
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 particularly, 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 a refrigerant compressor as
disclosed in U.S. Pat. No. 4,815,952. As disclosed therein, a refrigerant
compres- sor includes a compressor housing defining a compres- sion chamber
in which successive strokes of intake, 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 a 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 valve 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 241[err] 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.   Valve 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 discharge hole 244 until the  
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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
241[err] 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 pockets 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 passenger 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 a 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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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 propagated 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. 1 is a longitudinal sectional view of a
scroll-type refrigerant compressor in accordance with the present
invention. 
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FIG. 2 is a sectional view 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. 4.    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 a plan view of the discharge valve assembly
in accordance with the second embodiment of the pres- ent invention as
depicted in FIG. 6.   FIG. 8 is a sectional view of a discharge valve
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. 10 is a plan view of the discharge valve assem-
bly as depicted 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 a detailed sectional
view of the discharge valve assembly as depicted in FIG. 6.   FIG. 14 is
graphical illustration of the relationship between air gap A[err], 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 penetration 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-
-6- 



lar 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 20.  Armature
plate 23 is elastically supported on an outer  end portion of drive shaft
13 which extends from annu-  lar sleeve portion 15. A magnetic clutch
comprising  pulley 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 means, 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
inner 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       



-7-    suction chamber 28 and comprises first circular end plate 251 and
first spiral element 252 affixed to and extending from a rear side surface
of first circular end plate 251. First spiral element 252 and second spiral



element 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 connected to crank-
type driving mechanism 132 and rotation preventing mechanism 133, which
effect orbital radius R[err] (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, 252. 



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 pockets 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.     



-8-      In a first embodiment of the present invention, as depicted in
FIGS. 4 and 5 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 filing bolt 255. Second circu- lar end plate 241
includes valve seat 24la which is formed in axial end surface 241[err]
around discharge hole 244 and annular groove 241[err] which is formed in
axial end surface 241[err] within valve seat 241[err] Annular groove
241[err] 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 241[err]. 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
249[err] which is dimensioned to be larger than the outer diameter of
annular groove 241[err] so as to en- tirely cover annular groove 241[err].
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.       [err]=St.V/D                           Equation (1)   
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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.       [err]
Equation (2) 



In this formula, [err] is an nth order frequency and A is the speed of
sound in a fluid gas. L is a length of a 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 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 geometrically projected onto
valve seat 241[err] 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 occurs at 
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a frequency band of approximately 10-Hz. Referring to FIG. 12 in accordance
with the first embodiment of the present invention, resonant vibrations
occur at rela- tively high frequencies because length L of the column of
air is divided into shorter lengths L[err], L[err], L[err], L[err], L[err],
L[err]. These relatively high frequencies are beyond the limits of auditory
sensation. As a result, noise due to resonant vibration is eliminated.
Further, referring to 



FIG. 4, the depth A[err] of annular grove 241[err] 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 241[err] and fixing
surface 241[err] to which discharge reed valve 249 and valve retainer 250
are secured together. Fixing surface 241[err] is formed to be higher than
axial end surface 241[err] so that air gap A[err] is created between the
lower surface of discharge reed 



valve 249 and axial end surface 241[err]. Moreover, end portion 249a of
discharge reed valve 249 may be de- signed to be axially offset so that air
gap A[err] 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 241a is parallel to axial end surface 241[err] of valve
seat 241[err].   When operation of compressor 1 is stopped, there is a
predetermined air gap between discharge reed valve 249 and valve seat
241[err]. 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 241[err] as well as a condition where a predetermined
air gap is not provided, as shown FIG. 



13.          



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 the compressed refrigerant gas flows out from compression chamber
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 movement of discharge reed valve 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 includes elements from both the
first and second embodiments, i.e. annular groove 241b. Discharge reed
valve 249 includes end portion 249[err] which is dimensioned to be larger
than the 



outer diameter of annular groove 241[err] so as to entirely cover annular
groove 241[err]. Fixing surface 241[err] is axi- ally offset and higher
than axial end surface 241[err].  Air gap A[err] is designed to be axially
created between the lower surface of discharge reed valve 249 and axial end
surface 241[err]. 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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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 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;    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 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
therebetween.   4. The refrigerant compressor of claim 1, wherein said
annular groove at least partially 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 annular groove is entirely overlaid by said valve member.         



- 13 -      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
opening of said conduit, said     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 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.   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 member is parallel
to said end surface of said valve 



plate.   10. A refrigerant compressor comprising:   a compressor housing;
a valve plate at least partially dividing said compres-     sor housing
into a first chamber and a second     chamber, said second chamber having a
discharge     chamber,    



- 14 -    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; 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 bending 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 seat.
* * * * *    










