VALVEDJD&SCHARGEJKECHANISM OF A REFRI GERANT COMPRESSOR B GROUND OF THE

| NVENTION Field of the Invention The present invention r

refrigerant conpressor and, nore particularly, to a valved dlscharng
mechdni sm of a refrigerant conpressor used in an autonotive air

condi tioening system Description of the Prior Art Val ved di scharged

mechani sns of refrigerant conpressors are well known in the prior art. For
exanple, Fig. 7 depicts a vaved dlscharge mechani smused in the refrigerant
conpressor described in U S. Pat 78,285. As disclosed therein, a

refrigerant conpressor in fiing a conpre55|6n
chanber in which successi \C/gxg‘t ?j %%# and di schar ge

¢

of a refrigerant gas are rep /8 r—ﬁ$9 t he .conpressor
i ncl udes val ve plate 65 which is forned to partition the conpr essi on
chanber from a di scharge chanber and a di scharge val ve assenbly nounted on

an end surf%;g(}mm QRTEBNVENTIEN| ate 65 has di scharge hol e 652
extendi ng therethrough and all owm ng conmuni cati on of t he. conpressi on
Field of the Invention

The present invention relates to a refrigerant compressor and, more

i

partcularly, 10 a valved discharge mechanism of a refrigerant compressor used in an
automotive air conditdoning system.
Description of the Prior Art
Valved discharged mechanisms of refrigerant compressors are well known

in the prior art. For example, Fig. 7 depicts 2 valved discharge mechamism used in the

- refrigerant compressor described in U.S. Pat. No4,978.285. As disclosed therein, 2
refrigerant compressor indﬁda a compressor hou.ﬁ'ng defining a compression chamber
in which successive strokes of intake, compressing, and dfschargc of a refrigerant gas are
repeatedly performed. Further, the compressor includes valve plate 65 which is formed
to partition the _compression chamber from 2 discharge chamber and a discharge valve E
assembly mounted on an end surface of valve plate 65. Valve plate 65 has discharge
hole 652 extending therethrough and allowing commumication of the compression
chamber with the discharge chamber. The discharge valve assembly includes discharge
reed valve 81 and valve reté.iner 80 which are secured together to outer surface 652 of
valve plate 65 by fixing bolt 82. Discharge reed valve 81, which is made of elastic
material, regulates the flow of the refrigerant gas and makes sealing contact against end
surface 652 of valve plate 65 withount air gap when the operation of compressor is
stopped.



"—

chanber with the di scharge chanber. The di scharge val ve assenbly incl udes
~di scharge reed valve 81 and val ve retainer 80 which are secured together to
“outer surface 65a of valve plate 65 by fixing bolt 82. Discharge reed val ve

81, which is nade of elastic material, regulates the flow of the

refri gerafit gas and nakes seal i ng contact against end surface 65a of valve

pl até *65 -wi t hout air gap when the operation of conpressor is stopped.

-2- Valve retainer 80 |limts the bendi ng moverent of discharge reed val ve
81 i'n the direction ilimrenanends ks therbentingasovement of tischatgemred valvarg]
~chanmber and enters the discharge chanber through discharge hole 652.

- Di scharge r&eﬂcﬂﬁdzﬂoﬁﬂnhﬁnﬂshdm'?e?ﬁﬁgﬁﬁ'&QQ%e%&o oﬂ%ﬁ&ﬂ{.dcm .
di scharge hol e 652, and has a predeterm ned val ue of elastic nodul us ﬁﬁl ch
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redet er m ned val
P close ancfJ

gpcn one end opening of discharge hole 652, and has a predetermired value

of elastic modulus which allows discharge reed valve 81 to k22p one end opening of

discharge hole 652 closed, undl a pressure in the compression chamber reaches a

: predetermined value.

In such arrangement, discharge reed valve 81 stikes retainer 80 wher it

opens. On the other hand, discharge reed valve 81 strikes end surface 652 of valve plate
65 when it closes. Thus, 2 compressor with such a discharge valve arrangement
disadvantageously gcnef_atcs vibraton and noisc during operation due to this striking.
Partimla..r}:y, vibration and noise caused by reed valve 81 suiking end surface 652 of valve
plate 65 is disadvantageous. After refrigerant is discharged, reed discharge valve 81
returns to its closed position due to elastic resmn’né force. The magnitude of the elastic
restoring force is sufficently large to cause discharge reed valve 81 to bend past the
plage of end surface 63a before returning to its closed position (for instance, valve 81,
if unobstructed, may return to its closed position through a damped periodic motion).
End surface 652, however, presents an obstacle to dischafgc reed valve 81. Therefore,
the elastc restoring force causes reed va.l;ze 81 to strike end surface 652 of plate 65 and
thereby generate a large amount of noise and vibration. This offensive noise and
vibraton propagates to the passenger compartment of the vehicle.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a refrigerant compressor

for use in an automotve air conditioning system having 2 valved discharge mechanism



I n such arrangenent, discharge reed valve 81 strikes retainer 80 when it
opens. On' the other hand, discharge reed valve 81 strikes end surface 65a
- of valve plate 65 when it closes. Thus, a conpressor with such a discharge

val ve” arrangenent ' di sadvant ageously generates vi bration and noi se during
operatioh due to this striking. Particularly, vibration and noise caused by
reed val ve 81 striking end surface 65a of valve plate 65 is
di sadvantageous. After refrigerant is discharged, reed discharge valve 81
returns to its closed position due to el3astic restoring force. The
magni tude of hieh eameffeativelp stéduct MBrdddnGRdI fvistthhied Ntk iiscange Me%&#&,?g

0

di scharge reed valve 81 to bend past the plane of end surfacé 65a be

returning to jis.cl.o | T or instance, .valvg 81 i nghst ruct ed,
may ot urn £ g Sty BEeP M. bigadl of BRANCRE S ek RSy
surface 65a, however, presents an obstacle to discharge reed valve 81. -
Therefore, thHOTARRTE K EsEHA4%g force causes reed valve 81 to strike end
surface 65a of plate 65 and thereby generate a |arge anmount of noise -and

vi bration. This of f ensilt&. aduskerabjecridirthe quesgnb fuvgates 1 Mbiide pasaEgget:
compartment of the vehicle. SUMVARY OF THE INVENTION It is an obj.ect of the
present I nvenlysietsdr @h@ﬁiﬂ%lwréﬁ&éﬁ?tof%ﬁﬁﬁior@h:gﬁﬁoﬁﬁ an
aut-onotive air conditioning systemhaving a val ved di scharge nmechani sm

According to the present imvendon, a refiigerant comprassor comprises 2
compressor housing divided at least pardally by a valve plate into a first chamber acd
a second chamber, the second chamber comprises a discharge chamber. A linidng
mcm.bér links the first chamber to the discharge chamber and includes a conduit
providing communication between the first chamber and the discharge lchamber. The
conduit has an end opening through which a refrigerant gas may exit therefrom. An
elastic valve member is capable of bending to open and dose the end opening of the
conduit. The valve member has a predetermined spﬁng constant, and is positioned such
that the end opening of the conduit remains blocked until 2 pressure in the first chamber
reaches a predetermined value, A limiting member limits the bending movement of the
valve member in 2 di;cction in which the refrigerant ges exits the end opening of the
conduit. A valve seat is formed in an end surface of the valve plate and surrounds the
end opening of the conduit, said valve seat including a recassed portion offset from the
end surface of the plate. The recéssed portion includes an inclined surface porton and
a wall portion extending from the inclined surface pordon so tha: the elastc valve
member closes the end opening of the conduit without striking the end surface of the

valve plate due to the r&toring elastic force of the valve member thereby lessening noise
and vibrarion.



- which can effectively reduce vibration ad noi se caused by the discharge
val ve assenbl - and thus, reduce the propagation of offensive noise and
vibration to the passenge conpartnment of a vehicle. It is a further

obj ect of the present invention to provide a refrigerant. conpressor
wherein ~volunetric efficiency of the conpressor is inproved. According to
the-present invention a refrigerant conpressor conprises a conpressor
housi ng divided at .| east partially by @ Valve plate into a first chanber
and a second chanber, Fuitherehjens)icabaedeid ethepispeats ofithedipresent reniion®iibe A
| i nki ng menber links the first chanber to the di scharge chanber and

i includes a | @ tm.ﬂ"ﬁﬁﬁ byg&q, Reysbiinine

"~ the di schargeag#&tr?ggﬁr'@ﬁTﬁgQ%ondwt as an end- openlc‘?lg throu %%‘E#M
- refrigerant érglas rragw@| E;té’%raqeref om An.elastic valve nmenber is capable of

bending to Pt aHﬁ%ﬁprﬂﬁa‘ﬁ‘F he conduit. The val ve nenber
has a predeterm ned spring constant, and is positioned such that the end
openi ng of BRIEFODESGRIPAIQNIOFL] B IDRA a pressure in the first

chanber
Fig. 1 is 2 longimdinal sectional view of a slant plate type refrigerant

compressar in accordance with the present invention.
. Fig. 2 is an enlarged sectional view of a discharge valve assembly in
accordance with a first embodiment of the present invendon
Fig.3is 2 qoss sectional view of the discharge valve assembly taken along
line 3-3 of Fig. L.
Fig. 4 is an enlarged sectional view of 2 discharge valve assembly m
 accordance with a second embodiment of the present invention. _
Fig. S is an enlarged sectional view of a discharge valve assembly in
accordance with 2 third embodiment of the present invention.
Fig. 6 is an enlarged sectional view of a discharge valve assembly in
accordance with a fourth cmbodjmc;nt of the present invention.
Fig. 7 is an cnlarged sectional view of a discharge valve assembly in
accordance with 2 prior art.
DETAILED DESCRIPTION OF THE DRAWWGS
Fig. 1 illustrates a fluid displacement apparatus in accordance with the
present invention, in particular 2 slant plate type commpressor, according to one
embodiment of the present invention. A compressor comprises cylindrical housing

assembly 20 including cylinder block 21, crank chamber 22, front end plate 23, rear end



reaches a predetermned value. Alimting nenber Iimts the bending
novenent *of the valve nenber in a direction in which the refrigerant gas
exits the end opening of the conduit. A valve seat is foraed in an end
surface of the valve plate and surrounds the end opening of the conduit
sai.d valve seat including a recessed portion offset fromthe end surface of
the. plate. The recessed _portion includes an inclined surface &lrtion and a

wal | porti on Mstedeaniyaltepiatess. Gkt chaanben 22 isdformed betweensylindentbladkel anc

el astic val ve nenber cl oses the end opening of the conduit w thout striking
the  end surf geentadndtgisre\23l ve pl ate due to the restoring elastic force of
the val ve nenber thereby | essening noise and vibration. 4 Furt her
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opposite end of cylinder block 21 by 2 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 and supports drive shaft 26 by bearing 30 disposed in the
opening. Tbe inner end porton of ldrive shaft 26 is rotatably supported by bearing 31
disposed within center bore 210 of cylinder block 21. Bore 210 extends to a rearward
end surface of cylinder block 21 wherein there is disposed valved control mechanism.

Cam rotor 40 is fixed on drive shaft 26 by pin member 261 and rotates with
shaft 26. Thrust needle bearing 32 is disposed between the immer end surface of fromt
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 SO :s adjacent cam rotor
40 and incudes opening 53 through which passes drive shaft 26. 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 S with respect w0 the
longitudinal axis of drive shaft 26.

Wobble plate 60 is mutatably mounted on slant plate 50 through bearings
61 and 62. Fork-shaped slider €3 is attached to the outer peripheral end of wobble plate
60 and is slidably mounted about sliding rail 64 held between front end plate 23 and
cylinder block 21. Fork-shaped slider 63 prevents rotation of wobble plate 60, and

wobble plate 60 nutates along rail 64 when cam rotor 40 rotates. Cylinder block 21 .



Fig. 1 is a longitudinal sectional view of a slant plate type refrigerant
conpressor in accordance with the present invention. Fig. 2 is an enlarged .
sectional view of. a discharge valve assenbly in accordance wi,th a first

enbodi ment of the present invention. Fig. 3 is a cross sectional view of
t he i scharge val ve assenbly taken alonggine 3-3 of Fig. 1. Fig. 4 is an

enl ar.ged sectlonal Vi di sg:harge vaI ve assenbly in c,cord. nce with a
second enmbodig PS-H'%L‘%r REFPLERIE n@éﬁ%ﬂ%'f@ P&’EQRSiHﬁaI

view of a di schar ge val ve assenbly in accor dance with a thi rd errbodl ment of

the present iredgricamn. Bach.pitonf2ai3 egninated ctoswobblenpihtey 6@ \byok @rréssotiaid e
val ve assenbly in accordance with a fourth enbodi ment of the present

i nvention. Fi n S
assembly in é:gcozcéhgcrg&vcgt ng%%reﬁw%%ﬁés RIPTI EA‘FE piston
DRAWNGS Fig. 1 ill ﬁ %Ef%%&‘? fluid displacement apparatus in accordance

with the predésamd Bl fra'f't icular a slant plate type conpressor,
according to one

Rear ead plate 24 includes peripherally located annular sucdon ccamber
142 and cenmally located discharge chamber 152. Valve plate 25 is located between
cylinder block 21 and rear exd plaze 24 and includes a plurality of valved suction holes
242 linking each suction chamber 142 with respective cylinder 70. Valve plate 25 also
includes a plurality c;f valved discharge holes 252 linking discharge chamber 152 with
cylinder chambers 70.

Each suction chamber 142 includes an inlet port which is connected to an
evapaorator of the external c;)oling dreuit (oot shown). Discharge chamber 152 is
pfovidcd with outlet portion connected to a condenser qf the cooling circuit (not shown).
‘Gaskets 27 and 28 are located between cylinder block 21 and the inner surface of valve
plate 25, and the outer surface of valve plate 25 and rear end plate 24, respectively, to
seal the mating surfaces of cylinder block 21, valve p&te 25 and rear end plate 24,

Disk-shaped adjusting screw member 33 is disposed in a central region of
bore 210 located berween the inner end portion of drive shaft 26 and valve conmol
mechanism. Disk-shaped adjusting screw member 33 is screwed into bore 210 to be in
contact with the inmer end surface of drive shaft 26 through 2 washer, and adjusts an
axial position of drive shaft 26 by tightening and loosening thereof. Piston assembly 71
includes comnecting rod 73 which includes a pair of ball pordons 732 and 73b formed at
both ends thereof and cylindrically-shaped piston 72 which is connected to ball pordon

73b formed at the rear end of connecting rod 73.



enbodi nent of the present invention. A conpressor conprises cylindrical
housi ng assenbly 20 including cylinder block 21, crank chanber 22, front _.
end plate 23, rear end -5- plate 24, and valve plate 25. Crank chanber :.
22 is formed between cylinder block 21 anc front end plate 23. Front end-
plate 23-is nounted on one end of cyli nd_‘alr.r block 21 (to the left :side-in
Fig. 1) by a plurality of bolts (not sholmr). Rear end plate_ 24 js- pounted
on the opposite end oﬁ‘@ﬂﬂ&%ﬁ%ﬁ@@ﬂl@?%&ﬁ@?&l@@ﬂ!%‘iﬁd@*ﬁg@
shown). Valve plate 25 is |ocated between rear end plate 24 and cylinder

bl ock 21. Opsud vagveZlandsrabrenttaindr 30 fwhidhpate isecufedivgethed ipvalvepl2se 2y Sxing
supports drive shaft 26 by bearing 30 di sposed in the opening. The inner

end por i onygf s iyBcishi teedSalds FIOWAIALL trauppan astiymbant; og, Elndpippsed

within center bore 210 of cylinder block 21. Bore 210 extends to a rearward

mechant sm 85 FERGHEEH B ERIEGRR B T eule SRR BREL Y S Biiee

rotates with .. .o
at side of fixing bolt 82, and sealing portion 810 extending from basic portdon §ia. Valve

plate 25 includes recessed portion 250 formed so that its depth increases with distance
from point P which is spaced a distance L from fixing bolt 82. Recsssed portion 250
l includes inclined surface 251 which is in sealing contact with discharge reed valve 81
- when discharge reed valve 81 is in its closed position. Inclined surface 251 has a curved
cross-secton baving a radius of curvature R1 which defines the closing deformation of
discharge reed valve 81. Recessed portion has a depth D, deﬁned between end surface
252 of valve plate 25 and front end 253 of inclined surface 251. Further, valve plate 25
includes discharge hole 252 extending therethrough and induding imaer wall 2522
arranged 0 be parallel to a radial line of inclined surface 251, drawn through the center
of opening 252. Recessed portion 250 and portions therein, Le., inclined surface 251, end
surface 253, and front end 253 collecdvely comprise a valve seat.

Valve retainer 80 limits the bending movement of discharge reed valve Si
in the direction which the refrigerant gas exits discbarge hole 252, Discharge reed valve
81 bends as it opens and dloses discharge hole 252, and has 2 spring constant which
allows discharge reed valve 81 to block discharge hole 252 until a pressure in
compression chamber 70 reaches a predetermined value. Retainer 80 includes curved
surface 802 having radius of curvarure R2 in cross-section which defines the opeaing

deformation of discharge reed valve 81. Radius of curvature R1 is preferably designed



shaft 26. Thrust needl e bearing 32 is disposed between the inner end _
surface bf front end plate 23 and the adjacent axial end surface of cam
rotor. 40. Camrotor 40 includes arm 41 having pin nenber 42 extending
therefrom Slant plate 50 i s adjacent camrotor 40 and includes opening 53
t hr ough -whi ch passes drive shaft 26. Slant plate 50 includes arm 51 having
slot .52. Camrotor 40 and slant plate=-58 -are connected by pin nember 42,
whi ch is i nggbeaduaitosirdessiBad mdhsasficaraniyes Reesb that when Peed vainb81 cléses| fis
slrdable within slot 52 to all ow adjustnment of the angul ar position of
slant plate

! ) Gl ' i b5 26.
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S nutatably nou on slant plate 50 through®*bearings 61
and 62. Fork-shaped shjder 63 is attached,to.the, oufe righeral ,.end of
wobbl e plate 60 and i8 °§F§"cf5h¥’3?“ﬁ%%r?f’é‘b°%%@fﬁ‘f‘? ol il 29, e S e,
front end plate 23 and 25” i nder bl ock 21. Fork-shaped slidey 6325% events

esupiaas &5 b@ad i

rotation of Bralieb e innen welk 2582 it HEGB3rEy BRlg 7340 $0 8% tehen
camrotor 40 rotates. Cylinder block 21 - 6-

surround outside edge 81c¢ of discharge reed valve 81. A gap between end wall 25b and
.edge 81c of discharge reed valve 81 is defined by C. Preferably, gap C is designed to be
from about 05 to 15 mm.

In this arrangement, drive shaft 26 is rotated by the engine of the vehicle
through electromagnedc clutch 300. Cam rotor 40 rotates with drive shaft 26, thereby
rotating slant plate 50 and causing wobble plate 60 to mutate. Nutational motion of
wobble plate 60 reciprocates pistons 71 in their respective cylinder 70. As pistons 71 are
redprocated, refrigerant gas, introduced into suction chamber 142 through inlet portion
ports (not shown), is drawn into cylinders 70 and compressed. The compressed .
refrigerant gas is discharged to discharge chamber 152 from each cylinder 70 through
discharge holes 252, and therefrom into the cooling circuit t:hrough outlet portion (not
shown).

Further, an impact force with which discharge reed valve 81 strikes inclined
surface 251 of valve plate 25 is smaller than that with which discharge reed valve 81
strikes retainer 80. This occurs because in the arrangemenr of Fig. 2, discharge reed

- valve 81 returns to its closed position because of the pressure difference between
cylinders 70 and discharge chamber 152 impressing discharge reed valve 81 rather than
because of the elastic restoring force of discharge reed valve 81. Therefore, noise and

vibration caused by discharge reed valve 81 striking valve retainer 80 and end surface 25a
of valve plate 25 are decreased.



includes a plurality of peripherally located cylinder chanbers 70 in which

pi stons 72 reciprocate. Each piston 72 is connected to wobble plate 60 by a

correspondi ng connecting rod 73. Each piston 72 and connecting rod 73

~ substantially conpose piston assenbly 71 as di scussed bel ow. Rear end plate
24 .i ncl ydes peripherally |ocated annul ar suction chanber 142 and centrally

| ocat.ed di scharge chanber 152. Valve._pate 25 is located between cylinder

bl ock 21 and rear end Phnker, e discharfic Fefpiesaar reiiE Yo fromt \eglibdep i N

hol'es 242 |inking each suction chanber 142 with respective cylinder 70.

Val ve pl ate d:% LA d f Lschargsshal.e

| i nking di scﬁ%ﬁ?e ch %w% cyl Hr%gl’s\{)gwré%rng'% cr Ugucf%l 3-2,%0;
chanmber 142 i ncl ude n inlet IEFgr,t Whl ch |s con.nec ed to an ev g_lorator of

t he external PESHRng %qu%IQFCSE GHOSHARHUSE S, A §SGe2S45 986G ded
with outlet portion connected to a condenser of the cooling circuit (not
shown) . Gaskels refrigemat 8% srsubjesedted Muidyienon forn diseaasge sded Blvenil. t As :

i nner surface of valve plate 25, and the outer surface of valve plate 25

and rear end :piudd ehe’daise exdebtidetlof the Gomedssdrig s ol dugrsasgd.aces of
cylinder block 21, valve plate 25 and rear end plate 24. Di sk-shaped

adj usting screw rrenberA%&doaaﬂ)L'gﬁ%ﬁﬂné Bt &gﬁégmc{ﬁ'&hmﬂmmm@e

of discharge holes 632 of the prior arz, shown in Fig. 7. Although valve plaie 25 ané

prior art valve plate 65 bave a common thickness, valve plate 25 bas recessed pordon Z50
which decreases the volume of the discharge hole 252. Volumerric efidency is generally
defined by the ratio of the theoretical piston displacement volume to practical piston
displacement volume. Therefore, the volumewic efficiency of 2 compressor with 2
discharge valve arrangement as shown in Fig. 2 increases because the clearance pocket
volume of the cylinders which is created by the inmer capadity of discharge holes is
decreased. |

Moreover,_gap C is designed to be small, ¢.¢, about 0.5 t0 1.5 mm, so that
gap C does not influence the movement of discharge reed valve 81. That is, discharge
reed valve 81 is quickly atracted to inclined surface 251 at the beginning stage of
compressor operation allowing the compressor to have a fast starting response.

Fig. 4 illustrates a second cmbod'imcnt of the present inventon. The
embodiment of Fig. 4 is sxmx]a: 10 Fig. 2. Valve plate 25 inchudes recessed portion 350
formed so that its depth increases with distance from point P which is spaced 2 distance
L from fixing bolt 82. Recessed portion 350 includes inciined surface 351 which is in
sealing contact with discharge reed valve §1 when discharge reed valve 811is in the closed

position. In this embodiment, inclined surface 351 has a sloped linsar cross-secton .



bore 210 | ocated between the inner end portion of drive shaft 26 and val ve
control nechani sm D sk-shaped adjusting screw nenber 33 is screwed into
~bore 210 to be in contact with the inner end surface of drive shaft 26
. through a washer, and adjusts an axial position of drive shaft 26 by

ti ghteni hg and | oosening thereof. Piston assenbly 71 includes connecting

©rod-73 which includes a pair of ball rtlons 73a and 73b formed at both
or i on 73b VERRSRE e A0y agﬁ%%?o R S S A I e 03

Figs. 2 and 3, the discharge valve assenbly inc|udes discharge reed valve
81 and val vesealing PATIongHL b iRiTelaCaR & basta parton Slfeisiisfined by d) ViOgit discdedignby

. fixing bolt 82. Discharge reed valve 81, which is made of an el astic nenber

,e.g. thin sgythag disceage reayudled $isis dn §da0ivg ebrohbresite indiged suta@aBsiand is
- divided into basic portion 8la forned at side of f|X|ng bolt 82 and sealing

szztelsggdségr ?Tgﬁnggggftdrﬁ% %‘&ﬁ@g H%Eég%st%ﬁ‘ r eases %ﬁdﬁegg #gqée 1°F om
rz)gbnt P whi cp el grsgpé%e d| s orll'goevel, from fi | M%jo&ch%ge ge[cce szelg;-is gag{!.‘t’l on
machined in comparison with curved surfacs 251 of vaive plate 25.

Fig. 5 illustrates 2 third embodiment of the presemt invendon. Tae
embodiment of Fig. 5 is similar to the embodiment of Fig. 2. Vaive plate 25 includes
discharge hole 452 therethrough. Discharge hole 452 includes inner wall 4522 which is
perpeadicular to end surface 252 .of valve plate 25.

The stoucture of Fig. 5§ has substantially the same advantages as those of
the first embodiment. Moreover, in this embodiment, discharge hole 452 is easily
machined in comparison with discharge hole 252 of Fig. 2.

Fig. 6 illustrates a fourth embodiment .of the present invention. The
embodiment of Fig. 6 is similar to the embodiment of Fig. 2. Recessed portion 550
includes igclincd surface 551 having a sloped linear cross-section, and projection p01;tion
554 extending from inclined surface 551. Projecton portion 554 is in sealing contact with
discharge reed valve 81, when reed valve 81 is in the closed posidon. That is, surface
portdon 554a of projection portion 554 is annular shaped and has 2 curved cross-secdon
with radius of curvature R1 which defines the closing deformacon of discharge reed
valve 81. The slope angle of sealing porton 81b in reladon to basic portion 8la is
defined by . Angle « is designed so that discharge reed vaive 81 is in sealing contact

with surface portion 554a of projecton portion 554.



i ncludes inclined surface 251 which is in sealing contact with discharge
reed valve 81 when discharge reed valve 81 is in its closed position

I ncli.ned surface 251 has a curved cross-section having a radius of
curvature Rl .which defines the closing deformation of discharge reed val ve
81. Recessed portion has a depth D, defined between end surface 25a of
val.ve plate 25 and front end 253 of imciired surface 251. Further, valve

plate 25 includes di schwrgmchue of Fig2 échdseatsantidllyehe tshmeglranmgesi asahusy &0

i nner wall 252a arranged to be parallel to a radial line of inclined
surface 251, jpdr g e&ﬂbbaxﬂémt NR{ofQREE" Oéiﬁﬂédiﬂxcﬁ? f FT8C6SBR KRR | >0
and portions therein, i.e. inclined’ slﬂﬁhgce 251 é @f ace 25a, ?ir?g ont

bendi ng ﬁﬁbéﬁ%ﬁfﬂt@ﬁﬁ%ﬁﬁ% B 55 ol o S BEl  1%

"refrigerant gas exits di scharge hole 252. D scharge reed val ve 81 bends as
it opens andlesesslan deseHmeoIIet tetwsen inglinediausfage 291 iand Gissharga fted aiverS1
al  ows di scharge reed valve 81 to-bl ock discharge hole 252 until a pressure

i n conpr essi afFigltaris o?qus bemheedubriprtingetibeampomtd\ia thxereiipdranmgas r

i ncl udes curved surface 80a having radius of curvature R2 in cross-section

whi ch define m&www@mrmwe&%w%ﬁi&&ﬁwmml ve 81. Radius of

curvature Rl I's prefierably designed
Although the present invention has been described in connection with the

preferred embodiment, the invention is not limited thereto. It will be easily understood
by those of ordinary sidll in the art that variations and modifications can be easily made

within the scope of this inventon as defined by the appended claims.



-8- to be equal tq ggh tq_l% n.radius of curvature FHISISHEETWIRNBESE

val ve 81 cl oses, fﬂ'l ng force wll not causeREELAccEﬁt rik
end surface 25a of m ﬂl Mor eover, recessed S
end wal |l 25b exten i ned surface 251 and paral bel to inner

wal | 252a- of dlscharge hol e 252 so as to surround outside edge 81lc of
di scharge reed valve 81. A gap betweenldmd wall 25b and edge Sic of

di schar ge r%ve 81 is defined by C. Preferably, gap Cis designed to
be from abo to 1.5nm In this arrangenment, drive shaft 26 is rotated

by the engine of the vehlcle t hrough el ectromagnetic clutch 300. Cam rotor
40 rotates with drivelshaff 18818 Fé@?fﬁé‘!fa‘i"F%&@E'ant pl ate 50 and causi ng

wobbl e plate 60 to nutate. Nutational notion of wobble plate 60
reci procates pi stons Ztomprastarihousing dividedvat least paxdelly Hoa valse piate dxte afdsar e
reci procated, refrigerant gas, introduced into suction chamber 142 through

inlet porti S&aﬁ%&#ﬁmfﬂ@écoib%d $aifl s80Rd] REALEY ddaRHRITE o/ Gisdiiipé eimERSS ed.

The conpres rigerant gas is discharged to di schargde chanber 152 from
each cylinder 70 thrOu%nhngmcmoerforhn!qngsaxdﬁ:s:chambcrtosaiddjschargccnam' ber,

said linking member including a' conduit providing commmrication between said first
chamber and said discharge chamber, said conduit having an ead opening through which
a refrigerant gas exits thercfrom;

an elastic valve member capable of bending to open and close said end
opening of said conduit, said valve member having 2 predetermined spring constant and
positioned, such that said end opening of said conduit remains blocked until a pressure -
in said first chamber reaches a predetermined value;

2 limifing member for limiting bending movement of said valve member
in a direction in which said refrigerant gas adﬁ said end opening of said conduit, said
limiting member including a retainer member; and

a valve seat formed in an end surface of said valve plate and surrounding
said cnd opening of said conduit, said valve seat including a recessed portion offset fom
the end sucface of said valve plate, said recessed pordon including an inclined surface
portion and 2 wall portion. exfending from the inclined surface porton so that said elastic
valve member closes said end opening of said conduit without swiking the end sutface
of the valve plate due to an elastic restoring force of the elastic valve member.

2. Therefrigerant compressor of ctaim 1, wherein s2id inclined surface
portion is formed at a depth below said one end surface of said valve plate, said depth

decreasing with distance from an outside edge of the elastic valve member.

_—__’r____’.
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di scharge holes 252, a tﬁ%&h& L@ into the cooling circuit through outd =
portion (not sho s Sh | npact force with whichfd gf HASESEEN
val ve .81 strikes i ﬂ“ “gﬂm 251 of valve plate 25 R B FAGEDRN
that with which di | ve 81 strikes retainer CEHFS
because in the arrangenent of Fig. 2, discharge reed valve 81 returns to
its closed position because of the pressl¥e difference between cylinders 70

and di scharge chanber 3152 mﬁm%%%%?%}%%ﬂ%\% 84 of B30

because of the elastic restoring force @

Ther ef or e, | | Q4 .by di.scharge reed val.ve. 81 striking
val ve retaiﬁg#agﬁB§£%¥gﬁ%?éﬁg?§%gggﬁgmﬁ%lVQF§8?533F3n§§a§§%mﬁ§8F@5§§@#KI 9
Further, th disphag&g refrigerant, gas, which flows from_cylinder 70t

di schar ge cﬁ?ﬁ’ﬂgeﬁnsf 18 ¢RREa Yi3sridsusnen RomHier penit deores arideadiapetizgpasaiion
with that of prior art. Thereby, pressure |oss and pul sation of discharge
gases are deopddited sinc -

o e
H SOt

4. The refigerant compressor of dlaim 3, wherein said carved cross-
section of said inclined surface pordon has 2 radius of curvanme equal o of less than a
radius of curvature of said reminer member.

5. Therefrigerant compressor of claim 3, wherein said conduit includes
an inner wall arranged to be parallel to a radial line of the inclined surface through the
center of the end opening of said conduit.

6. The refrigerant compressor of claim 3, wherein said conduir indudcs.
an inner wall arranged to be perpendicular to the end surface of the valve plate.

7. The refrigerant compressor of claim 1, wherein said inclined surface
portion has a linear cross-section, said elastic valve member being in sealing contact with
said surface portion whén it closes said end opening of said conduit.

8.  Therefrigerant compressor of claim 1, wherein said recessed portion
further comprises an annular projection portion extending from said inclined surface, said
elastic valve member in sealing contact with said anpular projection porton when it
closes said end opening of said conduit. |

9. The refrigerant compressor of claim 1, further comprising 2 gap
betwcc-n said wall portion of said recessed portion and an outside edge of said elastic

valve member.

o
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the refrigerant gas is subjected to a fluid friction fromdi scharge reed
valve 81. As result, the noise and vibration of the conpressor are al so
~decreased. Additionally, the volune of discharge holes 252 is smaller than
,the volune of discharge holes 652 of the prior art, shown in Fig. 7.

Al though val ve plate 25 anc prior art valve plate 65 have a conmon

:thi ckness, valve plate 25 has recessed portion 250 whi ch decreases the
ivolune of the discharge hole 252. Volunetric efficiency is generally
|defined by the ratio of the theoretical piston displacenent volune to

| practical piston displacenent volune. Therefore, the volunetric efficiency
' of a conpressor with a discharge val ve ar¥angenent as shown in Fig. 2
'|ncreases because the cl earance pocket volunme of the cylinders which is
created by the inner capagity of discharge holes is decreased. Moreover,

|gap Cis designed to be s | ahout 0.5 to 1.5 mMmm so t ap C does
. ' | schar ge

not influence the novenent h
.reed valve 81 is quickl¢§a rqet Llned surfa Nt begi nni ng
stage of conpressor fperait NQrR-al vnhgmtﬁ C ressi N\ havsj afNast
starting response. Fi¥g--4- ust 4 /a se od nt oft.h pr
i nvention. The enbodi 07 I ' 2. ValjeMNlat €425
i ncl udes recessed portiofi’ 77 S o
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formed so that its depth increases with distance frompoint P which is
spaced a ‘distance L fromfixing bolt 82. Recessed portion 350 includes
“incined surface 351 which is in sealing contact with discharge reed val ve
181 when discharge reed valve 81 is in the closed position. In this

enbodi nent, inclined surface 351 has a sl oped | i near cross-section -
10 whi ch defines the closing deformati on of di scharge reed valve 81. The
sl ope angl e of sealing portion 81b in reAdtion to basic portion 8la is
‘defined by [err]. Angle [err] is deS|gned so that discharge reed valve 81

is in sealing contact with in r 351. The structure of Fig. 4
has substantially the sane va td§%§ hose of the first enbodi nent.
Moreover, in this enbodi nent, !di scharge hoTe 452 is easily machined in
conparison with curved surface 251 of valve plate 25. Fig. 5 illustates a
third enbodi nent of the present inveption. The enbodiment of Fig. 51is
simlar to the enbodi nent of Fig., 2. Val plate 25 i ncludes discharge hole
452 theret hrough. Discharge hol el & i ncfudeg=Tmmmer—wall 452a which is
250 80
| 80, 8l 82
25a . ' / (
¢ \__ P/JV/ ==
R —[— SO NN NSNAN =
| 77
2 =

25b. //b/y’ \ \
| 253 " 352 K%\b 52:\.;5[ 3lo 25

|




per pendi cul ar to end surface 25a of valve plate 25. The structure of Fig 5
has substantially the sane advant ages as those of the first enbodi nent. '
. Moreover, in this enbodinment, discharge hole 452 is easily machined in
conparlson wi t h di scharge hole 252 .of Fig. 2. Fig. 6 illustrates a fourth
enbodi ment” of the present invention. The enbodinment of Fig. 6 is simlar to.
t he efbodi nent of Fig. 2. Recessed portion 550 includes inclined surface
551 having a sloped linear cross-section, and projection portion 554
extending frominclined surface 551. ProB¢¢t portion 554 i S in sealing
contact with discharge reed vaIv |<gﬁevalve 81 is in the cl osed
position. That is, surface port| a ction portion 554 is
annul ar shaped and has a curved cross se |on wi th radius of curvature Rl
whi ch defines the closing deformation of discharge reed valve 81. The sl ope
angl e of sealing portion 81b in relation to basic portion 8la is defined by
[err]. Angle [err] is designed so that discharge reed valve 81 is in
sealing contact with surface portion 554a, of projection portion 554.

/_52 | R2
" 80 L
3
8l .. 82
ﬁ& N /[ ‘rq/ St
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- 11 - The structure of Fig. 6 has substantially the sane advantages as
those of the first enbodi nent. Moreover, in the enbodi nent of Fig. 6, the
.seal i pg contact between surface portion 554a of projection portion 554 and
“discharge reed valve 81 is closer than the sealing contact between inclined
surface 251 and di scharge reed valve 81 of Fig. 2. This occurs because

| ubricating oil conpound in the refrlger t gas remai ni ng on surface

“portion 554a is drained off towa ce 551. Although the
present invention has been descrl nnec n wth the preferred
enbodi nent, the invention is not I|n1 ere It will be easily
under st ood by those of ordinary skill |n the an that variations and
nodi f cati ons can be easily made within the scope of this invention as
defined by the appended cl ai ns. 12 Substitute sheet - 4 Cctober 1996

* AVENDED CLAI M5 1. A refrigerant conpressor conprising:
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a conpressor housing divided at |east partially by a valve plate into a
first chamber and a second chanber, said second cha 'q?i§8l_L"blq%;&f—
di scharge chanber; a linking means for linking saidf{fi S na P BEENS ¢
di scharge chanber, said |inking nmeans including a c | Pn
communi eati on between said first chanber and said di scharge chanber, said
conduit having an end opening through which a refrigerant gas exits
therefrom an el astic valve nenber capabl e of bending to open and cl ose
said end opening of said conduit, said val ve nenber having a predeterm ned
spring const ALE$UREAt sai d end opening of said conduit
remai ns bl ocked until a pressure in saird first chanber reaches a
predeterm ned value; a timting menber for limting bending novenent of

sai d valve menber in a di r eMALIED DISUHARGE MEEHANISMAOF gas exits said

end opening of said conduit, SaREFRIGERRONTCUMPREBISORIIi ng a retainer

menber ;

id

A refrigerant corpressor comprises a compressor 2ousiang divided az least
pardally by a valve plate into 2 Srst chamber and a second chamber, the second caamber

comprises 2 discharge chamber. An slastic valve member is capable of bending to open

< 3 i v

and close an end opexning of ite conduit. The valve member has a3 predetermined elastic
modulus and is arranged such that the end opening of the conduit remairs dlocked uzdl
a pressure in the first chamber reaches 2 predetermined value. The valve plate includes
a valve seat surrounding the end opening of the conduit and a recessed porton offset
from the end surface of the valve plate. The recessed portion includes an inclined
surface portfon and a wall portion extending therefrom so that the elastic valve member
closes the end opening of the conduit without suiking the end surface of the valve plate
due o0 an elastic restoring force of the elastic valve member. Noise and vibration caused
by the striking of discharge reed valve against the valve plate are thus decreased. Asa

result, noise and vibration propogated to the passenger comparanent of a vehicle are

decreased.

This Sheet Has Been Reﬂlaced
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a valve seat fornmed in an end surface of said valve plg
said end opening of said conduit, said valve seat incl
portion offset fromthe end surface of said valve plat
portion including an inclined surface portion and a wa DAL ETO
fromthe inclined surface portion so that said el astic val ve nmeEnber=tkes
said end opening of said conduit wthout striking the end surface of the
valve plate due to an elastic restoring force ®bpldvemedtaSheet (2944981111111
111111 1121111121112111112 13  Substitute sheet - 4 Cctober 1996
REPLACEMENT SHEET nenber; wherein said inclined surface portion has a

curved crosmWWf curvature, said elastic val ve
memer

VALVED DISCHARGE MECHANISM OF
A REFRIGERANT COMPRESSOR

A refrigerant cormpressor comprises 2 cé::pr&.sor dousing divided az least
pardally by 2 valve placz inta 2 ".:s:. chamber and 2 secord caamber, the secord ciamber
comprises 2 discaacge cnamne: An slasdc valve member is capabie of bending 0 opez
and close an end opening of tke corduir. The valve member bas a predetermined eﬁsﬁc
madulus and is arranged such hac the end opening of the conduit remaies tlocked undl
2 pressure in the first chamber reaches a predetermined value. The valve plate inchudes
a valve seat surrounding the end opeaing of the conduit and a recessed pordon oEsé:.
from the end surface of the valve plate. The recessed pordon incindes an inclined
surface 'por:i;.m anda w-aﬂ pardon extending therefrom so that the elastic valve member
closes the end opeuing of the conduit witfxout stiking the ead surface of the valve plate
due to an elastic restoring force of the clastic valve member. Noise and vibradon caused

by the striking of discharge reed valve 2gainst the valve plats are tus decressed. As 2
result, noise and vibration propoguéd to the passenger comparanent of 2 vehicle are

decraased.

(Figurg 1)



val've nénber being in sealing contact with said surface portion when it
cl oses said end opening of said conduit, and wherein said curved
cross-section of said inclined surface portion has a radius of curvature
equal to or less than a radius of curval@re &ubstifiter shegtmed Qetober 1

'The refrigerant conpressor of claim1, wherein said inclined surface
‘portion is forned at a depth bel ow sai d one end surface gf=saig yalw

pl ate, said depth decreasing mngggghégggésp&%onran out5|u-ﬁgﬁgggaMEmthEEr
el astic valve nmenber. 3. . The onpr essor of}ff cl ai in
said conduit includes an inner wall arranged to be paralllg ihﬁ
line of the inclined surface through the center of the e ;=m::a% ————————— sk
conduit. 4. 1The rafrefigurantocpapeessonficatimibg :wher ei n sald condU|t

i ncludes an inner wall arranged to be gerpendlcular to the end surface of
the val ve pl at 8. comPTesSsHR haumingedivided it cnaat prrélathy 10Y whevadive said

plate into a first chambar and a second chambex, said second

chamber comprising a_discharge chamber;

a linking means for linking said fifst chamber to said
discharge chamber, said linking means including a conduit
providing communication betwaen said first chamber and said
discharge chamber, said conduit haviug an end opening through
which a refrigerant gas exits therefrom;

an elastic valve member capable of bending to open and close

| said end opening of said conduit, said valve member having a
predetermined spring constant and positioned, such that said end
opening of said conduit remains blocked until a pressure in said
first chamber reaches a predeterminad valuef ' |

a limiting member for limiting bending movement of said valve
member in a direction in which said refrigerant gas'exits éai&
end oﬁening of said conduit, said.limiting member including a-
retainer member;

a valve seat formed in an end surface of said valve plate and
surrounding said end opening of said conduit, said valve seat
including a recessed portion offset from the end surface of said
valve plate, said recessed portiocn including an inclined surface
portion and a wall portion extending from the inclined surface
portion so that said elastic valve member closes said end opening
Bf said conduit without striking the end surface of the valve

plate due to an elastic restoring force of the elastic valve

* [ L M H *



recessed portion further conprises an annul ar projection portion extending
fromsaid inclined surface, said elastic valve nenber in sealing contact
wi th said annul ar projection portion when it closes said end openin? of
sai d conduit. 14  Substitute sheet 134 OSubsttuteshees - 4 Opteber 1996
refrigerant conpressor of claim1, further conprising a gapg ' i
wal | portion of said recessed portion and an outsi de edge |[OREBBACEMENT SHEET ,

val ve membgeaner; .03 oCT 18%6 !
wherein said inclined surface portion has a curved CrGsss———

section having a radius of curvature, said elastic valve memer
valve member being in seéling contact with said surface portion
when it closes qgid efid opening of said conduit, and

wherein said curved cross-section of said inclined surface
portion has a radius of curvature equal to or less than a radius

of curvature or said retainer member.

2. The refrigerant compressor of claim 1, wherein said
inclined surface portion is formed at a depth below said one end
surface of said valve plate, said depth decreasing with distance

~ £rom an outside edge of the elastic valve member.

3. Thé refrigerant compressor of claim 1, wherein said
conduit includes an inner wall arranged to be parallel to a
radial line of the inclined surface through the center of the end

opening of said conduit.

4. The refrigerant compressor of claim 1, wherein said
- copduit includes an inner wall arranged to be perpendicular to

the end surface of the valve plate.

S. The refrigerant compressor of claim 1, wherein said
racessed portion further comprises an annular projection portion
extending from said inclined surface, said elastic valve member
in sealing contact with said annular projection portion when it

closes said end opening of said conduit.
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14 Substitute sheet - 4 October 1996

6. The fefrigerant compressor of claim 1, further
comprising a gap between said wall portion of said recessed

portion and an outside edge of said elastic valve member.

REPLACEMENT SHEET i‘
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