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inder block 21. Fork shaped slider 63 prevents rotation of wobble plate 60
so that wobble plate 60 The present invention relates to an adjustable
nutates along rail 64 when cam rotor 40 rotates. slant plate type
refrigerant compressor according    Cylinder block 21 includes a plurality
of peripher- to the first part of claim 1 and to a slant plate   5   ally
located cylinder chambers 70 in which pistons control mechanism for use in
such a compressor     71 reciprocate. Each piston 71 is connected to
according to the first part of claim 4. Such a     wobble plate 60 by a
corresponding connecting rod compressor or control mechanism, resp., is
particu-  72. larly suitable for use in an automotive air condition-  Rear
end plate 24 includes peripherally located ing system.
10  annular suction chamber 241 and centrally located A wobble plate type
refrigerant compressor      discharge chamber 251. Valve plate 25 is
located with a variable displacement mechanism according   between cylinder
block 21 and rear end plate 24 to the first part of claim 1 is disclosed in
US Patent  and includes a plurality of valved suction ports 242 4,960,367
or EP-A-0 260 667. For purposes of       linking suction chamber 241 with
respective cyl- explanation only, the left side of the Figure 1 will  15
inders 70. Valve plate 25 also includes a plurality of be referenced as the
forward end or front and the  valved discharge ports 252 linking discharge
cham- right side of the Figure will be referenced as the  bers 251 with
respective cylinders 70. Suction rearward end.
ports 242 and discharge ports 252 are provided Compressor 10 includes
cylindrical housing as-  with suitable reed valves as described in U.S.
Pat. sembly 20 including cylinder block 21, front end   20   No. 4.011.029
to Shimizu. plate 23 at one end of cylinder block 21, crank        Suction
chamber 241 includes inlet portion chamber 22 formed between cylinder block
21 and    241a which is connected to an evaporator of the front end plate
23, and rear end plate 24 attached  external cooling circuit (not shown).
Discharge to the other end of cylinder block 21. Front end   chamber 251 is
provided with outlet portion 251a plate 23 is mountedon cylinder block 21
forward of  25  connected to a condenser of the cooling circuit (not crank
chamber 22 by a plurality of bolts 101. Rear  shown). Gaskets 27 and 28 are
located between end plate 24 ist mounted on cylinder block 21 at its
cylinder block 21 and the front surface of valve opposite end by a
plurality of bolts 102. Valve plate  plate 25, and the rear surface of
valve plate 25 and 25 is located between rear end plate 24 and cyl-   rear
end plate 24 respectively, to seal the mating inder block 21. Opening 231
is centrally formed in  30  surfaces of cylinder block 21, valve plate 25
and front end plate 23 for supporting drive shaft 26 by  rear end plate 24.
bearing 30 disposed in the opening 231. The inner      With reference to
Figure 2, valve control end portion of drive shaft 26 is rotatably
supported  mechanism 19' includes cup-shaped casing mem- by bearing 31
disposed within central bore 210 of  ber 191 defining valve chamber 192
therewithin. 0- cylinder block 21. Bore 210, which extends to a   35  ring
19a is disposed between an outer surface of rearward end surface of
cylinder block 21, contains  casing member 191 and an inner surface of bore
valve control mechanism 19' as discussed below.    210 to seal the mating
surfaces of casing member Cam rotor 40 is fixed on drive shaft 26 by pin
191 and cylinder block 21. A plurality of holes 19b member 261 and rotates
with drive shaft 26. Thrust  are formed at the closed end (to the left in
Figures needle bearing 32 is disposed between the inner  40   1 and 2) of
casing member 191 to expose valve end surface of front end plate 23 and the
adjacent  chamber 192 to the crank chamber pressure axial end surface of
cam rotor 40. Cam rotor 40    through gap 31a existing between bearing 31
and includes arm 41 having pin member 42 extending     cylinder block 21.
Valve device 193, which has a therefrom. Slant plate 50 is adjacent cam
rotor 40  longitudinally expandable and contractable bellows and includes
opening 53 through which drive shaft  45  193a and valve element 193b
attached at a rear- 26 passes. Slant plate 50 includes arm 51 having   ward
end of bellows 193a, is disposed in valve slot 52. Cam rotor 40 and slant
plate 50 are con-  chamber 192. Bellows 193a longitudinally contracts
nected by pin member 42, which is inserted in slot  and expands in response
to the crank chamber 52 to create a hinged joint. Pin member 42 is
pressure. Bellows 193a is made of an elastic ma- slidable within slot 52 to
allow adjustment of the   50  terial, for example, phosphor bronze and has
an angular position of slant plate 50 with respect to a  effective pressure
receiving cross-sectional area plane perpendicular to the longitudinal axis
of drive  which is designated below as area [err]. Valve ele- shaft 26.
ment 193b is generally hemispherical shaped and Wobble plate 60 is
rotatably mounted on slant   is attached at the rearward end of bellows
193a. plate 50 through bearings 61 and 62. Fork shaped   55   Projection
member 193c, which is attached at a slider 63 is attached to the outer
peripheral end of  forward end of bellows 193a, is secured to axial wobble
plate 60 and is slidably mounted on sliding  projection 19c formed at the
center of the closed rail 64 held between front end plate 23 and cyl-   end
of casing member 191. Bias spring 193d is 2    



3                 EP 0 581 974 B1                        4 longitudinally
and compressedly disposed within an  eral side wall is mounted on the rear
end portion of inner hollow space of bellows 193a. The resultant  cylinder
member 194 to prevent 0-ring 197 from force F of the restoring force of
bellows 193a and  falling off from the rear end of cylinder member bias
spring 193d continuously urges valve element  194. 193b rearwardly (to the
right in Figures 1 and 2).  5  Radial hole 151 is formed at valve seat 194a
to Cylinder member 194, which includes valve      link conical shaped
opening 194b to conduit 152 seat 194a, penetrates the center of valve plate
formed in cylinder block 21. Conduit 152, which assembly 200, which
includes valve plate 25, gas-  includes cavity 152a, is linked to suction
chamber kets 27, 28, suction reed valve 271 and discharge  241 through hole
153 formed at valve plate assem- reed valve 281. Valve seat 194a is formed
at a   10  bly 200. Passageway 150, which provides commu- forward end of
cylinder member 194 and is se-      nication between crank chamber 22 and
suction cured to an opened end of casing member 191.       chamber 241,
includes gap 31a, bore 210, holes Nut 100 is screwed on cylinder member 194
from     19b, valve chamber 192, conical shaped opening a rearward end of
cylinder member 194 located in   194b, radial hole 151, conduit 152 and
hole 153. As discharge chamber 251 to fix cylinder member 194   15   a
result, the opening and closing of passageway to valve plate assembly 200
with valve retainer     150 is controlled by the contraction and expansion
253. Conical-shaped opening 194b, which receives   of valve device 193
primarily in response to crank valve element 193b, is formed at valve seat
194a   chamber pressure. and is linked to cylinder 194c axially formed in
During operation of compressor 10, drive shaft cylinder member 194.
Consequently, annular ridge   20  26 is rotated by the engine of the
vehicle through 194d is formed at a location which is the boundary  an
electromagnetic clutch 300. Cam rotor 40 is between conical-shaped opening
194b and cylinder   rotated with drive shaft 26, rotating slant plate 50
194c.                                             as well, which causes
wobble plate 60 to nutate. When bellows 193a expands to a certain Ion-
Nutational motion of wobble plate 60 reciprocates gitudinal length,
generally hemispherical-shaped   25  pistons 71 in their respective
cylinders 70. As valve element 193b is received by conical-shaped   pistons
71 are reciprocated, refrigerant gas which opening 194b to form a circular
line contact 193e  is introduced into suction chamber 241 through
therebetween. Circular line contact 193e divides   inlet portion 241a flows
into each chamber 70 valve element 193b into front portion 193f and rear
through suction ports 242 and then is compressed. portion 193g, an exterior
surface of which is re-  30   The compressed refrigerant gas is discharged
to sponsive to pressure in suction chamber 241 con-   discharge chamber 251
from  each cylinder 70 ducted via later-mentioned radial hole 151, conduit
through discharge ports 252, and therefrom into the 152 and hole 153. Rear
portion 193g of valve      cooling circuit through outlet 251 a. element
193b has the effective pressure receiving      The capacity of compressor
10 is adjustable to cross-sectional area which is designated below as   35
maintain a constant pressure in suction chamber area A2, and which is
approximately 50% of the      241 in response to changes in the heat load
on the effective pressure receiving cross-sectional area [err]  evaporator
or changes in the rotating speed of the of bellows 193a.
compressor. Adjustment of the capacity of the Actuating rod 195, which is
slidably disposed   compressor occurs by changing the angle of slant within
cylinder 194c, slightly projects from the real-  40  plate 50 which is
dependent upon the crank cham- ward end of cylinder 194c, and is linked to
valve  ber pressure. An increase in crank chamber pres- element 193b
through bias spring  196, which      sure decreases the slant angle of
slant plate 50 smoothly transmits the force from actuating rod    and
wobble plate 60, decreasing the capacity of 195 to valve element 193b of
valve device 193.     the compressor. A decrease in the crank chamber
Actuating rod 195 includes annular flange 195a   45  pressure increases the
angle of slant plate 50 and which is integral with and radially extends
from an  wobble plate 60, increasing the capacity of the outer surface of a
front end portion of actuating rod  compressor. 195. Annular flange 195a is
located in conical         As discussed in U.S. Patent No. 4,960,367, the
shaped opening 194b, and prevents an excessive    effect of valve control
mechanism 19 is to maintain rearward movement of actuating rod 195 by con-
50   a constant pressure at the outlet of the evaporator tacting with
annular ridge 194d. O-ring 197 is     by controlling the capacity of the
compressor in the mounted about actuating rod 195 to seal the mat-
following manner. Actuating rod 195 pushes valve ing surfaces of cylinder
194c and actuating rod    element 193b in the direction to contract bellows
195, thereby preventing the invasion of the refriger-  193a and bias spring
196. Actuating rod 195 moves ant gas from discharge chamber 251 to conical
55  in response to pressure in discharge chamber 251. shaped opening 194b
via the gap created between   Accordingly, increasing  pressure in
discharge cylinder 194c and rod 195. Cup-shaped member       chamber 251
further moves rod 195 toward bellows 103 having a threaded portion at its
inner periph-  193a, thereby increasing the contraction of bellows 3    



5                  EP 0 581 974 B1                     6 193a. As a result,
the control point for changing the  receiving cross-sectional area of rear
portion 193g displacement of the compressor is shifted to main-   of valve
element 193b, Ps is the pressure in suc- tain a constant pressure at the
evaporator outlet.   tion chamber 241, and Pc is the pressure in crank That
is, valve control mechanism 19 makes use, of    chamber 22. The above
equation (1) can be con- the fact that the discharge pressure of the com-
verted into the following equation by solving for Pc: pressor is roughly
directly proportional to the suc- tion flow rate. Since actuating rod 195
moves in     [err] direct response to changes in discharge pressure, and
applies a force directly to valve device 193,       Equation (2) shows that
the crank chamber the control point at which valve device 193 op-   10
pressure Pc varies in accordance with the changes erates is shifted in a
direct and responsive manner  in the suction chamber pressure Ps.
Furthermore, by changes in discharge pressure.                    in this
prior art, [err] is [err] so that equation (2) can Further operation of
valve control mechanism     be further converted to the following equation
by 19 is described in detail below. In order to simplify  substituting
[err] for [err]. the explanation of the operation of valve control   15
mechanism  191, the above-mentioned effect of        Pc = -Ps + 2F/[err]
(3) valve control mechanism 19 is neglected hereinafter.
Equation (3) is shown by the straight line "m" in With reference to Figures
3 and 4, and as        Figure 3. Therefore, suction chamber pressure Ps
particularly illustrated in Figure 4, in a situation   20   decreases in
inverse proportion to the increase in where operation of the compressor is
stopped, the    the crank chamber pressure Pc with a proportion of suction
chamber pressure Ps and the crank cham-     one to one when the suction
chamber pressure Ps ber pressure Pc are in a state of equilibration, i e.,
is less than the operating point [err] of valve device Pc = Ps, which is
greater than the operating point   193. At that time, the angular position
of slant plate [err] of valve device 193. This causes the contrac-   25
50 is maintained at the maximum slant angle. How- tion of bellows 193a so
that valve element 193b      ever, as illustrated in Figure 4, once the
suction permits communication between suction chamber        chamber
pressure Ps reaches one predetermined 241 and valve chamber 192 through
conical-           pressure P5' at which the pressure difference be- shaped
opening 194b, radial hole 151, conduit 152    tween the crank and suction
chambers 22 and 241 and hole 153 to thereby establish communication   30
becomes [err], the angular position of slant plate between crank chamber 22
and suction chamber         50 shifts to an angle which is smaller than its
241.                                                 maximum slant angle.
Therefore, the displacement In one compressor operational situation indi-
of the compressor shifts to a value which is smaller cated by time period
"a" in Figure 4, which is a so-  than the maximum value. called cool down
stage, the compressor operates   35    Another compressor operational
situation where as follows. In the beginning of operation of the     the
heat load on the evaporator gradually de- compressor, the communication
between crank          creases is depicted by time period "b" in Figure 4.
chamber 22 and suction chamber 241 is main-          As long as the angular
position of slant plate 50 is tained, thereby satisfying the equation Pc =
Ps as   maintained at one angle, suction chamber pressure shown by the
straight line "1i' in Figure 3 until the   40   Ps gradually decreases
while the crank chamber suction chamber pressure Ps falls to the operating
pressure Pc gradually increases so as to satisfy point [err]of valve device
193. When the suction      equation (3). However, once the suction chamber
chamber pressure Ps falls to the operating point     pressure Ps reaches
predetermined pressure [err] [err] of valve device 193, valve element 193b
con-   the angular position of slant plate 50 shifts from tacts an inner
surface of conical-shaped opening   45   one angle to another angle which
is smaller than 194b due to expansion of bellows 193a. If the      the
first angle. Therefore, the displacement of the suction chamber pressure Ps
drops below the op-      compressor shifts from one value to another value
erating point [err] of valve device 193, valve element  which is smaller
than the first value. When the 193b frequently opens and closes
conical-shaped      displacement of the compressor shifts to the small-
opening 194b in accordance with the following   50  er value due to the
change in the angular position equation:
of slant plate 50 to a smaller angle, the suction chamber pressure Ps
quickly increases because [err]                    the newly decreased
displacement of the compres- sor insufficiently compensates the heat load
on the wherein F is the resultant force of the restoring   55  evaporator.
However, this quick increase in the forces of bellows 193a and bias spring
193d, A, is   suction chamber pressure Ps hits a peak before the effective
pressure receiving cross-sectional    the suction chamber pressure Ps
reaches predeter- area of bellows 193a, A2 is the effective pressure
mined pressure [err] at which the pressure differ- 4    



7                 EP 0 581 974 B1                    8 ence between the
crank and suction chambers 22     a range which is not negligible so that
the air and 241 becomes APmin. Thereafter, as long as      conditioning in
a passenger compartment of an the angular position of slant plate 50 is
maintained  automobile is not effectively and efficiently con- at another
angle,the suction chamber pressure Ps  trolled. gradually decreases while
the crank chamber pres-   5  Accordingly, it is an object of this invention
to sure Pc gradually increases so as to satisfy equa-  provide a slant
plate type refrigerant compressor tion (3). The above-described operation
is repeated  having a capacity control mechanism which can while the heat
load on the evaporator gradually    sufficiently reduce the range of
variation in the decreases in accordance with time.                 suction
chamber pressure during a capacity control On the other hand, in yet
another compressor  10  stage of operation. operation situation where heat
load on the evapora-   In order to obtain the above object the present tor
gradually increases in accordance with time,   invention provides a slant
plate type refrigerant which is indicated by the period "c" in Figure 4, as
compressor as defined in claim 1 and a slant plate long as the angular
position of slant plate 50 is  control mechanism for use in such a
refrigerant maintained at one angle, the suction chamber pres-  15
compressor as defined in claim 4. sure Ps gradually increases while the
crank cham-      Figure 1 is a vertical longitudinal sectional view ber
pressure Pc gradually decreases so as to sat-  of a conventional wobble
plate type refrigerant isfy equation (3). However, once the Suction cham-
compressor with a variable displacement mecha- ber pressure Ps reaches
predetermined pressure     nism. P4', the angular position of slant plate
50 shifts  20  Figure 2 is an enlarged sectional view of a from one angle
to another angle which is greater   valve control mechanism shown in Figure
1. than the first angle. Therefore, the displacement of   Figure 3 is a
graph showing the relationship the compressor shifts from one value to
another    between the pressures in a crank chamber and a value which is
greater than the first value. When  suction chamber of the wobble plate
type refriger- the displacement of the compressor shifts to the   25  ant
compressor shown in Figure 1. greater value due to the change in the
angular         Figure 4 is a graph showing the relationship position of
slant plate 50 to a greater angle, the  between the elapsed time and the
pressures in the suction chamber pressure Ps quickly decreases      crank
chamber and the suction chamber of the because the newly increased
displacement of the    wobble plate type refrigerant compressor shown in
compressor sufficiently compensates the heat load   30   Figure 1. on the
evaporator. However, this quick decrease in     Figure 5 is an enlarged
sectional view of a the suction chamber pressure Ps bottoms out be-
valve control mechanism  provided in a wobble fore the suction chamber
pressure Ps reaches pre-   plate type refrigerant compressor with a
variable determined pressure [err]. Thereafter, as long as the
displacement mechanism in accordance with one angular position of slant
plate 50 is maintained at  35  embodiment of the present invention. one
angle, the suction chamber pressure Ps gradu-      Figure 6 is a graph
showing the relationship ally increases while the crank chamber pressure Pc
between the pressures in a crank chamber and a gradually decreases so as to
satisfy equation (3).  suction chamber of the wobble plate type refriger-
The above-described operation is repeated while    ant compressor shown in
Figure 5. the heat load on the evaporator gradually increases   40  Figure
7 is a graph showing the relationship in accordance with time.
between the elapsed time and the pressures in the Accordingly, during a
capacity control stage of  crank chamber and the suction chamber of the
operation, which includes time periods "b" and "c"  wobble plate type
refrigerant compressor shown in shown in Figure 4, the suction chamber
pressure    Figure 5. Ps varies in a range [err] = [err] - [err] while the
45   Figure 5 illustrates a construction of valve con- crank chamber
pressure Pc varies in a range [err]   trol mechanism 19 provided in a
wobble plate type = [err] Furthermore, the range of variation
refrigerant compressor with a variable displacement [err] in the suction
chamber pressure is equal to    mechanism in accordance with one embodiment
of the range of variation [err] in the crank chamber   the present
invention. In the drawing, the same pressure because the suction chamber
pressure Ps   50  numerals are used to denote the same elements decreases
in inverse proportion to the increase in  shown in Figures 1 and 2.
Furthermore, for pur- the crank chamber pressure Pc at a proportion of
poses of explanation only, the left side of the one to one. Therefore, the
range of variation [err]  Figure will be referred to as the forward end or
in the suction chamber pressure during the capac-  front and the right side
of the Figure will be re- ity control stage is not negligible. Accordingly,
55  ferred to as the rearward end. when the prior art compressor is used in
an auto-     With reference to Figure 5, valve control motive air
conditioning system, the temperature of  mechanism 19 includes valve device
293 having a cooled air which leaves the evaporator varies over
longitudinally expandable and contractable bellows 5    



9                  EP 0 581 974  B1                     10 193a and valve
element 293b attached at a rear-     an inner surface of conical-shaped
opening 194b ward end of bellows 193a. Bellows 193a longitudi-    due to
expansion of bellows 193a. If the suction ally contracts and expands in
response to crank      chamber pressure Ps drops below the operating
chamber pressure. Bellows 193a is made of an         point [err] of valve
device 293, valve element 293b elastic material, for example, phosphor
bronze and    5   frequently opens and closes conical-shaped open- has an
effective pressure receiving cross-sectional  ing 194b in accordance with
the following equation: area which is designated below as area [err] Valve
element 293b has a generally truncated cone         [err]   (1) shape and
is attached at the rearward end of bellows 193a. Projection member 193c,
which is  10   wherein F is the resultant force of the restoring attached
at a forward end of bellows 193a, is       forces of bellows 193a and bias
spring 193d, [err] is secured to axial projection 19c formed at the cen-
the effective pressure receiving cross-sectional ter of the closed end of
casing member 191. Bias     area of bellows 193a, A2 is the effective
pressure spring 193d is longitudinally and compressedly dis-  receiving
cross-sectional area of rear portion 293g posed within an inner hollow
space of bellows   15  of valve element 293b, Ps is the pressure in suc-
193a. The resultant force F of the restoring forces  tion chamber 241, and
Pc is the pressure in crank of bellows 193a and bias spring 193d
continuously    chamber 22. The above equation (1) can be con- urges valve
element 293b rearwardly (to the right    verted into the following equation
by solving for Pc: in Figure 5). When bellows 193a expands to a certain
Ion-  20   [err] gitudinal length, generally truncated cone-shaped valve
element 293b is received by conical-shaped        Equation (2) shows that
the crank chamber opening 194b to form a circular line contact 293e
pressure Pc varies in accordance with the changes therebetween. Circular
line contact 293e divides    in the suction chamber pressure Ps.
Furthermore, valve element 293b into front portion 293f and rear   25  in
this valve control mechanism, A2 is 0.8A1 so that portion 293g, an exterior
surface of which is re-    equation (2) can be further converted to the
follow- sponsive to pressure in suction chamber 241 con-    ing equation by
substituting [err] for [err]. ducted via radial hole 151, conduit 152 and
hole 153. Rear portion 293g of valve element 293b has     Pc = -4Ps + [err]
(4) an effective pressure receiving cross-sectional area   30 which is
designated below as area A2, and which is   Equation (4) is shown by the
straight line "mi" in approximately 80%  of the effective pressure re-
Figure 6. Therefore, the suction chamber pressure ceiving cross-sectional
area [err] of bellows 193a.     Ps decreases in inverse proportion to the
increase With reference to Figures 6 and 7, and as        in the crank
chamber pressure Pc with a proportion particularly illustrated in Figure 7,
in a situation   35  of one to four when the suction chamber pressure where
operation of the compressor is stopped. the    Ps is less than the
operating point [err] of valve suction chamber pressure Ps and the crank
cham-      device 293. At that time, the angular position of ber pressure
Pc are in a state of equilibration, i.e.,  slant plate 50 is maintained at
the maximum slant Pc =Ps, which is greater than the operating point P
angle. However, as illustrated in Figure 7, once the of valve device 293.
This causes the contraction of  40  suction chamber pressure Ps reaches
third pre- bellows 193a so that valve element 293b permits      determined
pressure [err] at which the pressure dif- communication between suction
chamber 241 and        ference between the crank and suction chambers valve
chamber 192 through conical-shaped opening     22 and 241 becomes APmax,
the angular position 194b, radial hole 151, conduit 152 and hole 153 to
of slant plate 50 shifts to an angle which is smaller thereby establish
communication between crank   45  than the maximum slant angle. Therefore,
the dis- chamber 22 and suction chamber 241.                  placement of
the compressor shifts to a value In one compressor operational situation
indi-    which is smaller than its maximum value. cated by time period "a"
in Figure 7, which is a so-    Another compressor operational situation
where called cool down stage, the compressor operates     the heat load on
the evaporator gradually de- as follows. In the beginning of operation of
the   50  creases is depicted by time period "b" in Figure 7. compressor,
the communication between crank          As long as far as the angular
position of slant plate chamber 22 and suction chamber 241 is main-
50 is maintained at one angle, the suction chamber tained, thereby
satisfying the equation [err] as     pressure Ps gradually decreases while
the crank shown by the straight line "li" in Figure 6 until the  chamber
pressure Pc quickly increases so as to suction chamber pressure Ps falls to
the operating   55  satisfy equation (4). However, once the suction point
[err] of valve device 293. When the suction       chamber pressure Ps
reaches predetermined pres- chamber pressure Ps falls to the operating
point [err]  sure [err], the angular position of slant plate 50 shifts of
valve device 293, valve element 293b contacts    from one angle to another
angle which is smaller    11                EP 0 581 974 B1
12 



than the first angle. Therefore, the displacement of  Ps varies in a range
APs = [err] while the crank the compressor shifts from one value to another
chamber pressure Pc varies in a range [err] =[err] value which is smaller
than the first value. When  P3. Furthermore, the range of variation [err]
in the the displacement of the compressor shifts to the   suction chamber
pressure is one-fourth the range smaller value due to the change in the
angular   5   of variation APc in the crank chamber pressure position of
slant plate 50 to a smaller angle, the  because the suction chamber
pressure Ps de- suction chamber pressure Ps quickly increases be-  creases
in inverse proportion to the increase in the cause the newly decreased
displacement of the      crank chamber pressure Pc with a proportion of
compressor insufficiently compensates the heat     one to four. For
example, experimental data com- load on the evaporator. However, this quick
in-  10  paring conventional compressors and the compres- crease in the
suction chamber pressure Ps hits a   sor of the present invention shows
that the range of peak before the suction chamber pressure Ps
variation in the suction chamber pressure during reaches predetermined
pressure P4 at which the     the capacity control stage decreases from 0.26
to pressure difference between the crank and suction  0.1 kgf/[err].
Therefore, in the compressor of the chambers 22 and 241 becomes APmin.
Thereafter,  15  present invention, the range of variation in the as long
as the angular position of slant plate 50 is  suction chamber pressure
during the capacity con- maintained at another angle, the suction chamber
trol stage can be effectively decreased by a signifi- pressure Ps gradually
decreases while the crank    cant amount as compared with conventional com-
chamber pressure Pc quickly increases so as to      pressors. Accordingly,
when the present invention satisfy equation (4). The above-described
operation   20  compressor is used in an automotive air condition- is
repeated while the heat load on the evaporator  ing system, the temperature
of cooled air which gradually decreases in accordance with time.
leaves the evaporator varies over a range which is On the other hand, in
yet another compressor    negligible so that the air conditioning in a pas-
operation situation where heat load on the evapora-  senger compartment of
an automobile can be ef- tor gradually increases in accordance with time,
25  fectively and efficiently controlled. which is indicated by the period
"c" in Figure 7, as long as the angular position of slant plate 50 is
Claims maintained at one angle, the suction chamber pres- sure Ps gradually
increases while the crank cham-   1. An adjustable slant plate type
refrigerant com- ber pressure Pc quickly decreases so as to satisfy   30
pressor comprising: equation (4). However, once the suction chamber
a compressor housing (20) provided with a pressure Ps reaches predetermined
pressure [err]         plurality of cylinders (70), a suction chamber the
angular position of slant plate 50 shifts from     (241), a discharge
chamber (251) and an en- one angle to another angle which is greater than
closed crank chamber (22); the first angle. Therefore, the displacement of
the   35  a piston (71) slidably fitted within each of said compressor
shifts from one value to another value      cylinders; which is greater
than the first value. When the        a drive rnachanism including a rotor
(40); displacement of the compressor shifts to the great-    an adjustable
slant plate (50) having an in- er value due to the change in the angular
position     clined surface adjustably connected to said of slant plate 50
to a greater angle, the suction   40  rotor and having an adjustable slant
angle, the chamber pressure Ps quickly decreases because          slant
angle changing in response to a change the newly increased displacement of
the compres-       in pressure in said crank chamber to thereby sor
sufficiently compensates the heat load on the      change the capacity of
said compressor; evaporator. However, this quick decrease in the
coupling means (60, 72) for operationally cou- suction chamber pressure Ps
bottoms out before  45     piing said slant plate to said pistons such that
the suction chamber pressure Ps reaches predeter-      rotation of said
rotor and slant plate recipro- mined pressure [err]. Thereafter, as long as
the          cates said pistons in said cylinders; angular position of
slant plate 50 is maintained at    a passageway (150) in said compressor
hous- one angle, the suction chamber pressure Ps gradu-     ing linking
said suction chamber with said ally increases while the crank chamber
pressure Pc   so  crank chamber; and quickly decreases so as to satisfy
equation (4). The   a valve control means (19') for controlling the
above-described operation is repeated while the        opening and closing
of said passageway, said heat load on the evaporator gradually increases in
valve control means including  a bellows accordance with time.
(193a) having a first effective pressure receiv- Accordingly, during a
capacity control stage of  55  ing cross-sectional area responsive to crank
operation, which includes time periods "b" and "c"     chamber pressure and
a valve element (293b) shown in Figure 7, in the compressor of the pre-
attached at one end of said bellows to open ferred embodiment, the suction
chamber pressure        and close said passageway, said passageway 7    11
EP 0 581 974 B1                    12 



*     C   L   M    S    * than the first angle. Therefore, the displacement
of  Ps varies in a range [err] = [err] while the crank the compressor
shifts from one value to another     chamber pressure Pc varies in a range
APc = P2 - value which is smaller than the first value. When   P3.
Furthermore, the range of variation APs in the the displacement of the
compressor shifts to the    suction chamber pressure is one-fourth the
range smaller value due to the change in the angular   5   of variation
[err] in the crank chamber pressure position of slant plate 50 to a smaller
anglo. the  because the suction chamber pressure Ps de- suction chamber
pressure [err] quickly increases be-   creases in inverse proportion to the
increase in the cause the newly decreased displacement of the       crank
chamber pressure Pc with a proportion of compressor insufficiently
compensates the heat      one to four. For example, experimental data com-
load on the evaporator. However, this quick in-  so  paring conventional
compressors and the compres- crease in the suction chamber pressure Ps hits
a    sor of the present invention shows that the range of peak before the
suction chamber pressure Ps         variation in the suction chamber
pressure during reaches predetermined pressure [err] at which the     the
capacity control stage decreases from 0.26 to pressure difference between
the crank and suction   0.1 kgf/[err]. Therefore, in the compressor of the
chambers 22 and 241 becomes [err]. Thereafter,  is  present invention, the
range of variation in the as long as the angular position of slant plate 50
is  suction chamber pressure during the capacity con- maintained at another
angle, the suction chamber   trol stage can be effectively decreased by a
signifi- pressure Ps gradually decreases while the crank     cant amount as
compared with conventional com- chamber pressure Pc quickly increases so as
to      pressors. Accordingly, when the present invention satisfy equation
(4). The above-described operation   20  compressor is used in an
automotive air condition- is repeated while the heat load on the evaporator
ing system, the temperature of cooled air which gradually decreases in
accordance with time.        leaves the evaporator varies over a range
which is On the other hand, in yet another compressor    negligible so that
the air conditioning in a pas- operation situation where heat load on the
evapora-  senger compartment of an automobile can be ef- tor gradually
increases in accordance with time.  25  fectively and efficiently
controlled. which is indicated by the period 'c" in Figure 7. as long as
the angular position of slant plate 50 is   Claims maintained at one angle,
the suction chamber pres- sure Ps gradually increases while the crank cham-
1. An adjustable slant plate type refrigerant com- ber pressure Pc quickly
decreases so as to satisfy   30  pressor comprising: equation (4). However,
once the suction chamber         a compressor housing (20) provided with a
pressure [err] reaches predetermined pressure[err],          plurality of
cylinders (70), a suction chamber the angular position of slant plate 50
shifts from      (241), a discharge chamber (251) and an en- one angle to
another angle which is greater than        closed crank chamber (22); the
first angle. Therefore, the displacement of the   35  a piston (71)
slidably fitted within each of said compressor shifts from one value to
another value       cylinders; which is greater than the first value. When
the         a drive machanism including a rotor (40); displacement of the
compressor shifts to the great-     an adjustable slant plate (50) having
an in- er value due to the change in the angular position      clined
surface adjustably connected to said of slant plate 50 to a greater angle,
the suction   40  rotor and having an adjustable slant angle, the chamber
pressure Ps quickly decreases because          slant angle changing in
response to a change the newly increased displacement of the compres-
in pressure in said crank chamber to thereby sor sufficiently compensates
the heat load on the       change the capacity of said compressor;
evaporator. However, this quick decrease in the        coupling means (60,
72) for operationally cou- suction chamber pressure Ps bottoms out before
15     pling said slant plate to said pistons such that the suction chamber
pressure Ps reaches predeter-     rotation of said rotor and slant plate
recipro- mined pressure [err]. Thereafter, as long as the           cates
said pistons in said cylinders; angular position of slant plate 50 is
maintained at     a passageway (150) in said compressor hous- one angle,
the suction chamber pressure Ps gradu-      ing linking said suction
chamber with said ally increases while the crank chamber pressure Pc   so
crank chamber; and quickly decreases so as to satisfy equation (4). The
a valve control means (19') for controlling the above-described operation
is repeated while the         opening and closing of said passageway. said
heat load on the evaporator gradually increases in     valve  control means
including a bellows accordance with time.
(193a) having a first effective pressure receiv- Accordingly, during a
capacity control stage of  55  ing cross-sectional area responsive to crank
operation, which includes time periods "b" and "c"      chamber pressure
and a valve element (293b) shown in Figure 7, in the compressor of the pre-
attached at one end of said bellows to open ferred embodiment, the suction
chamber pressure         and close said passageway, said passageway 7    
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* including a valve seat (194b) formed therein for     (193d) within said
bellows for urging said valve receiving said valve element, said valve ele-
element towards said seat. ment including a boundary line (293e) which is
defined at an exterior surface of said valve    6. The slant plate control
mechanism of claim 4 element when said valve element is received    5
or 5, characterized in that said valve element is in said valve seat, said
boundary line dividing     frusto-conical and engages said seat along a
said valve element into first (293g) and second      circular line (293e).
(293f) portions, said first portion having an exterior surface responsive
to pressure in said  Patentanspruche suction chamber when said valve
element is  10 received in said valve seat,                     1.
Einstellbarer   Schiefscheibenklhikompressor characterized in that said
first portion of said     mit: valve element has a second effective
pressure        einem Kompressorgehause (20), das mit einer receiving
cross-sectional area which is approxi-     Mehrzahl von Zylindern (70),
einer Ansaug- mately equal to or greater than 80 % of said   15    kammer
(241), einer Auslal~kammer (251) und first effective pressure receiving
cross-section-    einer eingeschlossenen  Kurbelkammer (22) al area.
versehen ist; einem Kolben (71), der in jeden der Zylinder 2. The
compressor according to claim 1,                  gleitend verschiebbar
eingepalt ist; characterized by a spring member (193d) with-   20   einem
Antriebsmechanismus mit einem Rotor in said bellows for urging said valve
element        (40); towards said seat.
einer einstellbaren Schiefscheibe (50) mit einer geneigten Oberflache, die
einstellbar mit dem 3. The compressor according to claims 1 or 2,
Rotor verbunden ist und einen einstellbaren characterized in that said
valve element is  25      Neigungswinkel aufweist, wobei sich der Nei-
frusto-conical and engages said seat along a         gungswinkel als
Reaktion auf ein Anderung im circular line ([err]).
Druck in der Kurbelkammer zum dadurch An- dern der Kapazitat des
Kompressors andert; 4. A slant plate control mechanism controlling the
Verbindungsmittel (60, 72) zum betriebsml3i- angular position of an
adjustable slant plate  30   gen Verbinden der Schiefscheibe mit den Kol-
(50) in a slant plate refrigerant compressor in      ben clerart, daB die
Rotation des Rotors und response to crank chamber pressure, said
der Schiefscheibe die Kolben in den Zylindem compressor including a
compressor housing            hin- und herbewegt; (20) defining a crank
chamber (22) and a suc-        einem Durchgang (150) in dem Kompressorge-
tion chamber (241), said slant plate control  35     hause, der die
Ansaugkammer mit der Kurbel- mechanism comprising:
kammer verbindet; und a passageway (151) connecting said crank and
Ventilsteuermittel (19') zum Steuern des Off- suction chambers;
nens und Schliegens des Durchganges, wobei a valve seat (194b) encircling
said passage-         das Ventilsteuermittel einen Balgen 193a mit way;
40       einer ersten effektiven Querschnittsfliche zum a valve element
(293b) engageable with said          Druckaufnehmen, der auf den
Kurbelkammer- valve seat to close said passageway, a bound-        druck
reagiert, und ein Ventilelement (293b), ary (293e) between said valve
element and            das an einem  Ende des Balgens angebracht said
passageway defining a second effective         ist. zum Offnen und
SchlieBen des Durchgan- pressure area on said valve element when said   45
ges aufweist, der Durchgang einen Ventilsitz valve element engages said
valve seal: and           (194b) aufweist, der darin zum Aufnehmen des a
bellows (193a) connected with said, valve          Ventilelemontes gebildet
ist, das Ventilelement element for moving said valve element into
eine Grenzlinie aufweist, die auf elner SuBeren engagement with said valve
seat, the cross-          Oberflache des Ventilelementes definiert ist,
sectional area of said bellows defininig a first  50  wenn das
Ventilelernent in dem Ventilsitz auf- effective pressure area,
genomrnen ist, die Grenzlinie das Ventilele- characterized in that said
second effective          ment in einen ersten (293g) und einen zweiten
pressure area on said valve element is ap-           (293f) Abschnitt
unterteilt, der erste Abschnitt proximately 80% or more of the first
effective       eine Mu[ere Oberflache aufweist, die auf den pressure area
on said bellows.              55       Druck in der Ansaugkammer reagiert,
wenn das Ventilelement in dem Ventilsitz aufgenom- 5. The slant plate,
control mechanism according          men ist; to claim 4, characterized by
a spring member         dadurch gekennzeichnet, daB der erste Ab- 8    
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* schnitt des Ventilelementes eine zweite effekti-  Revendications ve
Quersch ittsflgche zum  Druckaufnehmen aufweist, die' ungefahr gleich oder
grbBer als  1. Compresseur de refrigerant du type a plaque 80%  der ersten
effektiven Querschnittsflache      inclin6e reglable comprenant: zum
Druckaulfnehmen ist.                   5           un boitier de
compresseur (20) qui corn- porte une pluralit6 de cylindres (70), une 2.
Kompressor nach Anspruch 1,                         chambre d'aspiration
(241), une chambre de gekennzeichnot durch ein Federteil (193d) in-
refoulement (251) et une chambre a manivelle nerhalb des Balgens zum
DrUcken des Ventil-        (22) fermee, elementes zu dem Sitz.
10          un piston (71) mont6 en coulissement a l'int6rieur de chacun
desdits cylindres; 3  Kompressor nach Anspruch 1 odor 2,
un m6canisme d'entra~hement comprenant dadurch gekennzeichnet, daB das
Ventilele-         un rotor (40); ment kegelstumpfartig ist und den Sitz
entlang         une plaque inclin6e reglable (50) ayant einer kreisf6rmigen
Linie (293e) angreift.  s5     une surface inclinee reliee de maniere
reglable audit rotor et ayant un angle dtinclinaison re- 4.
Schiefscheibensteuermechanismus.  der  die          glable, I'angle
d'inclinaison variant en rdponse Winkelposition einer einstellbaren
Schietschei-    a un changement de pression dans ladite be (50) in einem
Schiefscheibenkahikompres-        chambre a manivelle afin de modifier
ainsi la sor als Reaktion auf Kurbelkammerdruck steu-   20  capacite dudit
compresseur; ert, wobel der Kompressor ein Kompressorge-            des
moyens d'accouplement (60, 72) pour hause (20) aufweist, das eine
Kurbelkammer         accoupler de manibre fonctionnelle ladite pla- (22)
und eine Ansaugkammer (241) definiert,        que inclinde auxdits pistons
de manibre que la der Schiefscheibensteuermechanismus  auf-
rotation dudit rotor et de la plaque inclinee weist:     -
impose auxdits pistons un mouvement altema- einen Durchgang (151), der die
Kurbel- und         tif A l'int6rieur desdits cylindres; Ansaugkamrner
verbindet;                               un passage (150) dans ledit
bottier de einen Ventilsitz (194b), der den Durchgang         compresseur
reliant ladite chambre d'aspira- urnschlieBt;
tion avec ladite chambre A manivelle ; et ein VentileleMent (293b), das in
Eingriff mit  30      un moyen (19') de commande de soupape dern Ventilsitz
zum SchlieRen des Durchgan-         pour commander l'ouverture et la
fermeture ges bringbar ist, wobei eine Grenze (293e)         dudit passage,
ledit moyen de commands de zwischen dem Ventilelement und dem Durch-
soupape comprenant un soufflet (193a) ayant gang eine zweite effektive
Druckflache auf          une premiere surface utile de section transver-
dem Ventilelement definiert, wenn das Ventil-  35   sale soumise a la
pression repondant & la element in Eingriff mit dem Ventilsitz steht;
pression dans la chambre a manivelle et un und
6l6ment de soupape (293b) reli6 a une extre- einen Balgen (193a), der mit
dem Ventilele-         mite dudit soufflet pour ouvrir et fermer ledit ment
zum  Bewegen des Ventilelementes in           passage, ledit passage
contenant un siege de Eingriff mit dem Ventilsitz verbunden ist, wobei  40
soupape (194b) form6 a l'int6rieur pour rece- die Querschnittsflache des
Balgens eine erste      voir ledit el6ment de soupape, ledit el6ment de
effektive Druckflche definiert,                   soupape comprenant une
ligne de limite (293e) dadurch gekennzeichnet, daB die zweite effek-
qui est d6finie sur une surface exterieure dudit tive Druckflache auf dem
Ventilelement unge-        6lment de soupape lorsque ledit element de fahr
80%  oder mehr der ersten effektiven   45      soupape est requ a
l'int6rieur dudit sibge de Druckflache auf dem Balgen ist.
soupape, ladite ligne limite partageant ledit 6l6ment de soupape en une
premibre (293g) et 5. Schiefscheibensteuermechanismus nach An-
une seconde (293f) parties, ladite premiere spruch 4, gekennzeichnet durch
ein Federteil       partie ayant une surface exterieure sensible h (193d)
inner~ialb des Balgens zum DrUcken   50     la pression dans ladite chambre
d'aspiration des Ventilelementes zu dem Sitz.                   quand ledit
6elment de soupape est requ dans ledit siAge de soupape, 6.
Schiefscheibensteuermechanismus nach An-                caract6rise en ce
que ladite premiere par- spruch 4 oder 5, dadurch gekennzeichnet, daB
tie dudit 6l6ment de soupape comporte une das Ventileloment
kegelstumpfartig ist und mit  55  seconde surface utile de section
transversale dem  Sitz entlang einer kreisforrmigen Linie       soumise a
la pression qui est sensiblement (293e) in Eingriff steht.
6gale ou sup6rieure a 80 % de ladite premibre surface utile de section
transversale soumise a 9   
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S    * la pression. 2. Compresseur selon la revendication 1, caract6- rise
par un 4I4ment de ressort (193d) place dans ledit souftlet pour solliciter
ledit 6l6ment   6 de soupape vors ledit siege. 3. Compresseur selon la
revendication 1 ou: 2, caract~ris6 en ce que ledit 6I6ment de soupa- pe est
tronconique et vient en prise avec ledit  10 siege le long d'une ligne
circulaire (293e). 4. Mecanisme de commande de plaque inclinee commandant
la position angulaire d'une plaque inclin~e r6glable (50) dans un
compresseur de   15 refrig6rant a plaque inclin6e en r6ponse a la pression
dans la chambre a manivelle, ledit compresseur comprenant un boiter de
corn- presseur (20) d6finissant une chambre (22) A manivelle et une chambre
d'aspiration (241),  20 ledit mecanisme de commande de plaque in- clin~o
comprenant: un passage (151) reliant ladite chambre a manivelle et ladite
chambre d'aspiration; un si'ge de soupape (194b) entourant ledit  25
passage; un 6l6mentide soupape (293b) susceptible de venir en prise avec
ledit siege de soupape pour former leait passage, une limite (293e) entre
ledit 6lrnent de soupape et ledit passa-   30 ge d6finissant tne seconde
surface utile sensi- ble a la pression sur ledit 6lement de soupape lorsque
ledit 6l6ment de soupape vient en pri- se avec ledit siege de soupape ; et
un soufflet. (193a) relie audit element de   35 soupape pour d6placer ledit
6l6ment de sou- pape en l'amenant en prise avec ledit siage de soupape, la
surface de la section transversale dudit soufflet definissant une premiere
surface sensible a la pression,                     40 caract6ris6 en ce
quo ladite seconde suir- face utile sensible A la pression sur ledit el6-
ment de soupape est sensiblement 6gale a 80 % ou plus de la premikre
surface utile sensible ' la pression dudit soufflet.               45 5.
M6canisme deo commande de plaque inclin6e selon la reventlication 4,
caracterise par un 6l6ment de reqsort (1 93d) place ha Fint6rieur dudit
soufflet pIour solliciter ledit el6ment de   50 soupape vers ledit siege.
6. Mecanisme de 'commande de plaque inclinde selon la revendication 4 ou 5,
caract6rise en ce que ledit 616ment de soupape est tronconique  65 et vient
en prise avec ledit siAge le long d'une ligne circulaire (2939). 10    


