrcascd from'g'o

'e'. Also, the restncuon opening of the heaung expansion
valve Z4 is increased from 'C'o 'B'. Thus, the evaporator c

blowout air temperature of the cooling heat exchanger 11 is
decreased, thereby enabling the cooling evaporator 11 to
cool and dehumidify air adequately

In other worrls, when thc tcmpcraturc setting lcvcr is
adjusted in the dchumirlifying operation mode and the s
comlenser outlet temperature reaches the target condenser
outlet temperature TCO, the dehumiditication-dominant air-
comhnomng control is earned ou«
(Other Preferred Embodiments)

Althou h the evaporator nutlet temperature is reduced to
a frosting lcvcl of thc cooling evaporator 11 when the target
condcnscr outlet tcmpcraturc TCO incrcascs Lo TCO1, as in
transition from the control state X Lo the mmtrol state Y in
the abovemenuoned preferred embodiment, there may be
provided such an arrangement that the evaporator outkt as
temperature is ahvays kept higher than 3'I I'or instance,
while maintaining the restrictinn opening of the heating
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expansion valve 24 at 'B', the rotating speed of the refrig-
erant compressor Zf is mcreased from 'e'o 'k«Thereafter,
the restriction opening of thc heating expansion valve 24 is
grarlually chan cd from 'B'o 'DC In this manner, thc
evaporator outlet temperature becomes 3''. to prevent
frnsting on the cooling heat exchanger 11, thereby making it
possible to enhance initial responsivity of the blowout
temperature of conditioned air ivhen the cnnrlenser outlet
temperature is regulated

I urthermore, although the target evaporator outlet tem-
perature TEO is 5'. less than thc suction air tcmpcraturc
at or above 3'. in thc dchumirlification-dominant air-
conditioning control in the abovementioned pret erred
embodiment, there may be provided such an arrangement
that the target evaporator outlet temperature is changed
according to outside air temperature and humidity in t he
passenger compartment

Further, although thc refrigerant is condcnscd by thc
cxtcrnal heat exchanger 22 in thc dehumidifying operation
mode in the abovemenuoned prelerred embodiment, the
external heat exchanger 2Z may be used as an evaporator for
increasing the blowout temperature of conditioned air when
outside air temperature is considerably low. In such a case,
a required level of blowout temperature can be provided, for
cxamplc, by rc ulating thc rcstnction opening of the cooling
expansion valve 23 ('a* to 'c') as shown in FIG. 7.

Having described Lhe present invenuon as related to the
air conditioner for automobiles in the preferred embodiment,
it is to be understood that the invention is applicable as an
improved air-cnnditioning arrangement for hnme anil indus-
trial use as well as for any engine-driven vehicles

Thc invention may bc cmborlicd in other specific forms
without departing from thc spirit or csscntial characteristics
thereof. The present embodiment is therelore to be conmd-
ered in all respects as illustrauve and not restnctive, the
scnpe of the invention bemg mdicaterl by the appenrled
claims rather than by the foregoing description and all
changes which come within the meaning, anil range iif
cquivalcncy of thc claims arc thcrcforc intcndcd Lo bc
cmbraccd thcrcin.

What is claimed is.
l. An air conditioner, comprising:
a rcfrigcrating cycle system inclurling a rcfrigcrant

compressor, a cooling evaporator equipped in an air-
conditioning housing, a heaung condenser equipped at
an air downstream position of said conling evaporator
in said air-conditioning housing, an extenial heat
exchanger disposed outside said air-conditioning
housing, aml variable flow restriction means equipped
on a rcfrigcrant flow path bctwccn said cxtcrnal heat
exchanger and said heaung mndenser,

said refri crating cycle system being arranged to cnablc a
dehumidifying operation mode in which a rcfrigcrant
discharged from said relngerant compressor passes
through said external heat exchanger afler passing
through, and being condensed fiy, said heating
cnndenser, the refrigerant then heing evaporated by
said cooling evaporator to cool air introduced into said
air-conditioning housing, thc cooled air then being
heated liy said heating conrlcnscr;

dehumidification-dominant air-conditioning control
nicans for regulating a cooling dehumidification Icvcl
required for said cooling evaporator by controllmg a

rotating speed of said refngerant compressor according
to air-conditioning environmental factors, and Ior regu-
lating a blowout temperature level of conditioned air
from said heating condenser by arljustment of heating



performance of saitl healing condenser through control
of a restriction opening of said variable flow restriction
means, according to said air-conditioning environmen-
tal factors, when said rlehumidifying operation mode is
selcctcd;

signal generating means for generating a signal for allow-
ing a user to adjust a set temperature level of said
blowout temperature;

blowout-temperature-dominant air-conditioning control
means for regulating said blowout tcmpcrature by

lc

controlling the rotating speed of said refrigerant com-
pressor when a signal for adlusnng saul set temperature
level is generated by said signal generating means m
said dehumidifying operation mode; and

is
wherein thc blowout-tcmpcraturc-dominant air conrlition-

ing control means further maintains the restriction
openmg of saitl vanable fiow restricnon means when
the signal for adjusung said sel temperature level is
generated hy said signal generating means in said
dehumidifying operation morle

2. An air contlitioncr, comprising:
a refrigerating cycle syslem including a refn erant

compressor, a mohng evaporator equippetl in an air-
conditioning housing, a heating condenser equipped at
an air downstream position of said cooling evaporator
in said air-contlitioning housing, an cxtcrnal heat
cxchangcr disposctl outside said air-conditionm
housing, and variable fiow restriction means cquippctl
on a refngeranl tlow path between saul external heal
exchanger and said heanng condenser,

said refri crating cycle system being arranged to enable a
dehumidifying operation mode in which a rcfngcrant
discharged from said rcfrigcrant compressor passes
through saitl external heal exchanger after passin ~ ss
through, and being comlensed by, said heating
comlenser, lhe refngeranl then being evaporated by
said cooling evaporator to cool air introduced into said
air-conditioning housing, the cooled air then being
heated by saitl heating condcnscr; ao

dehumidilicanon-dominant air-comhtioning control
means for regulaung a cooling dehumidification level
required for said cooling evaporator hy controlling a
rotating speed of said refngerant compressor according
to air-conditioning cnvironmcntal factors, and for regu- as

lating a blowout tcmpcraturc lcvcl of conditionctl air
from said heating conrlcnscr by adjustmcnt of hcatin
performance of saitl healing condenser through control
of a reslnclion opening oi. sa«l vanable fiow restriction
means, according to said air-conditioning environmen-
tal factors, when said rlehumidifying operation mode is
selcctcd;

signal generating means for generating a signal for allow-
ing a user to adjust a set temperature level of said
blowout temperature;

blowout-temperature-dominant air-conditioning control
means for regulating said blowout tcmpcrature by
controlling thc rotating speed of said rcfrigcrant com-
pressor when a signal for adlusnng saul set temperature
level is generated by said signal generaung means in
said dehumidifying operation mode;

suction air tcmpcraturc sensor means for tlctecting a
suction air tcmpcraturc of said cooling evaporator,

evaporator blowout air temperature sensxir means for as
detecting an evaporator iilowout air temperature after
air passes through said cooling evaporator;
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condenser blowout air temperature sensor means for

detecting a condenser hloivout air temperature after air
passes through said heating condenser; anil

condenser hloivout air temperature calculating means for
calculating a target condcnscr blowout air tcmpcraturc
for said condcnscr blowout air tcmpcraturc according
lo al least saiti air-conditioning environmental factors,

wherein said dehumnhlicanon-dominanl air-condiuoning
control means, when said set temperature is mainlamed
by said signal generating means in said dehumidifying
operation mode, controls the rotating speed of said
refrigerant compressor so that said rlehuinidihcation
lcvcl rcquircd for said cooling evaporator is satisfie
according to said suction air tcmpcraturc and said
evaporator blowout air temperature, said evaporator
blowout air temperature lo prevent occurrence of

frosti-

ngg on said cooling evaporator, while controlling said
restriction openin to regulate said blotvout tempera-
ture to said target condenser blowout air temperature,
still

said blowout-tcmpcraturc-dominant air-conditioning con-
trol means, when said signal gcncrating means gcncr-
ates a signal for changing said set temperature, stops a

control stale provided by said dehumidiiication-
dominant air-conditioning control means and controls
the rotating speed of said refrigerant compressor forc-
cdly while maintaining sairl rcstnction opening to regu-
late said blowout tempcraturc to said target condcnscr
blowout air tcmpcraturc.

3 An air condiuoner accorthng to claim 2, lurlher com-
posing.

target evaporator blowout air temperature calculating
means for calculating a target evaporator blowout air
temperature of said evaporator blowout air temperature
so that said rcquircd dehumidification level is satisfie
according to said suction air tcmpcraturc and said
evaporator blowout air temperature and that said
evaporator blowout air temperature becomes higher
than said predetermined control temperature,

wherein said dehumidihcation-dominant air-conditioning
control means controls the rotating speed of said refrig-
erant compressor to regulate said evaporator blowout
air tcmpcraturc to said target evaporator bloivout air
tcmpcrature, and

said blowout-tcmpcraturc-dominant air-conditioning con-
trol means slops a control state provided by said
dehumidiiicauon-tlominanl air-comlitioning control
means and controls the rotating speed of said refriger-
ant compressor

4 An air conditioner according to claim 2, wherein when
saitl blowout tcmpcraturc rcachcs said target condcnscr
blowout air tcmpcraturc, a control state provided by said
ilehumidilicalion-dominant air-comhtioning control means
is restored, lhe rotating speed of said refrigerant compressor
is controlled to regulate said evaporator blowout tempera-
ture to said target evaporator blowout air temperature, anil
saitl restriction opening is controlled to rcgulatc said blow-
out tcmperaturc to said target conrlcnscr blowout air tem-
per«hilt«

5 An air conditioner accorthng to claim 4, wherein the
rotating speed of saitl refngerant compressor and said
restriction opening are decreased when sairl signal generat-
ing means generates a signal for increasing sairl blowout
tcmpcraturc, and

the rotating speed of said refrigerant compressor and said
restriction opening are increased when said signai
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enerating means generates a signal for decreasrng said

blowout temperature
6 A motor vehicle air conditioner system, comprising
an air conditioner housing including an air inlet that

receives air Lo be comhuoned. and an air outlet for
outpu lung conditioned air Lo a user environment.t

an air conditioner that defines a refrigerant floiv circuit
through a plurality of air conditioner components,
including an evaporator operatively located within the
housing that cools air cntcring thc housing through the 10

air inlet, a compressor connected to the evaporator to
compress evaporated refingerani flowing from the
evaporator, a condenser connected to the evaporator,
and locaterl ivithin the housing, that selectively con-
dcnscs rcfrigcrant flowing from thc compressor anti 15

heats air cooled by thc evaporator, a heat cxchan cr
connected to thc evaporator, Lhc compressor and the
comlenser and located ouuside of the housm, anti
valving located between the plurahty of air condiuoner
components that selectively restricts refrigerant flow; ZO

a control panel that permits a user to sclcct an air
conditioner operating morlc, including a dchumirlifyin
mode,

a plurality of air conrhtioner sensors that sense air con-
ditioner operating conditions anil that generate signals
indicative of thc scnscd operating conditions;

a controller 1hat receives the signals Irom 1he plurally of
sensors, and that adiusts operaung parameters of the
compressor and the valving to adjust output air tem-
perature during a dehumirlitication mode having dehu-
midification as a dominant factor; and

thc controller adjusting thc operating paramctcrs of thc
compressor during a dehu midilic ation mode having the
output atr temperature as a dominanL factor, to mim-
mire sensed output temperature overshoot and
undershoot, and to minimize time needed to reach the
target output air tcmpcraturc;

wherein the controller further maintains the operatin ~

parameters of Lhe valving dunng the ilehumiilrlication sc

mode having the output air temperature as a dominant
factor

7 A motor vehicle air conditioner system, comprising
an air conditioner housing including an air inlet that

rcccivcs air to bc conditioned, and an air outlet for
outputting conrlitioncd air to a user cnvironmcnt;

an air conihtioner that defines a refrigerant flow circuit
through a plurahty of air conditioner componenxs,
including an evaporator operatively locateil withrn the
housing that cools air entering, the housing through the
air inlet, a compressor connected to the evaporator to
compress cvaporatcrl rcfrigcrant flowing from thc
evaporator, a condenser conncctcd to thc evaporator,
anil located within the housin, that selectively con-
denses refrigerant tlowing from Lhe compressor aml
heals air cooled by the evaporator, a heat exchan er
connected to the evaporator, the compressor and the
condenser anti located outside of the housing, and
valving located bctwccn thc plurality of air conditioner „„
components that selectively restricts rcfri orant flow;

a control panel that permits a user to sclcct an air
comhtioner operaung mode, including a dehumidifyin ~

mode,
a plurality of air conditioner sensors 1hat sense air con- ss

ditioner operating conditions anil that generate signals
indicative of the sensed operating conditions,
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a controller that receives the signals from the plurality of

sensor, and that aillusts operaung parameters of the
compressor and thc valving to adlust output air tcm-
pcraturc during a dehumidification mode having dehu-
midificatio as a dominant factor, anil

the controller adlusting the operating parameters of the
compressor during a dehumidification mode bavin thc
output air tempcraturc as a rlominant factor, to mini-
mize sensed output temperature overshoot and
undershoot, and to minimize time needed to reach the
target outpuL air temperature,

wherein the controller maintains a temperature different
between air entering the evaporator anti air exiting the
evaporator between a predetermined Lemperauire range
anti above a predetermined minimum evaporator Irost-
ing tempcraturc during the rlc humidificatio mode hav-
ing dehumidification as a dominant factor.

g I'he system of claim 7, wherein the controller maintains
a temperature difference betiveen air entering the evaporator
anti air exiting the evaporator between a predetermined
tcmpcraturc range and above a prcdctcrmincd minimum
evaporator frosting tempcraturc by controlling operating
parameters of the compressor aml the valving.

9 A motor vehicle air comlitioner system, composing.
an air conditioner housing including an air inlet that

receives air to be condiuoned, aml an air outlet for
outputung comhuoned air Lo a user environment,

an air conditioner that dctincs a rcfrigcrant flow circuit
through a plurality of air condiuoner components,
including an evaporator operauvely located within the
housing that cools air entering the housing, through the
air inlet, a compressor connected to the evaporator to
compress cvaporatcd rcfrigcrant

floe
in from thc

evaporator, a condenser conncctcd to Lhc evaporator,
and located within thc housing, that scicctivcly con-
denses refrigerant flowin ~ from the compressor and
heats air cooled by the evaporator, a heat exchanger
connected to the evaporator, the compressor and the
condenser and located outside of the housing, and
valving located bctwccn thc plurahty of air conditioner
components that selcctivcly restricts refrigerant flow;

a control panel that permits a user to select an air
conditioner operating mode, including a dehumidifying
Illorle;

a plurality of air conditioner sensors that sense air con-
ditioner operating conditions and that gcncratc si nels
indicative of thc senscrl operating conditions;

a controller that receives the signals from the plurality of
sensors, and that adjusts operating parameters of thc
compressor and thc valving to adlust output air tem-
perature during a ilehumidilicauon moile having dehu-
midilicauon as a dominant factor, and

thc controflcr adjusting thc operating parameters of thc
compressor during a dehumidilicauon mode having the
output air Lemperature as a dominant Lector, Lo mim-
mize sensed output temperature overshoot and
undershoot, and to minimize time needed to reach the
target output air tcmpcraturc;

wherein the controller maintains a temperature ditference
between air entering the evaporator anti air exiting the
evaporator bctwcen a prcdctcrmincd tcmpcraturc range
and above a prcdctcrmincd minimum evaporator frost-
ing temperature by controlling operanng parameters of
the compressor and the valving dunng Lhe dehumnh-
Iicauon mode having conrhuoned air temperature as a

dominant factor, after a target conrlenser outlet tem-
perature is reached.
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10. A motor vehicle air condiuoner system, comprising.
a heat pump that conditions air according to selected user

air comlitioning paramcmrs, and that outputs conCh-
tioncd air to a user cnvironmcnt in rcsponsc to a target
temperature, the heat pump includmg both a refngerant
compressor and a liow valve connecteil wrth a plurality
of heat pump components to deline a refngerant liow
path circuit;

a plurality of sensors that sense heat pump opcratin
conditions and that gcncram signals indicative of the 10

sensed condiuons; and

a controller that receives the sig,naia from the plurality of
sensors, and that adjusts heat pump operating
paramctcrs, including operating paramcmrs of thc both is
thc compressor and thc valve, durin a scnscd dchu-
midilicauon dominant dehumidifying mode, aml that
adjusts heat pump operating parameters, including
operating parameters of the compressor, while main-
taining operating parameters of the valve, dunng a
sensed temperature dominant dehumidifying mode to
minimize overshoot and undershoot of a scnscd output
air target tempcraturc and to minimize time needed to
reach the output air target temperature.

11. A method of controlling a dehumidilication mode of .
an air conditioner system, comprising the steps of:

sensing system-gcncratcd mode control signals to dcter-
minc an operating mode;

adtusung system operaung parameters, including operat-
ing parameters of a system compressor and a system
valve, during a sensed dehumidification dominant
dehumidifying operating motte;

adjusting system operating paramctcrs, including operat-
ing parameters of the system compressor iluring a

sensed temperature dominant dehum«hlying mode to

minimize overshoot and undershoot of a sensed output
air tar ct tcmperaturc anil to minimize time nccdcd to
reach the output air target temperature; and

maintaining operating parameters of the system valve
duung the sensed temperature dominant dehumidifying
mode, to minimize overshoot and undershoot of a
sensed output air target tcmpcraturc and to minimize
time need to reach the out put air target temperature.

12. A method of controlling a dehumidilicauon mode of
an mr comhuoner system, composing the steps of,

sensing svstem-generated mode control signals to deter-
mine an operating mode,

atljusting system operating paramctcrs, including operat-
ing parameters of a system compressor and a system
valve, during a sensed dehumitlilicauon dommant
dehumidifying operating morlc;

adjusting system operatmg parameters, including operat-
ing parameters of thc system compressor during a

sensed temperature dominant dehum«hlying mode to
minimize overshoot and undershoot of a sensed output
air target temperature and to minimize ume neeileil to
reach the output air target temperature; and

ailjusting svstem operating parameters, including operat-
ing parameters of thc system compressor and thc sys-
tem valve, once the target temperature is reacheil in a

sensed temperature dominant dehumidifying, mode, to
maintain conditioned air temperature above a frosting
level.
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