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(57) ABSTRACT

An autnmnbile mnves at a traveling speed in accordance
ivith the pnsition nf an acceleration pedal. A cnmpressor is
driven tiy thc cnginc of thc automobile. Thc rhschargc
displacement of thc compressor is adjusted by an external
control proccdurc. When the position of thc accckration
pedal reaches a determining value, or above at which it is
determined that engine power is needed for accelerating the
vehicle, the compressor is cnntrnlled such that the dischar e
displacement decreases 'I'he determinin value is selected
by a controller in relation tn the travehng speed detected by
a speed sensor. Thc dctemiining value incrcascs as thc speed
increases.

4.135,368 A " 1,'1979 Mohr ct al .. 62/133 12 Claims, 5 Drawing Sheets
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AIR-CONDITIONING SYSTEM FOR
AUTOMOBILES AND ITS CONTROL

METHOD

13ACK(fROUND OF 11IE INVL(NTION

The present invention relates to air-conditioning systems
for automobiles and methods fnr controlling these systems

A typical air-conditioning systcni for autoniobilcs
includes a compressor for compressing rcfrigcrant as. The
compressor is activated by thc force transmitted from an 1(i

automobile engine when the temperature in the passenger
compartment excee(ls a predetermined value. If. Ihe com-
partment temperature is not greater than the predetermined
value, the compressor is not activated An electromagnetic
clutch is arranged in a power transmitting path for conncct- is

ing thc cn inc with thc compressor. Thc clcctromagnctic
clutch is sclcctively excited or de-excited in relation to thc
compartment temperature such that Ihe compressor is
engagecf or disengaged from the engine accordingly.

o
Activation of. the compressor applies losel to ihe engine.

'I'hus, when the engine pnwer is transmitted to the
compressor, the engine does not respnnd quickly to
dcprcssion, or operation, of the automobile's accelerator.
Low-power engines are particularly affected by thc load „

applied by the compressor. The response to the operation of
the accelerator is signiiicantly cfelayed for low-power
engines.

To solve this problem, the following control procedure is
executed when the acceleratnr is nperated When the accel-
erator is operated such that the throttle valve open~ ivider
than a prcdctcrmincd position, thc clutch is discngagcd in
order to dcsconncct the compressor from thc engine. Thc
disengagement of. the compressor from the engine removes
the lothl appliecf to Ihe engine by Ihe compressor when Ihe
automobile is accelerated. The engine power is thus maxi-
mally transmitted to the automobile*s driving wheels

llowever, since the disengagement of the clutch stops the
compressor, thc automobile compartment is no longer air-
conditioncd. Thus, thc automobile driver must choose so
bctwccn accclcration pcrformancc and air-conditionin . In
other words, Ihe automobile cannot be smoothly accelerated
while the passenger compartment is being air-conditioned.
In addition, once the clutch is disengaged to enable smooth
acceleration, an impact is caused when the clutch is
rc-cngagcd after completing thc acceleration.

Furthcrmorc, thc predetermined throttle valve position for
dctcrminin whcthcr to discn agc thc clutch is selected
accordtng Io traveling speed that is assumed to corresponcf
to Ihe predetermined throttle valve potu(ion. Specilically, as so

long as the (raveling speed remains lower than ihe assumecf
speed, the clutch remains engaged llowever, when the
vehicle speed reaches the assumed speed, the throttle valve
opening reaches thc predetermined position, and thc coni-
prcssor is discngagcd from the cnginc. That is, since the ..
predetermined throhle valve position is constant regardless
of the traveling spec(I, Ihe clutch is disengaged if. Ihe.

accelerator is operated even by a small amount as long as Ihe.

speed is greater than the assumed speed. If the clutch is
disengaged, the compartment is no longer air-conditinned
Furthermore, if thc dcprcssion amount of thc accelerator
vahcs in thc vicinity of thc reference value, the clutch is
engagecf and chsengaged repeatedly.

SUMMARY OF THE INVENTION

Accordingly, it is an objective nf the present invention to
provide an air-conditioning system for automobiles and a

method for controlling this system that is capable of con-
tinuing air-conditioning operation while alloiving the
vehicle to accelerate smoothly without hindrance

To achicvc thc foregoing ancl other objcctivc ancl in
accordance with the purpose of: the present invenhon, an air
condihomn ~ apparatus having a lirst sensor for detechng the
position of. an accelerator and a compreswir. The accelerator
position is defined by the degree of the depress(on of the
accelerator 'I'he compressor is driven by an engine of a
vehicle. A clisplaccment of the compressor is varied by an
external controller. The apparatus includes a second sensor
for detecting Ihe vehicle speed, compuhng means and con-
trol means. The computing means computes a reference
value of: the accelerator posihon based on the vehicle speed.
The reference value is used to determine that load applied to
the engine by the compressor is to be decreased. 'I'he control
means controls thc compressor so as to dccrcasc its chs-
placcmcnt based on thc rcferencc value.

In another aspect of. Ihe present invenuon, a method for
controlling air conditioning apparatus having a compressor
actuated by an en ine of a vehicle is provided. A displace-
ment of the compressor is varied by an external controller
Thc method incluclcs steps of: dctcrmining a clnvcr's attempt
to decreasing load appliccl to thc engine by thc compressor
based on the vehicle speecl and a posihon of the accelerator,
decreasing the displacement of the compreswir aller the
determining step.

Other aspects and aclvanta cs of thc invention v ill
become apparent from thc following description, taken in
confunchon with Ihe accompanying drawings, illustrahng by
way of example Ihe principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with oblects anil advantages
Ihereof., may best be understood by reference to the follow-
ing description of the presently preferred embodiments
together ivith the accompanying drawings in which

FIG. 3 is a cross-sectional view showing a compressor
havin ~ a swash plate inclined at a maximum angle according
hi Ihe present invenhon;

11G. 2 is an enlarged cross-sectional view showing a
portion of thc compressor of FIG. 3 with thc sivash plate
inclined at a minimum angle;

FIG. 3 is a block duigram showing a control structure of
an air-conditioning system for automobdes accorchng to the
present invention;

11G. 4 is a tloivchart diagrammatically showmg a routme
for supprcssin thc compressor discharge clisplacemcnt
vvhcn thc autoniobilc is accelcratecl according to the prcscnt
invention,

FIG. 5 is a graph showing the relationship between the
traveling speed of. the automobile and a reference value of
the accelerator operation amount according to the present
invention; and

I'IG. 6 is a graph showin the relationship fietiveen the
traveling spccd and the rcferencc value of thc accelerator
operation aniount in altcrnatc cmbocliments of thc present
invention.

DLTAII.L'1) t)L(S('RIFI1ON Ol TIIL
PRL'I LRRLf) EMBODIMLN'I'

first embodiment of: an air-concfitioning system for
automobiles accorchng to the present invenuon will now be
described A sivash plate type vanable d(splacement
compressor, ivhich is used in the tirst embodiment, w(11 be



described first, followed by a descnption of. the air-
conditiomng system and its control structure

As shown in FIG. I, a front housing 11 is cnnncctcd with
thc front encl of thc cylinder block 12. Arear housin 13 is
connecteri with the rear end of the cylinrier blocl 12 by
means of a valve plate 14. The front housing 11 and the.

cylimler block 12 define a cranl chamber IS. A dnve shafi
16 is rntationaily supported by the front housing 11 and the
cylinder block 12 and extends through the crank chamber
15. Thc drive shaft 16 projects front thc front cnd of the front
housing ll. A pulley 17 is arranged at thc front cnd of thc
front housing 11 and supported by the protecting end of the
drive shalt 16 through a beanng 18. The pulley 17 rotates
integrally with the drive shaft 16. Abel! 19 is wound around
the pulley 17 to couple the compressor with an automobile
engme 20, ivhich serves as an external drive source. Since no
clcctromagnctic clutch is located between the coniprcssor
and thc cnginc 20 as shown in FIG. I, this compressor is
calletl a clutchless type compressor.

A lug plate 22 is secured to the drive shaft 16 in the crank o

chamber 15 A swash plate 23 is suppnrted by the drive shaft
16 such that the swash plate 23 inclines with respect to the
shaft 16 and axially slides along thc shaft 16. Thc swash
plate 23 is cngagcd with thc lug piste 22 by a known hinge
mechanism IU. The hinge mechanism 10 incluries a pair of
support arms 24 (only one is shov:n in FIG. I) aml a pair of
guide pins 25 (nniy one is shown in I'IG. I) The amis 24
project from the rear side of the lug plate 22, ivhile the pins
25 project from the front side of the swash plate 23 Lach pin
25 includes a spherical distal end, which is inserted in a ''I)
guide hole defined in the associated arm 24. In this manner,
the arms 24 are connectetl with the associated pins 25. The
hinge mechanism 10 enables the swash plate 23 to incline
with respect to the drive shaft 16 and rotate integrally ivith
the shaft 16

A restricting projection 22a is formed on thc rear side of
the lug plate 22. As shown in FIG. I, the protection 22n
shuts against a portion of. the swash plate 23 to restrict the
maximum tilt angle of the swash plate 23. A coil spnn ~ 26
is arranged bet&veen the lug plate 22 and the swash plate 23
and around the dnve shaft 16. The cnil spring 26 urges the
swash plate 23 toward the cylinder block 12. As the swash
plate 23 moves closer to the cylinder l&lnck 12, the inclina-
tion angle of the swash plate 23 becomes smaller. as

A shutter chamber 27 is detined in the center of the
cylinder block 12, while a suction passage 32 extends in the
center of the rear hnusing 13. The suction passage 32 opens
to thc shutter chamber 27. Thc shutter chan&I&cr 27 has a
positioning surface 33 formed sion the npcnin of the
passage 32. The shutter chamber 27 receives a cyhmlncal
sleeve 28 such that the sleeve 28 is slidable and rotatable.
I'he sleeve 28 is urged by a cnil spring 29 tnivard the sivash
plate 23 The rear end of the drive shaft 16 is received by the
sleeve 28 and supported by a radial hearing 30 I'he sleeve
28 includes a shutter surface 34 formed at thc rear cnd of thc
slccvc 28. Thc shutter surface 34 contacts and separates
from the positioning surface 33 when the sleeve 28 moves.
When the shutter surface 34 shuts against the positioning
surface 33, the suction passage 32 is sealed from the shutter
chamber 27.

A thrust bearing 35 is arranged between the swash plate
23 anti the sleeve 28. The thrust bearing 35 is slidable along
the dnve shaft 16. The coil spring 26 urges the swash plate
23 toward the thrust beamng 35 such that the swash ph&te 23 as
remains in contact with the hearing 35. Meamvhile, the coil
spring 29 urges the sleeve 28 toward the thrust hearing 35

such that the sleeve 28 remains in contact with the beann ~

35. When the swash plate Z3 inclines with respect to the
drive shaft 16 anil slirlcs toward thc cylinrlcr block 12, thc
slecvc 28 moves towarrl thc positioning surface 33 against
the force of the coil spring 29 'I'he shutter surface 34
eventually shuts against the positioning surface 33 This
abutment prevents the swash plate 23 from inclining further,
thus determining its minimum ult angle. The minimum uh
an lc of thc sivash plate 23 is sct slightly larger than zero
de rees.

A plurality of cylinder bores 12a (only onc is shown in
FIG. I) arc dcfincd in thc cylinder block 12 Thc bores 12n
are arranged along a circle centereri on the axis of the dnve
shaft 16 aml spaced from one another by equal angular
intervals L'ach cylinder bore i2n accnmmodates a single-
headed piston 36 The pistons 36 reciprocate in the associ-
ated cylinder bores 12n. L'ach piston 36 is operably con-
nected with thc swash plate 23 by a pair of shoes 37. Thc
rotation of the swash plate 23 is transmitted to thc pistons 36
by the shoes 37 aml converted to linear reciprocation of the
pistons 36. The stroke of each piston 36 varies as a luncuon
of the inclination angle of the swash plate 23 The compres-
snr's discharge displacement is adjusted accordingly

The rear housing 13 includes a substanually annular
suction chamber 38 and a substantially annular rhscharge
chamber 39 The discharge chamber 39 extends around the
suction chan&her 38. Thc suction chamber 38 communicatcs
ivith thc shutter chamber 27 throu h a communication hole
44 cxtcnding through the valve plate 14. Thc valve plate 14
inchides a phirality of. sucuon ports 40 anil a plurality of
sucuon valves 41. Each sucuon port 4U corresponds to one
cylinder bore 12n, and each suction valve 41 corresponds to
one suction port 40 The suction valves 41 selectively open
and close the associaterl suction ports 40. Thc valve plate 14
also includes a plurality of discharge ports 42 and a plurality
of dischar c valves 43. While each discharge port 42 cor-
responds to one cylinder bore 12n, each dischar c valve 43
corresponils to one discharge port 4Z. The discharge valves
41 selectively open and close the associated discharge ports
40

Rehngerant gas is supplietl to the suction chamber 38
from the exterior of the compressor When each piston 36
moves from the top dead center tmvard the bottom dead
center in thc associated cylinrlcr bore 12n, thc gas in thc
suction chamber 38 is drawn into thc cylinder bore 12n
throu h thc associated suction port 40, which is openerl by
the suction valve 41. When the piston 36 moves from the
bottom dead center toward the top dead center in the
associated cylinder bore 12n, the gas in the cylinder bore
12n is discharged to the discharge chamber 39 thrnugh the
associated discharge port 42, which is opened by the dis-
char c valve 43. Thc suction prcssure actin when thc gas in
thc suction chan&her 38 is rlrawn into each cylinder bore 12a
is not equal to the discharge pressure acung when the gas in
the cylinder bore IZrt is discharged to the dischar c chamber
39 In this compressor, a zone in ivhich the suctinn pressure
acts is defined as a suction pressure zone, and a zone in
which thc discharge prcssure acts is defined as a discharge
prcssure zone. The discharge chamber 39 dcfincs thc rhs-
char e prcssure zone in thc compressor. The suction passage
3Z, the shutter chamber Z7, the commun&canon hole 44, and
the suction chamber 38 define the suction pressure (Ps) zone
in the compressor of the illustrated air-conditioning system

A bleedin ~ passage 46 extemls axially in the dnve shat't
16. The bleethn ~ passage 46 commumcates the crank cham-
ber 15 ivith the interior of the sleeve 28 A communication
hole 47 extends through a wail of the sleeve 28. I'he



communication hole 47 serves as a restncuon for mmmu-
nicating the intenor of the sleeve 28 with the shutter
chamber 27, which is a part of the suctinn pressure xone 'I'he

lileedmg passage 46, the communication hole 44, and the
shutter chamber 27 defin a bleedin path in thc compressor.
A supply passe c 48 cxtcnds in the cyiindcr biock 12 and thc
rear housing 13 aml communicates the discharge chamber
39 with the crank chamber 15. A displacement control valve
50 is provided in the supply passage 48. A pressure line 49
extends in the rear housing 13 for cnnnecting the suction
passage 32 with the valve 50.

The control valve 50 will hereailer be descnbed v:iih
reference to FIGS I aml 2.

As shown in I'IG. 2, the valve 50 includes a housing 51,
a solenoid 52, and a valve chamber 53. Thc housing 51 is 15

arranged in an upper portion of the valve 50, while thc
solenoid is arranged in a lower portion of thc valve 50. Thc
valve chamber 53 w provided between the housing 51 anti
the solano)el 52.

o
A port 63 is arrange)1 above the valve chamber 53 anti

extends radially with respect tn the housing 51 A valve hole
55 is formed in the center of the valve housing 51 to
communicate thc valve chamber 53 with thc port 63. The
valve chamber 53 communicatcs with thc discharge chani- „"5
ber 39 through an upstream part of the supply passage 48,
while the port 63 commumcates with the crank chamber 15
through a ilownstream part of the supply passage 48.
Specifically, the valve chamlier 53, the valve hole 55, and
the port 63 form a part of the supply passage 48. The valve

l))
chamber 53 accommodates a valve body 54 and a valve
spring 56. Thc valve body 54 moves toward and separates
from the valve hole 55. The valve spring 56 urges ihe valve
hotly 54 to separate Irom the valve hole 55.

A pressure chamber 58 is delined in an upper poruon of.

the valve housing 51 The pressure chamber 58 communi-
cates with the suction passage 32 thrnugh the pressure line
49 The pressure chamber 58 is provided lvith a bellolvs 60
Thc housin 51 includes a wall separating the prcssure
chamber 58 from thc valve chamber 53. A rod 62 extends ao
through the wall anti is axially slidable. The rod 62 connects
the valve body 54 with the bellows 60. The lower end of the.

rod 62 is arranged in the valve hole 55 and has a relatively
small diameter to define a passage thrnugh lvhich the
refrigerant gas in the valve hole 55 fiows

Thc solenoid 52 includes a fixed iron core 64 and a
solenoid chamber 66. Thc iron core 64 extends inimcdiatcly
below thc valve chamber 53 and define an cnd of thc
solenoid chamber 66. The solenoul chamber 66 receives an
iron plunger 67, which is shaped like a cup. The phinger 67 lo
reciprncates axially in the solenoid chamber 66. The sole-
noid chamber 66 accommodates a plunger spring 68 urging
thc plunger 67 in thc upward direction of FIG. 2. Thc urgin
force of thc plun cr spring 68 is smaller than thc urging
force of thc valve spring 56. A solenoid rod 65 extends 55
through the fixed iron core 64 such that the rod 65 ts axially
slulable with respect to the core 64. The solenoiri rod 65 has
one end integrally connected with the valve body 54 and
another opposite end The solenoid rod 65 is urged in an
axial direction by thc valve spring 56 and thus shuts against „,.)

thc plun cr 67. In this manner, thc solenoid rod 65 holds thc
plunger 67 and thc valve body 54 such that thc rod 65, thc
plunger 67, and the valve body 54 act as one body. A
solenoid coil 69 is wounri arouml the outer a)ries of the Iixeri
core 64 and the plunger 67 65

As shown in I'IG. 3, a driver 81 connects the solenoid coil
69 with an A,'C controller 80 'I'he air-cnnditioning system is

provided with a refngeration circuit, which is delined by the
compressor and an external cooling circuit 70 The external
cooling circuit 70 includes a condenser 71, an expansion
valve 72, and an evaporator 73 'I'he condenser 71 has an
inlet conncctcd with a rlischargc flangc 74 (shown in FIG. I)
for receiving refrigerant gas discharged from thc discharge
chamber 39. The evaporator 73 has an outlet connected with
the sucuon passage 32 lor sending refrigerant gas to the
suction chamber 38. The opening of the valve 72 is auto-
matically adjusted as a function of the temperature of the
evaporator 73

The air-conilitioning system aLso includes an electronm
control structure including the A/C controller 80. The A)C
controller 80 inix)tporates a central processing unit (CPU),
a read only memory (ROM) 806, a random access memory
(RAM), and input and output interfaces. 'I'he ROM 80u
stores various control programs, for controlling thc air-
conditioning system, and initial information aml data
re)In)red for execunn ~ the programs.

A control valve 50 is mnnected lvith the controller 80 by
means of the driver 81. The controller 80 is connected with
an evaporator temperature sensor 82, a compartment tem-
pcraturc sensor 83, a switch 84 for activating and
dc-activating thc air-conditioning system, a compartment
temperature setnn ~ device 85, a traveling speed sensor 87,
and a throttle position sensor 88. The speed sense)r 87 detects
the automobile's traveling speed V by means of an elec-
tronic control unit (RCU) 86 provided in the en ine The
throttle position sensor 88 detects the position of the
cn inc's throttle valve. Since thc position of thc throttle
valve varies in relation to the position of an accckration
pedal 89, the sensor 88 of the present invennon detects the
position of the accelerauon pedal 89 as imlicating the
throttle position

The ROM 80n stores map (tata that fixes thc relationship
between a reference value D, representing thc posihon thc
acceleration pedal 89, with respect to the traveling speed V
(hereafter relerred to as the "reference value compuung
map"). FIG. 5 is a graph showing this map, or the relauon-
ship betlveen the reference value D, lvhich represents the
position of the acceleration peda189, and the traveling speed
V. As shown in FIG. 5, thc rcfcrencc value D incrcascs
grcatcr as thc spccd V increases. Thc broken hnc of FIG 5
mdicates the relanonship between the reference value D and
the traveling speed V of the prior art. In the poor art, the
reference value D remains constant regardless of the speerl
V

Thc controller 80 reccivcs information from various
external devices. Thc infomiation inclurlcs thc evaporator
temperature detected by the sensor 82, the compartment
temperature detected by the sensor 83, an ON,'OFF state of
the switch 84, a target temperature set with the temperature
setting device 85, the traveling speed V, and the accelerator
position ACCP. In accordance lvith this information, the
controller 80 first obtains thc appropriate current level to bc
supplied to thc solenoid coil 69. Thc controller 80 then
supplies a current corresponding to the resulting level to the
solenoiil coil 69 through the tlnver 81 In this manner, a
target suction pressure Pset of the mntrol valve 50 is
externally adjusted by the controller 80

The operation of the above air-conditioning system will
hereafter be descnbed. Specifically, normal operauon, when
the automobde is not being accelerated, will lira( be
described, R)llowed by a description of the operation for
suppressing the systemhs cooling performance when the
automobile is being accelerated.



If the switch 84 is turned on and the temperature of Ihe.

passenger compartment deteclecf by the sensor 83 ts greater
than thc tar ct temperature set with thc setting device 85, the
passcngcr compartment is air-conditioned such that thr
passenger compartment temperature falls to the target tem-
perature. Thc A/C controller 80 thus supplies a predeter-
mined lcvcl of current to thc solenoid coil 69 of thr control
valve 50. An clcctroms nctic attracting force is then pro-
ducecl between Ihe core 64 aml the phinger 67 in accorcfance.
with the current supply. The force acts to move Ihe valve.
liody 54 against the urging force applied by the valve spring
56. Meanwhile, the lielloivs 60 produces a force acting to
move thc valve body 54 axially in a direction to open thr
valve hole 55 downwardly by means of thr rod 62. Thr
equilibrium position of the valve body 54 is thus dctcrmincd,s
by the force of Ihe solenoul 52, the force of the valve spnng
56, aml the force of the bellows 6U. This position of the valve
body 54 determines target suction pressure Pact, or the
opening, ot'he control valve 50. Thus, the target suction
prcssure Psct is varied by altering thr force of thc solenoid co
52 by means of an external current supply control.

When the urging force of the solenoid 52 is constant, the
target suction prcssure Psrt is also constant. However, even
in this state, the bellows 60 moves in accordance with
vanation in the suction pressure Ps, which is applied lo Ihe -s
pressure chamber 58 from the suction passage 32 throu h
the pressure line 49. The movement of Ihe bellows 6U is
transmitted to the valve liody 54 by means of the rod 62
Accordingly, the position of the valve body 54 in the valve
chamber 53 is varied by the suction prcssure Ps. In other
words, thc opening of thc control valve 50, or thc supply
passage 48, is cfeterminecf by Ihe equilibrium posiuon of Ihe.

valve bocfy 54, which m alTeclecf by the force of the solenoid
52, the force of the valve spnng 56, aml the force of Ihe.

liellows 60 In this sense, the control valve 50 is automati- is
cally operated I'he pressure in the crank chamber 15 (crank
prcssure Pc) is acljustrd as a function of thc openin of thr
control valve 50 As a result, thc inclination of thc swash
plate 23 and the discharge displacement (or piston slrol c) of.

the compressor are acljusled as required for cooling Ihe so
passenger compartment lo Ihe largel temperature.

If Ihe deteclecf passenger compartment temperature is
sigmiicantly higher than the target temperature, or ihe dif-
ference between the detected passenger compartment tem-
perature and the target temperature is relatively great, the as
passenger compartment cannot be cooled to the target tem-
pcraturc simply by adjusting the opening of the control valve
50 based on thc force of the bcliows 60. In this case, thr
controller 8U lowers the target suction pressure Pact of Ihe
control valve 5U such that the dilTerence between Ihe target so

sucnon pressure Pact and the current suction pressure Ps
increases. The discharge displacement of the compressor is
thus increasecl (or the compressor*s cooling performance is
incrcascd). Specifically, as the diflercncc betwccn the
dctcctcd passcngcr compartment temperature and the target ..
temperature becomes greater, the controller 80 supplies a
greater current to the solenoicf coil 69. The greater current
supply produces a greater electromagnetic allraclive force.
lietween the core 64 and the plunger 67 I'hus, the force
acting to move the valve body 54 toward its closed position ao

is incrcasccl. In this state, if thc suction pressure Ps is
rclativcly high, thr opening of the control valve 50 is
maximally restricted or closed. The restricted opening of. Ihe
valve 5U greatly recfuces the amount of refngerant gas sent
from the discharge chamber 39 lo Ihe crank chamber 15 via as
the supply passage 48. Meanwhile, the refrigerant gas in the
crank chamlier 15 flows to the suction chamber 38 via the

bleedin ~ passage 46 and the communicanon hole 47. As a

result, the crank pressure Pc decreases (or the compressor*s
discharge displacement incrc ascs) due to the rcstrictcd opcn-
in of thc control valve 50. In this manner, the cooling
performance of the air-conditioning system is increased such
that the passenger compartment can be cooled to the target
temperature. Once the cooling performance of the system is
increased, the suction pressure Ps gradually clecreases
toward the target suction pressure Pset Accordingly, the
inclination of the swash plate 23 (the discharge displacement
of thc compressor) is automatically adjusted such that thc
cooling performance of thc air-conditioning system corre-
spomls to the diilerence between the detected passenger
comparimenl temperature and the target temperature.

However, if thc cfiffcrcncc between thc detected passen cr
comparlmeni lemperalure anil the target Lemperature
relauvely small, the level of the current suppliecl to lhe
solenoid coil 69 by the controller 80 becomes smaller as the
passenger compartment temperature becomes loiver I'he
clcctromagnetic attractive force bctivccn thc core 64 and thc
plunger 67 thus becomes wcakcr such that thc force urging
the valve body 54 toivard its closed position clccrcascs. That
is, Ihe controller 80 raises lhe target suction pressure Psst
when ihe passen er compartment temperature is relauvely
low In this case, as long as the suction pressure Ps remains
relatively low due to the smaller ditTerence betiveen the
passcngcr compartment tcmpcraturc and thc target
tcmpcraturc, thc opening of thc control valve 50 is main-
tained rclativcly large. In this state, thc amount of refrigerant
gas sent from Ihe discharge chamber 39 to lhe crank cham-
ber 15 via the supply passage 48 exceeds the amount of
refrigerant gas sent from the crank chamber 15 to the suction
chamber 38 via the bleeding passage 46 and the communi-
cation hole 47. As a result, thc crank prcssure Pc incrcascs
such that thc inclination of the swash plate 23 clccrcascs Thc
discharge clisplaccnient of thc compressor is thus dccrcascd
However, when Ihe passenger compartment temperature
becomes close lo Ihe target lemperature, the inchnanon of
the sivash plate 23 (the discharge displacement of the
compressor) is automatically adjusted such that the cooling
perfomiancc of thc air-conditioning system corresponds to
thc difl'crcncc between the clctcctccl passengn compartment
tcmpcraturc and thc target tcmperaturc.

As the passen cr compartment temperature becomes
closer to thc target tcmpcrature, thc temperature of thc
evaporator 73 falls towarcl a frost generating temperature
However, if. Ihe temperature of the evaporator 73 is lower
than a warnin ~ level, or Ihe temperature at which lroslin ~

may occur, the controller 80 stops the current supply to the
solenoid coil 69 The sivash plate 23 is thus moved toward
thc minimum inclination angle. That is, since no current is
supplied to thc solcnoicl coil 69, no clcctromagnctic attrac-
tive force acts bctwccn thc core 64 and the plunger 67.
Accordingly, as shown in FIG. 2, Ihe valve body 54 is urged
by the valve spnng 56 lo move toward ils tully open
position 'I'he opening of the control valve 50 thus becomes
maximum, and the amount of refrigerant gas sent from the
discharge chaniber 39 to thc crank chambn 15 via thc
supply passage 48 incrcascs. Thc crank prcssure Pc thus
increases such that the inclination of the swash plate 23 (or
Ihe discharge displacement of the compressuir) is minimized
Furthermore, Ihe controller 80 also stops the current supply
to the solenoid coil 69 in order to mmimize the chscharge
displacement of the compressor ivhen the switch 84 is turned
olf.

As described above, a feedback control is executed for
altering the inclination of the swash plate 23 by adjusting the



opentng of Ihe control valve 50 based on the external and
internal control of the valve 50 such that Ihe suction pressure
Ps bccomcs closer to thc target suction prcssure Psct.

I'urthermnre, when the swash plate 23 is inclined at the
minimum angle, Ihe shutter surface 34 of the sleeve 28 shuts
agatnst Ihe positioning surface 33. The suction passage 32 is
thus disconnected from thc shutter chamber 27 and the
suction chamber 38. In this manner, the refrigerant gas in thc
external cooing circuit 70 is no longer supplied to the
suction chamber 38, thereliy completely stopping the opera-
tion of thc air-conditioning system. Howcvcr, in this state,
since thc minimum inclination angle is not zero degrees, the
pistons 36 are reciprocated by a mimmum strol e. Thus, Ihe.

discharging of Ihe refrigerant gas in the cylimler bores IZa
to the discharge chamber 39 is maintained, thnugh by a smail
amount 'I'he refrigerant gas sent to the discharge chamber 39
flows in the supply passage 48 (and the control valve 50) and
then cntcrs thc crank chamber 15. Thc gas in the crank
chamber 15 passes through thc bleeding passage 46 and then
the commumcauon hole 47, thus entering the sucuon cham-
ber 38 The gas in Ihe suction chamber 38 is introducerf in
the cylinder bores 12a and compressed in the bores 12a 'I'he

compressed refingerant gas is returned to the discharge
chamfier 39 Specifically, as described above, the suction
passage 32 is blocked by thc sleeve 28 such that refrigerant zs
gas dcfincs an internal circuiation path within the compres-
sor. As long as discharge of. the gas is maintained even by a
small amount, Ihe pressure differences among the thscharge.
chamber 39, the crank chamber 15, and the suction chamber
38 are ensured I'he pressure differences enable the refrig-
erant gas in the compressnr to circulate along the above
internal path Mcanwhilc, lubricant oil is circulated in thc
compressor togcthcr with refrigerant gas. Thc cnmpressor is
thus reliably lubricated even when Ihe discharge displace-
ment of the compressor is minimized.

FIG. 4 shows a flowchart of a control process for sup-
pressing the compressor's discharge displacement (cooling
performance) when the automobile is accelerated. The pro-
cess is an mterrupt routine that is executed periodically (for
example, at every tens tn hundreds nf millisecnnds) by the
A''('ontroller 80.

When the process shown in HG. 4 is started, the control-
ler 80 performs Step I and rear(a the automobile's traveling
spccd V and thc position of the accelcratnr ACCP. Next, the
controller 80 cxccutcs Step 2 and computes thc reference as
value D of thc accclcrator positinn frnm thc speed V
referring lo Ihe map shown in FIG. 5. Subsequently, Ihe.

controller 80 executes Step 3, or compares lhe current
accelerator pnsition A('.(IP with the reference value D. If the
current accelerator pnsition A(l(.'P is equal tn or areater than
thc rcfcrcncc value D (judged as YFS), thc controller 80
performs Step 4. However, if thc current accelerator position
ACCP is smaller than thc rcfercncc value D (jud cd as NO),
the controller 8U terminates Ihe routine as shov:n in FIG. 4.

In Step 3, if thc current accelerator pnsition ACCP is equal ..
lo or greater than the current reference value D, il

determined that the acceleration perfa1 89 has been rfepressed
by a relatively large amount such that Ihe automobile, is
accelerating by a relatively large amnunt. In this case, the
controller 80 performs Step 4, or decreases the current
supply to thc solenoid coil 69, thus raising thc target suction
prcssure Psct of the control valve 50. Thc npenin of thc
control valve 50 is thus maintainerf, even if the suction
pressure Ps applied to the pressure chamber 58 is increaserf
due to a larger difference between Ihe detected passenger as
compartment temperature and the target temperature. That
is, the raiserl target suction pressure Pact maintains the
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control valve 50 in ils open stale. This procedure increases
Ihe amount of. refngerant gas sent from Ihe discharge cham-
ber 39 to thc crank chamber 15 through thc supply passage
48. Thc crank pressure Pc is thus increaserl, and thc com-
pressor*s dischar e displacement decreases In this state, the
current supply to the solenoid coil 69 is maintained, and the
swash plate 23 is prevented from inclining at lhe minimum
angle. As a result, the sleeve Zg does nol completely block
thc suction passage 32. Thc cooling of thc air-conditioning
system is thus reduced but not slopped.

As dcscribcd above, when thc position ACCP of the
acceleration pedal 89 is equal to or grcatcr than thc current
reference value D, the controller 80 raises the target sucuon
pressure Psel of lhe minlrol valve 50. In Ibis manner, the
compressor's dischar e displacement is reduced, thus sup-
pressing the cooling performance of the air-conditioning
system. Specifically, when the acceleration of the automo-
bile is started, the load applied by thc compressor to thc
cn inc 20 is inimcdiatcly rcduccd. Accordingly, the povvr
of: lhe engine ZU ts available for accelerating lhe aulomobde,
Ihus allowing lhe aulomobde to be smoothly accelerated.

Furtherniore, cvcn when thc acceleration pedal 89 is
depressed by a lar e amount, the operauon of the air-
condiuomn ~ system is continued. That LS the coohng per-
formance of the system is reduced such that the acceleration
is not hampered. In this manner, the automobile is smoothly
accelerated ivhilc the passenger compartment continues to
be air-conditioncrl.

It is particularly advantageous for automobiles having
smaller displacement cngincs (for cxamplc, low displace-
ment li ht cars) to bc capable of smooth accclcration while
Ihe passenger compartment remains air-conrfiuoned For
example, when travehng up a sloped road surface, the
transmission is shifted down in ortler lo increase the engine
speed In this case, the accelerator must be continuously
pressed down fiy a great degree in order to maintain a
constant traveling speed. As rlcscribcd above, if the position
of the accelerator bc comes equal to or grc ster than a constant
reference value D, the prior art air-conihuoning system is
de-activated regardless of the Iraveling speed. Thus, lhe
passenger compartment cannot be air-comhtionerf while
climbing a sloped road surface. Hoivever, in the present
invention, the reference value D is altered in relation to the
traveling spccd V as indicated liy thc linc of FIG. 5

Accordin ly, the automobile can bc acccleratcd smoothly
while the passcngcr compartment continues to bc air-
condiuoned.

As shovvn in FIG. 5, thc rcfi:rcnce value D increases in
proporuon to the speed V in lhe lirst embodiment The graph
of: FIG. 5 reflectv lo an accurate relationship between a
desired accelerauon amount and the actual corresponding
position of the acceleration pedal 89. Specifically, the posi-
tion of the acceleration pedal 89 is normally determined
according to an equilibrium bctwccn the cn inc torque and
the automobile's resistance (including resistance against
rolling fmction and air resistance). Thus, if the automobile
travels aL a constant speed, ihe posiuon, or Ihe opening, of
Ihe accelerator becomes greater as the speed becomes
higher Thus, the desired acceleration amount is not deter-
mined as a function of the absolute position of the accel-
erator but as a function of thc variation in thc accelerator
position in a short time period. As rlcscnbcd above, thc
reference value D remams constant regardless of lhe lrav-
elmg speed V in Ihe prior art. In this case, a control
procedure for reducing the load applied by the compressor
to the engine is executed only when the speed V is close to
the assumed speed based on which the reference value II is



selected That is, when the speed V is greater than Ibis
assumed speed, the compressor is stopped even if no accel-
eration is desired llowever, in the present invention, the
reference value D increases as the traveling speed V
incrcascs. Thus, thc dcsircd acceleration amount is accu-
rately dctcrmined from the current accelerator position.

Although only one emboihment of. the present invenuon
has fieen descnbed so far, it should be apparent to those
skilled in the art that the present invention may be embodied
in many other specifi forms without departing from thc
spirit or scope of thc invention. In particular, alternate
embodiments are iiescnbed below.

An electromagnetic clutch mechanism may be provided
lietween the compressor and the engine 20, which serves as
thc cxtcrnal drive source. In this case, when the autoniobilc is

is accclcratcd, rlisconncction of the clutch mechanism for
dccrcasing thc load applied by thc compressor to thc en inc
is not performed.

Although the illustrated emliodiment includes the sleeve
28 provided in the variable displacement compressor, a
variable displaccmcnt compressor having no such niccha-
nism for blocking thc suction passage niay bc used. That is,
the compressor need not inclurfe a mechanism ior positively
disconnecting the compressor from an external refrigerant as
circuit. In this case, if the position ACCP is equal to or
greater than the reference value D, the controller 80 may
execute a control procedure such that the discharge displace-
ment bccomcs minimum in Step 3 of FIG. 4.

In Ihe illustrated embodiment, the cranl pressure Pc of. Ihe
compressor adjusts the opemng of the supply passage 48.
Instead, an externally controllable displacement control
valve may be provided in the bleeding passage

Thc relationship between thc rcfcrcnce value D and thc
traveling speed V based on which Ihe value D is computerf is
is not restricted lo the one inihcaled by the line of FIG. 5. As
shown in FIG. 6, one of the relationships imhcaled by Ihe
lines A, li or C may lie employed, as iong as the reference
value D becomes greater as the speed becomes higher

Thcrcforc, thc present examples and embodiments arc to so

be consuiered as illustrauve and not restnctive anrf Ihe
inventton is nol to be limited to the details given herein, but
may be morlified ivithin the scope of the appended claims

What is claimed is:
1. An air conrhtioning apparatus bavin a first sensor for "S

dctccting thc position of an accelerator, thc accelerator
position being defined by thc degree of the depression of the
accelerator, and a compressor driven by an engine of a
vehicle, wherein a displacement of Ihe compressor is vaned
liy an external controller, said apparatus comprising so

a scconrl sensor for detecting the vehicle speed;
compuhng means for computing a reference value of Ihe

accelerator position based on Ihe vehicle speed, sairf
reference value tieing used to determine that load
applierl to the engine by the compressor is to be
dccrcascd;

control means for controlling Ihe compressor so as lo
decrease its ihsplacement based on the reference value
such that the compressor remains engaged ivith the
engine to continue air-conditioning to the vehicle while
the vehicle maintains acceleration; and

sairf compressor having a cranl chamber, a swash plate
dtsposed in Ihe crank chamber, and a valve for con-
trolling pressure within the crank chamber, wherein as
said swash plate inclines at a variable inclination angle
according to a change of pressure ot'he crank chamber
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Io alter the displacement of Ihe compressor, and
wherein said valve changes the pressure of the crank
chamber based on thc current relationship bctwecn thc
accelerator position and thc reference value

2. An apparatus as set forth in claim I, further composing
a memory for storing a map representing a relation lietween
Ihe reference value and the vehicle speed such that Ihe
reference value increases if the vehicle speed increases

3. An apparatus as set forth in claim I, ivherein said valve
is open to the position based on the difference between a
target suction prcssure anil an actual suction prcssure.

4. An apparatus as set forth in claim 3, whncin said valve
is actuated by the control means with an electric current, the
level of which ts based on the reference value.

5. An apparatus as set forth in claim I, wherein said first
sensor includes a sensor for detecting the position of a
throttle valve indicative of the degree of depression of the
accelerator.

6. An air conditioning apparatus having a first sensor for
detecung the position of an accelerator, said posinon being
delined by Ihe degree of Ihe tlepression of the accelerator,
and a compressor driven by an engine of a vehicle, wherein
a displacement of the compressor is varied hy an external
controller, said apparatus comprising:

a second sensor for detecting the vehicle speed,
compuiin ~ means for computing a reference value of Ihe

position of Ihe accelerator, said reference value being
used to determine that load applied to the engine by the
compressor is needed to be decreased; wherein said
reference value increases in association with an
incrcasc of thc vchiclc spccd; and

said compressor bavin a mechamsm for altering the
displacement of the compressor anil actuating means
for actuating thc nicchanism so as to dccrcasc thc
rhsplacement of: the compressor based on the reference
value such that the compressor remains engaged with
Ihe engine lo imnlinue air-comhlioning lo the vehicle
ivhile the vehicle maintains acceleration; said compres-
sor having a crank chamber, a swash plate disposed in
thc crank chan)bar, and a valve for controlling prcssure
vvithin thc crank chamiier, ivhcrcin said swash plate
inchnes al a venable inclination angle accorihng to a
change of: pressure of Ihe crank chamber to alter the
ihsplacemenl of: the immpressor, and wherein said valve
changes the pressure of the crank chamber based on the
current relationship between the accelerator position
and the refercncc value.

7. An apparatus as sct forth in claim 6, whcrcin said
computing means mcluiles a memory for slorin a map for
computing lhe reference vahie.

8. An apparatus as set forth in claim 6, wherein said valve
is open to the position based on the difference between a

target suction pressure and an actual suction pressure.
9. An apparatus as set forth in claim 8, whncin said valve

is clcctroma nctically actuated by the control means with an
eleclnc current, the level of which is based on the reference
value.

10. An apparatus as set forth in claim 6, wherein said first
sensor includes a sensor for detecting an angle of a throttle
valve indicative of the degree of the depression of the
accelerator.

ll. A methorl for controlling air conrlitioning apparatus
havin ~ a compressor actuated by an engine of a vehicle, Ihe
compressor also having a crank chamber, a swash plate
disposed in the crank chamber, ami a valve for controlling
pressure ivithin the crank chamber, ivherein said swash plate
inclines at a variable inclination angle according to a chan e
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of pressure of the cranl chamber to alter the riisplacement of
the compressor, wherein a displacement nf the compressnr is
varied by an external controller, said method comprising the
steps

of'omputtng a reference value of a postnon ol an accelera-
tor;

determining whether a predetermined load is applied to
thc cnginc based on thc vehicle speed and the position
of thc accclcrator;

tu
tlecreastng the displacement of the compressor after the

determintng step, wheretn the valve changes the pres-

sure of the crank chamber based on the current rela-
tionship ltctsvcen the accclcrator position and the ref-
erence value; anti

maintaining acceleration of the vehtcle while thc vehicle
continues to be atr comhtionetl anti the compressor
remains en aged with the cnginc

1Z. The method as set hrrth tn claim 11, turther incluthn ~

a step of varying the reference value of the accelerator
position to decrease the engine load.

a a a a


