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the compressor includes only onehirige coupling mechanism and the hinge
coupling mechanism re- The present invention relates to a variable dis-
ceives the large force of the gas compression placement swash plate type
compressor which is     during operation of the compressor. As a result, an
particularly available as a refrigerant compressor   5   ability to control
the compressor becomes deterio- for an automotive air-conditioning
apparatus.      rated and also reliability of the adjusting piston A swash
plate type refrigerant compressor with  stroke. a variable displacement
mechanism  suitable for        Accordingly, a first object of the present
inven- use in an automotive air conditioning system is    tion is to
provide a variable capacity type swash disclosed in U.S. Patent No.4963074.
As disclosed   io  plate compressor having a durable hinged joint there, a
swash plate is provided on a rotary shaft of  between the swash plate and
the rotor plate. the compressor so that a change in inclination         A
variable capacity type swash plate compres- angle of the slant plate causes
the reciprocating  sor according to the present invention comprises a
stroke of each piston to change.                   cylinder block having a
plurality of cylinder cham- A swash plate is connected with rotor plate  is
bers therein; through a hinge coupling mechanism for rotation in     a
drive shaft rotatably supported in said cyl- unison with rotor plate. The
incline angle of a    inder block; swash plate is adjustable to vary the
stroke length    a swash plate tiltably connected to said drive of the
double-headed piston.                       shaft and adapted to be rotated
together with said The hinge coupling mechanism  includes an   20  drive
shaft; arm portion projecting axially from a swash plate      pistons
slidably received in said cylinder toward an arm portion of a rotor plate
from one    chambers and adapted to be reciprocally moved in side surface
thereof. The arm  portions overlap    said cylinder chambers in accordance
with an each other and are connected to one another by a   oscillatory
motion of said swash plate; guide pin which extends into a rectangular
shaped   25  a support portion disposed coxially with said hole formed
through the arm portion of the rotor   drive shaft and supporting a central
portion of said plate and a pin hole formed through the arm por-   swash
plate rotatably and tiltably; and, tion of slant plate. That is, this
compressor includes  a spool for driving said support portion axially only
one hinge coupling mechanism.                 of said drive shaft to move
said central portion of Furthermore, referring to Figure 3, a hinge   30
said swash plate axially of said drive shaft charac- mechanism is
constructed of which only one arm     terised by: portion of the swash
plate and only one arm of         said support portion including a first
arm por- rotor plate are slidably connected with one guide  tion radially
extending therefrom, said swash plate pin and one snap pin through the
rectangular hole.  including a second and third arm portions axially
Therefore,referring to Figure 5 the reaction   35  extending from the
opposite end surfaces thereof force of piston through gas compression In
cylinder  respectively, said drive shaft including a fourth arm acts
against the swash plate and is finally received  portion radially extending
therefrom in the opposite at the hinge coupling mechanism.
direction to said first arm portion said first and When the reaction force
from piston by the gas  second arm portions being hingedly connected and
compression in cylinder is Fp, moment Mp is the   40  said third and fourth
arm portion being hingedly product of reaction force Fp by length Lp which
is  connected to change the angle of tilt of said swash distance between
the ends of the swash plate.      plate, whereby the strokes of
reciprocatory move- The axial force of the hinge mechanism  is      ments
of said pistons in said cylinder chambers received by moment Mp and against
to this mo-      are changed. ment is Fp , and the distance between the
hinge   45  In the accompanying drawings: mechanism and the center of swash
plate is shown      Figure 1 is longitudinal sectional view of swash Lp as
following equation:                             plate type refrigerant
compressor with a variable displacement mechanism in accordance with an
[err]                           embodiment of a minimum slant angle of the
[err]                     50     swash plate. [err]
Figure 2 is a longitudinal sectional view, of the swash plate type
refrigerant compressor with the In such arrangement, the magnitude of force
variable displacement mechanism in accordance Fh is large compared with
force Fp since the value    with an embodiment of a maximum angle of of
length Lh is very small compared with length Lp.  55  awash plate.
Therefore, the outer peripheral surface of the     Figure 3 is enlarged
cross sectional view taken 



guide pin and the surface of the rectangular          along line 4-4 of
Figure 1. shaped hole of the rotor plate are worn away since 2    3
EP 0 550 228 B1                    4 Figure 4 is enlarged cross sectional
view similar  chamber 100. A second rotor plate 29 includes arm Figure 3 of
a prior art.                         portion 29a projecting outwardly from
one side Figure 5 is an illustrative view of the drive    surface thereof
and forming rectangular hole 29b mechanism showing a hinge coupling mecha-
obliquely to drive shaft 24. Swash plate includes nism in accordance with a
prior art.        5   opening 48 through which drive shaft 24 is dis-
Figure 6 is an illustrative view of the drive    posed and first arm
portion 27c and second arm mechanism showing the hinge coupling mecha-
portion27d. nism In accordance with Figure 1.                   First arm
portion 27c projects toward first por- Referring to Figure 1, a refrigerant
compressor  tion 29a of first rotor plate 29 from one side surface
according to this invention is shown. The compres-  10  thereof. Second arm
portion 27d projects toward sor includes a closed cylinder housing assembly
second arm portion 30a of second rotor plate 30 10 formed by an annular
casing 20 provided with    from one side surface thereof. cylinder block 11
at one its sides, a hollow portion   In this manner, swash plate 27 Is
connected such as crank chamber 20b, front end plate 23 and  with rotor
plate 29 and rotor plate 30 through a rear end plate21.
15  hinge coupling mechanism for rotation in unison Front end plate 23 and
valve plate 22b are      with rotor plate 29 and rotor plate 30. mounted on
the end of opening of annular casing        In this construction, pin 37b
is slidably dis- 20 to close the end opening of crank chamber 20b   posed
in rectangular hole 30b and in groove 29b, and fixed on casing 20 by a
plurality of bolts(not  the sliding motion of pin 37a and pin 37b changes
shown). Rear end plate 21 and valve plate 22a are  20  the slant angle of
the inclined surface of swash mounted on the other end of casing 20 by a
plate27. plurality of bolts(not shown) to cover the end por-    Cylinder
block 20 includes a plurality of an- tion of cylinder block 11. An opening
12 is formed  nularly arranged cylinders 25 into which piston 26 in front
end plate 23 for receiving drive shaft 24. An  slides. Each piston 26
comprises a double-headed annular sleeve 13 projects from the front end
sur-  25  portion slidably disposed within cylinder 25 and face of front
end surface of front end plate 23    connecting portion 26a. through
bearing 45, which is disposed within cyl-      Semi spherical thrust
bearing shoes 28 are inder block 11. The inner end of drive shaft 24 is
disposed between each side surface of connecting provided with a first
rotor plate 30 and drive shaft  portion 26a for sliding along the side
surface of 24 is fixed in rotor plate with a pin( not shown).  30  swash
plate 27. The rotation of drive shaft 24 A thrust needle bearing 46 is
placed between    causes swash plate 27 to rotate between, bearing the
inner end surface of front end plate 23 and the  shoes 28 and to move the
inclined surface axially adjacent axial end surface of rotor plate 30 to  .
to the right and left, thereby reciprocating piston 26 receive the thrust
load that acts against rotor    within cylinder 25. plate 30 and ensure
smooth motion. The outer end   35   Rear end plate 21 is shaped to define
suction of drive shaft 24, which extends outwardly from    chamber 101 and
discharge.chamber 100. Valve sleeve 14, is driven by the engine of a
vehicle    plate 22a, which together with rear end plate 21 is through a
conventional pulley arrangement.         fastened to the end of cylinde
block 20 by bolts( The inner end of drive shaft 24 extends into a  not
shown ), is provided with a plurality of valve second rotor plate 29
rotatably and central bore  40  suction ports 111 connected between suction
20a formed in the center of cylinder block 11 and  chamber 101 and
respective cylinders 25, and a is rotatably supported therein by a bearing
such as  plurality of valve discharge ports 110  connected radial needle
bearing 47 within actuator 31. The   between discharge chamber 100 and
respective inner end of drive shaft 24 is rotatably supported in  cylinder
25. Discharge chamber 100 and control the inside of actuator 31 and is
rotatably disposed   45  chamber 33 are connected by a pressure control in
central bore 20. Coil spring 32 surrounds the   system 34 including passage
way and control valve end of actuator 31 and disposed between actuator
35.                   . 31 and valve plate 22a to push actuator 31 toward
Referring to Figure 3, first arm portion 27c of outside of drive shaft 24.
The recoil strength of coil  swash plate 27 and second portion 27d are
respec- spring 32 is set to opposite to the inner compres-  50  tively
disposed symmetrical to  the canter of swash 



sion of crank chamber 20b.                         plate 27 two by two and
inserted with first arm 29a Chamber 39 of rear side of actuator 31 is
of first rotor plate 29. First arm portion 27c and communicated with
control chamber 33 through       second arm portion 27d of swash plate are
rotatab- hole 22a' of valve plate 22a and the movement       ly projected
with first arm portion 29a of first rotor volume of actuator 31 is
adjustable by the inner  55  plate 29 and second arm portion 30a of second
gas compression of control chamber 33 which is     rotor plate 30 through
first rectangular hole 29b and controlled by pressure control valve 35 of
pressure  second rectangular hole 30b by pin 37a and 37b. control system
communicated  with  discharge      Pin 37a and pin 37b are fixed to prevent
falling out 3    5                 EP 0 550 228 B1                    . 6
by snap ring 38.                                  pin 37a causes the clock
wise rotation of first arm With such an arrangement, swash plate 27 in
27c of swash plate 27 sliding. in first rectangular shifted between a
position where the inclination   hole 29b. Also, the above action causes
the clock- angle is large as shown in Figure and a position  wise rotation
of second arm 27d  of swash 27and where the inclination angle is small as
shown in   5   pin 37b slides upward guided by groove 30b. Figure 2, while
pin 37a and 37b of swash plate 27    As a result, the slant angle of swash
plate 27 is is being slid within rectangular hole 29b and sec-  maximized
relatively to the vertical plane. This re- ond rectangular hole 30b.
suit in the maximum stroke of double headed pis- In operation, drive shaft
24. is rotated by the  ton 26 within cylinder 25 which corresponds to
engine of a vehicle through the pulley arrangement,  10  normal
refrigerated capacity of the compressor. and first rotor plate 29 and
second rotor plate 30    Therefore, referring to Figure 6, the reaction of
are rotated together with drive shaft 24. The rota-  piston 27 stroke
through gas compression in cyl- tion of these plate are transferred to
swash plate 27  inder 25 acts against swash plate- 27 and is finally
through the hinge coupling mechanism so that with  received by the hinge
coupling mechanism. The respect to the rotation of these rotor plate the
16  moment caused by the rotation force acting on Inclined surface of swash
plate 27 moves axially to  piston 26 thus acts against the hinge coupling
the right and left. Double-headed piston 26 which  mechanism to cause
clockwise rotation as center of are operatively connected to swash plate 27
by    swash plate 27. means of swash plate 27 sliding between bearing
When the reaction force from piston by gas shqes 28, therefore reciprocate
within cylinder 25.  20 compression and the moment of swash plate 27 As
double headed piston 26 reciprocate, the refrig-  subject by the force of
both side piston in casing is erant gas which is introduced into suction
chamber  respectively Fp,Mp', and the distance between the 101 from the
fluid inlet port is taken into each  apex and the end of swash plate is
settled Lp', cylinder 25 and compressed. The compressed re-    Moment Mp'
is the product of force Fp by dis- frigerant is discharged to discharge
chamber 100   26  tance Lp' as following equation. from each cylinder 25
through discharge port 111 and therefrom into an external fluid circuit,for
ex-              [err] ample a cooling circuit through the fluid outlet
port. When the refrigerant capacity of a compressor     Also, when the
force of two hinge mechanisms is decreased, the pressure In control chamber
33 is  30  subjected by from swash plate 27 and the distance decreased by
closing control valve 35, the pres-  between the first hinge coupling.
mechanism and sure in control chamber 20b becomes smaller than  the second
hinge coupling mechanism are settled the integrated pressure of control
chamber and the  respectively Fh',Lh', and the moment of hinge cou- recoil
strength of coil spring 32. Thereby, actuator  pling mechanism is settled
Mh', 31 frictionally slides toward valve plate 22a. There-  35 by, first
rotor plate 29 is moved toward actuator 31              [err] by the
pressure in crank chamber 20b. As a result, pin 37a causes the counter
clock     Moment Mp' should be balance with moment wise rotation of first
arm 27c of awash plate 27  Mh'. As following equations formulate. guide by
first rectangular hole 29b.         40 Also, the above action causes the
counter-                  [err] clockwise rotation of second arm 27d of
swash                       [err] plate 27 and pin 37b slides downward
through groove gain 30b.                                  With such
arrangement, the magnitude of force Fh' 



As a result, the slant angle of swash plate 27 is  45  is very small
compared with force [err] since the minimized related to the vertical
plane. This results  value of distance Lh' is very large compared with in
the minimum stroke of double-headed piston 26  [err]. within cylinder 25
which corresponds to the normal    Furthermore, two hinge mechanism could
be refrigerant capacity of the compressor.           more securely
supported against the large moment On the other hand, when the refrigerant
capac-  so  of reaction compression from pistions since swash ity of a
compressor is increased, the pressure in  plate 27 includes arm portion
being two by two up control chamber 33 is increased by opening control  and
down, and frictionally supported by thereof. valve 35, the integrated force
of the pressure in chamber 33 and the recoil of coil spring32 become
Claims to be larger than the pressure in crank chamber  55 20b, the
actuator 31 frictionally slides toward swash  1. A swash plate type
compressor comprising: plate 27 and first rotor plate 29 is moved toward
a cylinder block (20) having a plurality of second rotor plate 30 by
actuator 31. As a result,    cylinder chambers (25) therein. 4    5
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ring 38.                                   pin 37a causes the clock wise
rotation of first arm With such an arrangement, swash plate 27 in    27c of
swash plate 27 sliding in first rectangular shifted between a position
where the inclination   hole 29b. Also, the above action causes the clock-
angle is large as shown in Figure and a position   wise rotation of second
arm 27d of swash 27 and where the inclination angle is small as shown in
5   pin 37b slides upward guided by groove 30b. Figure 2, while pin 37a and
37b of swash plate 27     As a result, the slant angle of swash plate 27 is
is being slid within rectangular hole 29b and sec-  maximized relatively to
the vertical plane. This re- ond rectangular hole 30b.
suit in the maximum stroke of double headed pis- In operation, drive shaft
24 is rotated by the  ton 26 within cylinder 25 which corresponds to engine
of a vehicle through the pulley arrangement,  10  normal refrigerated
capacity of the compressor. and first rotor plate 29 and second rotor plate
30    Therefore, referring to Figure 6, the reaction of are rotated
together with drive shaft 24. The rota-  piston 27 stroke through gas
compression in cyl- tion of these plate are transferred to swash plate 27
inder 25 acts against swash plate 27 and is finally through the hinge
coupling mechanism so that with  received by the hinge coupling mechanism.
The respect to the rotation of these rotor plate the   15   moment caused
by the rotation force acting on inclined surface of swash plate 27 moves
axially to  piston 26 thus acts against the hinge coupling the right and
left. Double-headed piston 26 which  mechanism to cause clockwise rotation
as center of are operatively connected to swash plate 27 by     swash plate
27. means of swash plate 27 sliding between bearing       When the reaction
force from piston by gas shoes 28, therefore reciprocate within cylinder
25.  20  compression and the moment of swash,plate 27 As double headed
piston 26 reciprocate, the refrig-  subject by the force of both side
piston in casing is erant gas which is introduced into suction chamber
respectively Fp,Mp', and the distance between the 101 from the fluid inlet
port is taken into each   apex and the end of swash plate is settled Lp',
cylinder 25 and compressed. The compressed re-     Moment Mp' is the
product of force Fp' by dis- frigerant is discharged to discharge chamber
100   25  tance Lp' as following equation. from each cylinder 25 through
discharge port 111 and therefrom into an external fluid circuitfor ex-
[err] ample a cooling circuit through the fluid outlet port. When the
refrigerant capacity of a compressor      Also, when the force of two hinge
mechanisms is decreased, the pressure in control chamber 33 is  30
subjected by from swash plate 27 and the distance decreased by closing,
control valve 35, the pres-  between the first hinge coupling, mechanism
and sure in control chamber 20b becomes smaller than  the second hinge
coupling mechanism are settled the integrated pressure of control chamber
and the  respectively Fh',Lh', and the momentof hinge cou- recoil strength
of coil spring 32. Thereby, actuator  pling mechanism is settled Mh', 31
frictionally slides toward valve plate 22a. There-  35 by, first rotor
plate 29 is moved toward actuator 31               [err] by the pressure in
crank chamber 20b. As a result, pin 37a causes the counter clock
Moment Mp' should be balance with moment 



wise rotation of first arm 27c of awash plate 27   Mh'. As following
equations formulate. guide by first rectangular hole 29b.          40 Also,
the above action causes the counter-                    [err] clockwise
rotation of second arm 27d of swash                     [err] plate 27 and
pin 37b slides downward through groove gain 30b.
With such arrangement, the magnitude of force Fh' As a result, the slant
angle of swash plate 27 is  45  is very small compared with force Fp since
the minimized related to the vertical plane. This results  value of
distance Lh' is very large compared with in the minimum stroke of
double-headed piston 28   Lp'. within cylinder 25 which corresponds to the
normal    Furthermore, two hinge mechanism could be refrigerant capacity of
the compressor.            more securely supported against the large moment
On the other hand, when the refrigerant capac-  so  of reaction compression
from pistonssince swash ity of a compressor is increased, the pressure in
plate 27 includes arm portion being two by two up control chamber 33 is
increased by opening control  and down, and frictionally supported by
thereof. valve 35, the integrated force of the pressure in chamber 33 and
the recoil of coil spring32 become  Claims to be larger than the pressure
in crank chamber  55 20b, the actuator 31 frictionally slides toward swash
1. A swash plate type compressor comprising: plate 27 and first rotor plate
29 is moved toward         a cylinder block (20) having a plurality of
second rotor plate 30 by actuator 31. As a result,    cylinder chambers
(25) therein; 4    7                  EP 0 550 228 B1                     8
*   C  L  M  S   * a drive shaft (24) rotatably supported in        (29a)
aufweist, der sich radial davon erstreckt, said cylinder block;
die Schlefscheibe elnei. zweiten und oien a swash plate (27) tiltably
connected to         dritten Armabschnitt in (27cT27d) aufweist, die said
drive shaft and adapted to be rotated           sich von ihren
entsprechendeh' eg nUberlie- together with said drive shaft;             5
genden Endabschriitten terstreclken, die An- pistons (26) slidably received
in said cyl-      triebswelle einen vierten'  abschnitt (30a) inder
chambers and adapted to be reciprocally        aufweist, der sich davon' in
die 'entgegenge- moved in said cylinder chambers in accor-
setzte Richtung zu dem  ersten Armabschnitt dance with an oscillatory
motion of said swash       erstreckt, wobei der erste und zweite Armab-
plate;                                      10       schnitt scharniermaBig
verbunden sind und der a support portion (29) disposed coaxially
dritte und vlerte Armabschnitt scharniermaBig with said drive shaft and
supporting a central      verbunden sind zurr. Andern des Neigungswin-
portion of said swash plate rotatably and til-       kels der
Schiefscheibe, wodurch die HObe der tably; and
Hin- und Herbewegungen der Kolben in den a spool (31) for driving said
support por-  15   Zyllnderkammern geandert werden. tion axially of said
drive shaft to move said central portion of said swash plate axially of
Revendications           -- said drive shaft, characterised by said support
portion including a first arm   1. Compresseur de type a plateau.en biais,
com- portion (29a) radially extending therefrom, said   20  prenant: swash
plate including a second and third arm           - un bloc de cylindres
(20) comportant une portions (27c, 27d) axially extending from the
pluralite de chambres die cylindre (25) opposite end surfaces thereof,
respectively,              dans celui-ci said drive shaft including a
fourth arm portion        - un arbre d'entralhement' (24) monte en (30a)
radially extending therefrom in the op-   25        rotation dans.le
bloc6de cyliridros; posite direction to said first arm portion, said
-        un plateau en blais. (27;re0!& de fagon first and second arm
portions being hingedly              basculable a'';larbre dientr.atnement
et connected and said third and fourth arm por-              destin6 &
8tre; entralhb  en rotation soli- tions being hingedly connected to change
the              dairement de cet arbre d'entraihement: angle of tilt of
said swash plate, whereby the   30    - des pistons (26) montes en
glissement strokes of reciprocatory movements of said                dans
les chambres de cylindres et desti- 



pistons in said cylinder chambers are changed.            n6s a 8tre
entrallh6s dans un :mouvement de va-et-vient'b I'interieur des chambres
PatentansprUche                                              de cylindres,
suivant un mouvement os- 35           cillatoire du plateau.en biais$ 1.
Schiefscheibenkompressor mit:                           - une partie de
support (29) disposte einem Zylinderblock (20) mit einer Mehrzahl
coaxialement avec lParpre d'.entrainement von Zylinderkammern (25) darin;
et supportant en rotation et en bascule- elner Antriebswelle (24), die
drehbar in dem              ment une partie centrale 'du plateau en
Zylinderblock gelagert ist;                 40            biais ; et einer
Schiefscheibe (27), die kippbar der An-          - un actionneur (31)
destin4 & entraiher la triebswelle verbunden ist und zum Drehen zu-
partie de support dans le sens axial de sammen mit der Antriebswelle
ausgelegt ist;              I'arbre d'entrahementi' pour-Ontraiher la
Kolben (26), die gleitend in den Zylinderkam-             partie centrale,
du plateau en biais dans mern aufgenommen sind und so ausgelegt   45
le sens axial de l'arbre d'entrainement, sind, daB sie hin und her in den
Zylinderkam-             caracterise en. ce .ue Ia partie de sup- mern
gemaB einer schwingenden Bewegung                    port comprend une
premiere partie de der Schiefscheibe bewegt werden;
bras (29a) partant radialemert de celle- einem Tragabschnitt (29), der
koaxial zu der              ci, en ce que le'pl:teau >er tiais com-
Antriebswelle vorgesehen ist und einen Mittel-  6o        prend une seconde
et une. troisinme par- abschnitt der Schiefscheibe drehbar und kipp-
tie de bras (27c, 27d) pprtant axialement bar tragt; und
des surfaces d'extremi4' opposdes res- einer Spule (31) zum Antreiben des
Tragab-                pectives de celui-ci,, en ce que l'arbre schnittes
axial zu der Antriebswelle zum Bewe-            d'entrainement comnprend
une quatnibme gen des Mittelabschnittes der Schiefscheibe  6s
partie de bras (30a) partant'radialement axial zu der Antriebswelle;
de celui-ci dan's Ia direction.opposee a dadurch gekennzeichnet, daB
celle de la premibre pa'tie de.bras, en ce der Tragabschnitt einen ersten
Armabschnitt               que la premibre et Ie. seconde partie de 5    9
EP 0 550 228 B1                         10 bras sont relines de manibre
articul~e, et                                    *  C   L  M  S  * en ce
quo la troisibme et la quatribme partie de bras sont relines de manibre
articule, afin de modifier I'angle d'incli- naison du plateau en biais, ce
qui permet   5 ainsi de modifier les courses des mouve- ments de
va-et-vient des pistons dans les chambres de cylindres. 10 15 20 25 30 35
40 45 50 55 6    


