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VALVED DISCHARGE MECHANISM OF
A REFRIGERANT COMPRESSOR

The present invention relates to a refrigerxant compressor
and, wmore paxticularly, to a valved discharge mechanism of &
refrigerant compressor - used in an automotive air conditioning

system.

The valved discharged mechanism of a refrigerant compressoxr

are well known in the prior art. For example, U.S. Pat.

 No.4,815,952 discloses a structure and operational mechanism of

the valved discharge mechanism of a refrigerant compressor. As
disclosed therein, referring to Figure 2 and 3, a refrigerant
compressor includes a compressor housing defining a compression
chamber in which cuqceeeivo strokes of sucking, compressing, and
discharging a refrigerant gas is repeatedly performed. Purther,
a compressor includes a valve plate which is formed to partition
the compression chamber and the discharge chamber and a discharge
valve assembly which is mounted on the upper surface of valve
plate 241. ~Valve plate 241 has discharge hole 244 extending
therethrough and cOmmun}cating the compression chamber with the
discharge chamber. The discharge valve assembly includes dis-
charge reed valve 249 and valve retainer 250 which are secured

together to the upper surface of valve plate 241 by fixing bolt

- 255.° Valve plate 241 includes valve seat 24la in the upper sur-

face around discharge hole 244. Discharge reed valve, which is
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REPRI GERANT COVPRESSOR BACKGROUND OF THE INVENTION 1. Field of the
I nvgntion The present invention generally relates to a refriger- ant

conpr essor and, nore particularly, to a valved dis- charge nmechani smof a
ref ri' yerant conpressor suitable for use in an autonotive air conditioning
system 2. Description of the Prior Art The val ved di scharge nechani sm

~in arefrigerant
: i madae of elastic material, regulates the flow of the refrigerant

% gas and makes sealing contact against valve seat 241a without air

% gap when the operation of compressor is stopped. '

l Valve retainer 250 limits the bending movement of discharge
reed valve 249 in the direction in which the refriqe?ant ga§
leaves from one end opening of discharge hole 244. Dischaxge
reed valve vends to block and open one end opening of discharge
hole 244, and has a predetermined value of elastic modulus thch
allows discharge reed valve 249 to keep blocking one end opening
of discharge hole 244 until a pressure in the compression chambef
reachés a predetermined value.

The amount of the air gap between the under surface of
discharge reed valve 249 and the upper surface of valve seat 241a
'is increased and decreased corresponding to the velocity of the
dischargé refrigerant gas exhausted from discharge reed valve 249
through discharge hole 244, which is varied with the rotational

. speed of Lhe cumpressor. In this arrangement, according to
experiments by the present inventor, it is confirmed that the
magnitude of the discharge pulsation in the éompressed refriger-
ant gas becomes part;cularly large at a frequency band of approx-
imately 10-14kHz.

As a result, the compressor causes the vibration noise at
high frequency band and propagates to the passenger compartment

of the vehicle as an offensive noise.

It is an object of the present invention to provide a re-
frigerant compressor for use in an automotive air conditioning

system having a valved discharge mechanism which can effectively

Thls Sheet Has Been R, 2

TN




conp?éssor Is well known in the prior art. For exanple, FIGS. 2 and 3
depi ct a val ved di scharge nechanismin a refrigerant conpressor as
disclosed in U S. Pat. No. 4,815,6952. As disclosed therein, a refrigerant
conpres- sor includes a conpressor housing defining a conpres- sion chanber
I n which successive strokes of intake conpressi on, and discharge of a

f d_F
cludes valvedirar o thert cipT Sinarea s 470 Pod LAEREREE F2RE] dfkenbly

and a. dlscggag ﬁ@?”befe&ﬁﬁkfitha propagation of an offensive noise to a
i passenger compartment of a vehicle.

It is a fufther object of the present invention to provide a
refrigerant compressor having a valved discharge mechanism where<
in a life of a discharge reed valve is prolonged.

According to the present invention, a refrigerant compressor
includes a compressor housing defining a chamber in which succes-~
sive strokés of sucking, compressing, and discharging a refrigexr~
ant gas is repeatedly performed. The chamber is divided intq_a
compression chamber and a discharge chamber by a valve plate.
Discharge hole links a compression chamber to a discharge cham-
ber. The valve plate inclﬁdes on end surface which faces thé
discharge chamber. Discharge wvalve regulates a flow of the
refrigerant gas from the COmpréssion chamber to the discharge
chamrber. The discharge valve is made of elastic material. The
valve retainer limits the bending movement of the discharge valve
in the direction in which the refrigerant gas leaves from one
end opening of the discharge hole. The valve retainer is secured
to the axial end surface_o: the valve glate together__with the
discharge valve by fixing bolt. The discharge valve bends to
block and open one end opening ‘of the discharge hole. The dis-
charge valve has a predetermined value of elastic modunlus which
allows it to keep blocking one end opening of the discharge until
2 pressure Iin the compression chamber reaches a predetermined

_value.

The valve plate includes an-annular groove formed at the on

end surface thereof. The annular groove surrounds the discharge
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di séharge val ve assenbly which is nounted on an upper surface of valve
pl at ¢ 241. Valve plate 241 has di scharge hol e 244 extendi ng therethrough
for ¢ommuni cating the conpression chanmber with the discharge chanber. The
;dlscharge val ve assenbly includes discharge reed val ve 249 and val ve
retaijner 250 which are secureed together to the upper surface of valve plate
241 by fixing bolt 255. Val ve seat 241gerr I S |nte%£all forned I n tg
uppel  sur f hekeof andil vies intiiereda] oXeSHA dyWdthatge h e DFE8Har §81VEBed

valve 249, A\I\Q(I)E:h ;rf anfgega%c maai} %l a%tesggned to be created between the dis-

charge reed valve and the valve plate.

i Furthexr objects, ‘features and other aspects of the present
invention will be understood from the detailed description of -the
preferred embodiment of the present invention with reference to

the annexed drawings, in which:-

Figure 1 is a longitudinal sectional view of a scroll re-
fyigarant cempressor in accordanoo with tho pregent inventiom.
Figure 2 is a sectional view of a discharge valve assembly

in accordance with the prior art.

Figure 3. is a plan view of the discharge valve assembly
shown in Figure 2. '

Figure 4 is a sectional view of a discharge valve assembly
in accordance with the first embodiment of the present inventiomn.

Figure S5 is a plan sectional view of a discharge valve
assembly shown in Figure 4.

Figure 6 is a sectional view of a discharge valve assembly
in accordance with the second embodiment of the present inven-
tion.

Figure 7 is a plan sectional view of a discharxge valve
assembly shown in Figure 6.

Figure 8 is a sectional view of a discharge valve assembly
in accordance with the third embodiment of the present invention.

Figure 9 is a sectional view of a discharge valve assembly
shown in Figure 4 but showing a2 length of a air columnar of

discharge valve and the velocity of a fluid in the air gap be-
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agai hst val-ve seat 241a without an air gap when operation of the conpressor
i § stopped. Val ve retainer 250 |imts the bendi ng novenent of discharge
reed{val ve 249 in the direction in which the refrigerant gas exits
idlscharge hol e 244. Discharge reed val ve 249 bends as it opens and cl oses
di scharge hole 244 and has a spring constant which allows discharge reed
val vé 249 teebhoekeddsebivaxme hvalye2daduthiel vallee seat.

natékial, regul ates a flow of the refrigerant gas and is in sealing contact

Figqure 10 is a plan sectional view of discharge valve assem-

bly shown in Figure 9.
i Figure 11 is graphical illustration of a relationship be-
tween air gap d and time t, and a graphical illustration of
relationship Dbetween the magnitude of the vibration of the. com~-
pressor in accordance with the prioxr art.

Figure L2 15 a sectional view of a dlschiarye valve assembly
shown in Figure 4 but showing a length L of a air columnar of
discharge valve divided into.

Figure 13 is a sectional view Of discharge valve assembly
shown in Figure 6 but showing the discharge valve adhered to the
valve seat. _

Figure 14 i{s graphical illustration of a relationship be-
tween air gap d and time t, and a graphical illustration of
relationship between the magnitude of the vibration of the com-
pressor in accordance with the second embodiment of the present

invention.

Figure 1 illustrates a fluid displacement apparatus in ac-
cordance with the present invention, in particular a scroll type
£luid displacement apparatus 1 according to.one embodiment of the
present invention. The apparatus 1 includes a housing 10 com-
prising a front end plate member 11 and a cup-shaped casing 12
which is disposed on one end surface.of front end -plate member

11. An opening 111 is formed in the center of front end plate

member 11 for penetration or passage of a drive shaft 13. An

annular projection 112 i{s formed on the rear end surface of front
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ead plate member 11 which faces casing 12. An outer peripheral
surtace of annular projection 112 [iis into an innex wall surface
of the opening portion of casing 12. Casing 12 is fixed on the
rear end surface of front end plate member 11 by a fastening
means, for example bolts (not shown), so that the opening porticn
of casing 12 is covered by front end plate member 11. An O—riﬂg
member 14 is disposed between the ocuter peripheral surface of
annular projection 112 and the innex wall‘surface of casing 12,
to thereby effect a seal between the fitting or mating surfaces
of front end plate membei 11 and casing 12.

Front end plate member 11 has an annular sleeve portion 15
projecting from the front end surface thereof for Surrounding
drive shaft 13 to define a shaft seal cavity. In this embodi-
ment, s8leeve portion 15 is separate from front end plate member
11, Therefore, sleeve portion 15 is fixed to the front end
surface of front end plate member 1l by a plurality of screws
(not shown). O-ring 16 is disposed between the.end surface of
front end plate member 11 and sleeve portion 15. Alternatively,
gleeve portion 15 may be formed integral with front end plate
membex 11. Drive shaft 13 is rotatably supported by sleeve
portion 15 through bearing 17 disposed within the front .end
portion of sleeve portion 15. Drive shaft 13 is formed with disk
pPortion 131 at its inner end portion and disk portion 131 is
rotatably supported by froﬁt end plate member 11 through bearing
18 disposed within opening 111 of front end plate member 11,
Shaft seal assembly 19 is assaembled on drive shaft 13 within the
shaft seal cavity of sleeve portion 15. Pulley 20 is rotatably
supported by sleeve portion 15 through bearing 21 which is dis-
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pres@ure in the conpression chanber reaches a prede- term ned val ue.

Spir@l elenments 242, 252 are disposed within the com pressor housing and
intefffit with an angular and radial offset. At |east one pair of fluid
pockdts are thereby defined between spiral elements 242, 252. The air gap
bet wgen di scharge reed valve 249 and the upper surface of val ve seat

20U 0] | lG" 8ASEHe A0k 685 FF.S8S Uk 1) AR HRRAMK!  MB1¥EREBkAYnSEsc

coil 22 is fixed on the outer surface of sleeve poxtion 15 by
support plate 221 and is received in an annular cavity of pulley
20. Armature plate 23 is elastically supported on the outer end
portion of drive shaft 13.whinh extends from sleave portion 1S,
Magnetic clutch comprising pulley 20, magnetic coil 22, and
armature plate 23 is thereby formed,

Thus, drive shaft 13 is drive by an external power source,
e.g., the engine of an automobile, through fo&ge transmitting
means, such as the magnetic clutch. Fixed scroll member 24,
) orbiting scroll member 25, crank type driving mechanism 132 of
orbiting scroll member 25, and rotation preventing mechanism 13
of orbiting scroll membexr 25 are dieposed in an inner chamber of
cup shaped casing 12. Fixed scroll member 24 includes circular
end plate 241, wrap means or spiral element 242 affixed to and
extending from one side surface of end plate 241, and a plurality
of internally threaded bosses 243 axially projecting from the end
surface of end plate 241 opposite to the side thereof from which
spiral element 242 extends. The end surface of each boss 243 is
1 seated on the inner surface of end'p;a;e_pqrt;on 121 of cup-
‘ shaped casing 12 and is fixed to end piate poxtion 121 by' b&its
26. .

ﬁence, fixed scroll member 24 is fixedly disposed within
casing 12, Circular end plate 241 of fixe& scroll member 24

partitions the inner chamber of casing 12 into discharge chamber

i 27 and suction chamber 28 by seal ring disposed between the outer

peripheral surface of end plate 241 and the inner wall of casing

& 12. Orbiting scroll membexr 25 is disposed within suction chamber
7
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s exhausted from the di scharge chanber through di scharge hole 244,
scharge velocity varies ac- cording to the rotational speed of the

It will be appreciated by those skilled in the art that com
in the fluid pockets is intermttently deliv- ered to a central
This, in turn | eads to pulsed fluid delivery through

o1 9° 49, S g (SRERE BRSO N1 U8 o008 25t S0 050, BPARH Yo,

't he CO”DrE&E%ELIfﬁﬂéﬁﬂ%&ﬁﬂSzgaﬁfixed to and extending from one side surface

of end plate 251. Spiral element 252 and spiral element 242 of
fixed scroll member 24 interfit at an angular offset of 180 and a
pfedetermined radial offgset. At least one pair.of fluid pockets
are thereby defined betweeﬁ spiral elements 242 and 252. Orbit~
ing scroll member 25 is connected to the driving mechanism and
the xrotation preventing mechanism. These two mechanism effect

orbital radius Ro (not shown) by rotation of drive shaft 13, ¢to

. thereby compress fluid passing through the compressor unit. Bach

spiral element 242, 252 is provided with groove 30 formed in its
axial end surface along the spiral cuxrve. Seal element 31 is
loosely fitted within groove 30. Sealing between the axial ' end
surface of each spiral element and the inner end surface of the
opposite end plate is effected by the seal element.

As above described, when orbiting scroll member 25 is al-
lowed to undergo the orbital motion of radius by the rotation of
drive shaft 13, line contacts between both spiral elements 242,
252 shift along the spiral curved surfaces so that the fluid
pockets move to the center of the spiral elemenfs.

Therefore, £fluid or refrigerant gas, introguced ‘into thq
suction chamber 28 from an external fluid circuit <through an
inlet port 32 on casing lZ, 1S drawn into the rluxd pockets
formed between spiral elements 242 and 252. As orbiting scroll
member 25 orbits, fluid in the fluid pockets is moved to the

center of the spiral elements with a consequent reduction of

volume. Compressed fluid is discharged into discharge chamber 27

from the fluid pockets at the center of the -spiral elements
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Whe® t he magni tude vi bration of the conpressed re- frigerant gas reaches a
“fredquency band of approxi mtely 10-14kHz, the air gap, which is forned as a
col Jom of air, produces a resonant vibration due to synpathizing with the
vi brfati on of the conpressed refrigerant gas. As a result, an offensive

noi §e propagates to the passenger conpartnent of the vehicle.

SUMNRRY OF plida JHNYIRIYE Qe Whilch 38 9915—1‘38& Qﬂr&k‘in PEESEM 2k TBH %*[‘Fpiﬂ'&et 0241
proVi de .a re |gerant conpressor Suitable for an aut onotive
of fixed scroll member 24, at a position near the center of
spiral element 242, past discharge reéd valve 249, and is dis-
charged therefrom through outlet port 33 formed on casing 12 to
an external fluid circuit, ¢.e., a cooling circuit.

Referring to Figure-4 and S, discharge valve assembly is
provide within discharge chamber 27. Discharge valve assembly
includes discharée reed valve 249 and valve retainer 250 which
are secured together to the axial end surface 24lc of circular
end plate 241 by fixing bolt 255. Circular end plate 241 in-
cludes valve seat 24la which is formed in axial end surface 24lc
around discharge hole 244 and annular groove 241b which is still
formed in axial end surface 24ic around valve seat 24la. The
longitudinal axis of annular groove 241b is concentrio with <the
longitudinal axis of discharge hole 244. Discharge reed valve
249 which is made of elastic material, e.g., thin spring steelf
regulates a flow of the refrigerant gas and makes sealing contact
against valve seat 24la. Valve retainer 250 limits the bending
movement of discharge reed valve 249 in the direction which thé
refrigerant gas leaves from one end of discharge .hole 244.
” Dischargé reed valve 249 vends to block and open‘ oné -end of
discharge hole 244, and has a predetermined value of elastic
modulus which allows discharge reed valve 249 to keep blocking
one end of discharge hole 244 until a pressure in compression
chamber 27 reaches a predetermined value. Purther, discharge
reed valve 249 includes end portion 249a which is dimensioned to
.be larger than the outer diameter of annular groove 241b so as to

cover entirely the upper surface of annular groove 241b,
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ai rf condi tioni ng system having a val ved di scharge mechani sm whi ch can
effpctively reduce the vibration caused by a discharge val ve assenbly and,

thu;h reduce the propagation of an offensive noise to a passenger
;conaartnent of a vehicle. It is a further object of the present invention
'to pro- vide a refrigerant conpressor having a val ved dis- charge nmechani sm

‘wherein the |if@qf, a4l $6NabARIAEL0NAE Vend nd¥ N YW scharge valve in
| the prior art is caused as follow mechanism. 1In generdlr when a
fluid forxcibly jets from an opening of a tube, a karuman vertex
streets are caused at a border region of circumferential medium.
Thereby, the refrigerant gas which flows from the discharge hole
to the discharge chamber éauses a karuman vertex street at near
the corner of the discharge hole. The vibration of refrigerant
gas occurs Qith a specified frequency band by the karuman vextex
street. This freguency band can be represented by the follow
equation, o
£ = St.v/D e (1)

In this formula, f is a frequency of a vibration and St is
Strouhal number which is related to Reynolds number. vV is a
velocity of medium, such as a refrigerant gas and D is a diameter
of an opening which a fluid £lows. Purthér, the air gap between
the discharge valve and the valve seat are formed as a certain
air columnar which has a natural frequency as the following
eauAation., Thia natural frequency is only ralation o length L,
not the diameter of air columnaxr.

B fn = nA/2AL e (2)
In this formula, fn is n oxder freqﬁency and A is a sonic
speed in a fluid gas. L is a length of air columnar.

Then, referring to Figure 9 and 10 in accordance with the
prior art, velocity v of the refrigerant gas . from discharge
hole 244 to discharge chamber 27 through discharge reed valve 249
increase in proportion to the rotary speed of the coOmpressor.
Alr gap d between discharge reed valve 249 and valve seat 24la is

increased according to discharge reed valve 249 being lifted and
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opened by the discharge gas. Length L %8 a length of which
discharge xreed valve 249 is geometrically projected from upper
direction and changed.in accordance with discharge reed valve
249 being opened and closed.

Thereby, the above air columnar occurs a resonance vibration
due to sympathizing the vihration of refrigerant gas which is
cansed the karuman vertex street as the equation 1 and 2. Ac-
cording to experiments by present inventors, it was confirmed
thét"these vibration of various frequency are caused at the same
time because Length L has a various value in all radial direction
and the reeonance of vibration are caused at the peak of the
movement locus of the discharge valve as shown in Figure 11.
Pigure 11 illustrates the displacement of air gap d relation to.
tvime. Further, it was confirmed that the magnitude of the large
vibration becomes particularlf larée when the dischaxge valve

reaches the peak of the movement and the noise of this peak

. vibration become large at a frequency band of approximately 10-

14Hz according to analyszing frequency.

In this embodiment, referring to Figure 12, the frequency of

'which the resonance vibration are caused by L1, L2, L3, 14, L5,

and L6 are respeclively high frequency band beéguse length L of
air columnar is divided into L1, L2, L3, L4, L5, and L6 at groove
241a as a border. These freguency are beyond the scope of audi-
tory sensation area. As a result, the noise of resonance of
vibration become to be vanished. Further, the depth Al of annu-
lar grove -241b is required to be more than 0.15 mm SO &as to
perform varnishing the noise of resonance of vibratica.

Figure 6 and 7 illustrates second embodiment of the valve

11
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Accfrding to the present invention, a refrigerant conpressor includes a

conpr essor

housi ng defining a chanber in which successive strokes of

iﬁtakq, com pression, and discharge of a refrigerant gas are repeat- edly

.per | orned.

The chanber is divided into a com pression chanber and a

‘di sfharge chamber by a val ve plate. A discharge hole links the conpression
chajpber todibehdirgehamgehshidbeof skrmollaltypepiraifeigecateds aompressor f ackn
whi gh faces_the di scharge chanber. A dis-

this embodiment, circular end plate 241 divides axial end surface
24lc and fixing surface 241d to which discharge reed valve 249
and valve retainer 250 are secured together. Fixing surface
241d 1is formed to be higher than axial end surface 241c so that
alr gap A2 is axially created between the under surface of dis-
charge reed valve 249 and axial end surface 24lc. Also,end
portion 249a of discharge reed valve 249 may be designed to be
axially offset so that air gap A2 isg axially created between the
under surface of discharge reed valve 24§ and axial end surface
241c. The surface of which dischaxge reed valve .249 faces to
valve seat 24la is parallel to axial end surface 241lc of valve
saeat 24la.

Also, when the operation of compressor is stopped, there are
a predetermined air gap between discharge reed valve 249 and
valve seat 24la. However, once the operation of compressor begin

to start, the pressure of discharge chamber 27 is gradually

- increased and consequently to be higher than the integrated pres-

sure force which the pressure in compression chamber 245 is added
to the restoring force of discharge reed valve 249, while dis-
charge reed valve 249 is 6paned and closed in saveral tines.
After that time, diecharge.reed valve 249 constantly starts to be
open from such condition of which discharge reed valve 249 adhere
to valve seat 24la as well as the condition which a predetermined
air gap is not provided with as shown Figure 13.

In this arrangement, it was cdnfirmed that the movement
locus of the air gap d dose not rise above the peak of the move-

ment of the discharge valve in the prior art because the compres- -

12
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er to the discharge chanber. The di scharge valve is nade of an elastic
erial. A valve retainer limts the bending novenent of the dis- charge
e inthe direction in which the refrigerant gas exits the discharge

2. The valve retainer is se- cured to the axial end surface of the valve

E%e val ve regul ates the flow of refrigerant gas fromthe conpression

Ltth
Dai e bondiofy Shboslol ShE DRHGHEER At chhibYd 205 (e WEELECH Uhe

ve bends as opens and
a spricag SQReiRgt dléethAgd Qed valve 249 by the restoring force of

discharge reed valve 249 and the noise of resonance of wvibration
is not caused due to this movement of discharge reed valve 249,
as shown ?igure 14. Also, the noise of the compressor become to
be varnished because this mgvement of discharge valve arae bayond
the scope of the area which the noise of vibration are caused,
this scope is formed due to a relationship between velocity v of
the refrigerant gas and air gap d. The value of air gap d is re-
quired to be more than 0.15 mm so as to perform vanishing the
‘ noise of resonance vibration.

Figure 8 illustrates thirxrd embodiment of the valve discharxge
mechanism. This embodimént includes both first embodiment and
second embodiment,i.e., annular groove 241b which is stili formed
in the surface around valve seat 24la. Discharge reed valve 24§
includes end portion 24%a which is dimensioned to be larger than
the outer diameter of annular groove 241b so as to cover entirely
the upper surface of annular groove 241b., Fixing surface 241d is

axially offset and higher than axial end surface 24lc¢. Air gap

A2 is designed to be axially created between the under surface of
’ discharge reed valve 249 an& axial end surface 241c. Therefore,
thig embodiment provides the advantages which is more reliable
than the first embodiment and the second embodiment in concern
with the noise of the resonance of the vibration.
Furthermore,.in the second embodiqent and third embodiment,
a life of discharge reed valve 249 become to be long-lifed be-
cause discharge reed valve 249 softly contact valve seat 24la by

the restoring force of discharge valve 249,

13
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the ¢i scharge valve to block the discharge hole until a pressure in the
conpfessi on chanber reaches a prede- term ned val ue. The val ve pl ate

i ncl gdes an annul ar groove formed at the end surface thereof. The annul ar
grooye surrounds the discharge hole and is entirely overlaid by the dis-
charge reed valve. Also, an air gap may be fornmed between the discharge
reed{val ve and I v d duce t he
magn| t ude of th%mﬁgégiﬂﬂe?ﬁ) a%ra"‘t"%s %g?'egyhggd%gl%ﬁgdg#ég nnec-

tion with the preferred embodiment, the invention is not limited
thereto. It will be easily understood by those of ordinary skill
in the art that variations and modifications can be easily ' made
within the scope of this inventioﬁ as defined by the appended

claims.
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i n@ noi se propagated to the passenger conpartment of the vehicle. gthe

objcts, features and advantages of the pres- ent |nvaMksmwﬂﬂ$
uh -stood fromthe detailed de- scription of the prefe ts of
ithel present invention with reference to the appropriate IEF

DEJCRI PTION OF THE DRAWNGS FIG 1 is a |ongitudinal sectlonal V|em10f a
scrjol | -type refrigerant conpressor igLagmgrdance with the present
mention. 1. In a refrigerant compressor including a compressor
housing defining a chamber in which successive strokes of suck-
ing, compréssinq, and discharging a refrigerant gas is repeatedly
performed; '

said chamber being divided into a first chamber and second
chamber in which a discharge chamber is defined by a valve plate;

said valve plate including one end surface which faces said
discharge chamber;

linking means for linking said first chamber to said dis-
-‘ | charge chamber; .

regulating means for regulating a.flow of said refrigerant
gas from said first éhamber to said discharge chamber;

said linking means including a conduit communicating said
first chamber with said discharge chamber;

regulating means including a plate member made of elastic
material and a retainer member limiting the bending movement of
said plate member in the direction in which said refrigerant gas
leaves from said one end opening of said conduit;
- said retainer member secured to said on end surface of said
, valve plate together with said plate.member by £fixing means;

said plate member bending to block and open said one end
opening of said conduit;

said plate member having a predetermined value of elastic
modulus which allowe said plate member to keep biocking said one
end opening of said conduit until a préssure in said first chan-
'ber reaches a predetermined value, the improvement comprising:

said valve plate including an annular gréove formed at

15
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said annular groove which surrounds said conduit and is

said on end surface thereof,

entirely overlaid with said plate member.

2. The refrigerant compressor of claim 1 wherein the longi-
tudinal axis of said annular groove is conceﬁtric with the longi-
tudinal axis of said conduit.

3. In a refrigerant compressor including a compressor hous-
ing defining a chamber in which successive strokes of sucking,

compressing, and discharging a refrigerant gas is repeatedly per-

formed;

said chamber being divided into a first chamber and second
chamber in which a discharge chamber is defined by a valve plate;

said valve plate including one end surface which faces said
discharge chamber; |

linking means for linking said first chamber to said dis-
charge chambex;

regulating means for regulating a flow of said refrigerant
gas from said £irst chamber to said discharge chamber;

said 1linking means including a conduit communicating said
first chamber with said discharge chamber;

regulating means including a plate member made of elastic
material and a retainer member limiting the bending movement of
said plate member in the direction in which said refrigerant gas
leaves from said cne end opening of said conduit;

said retainer member secured to said one end surface of said
valve plate together with said plate-member by fixing means;

said plate member bending to block and open said one -end

opening of said conduit;

16
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FI 2 is a sectional view of a discharge valve assem bly in accordance
‘Wt the prior art. FIG 3 is a plan view of the discharge val ve
assenply depicted in FIG 2. FIG 4 is a sectional view of a discharge
ivaljve assem bly in accordance with a first enbodi nent of the pres- ent

I nvent i on. FIG 5 is a plan view of the discharge val ve assenbly in

accprdance “‘tﬁaiﬁe Eigéé ﬁ%%ﬁ%Q’HﬁUiﬁg Jigiéaé¥§¥ﬂined value of elastic
modulus which allows said plate member to keep blocking said one
end opening of said conduit until a pressure in said first cham-
ber reaches a predetermined value, the improvement comprising:

an air gap being created between said plate nember and

said valve plate.

4. The refrigerxant compressor of claim 3, said plate member
having one end surface which faces said one end surface of said
valve plate, wherein said one end surface of said plate member is

parallel to said one end surface of said valve plate.
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ention
char ge

enti on.

SEDt i nventi on.

as depicted in FIG 4. FIG 6 is a sectional view of a
val ve assem bly in accordance wth a second enbodi nent of the

A refrigerant compressox includes a compressor housing
defining a chamber in which successive strokes of éucking, com-
pressing, and diécharging a fefrigerant gas ig repeatedly per-
formed. The chamber is divided into a comprassion chamber and a
discharge chamber by a valve plate. Discharge hole links a
compression chamber to a discharge chamber. The valve plate
includes an end surface which faces the discharge chamber.
Discharge valve regulatoc a flow of the refrigerant gas from the
compression chamber to the discharge chamber. The valve retainer
limits the bending movement of the discharge valve in the direc-
tion in which the refrigerant gas leaves from one end opening of
the discharge hole. The valve retainer is secured to the axial
end surface of the valve plate togethexr with the discharge valve
by fixing bolt. The discharge wvalve bends to block and open one

end opening of the discharge hole. The valve plate includes an

FIG 7 is a plan view of the discharge val ve assenbly
accordance with the second enbodi ment of the pres- ent invention as
icted in FIG 6. FIG 8 is a sectional view of a discharge val ve
em bly in accordance with a third %E%&%AF%Pt of the pres- ent

annular groove formed at the on end surface thereof. The annular

groove surrounds the discharge hole and is entirely overlaid with
the discharge reed valve. Also, an alr gap may be designed to be
created Dbetween the_discharge reed valve and the valve plate.
Thereby, the noise of resonance vibration caused from discharge

valve mechanism can be effectively reduced.

\
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depicted in FIG 2.

blly as depicted in FIG 9.

Il l-ustration! of.the

1G 9958@t§i%2e3t@onal view of the discharge valve assenbl’y as.
FIG 10 is a plan view.of the discharge valve assem
FIG 11 is graphical

Irql ati onship between air gap-d, as depicted in FIG 9, and tinme t, and a
"grlaphi cal illustration of the rel ati-onsfi/8 between mag- nitude G of a.
I n accordance with the prior art,
vi ew of the discharge

vijpration of a conpressor,
G 12 is a detail ed sectional

FI

and tinme t. -
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§ Ve assenbly as depicted in FIG 4. .FIG 13 is.a detalled .sect i gnal
w of the discharge val ve assenbly as deplcted |n Fl G 6. ﬁIG. 14 IS

Vi

grphical illustration of the relationship hetween ait gap A[err]
~depicted in FIG 6, and tine t, and a gE@&ﬂlcal il lustration of. the
refationship between nagnitude G of a vi9ration of a conpressor, in accor-

dafce with the second enbodi nent of the present in- venti-on, and tlne t.
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ht side of FIG 1 is referred

PREFERRED,

hogsi ng 10 conprising fromend pl ate nenber 11

166

ald 277 a4\t

' ,

EMBQDI MENTS FIsG 1 -depi ct S

frigerant conpressor, in particular a sgrol]|-type: cohpresSor ‘in
rdance with the pres- ent invention.
di- nents, the left side of FIG 1

i
to asié? rear

W thout |i'm.ting the preferred
eferred to as the front and the

Conmpressor 1 i ncl udes
and cup-shaped casing 12.
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di o

sed on a rear end surface of front end plate mem. ber 11r-Cpen|ng 111
s

grmed in a center of front end plate menber +11 for penebratron of drive
‘shafg 13. An- nular projection 112 is formed on:'the rear end surface of
‘fro end plate nenber 11 and faces cup- %gﬁged casing 12. An olter
perifpheral surface of annul ar projection fits into an inner wall

sur flace of an opening portion of cup-shaped casing 12. Cup-shaped casing 12
is fi xed on the rear end surface of front end pl ate menmber 11 by fastening

, € g. bolts (not shown), TQ_Lhat 1{;: <§§l

=16, g
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ni ng portion of cup-shaped casing 12 is covered by front end plate . .
er 11. First Oring nenber 14 is disposed 'b'etwéen;the, aut er. peripheral-
face of annu- lar projection 112 and the'inner wall surface:of cup-
dped casing 12, to thereby effect a seal between the surfaces of from end
pfft e menber 11 and cup-shaped casing 18/8 Front end plate nmember 11 has
afthul ar sl eeve portion 15 projecting froma front end surface thereof for

i# - rounding drive shaft 13 to define a shaft seal caﬁ,y./| nG /O .

/
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enbodi nent, annul ar sl eeve portion 15 Is separate fronrfrent end pl ate
er 11.. Therefore annul ar sl.eeve portion 15 is!fi-xed to the front-end:
isurf ace of front end plate nenber 11 by a pIurallty of fasteners, e.g.
'scrgws (not shown). Second O-ring nenbe?/ 6 is disposed between the front

i surface of front end plate nenber nd annul ar sl eeve portion 15.

erna- tively, annular sleeve portion 15 may be fornmed integral with

frd't end plate nenber 11. Tvefshaft® 13})i otat- abl.y supported by
anrul ar sl eeve portion 15 thsoug - /

| | r—iar -y
; o 249 b ﬁz_%.'s
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ing 17 disposed within a front end portion of annu- -
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lar sleeve portion 15 Disk portiea—134 is formed at an__inner end portion

of drdve shaf Effﬁﬁ}ééé%ﬂ%ﬁ&on 184 is | rotatabl j supparAcd By SFERTENd 56

pl at e menper rough beaji ng 18éngposed Wi t hiprrepening hlPf. #pohked &

end pl at e| pEDdenptidd : pagear.t... eapagesisenblly 19 is abseny oled Qn.gi i .gi;héii& 5

13 Wt hi n| (005 ¢ paRh .6 Yagd Arlul ar sl ee PROELL0) L5 Pyl Yoy 2004 #

rotatably lejrgr-awing(s) : paged ....ZL. to paged £ E/z:';bszract cpaged A to p:;j)bd o
#f Abstract - : paged ...77. to paged ..7.... '

-k

VALVED DISCHARGE MECHANISM OF
A REFRIGERANT COMPRESSOR

The present invention relates to a refrigerant compressor

and, more particularly, to a valved discharge mechanism of a

refrigerant compressor used in an automotive air conditioning

system.

T

The valved discharged mechanism of a refrigerant compressor:

are well known in the prior art. For example, U.S.- Pat.

No.4,815,952 discloses a structure and operational mechanism. of
the valvéd discharge mechanism of a refrigerant compressor. As
disclosed therein, referring to Figure 2 and 3,' a refrigeranp

compressor includes a compressor housing defining a compression

chamber in which successive strokes of sucking, compressing, "and

discharging a refrigerant gas is repeatedly performed. - Further,

'é compressor includes a valve plate which is formed to. partition
the cpmpiession chamber and the discharge chamber and a discharge
valve assembly which is mounted on the upper surface of valve
plate 241. Valve plate 241 has discharge hole 244 extending
the:ethrough and communicating the éompressionfchambér with the
dischérge_ chamber. The discharge valve assembly includes dis-
charge reed valﬁe 249 and ﬁalve retainer'250 which are secured
together to the upper surface of“;éive plate 241 by fixing bolt
255. | -
féce around diécharge hole 244. Discharge reed vaive, which 1is

— This is the rép!acemeht sheet
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Valve plate 241 includes valve seat 24la in the upper sur-




ported by annul ar sleeve portion 15 through bearing 21 which is di sposed
on an-outer surface of annular sleeve portion 15. Electromagnetic coil 22
is fixed on the outer surface of annular sleeve portion 15 by support
‘plate 221 and is received in an annular cavity of pulley 20. Armature
plate 23 is elastically supported on an outer end portion of drive shaft

13 which extends fromannu- |ar sleeve portion 15. A nmagnetic clutch
conprising pulley 20, electromagnetic coil 22, and armature plate 23 is
thereby f or med. 2 '

made of elastlc material, regulates the flow of the refrlgerant
gas and makes sealing contact against valve seat 24la without alr
gap when the operation of coﬁpressor is stopped.

Valve retainer 250 limits the bending.movement of discharge
-reed valve 249 in the direction in which the refrigerant gas.
leaves from one end_openihg of diseharge hole 244. Discharge
reed valve vends to block and open one end opening of discharge
‘hole 244, and has a predetermined value of elastic modulus which
allows diseharge reed valve 249 to keep blocking one end opening

.of discharge hole 244 until a pressure in the compression chamber
‘reaches a predetermined value.

The amount of the air gap between the under surface of
discharge reed valve 249 and the upper surfacelof valve seat 241la
is increased and decreaSed.corresponding to the velocity of the
discharge refrigerant gas exhausted from discharge reed valve 249
through discharge.hole 244, which is varied with the rotational
speed of the_ compressor. "In this arrangement; according to
experiments by_ the present inventor, it is confirmed <that the
magnitude of the discharge pulsation in the compressed refriger-
ant gas becoﬁes particularly large_at a frequency band oflapprox-
imately 10-14kHz. '

' As a result, the compressor causes the vibration noise. at“
 high_ frequency band and propagates to the passenger compartmentl

of the vehicle as an offensive noise.

‘It is an object of the present invention- to provide a re-
frigerant compressor for use in an automotive air conditioning

system hav1ng a valved dlscharge mechanism Wthh can effectively

Thcs is the replacement sheet
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Drive shaft 13 is driven by an external power source, e.g. the engine of
an autonobile, through force trans- mtting nmeans, such as the nmagnetic

clutch. Fixed scroll nenber 24, orbiting scroll menber 25, crank-type
driv-, i-ng mechanism 132 of orbiting scroll nenber 25; and rotation
preventing nmechani sm 133 of orbiting scroll nenber 25 are di sposed in an

i nner charber of cup- shaped casing 12. Fixed scroll nenber 24 includes

sec- ond circular end plate 241, second spiral elenent 242 affixed to and

extending froma front side surface of
' 3

reduce the vibration noise causéd from a discharge vaie assembly
and thus, reduce the_propagation of an oﬁfensivé_ noise to a
passenger compartment of a vehicle.

It is a further object of the present invention to provide a
iefrigetant compressor having a valved discharge mechanism where-
" in a life of a discharge reed valve is prolonged.

According to the present invention,'a refrigerant compressor
includes a compressor housing defining a chamber in which succes-
sivé strokes of sucking, qoﬁpfessing, and discharging a refriger-
ant gas is repeatedly pérformed. .The chamber is divided-into a
compression chamber and a discharge chamber by a valve plate.
Discharge hole links a compression chamber to a discharge cham-
ber. The valve plate includes_on'end surféce which faces the
.discharge chamber. Discharge valve regulates a flow of the
refrigerant gaé from the compréssion chamber to the discharge
chamber. The discharge valve is made of elastic material. The
valve retainer limits the beﬁding movement of the discharge valve

- in the direction in which the refrigerant gas leaves from " one
end opehing of the discharge hole. The valve retéiner is secured
to the axial end surface of the val#e plate together- with the
discharge valve by fixing bolt. The discharge valve bends 'té _
block aﬁd open one end opéning of the discharge hole. The dis-
charge valve has_a.predétérmined value of elastic modulus ‘- which
allows it to keep blocking bne end opening of the discharge untii
a pressure in the coméression chamber reachés a predetermined
value. | |

The valvé plate.includes an ;nnular grdové formed at the on

end surface thereof. The annular groove surrounds the discharge

This is the replacement sheet
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second circular end plate 241, and a plurality of inter- nally threaded
bosses 243 projecting axially froma rear end surface of second circul ar
|end plate 241. An end surface of each boss 243 is seated_on an i nner

surface of

end plate portion 121 of cup-shaped casing 12 and is fixed to—

end plate portion 121 by bolts 26. Thus, fixed scroll ITEIﬂﬂEShea‘HabBeeBR Ly

di sposed w
fixed-scroll

t hi n- cup-shaped casi ng 12. Second circular end
menber 24 partitions the inner cham ber of Ing

12 into di scharge chamber 27

4

hole and is entirely overlaid with the discharge reed valve.

Also, an air gap may be designed to be orested between the dis-

charge reed valve and the valve plate.

Further objects, features and other aspects of the present

| . _' invention will be understood from the detailed description of the

. preferred embodiment of the present invention with reference to

the annexed drawings, in which:

Figure 1 is a longitudinal sectional view of a scroll re-

frlgerant compressor in accordance with the present lnventlon.

Figure 2 is a sectlonal view of a discharge valve assembly

in accordance with the prior art.

Figure 3 is a plan view of the discharge valve assembly _

~ shown in Figure 2,

Flgure 4 is a sectlonal view of a discharge valve assembly

in accordance with the first embodiment of the present invention.

Figure 5 is - a plan sectional view of a discharge valve

assembly shown in Figure 4.

- Figure 6 is a sectional view of a discharge valve assembly

'in accordance with the second ‘embodiment of the present inven-

tion.

Figure 7 is a plan sectional view of a discharge valve

assembly shown in Flgure 6.

Figure 8 is a sectional view of a dlscharge valve _assembly

in accordance with the third embodiment of the present invention.

Figure 9 is a sectional view of a‘discharge valve ~assembly

shown in' Figure 4 but showing a length of a air  columnar of

_dlscharge valve and the veloc1ty of a fluid in the air gap be-
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and suction chanber 28 by seal ring 29 disposed be- tween an outer

peri pher al

surface of second circular end plate ZZI~5ﬁa—rﬁ§77ﬂﬂﬂ‘ﬁwﬁ|

. surface of cup-shaped casing 12. Obiting. scroII ﬁEﬂhﬁSm;ﬁﬁkﬁe

EV\nthln

Hllllll il ll!

tween the discharge valve and the valve seat.

5

. Figure 10 is a plan sectional view of discharge valve aseem-_
bly shown in Figure 9. | '

'Figure 11 is graphicél illustration of a relationship befl
tween air gép d-and ﬁime t, and a graphical illustration of

relationship between the magnitude of the vibration of the com-

pressor in accordance with the prior art.

Figure 12 is a sectional view of a discharge valve assembly '
shoWn in Figure-4 but'showing a Iength'L of a air columnar of
dlscharge valve d1v1ded into.

Figure 13 is a sectlonal view of dlscharge valve assembly'

shown in Figure 6 but showing the discharge valve adhered to the

valve seat.

Figure 14 is graphical illustration of a relationship be- .

tween air gap d and time t, and a .gréphical illustration of

relationship between the magnitude of the vibration of the com-
pressor in accordance with the second embodiment of the present

invention.

Figure 1 illustrates a fluid displacement apparatus in ac-

cordance with the present invention, in particular a scroll type

fluid displacement apparatus 1 according to one embodiment of the

present invention. The apparatus 1 includes a housing 10 com-
prising a froht end plate member 1} and a cup-shaped casing 12
which is disposed on one end surface of front end plate member
11. An opening 111 is formed in the center of front end 'plate
member 11 for penetration or passage of a drive shaft 13; An

annular pro;ectlon 112 is formed on the rear end surface of front

This is the replaoement sheet
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suction chanber 28 and conprises first circular end plate 251 and

~first-spiral elenment 252 affixed to and extending froma rear side surface
of first circular end plate 251. First spiral elenment 252 and second spiral

This Sheet Has Been Reﬂlacéd

6

end plate member 11 which faces casing 12. An outer peripheral

surface of annular_projection 112 fits into an inner wall surface

of the opening portion of casing 12. Casing 12 is fixed on the

‘rear end surface of front end plate member 11 by a fastening

nmeans, for example bolts (not shown), so that the opening portion |

. of casing 12 is covered by front end plate member 11. An O-ring

member 14 is disposed between the outer peripheral surface of
annular -projection 112 and the inner wall surface of casing 12,

to thereby effect a seal between the fitting or mating surfaces

of front end plate member 11 and casing 12.

Front end plate member 11 has an annular sleeve portion 15
prbjecting' from the frent.end surface thereof for surrounding
drive shaft 13 to define a shaft seal cavity. In this eﬁbed;-_
ment, eleeve portien-ls is separate from front end plafe member
ii.- Therefore; 'sleeve 'portion 15 is fixed to the‘ front end
surface of front end plate member 11 by a plurallty of screws
(not shown). O-ring 16 is dlsposed-between the.end surface of
front.end plate membei 11 and sleeve portion 15. Alternatlvely,

sleeve portion 15 may be formed integral with front. end plate

- member 11l. Drive shaft 13 is rotatably supported by sleeve

portion 15 through bearing 17 disposed within. the front end

portion of sleeve portion 15. Driﬁe shaft 13 is formed with disk

portion 131 at its inner end portion and disk portion 131 is

rotatably supported by front end plate member 11 through bearlng.

18 disposed w1th1n opening 111 of front end plate member 11.

- Shaft seal assembly 19 is assembled on drive shaft 13 within the

shaft seal cavity of sleeve portion 15. Pulley 20 is rotatably
supported by sleeve portion 15 through bearing 21 which is dis-
' ' This ig the replacement sheet
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el ement 242 of fixed scroll nenmber 24 interfit with an angul ar and radi al
offset. At least one pair of fluid pock- ets are thereby defined. between
- spiral elenean‘ZHQ" 252 O biting scroll menber 25 is connected to crank-
type .driving el rotati on preventing nechani sm 133, which

[ gW( not shown) .by rotation of drive shaft 13, to

effect orbita

thereby com p wmmm‘ I ng through conpressor 1. Each spiral el enent
242, 252 1s pr groove 30 forned on an axial end surface thereof.
Seal element 31 is |oosely : ' o

7
- posed on the outersurface of sleeve portion 15. Electromagnetic

coil 22 _is fixed on the outer surface of sleeve portion 15 by
support plate 221 aﬁd is received in an annular cavity of puiley
20. Armature plate 23 is elastically supported on the outer end
portion -of'drive shaft 13 which extends ftom sleeve portion 15.
Magnetic clutch comprising pulley 20, magnetic coil 22, and
ermature plate 23 is thereby.formed. |

.Thus, drive shaft 13 is drive by an external power source,
e.g., the englne of an automobile, through force transmitting
means, such as the magnetic clutch. Fixed scroll _member 24,
orbiting scroll member 25, crank type driving mechanism 132 of
‘orbiting scroll member 25, and rotation preventing ﬁechahism 13
of orbiting scroll member 25 are disposed in an inner chamber of
cup .shaped casino 12. Fixed scroll member 24 includes circular
end plate 241, wrap means or spiral element 242 affixed to and
extending from one sxde surface of end plate 241, and a plurallty :
of lnternally threaded bosses 243 axlally projecting from the end
surface of end plate 241 opposite to the side thereof from which
spiral element 242 extends. The end surface of each boss 243 1is
seated on the inner surface of end plate portion 121 of cup-
'shaped casihg 12 and is fixed to end plate portion 121 by. bolts
2. |

Hehce; fixed scroll member 24 is'fixedly 'disposed within
casing 12. 'Circuiar end plate 241 of fixed scroll member 24
partitions the inner chamber of casing 12 into dlscharge chamber
-27 and suctlon chamber 28 by seal ring disposed between the outer
perlpheralesurface of end plate 241 and the inner wall of casing

12. Orbiting scroll member 25 is disposed within suction chamber
Thig la tha raplacement sheet
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fitted within groove 30. Sealing between the axial end surface of each

spiral elenment 242, 252 and a respective end surface of an opposite end
plate is effected by seal elenent 31. As descri bed above, when orbiting
~scroll menber 25 orbits by the rotation.of drive shaft 13, line contacts
bet ween spiral elenents 242, 252 shift along spiral curved surfaces of
spiral elenments 242, 252 so that the fluid pockets nove to the center of
spira elenents 242, 252. .8

28 and also comprises circular end plate 251 and wrap means or

- spiral element 252 affixed to and extending from one side surface

of end plate 251. Spiral element 252 and spiral element 242 of
fixed scroll member 24 interfit at an angulaf offset of 180 and a
predetermined radial offset. At least one paif of fluid pockets.
are thereby defined between spiral elements 242 and 252.  Orbit-
ing scroll member 25 is connectéd to the driving mechanism and
the rotation.pieﬁenting mechanism. These two mechanism effect
orbital radius Ro (not shown) by rotation of drive shaft 13, to
thereby compress fluid passiné through the éombressor unit. Each
spi:al.element 242, 252 is provided with groove 30 foimed in its
axial end surfacelalong the spiral curve. Seal element 31 is
loosely fitted within groéve 30. Sealing between the axial - end

surface of each spiral'élement and the inner end surface of the

opposite end plate is effected by the seal element.

As above described, when orbiting scroll member 25 is al--

lowed to undexrgo the orbital-motion'of radius by the rotation of

'drive shaft 13, line contacts between both spiral elements 242,

252 shift ~along the spiral.curved surfaces so that the fluid

pockets move to the center of the spiral elements.

Therefore, fluid or refrigerant gas, intio@uced into the
suction chamber 28 from an external fluid circuit through an
inlet port 32 on casing 12, is drawn into the fluid pockets
formed between spiral-elements 242 and 252. As orbiting scroll

member 25 orbits, fluid in the fluid pockets is moved to the

-center of the spiral élements with-a ‘consequent reduction of

volume. Compressed fluid is discharged into discharge chamber 27

from 'the fluid pockets at the center of the spiral elements
| This is the replacement sheet
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Ther ef or e,

fluid or refrigerant gas, introduced into suction chanber 28

froman exterandHﬂﬁﬂffﬁffﬁﬁ+~{hrough I nl et port 32 on cup-shaped casing
112, is drawn &ﬁtﬁma _ ockets formed between spiral elements 242,
252. Asorbltl "e@ﬁﬁ? 25 orbits, fluid in the fluid pockets is

noved to the c
reduction of t

ele- nments 242, 252 with a consequent
the fluid. Cbnpressed fluid is discharged into

di schar ge chanber 27 fromthe f|UId pockets at the center of spiral

el ements 242, 252 through di scharge

9

through hole 244, which is formed through circular end plate 241
of fixed scroll member 24, at a position near the center of

spiral element 242 past dlscharge reed valve 249, and is .dis-

charged therefrom through outlet port 33 formed on casing 12 to

an external fluid circult, g.e., a coollng c1rcu1t

Referrlng to Figure 4 and 5, discharge valve aesembly is

'provide within discharge chamber 27. Discharge valve assembly

includes discharge reed valve 249 and valve retainer 250 which
are secured together to the axial end surface 241c of circular

end plate 241 by fixing bolt 255. Circular end plate 241 in-

‘cludes valve seat. 24la which is formed in akial'end surface 241c

around discharge hole 244 and annular groove 241b which is still
formed in ‘axial end surface 241c around valve seat 241a. The

longitudinal axis of annular groove 241b is concentric with the

- longitudinal axis of discharge hole 244.. Discharge reed valve

249 which is made of elastic material, e.g., thih,spring steel,

regulates a flow of the refrigerant gas and makes sealing contact

'against valve seat 24la. Valve retainer 250 limits the bending K

movemeht of discharge reed.valve 249 in the direction which the

refrigerant gas leaves from one end of discharge hole 244.

.Dlscharge reed valve 249 vends to block ‘and open one end  of

_dlscharge hole 244, and has a predetermlned value of elastic

modulus which allows discharge reed valve 249 to keep blocking

.one end of discharge hole 244 until a pressure in compression -

~ Chamber 27 reaches a predetermined value. Further} discharge

reed valve 249 includes end portlon 249a which is dlmenSLOned to
be larger than the outer dlameter of annular groove 241b so as to
cover entirely the upper surface of annular groove 241b.
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hol e 244, mhich s formed through second circular end plate 241 of fixed
scrol!l menber—2 a p05|t|on near the center of spiral elenment 242. The

at
lconpressed fluj s gtkaf rom di scharge chanber . 27 t hrough out | et -
‘port .33 forrred i‘ ﬁiﬂm‘ﬁl asing 12 to an external fluid CII’CUIt e.g. a

cooling circuit)

10

Then, it is consider that the noise of disoherge valve in
‘the prior art is caused as foliow mechanism. 1In general, when a
-fluid forcibly jets from an opening of a‘tuhe, a karuman vertex
streets are caused at a border region of'circumferential medium-
Thereby, the refrlgerant gas which flows from the dlscharge hole
-to the dlscharge chamber causes a karuman vertex street at near
the corner of the discharge hole. The vibration of. refrigerant
gas'occurs with a'specified frequency band hy the karuman vertex
street.. " This frequency band can be represented by the follow
equation. _ |
£ = St-V/D [ — (1)

In this formula, f is a frequency of a v1bratlon and St is

Strouhal ‘number which is related to Reynolds number. Vv is a
-velocity of medlum, such as a refrlgerant gas and D is a diameter
of an opening which a fluid flows. Further, the air gap between
the discharge valve and the valve seat are formed as a certain
air columnar which has a natural_frequency as - the following
equation. This natural frequency.is only relatlon to length L,
not the dlameter of air columnar. |
fn = n.A/2L e el )

. In this formula, fn is n order frequency and A is a sonic
speed in a fluid gas. L is a length of air columnar.

Then, referring to Figure 9 and 10 in eccordance_ with the
prior art, velocity v of the refrigerant gas | from discharge
hole 244 to discharge chamber 27 through dlscharge reed valve 249
increase in proportlon to the rotary speed of the compressor.
Air gap d_between dlscharge.reed.valve 249 and valve seat 24la is

increased according to discharge reed valve 249 being lifted and
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- 8- I
FIGS.. 4 an

gﬂg_iLL§£_§ﬂDQQLnEnL of the present invention, as depicted in
In addition to FIG 1, a dis-

11

‘opened by the discharge gas. Length L is a length of which

discharge 'reed_valve 249 is geometrically projected from upper
direction and changed in accordancé with 'discharge reed valve
249 being opened and closed.

Thereby, the above air columnar occurs a rescnence vibration‘
due to sympathizing the vibration of refrigerant gas which is

caused the karuman vertex street as the equation 1 and 2. Ac-

cording to experiments by present inventors, it was confirmed

that theSe vibration of various frequency are caused at the same
tine because Length L has a various value in all radial direction

and the resonance of vibration are caused at the peak of the

 movement locus of the discharge valve as shown in Flgure 11. .

- Figure 11 illustrates the displacement of air gap d relationf to

time. Further, it was confirmed that the magnitude of the large

vibration becomes particularly large when the discharge valye

‘reaches the peak of the'mqvement and fhe noise of .this peak

vibration become large at a frequency band of apprcximately 10~

14Hz according to analyz;ng frequency.

In this embod;ment, referring to Figure 12, the frequency of

which the resonance vibration are caused by L1, L2, L3, L4, L5,

and L6 are respectively high frequency band-because length L of
air columnar is d1v1ded lnto L1, L2, L3, L4, LS, and L6 at groove
241a as a boxrder. These frequency are beyond the scope of audl—
tory sensation area. As a result; the noise of resonance of
vibraticn.become to be'vanished. Fnrther, the depth Al of annu-

lar grove 241b is required to be more than 0.15 mm so as to

perform varnishing the noise of resonance of vibration.

FiQﬁre. 6 and 7 illustrates second embodiment of the valve
This i8 the replacement sheet -
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charge val ve assenbly is provided within discharge chanber 27. The

. di scharge vaLMe_assen%+y>+ﬁt+udes di scharge reed val ve 249 and val ve

retarner 250 mhrch are q aogether to axial end surface 241c of second
circular end pI ng bolt 255. Second circu- lar.end plate 241
i ncl udes: val ve- s is formed in axial end surface 241[err]

ar ound drscharge annular groove 241[err] which is formed in

axi al end surface 241[err] within valve seat 241[err] Annul ar groove

241[ err]

is concentric with discharge hol e 244.

12
discha:ge mechanism of scroll type refrigerated 'compressor, In
this embodimeat, ci;dular end plate 241 divides_axial end surface
241c :and fixing surface 241d to which discﬁarge reed valve 249
and valve retainer 250 are secured together. Fixing surface
241d iS'formed to be higher than axial end'surface'241c so that
air gap A2 is axially created bet&een the under surface of dis-
charge reed valve 249.aad axial end sarface 241c. Also,end

portion 249a of discharge reed valve 249 may be designed ~to be

| axially offset so that air gap A2 is axially created between the

-under surface of discha:ge reed valve 249 and axial end surface

241c. The surface of which discharge reed valve 249 faces to

‘'valve seat 241a is parallel to axial end surface 24lc of valve

“seat 241a.

Also, when the operation of compressor is_ssopped, there are
a predetermined .air gap between discharge reed valve 249 and
valve seat 24la. However, once the operation of compressor begin
to start, the pressure of ‘discharge chamber :27 is gradually
increased and consequently to be higher than the integrated pres—-'
sure force which the pressure in compress;on chamber 245 is added
to the restoring force of dlscharge reed valve 249, wh;le dls-.

charge reed valve 249 is opened and closed . in several times.

 After that time, discharge reed valve 249 constantly starts to be

open from such condition of which discharge reed valve 249 adhere

to valve seat 241la as well as the condition which a predetermlned

air gap is not prov1ded with as shown Figure 13.

In this arrangement, it was conflrmed that the movement

locus- of the air gap d dose not rise above the peak of the move-

ment of the discharge valve in the prlor art because the compres-
Thls is the raplaoement sheet
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Di scharge reed valve 249 which is made of an elastic material, e.g. thin

spring steel, regulates a flow of the refrigerant gas—and—LS_La_seaLLDg

icontact with valve seat 241[err]. Valve retainer 25Q |inmts the bending
nmovenent of discharge reed valve 249 in the directiorh; S ficed ger ant
‘gas exits discharge hole 244. Discharge reed val ve Zﬁ opens -
and cl oses di scharge hole 244 and has a spring const

discharge'reed val ve 249 to bl ock discharge hole 244 until a pres- sure in
_conpreSS|on chamber 27 reaches a predeter- P
13

sion Qas flow out from compression_chambet 245 at a stretch due
to .lifting discharge reed valve 249 by'the_;estoringh'ﬁorce of
discharge reed valve 249 and the noise of resonance of wvibration
is not caused due to this mqvement'of discharge reed valve 249,
'.as-shown figure 14, Also, the noise of theICOmpresser become to
be varnished becanse this movement of discharge valve are beyond
the scope of the area which the noise of vibration are caused,
this scope is formed due to a relationship between velocity v of
the refrigerant gas'and air gap d. The value of air gap d is re-
quired to  be more than 0. 15 mm so as to perform vanlshlng the
‘noise of resonance vibration. . |
Figure 8 illustrates third embodiment of'the valve'diecharge
.mechanism. This embodiment inclﬁdes both first embodiment . and
second embodiment,i.e., annular groove 241b which is still formed
in the surface around valve seat 24la. Discharge reed valve 249
includes end portion 249a which is dimensioned_td be larger' than
the outer diameter of'annulat groove 241b so as to cover entirely
' the upper surface_of annular groove 241lb. Fixing surface 241d is
axialiy. offset and higher than axial end surface 241lc. Air gap
A2 is designed to be axially ereated between the under surface of
discharge reed valve 249 and.axial end surface 241c. Therefore,
this embodiment.provides the advantages which is more'_reliable
.than the first embodiment and the second embodiment in concexrn
with the noise of the resonance of the v1brat10n.-
Furthermore, in the second embodiment and thlrd embodlment,
.a life of discharge reed,valve 249 become to be long-llfed be-
cause-dischaxge-reed valve 249_so£tly contact valve seat 24la by
the restering force of.discharge valve 249.
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m ned val ue. Further, discharge reed valve 249 includes end portion
~249[err] which is dinensioned to be |larger than the outer dianmeter of
'annul ar - groove 241[err] so as to en- tirely cover annular groove 241f[err].
‘A di scharge val ve as disclosed in the prior art pro- duces noise in
accordance with the follow ng descrip- tion. In general, when a fluid is
forcibly expelled froman opening of a tube, a Karman vortex street is
caused .at. a border .region of the circunferential nedium Therefore, a
refrigerant gas which flows froma dis- -

14
Although the present invention has bgen described in connec-
tion with the preferred embodiment; the invention is not limited
thereto. It will be easily/undefstood by those of ordinary skill
in the art that variations and modifications can be easily made
within the séépe of this invention as_défined by the appended

claims.

-
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charge hole to a discharge chanber causes a Karnman vortex street near an
~openi.ng of the peripheral edge of the discharge hole. Vibration of the
-refrigerant gas occurs with a specified frequency band due to the Kar- man
vortex street This frequency band can be repre- sent ed by the following

equat I on. [err]=St.V/ID Equat on (1)
, Sheet Has Be|e|n|l|(eilaced
CLAIMS
1. In a_.refrigerant_compressor including a compressor

housing defining a chamber in which successive strokes bf. suck-
“ing, compressing,'and discharging a refrigerant gas is repeatedly
perfcrmed; '
said .chamber being divided into a first chamber and second
chamber in which a discharge chamber is defined by a valve plate;
said valve plate ihcluding one end surface which faces said
discharge chamber; | |
linking means for linking said first chamber. to said disf
charge chamber;
regulating' means for regulating a flow of said'.refrigerant
gas from said first chamber to said discharge chamber;
said linkiug.means including'a conduit communicating said
first Chamber' with said discharge chamber; - _
regulating means including a plate member made of elastic
material and a retainer member limiting the bending movement of
- said plate member in the direction in which said refrigerant gas
leaves from said one end openlng of said condult,
said retainer member secured to said on end surface of said
valve plate together with said plate‘member by fixing means;
said plate member bending to block and open said one end
~ opening of said conduit} |
sald _plate member havrng a predetermlned value of elastic
modulus which allows said plate member to keep blocklng said one
end opening of sald conduit until a pressure in said first cham-
ber reaches a predetermined value, the lmprovement comprLSLngt

said valve plate including an annular grcoue formed at

W
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said on end surface thereof,
said annular groove which surrounds said ﬁonduit_and is
entirely overlaid with said plate member. |

2. The refrigerant compressor of claim 1 wherein the longi-
tudinal axis of said annular groove is cdncentric with the ldngi;
" tudinal axis of said cohduit.

3. In a refrigerant compressor including a campressor hous-
ing' defining a chamber in which successiﬁe'strbkes of sucking,
compressing, and discharging a refrigeréﬁt gas is repeatédly per-
fdrmed; | | -

_Said éhamber being divided into a first chamber and second
chamber in ﬁhich.a discharge chamber is defined by a falve_plate;

said valve plate iﬁcluding one end surface which faces said
discharge chamber; |

- linking means fbr.linking said first chamber to said dis-
charge chamber; .

fegulating means for régulating a.flow of said refrigerant
gas from said first chamber to said discharge chémbér;

said linking means inclgding-a.conduit ‘communicating said
first chamber with said discharge chamber;

regulaéing meahs including a plate member made of elastic
material and a retaihgr_member 1imiting the bending ﬁovement of
saﬁd plate member in the direction in which said refrigerant gas
leaves from said one énd 6pening of said conduit;

said retainer member secured to said one end surfacé of said
- valve plate together with said platé member by fixing-meaﬁs;

said plate member bending.to block and open said one end
opening of said conduit;

This is the replacement sheet
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In this formula, f is the frequency of a vibration and St is a Strouhal
nunber which is related to a Reynolds nunber. Vis the velocity of a
,medi um such as the refrigerant gas, and Dis the di-ameter of an opening
.through which the nediumflows. Further, an air gap between a discharge
val ve and a valve seat is forned as a colum of air which has a natura
frequency repre- sented by the foll ow ng equati on. [err]

Equation (2) :

17

said plate member having a predetermined value of elastic
modulus which allows said plate member to keeé blocking said one
end opening of said conduit until a pressﬁre in said first cham-
E ber reaches a predetermined value, the improvement_comprieingz

an air gap being created between said plate member and

said valve ﬁlate. | |
4. The refrigerant cbmpresser of claim 3, said plate member
having one end'surface wﬁieh faces said one end surface of said
valve plate, wherein said one end surface of said plate member is

_parallel to said one end surface of said valve plate.
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In this formula, [err] is an nth order frequency and A is the speed of
sound inafluid gas. L is a length of a colum of air. The natural
frequency is only related to length L, not to the dianmeter of the col um of
air. .. Referring to FIGS. 9 and 10, in accordance with the prior art,
velocity v of the refrigerant gas fromdis- charge hole 244 to di scharge
chanber 27 through dis- charge reed »al ve 249 increases in proportion to a
rota- tional speed of conpressor- 1. Air gap d between dis-

VALVED DISCHARGE MECHANISM OF

A REFRIGERANT COMPRESSOR

ABSTRACT

A refrigerant compressdr-ﬁas a compression chamber and
a dischafge chamber separated by a valve plate-with_a
discharge holé. Discharge valve regulates a flow.of the
refrigerant gas from the compression chamber to the
discharge chamber. A valve retainer limits the bending
movement of the discharge valve in'thé direction in which
the refrigerant gas leaves from one end opening of the
discharge hole. The dischargé valve bends to block and
open one end opening of the discharge hole. The valve
plate inéludes an annular groove formed at the on end
surface thereof. The annular groove surrounds the
discharge hole and is entirely overlaid with the discharge

reed valve.

Figure 4.
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.charge reed val ve 249 and val ve seat 241[err] 'is increased as discharge
‘reed.valve 249 is lifted and opened by discharged refrigerant gas. Length L
is the length of discharge reed valve 249 as geonetrically projected onto
val ve seat .241[-err] and changes as di scharge reed vane 249 is opened and
closed.  Therefore, the above-described colum of air pro- duces a
resonant vibration due to synpathizing wiwth the vibration of the
refrigerant gas which is caused by the KFrnan vortex street in accordance
wi th Equations 1- :

FIGURE 1
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and 2. Vibrations of various frequencies are caused at the sane tine
because length L varies in all radial direc- tions, and resonant vibration
i's. caused at the peak of the novenment |ocus of discharge reed valve 249 as
illus- trated in FIG 11. FIG 11 illustrates the displacenent of air gap d
related to time t. Mreover, the nmagnitude of the vibration becones
particularly |arge when dis- charge reed val ve 249 reaches the peak of the
move- .ment | ocus and the noise caused by this peak vibration becones
particularly great when the vibration oceyfs at

FIG. 2
(- PRIOR ART_j
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a frequency band of approximately 10-Hz. Referring to FIG 12 in accordance

with.the first enbodi nent of the present

i nventi on,

resonant vibrations

‘occur at rela- tively high frequenci es because Iength L of the col um of

tair is divided into shorter lengths L[err],

L[err], L[err], L[err], L[err],

‘L{err]. These relatively high frequencies are beyond t he I|n1ts of audltory :
sensation. As a result, noise due to resonant vibration is elimnated. '
Further, referring to ’ : : . '
4
FIG. 6
FIG. 7
249 24a
.:é—)i- N —?- ¢y 24‘4
Rl A AR N |
255 |
— 250
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FIG 4, the depth Alerr] of annular grove 241[err] is required to be nore
than.0.15 mmin order to elinnate noise due to resonant vibration. FI GS.
6 and 7 illustrate a second enbodi mnent of the present invention. Second
circular end plate 241 divides axial end surface 241[err] and fixing
surface 241[err] to which discharge reed val ve 249 and val ve retai ner 250
are secured together. Fixing surface 241[err] is formed to be higher than
axi al end surface 241[err] so that air gap Alerr] is-created between the

| ower surface of discharge reed 5 '

FIG. 8

- 24l 750.

/u ' K/Z‘f‘ la

N

-c>~f\

-
——.—/

24

This Sheet Has Been Replaced - ! | .
i This is the replacemert sheet

A

Date: 16 AUG 1996



val ve 249 and axial end surface 241[err]. Moreover, end portion 249a of

di scharge reed val ve 249 nmay be de- signed to be axially offset sothat—air

.gap Alerr] is created between the |ower surface of discharge reed valve 249

'and.axial end surface 241c The surface of discharge reedTH laced
‘faces valve seat 24l1a is parallel to axial end surface 244[ I H
seat 241f[err]. When operation of conpregsor 1 is stopped,

predeterm ned air gap between discharge reed val ve 249 and val ve seat

241 err]. However, once operati on .of S

FIG. 10
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FIG. 11
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conpressor 1 starts, a pressure in discharge chanber 27 is gradually
“increased and consequently becomes hi gher than an integrated pressure force
i which results froma pressure in conpression chanber 245 added to a restor-
ing force of discharge reed valve 249, as discharge reed valve 249 is
"opened and cl osed several tines. After this staring period, discharge reed
val ve 249 becones free froma condition where discharge reed val ve 249 ad-
heres to val ve seat 241[err] as well asza condition where-a predeterm ned
air gap is not provided, as shown FIG

FIG. 12 | o
Z4q .LI [_Z l ﬁl_slé;é
3 1] T _24la
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Referrlng to FIG 14, the novenent | ocus of air gap d does not rise above
t he.peak 'of the nnvenent of discharge reed valve 249 in the prior art
Ibecause the conpressed refrigerant gas flows out from conpression chanber
245 partially due to the lifting of discharge reed valve 249 by the
restoring force of discharge reed valve 249 Thus, noise due to resonant
vibration is not caused by the novenent of discharge reed val ve 249

VALVED DISCHARGE MECHANISM IN A
REFRIGERANT COMPRESSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a refriger-
ant compressor and, more particulacly, to a valved dis-
charge mechanism of a refrigerant compressor suitable
for use in an automotive air conditioning System.

2. Description of the Prior Art _

- The valved discharge mechanism in a refrigerant
compressor is well known in the prior art. For example,
FIGS. 2 and 3 depict a valved discharge mechanism in
2 refrigerant compressor as disclosed in U.S. Pat. No.
4,813,952, As disclosed therein, a refrigerant compres-
sor includes a compressor housing defining a compres-
sion chamber in which successive strokes of imtake,
compression, and discharge of a refrigerant gas are
repeatedly performed. Further, the compressor in-
cludes valve plate 241 which is formed to partition a
compression chamber and 2 discharge chamber and a
discharge valve assembly which is mounted on an upper
surface of valve plate 241. Valve plate 241 has discharge

- hole 244 extending therethrough for communicating the
compression chamber with the discharge chamber. The
discharge vaive assembly includes discharge reed valve
249 and valve retainer 250 which are secured together
to the upper surface of valve plate 241 by fixing bolt .
255. Valve seat 241q is integrally formed in the upper
surface of valve plate 241 around discharge hole 244.
Discharge reed valve 249, which is made of an elastic
material, regulates a flow of the refrigerant gas and is in
sealing contact against valve seat 241a without an air
gap when operation of the compressor is stopped.

Vialve retainer 250 limits the bending movement of
discharge reed valve 249 in the direction in which the
refrigerant gas exits discharge hole 244. Discharge reed
valve 249 bends as it opens and closes discharge hole
244 and has a spring constant which allows discharge .
reed valve 249 to block dnmﬁmrgelnﬂc 244'unulthe

eplacement sheet  REPLACEMENT SHEETS G
the ¥ep [Z Description : pagad ...[to paged .0/
| -4 JUN \997 | (¥ Claira(s) @ paged 42 to paged L%
Date: | EDrawing(s) : paged .. o paged ...

_ Abstract  :paged 45 to paged .7

.....

=4 JUN 1997

...................

-2 v

DATE OF RECEIPT




because the novenent of discharge reed valve 249 is beyond the scope of
moveément: by which vibrational noise is caused. Further, the value of air
gap d is re- quired to be nore than 0.15 mmin order to elimnate noi se due

~to resonant vibration. FIG 8 illustrates a third enbodi nent of the
~present invention. The third enbodi nent 3 ncludes el enments from both the
first and second enbodi nents, i.e. annular groove 241b. Di scharge reed

val ve 249 includes end portion 249[err] which is dinmensioned to be |arger
t han the :

= pressure in the compression chamber reaches a prede-
termined value.

Spiral elements 242, 252 are disposed within the com-
pressor housing and interfit with an angular and radial
offset. At least one pair of fluid pockets are thereby
defined between spiral elements 242, 252,

The air gap between discharge reed valve 249 and the
upper surface of valve seat 241a is increased and de-
creased in accordance with the velocity of the refriger-
ant gas exhausted from the discharge chamber through
discharge hole 244. The discharge velocity varies ac-
cording to the rotational speed of the compressor. It
will be appreciated by those skilled in the art that com-
pressed air in the fluid packets is intermittently deliv-
ered to a central fluid pocket. This, in turn, leads to
pulsed fluid delivery through discharge hole 244. As
compressed refrigerant gas is discharged through dis-
charge hole 244, a resulting Karman vortex street
causes vibration of the compressed refrigerant gas.
When the magnitude vibration of the compressed re-
frigerant gas reaches a frequency band of approximately
10-14kHz, the air gap, which is formed as a column of

~ air, produces a resonant vibration due to sympathizing
with the vibration of the compressed refrigerant gas. As
a result, an offensive noise propagates to the passeager
compartment of the vehicle.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
refrigerant compressor suitable for use in an automotive
air conditioning system having a valved discharge
mechanism which can effectively reduce the vibration
caused by a discharge valve assembly and, thus, reduce
the propagation of an offensive noise to a passenger
compartment of 2 vehicle.

It is a further object of the present invention to pro-
vide a refrigerant compressor having a valved dis-
charge mechanism wherein the life of a discharge reed
valve is prolonged.
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out er di ameter of annul ar groove 241[err]
grodve 241[err]. Fixing surface 241 err]

so as to entirely cover annul ar
Is axi- ally-offset and higher

than axial end surface 241[err]. Air gap Alerr] is designed to be axially
- created between the |ower surface of discharge reed valve 249 and axial end

“surface 241[err]. Therefore,

thi s enbodigent provides the advant ages of

both the first and second enbodi nents regarding reduction of noise due to

resonant vibration.

Moreover, in the second and third enbodi nents,

~of discharge reed valve 249 is | engthened because

According to the present invention, a refrigerant
compressor includes a compressor housing defining a
chamber in which successive strokes of intake, com-
pression, and discharge of a refrigerant gas are repeat-
edly performed. The chamber is divided into a com-
pression chamber and a discharge chamber by a valve
plate. A discharge hole links the compression chamber
to the discharge chamber. The valve plate includes an

" end surface which faces the discharge chamber. A dis-

charge valve regulates the flow of refrigerant gas from
the compression chamber to the discharge chamber.
The discharge valve is made of an elastic material. A
valve retainer limits the bending movement of the dis-
charge valve in the direction in which the refrigerant
gas exits the discharge hole. The valve retainer is se-
cured to the axial end surface of the valve plate together
with the discharge valve by a fixing bolt. The discharge
valve bends as it opens and closes the discharge hole.

The discharge valve has a spring constant which allows

the discharge valve to block the discharge hole until a
pressure in the compression chamber reaches a prede-
termined value.

The valve plate includes an annular groove formed at
the end surface thereof. The annular groove surrounds

the discharge hole and is entirely overlaid by the dis-
charge reed valve. Also, an air gap may be formed

between the discharge reed valve and the valve plate.
The annular groove and air gap reduce the magnitude
of the resonant vibrations, thereby reducing or eliminat-
ing noise propogated to the passenger compartment of
the vehicle. .

Further objects, features and advantages of the pres-
ent invention will be understood from the detailed de-
scription of the preferred embodiments of the present
invention with reference to the appropriate figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a longitudinal sectional view of 2 scroil—type .

refrigerant compressor in accordance with the preseat
invention.

Thig is lhe reptacement sheet

pate: 4 JUN 1997

alife



di scharge reed val ve 249 softly contacts val ve seat 241a due to the
restoring force of discharge val ve 249. Al t hough the present invention
has been described in connection with the preferred enbodi nents,

ordi nary skill

t he i nven-

tionis not limted thereto. It will be easily understood by those of
in the art that variatieng and nodifications can be easily

made within the scope of this invention as defined by the follow ng cl ai ns.

FIG. 2 is a sectional vigw of a discharge valve assem-
bly in accordance with-the prior art.

FIG. 3 is a plan view of the discharge valve assembly
depicted in FIG. 2.

FIG. 4 is a sectional view of a discharge valve assem-
bly in accordance with a first embodiment of the pres-
ent invention.

FIG. 5 is a plan view of the discharge valve assembly
in accordance with the first embodiment of the present
invention as depicted in FIG. ¢.

FIG. 6 is a sectional view of a discharge valve assem-
bly in accordance with a second embodiment of the
present invention.

FIG. 7 is a2 plan view of the discharge valve assembly
in accordance with the second embodiment of the pres-
ent invention as depxcted m FIG. 6.

FIG. 8 is a sectional view of a discharge vaive assem-
bly in accordance with a third embodiment of the pres-
ent invention.

FIG. 9 is a detailed sectional view of the discharge
valve assembly as depicted in FIG. 2.

FIG.10isa plan view of the dxscharge valve assem-
bly as depxcted in FIG. 9.

FIG. 11 is graphical illustration of the relationship

. between air gap d, as depicted in FIG. 9, and time t, and

a graphical illustration of the relationship between mag-
nitude G of a vibration of a compressor, in accordance
with the prior art, and time t.

FIG. 12 is a detailed sectional view of the discharge
valve assembly as depicted in FIG. 4.

FIG. 13 is 2 detailed sectional view of the discharge -

valve assembly as depicted in FIG. 6.

FIG. 14 is graphical illustration of the relationship
between air gap A3, as depicted in FIG. 6, and time t,
and a graphical illustration of the relationship between
magnitude G of a vibration of a compressor, in accor-
dance with the second embodiment of the present in.
vention, and time t.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 depicts a refrigerant compressor, in particular
a scroll-type compressor, in accordance with the pres-
ent invention. Without limiting the preferred embodi-
ments, the left side of FIG. 1 is referred to as the front
and the right side of FIG. 1 is referred to as the rear.
Compressor 1 includes housing 10 comprising from end
plate member 11 and cup-shaped casing 12 which is
disposed on a rear end surface of front end plate mem-
ber 11. Opening 111 is formed in a center of front end
plate member 11 for penctration of drive shaft 13. An-
nular projection 112 is formed on the rear end surface of
front end plate member 11 and faces cup-shaped casing
12. An outer peripheral surface of annular projection
112 fits into an inner wall surface of an opening portion
of cup-shaped casing 12. Cup-shaped casing 12 is fixed
on the rear end surface of front end plate member 11 by
fastening means, e.g. bolts (not shown), so that the

.opening portion of cup-shaped casing 12 is covered by

front end plate member 11. First O-ring member 14 is
disposed between the outer peripheral surface of annu-
lar projection 112 and the inner wall surface of cup-
shaped casing 12, to thereby effect a seal between the
surfaces of from end plate member 11 and cup-shaped
casing 12.

Front end plate member 11 has annular sleeve portion
15 projecting from a front end surface thereof for sur-
rounding drive shaft 13 to define a shaft seal cavity. In
this embodiment, annular sleeve portion 15 is separate
from front end plate member 11. Therefore, annular
sleeve portion 15 is fixed to the front end surface of
front end plate member 11 by a plurality of fasteners,
e.g. screws (not shown). Second O-ring member 16 is
disposed between the front end surface of front end
plate member 11 and annular sleeve portion 15. Alterna-
tively, annular sleeve portion 15 may be formed integral
with front end plate member 11. Drive shaft 13 is rotat-
ably supported by annular sleeve portion 15 through
bearing 17 disposed within a front end portion of annu-
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W cl aim 1. Arefrigerant conpressor conpri sing: a conpressor
housi ng -di vided at |east partially by a valve plate into a first
|chénber and a second cham ber, said second chanber conprising a
- di schar ge chanber; i nking means for linking said first chanber to
said di scharge chanber, said |inking s#eans including a condui t
comuni cating said first chanber with sai d di scharge chanber, said
conduit having an end

5 !ar sleeve portion 15. Disk portion 131 is formed at an
| " inner end portion of drive shaft 13. Disk portion 131 is

rotatably supported by front end plate member 11
through bearing 18 disposed within opening 111 of front
end plate member 11. Shaft seal assembly 19 is assem-
bled on drive shaft 13 within the shaft seal cavity of
annular sleeve portion 15. Pulley 20 is rotatably sup-
ported by annular sleeve portion 15 through bearing 21
which is disposed on an outer surface of annular sleeve
portion 15. Electromagnetic coil 22 is fixed on the outer
surface of annular sleeve portion 15 by support plate
221 and is received in an annular cavity of pulley Z0.
Armature plate 23 is elastically supported on an guter
end portion of drive shaft 13 which extends from annu-
Iar sleeve portion 15. A magnetic clutch comprising
puiley 20, electromagnetic coil 22, and armature plate
23 is thereby formed.

Drive shaft 13 is driven by an external power source,
e.g. the engine of an automobile, through force trans-
mitting meaas, such as the magnetic clutch. Fixed scroll
member 24, orbiting scroll member 25, crank-type driv-
ing mechanism 132 of orbiting scroll member 25, and
rotation preventing mechanism 133 of orbiting scroll
member 25 are disposed in an imner chamber of cup-
shaped casing 12. Fixed scroll member 24 includes sec-
ond circular end plate 241, second spiral element 242
affixed to and extending from a front side surface of
second circular end plate 241, and a plurality of inter-
nally threaded bosses 243 projecting axially from a rear
end surface of second circular end plate 241. An end
surface of each boss 243 is seated on an inner surface of
end plate portion 121 of cup-shaped casing 12 and is
fixed to end plate portion 121 by bolts 26. .

Thus, fixed scroll member 24 is fixedly disposed
within cup-shaped casing 12. Second circular end plate
241 of fixed scroll member 24 partitions the inner cham-
ber of cup-shaped casing 12 into discharge chamber 27
and suction chamber 28 by seal ring 29 disposed be-
tween an outer peripheral surface of second circular
end plate 241 and the inner wall surface of cup-shaped
casing 12. Orbiting scroll member 25 is disposed within
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openi ng through which a refrigerant gas may exit said conduit; a
val ve seat conprising a raised cylindrical extension extending from

. sai'd valve plate and at |east par- tially surrounding said end opening
~of said conduit, - wherein an annul ar groove is fornmed in said val ve
seat at an end surface thereof; an el astic val ve nenber capabl e of
bendi ng to open and cl ose said end opening of said conduit, said

val ve nenber having a predeterni ned spring con-

suction chamber 28 and comprises first circular end
plate 251 and first spiral clement 252 affixed to and
extending from a rear side surface of first circular end
plate 251. First spiral element 252 and second spiral
elcment 242 of fixed scroll member 24 interfit with an
angular and radial offset. At least one pair of fluid pock-
ets are thereby defined between spiral elements 242,
252. Orbiting scroll member 25 is coanected to crank-
type driving mechanism 132 and rotation preventing
mechanism 133, which effect orbital radius R, (not
shown) by rotation of drive shaft 13, to thereby com-
press fluid passing through compressor 1. Each spiral
element 242, 252 is provided with groove 30 formed on
an axial end surface thereof. Seal element 31 is loosely
fitted within groove 30. Sealing between the axial end
surface of each spiral element 242, 252 and a respective
end surface of an opposite end plate is effected by seal
element 31.

As described above, when orbiting scroll member 25
‘orbits by the rotation of drive shaft 13, line contacts
between spiral elements 242, 252 shift along spiral
curved surfaces of spiral elements 242, 252 so that the
fluid pockets move to the center of spiral elements 242,

Therefore, fluid or refrigerant gas, introduced into
suction chamber 28 from an external fluid circuit
through inlet port 32 on cup-shaped casing 12, is drawn
into the fluid pockets formed between spiral elements
242, 252. As orbiting scroll member 25 orbits, fluid in
the fluid pockets is moved to the center of spiral ele-
ments 242, 252 with a consequent reduction of the vol-
ume of the fluid. Compressed fluid is discharged into
discharge chamber 27 from the fluid po~kets at the
center of spiral elements 242, 252 through discharge
hole 244, which is formed through second circular end
plate 241 of fixed scroll member 24 at a position near the
center of spiral element 242. The compressed fluid is
discharged from discharge chamber 27 through outlet
port 33 formed on cup-shaped casing 12 to an external
fluid circuit, e.g. a cooling circuit.
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stant :such that said end opening of said conduit remai ns bl ocked unti |
a pressure in said first cham ber reaches a predeterm ned val ue;
limting neans for limting the bending novenent of sai d val ve nenber
;in the direction in which said refrigerant gas exits said end opening
of said con- duit, said limting pegns including a retainer nem

ber. 2. The refrigerant conpressor of claiml1l, wherein said annul ar
groove is entirely overlaid by said val ve

In a first embodiment of the present invention, as
depicted in FIGS. ¢ and 35 in addition to FIG. 1, a dis-
charge valve assembly is provided within discharge
chamber 27. The discharge valve assembly includes
discharge reed valve 249 and valve retainer 250 which
are secured together to axial end surface 241c¢ of second
circular end plate 241 by fixing bolt 255. Second circu-
lar end plate 241 includes valve seat 241a which is
formed in axial end surface 241c around discharge hole
244 and annular groove 2414 which is formed in axial
end surface 241c within valve seat 241z Annular
groove 241b is concentric with discharge hole 244.
Discharge reed valve 249 which is made of an elastic
material, e.g. thin spring steel, regulates a flow of the
refrigerant gas and is in sealing contact with valve seat
241a. Valve retainer 250 limits the bending movement
of discharge reed valve 249 in the direction which the
refrigerant gas exits discharge hole 244. Discharge reed
valve 249 bends as it opens and closes discharge hole
244 and has a spring constant which allows discharge
reed valve 249 to block discharge hole 244 until a pres-
sure in compression chamber 27 reaches a predeter-
mined value. Further, discharge reed valve 249 includes
end portion 249a which is dimensioned to be larger than
the outer diameter of annular groove 241b so as to en-
tirely cover annular groove 2415.

A discharge valve as disclosed in the prior art pro-
duces noise in accordance with the following descrip-
tion. In general, when a fluid is forcibly expelled from
an opening of a tube, a Karman vortex street is caused
at a border region of the circumferential medium.
Therefore, a refrigerant gas which flows from a dis-
charge hole to a discharge chamber causes a Karman
vortex street near an opening of the peripheral edge of
the discharge hole. Vibration of the refrigerant gas
occurs with a specified frequency band due to the Kar-
man vortex street. This frequency band can be repre-
sented by the following equation.

=85t-V/D Equation (1)
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menber.” = 3. The refrigerant conpressor of claim1l, wherein said valve:
menber ahd said valve seat are spaced apart to forman air gap

it her ebet ween. 4. The refrigerant conpressor of claiml, wherein said
annul ar groove at |east partially surrounds said conduit. 5. The
refrigerant conpressor of claim4, whereig said annul ar groove is
concentric with said conduit. 6. The refrigerant conpressor of claim4,
wher ei n

In this formula, f is the frequency of a vibration and
St is a Strouhal number which is related to a Reynolds
number. V is the velocity of a medium, such as the
refrigerant gas, and D is the diameter of an opening
through which the medium flows. Further, an air gap
between a discharge valve and a valve seat is formed as
a column of air which has a natural frequency repre-
sented by the following equation.

Sa=nAr2L Equation (2)

In this formula, fo is an nth order frequency and A is

the speed of sound in a fluid gas. L is a length of 2

column of air. The natural frequency is only related to
length L, not to the diameter of the column of air.

Referring to FIGS. 9 and 10, in accordance with the

. prior art, velocity v of the refrigerant gas from dis-

charge hole 244 to discharge chamber 27 through dis-
charge reed valve 249 increases in proportion to a rota-
tional speed of compressor 1. Air gap d between dis-
charge reed valve 249 and valve seat 241a is increased
as discharge reed valve 249 is lifted and opened by

. discharged refrigerant gas. Length L is the length of
-discharge reed valve 249 as geometrically projected
onto valve seat 241z and changes as discharge reed vane
249 is opened and closed.

Therefore, the above-described column of air pro-
duces a resonant vibration due to sympathizing with the
vibration of the refrigerant gas which is caused by the
Karman vortex street in accordance with Equations 1
and 2. Vibrations of various frequencies are caused at
the same time because length L varies in all radial direc-
tions, and resonant vibration is caused at the peak of the
movement locus of discharge reed valve 249 as illus-
trated in FIG. 11. FIG. 11 illustrates the displacement
of air gap d related to time t. Moreover, the magnitude
of the vibration becomes particularly large when dis-
charge reed valve 249 reaches the peak of the move-
ment locus and the noise caused by this peak vibration .
becomes particularly great when the vibration occursat
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said annul ar groove is entirely overlaid by said val ve nenber.
- 10 -

a frequency band of approximately 10-Hz. Referring to
FIG. 12 in accordance with the first embodiment of the
present invention, resonmant vibrations occur at rela-
tively high frequencies because length L of the column
of air is divided into shorter lengths L, L2, L3, Lq, Ls,
Ls. These relatively high frequencies are beyond the
Himits of auditory sensation. As a resuit, noise due to
resonant vibration is eliminated. Further, referring to
FIG. 4, the depth A of annular grove 2415 is required
to be more than 0.15 mm in order to eliminate noise due
to resonant vibration. '

FIGS. 6 and 7 illustrate a second embodiment of the
present invention. Second circular end plate 241 divides
axial end surface 241c and fixing surface 2414 to which
discharge reed valve 249 and valve retainer 250 are
secured together. Fixing surface 2414 is formed to be
higher than axial end surface 241c so that air gap A3 is
created between the lower surface of discharge reed
valve 249 and axial end surface 241c Moreover, end
portion 249z of discharge reed valve 249 may be de-
signed to be axially offset so that air gap A3 is created
between the lower surface of discharge reed valve 249
and axial end surface 241c. The surface of discharge
reed valve 249 that faces valve seat 241z is parallel to
axial end surface 241c of valve seat 241a

When operation of compressor 1is stopped, thereis a
predetermined air gap between discharge reed valve
249 and valve seat 241 However, once operation of
compressor 1 starts, a pressure in discharge chamber 27
is gradually increased and consequently becomes higher
than an integrated pressure force which results from a
pressure in compression chamber 245 added to a restor-
ing force of discharge reed valve 249, as discharge reed
valve 249 is opened and closed several times. After this
staring period, discharge reed valve 249 becomes free
from a condition where discharge reed valve 249 ad-
heres to valve seat 241a as well as a condition where 2
predetermined air gap is not provided, as shown FIG.
13. .
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- 13 - 7. The refrigerant conpressor of claim®6, wherein said annul ar

groeve i*s concentric with said conduit. 8. A refrigerant conpressor
- conpri sing: a conpressor housing divided at |east partially by a

“valve plate into. a first chanber and a second cham ber, said second
chanber. conprising a discharge - 11 -

Referring to FIG. 14, the movement locus of air gap
d does not rise above the peak of the movement of
discharge reed valve 249 in the prior art because fhe
compressed refrigerant gas flows out from compression
chamber 245 partially due to the lifting of discharge
reed valve 249 by the restocing force of discharge reed
valve 249. Thus, noise due to resonant vibration is not
caused by the movement of discharge reed valvc 249
because the movement of discharge reed valve 249 is
beyond the scope of movement by which vibrational
noise is caused. Further, the value of air gap d is re-
quired to be more than 0.15 mm in order to eliminate
noise due to resonant vibration.

FIG. 8 illustrates a third embodiment of the present
invention. The third embodiment inciudes elements
from both the first and second embodiments, i.e. annular
groove 2415. Discharge reed valve 249 includes end
portion 249¢ which is dimensioned to be larger than the
outer diameter of annular groove 2415 so as to entirely
cover annular groove 2414. Fixing surface 2414 is axi-
ally offset and higher than axial end surface 241c. Air
g2ap Az is designed to be axially created between the
lower surface of discharge reed valve 249 and axial end
surface 241c. Therefore, this embodiment provides the
advantages of both the first and second embodiments
regarding reduction of noise due to resonant vibration.

Moreover, in the second and third embodiments, a
life of discharge reed valve 249 is lengthened because
discharge reed valve 249 softly contacts valve seat 241a
due to the restoring force of discharge valve 249.

Although the present invention has been described in
connection with the preferred embodiments, the inven-
tion is not limited thereto. It will be easily understood |
by those of ordinary skill in the art that variations and
modifications can be easily made within the scope of
this invention as defined by the following claims.
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chanber; | i nking means for linking said first chanber to said

di scharge chanber, said |inking neans including a conduit communi cating
sai'd first chanber with sai d di scharge chanber, said conduit having an
~end openi ng through which a refrigerant gas may exit said conduit;
~a valve seat conprising a raised cylindnrixal extension extending from
said valve plate and at |east par- tially surrounding said end opening
of said conduit,

We claim:

1. A refrigerant compressor comprising:

a compressor housing divided at least partially by a
valve plate into a first chamber and a second cham-
ber, said second chamber comprising a discharge
chamber;

linking means for linking said first chamber to said
discharge chamber, said linking means including 2
conduit communicating said first chamber with
said dischargze chamber, said conduit having an end
opening through which a refrigerant gas may exit
said conduit;

a valve seat comprising a raised cylindrical extension
extending from said valve plate and at least par-
tially surrounding said end opeaning of said conduit,
wherein an annular groove is formed in said valve
seat at an end surface thereof;

an elastic valve member capable of bending to open
and close said end opening of said conduit, said
valve member baving a predetermined spring con-
stant such that said ead openmg of said conduit
remains blocked until a pressure in said first cham-
ber reaches a predetermined value;

limiting means for limiting the bending movement of
said valve member in the direction in which said
refrigerant gas exits said end opening of said con-
duit, said limiting means including a retainer mem-
ber.

2. The refrigerant compressor of claim 1, wherein
said annular groove is entirely overlaid by said valve
member. ' .

3. The refrigerant compressor of claim 1, wherein
said valve member and said valve seat are spaced apart
to form an air gap thercbetween.

4. The refrigerant compressor of claim 1, wherein
said annular groove at least parnally surrounds said
conduit.

5. The refrigerant compressor of claim 4, wherein
said annular groove is concentric with said conduit.

6. The refrigerant compressor of claim 4, wherein -
said annuiar groove is entlrely overlaid by said valve
member.
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wherein an annul ar groove is fornmed in said val ve seat at an end

surface thereof, said annular groove havi-ng perpendi cul ar side walls;
,an el astic val ve nenber capable of bending to open and cl ose said end
‘openi ng of said conduit, said val ve nmenber having a predeterm ned
spring con- stant such that said endgpening of said conduit

remai ns bl ocked until a pressure in said first cham ber reaches a
predet er mi ned val ue, wherein said val ve nenber and said val ve seat are

spaced apart

7. The refrigerant compressor of claim 6, wherein
said annular groove is concentric with said conduit.

8. A refrigerant compressor comprising:

a compressor housing divided at least partially by a
valve plate into a first chamber and a second cham-
ber, said second chamber comprising a discharge
chamber;

linking means for linking said first chamber to said
discharge chamber, said linking means including a
conduit communicating said first chamber with
said discharge chamber, said conduit having an end
opening through which a refrigerant gas may exit
said conduit;

a valve seat comprising a raised cylindrical extension
extending from said valve plate and at least par-
tially surrounding said end opening of said conduit,
wherein an annular groove is formed in said valve
seat at an end surface thereof, said annular groove
having perpendicular side walls;

an elastic valve member capable of bending to open
and close said end opennugcn’snd conduu,saui
valve member having a predetermined spring con-
stant such that said end opening of said conduit
remains blocked until a pressure in said first cham-
ber reaches a predetermined value, wherein said
valve member and said valve seat are spaced apart
to form an air gap therebetween .

limiting means for limiting the bending movement of
said vaive member in the direction in which said
refrigerant gas exits said end opening of said con-
duit, said limiting means including a retainer mem-
ber.

9. The refrigerant compressor of claim 8, said valve
member having an end surface facing an end surface of
said valve plate, wherein said end surface of said valve
;llember' is parallel to said end surface of said valve

ate. _ :

10. A refrigerant compressor comprising:

a compressor housing;

a valve plate at least partially dividing said comprs-
sor housing into a first chamber and a second
chamber, said second chamber. havmg a discharge

_ chamber;
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to forman air gap therebetween . limting neans for limting the bending

nmovenent  of said valve nenber in the direction in which said
refrigerant gas exits said end opening of said con- duit, said limting
means including a retai ner nem ber. 9. The refrigerant conpressor of

claim8, said valve nenber having an end4sw face facing an end surface of
said valve plate, wherein said end surface of said valve nenber is parallel
to said end surface of said valve

linking means for linking said first chamber to said
discharge chamber, said linking means including a2 .
conduit communicating said first chamber with
said discharge chamber, said conduit having an end
opening through which a refrigerant gas may exit
said conduit;

a valve seat comprising a raised cylindrical extension
extending from said valve plate and at least par-
tially surrounding said end opening of said conduit;

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

limiting means for limiting the bendmg of said valve
member in the direction in which said refrigerant
gas exits said end opening of said conduit, said
exiting refrigerant gas producing resonant vibra-
tion, said limiting means including a retainer mem-
ber; and

means for reducing the resonant vibration produced
by said exiting refrigerant gas, said reducing means
formed in said valve sem:..= .

E x =

* C L " S *
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pl at e. 10.- A refrigerant conpressor conpri sing: a conpressor

a val ve plate at

into a‘first chanmber and a second

| east partially dividing said conpres- sor
chanber, said second chanber having a

- di scharge chanber,

- 15 -

VALVED DISCHARGE MECHANISM IN A
REFRIGERANI COMPRESSOR

ABSTRACT

A, refrigerant compressor includes a compressor hous-
ing defining a chamber in which successive strokes of
intake, compression, and discharge of a refrigerant gas
are repeatedly performed. The chamber is divided into
a compression chamber and a discharge chamber by a
valve plate. A discharge hole links the compression
chamber to the discharge chamber. The valve plate
includes an end surface which faces the discharge
chamber. A discharge valve regulates a flow of the

housi ng;
housi ng

refrigerant gas from the compression chamber to the .

discharge chamber. A valve retainer limits the bending
movement of the discharge valve in the direction in
which the refrigerant gas exits the discharge hole. The

" valve retainer is secured to an axizl end surface of the

valve piate together with the discharge valve by a fix-
ing bolt The discharge valve bends as it opeas and

closes the discharge hole. The valve plate includes an
annular groove formed at the end surface thereof. The*

annular groove surrounds the discharge hole and is
entirely overlaid by the discharge valve. Also, an air
gap may be formed between the discharge valve and the
valve plate. Thereby, noise due to resonant vibration

caused by the discharge valve can be effectively re--

duced or eliminated.
Figure 8. '
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14 -- l'i nking means for linking said first chanber to said
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di scharge chanber, said linking neans including a conduit conmunicating
said first chanber with sai d di scharge chanber, said conduit having an

. end openi ng through which a refrigerant gas nmay exit said conduit; a
val ve seat conprising a raised cylindrical extension extending fromsaid
val ve plate and at | east par- tially=sgrroundi ng said end opening of said
conduit; an elastic valve nenber capabl e of bending to open and cl ose
said end opening of said conduit, said '

FIG. 2
PRIOR ART

FIG. 3
PRIOR ART
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val ve '-menber having a predeterm ned spring con- stant such that said end
openi ng ‘remai ns cl osed until a pressure in said first chanber reaches a

.predetermned value; linmting means for linmting the bending of said valve
‘menber in the direction in which said refrigerant gas exits said end

opening of said conduit, said exiting geLrigerant gas produci ng resonant
vi br a- tion, said limting neans including a retainer nem ber; and

FIG. 4
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means.for reducing the resonant vibration produced by said exiting
refrigerant gas, said reducing neans formed in said val ve seat.

* % Kk * *

FIG. 6
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FIG. 10
PRIOR ART
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