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SLANT PLATE TYPE COMPRESSOR
WITH VARIABLE CAPACITY CONTROL MECHANISM

The present invention generally relates to a refrigerant compressor, and more
particularly, to a slant plate type compressor, such as a wobble plate type compressor,
with a variable displacement mechanism which is suitable for use in an automotive air

conditioning system.

Slant plant type piston compressors including variable displacement or capacity
adjusting mechanisms for controlling the compression ratio of a compressor in response
to demand are generally known in the art. For example, Japanese Utility Model
Application Publication No. 63-134181 discloses a wobble plate— type compressor |
including a cam rotor driving device and a wobble plate linked to a plurality of pistons.
Rotation of the cam rotor dﬁving device causes the wobble plate to nutate and thereby
successiVely reciprqi_:ate the pistons in the corresponding cylinders. The stroke length
of the pistons and thus the capacity of the compressor may be easily changed by
adjusting the slént angle of the wobble piate. The slant angle is changed in response
to the pressure differential between the crank chamber and the suction chamber.

In the above-mentioned Japanese Utility Model Applicatién Publication, the
crank chamber and the sucti;n chamber are linked in fluid communication by a first
path or passageway. A valve mechanisﬁ is disposed in the first passageway in order to
control fluid fommunication between the crank and su;:tion chambers by the opening
and closing of the first passageway. The valve mechanism generally includes a pressure
sensing device for sensing pressure in the suction chamber, a solenoid, a plunger and a
valve member fixedly connected to both the pressure sensing device and one end of the
plunger. The solenoid receives two external signals, one of which represents the heat
load on an e?ator of a cooling circuit and another of which represents the amount

of demand foff accelerating an automobile.
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The present invention generally relates to a refrigerant conpressor, and
nere particularly, to a slant plate type conpressor, such as a wobble plate
type conpressor, with a variabl e displacenent nmechani smwhich is suitable
for use in an autonotive air conditioning_system Sl ant plant type
pi ston conpressors including variable disBTacenent or capacity adjusting
mechani snms for controlling the corpression ratio of a conpressor in
response

The valve member opens and closes the first passageway in response to changes
in the suction chamber pressure so as to change the crank chamber pressure relative to
the suction chamber pressure. This then results in a change in the angular position of
the wobble plate so that the capacity displacement of the compressor is adjusted and a
control point of the suction chamber pressure is maintained at a predetermined constant
value.

The solenoid induces various electromagnetic attraction forces responsive to

. changes in the two external signals to thereby change the axial position of the plunger.
This then changes the control point of the suction chamber pressure from predetermined
maximum to predetermined minimum values.

The compressor further includes a second passageway, separate from the first
passageway, which communicates between the crank chamber and the suction chamber.
A safety valve device, including a ball member and a coil spring elastically supporting

N the ball member, is disposed in the second passageway. The safety valve device opens
and closes the second passageway in response to changes in the pressure differential
between the crank chamber and the suction chamber. The second passageway is opened
when the pressure differential between the crank chamber and the suction chamber
exceeds a predetermined value. Therefore, when communication between the crank
chamber and the suction chamber is blocked for 2 long time period due to trouble in
the valve mechanism, thereby causing an abnormal rise in the crank chamber pressure
because of blow-by gas leaking past the pistons in the cylinders as the pistons
reciprocate, the second passageway is opened to forcibly and quickly reduce the crank
chamber pressure and thereby prevent an abnormal pressure differential between the
crank and suction chambers. As a result, excessive friction between internal commponent
parts of the compressor caused By abnormal pressure differential between the crank.

- chamber and the suction chamber can be prevented.

In this prior art embodiment, however, since the second passageway is separate
from the first passaéeway, the process of forming the second passageway and the process
of disposing the safety valve device in the second passageway are additional steps

required during the manufacturing of the compressor. Accordingly, the manufacturing

.
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to demand are generally known in the art For exanple, Japanese Uility
Model Application Publication No. 63-134181 discloses a wobble plate type

conpr essor

i ncluding a camrotor driving device and a wobble plate |inked

to a plurality of pistons. Rotation of thescamrotor driving device causes
the wobble plate to nutate and thereby sucCTessively reciprocate the pistons
In the corresponding cylinders. The stroke |length of the pistons and thus
the capacity of the conpressor may be easily changed by adjusting the slant
angl e of the wobble plate. The slant angle is changed in response to the

pressure di
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manufactured and which can prevent an abnormal pressure differential between the

crank and suction chambers.

A slant plate type refrigerant compressor including a compressor housing
enclosing a crank chamber, a suction chamber and a discharge chamber therein is
disclosed. The compressor housing includes a cylinder block having a plurality of
cylinders formed therethrough, and a piston slidably fitted within-each of the cylinders.
A drive mechanism is coupled to the pistons for reciprocating the pistons within the
cylinders. The drive mechanism includes a drive shaft rotatably supported in the
housing and a coupling mechanism which drivingly couples the drive shaft to the pistons
such that the rotating motion of the drive shaft is converted into reciprocating motion
of the pistons. The coupling mechanism includes a slant plate having a surface disposed
at an adjustable inclined angle relative to a plane perpendicular to the drive shaft. The
inclined angle of the slant plate is adjustable in response to changes in the cra;nk
chamber pressure relative to the suction chamber pressure to vary the stroke length of
the pistons in the cylinders to thereby vary the capacity of the compressor. A
passageway is formed in the housihg and links the crank and suction chambers in fluid
communication.

A capacity control mechanism varies the capacity of the compressor by adjusting
the inclined angle of the slant plate. The passageway includes a valve seét formed
therein. The capacity control mechanism includes a valve control device for controlling
the opening and closing of the passageway in response to changes in the suction
chamber pressure to thereby control the capacity of the compressor. The valve control
device is disposed in the passageway, and includes a pressure detector for detecting the
suction chamber pressure and a valve element which is connected to the pressure
detector. The valve element is received on and moves away from the valve seat ip
response to changes in the suction chamber pressure so as to open and close the

passageway to thereby control the capacity of the compressor.
[
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crank chanmber and the suction chanber are linked in fluid conmunication by
a‘first path or passageway. A val ve nechanismis disposed in the first
passageway in order to control fluid conmmunication between the crank and
suction chanbers by the opening and closiggrof the first passageway. The
val ve nechani smgenerally includes a pres e sensing device for sensing
pressure in the suction chanber, & sol enoid, a plunger and a val ve nenber
fixedly connected to both the pressure sensing device and one end of the
pl unger. The sol enoid receives two external signals, one of which
represents the HHgd vdlogdlearem inciudesn edles meintercaodd mgmbier ditlytdisprded thbhgh

o e S ave member, 270 4 biasthg Cfeiment for biading the valve Meriber thto Shgagemient
. with the rod member as long as the valve member is away from the valve seat. The
valve member is forcibly disengaged from the rod member by slidably moving along the
rod member so as to be away from the valve seat in order to open the passageway when
the pressure differential between the crank chamber and the suction chamber exceeds
a predetermined value.

In the accompanying drawings:-

Figure 1 illustrates a vertical longitudinal sectional view of a slant plate type
refrigerant compressor including a capacity control mechanism according to one
embodiment of this invention.

Figure 2 illustrates a side view of the capacity control mechanism shown in
Figure 1.

N Figure 3 ﬂlustrates a cross-sectlonal view taken along hne 3-3 of Figure 1.

Figure 4 is a graph illustrating the relationship between a control point of suction
chamber pressure and amperage of an external electric current supplied to an
electromagnetic coil of the capacity control mechanism according to one embodiment
of this invention. '

Figure 5 is a graph showing changes in pressure differential between the crank
and suction chambers over a period of time upon supplying an electric current having
a predetermined maximum amperage to an electromagnetic coil of the capacity control

mechanism.

In Figure 1, for purposes of explanation only, the left side of the figure will be
referenced as the forward end or front of the compressor, and the right side of the
figure will be referenced as the rearward end or rear of the compressor.

With reference to Figure 1, the overall construction of a slant plate typé
compressor, and more specifically wobble plate type refrigerant compressor 10 having
a capacity control mechanism in accordance with one embodiment of the present

invention, is shown. Compressor 10 includes cylindrical housing assembly 20 including

T Sheet Has Been Reﬂlaced

T




cylinder block 21, front end plate 23 disposed at one end of cylinder block 21, crank
chamber 22 enclosed within cylinder block 21 by front end plate 23, and rear and end
plate 24 attached to the other end of cylinder'.block 21. Front end plate 23 is mounted
on cylinder block 21 forward of crank chamber 22 by a plurality of bolts 101. Rear end
plate 24 is also mounted on cylinder block 21 at the opposite end by a plurality of bolts
(not shown). Valve plate 25 is located between rear end plate 24 and cylinder block 21.
Opening 231 is centrally formed in front end plate 23 for rotatably supporting drive
shaft 26 by bearing 30 disposed therein. The inner end portion of drive shaft 26 is
rotatably supported by bearing 31 disposed within central bore 210 of cylinder block 21.
Bore 210 extends to a rear end surface of cylinder block 21.

Bore 210 includes thread portion 211 formed at an inner peripheral surface of
a central region thereof. Adjusting screw 220 having a hexagonal central hole 221 is
screwed into thread portion 211 of bore 210. Circular disc-shaped spacer 230 having
central hole 231 is disposed between the inner end surface of drive shaft 26 and
adjusting screw 220. Axial movement of adjusting screw 220 is transferred to drive shaft
26 through spacer 230 so that these elements move axially within bore 210. The above
mentioned construction and functional manner are described in detail in U.S. Patent No.
4,948,343 to Shimizu.

Cam rotor 40 is fixed on drive shaft 26 by pin member 261 and rotates with drive

shaft 26. Thrust needle bearing 32 is disposed between the inner end surface of front

end plate 23 and the adjacent axial end surface of cam rotor 40. Cam rotor 40 includes

arm 41 having pin member 42 extending therefrom. Slant plate 50 is disposed adjacent

* cam rotor 40 and includes opening 53. Drive shaft 26 is disposed through opening 53.

Slant plate 50 includes arm 51 having slot 52. Cam rotor 40 and slant plate 50 are
connected by pin member 42, which is inserted in slot 52 to create a hinged joint. Pin
member 42 is slidable within slot 52 to allow adjustment of the angular position of slant
plate 50 with respect to a plane perpendicular to the longitudinal axis of drive shaft 26.
A balance weight ring 80 having a substantial mass is disposed on a nose of hub 54 of
slant plate 50 in order to balance the slant plate 50 under dynamic operating conditions.

Balance weight ring 80 is held in place by meang of retaining ring 81.
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The val ve nenber opens and closes the first passageway in response to
changegad N the suction chanber pressure so as to change the crank chanber
pressu K~ el ative to e suction chanber pressure. This then results in a
changegin the angul ar position of the wobble plate so that the capacity
di spl agenent of the conpressor is adjusted-&nd a control point of the
sucti oh chanber pressure is mainta ned at a predeterm ned constant val ue.

Waobble place 60 is nutatably mounted on hub 54 of the slant plate 50 through

‘pearings 61 and 62 which allow slant plate 50 to rotate with respect to wobble plate 60.
Fork-shaped slider 63 is attached to the radially outer peripheral end of wobble plate
60 and is slidably nutated about sliding rail 64 disposed between front end plate 23 and
cylinder block 21. Fork-shaped slider 63 prevents the rotation of wobble plate 60 50
that wobble plate 60 nutates along rail 64 when cam rotor 40, slant plate 50 and balance
weight ring 80 rotate. Undesirable axial movement of wobble plate 60 on bub 54 of
. slant plate 50 is prevented by contact between a rear end surface of inner annular
projection 65- of wobble plate 60 and a front end surface of balance weight ring 80.
Cylinder block 21 includes a plurality of peripherally located cylinder chambers 70 in
-which pistons 71 are fitly slidably disposed. Each piston 71 is connected to wobble plate
60 by a corresponding connecting rod 72. Accordingly, nutation of wobble plate 60

thereby causes pistons 71 to reciprocate within their respective cylinders 71. |
™~ Rear end plate 24 includes peripherally located annular suction chamber 241 and
centrally located discharge chamber 251. Valve plate 25 includes a plurality of valved
suction ports 242 linking suction chamber 241 with respective cylinders 70. Valve plate
25 also includes a plurality of valved discharge ports 252 linking discharge chamber 251
with respective cylinders 70. Suction ports 242 and discharge ports 252 are provided

with suitable reed valves as described in U.S. Patent No. 4,011,029 to Shimizu.

Suction chamber 241 includes iple.t portion 241a which is conpected to an
evaporator (not shown) of the external cooling circuit. Discharge chamber 251 is
provided with outlet port 251a connected to a condenser (not shown) of the cooling
circuit. Gaskets 27 and 28 are located between cylinder block 21 and the front surface
of valve plate 25 and between the rear surface of valve plate 25 and rear end plate 24,
] respectively, to seal the mating surfaces of cylinder block 21, valve plate 25 and rear end
plate 24. Gaskets 27 and 28 and valve plate 25 thus form valve plate assembly 200. A
steel valve retainer 253 is fixed on a central region of the rear surface of valve plate
assembly 200 by bolt 254 and nut 255, Valve retainer 253 prevents excessive bend o

the reed valve which is provided at discharge port 252 during a compression stroke o

0 pistons 71. .
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The sol enoi d induces various electromagnetic attraction forces responsive

td cha sl the two external signals to thereby change the axial position
of the ' . This then changes the control point of the suction chanber
press predet erm ned maxi numto predeterm ned m ni mum val ues.

The co further includes a second passageway, separate fromthe

eway, which communi catses between the crank chanber and the
mer. A safety valve device, including a ball nenber and a coil
spri ng astically supporting the ball menber, is disposed in the second
passag Wai'f The A1 BN edEtH I ks

| AL TBHARBRPBRIP A 150021 WS 50K BARBAITIRY
discharge chamber 251 through hole 181 which is axially bored through valve plate

;..
H

assembly 200. A throttling device, such as orifice tube 182, is fixedly disposed within
conduit 18. Filter member 183 is disposed in conduit 18 at the rear of orifice tube 182.
Accordingly, a portion of the discharge refrigerant gas in discharge chamber 251 always
flows into crank chamber 22 with a reduced pressure generated by orifice tube 182. The
above mentioned construction and functional manner are déscribed in detail in J apanese
Patent Application Publication No. 1-142277.

With reference to Figure 2, radially extending cylindfical cavity 243 is formed in
rear end plate 24 to accommodate capacity control mechanism 400 which is further
discussed below. One end of cylindrical cavity 243 is open to the external environment
of the compressor, that is, to atmospheric conditions. Cylindrical cavity 243 includes

~ first portion 243a and second portion 243b which extends from an inner end of first

\ - portion243a. The diameter of second portion 243b is smaller than the diameter of first
portion 243a. First portion 243a of cavity 243 is linked to suction chamber 241 through

_ conduit 244 which is formed in rear end plate 24. As illustrated in Figure 1, conduit 245
is formed in rear end plate 24 to link second portion 243b of cavity 243 to hole 256
which is formed in valve plate assembly 200. Hole 256 is linked to central bore 210
through conduit 212 which is formed in the rear portion of cylinder block 21. Central
bore 210 is linked to crank chamber 22 through conduit 262 formed in the inner end
portion of drive shaft 26, hole 231 of spacer 230 and hole 221 of adjusting screw 220.
Accordingly second portion 243b of cavity 243 is linked to crank chamber 22 via conduit
245, hole 256, conduit 212, central bore 210, hole 221, hole 231 and conduit 262.

With reference to Figures 2 and 3, capacity control mechanism 400 includes a

first annular cylindrical casing 410 of magnetic material located in first portion 243a of
cavity 243 and a second annulaf cylindrical casing 420. Casing 420 has a large diameter
section 421 and a small diameter section 422 which extends upwardly from a top end
of large diameter section 421. First annular cyhndncal casing 410 is fixedly disposed
within first portion 243a of cavity 243 by forcible i insertion. Large diameter section 421
of second annual cylindrical casing 420 is fixedly disposed at a top end of first annular
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bet ween_the crank chanber and the suction chanber.

The second passageway is

.presgutre differential between the crank chanmber and the

.exceeds a predeterm ned val ue. Therefore, when

etween the crank chanber and the suction chanber is bl ocked

period due to trouble i n-8he val ve mechani sm t her eby

rmal rise in the crank chanber pressure because of bl ow by

st the pistons in the cylinders as the pistons reciprocate,

sageway is apened to forcibly and quickly reduce the crank

; ? [iealoedingeX02bYhetey ent cfnsrakld aiiameteprsestiot 422 ioffsetend aahular
ank and suction chanbers. As a result, excessive friction -

A E};ﬁxﬂﬂb alcg5ips (éfl terminates at an upper end region of second portion 243b of cavity
" 243.

First annular plate 411 is fixedly disposed at an upper inner region of first
annular cylindrical casing 410, and includes an axial annular projection 412 which
extends axially and downwardly from an inner peripheral end portion of first annular
plate 411. Axial annular projection 412 terminates at a point approximately half the
length of first annual cylindrical casing 410. Cylindrical pipe member 413, the length
of which is a little less than the length of first annular cylindrical casing 410, is disposed
in first annular cylindrical casing 410. Cylindrical pipe member 413 includes first and
second annular flanges 413a and 413b formed at top and bottom ends thereof. An
upper half portion of cylindrical pipe member 413 fixedly surrounds axial annular
projection 412. Annular disc plate 414 is fixedly disposed at bottom end of first annular
cylindrical casing 410 to define an annular cavity 415 formed in éooperation with
cylindrical pipe member 413 and first annular cylindrical casing 410. Annular disc plate
414 inciudes an axial annular projection 414a which extends axially and downwardly
from an inner peripherai end portion of annular disc plate 414. Annular projection 414a '

includes thread portion 414b formed at an inner peripheral surface of a lower half

. region thereof. Adjusting screw 414c is screwed into thread portion 414b of annular

projection 414a. Annular electromagnetic coil 430 is fixedly disposed within annular
cavity 415. Insulating material 431, such as epoxy resin, fixedly siurounds annular
electromagnetic coil 430.

Vacant space 450 is defined by cylindrical pipe member 413, axial annular
projection 414a and adjusting screw 414c. Cylindrical member 451 of magnetic material
is slidably disposed in the axial direction in vacant space 450. First cylindrical rod 460
is slidably penetrates through axial annular projection 412. The bottom end portion of
rod 460 is fixedly received in cylindrical hole 45 1a formed in the top end surface of
cylindrical member 451 through forcible insertion. First coil spring 470 is disposed
between adjusting screw 414¢ and cylindrical member 451. A top end of first coil spring
470 is in contract with the top end surface of cylindrical hole 451b which is formed at
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parts of the conpressor caused by abnormal pressure differential between

k chanber anqﬁlhe suction chanmber can be prevented. In this

Fit enbodi ment; however, since the second passageway is separate from
St passageway, the process of form ng the second passageway and the
- of disposing the safety val ve devige in the second passageway are
nal steps requi red dwring the manufacturing of the conpressor.
ingly, the maufacturing

the bottom end surface of cylindrical member 451. A bottom end of first coil spring 470
is iﬁ contact with the bottom end surface of cylindrical depression 414d which is formed
at the top end surface of adjusting screw 414c. The restoring fqrce of first coil spring
470 urges cylindrical member 451 upwardly, thereby urging rod 460 upwardly. The
restoring force of first coil spring 470 is adjusted by adjusting screw 414c. '

When electromagnetic coil 430 is energized, an electromagnetic attraction force
tending to move cylindrical member 451 upwardly is induced. The magnitude of the
electromagnetic attraction force is directly proportional to the amperage of an electric
current that is supplied to electromagnetic coil 430 from an electric circuit (not shown).
The electric circuit receives a signal representing the heat load on the evaporator, such
as the temperature of air immediately before passing through the evaporator, and the
signal representing the amount of demand for acceleration of the automobile, such as
the magnitude of force on the accelerator. After processing these two signals, an
electric current is supplied from the electric circuit to electromégnetic coil 430. The
amperage of the ele;:tric current is continuously varied within the range from zero
amperes to a predetermined maximum amperage, for example, 1.0 ampere.

~ More precisely, when the heat load on the evaporator is excessively large, such
that the temperature of air immediately before passing through the evaporator is
excessively high, and when the amount of demand for acceleration of the automobile
is small, an electric current having zero amperes, i.e., no electric current is supplied
from the electric circuit to the electromagnetic coil 430. However, when the demand
for acceleration of the automobile exceeds a predetermined value, the signal
representing the demand for acceleration overrides tbe signal representing the heat load
on the evaporator. As a result, an electric current having the predetermined maximum
amperage is supplied from the electric circuit to the electromagnetic coil 430 even
though the heat load on the evaporator is excessively large. Furthermore, when the heat
load on the evaporator is excessively small, such as when the temperature of air
immediately before passing through the evaporator is excessively low, an electric current

having the predetermined maximum amperage is supplied from the electric circuit to

»
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It is highly desirable to provide a conpressor having

-10-

the electromagnetic coil 430 without regard to the demand for acceleration of the
automobile.

As further shown in Figure 3, O-ring seal element 416 is disposed in annular
groove 417 formed in the outer peripheral surface of the bottom end portion of first
annular cylindrical casing 410. Seal element 416 seals the mating surfaces between the
outer peripheral surface of first annular cylindrical casing 410 and the inner peripheral
surface of first portion 243a of cavity 243. Thus, first portion 243a of cavity 243 is
sealed off from the ambient atmosphere outside the compressor.

Second.cylindrical rod 480 is disposed in cylindrical hollow space 421a of large
diameter section 421 of second annular cylindrical casing 420. Second cylindrical rod
480 includes large diameter portion 480a and smaller diameter portion 480b, which
upwardly extends from a tbp end of large diameter portidn 480a so that annular ridge
480c is formed at a position which is a boundary between large and small diameter
portions 480a and 480b. Large diameter portion 480a of second cylindrical rod 480
includes truncated cone region 480d formed at a bottom end thereof.

Truncated cone-shaped valve member 481 also is disposed in cylindrical hollow
space 421a of large diameter section 421 of second annular cylindrical casing 420. Axial
hole 481a is centrally formed in valve member 481 so as to fitly slidably dispose third
cylindrical rod 482 therethrough. A bottom end portion of third cylindrical rod 482 is
forcibly inserted into cylindrical hole 480e formed at a top end surface of second
cylindrical rod 480 so that third cylindrical rod 482 is fixedly connected to second
cylindrical rod 480. Second coil spring 483 surrounding second cylindrical rod 480 is
resiliently disposed between a side surface of annular ridge 480c of second cylindrical
rod 480 and a bottom surface of annular depression 481b which is formed at a bottom
end surface of valve member 481. The restoring force of second coil spring 483 urges
valve member 481 upwardly.

Diaphragm 484 is disposed between the bottom end surface of second cylindrical
rod 480 and the top end surface of circular disc plate 485 which is disposed on a top end
surface of first cylindrical rod 460. An outer peripheral portion of diaphragm 484 is
fixedly disposed between the bottom end surfacg of the large diameter section 421 of
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a variabl e di spl acenent nmechani sm whi ch can be easily manufactured and

whi ch gan prevent an: abnormal pressure differential between the crank and
sucti dn chanbers. EP- A- 0486257 is a non pre-published docunent which
disclases a slant plate type conpressor with a capacity control nmechani sm
and a safety val ve device both di sposed -41d-t he sane passageway in which the
capaci‘ty control nechani sm and sakety val ve devi ce each control their own
separate val ve nenbers and val ve seats.

second annular cylindrical casing 420 and the top end surface of second annular plate
486 which is sandwiched by first annular plate 411 and the bottom end of large diameter
section 421 of second annular cylindrical i:asing 420. The top end portion of first
cylindrical rod 460 slidably penetrates through second annular plate 486. Indent 486a
is formed at the top end surface of second annular plate 486 so that annular ridge 486b
is formed at an inner peripheral surface of second annular plate 486. Annular ridge
486b receives circular disc plate 485 disposed on the top end surface of first cylindrical
rod 460.

O-ring seal element 487 is elastically disposed within annular cylindrical hollow
space 488, which is defined by first and second annular plates 411 and 486, large
diameter section 421 of second annular cylindrical casing 420 and first annular
cylindrical casing 410. Seal element 487 seals first portion 243a of cavity 243 and
cylindrical hollow space 421a of large diameter section 421 of second annular cylindrical

“\ - casing 420 from ambient atmosphere.

Small diameter section 422 of second annular cylindrical casing 420 includes
cylindrical hollow space 422a having first region 422b and second region 422¢ which
extends from a central portion of a top end of first region 422b. The diameter of first
region 422b is greater than the diameter of second region 422c¢ so that annular ridge
4224 is formed at a position which is a boundary between first and second regions 422b
and 422c. .

First region 422b of cylindrical hollow space 422a is linked to the top end of
cylindrical hollow space 421a at its bottom end. The diameter of cylindrical hollow
space 421a is greater than the diameter of first region 422b of cylindrical hollow space
422a so that annular ridge 423 is formed at a position which is a boundary between
cylindrical hollow space 421a and first region 422b of cylindrical hollow space 422a.
Annular ridge 423 functions as a valve seat which receives valve member 481. An upper
end portion of third cylindrical rod 482 is slidably disposed in the axial direction within .
second region 422c of cylindrical hollow space 422a. Third cylindrical rod 482 includes
large diameter portion 482a formed at a middle region thereof, thereby forming upper
and lower annular ridges 482b and 482c at the both axial ends of large diameter portion
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According to the present invention a slant plate type refrigerant
conpressor conprises _a conpressor housing enclosing a crank chanber, a
suction chanber and a di scharge chanber therein, the conpressor
housi ng conprising a cylinder block haV|n%ha plurality of cylinders forned
t heret hrough; a piston slidably fitted wikhin each of the cylinders; drive
nmeans coupled to the pistons for weciprocating the pistons within the
cylinders, the drive neans including a drive shaft rotatably supported in
t he

482a. A side wall of upper annular ridge 482b faces the side wall of annular ridge 4224,

and a side wall of lower annular ridge 482c faces a top end surface of valve member
481. Third coil spring 489 surrounding large diameter portion 482a of third cylindrical
rod 482 is resiliently disposed between the top end surface of valve member 481 and the
side wall of annular ridge 422d. The restoring force of third coil spring 489 urges valve
member 481 downwardly. '

O-ring seal element 425 is disposed in an annular groove 426 formed at the outer
peripheral surface of large diameter section 421 of second annular cylindrical casing 420

'to seal the mating surfaces between the outer peripheral surface of large diameter
section 421 of second annular cy_liﬁdrical casing 420 and the inner peripheral surface of
second portion 243b of cavity 243. Thus, second portion 243b of cavity 243 is sealed off
from first portion 243a of cavity 243. ‘ '

A plurality of radial holes 427 are formed at a side wall of large diameter section

. 421 of second annular cylindrical casing 420 to link first portion 243a of cavity 243 to
cylindrical hollow space 421a of large diameter section 421 of second annular cylindrical
casing 420. Therefore, fluid communication between suction chamber 241 and
cylindrical hollow space 421a of large diameter section 421 of second annular cylindrical
casing 420 is obtained through conduit 244, first portion 243a of cavity 243 and radial
holes 427. '

A plurality of second radial holes 428 are formed at a side wall of a lower end
portion of small diameter section 422 of second annular cylindrical casing 420 to link
second portion 243b of cavity 243 to first region 422b of cylindrical hollow space 422a
of small diameter section 422 of second annular cylindrical casing 420. Therefore, fluid
communication between crank chamber 22 and first region 422b of cylindrical. bollow
space 422a of small diameter section 422 of second annular cylindrical casing 420 is
obtained through conduit 262, hole 231, hole 221, central bore 210, conduit 212, hole
256, conduit 245, second portion 243b of cavity 243 and radial holes 428.

~ In the above mentioned construction of capacity control mechanism 400, second
and third coil springs 483 and 489 are selected to bias the top end surface of valve
member 481 against the side wall of lower annular ridge 482c¢ of third cylindrical rod
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housi ng and coupling nmeans for drivingly coupling the drive shaft to the
pirstons such that rotary notion of the drive shaft is converted into
reci procating notion of the pistons, the coupling nmeans including a slant
pl ate having a surface di sposed at an a iustable inclined angle relative to
a plane perpendicular to the drive shaft? 3-the inclined angl e of the sl ant
pl ate being adjustable in response to changes I n pressure in the crank
fhanber relative to pressure in the suction chanber to vary the stroke
engt h

482. As long as the top end surface of valve member 481 is in contact with the side wall

of lower annular ridge 482c of third cylindriczil rod 482, second cylindrical rod 480, valve
" member 481, second coil spring 483 and third cylindrical rod 482 are regarded as
substantially one body. Therefore, the top end surface of the central region of
diaphragm 484 is maintained in contact with the bottom end surface of second
cylindrical rod 480 by virtue of the restoring force of third coil spring 489. Similarly, the
bottom end surface of the central region of diaphragm 484 is maintained in contact with
the top end surface of circular plate 485 by virtue of the restoring force of first coil
spring 470. The location of upper annular ridge 482b of third cylindrical rod 482 is
designed to be in contact with the side surface of annular ridge 422d when valve
member 481 is received on annular ridge 423 while the top end surface of valve member
481 is in contact with the side surface of lower annular ridge 482c.
Indent 486a, which is formed at the top end surface of second annular plate 486,
. faces the bottom end surface of diaphragm 484. Indent 486a is linked to the ambient
atmosphere outside of the compressor via gap 412a created between rod 460 and
annular projection 412, vacant space 450, and the gap 414e created between axial
annular projection 414a and adjusting screw 414c. Thus, the bottom end surface of
diaphragm 484 is in contact with and thereby receives air at atmospheric pressure.

Similarly, cylindrical hollow space 421a of large diameter section 421 of second
annular cylindrical casing 420 is linked to suction chamber 241 via radial holes 427, first
portion 243a of cavity 243, and conduit 244. Thus, the top end surface of diaphragm 484
is in contact with and thereby receives the refrigerant gas at the suction chamber
pressure.

During operation of compressor 10, drive shaft 26 is rotated by the engine of the
automobile through electromagnetic clutch 300. Cam rotor 40 is rotated with drive shaft
26, thereby rotating slant plate 50 as well, which in turn causes wobble plate 60 to
nutate. The nutation motion of wobble plate 60 then reciprocates pistons 71 out of
phase in their respective cylinders 70. As pistons 70 are reciprocated, refrigerant gés
is introduced into suction chamber 241 through inlet port 24 1a, flows into each cylinder
70 through suction ports 242, and then is comprés§ed. The compressed refrigerant gas
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of the pistons in the cylinders and to thereby vary the capacity of the
conpregsor; a passageway fornmed in the housing and |inking the crank
chanbef and the sucti'on chanber in fluid comrunication; capacity control
means for varying the capacity of the conpressor by adjusting the inclined
angl e pf the slant plate, the passageway-ld4ncl uding a val ve seat forned
thereijn, the capacity control neans including valve control neans for
contrgl ling the opening and closing of the passageway in response to

chang s in

? then is discharged to discharge chamber 251 from each cylinder 70 through discharge
ports 252, and continues into the cooling circuit through outlet port 251a.

The capacity of compressor 10 is adjusted in order to maintain a constant
pressure in suction chamber 241, irrespective of the changes in the heat load on the
evaporator or the rotational speed of the compressor. The capacity of the cbmpressor
is adjusted by changing the angle of the slant plate, which is dependent upon the crank
chamber pressure, or more precisely, which iS dependent upon the differential between
the crank chamber and the suction chamber pressures. During operation of compressor
10, the pressure of the crank chamber increases due to blow-by gas flowing past piétons
71 as they reciprocate in cylinders 70. As the crank chamber pressure increases relative
to the suction chamber pressure, the slant angle of slant plate 50 as well as the slant
angle of wobble plate 60 decreases, thereby decreasing the capacity of the compressor.
Likewise, a decrease in the crank chamber pressure relative to the suction chamber
\  pressure causes an increase in the capacity of the compressor.

The operation of capacity control mechanism 400 of compressor 10 in accordance
with one embodiment of the present invention is carried out in the following manner.

With reference 'to Figures 1-4, when the heat load on the evaporator is excessively large

and concurrently therewith the ~amount of demand for acceleration of the automobile

is small, no electric current is supplied from the electric circuit to the electromagnetic
coil 430 and thereby no electromagnetic attraction force is induced. As a result,
diaphragm 484 is urged upwardly only by virtue of the restoring force of first coil spring

470 and the atmospheric pressure force acting on the bottom end surface of diaphragm

484. Under such conditions, valve member 481 is situated so as to maintain an opening

- for communication between second portion 243b of cavity 243 linked to the crank

chamber 22 and first portion 243a of cavity 243 linked to the suction chamber 241.

Valve member 481 maintains such a position until the suction chamber pressure drops-

to a first predetermined value, for example, 1.0 kg/cm’G, at which time the upward and

downward forces acting on diaphragm 484 will be balanced. Thus, slant plate 50 and
wobble plate 60 are disposed at a maximum slant angle with respect to the plane

perpendicular to the longitudinal axis of drive ghaft 26 due to an opening for fluid
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communication between crank chamber 22 and suction chamber 241; and accordingly,
compressor 10 operates in a maximum capacity displacement until the suction chamber
pressure drops to the first predetermined value. Once the suction chamber pressure
drops to the first predetermined value, the slant angle of the slant plate 50 and wobble
plate 60 is substantially adjusted by only the axial bend of diaphragm 484 responsive to
the suction chamber pressure in order to thereby maintain the suction chamber pressure
at the first predetermined value.

On the other hand, when the heat load on the evaporator is excessively small, an
electric current having a predetermined maximum ami)erage is supplied from the
electric circuit to the electromagnetic coil 430 without regard to the amount of demand
for acceleration of the antomobile. As a result, diaphragm 484 is urged upwardly by
virtue of the restoring force of first coil spring 470, a predetermined maximum
electromagnetic attraction force induced by electromagnetic coil 430, and the
| atmospheric pressure force acting on the bottom end surface of diaphragm 484. Valve
member 481 thus moves upwardly so as to close the fluid communication opening
between second portion 243b of cavity 243 and first portion 243a of cavity 243. Valve
member 481 thus moves upwardly so as to close the fluid communication opening
between second portion 2436 of cavity 243 and first portion 243a of cavity 243. Valve
member 481 maintains such a position until the suction chamber pressure rises to a
second predetermined value, for example, 4.0 kg/cm?G, at which time the upward and
downward forces acting on diaphragm 484 are balanced. Therefore, slant plate 50 and
wobble plate 60 are disposed at a minimum slant angle with respect to the plane
perpendicular to the longitudinal axis of drive shaft 26 due to the block in fluid
communication between crank chamber 22 and suction chamber 241; and accordingly,
compressor 10 operates at a minimum capacity displacement until the suction chamber
pressure rises to the second predetermined value. Once the suction chamber pressure
rises to the second predetermined value, the slant angle of slant plate 50 and wobble
plate 60 is substantially adjusted by only the axial bend of diaphragm 484 responsive to
‘the suction chamber pressure in order to thereby maintain the suction chamber pressure

&

at the second predetermined value. L
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-4- pressure in the suction chanber to thereby control the capacity of the
conpressor, the valxe control neans being disposed in the passageway, and

i ncl udi ng pressure’-sénsi ng neans for sensing pressure in the suction
chanber and a valve el enent connected to the pressure sensing nmeans, the
val ve el enent being received on and nnvagg away fromthe valve seat in
response to changes in pressure imthe

Furthermore, since the amperage of the electric current supplied from the
electric circuit to the electromagnetic coil 430 is continuously varied within the range
from zero to the predetermined maximum value in response to changes in the amperage
of the aforemeﬁtioﬁed two signals, the electromagnetic attraction force which urgés
valve member 481 upwardly is likewise continuously varied in response to these
amperage changes. Therefore, as shown in Figure 4, a control point of the suction
chamber pressure at which the upward and downward forces acting on diaphragm 484
are balanced is also continuously varied within the range defined by the first and second
predeterminéd values..

Furthermore, when the demand for acceleration of the automobile exceeds the
predetermined value at a time when the suction chamber pressure is being maintained
at the first predetermined value, i.e., 1.0 kg/cm?G, the angular position of slant plate S0
and wobble plate 60 is forcibly changed to, and then is maintained at, the minimum
slant angle until the suction chamber pressure rises to the second predetermined value,
i.e., 4.0 kg/cm?G. This maximally reduces the energy conéumption by the compressor,
the driving force which is derived from the automobile engine, and thereby assists in
providing the demanded acceleration.

In other words, in a situation where electromagnetic coil 430 is first receiving an
electric current at or near zero amperes, and a sudden change occurs to increase the
electric current to the predetermined maximum amperage, i.e., 1.0 amperes, the location
of valve element 481 is forcibly moved and then maintained so as to close the fluid
comumunication opening between second portion 243b of cavity 243 and first portion
243a of cavity 243. The communication opening remains closed until such time that the
suction chamber pressure rises to the second predetermined value, i.e., 4.0 kg/cm?®G.

If the block in fluid communication between crank chamber 22 and suction
chamber 241 is maintained for a long time period, and if a safety valve device such as
discussed in the description of the prior art is not provided in the compressor, an
abnormal rise in the crank chamber pressure may occur due to the conduction of the
refrigerant gas from discharge chamber 251 to crank chamber 22 through conduit 18
(including orifice tube 182) and blow-by gas leaking past p1stons 71in cyhnder chambers
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suction chanmber to open and cl ose the passageway to thereby control the
capaci tfy of the conpkessor; and safety valve control neans incorporated
wi thin §he valve control nmeans for preventing an abnormal pressure
differgntial between the crank and suction chanbers, the safety val ve
controlf means controlling novenent of sahﬁ;valve el ement relative to said
val ve deat to prevent the passageway from renaining closed for a duration
whi ch ¢nabl es an abnornmal pressure differential to occur

70 as the pistons 71 reciprocate. Thus, as the pressure differential between crank
chamber 22 and the suction chamber 241 becomes excessively large, as shown by the
dashed line in Figure 5, a force is generated which excessively urges wobble plate 60
rearwardly. This excessive urging force on wobble plate 60 causes excessive rearward
movement of wobble plate 60, and thereby results in excessive friction between the rear
end surface of annular projection 65 of wobble plate 60 and the front end surface of
balance weight ring 80, and between the inner end surface of drive shaft 26 and a front
end surface of spacer 230 disposed in central bore 210. This excessive friction may in
turn then causes a seizure between annular projection 65 of wobble plate 60 and'
balance weight ring 80 or between drive shaft 26 and spacer 230.
In order to resolve the'above defect, capacity control mechaunism 400 is provided
with safety valve device 490 therein. Safety valve device 490 includes valve member 481,
second coil spring 483 having a restoring force which urges valve member 481 upwardly,
~ and third coil spring 489 having a restoring force which urges valve member 481
downwardly. Safety valve device 490 functions in the following manner. Valve member
481 is urged downwardly by the restoring force of third coil spring 489 and the crank
chamber pressure received on the effective pressure receiving area of an upper end
surface thereof; at the same time, valve member 481 is urged upwardly by the restoring
force of second coil spring 483 and the suction chamber pressure received on the
effective pressure receiving area of a lower end surface thereof. An excessive downward
movement of valve member 481 is prevented by contact between the bottom surface of
annular depression 481b of valve member 481 and the top end surface of second
cylindrical rod 480. Safety valve device 490 is designed to move away from annular
ridge 423 when the pressure differential between crank chamber 22 and suction chamber
241 rises to a predetermined value, for example, 2.0 kg/cm?. Therefore, the crank
chamber pressure is forcibly and quickly reduced to maintain the pressure differential
between crank chamber 22 and suction chamber 241 at the predetermined value, i.e.,
2.0 kg/cm?, as shown by the solid line in Figure S, and thereby maintain the annular
position of slant plate 50 and wobble plate 60 at the minimum slant angle even when

the amperage of the electric current is suddenly increased from zero amperes to the
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The-invention is thus novel over EP-A-0486257 in that the the sanme valve
seat and val ve el enput are controlled by both the capacity control neans
and the safety val vecontrol means. _

. 18-

predetermined maximum amperage. Thus, the occurrence of an excessive force urging
wobble plate 60 rearwardly can be prevented, which in turn prevents the occurrence of
excessive friction between the rear end surface of angular projection 65 of wobble plate
60 and the front end surface of balance weight ring 80, and between the inner end
surface of drive shaft 26 and the front end surface of spacer 230 disposed in central bore
210. Furthermore, safety valve device 490 functions equally as well in the event the
fluid communication opening between crank chamber 22 and suction chamber 241 is
blocked for a long time period due to problems with the movement of diaphragm 484.

As discussed above, since capacity control mechanism 400 is provided with safety
valve device 490 therein, the complicated process of forming an additional passageway
for communicating between crank chamber 22 and suction chamber 241 in cylinder
block 21, and the process of disposing the safety valve in the additional passageway, are
eliminated. Therefore, according to the present invention, a compressor having a

. variable displacement control mechanism and safety valve device for preventing an
abnormal pressure differential between the crank and suction chambers can be easily
manufactured.

Furthermore, since third cylindrical rod 482 is fitly slidably disposed through axial
hole 481a of valve member 481, valve member 481 can be smoothly guided by third
cylindrical rod 482 during axial movement thereof and any tendency for valve member
481 to incline or twist can be effectively prevented. Therefore, unexpected partial air
gaps between valve member 481 and annular ridge 423 can be avoided when valve
member 481 is received on annular ridge 423. This effectively prevents abnormal
friction between portions of valve member 481 and annular ridge 423, and prevents
defective operation of valve member 481. Accordingly, durability and operational

reliability of capacity control mechanism 400 are improved.
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The val ve el enent includes a valve nenber, a red nmenber fitly

di sposed t hrough th(f:——yal ve nmenber, and a biasing el ement for b| asi ng t he
val ve nenber into engagenent . e el

30

- i

1. A slant plate type refrigerant compressor comprising:

CLAIMS

a compressor housing enclosing a crank chamber, a suction chamber and
a discharge chamber therein, said compressor housing comprising a cylinder block
having a plurality of cylinders formed therethrough;

a piston slidably fitted within each of said cylinders;

drive means coupled to said pistons for reciprocating said pistons within
said cylinders, said drive means including a drive shaft rotatably supported in said
housing and coupling means for drivingly coupling said drive shaft to said pistons such
that rotary motion of said drive shaft is converted into reciprocating motion of said
pistons, said coupling means including a slant plate having a surface disposed at an
adjustable inclined angle relative to a plane perpendicular to said drive shaft, the
inclined angle of said slant plate being adjustable in response to changes in pressure in
said crank chamber relative to pressure in said suction chamber to vary the stroke length
of said pistons in said cylinders and to thereb);' vary the capacity of said compressor;

a passageway formed in said housing and linking said crank chamber and
said suction chamber in finid communication; and

capacity control means for varying the capacity of the compressor by
adjusting the inclined angle of said slant plate, said passageway including a valve seat
formed therein, said capacity control means including valve control means fos
controlling the opening and closing of said passageway in response to changes ir
pressure in said suction chamber to thereby control the capacity of the compressor, saic
valve control means being disposed in said passageway, and including pressure sensin
means for sensing pressure in said suction chamber and a valve element connected t
said pressure sensing means, said valve element being received on and moving aw:
from said valve seat in response to changes in pressure in said suction chamber so :
to open and close said passageway to thereby control the capacity of the compressc
said valve element including a valve member, a rod member fitly and slidably dispos:
through said valve member, and biasing means for biasing said valve member to enga

said rod member as 1ong as said valve member is away from said valve seat, said va
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with the rod nmenber as long as the valve nenber is away fromthe valve
seat. The valve nenber is forcibly disengaged fromthe rod nenber b
slidably noving al ong the rod nenber so as to be away from 8 Shegtas Bees
in order to open the passageway when the pressure dlfferentl.

crank chanmber and the suction chanber excaeds In t ; ;
drawi ngs: - Figure 1 illustrates a verti cal Iongltudlnal sectiona

vi ew of a

slant plate type

member being forcibly disengaged from said rod member to slide along said rod
member from said valve seat in order to open said passageway when the pressure
differential between said crank chamber and said suction chamber exceeds a
predetermined value.

2, The compressor of claim 1, said capacity control means further including
an externally controlled solenoid actuator which biases said valve element to vary the
magnitude of the suction chamber pressure which controls the opening and closing of
said passageway, said externally controlled solenoid actuator beihg responsive to changes
in at least one external signal.

3. ‘The compressor of claim 2 wherein the at least one external signal is

_dependent on heat load of a cooling circuit in which said compressor is capable of being

installed. _

4. The compressor of claim 3 wherein the at least one external signal is
dependent on acceleration demand in a vehicle which is capaBle of driving said
COIpressor.

S. The compressor of claim 1 wherein said biasing means comprises at least
one coil spring.

6. The compressor of claim 1 wherein an annular ridge is formed on said rod
member to engage said valve member when said valve member is away from said valve
seat.

7. A slant plate type refrigerant compressor comprising:

a compressor housing enciosing a crank chamber, a suction chamber and
a discharge chamber therein, said compressor housing comprising a cylinder block
having a plurality of cylinders formed therethrough;

a piston slidably fitted within each of said cylinders;

drive means coupled to said pistons for reciprocating said pistons within
said cylinders, said drive means including a drive shaft rotatably supported in said
housing and coupling means for drivingly coupling said drive shaft to said pistons such
that rotary motion of said drive shaft is converted into reciprocating motion of sai¢

pistons, said coupling means including a slant plate having a surface disposed at ar
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refrigerant conpressor including a capacity control mechani smaccording to

one enbodi nent of thts invention. Figure 2 illustrates a side view of
t he capacity control mechani smshown in Figure 1. Hihig Shast Ehs Been Replaced
illustrates a cross-sectional view taken along line 3-3 of

Figure 4 is a graph illustrating the rel a2l-onshi p between t

of suction chanber pressure and anperage of an external electric curre
supplied to an el ectromagnetic coil of the capacity control nmechanism .
according to one enbodi nent of this invention.

adjustable inclined angle relative to a plane perpendicular to said drive shaft, the
inclined angle of said slant plate being adjustable in response to changes in pressure in
said crank chamber relative to pressure in said suction chamber to vary the stroke length
of said pistons in said cylinders and to thereby vary.the capacity of said compressor;

a passageway formed in said housing and linking said crank chamber and
said suction chamber in fluid communication;

capacity control means for varying the capacity of the compressor by
adjusting the inclined angle of said slant plate, said passageway including a valve seat
formed therein, said capacity control means including valve control means for
controlling the opening and closing of said passagéway in response to changes in
‘pressure in said suction chamber to thereby control the capacity of the compressor, §aid
valve control means being disposed in said passageway, and including pressure sensing
means for sensing pressure in said suction chamber and a valve element connected to

\ | said pressure sensing means, said valve element being received on and moving away

from said valve seat in response to changes in pressure in said suction chamber so as
to opeﬁ and close said passageway to thereby control the capacity of the compressor;
and

safety valve means coupled to said valve control means for limiting axial
movement of said valve element away from said valve seat during the opening of said
passageway, said safety valve control means further preventiﬁg twisting of said valve
element with respect to said valve seat during closing of said passageway.

8. The compressor of claim 7, said capacity control means further including
an externally controlled solenoid actuator which biases said valve element to vary the
magnitude of the suction chamber pressure which controls the opening and cllosing of

) said passageway, said externally controlled solenoid actuator being responsive to changes
in at least one external signal.

9. The compressor of claim 7 wherein the at least one external signal is
dependent on heat load of a cooling circuit in which said compressor is capable of being
installed and the at least one external signal is dependent on acceleration demand in :

30 vehicle which is capable of driving said compressor.

| M) R AR AR



Figure 5 is a graph show ng changes in pressure differential—between the __ .

current{ havi ng a predeternm ned maxi nrum anperage to an el ect

crank al’utj suction chambers over a period of time upon supp,hl)éisggtﬁn el ectrieg
qed

of the capacity control mechanism In Figure 1, forummm

expl anation only, the left side of the fiegd&e will be refer

forward end or front of the conpressor, and the right side of the figure

wi |

0

be referenced as the rearward end or rear of the conpressor.

10. A slant plate type refrigerant compressor comprising:

a compressor housing enclosing a crank chamber, a suction chamber and
a discharge chamber therein, said compressor héusing comprising a cylinder block
having a plurality of cylinders formed therethrough;

a piston slidably fitted within each of said cylinders;

drive means coupled to said pistons for reciprocating said pistons within
said cylinders, said drive means including a drive shaft rotatably supported in said
housing and coupling means for drivingly coupling said drive shaft to said pistons such
that roiary motion of said drive shaft is converted into reciprocating motion of said
pistons, said coupling means including a slant plate having a surface disposed at an
adjustable inclined angle relative to a plane perpendicular to said drive shaft, the
inclined angle of said slant plate being adjustable in response to changes in pressure in
said crank chamber relative to pressure in said suction chamber to vary the stroke length
of said pistons in said cylinders and to thereby vary the capacity of said compreséor;

a paSsageway formed in said housing and linking said crank chamber and
said suction chamber in fluid communication;

capacity control means for varying the capacity of the compressor by
adjusting the inclined angle of said slant plate, said passageway including a valve seat
formed therein, said capacity control means including valve control mieans for
controlling the opening and closing of said passageway in response to changes in
pressure in said suction chamber to thereby control the capacity of the compressor, saic
valve control means being disposed in said passageway, and including pressure sensing
means for sensing pressure in said suction chamber and a valve element connected tt
said pressure sensing means, said valve element being received on and moving awa
from said valve seat in response to changes in pressure in said suction chamber so 3
to open and close said passageway to thereby control the capacity of the compresso:
and

safety valve control means incorporated within said valve control mea:
for preventing an abnormal pressure differential between the crank and suctic

chambers, said safety valve control means controlling movement of said valve eleme

N




Wth reference to Figure 1, the overall construction of a ate t
conpressor, and nore speci f ically wobble plate type refri ge
"10 ving a capachty control mechanismin accordance with on

t he @resent invention is shown. Conpr essor 10 includes cylin

ass l'y 20 including -

' - m remaining closed for a

id valve seat to prevent said passageway fxq :

said valv differential to occur.

ive to
relet al pressure

duration which enables an abnorm _
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cylinder block 21, front end plate 23 di sposed at one end of cylinder block
21, crank chanber 22 enclosed within cylinder block 21 by front end plate
23, and rear and end -

-24-

SLANT PLATE TYPE COMPRESSOR
WITH VARIABLE CAPACITY CONTROL MECHANISM

ABSTRACT OF THE DISCLOSURE
| A slant plate type compressor having a capacity or displacement adjusting
mechanism includes a housing fora cylinder block provided with a plurality of cylinders
and a crank chamber. A piston is slidably fitted within each of the cylinders and is
reciprocated by a drive mechanism which includes a slant plate having a surface with
an adjustable incline angle. The incline angle of the slant plate, and thus the capacity
- of the compressor, is controlled according to the pressure differential between the crank
chamber and the suction chamber. The pressure in the suction chamber is controlled
by a valve control mechanism which is disposed in a passageway linking the crank
chamber and the suction chamber. An internally controlled safety valve device prevents
an abnormal pressure differential between the crank and suction chambers. The
internally controlled sa.fefy valve device is provided within the valve control mechanism,
thereby obtaining an easily manufactured slant plate type compressor havixig a durable

and reliable capacity adjusting mechanism with a safety valve device.
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plate 24 attached to the other end of cylinder block 21. Front end plate 23
is mounted on cylinder block 21 forward of crank chanber 22 by a plurality
‘of bolts 101. Rearend plate 24 is also nounted on cylinder block 21 at the
opposite end by a plurality of bolts (not shown). Valve plate 25 is | ocat ed

bet ween rear end plate 24 and cyllnd§£ bl ock 21. Opening 231 is centrally.
formed in front end plate 23 for, rot é&ny supporting drive shaft 26 by
beari ng 30 di sposed therein. The i nner end portign of drive shaft 26 is |
rotatably supported by bearing 31 di sposed mnqp|n$central bore 210 of i
cylinder block 21. Bore 210 e nds {0 rear cendNsur face of cylinder block
21. Bore 21@(1nc tﬁ&ead Port{on 211 fphrmed at an inner
peri pheral sugface f Cnfgﬂ
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a central region thereof. Adjusting screw 220 having a hexagonal central
hole 221 is screwed into thread portion 211 of bore 210. Grcul ar

di sc- shaped spacer 230 having central hole 231 is di sposed between the

i nner end surface of drive shaft 26 and adjusting screw 220. Axi al novenent
of adjusting screw 220 is transferred % drive shaft 26 through spacer 230
so that these el enents nove axially v?{Rin bore 210. The above menti oned
construction and. functional manner are described in detail in U S. Patent
No. 4,948,343, to Shimru. Camrotor 40 is fixed on drive shaft 26
by pin nenber 261 and rotates with drive shaft 26. Thrust needl e bearing 32
i s di sposed between the inner end surface of front
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end plate 23 and the adjacent axial end surface of camrotor 40. Camrotor
40 includes arm 41 having pin nmenber 42 extending therefrom Slant plate 50
'i's disposed adj acent camrotor 40 and includes opening 53. Drive shaft 26

i s di sposed through opening 53. Slant plate 50 includes arm 51 having sl ot
52. Camrotor 40 and slant plate 50 are connected by pin nenber 42, which

is inserted in slot 52 to creatg a hi3vwed joint.

Pin nmenber 42 is slidable

within slot 52 to allow adjustment of the angul ar position of slant plate

50 with respect to a plane perpendi.cular to the |ongitudinal

shaft 26. A bal ance weight ring 80 having a substanti al

axis of drive

mass i s di sposed on

a nose of hub 54 of slant plate 50 in order to bal ance the slant plate 50

under dynam c operating conditiqgﬁs_ 3
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Bal ance wei ght ring 80 is held in place by neans of retaining ring 81.
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-7- Wbbl e place 60 is nutatably nounted on hub 54 of the slant

pl ate 50 through bearjngs 61 and 62 which allow slant plate 50 to rotate

w th respect to wobble plate 60. Fork-shaped slider 63 is attached to the
radi ally outer peripheral end of wobble plate 60 and is slidably nutated
about sliding rail 64 disposed between front end plate 23 and cylinder

bl ock 21. Fork-shaped slider 63 prevenBdbthe rotation of wobble plate 60 so
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t hat wybtt Ei{IﬁLL%éEﬁUSI-@E'E% 85 ag@ng flai | 64 when dam REPDACELRST SRESPE At

50 and ance \wel rmn 80 rot\a,t . Undesirabl ¢ BDedc: @ Wobbl
plate ggﬁscﬁ )gziﬁ;,d ....... q B %t ...... is prevented ESC mw cﬂ' t0_Pagg
end su mn%‘?gegm% It3rp g)er o'];g'é‘tlon 65 of V\D)bﬂ'@g@bﬁl{
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pl ur al i{EfAbstraser i pPREC Y- ‘P@ééelded oyl i nae# Chambgrs 70 i V\/m c

are fitiDATH OFaBE¢CEIYEposed.....Each-ptiston 71 is cb gﬁt,e to vvobbl e E)I ate 60

by a correspondi ng connecting rod 72. Accordin GERIOLEIMY) at e
60 thereby causes pistons rRleATEEITE MREWR respective
cylinders 71. a1V A : SHIANISH

annul ar suction chanber 241 and

The present invention generally relates to a refrigerant compressor, and more
particularly, to a slant plate type compressor, such as a wobble plate type compressor,
with a variable displacement mechanism which is suitable for use in an automotive air

conditioning system.

Slant plant type piston compressors including variable displacement or capacity
adjusting mechanisms for controlling the compression ratio of a compressor in response
to demand are generally known in the art. For example, Japanese Utility Model
Application Publication No. 63-134181 discloses a wobble plate type compressor
including a cam rotor driving device and a wobble plate linked to a plurality of pistons.
Rotation of the cam rotor dﬁving device causes the wobble plate to mutate and thereby
successively reciprocate the pistons in the corresponding cylinders. The stroke length
of the pistons and thus the capacity of the compressor may be easily changed by
adjusting the slant angle of the wobble piate. The slant angle is changed in response
to the pressure differential between the crank chamber and the suction chamber.

In the above-mentioned Japanese Utility Model Applicatién Publication, the
crank chamber and the suction chamber are linked in fluid communication by a first
path or passageway. A valve mechanisﬁl is disposed in the first passageway in order to
control fluid communication between the crank and suction chambers by the opening
and closing of the first passageway. The valve mech;mism generally includes a pressure
sensing device for sensing pressure in the suction chamber, a solenoid, a plunger and a
valve member fixedly connected to both the pressure sensing device and one end of the
plunger. The solenoid receives two external signals, one of which represents the heat
load on an evaporator of a cooling circuit and another of which represents the amount

of demand for acceleranng an automoblle
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centrally |l ocated di scharge chanmber 251. Valve plate 25 includes a
plurality of valved suction ports 242 |inking suction chanber 241 with
respective cylinders 70. Valve plate 25 also includes a plurality of val ved
di scharge ports 252 |inking di scharge chanber 251 with respective cylinders
70. Suction ports 242 and di scharge ports2252 are provided with suitable
reed val ves as described in U S. Patent No. 4,011,029 to Shim zu

Sucti on chanber 241 includes inlet portion 241a which is connected to an
evaporator (not shown) of the external cooling circuit. Discharge chanber

R e R e

bl ock 21 afifithersucfiomoharmberf pressure so as to-change the crank chamber pressure relative to
the suction chamber pressure. This then results in a change in the angular position of
the wobble plate so that the capacity displacement of the compressor is adjusied and a_
control point of the suction chamber pressure is maintained at a predetermined constant
value.

The solenoid induces various electromagnetic attraction forces responsive to

. changes.in the two external signals to thereby change the axial position of the plunger.
This then changes the confrol point of the suction chamber pressure from predetermined
maximum to predetermined minimum values.

The compressor further includes a second passageway, separate from the first
passageway, which communicates between the crank chamber and the suction chamber.
A safety valve device, including a ball member and a coil spring elastically supportinc
the ball member, is disposed in the second passageway. The safety valve device opens
and closes the second passageway in response to changes in the pressure differential
between the crank chamber and the suction chamber. The second passageway is opened
when the pressure differential between the crank chamber and the suction chamber
exceeds a predetermined value. Therefore, when communication between the crank
chamber and the suction chamber is blocked for a long time period due to trouble in
the valve mechanism, thereby causing an abnormal rise in the crank chamber pressure
because of blow-by gas leaking past the pistons in the cylinders as the pistons
reciprocate, the second passageway is opened to forcibly and quickly reduce the crank
chamber pressure and thereby prevent an abnormal pressure differential between the
crank and suction chambers. As a result, excessive friction between internal component
parts of the compressor caused by abnormal pressure differential between the crank
chamber and the suction chamber can.be prevented.

In this prior art embodiment, however, since the second passageway is separate
from the first passegeway, the process of forming the second passageway and the process
of disposing the safety valve device in the second passageway are additional steps
required dunng the manufacturing of the compressor. Accordingly, the manufacturing
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of valve plate 25 and between the rear surface of valve plate 25 and rear
end plate 24, respectively, to seal the mating surfaces of cylinder block
21, valve plate 25 and rear end plate 24. Gaskets 27 and 28 and val ve pl ate
25 thus formvalve plate assenbly 200. A steel valve retainer 253 is fixed
on a central region of the rear surface oB3-valve plate assenbly 200 by bolt
254 and nut 255. Val ve retainer 253 prevents excessive bend of the reed

val ve which is provided at discharge port 252 during a conpression stroke
of pistons 71.

process for the compressor is complicated. Therefore, it is highly desirable to provide
a compressor having a variable displacement control mechanism which can be easily
manufactured and which can prevent an abnormal pressure differential between the

crank and suction chambers.

A slant plate type refrigeré.nt compressor including a compressor housing
enclosing a crank chamber, a suction chamber and a discharge chamber therein is
disclosed. The compressor housing includes a cylinder block having a plurality of
cylinders formed therethrough, and a piston slidably fifted within-each of the cylinders.
A drive mechanism is coupled to the pistons for reciprocating the pistons within the
cylinders. The drive mechanism includes a drive shaft rotatably supported in the
housing and a coupling mechanism which drivingly couples the drive shaft to the pistons
such that the rotating motion of the drive shaft is converted into réciprocating motion
of the pistons. The coupling mechanism includes a slant plate having a surface disposed
at an adjustable inclined angle relative to a plane perpendicular to the drive shaft. The
inclined angle of the slant plate is adjustable in response to changes in the crank
chamber pressure relative to the suction chamber pressure to vary the stroke length of
the pistons in the cylinders to thereby vary the capacity of the compressor. A
passageway is formed in the housiﬁg and links the crank and suction chambers in fluid
communication.

A capacity control mechanism varies the capacity of the compressor by adjusting
the inclined angle of the slant plate. The passageway includes a valve seat formed
therein. The capacity control mechanism includes a valve control device for controlling
the opening and closing of the passageway in response to changes in the suction
chamber pressure to thereby control the capacity of the compressor. The valve control
device is disposed in the passageway, and includes a pressure detector for detecting the
suction chamber pressure and a valve element which is connected to the pressure
detector. The valve element is received on and moves away from the valve seat in
response to changes in the suction chamber pressure so as to open and close the

passageway to thereby control the capacity of the compressor.
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The valve element includes a valve member, a rod member fitly disposed through
the valve member, and a biasing element for biasing the valve member into engagement
with the rod member as long as the valve member is away from the valve seat. The
valve member is forcibly disengaged from the rod member by slidably moving along the
rod member so as to be away from the valve seat in order to open the passageway when
the pressure differential between the crank chamber and the suction chamber exceeds
a predetermined value.

In the accompanying draw1ng5°-

Figure 1 illustrates a vertical longitudinal sectional view of a slant plate type
refrigerant compressor including a capacity control mechanism according to one
embodiment of this invention.

Figure 2 illustrates a side view of the capacity control mechanism shown in
Figure 1. '

Figure 3 ﬂlustrates a cross-sectmnal view taken along line 3-3 of Figure 1.

Figure 4 is a graph illustrating the relationship between a control point of suction
chamber pressure and amperage of an external electric current supplied to an
electromagnetic coil of the capacity control mechanism according to one embodiment
of this invention. '

Figure S is a graph showing changes in pressure differential between the crank
and suction chambers over a period of time upon supplying an electric current having
a predetermined maximum amperage to an electromagnetic coil of the capacity control

mechanism.

In Figure 1, for purposes of explanation only, the left side of the figure will be
referenced as the forward end or front of the compressor, and the right side of the
figure will be referenced as the rearward end or rear of the COmPpressor.

With reference to Figure 1, the overal_l. construction of a slant plate type
COmPpressor, and more specifically wobble plate type refrigerant compressor 10 having
a capacity control mechanism in accordance with one embodiment of the present

invention, is shown. Compressor 10 includes cylindrical housing assembly 20 including
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Conduit 18 axially bored through cylinder block 21 |inks crank chanber 22
to di scharge chanmber 251 through hole 181 which is axially bored through
val ve plate assenbly 200. A throttling device, such as orifice tube 182, is
fixedly disposed within conduit 18. Filter nmenber 183 is disposed in
conduit 18 at the rear of orifice tube 18, Accordingly, a portion of the
di scharge refrigerant gas in discharge chanber 251 always flows into crank
chanber 22 with a reduced pressure generated by orifice tube 182. The above
menti oned construction and functional manner are described in detail in

Japanese Pfythgnér QPdp L ZEaEro%? eP la?e 5:'5 Cc)inspose:d ]at]bzh?ezzgd of cylinder block 21, crank

chamber 22 enclosed within cylinder block 21 by front end plate 23, and rear and end
plate 24 attached to the other end of cylinder'-block 21.- Front end plate 23 is mounted
on cylinder block 21 forward of crank chamber 22 by a plurality of bolts 101. Rear end
plate 24 is also mounted on cylinder block 21 at the opposite end by a plurality of bolts
(not shown). Valve plate 25 is located between rear end plate 24 and cylinder block 21.
Opening 231 is centrally formed in front end plate 23 for rotatably supporting drive
shaft 26 by bearing 30 disposed therein. The inner end portion of drive shaft 26 is
rotatably supported by bearing 31 disposed within central bore 210 of cylinder block 21.
Bore 210 extends to a rear end surface of cylinder block 21.

Bore 210 includes thread portion 211 formed at an inner peripheral surface of
a central region thereof. Adjusting screw 220 having a hexagonal central hole 221 is
screwed into thread portion 211 of bore 210. Circular disc-shaped spacer 230 having
central hole 231 is dispdsed between the inner end surface of drive shaft 26 and
adjusting screw 220. Axial movement of adjusting screw 220 is transferred to drive shaft
26 through spacer 230 so that these elements move axially within bore 210. The above
mentioned construction and functional manner are described in detail in U.S. Patent No.
4,948,343 to Shimizu.

Cam rotor 40 is fixed on drive shaft 26 by pin member 261 and rotates with drive
shaft 26. Thrust needle bearing 32 is disposed between the inner end surface of front
.end plate 23 and the adjacent axial end surface of cam rotor 40. Cam rotor 40 includes
arm 41 having pin member 42 extending therefrom. Slant plate 50 is disposed adjacent

" cam rotor 40 and includes opening 53. Drive shaft 26 is dispcjsed through opening 53.
Slant plate 50 includes arm 51 having slot 52. Cam rotor 40 and slant plate 50 are
connected by pin member 42, which is inserted in slot 52 to create a hinged joint. Pin
member 42 is slidable within slot 52 to allow adjustment of the angular position of slant
plate 50 with respect to a plane perpendicular to the longitudinal axis of drive shaft 26.
A balance weight ring 80 having a substantial mass is disposed on a nose of hub 54 of
slant plate 50 in order to balance the slant plate 50 under dynamic operating conditions.

Balance welght rmg 80 is held in’ place by meang of retaining ring 81.
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Wth reference to Figure 2, radially extending cylindrical cavity 243 is
formed in rear end plate 24 to accommbdat e capacity control nechani sm 400
which is further discussed bel ow. One end of cylindrical cavity 243 is open
to the external environment of the conpressor, that is, to atnospheric
conditions. Cylindrical cavity 243 includeg first portion 243a and second
portion 243b which extends froman inner end of first portion 243a. The

di anet er of second portion 243b is snaller than the diameter of first
portion 243a. First portion 243a of cavity 243 is linked to suction

chanber 241 oyplofORbi P A LOuLRLTBE A0 S wR a8 7 oubien

second por tyQringé 3 aad Whichﬂaﬂé& slantphe I rotate with respect to wobble plate 60.
Fork-shaped slider 63 is attached to the radially outer peripheral end of wobble plate
60 and is slidably nutated about sliding rail 64 disposed between front end plate 23 and
cylinder block 21. Fork-shaped slider 63 prevents the rotation of wobble plate 60 so
that wobble plate 60 nutates along rail 64 when cam rotor 40, slant plate 50 and balance
weight ring 80 rotate. Undesirable axial movement of wobble plate 60 on hub 54 of
slant plate 50 is prevented by contact between a rear end surface of inner annular
projection 65' of wobble plate 60 and a front end surface of balance weight ring 80.
Cylinder block 21 includes a plurality of peripherally located cylinder chambers 70 in
which pistons 71 are fitly slidably disposed. Each piston 71 is connected to wobble plate
60 by a corresponding connecting rod 72. Accordingly, nutation of wobble plate 60
thereby causes pistons 71 to reciprocate within their respective cylinders 71.

Rear end plate 24 includes peripherally located annular suction chamber 241 a.nd
centrally Iocated discharge chamber 251. Valve plate 25 includes a plurality of valved
suction ports 242 linking suction chamber 241 with respective cylinders 70. Valve plate
25 also includes a plurality of valved discharge ports 252 linking discharge chamber 251
with respective cylinders 70. Suction ports 242 and discharge ports 252 are provided
with suifable reed valves as described in U.S. Patent No. 4,011,029 to Shimizu.

Suction chamber 241 includes inlet portion 241a which is connected to an
evaporator (not shown) of the external cooling circuit. Discharge chamber 251 is
provided with outlet port 251a connected to a condenser (not shown) of the cooling
circuit. Gaskets 27 and 28 are located between cylinder block 21 and the front surface
of valve plate 25 and between the rear surface of valve plate 25 and rear end plate 24,
respectively, to seal the mating surfaces of cylinder block 21, valve plate 25 and rear end
plate 24. Gaskets 27 and 28 and valve plate 25 thus form valve plate assembly 200. A
steel valve retainer 253 is fixed on a central region of the rear surface of valve plate
assembly 200 by bolt 254 and nut 255. Valve retainer 253 prevents excessive bend of
the reed valve which is provided at discharge port 252 during a compression stroke of

pistons 71.
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which is formed in valve plate assenbly 200. Hole 256 is linked to central
bore 210 through conduit 212 which is fornmed in the rear portion of
cylinder block 21. Central bore 210 is linked to crank chanber 22 through
conduit 262 fornmed in the inner end portion of drive shaft 26, hole 231 of
spacer 230 and hole 221 of adjusting screw.220. Accordingly second portion
243b of cavity 243 is linked to crank chanber 22 via conduit 245, hole 256,
conduit 212, central bore 210, hole 221, hole 231 and conduit 262.

Wth reference to Figures 2 and 3, capacity control mechani sm 400 i ncl udes

a first annul ar '

first porton 2Aandgt 18 6ReS 3508 irtleR o BGRE IR A Bk e Rodhliber 2 to

420. Casing,.c %ﬁgrglaa&amﬁearrm thirotgh diole 181 wlnch is axla.lly bored through valve plate
assembly 200. A throttling device, such as orifice tube 182, is fixedly disposed within
conduit 18. Filter member 183 is disposed in conduit 18 at the rear of orifice tube 182.

Accordingly, a portion of the discharge refrigerant gas in discharge chamber 251 always
flows into crank chamber 22 with a reduced pressure generated by orifice tube 182. The
above mentioned construction and functional manner are described in detail in Japanese
Patent Application Publication No. 1-142277. '

With reference to Figure 2, radially extending cyﬁndﬁcal cavity 243 is formed in
rear end plate 24 to accommodate capacity control mechanism 400 which is further
discussed below. One end of cylindrical cavity 243 is open to the external environment
of the compressor, that is, to atmospheric conditions. Cylindrical cavity 243 includes
first portion 243a and second portion 243b which extends from an inner end of first
portion 243a. The diameter of second portion 243b is smaller than the diameter of first
portion 243a. First bortion 243a of cavity 243 is linked to suction chamber 241 through

_ conduit 244 which is formed in rear end plate 24. As illustrated in Figure 1, conduit 245
is formed in rear end plate 24 to link second portion 243b of cavity 243 to hole 256
which is formed in valve plate assembly 200. Hole 256 is linked to central bore 210
through conduit 212 which is formed in the rear portion of cylinder block 21. Central
bore 210 is linked to crank chamber 22 through conduit 262 formed in the inner end
portion of drive shaft 26, hole 231 of spacer 230 and hole 221 of adjusting screw 220.
Accordingly second portion 243b of cavity 243 is linked to crank chamber 22 via conduit
245, hole 256, conduit 212, central bore 210, hole 221, hole 231 and conduit 262,

With reference to Figures 2 and 3, capacity control mechanism 400 includes a
first annular cylindrical casing 410 of magnetic material located in first portion 243a of
cavity 243 and a second annular cylindrical casing 420. Casing 420 has a large diameter
section 421 and a small diameter section 422 which extends upwardly from a top end
of 1arge diameter section 421. First annular cylindrical casing 410 is fixedly disposed
within first portion 243a of cavity 243 by forcible insertion. Large diameter section 421
of second annual cyh'ndrical casing 420 is fixedly disposed at a top end of first annular
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section 421 and a snal| dianeter section 422 which extends upwardly from a

top end of

| arge di aneter section 421. First annular cylindrical casing 410

is fixedly disposed within first portion 243a of cavity 243 by forcible

i nsertion.

Large di aneter section 421 of second annual cylindrical casing

420 is fixedly disposed at a top end of fi8st annul ar

. dricai casing 410. The top end of small diameter section 422 of second annular

cyh-ndn'cal casing 420 terminates at an upper end region of second portion 243b of cavity

243.
First annula.r plate 411 is fxxedly d1sposed at an upper inner region of first

annular cyhndnca.l casing 410, and includes an-axial annular pro_;ectlon 412 which
extends axially and downwardly from an inner peripheral end portlon of first annular
plate 411. Axial annular projection 412 terminates at a point approximately half the
length of first annual cylindrical casing 410. Cylindrical pipe member 413, the length
of which is a little less than the length of first annular cylindrical casing 410, is disposed
in first annular cylindrical casing 410. Cylindrical pipe member 413 includes first and
second annular flanges 413a and 413b formed at top and bottom ends thereof. An
upper half portion of cylindrical pipe member 413 fixedly surrounds axial annular
projection 412. Annular disc plate 414 is fixedly disposed at bottom end of first annular |
cylindrical casing 410 to define an annular cavity 415 formed in cooperation with
cylindrical pipe member 413 and first annular cylindrical casing 410. Annular disc plate
414 includes an axial annular projection 414a which extends axially and downwardly
from an inner peripherai end portion of annular disc plate 414. Annular projection 414a
includes thread portion 414b formed at an inner peripheral surface of a lower half
region thereof. Adjusting screw 414c is screwed into thread portion 414b of annular
projection 414a. Annular electromagnetic coil 430 is fixedly disposed within annular
cavity 415. Insulating material 431, such as epoxy resin, fixedly surrounds annular
electromagnetic coil 430.

Vacant space 450 is defined by cylindrical pipe member 413, axial anpular
projection 414a and adjusting screw 414c. Cylindrical member 451 of magnetic material
is slidably disposed in the axial direction in vacant space 450. First cylindrical rod 460
is slidably penetrates through axial annular projection 412. The bottom end portion of
rod 460 is fixedly received in cylindrical hole 45 la formed in the top end surface of
cylindrical member 451 through forcible insertion. First coil spring 470 is disposed
between adjusting screw 414¢ and cylindrical member 451. A top end of first coil spring
470 is in contract with the top end surface of cylindrical hole 451b which is formed at
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-9- then is discharged to di scharge chanber 251 from each cylinder 70
t hrough di scharge ports 252, and continues into the cooling circuit through

outlet port 251a.

9.

the bottom end surface of cylindrical member 451. A bottom end of first coil spring 470
is in contact with the bottdm end surface of cylindrical depression 414d which is formed
at the top end surface of adjusting screw 414c. The restoring force of first coil spring
470 urges cylindrical member 451 upwardly, thereby urging rod 460 upwardly. The
restoring force of first coil spring 470 is adjusted by adjusting screw 414c.

When electromagnetic coil 430 is energized, an electromagnetic attraction force
tending to move cylindrical member 451 upwardly is induced. Thé magnitude of the
electromagnetic attraction force is directly proportional to the amperage of an electric
current that is supplied to electromagnetic coil 430 from an electric circuit (not shown).
The electric circuit receives a signal representing the heat load on the evaporator, such
as the temperature of air immediately before passing through the evaporator, and the
signal representing the amount of demand for acceleration of the automobile, such as
the magi:itude of force on the accelerator. After processing these two signals, an
electric current is supplied from the electric circuit to electromégnetic coil 430. The
amperage of the ele;:tric current is continuously varied within the range from zero
amperes to a predetermined maximum amperage, for example, 1.0 ampere.

~ More precisely, when the heat load on the evaporator is excessively large, such
that the temperatu.re. of air immediately before passing through the evaporator is
excessively high, and when the amount of demand for acceleration of the automobile
is small, an electric current having zero amperes, i.e., no electric current is supplied
from the electric circuit to the electromagnetic coil 430. However, when the demand
for acceleration of the automobile exceeds a predetermined value, the signal -
representing the demand for acceleration overrides the signal representing the heat load
on the evaporator. As a result, an electric current hé.ving the predetermined maximum
amperage is supplied from the electric circuit to the electromagnetic coil 430 even
though the heat load on the evaporator is excessively large. Furthermore, when the heat
load on the evaporator is excessively small, such as when the temperature of air
immediately before passing through the evaporator is excessively low, an electric current

having the predetermined maximum amperage is supplied from the electric circuit to
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The capacity of conpressor 10 is adjusted in order to maintain a constant
pr.essure in suction chanber 241, irrespective of the changes in the heat

| oad on the evaporator or the rotational speed of the conpressor. The
capacity of the conpressor is adjusted by changing the angle of the sl ant
pl ate, which is dependent upon the crank anber pressure, or nore

preci sely, which is dependent upon the diTterential between the crank
chanber and the suction chanber pressures. During operation of conpressor
10, the pressure of the crank chanber increases due to blow by gas flow ng
past pistons 71 as they reciprocate in cylinders 70. As the crank chamber
pressure i nbe edeuromagneatio eoil $3Phwitheomt: regard Hanthe dpmasdufos, aqcnk;rgmgmtof the
angl e of slaﬁ&ngglée 50 as well as the slant

As further shown in Figure 3, O-ring seal element 416 is disposed in annular
groove 417 formed in the outer peripheral surface of the bottom end portion of first
annular cylindrical casing 410. Seal element 416 seals the mating surfaces between the
outer peripheral surface of first annular cylindrical casing 410 and the inner peripheral
surface of first portion 243a of cavity 243. Thus, first portion 243a of cavity 243 is
sealed off from the ambient atmosphere outside the compressor.

Second cylindrical rod 430 is disposed in cylindrical hollow space 421a of large
diameter section 421 of second annular cylindrical casing 420. Second cylindrical rod
480 includes large diameter portion 480a and smaller diameter portion 480b, which
upwardly extends from a tbp end of large diameter portidn 480a so that annular ridge
480c is formed at a position which is a boundary between large and small diameter
portions 480a and 480b. Large diameter portion 480a of second cylindrical rod 480
includes truncated cone region 480d formed at a bottom end thereof.

Truncated cone-shaped valve member 481 also is disposed in cylindrical hollow
space 421a of large diameter section 421 of second annular cylindrical casing 420. Axial
hole 481a is centrally formed in valve member 481 so as to fitly slidably dispose third
cylindrical rod 482 therethrough. A. bottom end portion of third cylindrical rod 482 is
forcibly inserted into cylindrical hole 480e formed at a top end surface of second
cylindrical rod 480 so that third cylindrical rod 482 is fixedly connected to second
cylindrical rod 480. Second coil spring 483 surrounding second cylindrical rod 480 is
resiliently disposed between a side surface of annular ridge 480c of second cylindrical
rod 480 and a bottom surface of annular depression 481b which is formed at a bottom
end surface of valve member 481. The restoring force of second coil spring 483 urges
valve member 481 upwardly.

Diaphragm 484 js disposed between the bottom end surface of second cylindrical
rod 480 and the top end surface of circular disc plate 485 which is disposed on a top end
surface of first cylindrical rod 460. An outer peripheral portion of diaphragm 484 is
fixedly disposed between the bottom end surfacg of the large diameter section 421 of
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angl e of wobble plate 60 decreases, thereby decreasing the capacity of the
conpressor. Likew se, a decrease in the crank chanber pressure relative to
t’he suction chanber pressure causes an increase in the capacity of the
conpressor. The operation of capacity control mechani sm 400 of
conpressor 10 in accordance with one enboginent of the present invention is

carried out in the followi ng manner. Wthreference to Figures 1-4, when

the heat | oad on the evaporator is excessively large and concurrently
therewith the anount of demand for acceleration of the autonobile is small,
no electric current .is supplied f,rom(ihe electric cirguit .to th

el ect romag seqand apylarghindrgal easing $2¢,and | the tPp ace of FF%%Q‘FW‘?ISF plate
i nduced.  Agg@whedtissandwiched by first annular plate 411 and the bottom end of large diameter

section 421 of second annular cylindrical casing 420. The top end portion of first
cylindrical rod 460 slidably penetrates through second annular plate 486. Indent 486a
is formed at the top end surface of second annular plate 486 so that annular ridge 486b
is formed at an inner peripheral surface of second annular plate 486. Annular ridge
486b receives circular disc plate 485 disposed on the top end surface of first cylindrical
rod 460.

O-ring seal element 487 is elastically disposed within annular cylindrical hollow
space 488, which is defined by first and second annular plates 411 and 486, large
diameter section 421 of second annular cylindrical casing 420 and first annular
cylindrical casing 410. Seal element 487 seals first portion 243a of cavity 243 and
cylindrical hollow space 421a of large diameter section 421 of second annular cylindrical
casing 420 from ambient atmosphere.

Small diameter section 422 of second annular cylindrical casing 420 includes
cylindrical hollow space 422a having first region 422b and second region 422¢ which
extends from 2 central portion of a top end of first region 422b. The diameter of first
region 422b is greater than the diameter of second region 422c so that annular ridge
422d is formed at a position which is a boundary between first and second regions 422b
and 422c. :

First region 422b of cylindrical hollow space 422a is linked to the top end of
cylindrical hollow space 421a at its bottom end. The diameter of cylindrical hollow
space 421a is greater thah the diameter of first region 422b of cylindrical hollow space
422a so that annular ridge 423 is formed at a position which is a boundary between
cylindrical hollow space 421a and first region 422b of cylindrical hollow space 422a.
Annular ridge 423 functions as a valve seat which receives valve member 481. An upper
end portion of third cylindrical rod 482 is slidably disposed in the axial direction within .
second region 422¢ of cylindrical hollow space 422a. Third cylindrical rod 482 includes
large diameter portion 482a formed at a middle region thereof, thereby forming upper

and lower annular ridges 482b and 482c at the both axial ends of large diameter portion
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di aphragm 484 is urged upwardly only by virtue of the restoring force of

first coil

spring 470 and the atnospheric pressure force acting on the

bottom end surface of diaphragm 484. Under such conditions, valve nenber
481 is situated so as to maintain an opening for comunicati on between
second portion 243b of cavity 243 |inked tsléet he crank chanber 22 and first

portion 243a of cavity 243 linked to the

tion chanber 241. Val ve nenber

481 maintains such a position until the suction chanber pressure drops to a
first predeterm ned value, for exanple (2.0 x 10[err]N[err] cnferr] G at
which time the upward and downward forces acting on di aphragm 484 will be

/ di ap v
bal anced. 828, Abidetwall of wpBo aamulanaisige#83b facesabe side wall pggé@ﬂat rigge 4224,
maxi mum sl a4 g@%eew%t& 1oweP Sahula? r”é% &Z%r}%ces a top end surface of valve member

481. Third coil spring 489 surrounding large diameter portion 482a of third cylindrical
rod 482 is resiliently disposed between the top end surface of valve member 481 and the
side wall of annular ridge 422d. The restoring force of third coil spring 489 urges valve
member 481 downwardly. ' '

O-ring seal element 425 is disposed in an annular groove 426 formed at the outer
peripheral surface of large diameter section 421 of second annular cylindrical casing 420

“to seal the mating surfaces between the outer peripheral surface of large diameter

section 421 of second annular cylin;irical casing 420 and the inner peripheral surface of
second portion 243b of cavity 243. Thus, second portion 243b of cavity 243 is sealed off
from first portion 243a of cavity 243,

A plurality of radial holes 427 are formed at a side wall of large diameter section
421 of second annular cylindrical casing 420 to link first portion 243a of cavity 243 to
cylindrical hollow space 421a of large diameter section 421 of second annular cylindrical
casing 420. Therefore, fluid communication between suction chamber 241 and
cylindrical hollow space 421a of large diameter section 421 of second annular cylindrical
casing 420 is obtained through conduit 244, first portion 243a of cavity 243 and radial
holes 427. | |

A plurality of second radial holes 428 are formed at a side wall of a lower end
portion of small diameter section 422 of second annular cylindrical casing 420 to link
second portion 243b of cavity 243 to first region 422b of cylindrical hollow space 422a
of small diameter section 422 of second annular cylindrical casing 420. Therefore, fluid
communication between crank chamber 22 and first region 422b of cylindrical. bollow
space 422a of small diameter section 422 of second apnular cylindrical casing 420 is
obtained through conduft' 262, hole 231, hole 221, central bore 210, conduit 212, hole
256, conduit 245, second portion 243b of cavity 243 and radial holes 428.

In the above mentioned construction of capacity control mechanism 400, second
and third coil springs 483 and 489 are selected to bias the top end surface of valve
member 481 against the side wall of lower annular ridge 482c of third cylindrical rod
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perpendi cular to the longitudinal axis of drive shaft 26 due to an opening

fpr fluid

-13-

482. As long as the top end surface of valve member 481 is in contact with the side wall

of lower annular ridge 482c¢ of third cylindrical rod 482, second cylindrical rod 480, valve

" member 481, second coil spring 483 and third cylindrical rod 482 are regarded as

substantially one body. Therefore, the top end surface of the central region of
diaphragm 484 is maintained in contact with the bottom end surface of second
cylindrical rod 480 by virtue of the restoring force of third coil spring 489. Similarly, the
bottom end surface of the central region of diaphragm 484 is maintained in contact with
the top end surface of circular plate 485 by virtue of the restoring force of first coil
spring 470. The location of upper annular ridge 482b of third cylindrical rod 482 is
designed to be in contact with the side surface of annular ridge 422d when valve
member 481 is received on annular ridge 423 while the top end surface of valve member
481 is in contact with the side surface of lower annular ridge 482c.

Indent 486a, which is formed at ;he top end surface of second annular plate 486,
faces the bottom end surface of diaphragm 484. Indent 486a is linked to the ambient

atmosphere outside of the compressor via gap 412a created between rod 460 and

" annular projection 412, vacant space 450, and the gap 414e created between axial

annular projection 414a and adjusting screw 414c. Thus, the bottom end surface of
diaphragm 484 is in contact with and thereby receives air at atmospheric pressure.

Similarly, cyliﬁdrical hollow space 421a of large diameter section 421 of second
annular cylindrical casing 420 is linked to suction chamber 241 via radial holes 427, first
portion 243a of cavity 243, and conduit 244. Thus, the top end surface of diaphragm 484
is in contact with and thereby receives the refrigerant gas at the suction chamber
pressure,

During operation of compressor 10, drive shaft 26 is rotated by the engine of the
automobile through electromagnetic clutch 300. Cam rotor 40 is rotated with drive shaft
26, thereby rotating slant plate S0 as well, which in turn causes wobble plate 60 to
nutate. The nutation motion of wobble plate 60 then reciprocates pistons 71 out of
phase in their respective cylinders 70. As pistons 70 are reciprocated, refrigeraﬂt 'gés

- is introduced into suction chamber 241 through inlet port 241a, flows into each cylinder

70 through suction ports 242, and then is comprés;ed. The compressed refrigerant gas
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communi cati on between crank chamber 22 and suction chanber 241;

and accordingly, conpressor 10 operates in a maxi nrum capacity displ acenent

unt i |

t he suction chanber pressure drops to the first predeterm ned val ue.

Once the suction chanber pressure drops to the first predeterm ned val ue,

the slant angle of the slant plate 50 and_ wobble plate 60 is substantially
adj usted by only the axial bend of diaphréﬁh1484 responsive to the suction
chanber pressure in order to thereby maintain the suction chanber pressure

then is discharged to discharge chamber 251 from each cylinder 70 through discharge
ports 252, and continues into the cooling circuit through outlet port 251a.

The capacity of compressor 10 is adjusted in order to maintain a constant
pressure in suction chamber 241, irrespective of the changes in the heat load on the
evaporator or the rotational speed of the compressor. The capacity of the compressor
is adjusted by changing the angle of the slant plate, which is dependent upon the crank
chamber pressure, or more precisely, which iS dependent upon the differential between
the crank chamber and the suction chamber pressures. During operation of compressor
10, the pressure of the crank chamber increases due to blow-by gas flowing past piStons
71 as they reciprocate in cylinders 70. As the crank chamber pressure increases relative
to the suction chamber pressure, the slant angle of slant plate 50 as well as the slant
angle of wobble plate 60 decreases, thereby decreaSing the capacity of the compressor.
Likewise, a decrease in the crank chamber pressure relative to the suction chamber
pressure causes an increase in the capacity of the compressor.

The operation of capacity control mechanism 400 of compressor 10 in accordance
with one émbodiment of the present invention is carried out in the following manner.
With reference to Figures 1-4, when the heat load on the evaporator is excessively large
and concurrently therewith the amount of demand for acceleration of the automobile
is small, no electric current is supplied from the electric circuit to the electromagnetic
coil 430 and thereby no electromagnetic attraction force is induced. As a result,
diaphragm 484 is urged upwardly only by virtue of the restoring force of first coil spring
470 and the atmospheric pressure force acting on the bottom end surface of diaphragm
484. Under such conditions, valve member 481 is situated so as to maintain an opening
for communication between second portion 243b of cavity 243 linked to the crank
chamber 22 and first portion 243a of cavity 243 linked to the suction chamber 241.
Valve member 481 maintains such a position until the suction chamber pressure drops-
to a first predetermined value, for example, 1.0 kg/cm’G, at which time the upward and
downward forces acting on diaphragm 484 will be balanced. Thus, siant plate 50 and
wobble plate 60 are disposed at a maximum slant angle with respect to the plane

perpendicular to the longitudinal axis of drive ghaft 26 due to an opening for fluid
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at the first predeterm ned val ue. On the other hand, when the heat

| oad on the evaporator is excessively small, an electric current having a
pr edet er mi ned maxi num anperage is supplied fromthe electric circuit to the
el ectromagnetic coil 430 without regard to the anount of demand for

accel eration of the autonobile. As a resulé di aphragm 484 is urged
upwardly by virtue of the restoring forceldf first coil spring 470, a

pr edet er mi ned maxi num el ectronagnetic attraction force induced by

el ectromagnetic coil 430, and the atnospheric pressure force acting on the
bottom end surface of diaphragm 484. Val ve nenber 481 thus noves upwardly
so as to cl@eenthieafibnbdtweznnerank shambenp2andguction chamber 241; and accordingly,

compressor 10 operates in a maximum capacity displacement until the suction chamber
pressure drops to the first predetermined value. Once the suction chamber pressure
drops to the first predetermined value, the slant angle of the slant plate 50 and wobble
plate 60 is substantially adjusted by only the axial bend of diaphragm 484 responsive to
the suction chamber pressure in order to thereby maintain the suction chamber pressure
at the first predetermin_ed value.

On the other hand, when the heat load on the evaporator is excessively small, an
electric current having a predetermined maximum amj)erage is supplied from the
electric circuit to the electromagnetic coil 430 without regard to the amount of demand
for acceleration of the automobile. As a result, diaphragm 484 is urged upwardly by
virtue of the restoring force of first coil spring 470, a .predetermjned maximum
electromagnetic attraction force induced by electromagnetic coil 430, and the
atmospﬁeric pressure force acting on the bottom end surface of diaphragm 484. Valve
member 481 thus moves upwardly so as to close the fluid communication opening
between second portion 243b of cavity 243 and first portion 243a of cavity 243. Valve
member 481 thus moves upwardly so as to close the fluid communication opening
between second portion 243b of cavity 243 and first portion 243a of cavity 243. Valve
member 481 maintains such a position until the suction chamber pressure rises to a
second predetermined value, for example, 4.0 kg/ cm®G, at which time the upward and
downward forces acting on diaphragm 484 are balanced. Therefore, slant plate 50 and
wobble plate 60 are disposed at a minimum slant angle with respect to the plane
perpendicular to the longitudinal axis of drive shaft 26 due to the block in fluid
communication between crank chamber 22 and suction chamber 241; and accordingly,
compressor 10 operates at a minimum capacity displacement until the suction chamber
pressure rises to the second predetermined value. Once the suction chamber pressure
rises to the second predetérmined value, the slant angle of slant plate 50 and wobble
plate 60 is substantially adjusted by only the axial bend of diaphragm 484 responsive to
‘the suction chamber pressure in order to thereby maintain the suction chamber pressure

at the second predetermined value. :
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bet ween second portion 243b of cavity 243 and first portion 243a of cavity
243. Val ve nenber 481 thus noves upwardly so as to close the fluid

conmmuni cati on openi ng bet ween second portion 243b of cavity 243 and
first portion 243a of cavity 243. Val ve nenber 481 mmintains such a
position until the suction chanber pressujge rises to a second predeterni ned
val ue, for exanple, 4.0 kg/cnferr]Q at Ich tinme the upward and downwar d
forces acting on di aphragm 484 are bal anced. Therefore, slant plate 50 and
wobbl e plate 60 are disposed at a mninmumslant angle with respect to the

Dl ock T Frut o EOHERReEy s iR arPee oot beriss oA nt FEBPHYS didmo B

241; and agleetridi difbult to the electromagnetic coil 430 is continuously varied within the range
from zero to the predetermined maximum value in response to changes in the amperage
of the aforementioned two signals, the electromagnetic attraction force_ which urées
valve member 481 upwardly is likewise continuously varied in response to these
amperage changes. Therefore, as shown in Figure 4, a control point of the suction
chamber pressure at which the upward and downward forces acting on diaphragm 484
are balanced is also continuously varied within the range defined by the first and second
predetermined values.

Furthermore, when the demand for acceleration of the automobile exceeds the
predetermined value at a time when the suction chamber pressure is being maintained
at the first predetermined value, i.e., 1.0 kg/cm?G, the angular position of slant plate 50
and wobble plate 60 is forcibly changed to, and then is maintained at, the minimum
slant angle until the suction chamber pressure rises to the second predetermined value,
i.e., 4.0 kg/cm®G. This maximally reduces the energy con§umption by the compressor,
the driving force which is derived from the automobile engine, and thereby assists in
providing the demanded acceleration.

In other words, in a situation where electromagnetic coil 430 is first receiving an
electric current at or near zer;) amperes, and a sudden change occurs to increase the
electric current to the predetermined maximum amperage, i.e., 1.0 amperes, the location
of valve element 481 is forcibly moved and then maintained so as to close the fluid
communication opening between second portion 243b of cavity 243 and first portion
243a of cavity 243. The communication opening remains closed until such time that the
suction chamber pressure rises to the second predetermined value, i.e., 4.0 kg/cm?G.

If the block in fluid communication between crank chamber 22 and suction
chamber 241 is maintained for a long time period, and if a safety valve device such as
discussed in the description of the prior art is not provided in the compressor, an
abnormal rise in the crank chamber pressure may occur due to the conduction of the
refrigerant gas from discharge chamber 251 to crank chamber 22 through conduit 18
(including orifice tube 182) and blow-by gas leaking past pistons 71 in cylinder chambers
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conpressor 10 operates at a mninum capacity displacenment until the suction
chanber pressure rises to the second predeterm ned val ue. Once the suction
chanber pressure rises to the second predeterm ned val ue, the slant angle
of slant plate 50 and wobble plate 60 is substantially adjusted by only the
axi al bead of di aphragm 484 responsive to the suction chanber pressure in
order to thereby maintain the suction chaifer pressure at the second

pr edet er mi ned val ue.

70 as the pistons 71 reciprocate. Thus, as the pressure differential between crank
chamber 22 and the suction chamber 241 becomes excessively large, as shown by the
dashed line in Figure 5, a force is generated which excessively urges wobble plate 60
rearwardly. This excessive urging force on wobble plate 60 causes excessive rearward
movement of wobble plate 60, and thereby results in excessive friction between the rear
end surface of annular projection 65 of wobble plate 60 and the front end surface of
balance weight ring 80, and between the inner end surface of drive shaft 26 and a front
end surface of spacer 230 disposed in central bore 210. This excessive friction may in
turn then causes a seizure between annular projection 65 of wobble plate 60 and.
balance weight ring 80 or between drive shaft 26 and spacer 230.

In order to resolve the -above defect, capacity control mechanism 400 is provided
with safety valve device 490 therein. Safety valve device 490 includes valve member 481,
second coil spring 483 having a restoring force which urges valve member 481 upwardly,
and third coil spring 489 having a restoring force which urges valve member 481
downwardly. Safety valve device 490 functions in the following manner. Valve member
481 is urged downwardly by the restoring force of third coil spring 489 and the crank
chamber pressure received on the effective pressure receiving area of an upper end
surface thereof; at the same time, valve member 481 is urged upwardly by the restoring
force of second coil spring 483 and the suction chamber pressure received on the
effective pressure receiving area of a lower end surface thereof. An excessive downward
movement of valve member 481 is prevented by contact between the bottom surface of
annular depression 481b of valve member 481 and the top end surface of second
cylindrical rod 480. Safety valve device 490 is designed to move away from anoular
ridge 423 when the pressure differential between crank chamber 22 and suction chamber
241 rises to a predetermined value, for example, 2.0 kg/cm?. Therefore, the crank
chamber pressure is forcibly and quickly reduced to maintain the pressure differential
between crank chamber 22 and suction chamber 241 at the predetermined value, i.e.,
2.0 kg/cm?, as shown by the solid line in Figure 5, and thereby maintain the annular
position of slant plate 50 and wobble plate 60 at the minimum slant angle even when
the amperage of the electric current is suddenly increased from zero amperes to the
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Furthernore, since the anperage of the electric current supplied fromthe

18-

predetermined maximum amperage. Thus, the occurrence of an excessive force urging
wobble plate 60 rearwardly can be prevented, which in turn prevents the occurrence of
excessive friction between the rear end surface of angular projection 65 of wobble plate
60 and the front end surface of balahce weight ring 80, and between the inner end
surface of drive shaft 26 and the front end surface of spacer 230 disposed in central bore
210. Furthermore, safety valve device 490 functions eqﬁally as well in the event the
fluid communication opening between crank chamber 22 and suction chamber 241 is
blocked for a long time period due to problems with the movement of diaphragm 484.
As.discussed above, since capacity' control mechanism 400 is provided with safety
valve device 490 therein, the complicated process of forming an additional passageway
for communicating between crank chamber 22 and suction chamber 241 in cylinder
block 21, and the process of disposing the safety valve in the additional passageway, are
eliminated. Therefore, according to the present invention, a compressor having a
variable displacement control mechanism and safety valve device for preventing an
abnormal pressure differential between the crank and suction chambers can be easily
manufactured. |
Furthermore, since third cylindrical rod 482 is fitly slidably disposed through axial
hole 481a of valve member 481, valve member 481 can be smoothly guided by third
cylindrical rod 482 during axial movement thereof and any tendency for valve member
481 to incline or twist can be effectively prevented. Therefore, unexpected partial air
gaps between valve member 481 and annular ridge 423 can be avoided when valve
member 481 is received on annular ridge 423. This effectively prevents abnormal
| friction between portions of valve member 481 and annular ridge 423, and prevents
defective operation of vaive member 481. Accordingly, durability and operational

reliability of capacity control mechanism 400 are improved.
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electric circuit to the electromagnetic coil 430 is continuously varied
within the range fromzero to the predeterm ned maxi mumval ue..i-n.response
to changes in the anperage of the aforenentioned two signals, the

el ectromagnetic attraction force which urges valve ne h dj s
| i kew se continuously varied in response Ryt hese anper
Therefore, as shown in Figure 4, a control“point of the r

pressure at which the upward and downward forces acting on di aphragm 484
are bal anced is al so continuously varied within the range defined by the

first and sgﬁggd gredeterm' ned val ues. Furt hernore, when the demand
for accele f the autonobile exceeds the
L A slant plate type refrigerant compressor comprising:

a compressor housing enclosing a crank chamber, a suction chamber and
a discharge chamber therein, said compressor housing comprising a cylinder block
having a plurality of cylinders formed therethrough;

~ a piston slidably fitted within each of said cylinders;

drive means coupled to said pistons for reciprocating said pistons within
said cylinders, said drive means including a drive shaft rotatably supported in said
housing and coupling means for drivingly coupling said drive shaft to said pistons such
that rotary motion of said drive shaft is converted into reciprocating motion of said
pistons, said coupling means including a slant plate having a surface disposed at an
adjustable inclined angle relative to a plane perpendicular to said drive shaft, the
inclined angle of said slant plate being adjustable in response to changes in pressure in
said crank chamber relative to pressure in said suction chamber to vary the stroke length
of said pistons in said cylinders and to thereb); vary the capacity of said compressor;

a passageway formed in said housing and linking said crank chamber and
said suction chamber in fluid communication; and

capacity control means for varying the capacity of the compressor by
adjusting the inclined angle of said slant plate, said passageway including a valve seat
formed therein, said capacity control means including valve control means for
controlling the opening and closing of said passageway in response to changes in
pressﬁre in said suction chamber to thereby control the capacity of the compressor, said
valve control means being disposed in said passageway, and including pressure sensin
means for sensing pressure in said suction chamber and a valve element connected to
said pressure sensing means, said valve element being received on and moving away
from said valve seat in response to changes in pressure in said suction chamber so a

* to open and close said passageway to thereby control the capacity of the compressed

said valve element including a valve member, a rod member fitly and slidably dispose
through said valve member, and biasing means for biasing said valve member to enga

said rod member as long as said valve membegr is away from said valve seat, said valye

R

*
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predeterm ned value at a tine when the suction chanmber pressure is _being
mai ntained at the first predetermned value, i.e. 1.0 kg/cn[err]G) the

angul ar position of slant plate 50 and wobble plate 60THi
to, and then is maintained at, the m ni mum sl ant ang!e
chanber pressure rises to the second predg,_togrm ned val u

kg/cnferr]G. This maximally reduces the energy consunpti on by the
conpressor, the driving force which is derived fromthe autonobile engine,
and thereby assists in providing the demanded accel erati on. I n ot her

o et ri o capeinb? et Mgy FiFraatirate Sl oL dirubeiclh Rt (N6t saebrod

i ncrease theember from said valve seat in order to open said passageway when the pressure

differential between said crank chamber and said suction chamber exceeds a
predetermined value. '

2. The compressor of claim 1, said capacity control means further including
an externally controlled solenoid actuator which biases said valve element to vary the
magnitude of the suction chamber pressure which controls the opening and closing of
said passageway, said externally controlled solenoid actuator being responsive to changes
in at least one external signal.

3. The compressor of claim 2 wherein the at least one external signal is
‘dependent on heat load of a cooling circuit in which said compressor is capable of being
installed. _

4, The compressor of claim 3 wherein the at least one external signal is
dependent on acceleration demand in a vehicle which is capaﬁle of driving said
COMpressor.

5. The compressor of claim 1 wherein said biasing means comprises at least
one coil spring.

6. The compressor of claim 1 wherein an annular ridge is formed on said rod
member to engage said valve member when said valve member is away from said valve
seat.

7. A slant plate type refrigerant compressor comprising:

a compressor housing enclosing a crank chamber, a suction chamber and
a discharge chamber therein, said compressor housing comprising a cylinder block
having a plurality of cylinders formed therethrough;

a piston slidably fitted within each of said cylinders;

drive means coupled to said pistons for reciprocating said pistons within
said cylinders, said drive means including a drive shaft rotatably supported in said
housing and coupling means for drivingly coupling said drive shaft to said pistons such
that rotary motion of said drive shaft is converted into reciprocating motion of said

pistons, said coupling means including a slant plate having a surface disposed at an
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el ectric current to the predeterm ned maxi mum anperage, i.e., 1.0 anperes,
the location of valve elenment 481 is forcibly noved and This8ieetHas BéeaRaglgbed O
as to close the fluid comuni cati on openi ng between seco of
cavity 243 and first portion 243a of cavity 243. The co i ng
remai ns closed until such tinme that the sugtion chanber pressure rises to
the second predeterm ned value, i.e.,4.0 Eéycn{err]ca. I f the bl ock
in fluid communi cati on between crank chanber 22 and suction chanmber 241 is

mai ntained for a long tine period, and if a safety val ve device such as

di scussed in_the description of the prior art is not, provided in the
conpr essor , adinstableo inglined; angle Felatixe 0aaKPlaRa AsEPeRticalan te sud dove shafiiehd o

the conductof, o4 aEEE of said slant plate being adjustable in response to changes in pressure in

said crank chamber relative to pressure in said suction chamber to vary the stroke length
of said pistons in said cylinders and to thereby vary.the capacity of said compressor;

a passageway formed in said housing and linking said crank chamber and
said suction chamber in fluid communication;

capacity control means for varying the capacity of the compressor by
adjusting the inclined angle of said slant plate, said passageway including a valve seat
formed therein, said capacity control means including valve control means for
controlling the opening and closing of said passagéway in response to changes in
pressure in said suction chamber to thereby control the capacity of the compressor, ;aid
valve control means being disposed in said passageway, and including pressure sensing
means for sensing pressure in said suction chamber and a valve element connected to
said pressure sensing means, said valve element being received on and moving away
from said valve seat in response to changes in pressure in said suction chamber so as
to open and close said passageway to thereby control the capacity of the compressor;
and

safety valve means coupled to said valve control means for limiting axial
movement of said valve element away from said valve seat during the opening of said
passageway, said safety valve control means further preventing twisting of said valve
element with respect to said valve seat during closing of said passageway. -

8. The compressor of claim 7, said capacity control means further including
an externally controlled solenoid actuator which biases said valve element to vary the
magnitude of the suction chamber pressure which controls the opening and cl.osing of
said passageway, said externally controlled solenoid actuator being responsive ta changes
in at least one external signal.

9. The compressor of claim 7 wherein the at least one external signal is
dependent on heat load of a cooling circuit in which said compressor is capable of being
installed and the at least one external signal is dependent on acceleration demand in 2

vehicle which is capable of driving said compressor.
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refrigerant gas from di scharge chanber 251 to crank chanber 22 through ™
conduit 18 (including orifice tube 182) and bl ow by gas |eakﬁﬁ%h&@ﬁ£s3eenk
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10. A slant plate type refrigerant compressor comprising:

a compressor housing enclosing a crank chamber, a suction chamber and
a discharge chamber therein, said compressor héusing comprising a cylinder block
having a plurality of cylinders formed therethrough;

a piston slidably fitted within each of said cylinders;

drive means coupled to said pistons for reciprocating said pistons within
said cylinders, said drive means including a drive shaft rotatably supported in said
housing and coupling means for drivingly coupling said drive shaft to said pistons such
that rotary motion of said drive shaft is converted into reciprocating motion of said -
pistoas, said coupling means including a slant plate having a surface disposed at an
adjustable inclined angle relative to a plane perpendicular to said drive shaft, the
inclined angle of said slant plate being adjustable in response to changes in pressure in
said crank chamber relative to pressure in said suction chamber to vary the stroke length
of said pistons in said cylinders and to thereby vary the capacity of said compreséor;

a passageway formed in said housing and linking said crank chamber and
said suction chamber in fluid communication;

capacity control means for varying the capacity of the compressor by
adjusting the inclined angle of said slant plate, said passagewaj( including a valve seat
formed therein, said capacity control means including valve control means for
controlling the opening and closing of said passageway in response to changes in
pressure in said suction chamber to thereby control the capacity of the compressor, said
valve control means being disposed in said passageway, and including pressure sensing
means for sensing pressure in said suction chamber and a valve element connected to
said pressure sensing means, said valve element being received on and moving away
from said valve seat in response to changes in pressure in said suction chamber 50 3
to open and close said passageway to thereby control the capacity of the compressor
and

safety valve control means incorporated within said valve control mean
for preventing an abnormal pressure differential between the crank and suctic

chambers, said safety valve control means controlling movement of said valve element
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-12- 70 as the pistons 71 reciprocate. Thus, as the pressure
differential between crank chanber 22 and the suction chanber - 241—becones-
excessively large, as shown by the dashed line in F|gure 5, a fo helmxd
gener ated whi ch excessively urges wobble plate 60 rearwaF e
excessive urging force on wobble plate 60 causes excessive H ‘

i

relative to said valve seat to prevent said passageway from remaining closed for a

duration which enables an abnormal pressure differential to occur.
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novenent of wobble plate 60, and thereby results in excessive friction

bet ween the rear end surface of annul ar projection 65 of wobble plate 60
and the front end surface of balance weight ring 80, and between the inner
end surface of drive shaft 26 and a front end surface of spacer 230

di sposed in central bore 210. This excessive friction may in turn then
causes a sei zure between annul ar projecti e24-65 of wobble plate 60 and

bal ance weight ring 80 or between drive shaft 26 and spacer 230. In
order to resolve the above defect, capacity control nechanism 400 is
provided wth safety valve device 490 therein. Safety val ve device 490

i ncl udes val ve nenber 481, <SIeARNTIPCATE IYPRLCORPRESSOR a restoring force
whi ch urges val ve nenber 481 upvvardlcy,
WITH VARIABLE CAPACITY CONTROI MECHANISM

ABSTRACT OF THE DISCLOSURE
A slant plate type compressor having a capacity or displacement adjusting
mechanism includes a housing fora cylinder block provided with a plurality of cylinders
and a crank chamber. A piston is slidably fitted within each of the cylinders and is
reciprocated by a drive mechanism which includes a slant plate having a surface with
an adjustable ihcline angle. The incline angle of the slant plate, and thus the capacity
- of the compressor, is controlled according to the pressure differential between the crank
chamber and the suction chamber. The pressure in the suction chamber is controlled
by a valve control mechanism which is disposed in a passageway linking the crank
chamber and the suction chamber. An internally controlled safety valve device prevents
an abnormal pressure differential between the crank and suction chambers. The
internally controlled safety valve device is provided within the valve control mechanism,
thereby obtaining an easily manufactured slant plate type compressor havizig a durable

and reliable capacity adjusting mechanism with a safety valve device.

FIGURE 1.
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and third coil spring 489 having a restoring force which urges val ve nenber
481 dowThiaiShéeyHas BadnReplacedl ve devi ce 490 functions in the foll owi ng manner.
Val ve nenb ed downwardly by the restoring force of third coi
spring 489 chanber pressure received on the effective
pressure recelving area of :an upper end surface thereof; at the sane tine,
val ve nenber 481 is urged upwardly by thd restoring force of second coi
spring 483 and the suction chanber pressure received on the. effective
pressure receiving area of a Iomer\gnd surfagp thgéeob, An excessive
downward novenent of r~a481 is prevent\;E bg%gontact bet ween t he

bottom surface of_g annifrer—eeprdssinpn 48 ok val er 481 and the top
end surface of segond } o { nr
N \ L LS|
g '

™ ¥

< =2 o in <O

pr T L O S

‘% N |

]
n
182 183
///\V/J Z
NI
,jq??)l
N 2
220
12
/ 25§

RS NG
I
= = ! ‘“\
| NN AN
-t 8 77 \ - Ul ,?33_ =
. * |, - e m
. . 8 P =
(9 -y 4/ o wo
—_ =
— e
wo & —_ ~ w
oJ ©w -~
(¥ [ 3% o ]\
N\ i 1L {
o ; — - '
—— = &Y —] AW
T/ .
/ Ll
[ag] £ it
= ‘ o b _
‘ L/ e \'/~ R
i :; ﬁﬂ i ‘HQ/:H iiEy |
B g ; l \r/ seisd =
N e N7\ 2
AN NI -
\ \ Z 1 =5i=x
Soememe o
é § N vA L /A4
AAARAAAN AN 7. A MR AR AR
— _ o igggﬁﬁgmmmmmwmmmmm“t
. e

Date: 16 NOV 1396



cylindrical rod 480. Safety valve device 490.is designed to nove away from
annul ar ridge 423 when the pressure differential between crank chanmber 22
and suction chanber 241 rises to a predeterm ned value, for exanple 2.0
kg/cnferr]). Therefore, the crank chanber pressure is forcibly and quickly
reduced to maintain the pressure differential between crack chanber 22 and
suction chanber 241 at the predetermned value, i.e., 2.0 kg/cnferr]), as
shown by the solid line in Figure 5, and tkereby nmaintain the annul ar
position of slant plate 50 and wobble plate 60 at the m ni num sl ant angle

even when t he anperage of the electric current is suddenly increased from
zero anperes to the
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FIGURE 2.
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CLAIMS. ... 1l.--A—slant.._plate type refrigerant conpressor (10)
conpri sing a caonpressor housing (20) enclosing a crank chanber (22), a
suction "@n as "}i 68 a di scharge chanber (251) therein, the
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conprising a cylinder block (21) having a plurality of cylinders (70)
formed therethrough; a piston (71) slidably fitted within each of the
éyllnders (70) ;- drlve neans (26,50,72) coupled to the pistons (71) for

reci proc tln (71) within the cylinders (70), the drive neans
(26, 50,7 ive shaft (26) rotatably supported in the housing
(20) and l (50,72) for drbvingly coupling the drive shaft (26)
to the pi that rotary notion of the drive shaft (26) is
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converted into reciprocating notion of the pistons (71), the qeg§ iqqmneans
(50,72) including a slant plate (50) having a surface di sposed
adjustable inclined angle relative to a plane perpendicular to the drlve
shaft, the inclined angle of the slant plate (50) being adjustable in
response to changes in pressure in the-cpank chanber (22) relative to
pressure in the suction chanber (241) to vary the stroke length of the
pistons (71) in the cylinders (70) and to thereby vary the capacity of the
conpressor -(10): a Slant Plate Type Compressor

With variable Control Mechanism

The present invention generally relates to a refrigerant compressor, and more
particularly, to a slant plate type compressor, such as a wobble plate type compressor,
with a variable displacement mechanism which is suitable for use in an automotive air

conditioning system.

Slant plaat type piston compressors including variable displacement or capacity
adjusting mechanisms for controlling the compression ratio of a compressor in response
to demand are generally known in the art. For example, Jepamese~-Lrulity—Model-
Appheeﬁen—?&bke&&ea—%b 63-134181 discloses a wobble plate type compressor

including a cam rotor driving device and a wobble plate linked to a plurality of pistons.
Rotatiou of the cam rotor driving device causes the wobble plate to nutate and thereby
successively reciprocate the pistons in the corresponding cylinders. The stroke leagth
of the pistons and thus the capacity of the compressor may be easily changed by
Edjusting the slant angle of the wobble plate. The slant angle is changed in response

" to the pressure differential between the crank chamber and the suction chamber.
In the above-mentioned Japanese Utility Model Application Publication, the
crank cha.rhber 'a;hd"the suction chamber are linked in fluid communication by a first
., Ppathor passageway A valve mechanism is disposed in the first passageway in order to
' control ﬂmd communication between the crank and suction chambers by the opening
N _ a.nd closmg of the first pasagewa.y The valve mechanism generally includes a pressure
- sensmg devu:e for sensing pressure in the suction chamber, 2 solenoid, a plunger and a
- valve member ﬁxedly connected to. both the pressure sensing device and one end of the
plunger The solenoid receives two ‘external signals, one of which represents the heat
'load on an evaporator ofa coohng circuit and another of which represents the amount

of demand for a.cceleratmg an automobile.
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passageway (262,210, 212, 256, 245, 243, 244) formed in the housing (20) and
| i nki ng the crank chanber (22) and the suction chanber (241) in fluid
communi cati on; capacity control neans (400) for varying the capacity of the
conpressor (10) by adjusting the inclined angle of the slant plate (50),
the passageway including a valve seat (423) fornmed therein, the capacity
control neans (400) including val ve control neans (484, 481, 482) for
controlling the opening and cl osing of the passageway in response to
The valve member opens and closes the frst passageway iz response to changes
in the suction chamber pressure so as to change the crazk chamZer prassure relative to
the suction chamber pressure. This then results in a cange iz :=& angular position of
the wobble plate so that the capacity displacement of e compreassor is adjusted and a
coatrol point of the suction chamber pressure is maintained at a pradetermined constant
value.
The solenoid induces various electromagnetc attraczion forces respounsive to
changes in the two external signals to thereby change the axial position of the plunger.
This then changes the control point of the suction chamber pressure from predetermined
maxdmum to predetermined minimum values.
The compressor further includes a sécond passageway, separate from the first
passageway, which communicates between the crank chamber and the suction chamber.
A safety valve device, including a ball member and a coil spring elastdcally supporting
the ball member, is disposed in the second passageway. The safety valve device opens
and closes the second passageway in response to changes in the pressure differential
between the crank chamber and the suction chamber. The second passageway is opened
when the pressure differential between the crank chamber and the suction chamber
exceeds a predetermined value. Therefore, when communication between the crank
chamber and the suction chamber is blocked for a long tme period due to trouble in
the valve mechanism, thereby causing an aboormal rise in the crank chamber pressure
because of blow-by gas leaking past the pistons in the cylinders as the pistons
reciprocate, the second passageway is opened to forcibly and quickly reduce the crank
chamber pressure and thereby prevent an abnormal pressure differential between the
crank and suction chambers. As a result, excessive friction between internal component

parts of the compressor caused by abnormal pressure differential between the crank

chamber and the suction chamber can be prevented.
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changes in pressure in the suction chamber (241) to thereby control the
capacity of the conpressor (10), the valve control neans (484, 481, 482)
being disposed in the passageway, and including pressure sensing neans

(484) for
-.3...

It is highly desirable to provide a compressor having
a variable displacement mechanism which can be easily
manufactured and which can prevent an abnormal pressure
differential between the crank and suction chambers.

EP-A-0486257 is a non pre-published document which
discloses a slant plate type compressor with a capacity
control mechanism and a safety valve device both disposed
in the same passageway in which the capacity control
mechanism and safety valve device each control their own
separate valve members and valve seats.

According to the present invention a slant plate type
refrigerant compressor comprises a compressor housing
enclosing a crank chamber, a suction chamber and a
discharge chamber therein, the compressor housing
comprising a cylinder block having a plurality of cylinders
formed therethrough; a piston slidably fitted within each
of the cylinders; drive means coupled to the pistons for
reciprocating the pistons within the cylinders, the drive
means including a drive shaft rotatably supported in the
housing and coupling means for drivingly coupling the drive
shaft to the pistons such that rotary motion of the drive
shaft is converted into reciprocating motion of the
pistons, the coupling means including a slant plate having
a surface disposed at an adjustable inclined angle relative
to a plane perpendicular to the drive shaft, the inclined
angle of the slant plate being adjustable in response to
changes in pressure in the crank chamber relative to
pressure in the suction chamber to vary the stroke length
of the pistons in the cylinders and to thereby vary the
capacity of the compressor; a passageway formed in the
housing and 1linking the crank chamber and the suction
chamber in fluid communication; capacity control means for
varying the capacity of the compressor by adjusting the
inclined angle of the slant plate, the passageway including
a valve seat formed therein, the capacity control means
including valve control means for controlling the opening
and closing of the passageway in response to changes in
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-‘14'- sensing pressure in the suction chanber (241) and a val ve el enent
(481) connected to the pressure sensing neans (484), the valve el enent
(481) being received on and novi ng

pressure in the suction chamber to thereby control the
capacity of the compressor, the valve control means being
disposed in the passageway, and including pressure sensing
means for sensing pressure in the suction chamber and a
valve element connected to the pressure sensing means, the
valve element being received on and moving away from the
valve seat in response to changes in pressure in the
‘'suction chamber to open and close the passageway to thereby
control the capacity of the compressor; and safety valve
control means incorporated within the wvalve control means
for preventing an abnormal pressure differential between
the crank and suction chambers, the safety wvalve control
means controlling movement of said valve element relative
to said valve seat to prevent the passageway from remaining
closed for a duration which enables an abnormal pressure
differential to occur. )

The invention is thus novel over EP-A-0486257 in that
the the same valve seat and valve element are controlled by
both the capacity control means and the safety valve

control means.
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away fromthe valve seat (423) in response to changes in pressure in the
suction chanber (241) to open and close the passageway to thereby control
the capacity of the conpressor (10); and safety valve control neans (490)
i ncorporated within the valve control neans (484, 481,482) for preventing
an abnormal pressure differential betweg _the crank (22) and suction (241)
chanbers, the safety valve control neans (490) controlling novenent of
said valve elenment (481) relative to said valve seat (423) to prevent

the valve member, and a biasing element for biasing the valve member jnte=fgagement
with the rod member as long as the valve member is gwayffom the valve seat. The
valve member is forcibly disengaged from the-rdd member by slidably moving along the
rod member so as to be away&um the valve seat in order to open the passageway when

the pressure differential between the crank chamber and the suction chamber exceeds

In the accompanying drawings:-

Figure 1 illustrates a vertical longitudinal sectional view of a slant plate type
refrigerant compressor including a capacity coatrol mechanism according to one
embodimeant of this invention

Figure 2 illustrates a side view of the capacity control mechanism shown in
Figure 1. | |

Figure 3 illustrates a cross-sectional view taken along line 3-3 of Figure 1. |

Figure 4 is a graph illustrating the relatonship between a control point of suction
chamber pressure and amperage of an external electric current supplied to an
electromagnetic coil of the capacity control mechanism according to one embodiment
of this invention.

Figure 5 is a graph showing changes in pressure differential between the crank
and suction chambers over a period of time upon supplying an electric current having
a predetermined maximum amperage to an electromagnetic coil of the capacity control

mechanism.

In Figure 1, for purposes of explanation only, the left side of the fgure will be
referenced as the forward end or front of the compressor, and the right side of the
figure will be referenced as the rearward end or rear of the compressor.

With reference to Figure 1, the overall construction of a slant plate type
compressor, and more specifically wobble plate type refrigerant compressor 10 baving
a capacity control mechanism in accordance with one embodiment of the present
invenfion, is shown. Compressor 10 includes cylindrical housing assembly 20 including
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t he passageway fromremaining closed for a duration which enables an
abnormal pressure differential to occur. 2. A conpressor according to
claim1, wherein the valve elenment (481, 482,483) includes a val ve nenber
(481), a rod nenber (482) fitly and slidably disposed through the val ve
menber (481), and biasing neans (483) fog biasing the valve nenber (481)
to engage the rod nenber (482) as long as the

cylinder block 21, front end plate 23 disposed at one end of cylinder block 21, crank
chamber 22 eaclosed within cylinder block 21 by froat ead plate 23, and rear and end |
plate 24 attached to the other end of cylj.uder.block 21. Front end plate 23 is mounted
on cylinder block 21 forward of crank chamber 22 by a plurality of bolts 101. Rear end
plate 24 is also mounted on cylinder block 21 at the opposite end by a plurality of bolts
(not shown). Valve plate 25 is located between rear end plate 24 and cylinder block 21.
Opening 231 is centrally formed in front end plate 23 for rotatably supporting drive
shaft 26 by bearing 30 disposed therein. The inner end portion of drive shaft 26 is
rotatably supported by bearing 31 disposed within central bore 210 of cylinder block 21.
Bore 210 extends to a rear end surface of cylinder block 21.

Bore 210 includes thread portion 211 formed at an inner peripheral surface of
a central region thereof. Adjusting screw 220 having a hexagonal central hole 221 is
screwed into thread portion 211 of bore 210. Circular disc-shaped spacer 230 having
central hole 231 is disposed between the inner end surface of drive shaft 26 and
adjusting screw 220. Axial movement of adjusting screw 220 is transferred to drive shaft
26 through spacer 230 so that these elements move gxially within bore 210.0‘?1‘4::99%
mentioned construction and functional manner are described in detail in &-5-PatentNe.
4,948,343, t0-Shimim.

Cam rotor 40 is fixed on drive shaft 26 by pin member 261 and rotates with drive
shaft 26. Thrust needle bearing R2is disposed between the inner end surface of front
end plate 23 and the adjacent axial end surface of cam rotor 40. Cam rotor 40 includes
arm 41 baving pin member 42 extending therefrom. Slant plate 50 is disposed adjacent
cam rotor 40 and includes opening S3. Drive shaft 26 is disposed through opening 53. .
Slant plate 50 includes arm 51 baving slot 52. Cam rotor 40 and slant plate 50 are
connected by pin member 42, which is inserted in slot 52 to create a hinged joint. Pin
member 42 is slidable within slot 52 to allow adjustment of the angular position of slant
plate S0 with respect to a plane perpendicular to the longitudinal axis of drive shaft 26.
A balance weight ring 80 having a substantial mass is disposed on a nose of hub 54 of
stant plate 50 in order to balance the slant plate S0 under dynamic operartiag conditions.
Balance weight ring 80 is held in place by means of retaining ring 31.
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val ve nenber (481) is away fromthe valve seat (423), the valve nenber
(481) being forcibly disengaged fromthe rod nenber (482) to slide al ong
the rod nenber (482) fromthe valve seat (423) in order to open the
passageway when the pressure differential between the crank chanber (22)
and the suction chanber (241) exceeds_a,particular val ue. 3. A
conpressor according to claim 2, mhereln t he bi asi ng

Wobble place 60 is nutatably mounted on bub 54 of the slant plate 50 through
bearings 61 aad 62 which allow slant plate 50 to rotate with respect to wobble plate 60.
Fork-shaped slider 63 is attached to the radially outer peripheral ead of wobble plate
60 and is slidably nutated about sliding rail 64 disposed between front end plate 23 and
cylinder block 21. Fork-shaped slider 63 prevents the rotation of wobble plate 60 so
that wobble plate 60 nutates along rail 64 when cam rotor 40, slant plate 50 and balance
weight ring 80 rotate. ‘Undcsirable. axial movement of wobble plate 60 on hub 54 of
slant plate 50 is prevented by contact between a rear end surface of inner annular
projection 65 of wobble plate 60 and a front end surface of balance weight ring 80.
Cylinder block 21 includes a plurality of peripherally located cylinder chambers 70 in
which pistons 71 are fitly slidably disposed. Each piston 71 is connected to wabble plate
60 by a corresponding connecting rod 72. Accordingly, nutation of wobble plate 60
thereby causes pistons 71 to reciprocate within their respective cylinders 71.

Rear end plate 24 includes peripherally located annular suction chamber 241 and
centrally located discharge chamber 251. Valve plate 25 includes 2 plurality of valved
suction ports 242 linking suction chamber 241 with respectve cylinders 70. Valve plate
25 also includes a plurality of valved discharge ports 252 linking discharge chamber 251

- with respecnve cylinders 70. Suction ports 242 axx‘l discharge ports 252 are provided
with suitable reed valves as described in %‘-S—-Peeeat-&e- 4,011,029, te-Shimizu.

Suction chamber 241 includes inlet portion 241a wlnch is connected to an
evaporator (oot shown) of the external cooling circuit. Discharge chamber 251 is
provided with outlet port 251a connected to a condenser (oot shown) of the cooling
circuit. Gaskets 27 and 28 are located between cylinder black 21 and the froat surface .
of valve plate 25 and between the rear surface of valve plate 25 and rear end plate 24,
respectively, to seal the mating surfaces of cylinder block 21, valve plate 25 and rear end
plate 24, Gaskets 27 and 28 and valve plate 25 thus form valve plate assembly 200. A
steel valve retainer 253 is fixed on a central region of the rear surface of valve plate
assembly 200 by bolt 254 and nut 255. Valve retainer 253 prevents excessive bend of
the reed valve which is provided at discharge port 252 during a compression stroke of
pistoas 71. | | . : :
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nmeans (483) conprises at |east one coil spring. 4. A conpressor
according to claim2 or claim3, wherein an annular ridge (482c) is forned
on the rod nmenber (482) to engage the valve nenber (481) when the val ve
menber (481) is away fromthe val ve seat (423).

-8 -

Conduit 18 axally bored through cylinder block 21 links crank chamber 22 to
discharge chamber 231 through hole 181 which is axially bored through valve plate -
assembly 200. A throctling device,' such as orifice tube 182, is fixedly disposed within
conduit 18. Filter member 183 is disposed in conduit 18 at the rear of orifice tube 182.
Accordingly, a portion of the discharge refrigerant gas in discharge chamber 251 always
flows into crank chamber 22 with a reduced pressure generated by orifice tube 182. The

above meqtioned construction and functional manaer are described in detail in Japanese
~A== 42237,

. T T "
With reference to Figure 2, radially extending cylindrical cavity 243 is formed in
rear ead plate 24 to accommodate capacity control mechanism 400 which is further
discussed below. One end of cylindrical cavity 243 is open to the external environment
of the compressor, that is, to atmospheric conditions. Cylindrical cavity 243 includes
first pordon 243a and second portion 243b which extends from an inner end of first
portion 243a. The diameter of second portion 243b is smaller than the diameter of frst
portion 243a. First portion 243a of cavity 243 is linked to suction chamber 241 through
conduit 244 which is formed in rear end plate 24. As illustrated in Figure 1, conduit 245
is formed in rear end plate 24 to link second portion 243b of cavity 243 to hole 256
which is formed in valve plate assembly 200. Hole 256 is linked to ceatral bore 210
through conduit 212 which is formed in the rear portion of cylinder block 21. Ceatral
bore 210 is linked to crank chamber 22 through conduit 262 formed in the inner end
portion of drive shaft 26, hole 231 of spacer 230 and hole 221 of adjusting screw 220.
Accordingly second portion 243b of cavity 243 is linked to crank chamber 22 via conduit
245, hole 256, conduit 212, central bore 210, hole 221, hole 231 and conduit 262.
With reference to Figures 2 and 3, capacity control mechanism 400 includes a
first annular cylindrical casing 410 of magnetic material located in first portion 243a of
cavity 243 and a second annular cylindrical casing 420. Casing 420 has a large diameter
section 421 and a small diameter section 422 which extends upwardly from a top end
of large diameter section 421. First annular cylindrical casing 410 is fixedly disposed
within first portion 243a of cavity 243 by forcible insertion. Large diameter section 421
of second annual cylindrical casing 420 is fixedly dispased at a top ead of first anoular
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5.. A conpressor according to any one of the precedi ng clains, wherein the
capacity control means (400) further

then is discharged to discharge chamber 251 from each cylinder 70 through discharge
ports 252, and continues into the cooling circuit through outlet port 251a.

The capacity of compressor 10 is adjusted in order to maintain a constant
pressure in suction chamber 241, irrespective of the changes in the heat load on the
evaporator or the rotational speed of the compressor. The capacity of the compressor
is adjusted by changing the angle of the slant plate, which is dependent upon the crank
chamber pressure, or more precisely, which is dependent upon the differential between
the crank chamber and the suction chamber pressures. During operation of compressor
10, the pressure of the crank chamber increases due to blow-by gas flowing past pistons
71 as they reciprocate in cylinders 70. As the crank chamber pressure increases relative
to the suction chamber pressure, the slant angle of slant plate 50 as well as the slant
angle of wobble plate 60 decreases, thereby decreasing the capacity of the compressor.
Likewise, a decrease in the crank chamber pressure relative to the suction chamber
pressure causes an increase in the capacity of the compressor.

The operation of capacity control mechanism 400 of compressor 10 in accordance
with one embodiment of the present invention is carried out in the following manner.
With reférence to Figures 1-4, when the heat load on the evaporator is excessively large
and concurrently therewith the amount of demand for acceleration of the automobile
is small, no electric current is supplied from the electric circuit to the electromagnetic
coil 430 and thereby no electromagnetic attraction force is induced. As a result,
diaphragm 484 is urged upwardly only by virtue of the restoring force of first coil spring
470 and the atmospheric pressure force acting on the bottom end surface of diaphfagm
484. Under such conditions, valve member 481 is situated so as to maintain an opening
for communication between second portion 243b of cavity 243 linked to the cramk
chamber 22 and first portion 243a of cavity 243 linked to the suction chamber 241.
Valve member 4381 maintains such a pgsoition#,:}'t“ﬂtthe suction chamber pressure drops
to a first predetermined value, for example)(1.0 kgf cm?G) at which time the upward and
downward forces acting on diaphragm 484 will be balanced. Thus, slant plate 50 and
wobble plate 60 are disposed at a maximum slant angle with respect to the plane
perpendicular to the longitudinal axis of drive shaft 26 due to an opening for fluid
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- 15 - includes an externally controlled sol enoid actuator (430) which

bi ases the val ve el enent (481, 482,483) to vary the magni tude of the suction
chanber pressure which controls the opening and cl osing of the passageway,
the externally controlled sol enoid actuator (430) being responsive to
changes in at | east one external signal 10 -

communication between crank chamber 22 and suction chamber 241; and accordingly,
compressor 10 operates in a2 maximum capacity displacement until the suction chamber
pressure drops to the first predetermined value. Ounce the suction chamber pressure
drops to the first predetermined value, the slant éngle of the slant plate 50 and wobble
plate 60 is substantially adjusted by only the axial bend of diaphragm 484 respouasive to
the suction chamber pressure in order to thereby maintain the suction chamber pressure
at the first predetermined value.

On the other hand, when the heat load oa the evaporator is excessively small, an
electric current having a predetermined maximum amperage is supplied from the
electric circuit to the electromagnetic coil 430 without regard to the amount of demand
for acceleration of the automobile. As a result, diaphragm 484 is urged upwardly by
virtue of the restoring force of first coil spring 470, a predetermined maximum
electromagnetic attraction force induced by electromagnetic coil 430, and the
atmospheric prassure force acting on the bottom ead surface of diaphragm 484. Valve
member 481 thus moves upwardly so as to close the fluid communication opening
between second portion 243b of cavity 243 and first portion 243a of cavity 243, Valve

AL muara - 03 ORE . 3 - oaBunicalinn. . ane

member 481 maintains such a poai.g'igllxo%}g lhe suction chamber pressure rises to a
second predetermined value, for cxa.mple%t.o kﬁcm’G))at which time the upward and
downward forces acting on diaphragm 484 are balanced. Therefore, slant plate 50 and
wobble plate 60 are disposed at a minimum slant angle with respect to the plane
perpendicular to the longitudinal axis of drive shaft 26 due to the block in fluid
communication between crank chamber 22 and suction chamber 241; and accordingly,

compressor 10 operates at a minimum capacity displacement until the suction chamber
pressure rises to the second predetermined value. Ounce the suction chamber pressure
rises to the second predetermined value, the slant angle of slant plate 50 and wobble
plate 60 is substantially adjusted by only the axial bend of diaphragm 484 respoansive to
the suction chamber pressure in order to thereby maintain the suction chamber pressure
at the second predetermined value. .
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6.. A conpressor according to claimb5, wherein the at | east one external
signal is dependent on heat |oad of a cooling circuit in which the
conpressor (10) is capable of being install ed. 7. A conpressor according
to claim5 or claim®6, wherein .

- 11 -

Furthermore, since the amperage of the electric current supplied from the
electric circuit to the electromagnetic coil 430 is continuously varied within the range
from zero to the predetermined maximum value in response to changes in the amperage
of the aforementioned two signals, the electromagnetic attraction force which urges
valve member 481 upwardly is likewise continuously varied in respoose to these
amperage changes. Therefore, as shown in Figure 4, a control point of the suction
chamber pressure at which the upward and downward forces acting on diaphragm 484
are balanced is also continuously varied within the range defined by the first and second
predetermined values.

Furthermore, when the demand for acceleration of the autoﬁobﬂe exceeds the
predetermined value at a timez‘:\éhf% éﬁf,ﬁ‘cﬁoa chamber pressure is being maintained
at the first predetermined value, i.e.¥1.0 kef cm’G))the angular position of slant plate 50
and wobble plate 60 is forcibly changed to, and then is maintained at, the minimum
s;}%r;toaéxg}: Juntil the suction chamber pressure rises to the second predetermined value,
i.e.,@.0 kgﬁ’cm’G}, This maximally reduces the energy consumption by the compressor,
the driving force which is derived from the automobile engine, and thereby assists in
providing the demanded acceleration.

In other words, in a situation where electromagnetic coil 430 is first receiving an
electric current at or near zero amperes, and a sudden change occurs to increase the
electric current to the predetermined maximum amperage, i.e., 1.0 amperes, the location
of valve element 481 is forcibly moved and then maintained so as to close the fluid
communication opening between second portion 243b of cavity 243 and first portion
243a of cavity 243. The communication opening remains closed until :‘}lfh %: thatthe
suction chamber pressure rises to the second predetermined value, i.e.,?.o ke cm?’G).

If the block in fluid communication between crank chamber 22 and suction

chamber 241 is maintained for a long time period, and if a safety valve device such as
discussed in the description of the prior art is not provided in the compressor, an
abnormal rise in the crank chamber pressure may occur due to the conduction of the
refrigerant gas from discharge chamber 251 to crank chamber 22 through conduit 18
(including orifice tube 182) and blow-by gas leaking past pistons 71 in cylinder chambers
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the at | east one external signal is dependent on acceleration demand in a
vehicle which is capable of driving the conpressor. 8. A conpressor
according to any one of the preceding clains, wherein the safety val ve
control neans (490) prevents twisting of the valve element with respect to
the val ve seat (423) during closing Qf j;bhe passageway.

70 as the pistons 71 reciprocate. Thus, as the pressure differential between crank
chamber 22 and the suction chamber 241 becomes excessively large, as shown by the
dashed line in Figure S, a force is generated which excessively urges wobble plate 60
rearwardly. This excessive urging force on wobble plate 60 causes excessive rearward
movement of wobble plate 60, and thereby results in excessive friction between the rear
end surface of annular projection 65 of wobble plate 60 and the front end surface of
balance weight ring 80, and between the inner end surface of drive shaft 26 and a front
end surface of spacer 230 disposed in central bore 210. This excessive friction may in
turn then causes a seizure between annular projection 65 of wobble plate 60 and
balance weight ring 80 or between drive shaft 26 and spacer 230.
In order to resolve the above defect, capacity control mechanism 400 is provided
with safety valve device 490 therein. Safety valve device 490 includes valve member 481,
second coil spring 483 having a restoring force which urges valve member 481 upwardly,
and third coil spring 489 having a restoring force which urges valve member 481
downwardly. Safety valve dévice 490 functions in the following manner. Valve member
481 is urged downwardly by the restoring force of third coil spring 489 and the crank
chamber pressure received on the effective pressure receiving area of an upper end
surface thereof; at the same time, valve member 481 is urged upwardly by the restoring
force of second coil spring 483 and the suction chamber pressure received on the
effective pressure receiving area of a lower end surface thereof. An excessive downward
movement of valve member 481 is prevented by contact between the bottom surface of
annular depression 481b of valve member 481 and the top end surface of second
cylindrical rod 480. Safety valve device 490 is designed to move away from annular
ridge 423 when the pressure differential betwee% cg:?icf clllag.aber 22 and suction chamber
241 rises to a predetermined value, for examplei(z.o kﬁcm’) Therefore, the crank
chamber pressure is forcibly and quickly reduced to maintain the pressure differential
bgt}‘ve'o p crank chamber 22 and suction chamber 241 at the predetermined value, i.e.,
CZ.Z 0 kgcm’) as shown by the solid line in Figure 5, and thereby maintain the annular
position of slant plate 50 and wobble plate 60 at the minimum slant angle even when
the amperage of the electric current is suddenly increased from zero amperes to the
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CLAIMS

1. A slant plate type refrigerant compressor (10)
comprising a compressor housing (20) enclosing a crank
chamber (22), a suction chamber (241) and a discharge
chamber (251) therein, the compressor housing (20)
comprising a cylinder block (21) having a plurality of
cylinders (70) formed therethrough; a piston (71) slidably
fitted within each of the cylinders (70); drive means
(26,50,72) coupled to the pistons (71) for reciprocating
the p_istons (71) within the cylinders (70), the drive means
(26,50,72) including a drive shaft (26) rotatably supported
in the housing (20) and coupling means (50,72) for
drivingly coupling the drive shaft (26) to the pistons (71)
such that rotary motion of the drive shaft (26) |is
converted into reciprocating motion of the pistons (71),
the coupling means (50,72) including a slant plate (50)
having a surface disposed at an adjustable inclined angle
relative to a plane perpendicular to the drive shaft, the
inclined angle of the slant plate (50) being adjustable in
response to changes in pressure in the crank chamber (22)
relative to pressure in the suction chamber (241) to vary
the stroke length of the pistons (71) in the cylinders (70)
and t.a thereby vary the capacity of the compressor (10); a
passageway (262,210,212,256,245,243,244) formed in the
housing (20) and linking the crank chamber (22) and the
suction chamber (241) in fluid communication; capacity
contrcl means (400) for varying the capacity of the
compressor (10) by adjusting the inclined angle of the
slant plate (50), the passageway including a valve seat
(423) formed therein, the capacity control means (400)
including valve control means (484,481,482) for controlling
the opening and closing of the passageway in response to
changes in pressure in the suction chamber (241) to thereby
control the capacity of the compressor (10), the valve
control means (484,481,482) being disposed in the

passageway, and J.ncludl.nq pressure sensing means (484) for
— This is the rep!aoement sheet
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sensing pressure in the suction chamber '(241) and a valve
element (481) connected to the pressure sansing means
(434), the valve elament (481) being received on and moving
away from the valve seat (423) in responsea to changes in
pressure in the suction chamber (241} to open and close the
passageway to thereby control the capacity of the
compressor (10); and safety valve control means (490)
incorporated within the valve control means (484,481,482)
for preventing an abnormal pressure differential between
the crank (22) and suction (241) chambers, the safety valve
control means (490) controlling movement of said valve
element (481) relative to said valve seat (423) to prevent
the passageway from remaining closed for a duration which
enables an abnormal pressure differential to occur.

2. A compressor according to claim 1, wherein the valve
element (481,482,483) includes a valve member (481), a rod
member (482) fitly and slidably disposed through the valve
member (481), and biasing means (483) for biasing the valve
member (481) to engage the rod member (432) as long as the
valve member (481) is away from the valve seat (423), the
valve member (481) being forcibly disengaged from the rod
member (482) to slide along the rod member (482) from the
valve seat (423) in order to open the passageway when the
pressure differential between the crank chamber (22) and
the suction chamber (241) exceeds a particular value.

3. A compressor according to claim 2, wherein the biasing
means (483) comprises at least one coil spring.

4. A compressor according to claim 2 or claim 3, wherein
an annular ridge (482c) is formed on the rod member (482)
to engage the valve zember (481) when the valve member
(481) is away from the valve seat (423).

5. A compressor according to any one of the preceding
claims, wherein the capacity control means (400) further
T This is the replacament sheet
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includes an externally controlled solenoid actuator (430)
which biases the wvalve element (481,482,483) to vary the
magnitude of the suction chamber pressure which controls
the opening and closing of the passageway, the externally
controlled solenoid actuator (430) being responsive to

changes in at least one external signal.

6. A compressor according to claim 5, wherein the at
least one external signal is dependent on heat locad of a
cooling circuit in which the compressor (10) is capable of

being installed.

7. A compressor according to claim 5 or claim 6, wherein
the at least one external signal is dependent on
acceleration demand in a vehicle which is capable of

driving the compressor.

8. A compressor according to any one of the preceding
claims, wherein the safety valve control means (490)
prevents twisting of the valve element with respect to the
valve seat (423) during closing of the passageway.

RN R This s th rapizcamort shoat

Date: ~ 9 JuL 1897



This is the replacament sheet

00¢ 12
R b "
[£74
4 _ 83 =
:.. q
e TN Z
62 I‘.\z _ Xer 080 Dt¢ 97 92
& O 1o e e Ll
R - I Tl g — || T ([~
&N . ¢ maa.llu O—N vy “ _
1G¢ .
" 2 12
Y44
152 o ; )
ARG o
(= P Ib £
ﬂll . w . % :
o |\ Bz W 1 % k5
Y1be o o g o .

£¢

101

‘Date: -5 JuL 1997



e —.VN

e

—LZY

\
| _A— 82t

TTe~SHe

This i3 the replacement sheet

-~ JUE 997

Date:



- 4224
489
| 432 48/ q
4285 —49o0

26
250,

422, ; \ /

'
A RS LRGN

235+ - AN

7 2 I . L

77 /7L [ L

Y U AR SN ST A S 4

This is the replacement sheet

Date: -3 JuL 1887



Figure 4
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Figure 5
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SLANT PLATE TYPE COMPRESSOR
WITH VARIABLE CAPACITY CONTROL MECHANISM

ABSTRACT OF THE DISCLOSURE

A slant plate type compressor having a capacity or displacement adjusting
mechanism includes a housing for a cylinder block provided with a plurality of cylinders
and a crank chamber. A piston is slidably fitted within each of the cylinders and is
reciprocated by a drive mechanism which includes a slant plate having a surface with
an adjustable incline angle. The incline angle of the slant plate, and thus the capacity
- of the compressor, is controlled according to the pressure differential between the crank
chamber and the suction chamber. The pressure in the suction chamber is controlled
by a valve control mechanism which is disposed in a passageway linking the crank
chamber and the suction chamber. An internally controlled safety valve device prevents
an abnormal'pressu're differential between the crank and suction chambers. The
internally controlled safety valve device is provided within the valve control mechanism,
thereby obtaining an easily manufactured slant plate type compressor haviﬁg a durable
.and reliable capacity adjusting mechanism with a safety valve device.

FIGURE 1.




