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V.ALVED DISOiARGE MECHANISM OF 
A REFRIGERM"T COMPRESSOR 

BACKGR.OUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a refrigerant compressor and, more 

particu.1.arly, to a valved discharge mechanism of a refrigermt compressor used in an 

automotive air conditioning system. 

Description of the Prior Art 

Valved discharged mechanisms of refrigerant compressors are well known 

in the prior art. For ex.ample, Fig. 7 depicts a valved discharge mechanism used in the 

refrigerant compressor descn'bed in U.S. Pat. No.4,nS,285. As disclosed therein, a 

refrigerant compressor includes a compressor housing defining a compression chamber 

in which successive strokes of intake, compressing, and .discharge of a refrigerant gas are 
. . .. 

repeatedly petfonned. Further, the compressor includes valve plate 65 which is formed 

to partition the compression chamber from a discharge cbamber and a discharge valve 

assembly· mounted on au end surface of valve plate 65. Valve plate 65 has discharge 

hole 652 extending therctbrough and allowi.Dg coromnD.ication of the compression 

chamber with the discharge "cbamber. The discharge valve assembly includes discharge 

reed valve 81 and valve retainer 80 which are secured together to outer surface 65a 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 65a of valve plate 65 without air gap when the operation of compressor is 

stopped. 
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valve retainer 80 limitS the bending movement of discimge reed valve 81 

in the direction in whicll the refrigerant gas leaves the compr:ssiou ch.amber and enters 

the disch.3.rge chamber through disci:la.rge hole 652. Discharge reed valve 81 bc:ids to 

dose and open one end opening of discbarge hole 652, and has a predetemW:led value 

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

discharge hole 652 dosed, until a pressure in the compression cb.a.mber reaches a 

predetermined value. 

In such arrangement, discharge reed valve 81 st:ikes retainer 80 when. it 

opens. On the other hand, discharge reed valve 81 strikes eod surface 65a of valve pl.ate 

65 when it closes. Thus, a compressor with such a discharge valve arrangement 

disadvantageously generates vt"bration and noise during operation due to tbis striking. 

Particularly. vi"bration and noise caused by reed valve 81 striking end surface 65a of valve 

plate 65 is disadvantageous. ~r refrigerant is discharged. reed discharge valve 81 

retums to its dosed position due to elastic restoring force. T.oe magnitude of the elastic 

restoring force is sufficiently large to cause discharge reed valve 81 to bend past the 

plane of end surface 65a before rerurning to its closed position (for instance, valve 81, 

if unobstructed, m;q return to its closed position through a damped periodic motion). 

End surface 6?~ however, presents an obstacle to di~cb3rge reed valve 81. Therefore, 

the elastic restoring force causes reed valve 81 to strike end su..T"face 65a of plate 65 and 

thereby generate a large amount of noise and vt"bration. To.is offCDSivc noise and 

vibraton propagates to the passenger compartment of the vehicle. 

SUMMAR.Y OF nm INVENTION 

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

for use in an automotive air conditioning system having a valved discharge mechanism 
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which can cncctive..ly reduce •libntion and uoise c:ansed by the clisciiarge valve assetn01· 

and thus, reduce the or~ntio:o. of offensive .!lOise a.I:C ·.ribra::io.!l co d:e 1Jass-o-•· 
• -~ • ""' ... et .... 

compartm.ent of a vehicle. 

It is.a fur.lier objec: of the present inve:Lt!oa. to provic~ a refri..ge::u::.t 

compressor wherein volumetric eficienc-1 of the compressor is improved. 

According to the presec.t invention.. a refrigerant co.i.Li.pressor cou:~~is.es a 

compressor housing divided at least partially by a valve plate into a first cbambcr and 

a second chamber, tile second chamber comprises a discharge chamber. A tmk:!ng 

member links the first c:bamber to the discharge chamber and includes a conduit 

providing communication between the first chamber and the cfisc:harge chamber. The 

conduit has an end opening thro~gh which a refrigermt gas may exit therefrom. AJl 

elastic valve member is capable of bending to open and close the end opemng of the 

conduit. The valve member bas a predetermined spring constant, and is positioned such 

that the end opening of the conduit remains blocked until a pressure in the first chamber 

rea.cb.es a predetermined value. A limiting member IimitS the bee.ding movement of the 

valve ·member in a direction in which the refrigeranc gas exits the end opening of tb.e 

conduit. A valve seat is formed in an end surface of the valve plate and sunounds tb.e 

end opening of the condui~ said valve sear: including a recessed portion offset from the 

end surface of the plate. T.o.e recessed portion includes an inc!i:o.ed su.i.-iace portion and 

a wall portion extending from the inclined surf.ace portion so th.at the elastic valve 

member closes the end opening of the conduit without striking the end surface of tb.e 

val've plate due to the restoring elastic force of the valve member thereby lessening noise 

and vibration. 
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Further objec::s, features and other aspeas af the presellt invention will be 

Wlde~..ood from tbe detailed deso:iotion of the orefe:red embodiment of the oresen.t . . . 
invention with ~eference to the aIUlexed drawings. 

BRlEF DESCRIPTION OF TdE DRAWINGS 

Fig. 1 is a long:itndi.IIal sectional view of a slant plate type refrigerant 

comorcssor in accordance with the oresent invention. . . 
Fig. 2 is an enlarged section.al view of a discharge valve assembly in 

accordance with a first embodiment of the present invention. 

Fig. 3 is a cross sectional view of the disdlarge valve assembly taken along 

line 3-3 of F1g. 1. 

Fig. 4 is an enlarged sectional view of a discharge valve assembly in 

accordance with a second embodiment of the present invention. 

Fig. S is an enl3rged sectional view of a disc:b.a.rge valve assembly in 

accordance with a third embodiment of the present invention. 

F!g. 6 is an enlarged sectional view of a disc:b.a.rge valve assembly in 

accordance with a fourth embodiment of the present invention. 

. Fig.. 1 is an enlarged sectional view of a discbarge valve assembly in 

accordance with a prior art. 

DETAil.ED DESCRIPTION OF THE ORA WINGS 

Fig. 1 illustrates a fluid displacement apparatus in accordance with the 

present invention, in particular a slant plate eype compressor, acc:ording to one 

embodiment of the present inveutiou. A compressor comprises cylindrical housing 

assembly 20 including cylinder block 21, crank cbamber 22, front end plate 23, rear end 
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p~ 24, and valve plate 25. Cram: chamber 22 is formed between cylinder block 21 anc 

front end pl.ate 23. 

Front end plate 23 is mounted on one end of C'flinder block 21 (to the left 

side in Fig.. 1) by a pluralit}' of bolts (not shown). Rear end plate 24 is mounted on the 

opposite end of cylinder block 21 by a plurality of bolts (not shown). Valve pl.ate 25 is 

located betw'een rear end plate 24 and cylinder block 21. Opening 231 is centrally 

formed in front end plate 23 and suppons drive shaft 26 by beariDg 30 disposed in the 

opening. The iJmer end portion of drive shaft 26 is rotatably supported by bearing 31 

disposed within cemer bore 210 of cylinder block 2 L 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 ilmer end surf.a.cc 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 adjacent cam rotor 

40 and includes opening 53 through which passes drive shaft 26. Slant plate 50 includes 

arm 51 ha.viag 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 

&lot 52 to allow adjustment of the angular position of slant plate 50 with respect t0 the 

longitudinal axis of drive shaft 26. 

Wobble plate 60 is nutata.bly mounted on slant plate 50 tbrough bearillgs 

61and62.. Fork·shaped slider 63 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 
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mcludes a pluralitj' of peripherally IOc:ated cylinder chambers 70 in wbich pistons 72 

reciproca!e. Eacii piston i2 is connected to wobble plaie 60 by a corresponding 

connecting rod 73. Each piston 72 and camiecring rod 73 su.bsranrialiy compose piston 

Rear c:id plate 24 includes peripherally located annular suction 6.amber 

142 and central.ly located discharge chamber 152. Valve plate 25 is located betv.reen 

cylinder block 21 and rear ~d plate 24 and includes a piuralit'f of valved suctioc. holes 

242 linklllg each suction cbambcr 142 with rcspccrive cylinder 70. Valve plate 25 also 

includes a plurality of valved discharge holes 252 linking discharge chamber 152 with 

cylinder chambers 70. 

Each suction chamber 142 includes an iii.let port which is connected to an 

evaporator of the external cooling circuit. (not shown). Discharge ~ber 152 is 

p~ovided with outlet portion cocnccted to a condeDser of the c0oling circuit (not shown) • 

. Gaskers i7 and 28 are located between. cylinder blade 21 and the inner surfac.e of valve 

pl.ate 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 plate 25 and rear end plate 24. 

Disk-shaped adjusting saew member 33 is disposed in a centtal region of 

bore 210 located between the inner end portion of drive shaft 26 and valve control 

mecbanisrn Disk-·shaped adjusting screw member 33 is screwed into bore 210 to be in 

contact with the inner end surface of drive shaft 26 tbrough a washer, and adjusts an 

axial position of drive shaft 26 by tightening ao.d loosening thereof. Piston assembly 71 

includes coDllecting rod 73 which includes a pair of ball portions 73a and 73b formed at 

both ends thereof and cylindrically-shaped piston 72 wbich is connected to ball portion 

73b formed at the rear end of connecting rod 73. 
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Refening to Fi&'s- Z and 3? the discharge valve assembly includes discl:iarge 

reed val"VC 81 and valve retainer 80 wbicb are secured together to valve plate 25 by fixing 

bolt 82.. Discharge reed valve 84 which LS made of an elastic member e.g .. thin spring 

steeL regulates a tlow of r.he refrigerant gas and is divided imo basic portion 8la formed 

at side of fixing bolt 82, and seaiiDg por6dan 81b extending from basic portion 81a. Valve 

plate 25 includes reces.;ed portion 250 formed so that its depth. increases witb. distance 

from point P which is spaced a distance L from fi:ci.c.g bolt 82.. Rec=ssed portion 250 

includes inclined surface 251 which is in sealing contact with discharge recd valve 81 

when discharge reed valve 81 is in its closed position. Inclined surface 251 bas a curved 

aoss-section having a radius of curvature Rl which defines ~ closing deformation of 

discharge reed valve 81. Recessed portion has a depth D, defined between end surface 

2Sa of valve plate 25 and front end 253 of inclined su.rfa.ce 251. Further, valve plate 25 

includes discharge hole 252 extending theretbrough and including imler wall 2S2a 

arranged co be parallel to a radial line of inclined surface 251, drawn through the center 

of opemng 252. Recessed portion 250 and portions therein, i.e., inclined surf:ace 251, end 

swface 25a, and front end 253 ~ollectivcly comprise a valve seat. 

Valve retainer 80 limits the bending movement of discharge reed valve 81 

in the direction which the refrigerant gas exits discharge hole 252. Discharge reed valve 

81 bends as it opens and doses discharge hole i52. and has a spring constant which 

allows discharge reed valve 81 to block disch~ge hole 252 until a pressure in 

compression chamber 70 reaches a predetermined value. Retainer 80 incl1:1des curved 

surface 80a having radius of curvat:Ure R2 in cross-secti~n which d~ the opening 

deformation of discharge reed valve 81. Radius of curvature Rl is prcfexably desigJJ.ed 
·. .·,,. 
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to be equal to or less than radius of curvature R2 so that when reed valve 81 closes, its 

elastic restoring force will not cause it to strike end surface 2Sa of valve plate 25. 

Moreover, recessed portion 250 includes end wall 25"0 exte:iding from 

inclined surf.ace 251 and parallel to inner wall 252a of discb.arge hole 252 so as to 

surround outside odge 8lc of discharge reed valve 81. A gap between end wall 25b and 

-edge Slc of discharge reed ~n.lve 81 is defined by C. Preferably, gap C is desigo.ed tO be 

from about 0.5 to 1.5 mm. 

In this arrangement, drive shaft 26 is rotated by the engine of the vehicle 

through el~omagnetic clutch 300. Cam rotor 40 rotates with drive shaft 26, thereby 

rotating slant plate 50 and causing wobble plate 60 to nutate. Nutational morion of 

wobble plate 60 reciprocates pistons 71 in their respective cylinder 70. As pistoos 71 are 

reciprocated, 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 cbamber 152 from each cylinder 70 through 

discharge holes 252, and therefrom into the cooling circuit through 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 wbich discharge reed valve 81 

strikes retainer 80. 1bis occurs because in the arrangement of Fig. Z, discharge reed 

valve 81 returns to its closed position because of the pressure dmerence between 

cylinders 70 and discharge chamber 152 impressing discharge reed valve 81 ~er than 

because of the elastic restoring force of discharge reed valve 81. Therefore, noise md 

vibration caused by discharge reed valve 81 sttikingvalve retainer 80 and end surface 25a 

of valve plate 25 are decreased. 



- 9 -
Further, the discharge refrigermt g:as, whiclt flows from C'/limier iO t 

discharge chamber lSZ has a. gentle angle ,.8 of incidence !n compaii.son With iliac ot 

prior ar ... Tncreby, pressu:e loss a;id pulsation of discharge gases are dec:"eased smc 

the refrigerant gas is subjected to a fluid friction fron:t disc;a'"ge reed valve 81. As : 

result, the noise and vibration of tb.e compressor are also dec=eased. 

Addition.ally, the volume of discilarge holes 252 is smaller than the volume 

of disc.barge holes 652 of the prior~. shown in Flg. 7 .. Although va.r~e plate 25 anc 

prior art valve plate 65 bave a common tbic..1<ness, valve plate 2S has recessed p0rt:ion 250 

which decreases the volume of the discharge hole 252. Volumetric efficiency is generally 

defined by the ratio of the theoretical pist0n displa.Ccment volume to practical piston 

displacement volume. Therefore, the volumetric cfficicnc-1 of a co;nprcssor with a 

discba.rge valve arrangement as shown in Fig. 2 increases because the clearance pocket 

volume of the cylinders which i.s created by the inner capacity of discharge holes is 

decreased. 

Moreover,_gap C i.s designed co be small,~ about 0.5to15 mm, so that 

gap C does DDt influence the mavement of discharge reed valve 81. That ~, discharge 

reed valve 81 is quickly attracted to inclined surface 251 at the beg:imllng stage of 

compressor operation allowing the compressor to ha11e a fast starting response. 

Fig. 4 illustrates a second cmbodi.mc11t of the present mvcution. T.a.e 

embodiment of Fig. 4 is similar to Fig. 2. Valve plate 25 includes recessed portion 350 

formed so that its depth increases with distance from point P which is spaced a distance 

L from fixing bolt 82. Recessed ponion 350 includes inclined surface 351 which is i:o. 

scaling COD.tact with discharge reed valve 81 when discharge rec;d valve 81 is in the closed 

position. In tbis cmbodimen~ inclined surface 351 has a sloped ~ cross-section 
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which defines the dosing deformanon of dfscb.arge reed ?a!ve SL T.ae slope angle of 

sealing porcioll 81b in rela.tio!l ta basic portion 3la is defined by a . • ~gie a is desig!ied 

so tllat discharge recd ~1'3lve 81 is in sealing contact 'With inciined surf:a.c.: 351.. 

Tae sttUc::ure of Fig. 4 has subsuntially tile sam.e W'antages as those of 

the first embodiment. Mor:over, in this embodime~ · disc~a,.ge hole 452 is easil.v .. 
machined in comparison with c.u:ved suria.ce 251 of ·1Gl-1e plate 25. 

Fig. 5 illustrates a third embocfim.c:nt of the present invention.. Tne 

embodiment of Fig. S is similar to the embodiment of tlg.. 2. Valve plate 25 U:c!.udes 

discharge hole 452 chcrethrough. Discharge flole 452 includes inner wall 452a w.bicil is 

perpendicular to end surfa.ce 2Sa of valve plate 25. 

The strttaure of Fig. S bas substao.tially the same advantages as chose of 

the mst embodiment. Moreover. in this embodiment, discilarge hole 452 is easily 

machined in comparison with discharge hole 252.of Fig. 2. 

F°?g. 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 ~dined surface 551 having a sloped linear cross-section, and projection portion 

554 extending from inclined surface 551. Projection portion 554 is in seaHng contact with 

discharge reed valve 81, when reed valve 81 is in tb.e closed position. Th.at is, surfa.ce 

portion 554a of projection portion 554 is annular shaped and has a curved cross-section 

with radius of curvaru.re Rl which defines the closing deformation of discharge reed 

valve 81. T.ae slope angle of sealing portion Slb in relation to basic portion 8la is 

defined by a. Aagle a is desiglled so that discbarge reed valve 81 is i!1 sealing contaet 

with surface portion 554a. of projection portion 554. 
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The structure of Fig. 6 has substall~y the same advalltagcs as those of 

the first embodhnent. Moreover, in the embodiment of Fig. 6, the sealing contact 

between surface portion 5S4a of projection portion 554 and disci:Large reed valve 81 is 

closer than the sealillg contact bel:'Neen inclined surface 251 and discharge reed valve 81 

of Fig. 2. This occJZS because lubricating oil compound in the refrigerant gas remaining 

on surlace portion 554a is drained off toward inclined surface 551. 

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 skill in the an that variations and modlficatioos can be easily mac-e 

within the scope of this invention as defined by the appended claims. 
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1. A refrigerant compressor comprising: 

THIS SHEET HAS BEEN 
REPLACED 

a compressor housing divided at least p:l4-tially by a valve plate into a nm 

cbamber and a second cbamber, said second chamber comorici,.,<r a discharge clw::iber: . ~ , 

a linking member for linking said first chamber to said discharge c:bamber, 

said liDking member including a· conduit providing comrmmicarion between said first 

chamber and said discharge chamber, said conduit having an end opening through which 

a refrigerant gas exits therefrom; 

an elastic valve member capable of bending to open and close said end 

opcDing of said conduit, said valve member having a predetermined spring constant and 

positioned, such tbat said end opeoing of said conduit remains blocked until a pressure· 

in said first chamber reaches a predetermined value; 

a limiting member for limiting bending movement of said valve member 

in a direction in which said refrigerant gas exits said end opc::oing of said condtlit, said 

limiting member including a retalll.cr member; and 

a valve seat formed in an end surf.a.cc of said valve plate and surrounding 

said eo.d opeoing of said conduit, said valve seat including a recessed portion offset from 

the end surf.ace of said valve plate, said recessed portion 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 of said conduit without sm."1ting the end surl:a.ce 

of the valve plate due to an elastic restoring force of the elastic valve member. 

2. ~c refrigerant compressor of claim l, wherein said ind.llled surlace 

portion is formed at a depth below said one end surface of said valve plate, said depth 

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

\ \11\111 l\\I\\ Ill\\ \tl\UI Ill\ 
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THIS SHEET HAS BEEN 
REPLACED 

3. The refrigerant compressor of claim. I, wherein.said inclined Slliface 

portion has a curved cross-section b.aving a radius of curr.tture_ said elastic valve m-...mber 

being in sealing contact with said su...-face portion when it closes said e:i4 opeIIi.ng of said 

conduit. 

4. The refrigerant compressor of claim 37 wherein said c-.uved cross-

section of said mclined surface portion has a radius of cu.,.rvaC?!re equal to or less thatl a 

radius of curva.ture of said retainer member. 

5. The refrigerant compressor of claim 3, wb.erein 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 cla.tm 3, wherein.said conduit includes 

an inner wall arnmged to be perpendicular to the end surface of the Valve plate. 

7. The refrigerant compressor of claim ~wherein said mclined surface 

portion has a linear cross-section, said elastic valve member being m seaHng coma.cc with 

said surface portion when it closes said end opening of said conduit. 

8. The refrigerant compressor of claim 1, whcrem said recessed portion 

further comprises an aonular projection portion extending from said inclined surface, said 

elastic valve member m sealing contact with said annular projection portion when it 

closes said end opening of said conduit. 

9. The refrigerant compressor of claim 1, further comprising a g:ap 

between said wall portion of said recessed portion and an outside edge of said elastic 

valve member. 
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