»UKPatent .GB ,2157402 ..B

{54} Titia of invention

Valve assembly and compressor modulation
apparatus

{51) INTCL*; F16K 15/08

(21) Appiication No {73} Propristor

8509458 Copeiand Corporation
{22) Date of filing {Incorporated in

12 Apr 198§ USA—~—Delaware),
{30} Priority data Campbell Road

Sidney
{31) 599770 Ohio 45385
714011 United States of America

(32) 13 Apr 1984
22 Mar 1988

(33) United Statas of America (US})
{72) Inventors

(43) Application published Kyung Woe Yun
23 Oct 1985 Othel Lioyd Jones
Gerald Maurice Long
(48) Patent publighed
25 Nov 1987
{74) Agent and/or
{62) Domestic classification (Edition I) Address for Service
F2v W10 J. A. Kemp & Co.,
FIW 104 203 GR 14 South Square
U1S 1962 1966 1967 2003 F2V Gray'sinn
Fi1w London WC1R SEU
{56) Documents cited
GB 0867309
G8 0709847
B 0655560

{58) Field of search
Fa2v

LONDON THE PATENT QOFFICE

a 20y 761 Z 99




p.Cc Grgind

DAaTE A
,j / ‘..‘ oAty
/j N
e 9
Y/l 97 7L

AN T

i/ " 5/

N o~ A
ek AN \ Vo4

24 Vv
//J—%- 707 1 /08
0 // / / /24

\ ) )
N /70 \
. N

420 07
' 1 Z2s 47 \
J =) 4
/- / \- 77 % \
124 N2z, ‘ : 44
L 4/ AL 4‘7, 7
Z /

P

{4

k\S\
NN

T T T e P

2



. Q. mﬂ’ﬁ&:

2, = 2137422
L~
2
et /
20 f 57
Y AN\ 72\
v /04 22
JO4
Ny 24
/8~ i o8
7 {A

/0

0

4
7
ik

\N
N

/40

Z
X

N4

AL T

22 1o
/ // J
A 7
/2 ”4.7 w? 24 2 LZE .y

e 7

NN

/4

Fig-2




0. Crigina

2157719
3 7 =
F/ g "'3 /gg v
/00 At 7
\ [ N
22N \//\4 o
Nz
SE ~ - SO
g

S 4

(A

W .




L., lrigng;

o4 A
fv 4 ¥ &
4 /=
é.ﬂ_\
SI2—p Y4
\ , \ L8
/44 5]
%} M4 L4\ U4
- U 7
/2\1 \ Jmﬂ
< 2
- i,
0L
27 LENA™
Gros T8 98\ 47 77
757 e
Y/ <
00 L1 —. L.
8 JO8 .
» / /07 Y. /4
&0
I) 5
\ 7
2 "’Q’
20 )
N
583
S
20,
s #} 264
77 ! '
Y07 X '
5
L ;P =
=278
Y 57 04
x’/ﬂfaﬁ 55_5 ]]p /;2 !] 97
¥ &
pi4
e’ el e =

o

LSV ]



%
B

L0 Ly 50

27 \L
2287 TER = B s\ A7

2




10

15

20

A (o~

-] -

VALVE ASSEMBLY AND COMPRESSOR MODULATION APPARATUS

The invention relates generally to improved fluid valve
assemblies, and more particularlv to such valve assemblies for gqas
campressors. The invention also relates to a capacity modulation
apparatus for such campressors. The invention is applicable, however ’
to such campressor valve assemblies, both with or ‘without such a
capacity modulation system,

Reciprocating piston-type gas campressors typically include
pressure-actuated suction and discharge valving mounted generally at the
end of the cylinder between the head assembly and the canpression
chamber. It is critical to the overall operation of a gas campressor to .
provide a sufficiently large port area to permit the flow of a maximum
volure of gas within a given time period, at an acceptably small
pfessure drop. This is particularly true for refrigeration campressors
emploved in air conditioning systems because of the relativelv high mass
flow rates generally required in such svstems. 1In addition to
maximizing the port area for a aqiven cylinder size, it is advantageous
to reduce the weight of a moving valve member and thereby limit the
inertia effect thereof, as well as to minimize the operating noise of
the valve assembly, especially in high speed campressors.

In such gas campressors, it is also important to normally

minimize the reexpansion or clearance volume at the valve end of the
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cylinder. Accordinglv, the valving and the camression chamber end wall.

should have a shape that is camplimentary with that of the top of the
piston, to enable the piston to réduce the volume of the campression
chamber to a minimm during the compression stroke without restricting
gas flow. UWhile it may be possible to accamplish this obiective by
designing a complex piston head shape, manufacturing of such complex
pistons is very expensive, assembly is difficult and throttling losses
frequentlv occur as the piston approaches top dead center. Such
reduction of reexpansion volume is also of great importance in
refrigeration compressors having relativelv low mass flow rates, such as
those employed in very low temperature refrigeration systems, as well as
in heat pump applications.

Because of the criteria discussed above, the present invention
seeks to provide an improved valve and valve seat combination for use as
a discharge valve in gas campressors, without regard to whether or not
means are provided for capacity modulation. The invention thus seeks
to improve the efficiency of the gas compressor, the c‘iischarqe flow
characteristics at all valve lifts, the sealing characteristics of the
valve without permanent deformation of the valve member, the curabilitv
of the valve assembly, the quietness and smoothness of cperation, and
the valve assembly's ability.to operate in high speed compressors.

In many refrigeration (and heat pump) systems same type of
technique is required to control or modulate the capacity of gas
campressors.  The need for compressor capacity modulation arises from
the dilemma of a constant displacement pap being coupled to a svstem
with varying heating and cooling demands wherein the refrigeration
system functions to balance the load of heat influx at a selected
terperature at the evaporator. This load will vary fram minimm to
maximum levels for which the system was designed.

Normally, lcad balance in gas campressors is accamplished with

a thermal expansion valve which requlates the flow of liquid phase
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refrigerant into the evaporator, If the heat load in a refrigeration

systems decreases, the expansion valve reduces the refrigerant flow
rate. Conversely, the expansion valve increases refrigerant flow when
the heat load increases, Thus, if the fsystem has no means for capacity
control, a reduction in refrigerant flow rate will result in a lowering
of suction pressure. The campressor capacity is therefore reduced as it
operates at a higher compression ratio and a lower volumetrie
efficiency. To same extent, this reduction can be tolerated and ig
usually taken into consideration in the system design. However, there
is a minimm suction temperature or pressure below which either the
canpressor or the system should not be operated, which may be the
Saturated suction temperature at which frost begins to form on an
air-cooling evaporator coil, or perhaps the minimm temperature
limitations of a water chiller.

In some cases, particularly in low temperature refrigeration
Svstems, a corpressor mav overheat as the campression ratio becomes
excessive with reduced flow rates. Smaller refrigeration systems can
use a simplistic approach, employing a thermostat or suction pressure
operated switch to start and stop the campressor to overcame these
Problems. In larger refrigeration systems, however, this approach is
not desirable because of the resultant wide temperature fluctuations and
the adverse effects on campression reliability, Therefore, in such
large refrigeration systems, a sensor is used to selectively activate an
unloader mechanism for mocdulating the capacity of the campressor without
shutting it down.

Several different tvpes of unloaders have been used in the
past, including hot gas bypass unloaders, blocked suction unloaders,
suction valve lifter mechanisms, and reexpansion clearance pockets. The

bresent invention is particularly applicable to this latter type of

30 unloader in which clearance‘ pockets are used to provide an additional

Cclearance or reexpansion volume, with the clearance pocket being
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separated from the cylinder by a stop valve or the like, in
order to thereby reduce the volumetric efficiency of the
compressor.,

Previous designs of capacity modulation systenms
using clearance pockets have several drawbacks. Frequently,
the hardware is bulky and impractical to use with modern,
high speed compressors where compactness is an important
design objective. Alternatively some previous designs rely
upon manual adjustments to valves or pistons to define the
additional clearance volume. While these prior art
approaches may have been manageable for a relatively few slow
speed compressors, the manual adjustment approach is not
practical in modern day air conditioning or refrigeration
systems where automatic control is desired. 1In addition,
such previous designs have not lent themselves to be
incorporated into compressors utilizing the "Discus"™ valving
construction developed by the present Applicants. This
valving arrangement is characterised by its improved flow
characteristics at all valve lifts, good sealing without
permanent deformation of the valve, long life, guietness in
operation, and its ability to operate in high speed
compressors. More details of this valve assembly can be
found in US Patent No 4 368 755.

The present invention provides a valve assembly
comprising: a valve plate having an opening, the wall of

which defines a valve seat; a neck member fixedly disposed in
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said opening; an annular valve member slidably disposed on
said neck member and movable between a closed position in
which it engages said seat and an open position in which it
is spaced from said seat, said valve and neck members each
having a respective annular sealing surface; an annular
resilient seal member sealingly engaging each of said
surfaces when said valve member is in said closed position
for preventing the flow of fluid between said valve member
and said neck member when said valve member is in said closed
position; and a spring disposed generally between an abutment
surface fixed with respect to said valve plate and said valve
member for resiliently biasing said valve member toward said
closed position.

When incorporated in a gas compressor having
capacity modulating means the neck member has A central
opening therethrough with a plunger used for pressure
unloading having a stem portion slidably disposed in the
central opening. The plunger, in its closed position, closes
off fluid communication between the compressor chamber and
the clearance pocket and thereby places the compressor in a
fully loaded condition. 1In its open position, the plunger is
retracted away from the opening in the valve member to allow
fluid communication between the compression chamber and the
clearance pocket in order to unload the compressor.

Among the advantages of this preferred construction

is that a compact design can be achieved by making the
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discharge valving assembly an integral part of the capacity
modulation mechanism for defining the extent of the clearance
volume. The mass of the discharge valve is reduced, thereby
reducing impact on the valve seat when the valve is closed.
The sealing means provided between the valve member and the
neck member provides a dampening effect to reduce valve
impact.

In one particular embodiment, a solenoid is used to
quickly move the plunger to its loaded or unloaded position.
Thus, capacity control is achieved automatically and without
the necessity for manual adjustments. In another embodiment
of thelinvention, inserts or sleeves of varying dimensions
can be replaceably inserted into the clearance pocket to
selectively determine the extent of plunger retraction,
thereby defining the volume of the clearance pocket to permit
various degrees of desired unloading.

The present invention is further directed toward
the provision of an inexpensive and simple, high-efficiency
valve apparatus for a modulated gas compressor, or other
fluid flow device, wherein the advantageous features of the
valve assembly described in the abovementioned US Patent No
4 368 755 can be fully realised. Therefore, the present
invention further seeks to improve the operation of the
compressor discharge valve assembly, and in particular to
reduce the friction between the valve member and the neck

member discussed above, thereby increasing its speed and
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smoothness of operation, while providing good sealing
characteristics between the valve member and the neck member,
even in high-temperature conditiona that frequently obcur.

In some embodiments, the neck member also includes
a shoulder portion having the. sealing surface. The sealing
member is resiliently deflectable during the slidable
movement of the valve member between its open and closed
positions,.and the sealing member does not slidably engage
the neck member. The sealing member is biased into such
sealing engagement by a gas pressure differential existing
across the valve member when in its cloéed position, as well
as by a resilient biasing spring compressed between the
sealing member and a fixed portion of the valve assembly.

In one preferred embodiment of the invention, the
above-described valve assembly is employed as a discharge
valve assembly for a reciprocating piston gas compressor,
although it is fully applicable to non-reciprocating type
compressors. In such embodiment, the valve assembly includes
a valve plate having a valve seat opening extending

therethrough with the valve member sealingly engaging the
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valve seat opening when in its closed position. Preferably the valve

member and the neck member have generallv flat lonqitudinally-facing
surfaces on opposite sides f;:'cm the'ir respective shoulder portions, with
such generallv flat surfaces being SUbstantially coplanar both with one
ancther and with the inner surface of the valve plate when the valve
member is in its closed position. These coplanar surfaces in part
define a portion of the compression chamber and minimize undesirable
reexpansion volume in the compression chamber when capacity modulation
is either not provided or not being used,

Additional objects, advantages and features of the present
invention will become apparent fram the following description and

appended claims, taken in conjunction with the accampanying drawings,

Figure 1 is a cross-sectiocnal view of a reciprocating gas

- Campressor apparatus including a capacity unloading mechanism in

accordance with the present invention, with the gas coampressor in a
loaded condition during the intake or suction stroke.

Figure ? is a cross~sectional view, similar to that of Ficure
1, but showing the gas campressor during a campression stroke.

Figure 3 is a cross-sectional view, similar to that of Figqure
2, but showing the compressor in an unloaded condition.

Fiqures 4 through 6 are fragmentary cross-sectional views,
illustrating several embodiments of insert designs for varyina the
reexpansion velume in the clearance pocket of the capacity modulation
apparatus.

Figure 7 is a partial cross-sectional view similar to that of
Figure 1, but illustrating a preferred embodiment of a valve assemblv
incorporating the principles of the present invention disposed in a gas
campressor having the capacity modulation apparatus shown in Figure 1

and operating in a fullv loaded condition,
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Figure 8 is a partial cross-sectional view similar to that of

Figure 7, but illustrating the gas compressor in an unloaded condition.

Figure 9 is an enlarged detail view of the circled portion of
Ficure 7 indicated at "9",

Figure 10 is a partial cross-sectional view similar to that of
Figure 7, but illustrating an alternate construction of the invention.

Figure 11 is an enlarged cross-secticnal view similar to that
of Figure 9, but illustrating still another embodiment of the present
invention in which the neck memher includes an integral shoulder portion
thereon.

Figure 12 is a par-ial cross-sectional view similar to that of
Figure 7, but illustrating the preferred valve assembly in a gas
campressor that does not include the capacity modulation apparatus shown
in Ficures 1 through 11.

Figure 13 is a partial cross-sectional view similar to that of
Figure 10, but illustrating the preferred valve assemblv in an alternate
gas compressor that does not include the capacity modulation apparatus
shown in Figures 1 through 11.

Figures 1 through 13 illustrate examplary embodiments of the
valve assembly of the present invention in gas compressors, both with
and without the provision of a campressor capacity modulation apparatus,
As will becrme apparent from the following discussion, however, the
valve assembly of the present invention is ecually applicable to other
fluid flow devices, as well as to compressor or heat pump devices other
than those shown in the drawings.

Referring now to Figures 1 through 3, an unloader mechanism,
generally desicnated by the numeral 10 is shown in coniunction with a
reciprocating gas campressor. Cylinder block or carpressor body 12

defines a cylinder bore 14 therein for receipt of reciprocating piston
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16 having conventional sealing rings 18, and a suction plenum 20 is

formed in campressor body 12 adjacex:lt cylinder bore 14. As is known in
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the art, suction plenum 20 is connected in fluid cammnication with the
intake gas to be campressed, which normally cames from the evaporator in
a refrigeration system,

A valve plate 22 has a plurality of suction passages 24 and 26
camumicating with suction plemmm 20, Central portions of valve plate
22 define an annular valve seat 28 having cutwardly diverging side walls
which also form part of a discharge passage. A conventicnal reed tvpe
suction valve member is provided with portions 30 and 32 disposed in
overlying valving relationship with the interconnected suction passaces
24 and 26, respectively.

A discharge port desicnatad by the mumeral 34 extends through
valve plate 22 and is defined by the inner portiocns of the side walls of
valve seat 28, A pressure responsive valve member 36 is disposed within
the dischargs port 34, with lower side portions 38 of the valve member
36 being generally £rusto—ccm’.clal in shape and sealinglv encaging the
valve seat sicie walls 28, Valve member 36 is urged bv suction pressure
into sealing engagement with valve seat 2B during the intake stroke of
piston 16 and is biased toward such sealing engagement by spring crimps
40 acting on a protector shim 41. During the campression strcke, as
shown in Figure 2, valve 36 raises upwardly to open discharge port 34,
after the biasing force of spring crimps 40 is overcome, thereby
allowing the gas to be discharged from the campression chamber 42.

Upper pertions of the spring crimps 40, which are of
a shape that is generally partially cylindrical in shape,
extend into a recess 44 to engage an abutment surface provided
by the bottom of the recess. The recess 44 is formed in a .

retainer member 46, provided with a centrally located

annular neck
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portion 50 having an aperture extending therethrough. The end 52 of

neck 50 extends downwardly. so that its lower surface is substantiallv
coplanar with the lower surface of valve plate 22 and valve member 36
when the valve is closed, Inner surface regicns of valve member 36
define 2 centrally located opening 54 extending therethrough. Neck 50
and the opening 54 in valve member 36 are dimensioned for sliding
engagement therebetween, with seal 56 providing a sliding seal between
the adjacent surfaces in one embodiment of the invention.

A clearance pocket 58 is defined in part by a bore 59 formed
integrally as part of a preferably cast head 60. Head 60 is suitahlv
clamped to campressor bodv 12, sandwiching valve plate 22 therebetween
such that the clearance pocket 58 is arranged coarially with cylinder
bore 14. A discharge plemum 62 surrounding clearance pocket 58 is also
formed in head 60 and coammunicates with the discharge passageways via
grooves, passages, or the like, which are formed in retainer 46 as
diagrarmatically illustratad at 64 and 66,

A plunger element 68 isg slidablv mounted in the clearance
rocket bore 59 and has gererally T-shaped arms 70, 72 sealingly engaging
imner walls of clearance pocket bore 59 by wav of seal 74, which seals
between the clearance pocket 58 and the space above plunger 68, A seal
152 is provided between the discharge plenum 62 and the clearance pocket
38. Plunger 68 is provided with a depending base or stem 78 dimensioned
SO as to fit within the confines of the neck member opening 54 and
close off fluid cammnication therethrough when the Plunger 68 is in the
Position shewn in Fiqures 1 and 2. In the preferred embodiment, stem 78
is designed to sealingly engage the inner walls of opening in neck
portion 50 when in this positicn, with a seal 80 being provided
therebetween, A coil spring 82 has lower portions thereof abutting
retainer 46 and upper portions thereof received in recess 84 formed in
plunger 68. The top porticn of plunger 68 can optionally be relieved at

76 for purposes of providing a sufficient projected area for excosure to
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discharge pressure when *he campressor is switched fram the unlcaded

mode to the loaded mode, with the discharge pressure acting on the top
of plunger 68 being suffici-ent to'overcrme the force of spring 82 and
the gas pressure acting beneath plunger 68,

Actuator means are provided for moving plunger element 68
quickly between a first position shown in Figures 1 and 2, wherein the
campressor is fully loaded, and a second rosition shown in Figure 3,
wherein the compressor is unlocaded. In the preferred ambodiment, the
actuator comprises a solenoid valve assembly 86, including a
conventiocnal electrically energizable solenoid coil 88 having a shaft 90
movable to cne of two positions depending upon whether the coil B8 is
energized or de-energized. Shaft 90 is slidablv mounted in a bore 92
having an outlet 94 and an inlet 96 formed in lower cortions thereof,
and shaft 90 includes a hollowed-cut portion 98 in its lower surface and
an inlet 100 in one side thereof,

A plurality of fluid comrmnication channels are provided for

selectivelv connecting the volume abeve plunger 68 with either suction

' pressui'e or discharge pressure. One channel is provided by a passageway

20

25

30

102 in cover plate 104 extending between ocutlet 94 and the top of
clearance pocket bore 59 in head 60. As shown in Figures 2 and 3,
passageway 102 can be connected to discharge plemm 62 by way of
passagewavs 106 and 108 formed in plate 104 and passageway 110 formed in
head 60. Suitable sealing gaskets 112 and 114, or the 1like, are
conventicnally used at the interfaces between the various camponents.,
Passagewsy 116 is provided in the sclenocid valve body, and passageway
118 is provided in cover plate 104, for commnication with suction
plenum 20 by way of passageway 120 in head 60 and passageway 122 in
valve plate 22, again, sealing gaskets 124 and 126 are conventinallv
employed at the interfaces.

The operation of the unloader 10 will now be described. When
solenoid coil 88 is energized, shaft 90 is lifted ¢o the position shown
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in Figures 1 and 2, which causes a mismatch between ocutlet 100 and gas

passageway 116 connected to suction pressure, Thus, discharge pressure
is introduced by way of pas'sageway;.: 110, 108, 106 and 102 to the space
in clearance pocket bore 59 above plincer 68. The discharge pressure
acting on pluncer 68 exceeds the cambined force of the pressure
developed in compression chamber 42 and the upward force caused v
spring 82 acting on plunger stem 78. Thus, the plunger 68 is maintained
in its downward position with the stem 78 and seal 80 closing off fluid
communication between compression chamber 42 and clearance pocket 58,
Consequently, the reexpansion volume of the campression chamber 42
remains unaffected, and the campressor operates in a fully lecaded mode.

When it is desired to unload the coarpressor, solenocid coil 88
is de-energized, causing solenoid shaft 90 to move downwardly to the
position shown in Fiqure 3. With solenoid shaft 90 in this position,
discharge pressure is blocked, while suction pressure is instead
introduced, in the area above plunger 68, because the outlet 100 now
matches with the passageway 116. As a result, the force of spring 82
fwhen cambined with the gas pressure acting on the entire lower surface
of plunger 68) is sufficient to force the plunger 68 upwardly to
establish fluid communication between clearance pocket S8 and the
campression chamber 42 through neck 50 in retainer 46. The capacity of
the compressor is therebv reduced because of the increased reexpansion
volume of the clearance pocket 58,

The amount of unloading can be easily adiusted or modified 4v
way of suitable inserts that restrict the degree of retracting of
plunger 68. Several different embodiments of such inserts are shown in
Figures 4 through 6. In Figure 4, the wall defining the clearance
pocket bore 59 is provided with a plurality of crooves 130 and 132 which
are spaced at different axial or longitudinal locations therein., A snap
ringl34canbeinsertedintooneofthegrocvestoserveasastcp
limiting the upward travel of plunger 68, As a result, the volume
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defined by the clearance pocket 58 is reduced, thereby unloadinag the

campressor to a lesser extent than if the plunger 68 was allowed to
travel fully to its upperrmét position in clearance pocket 58. In the
embodiment of Figure 5, this is alternately accomplished by way of a
sleeve in the form of a spring ring 136 inserted within the clearance
pocket bore 59. The depth of the wall 138 of the spring ring 136 is
chosen to provide the desired stop position for plunger 68,
Alternatively, a flanged ring 140 can be used as shown in Figure 6., In
this embcdiment, the top portion of head 60 is provided with a
countersunk ledge 142 for receiving the outwardly flared flange 144 of
ring 140. Again, the depth of the wall 146 determines the extent of
travel of plunger 68. The inserts in each of these embodiments can be
easily installed by disconnecting the cover plate 104, placing the
insert within the clearance pocket bore, and reconnecting the cover
plate,

Those skilled in the art will now appreciate that the present
invention provides sionificant advantages over known constructions of
modulating systems in the prior art. Since the unloader operates as an
integral part of the valving arrangement for the compressor, a compact
design is obtained which limits the overall outline dimension of the
campressor apparatus, thereby conserving space. Additicnallv, the
plunger 68 is moved to either of its two positions verv guickly under
autamatic control of the solenoid assembly 86, and the.unloader thus
easily adapts itself to an automatic contrel enviromment in which rapid
capacitvy modulation is an integral part of an entire refrigeration
system wherein pressure, temperature, and other parameters are monitored
and used as decision criteria for unloading the compresscr.

The valve member 36 is of a reduced mass since it includes the
opening 54 therein, through which fluid communication between the
clearance pocket S8 and campression chamber 42 can be established. This

reduced mass lessens the valve impact on the seat 28 when the valve is
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closed. Ancther advantageous feature is provided in the preferred

embodirent, wherein the retainer neck 50 acts as a quidepost for
piloting the valve member 36, as shown in Figure 2, wherein the valve
member 36 is in an open position to allow the compressed gas to be

5 discharged into the discharge pleman 62, It can be seen that the valve
member 36 slidablyridesupanddcwnmmcksowahyminm its
proper orientation. During the intake stroke of piston 16 (Figure 1),
themckSOalaohelpstointumﬂntﬂnvuvammtspmperlvm
valve seat 28.

10 The sirplicity of the mechanism for loading or unloading the
campressor provides highly reliable operation requiring no manual
adjustment. It is contemplated that cne solenoid coil 88 can be used to
control either single cylinder or multicylinder campressors, thereby
further reducing manufacturing costs. Alternatively a milticylinder

15 campressor can be equipped with a separate solenoid coil and unloading
mechanigm for eaéh cylinder.

Other embodiments of the present inventicn are shown in
Figures?toninmim dﬂmwitham&ﬂatadmar
withmmmnatedmmummwmtthe

20 valve assembly can also give improved speed, efficiency and reliability,
at a reduced cost, in an urmodulated compresscr, Such an improved
valvensmhlyismusttatedwithanmtedmin |
Figures 12 and 13.

Referring to Figures 7 throueh 9, cas camressar 200 is
250enerally sﬁnilutoﬂeqasmnrdmin?imulthrmghs
except for the modifications to the discharom valve assambly discussed
belov. Therefore, elements shown in Pigqures 7 throuwgh 13 that are
either identical ar substantially similar to the corresponding elsments
shown in Figures 1 through 6 are indicated by like reference mmerals.

30 Int.hegascarpnnorzoo,valvamrbernsisdispoaedina

discharge flow opening 220, which extends in a longitudinal direction
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through valve plate 222 and is defined in part by valve seat 228, Valve

rember 236 includes a laterally inner or central opening 254 and is
slidably movable longitudinally on neck member 250 between an open
position, in which valve member 236 is longitudinallv spaced apart from

5 valve seat 228, and a closed position sealingly engaging valve seat 228,

Neck member 250, which extends longitudinally within the
laterally inner opening 254 of valve member 236, is fixed relative to
valve plate 222 and head member 60 and has affixed thereto (as by a
sealed press fit, for example) a sleeve 258 upon which valve member 236

10 slidably moves. Neck member 250 also includes neck opening 262
extending longitudinally therethrough for providing fluid communication
between campression chamber 42 and clearance pocket 58 during compressor
capacity modulation as described above in connection with Figures 1
through 6.

15 A generally flat, disc-shaped, resilient sealing member 256 is |
disposed arcund neck member 250 and extends generally laterally
outwardly therefram. Sealing member 256 is preferably formed of a thin
resilient sheet material, such as spring steel for example, and
sealingly engages both a laterally-extending sealing surface 240 on

which may be of pelynerie materws

20shoulder portion 239 of valve member 236 ‘(and a similar laterally-
extending sealing surface 260 formed on sleeve 258 when valve member 236
is in its closed position. Preferably, sealing surface 240 on valve
member 236 is laterally spaced outwardly away fram inner opening 254,
with a relieved or recessed portion 242 therebetween. Such recessed

2sportion 242 (shown greatlv exaggerated in depth in Figure 9) provides
clearance for resilient deflection of sealing mermber 256 during slidable
movement of valve member 236 and for accammodating any slight difference
in the heights of sealing surfaces 240 and 260. It should be noted that
although recessed portion 242 is illustrated as sloping fram sealing

josurface 240 in a direction generally laterally imwardlvy and
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longitudinally toward valve seat 228, a stepped recessed portion may

alternatively be provided.

Resilient sealing member 256 4is biased into the
above-described sealing engagement with the lateral sealing surfaces 240
and 260 of valve mamber 236 and neck member 250, respectively, by the
gas pressure differential that exists across valve mamber 236 when valve
mamber 236 is in its closed position. Such pressure differential
nmlts&mﬂndiffmmﬂugummmdim
plemm SZAMemwessimdmhtlzduringﬂnmimdum-strokeof
piston 16. Resilient sealing member 256 is also resiliently biased into
sudamlﬁ:gmaqumtbyﬂnmmgcrﬁquwuudimmud
between flange portion 264 of neck mamber 250 and resilient sealing

member 256. Spring crimps 40 also act through resilient sealing member

256 to resiliently bias valve mamber 236 into sealing engagement with
valve geat 228, with the combined #Pring rate of spring crimps 40 and
resilient sealing member 256 being Preselected to allow valve member 236
toqui;cklymingcpmwhentlnpmsminmsim&mberlz
readnsapredeteminedlmlmrmgt!nup-su-duofputmls.
mﬂnmuofﬂnmmzoommrim
7ﬂmgh§,£1angeportim264ofmckmzsoismpporudhya
mmz«,mummfocame@ufMy
mmeMMmlmeWmm
toumtmmzsowmtrﬂnitfmlaigmﬂimm
away from valve plate 222, mammcumotmm
mzﬁuﬂﬂangepu:ﬁanﬂwithvalwphtom.themﬂigm
mm&mmwm;mﬂtm:nvuve
Plate 222 acting through an abutment surface cn flange partion 264 ang
retainer mevber 246. Thus, mvamzasmmmwmmgm

ZSGmMmlybhsdinalaagiuﬂMdimcumtm:dmhemtzza.

mmnmmiu'w'mﬂminnm7
uﬂinits'mloadd’mﬁiticnin!’igm:es.




10

20

25

_ 18 -
In an alternate construction shown in Figqure 10, «as

compressor 202 is generally similar to gas compressor 200 shown in
Figures 7 through 9, except that flange porticn 264 of neck member 250
is abuttingly engaged by a longitudinally-extending pertion 270 of head
member 280, which is gemerally similar to the previously-described head
rerber 60 in other respects. Such abutting encacement of longitudinal
portion 270 with flange portion 264 restrains neck member 250 fram
longitudinal movement away fram valve plate 222. Furthermore, because
head member 280 is secured tc valve plate 222, and spring crimps 40 are
campressed between flange portion 264 and sealing member 256, spring
crimpe 40 exert a reactive force on head member 280, which is in turn
transferred to valve plate 222 as a result of head member 280 being
interconnected with valve plate 222. In other respects gas campressor
202 and its valve assembly are substantially similar to gas campressor
200 shown in Figures 7 through 9, This arrangement is advantagecus in
that it is simpler (fewer parts} and thus less costlv, On the other
hard, it requires a mcre accurately machined head assembly in érder to
control tclerances of the valve.

Although shoulder portion 258 camprises a separate sleeve
member press fitted or otherwise fixedly secured aleng a portion of neck
member 250 in Figures 7 through 10, an alternative arrangement can be
provided as shown in Figure 11, In Figure 1l an integral shoulder
portion 268 is integrally formed on neck member 272 in order to define
sealing surface 274 therecn. Functionally, neck member 272, with its
integral shoulder portion 268 and sealing surface 274, is identical to
neck member 250 of Figures 7 through 10 and includes flange portion 276
corresponding to flange portien 264 of neck member 250, In other
respects, the valve assatbllf shown in Fiocure 11 is substantiallv the

same in configuration and function as the valve assemblies shown in

30 Figqures 7 through 10. In this regard, it should be noted that either

the separate sleeve-type shoulder portion 258 of neck member 250, or the
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integral shoulder portion 268 of neck member 272, can be emploved with
either gas compressor 200 (Figures 7 through 9) or gas campressor 202
(Figure 10), as well as with any of the other embodiments described
herein.

Figures 12 and 13 illustrate further alternate embodiments of
the preseﬁt invention, wherein cas campressors 204 and 206 correspond
generally to gas conpressors 200 and 202, respectively, with the
exception that no capacity modulation system is provided. Because of
this difference, neck member 250 (or alternate neck member 272 with its
integral shoulder portion) is replaced by a generally closed neck member.
290. Neck member 290 includes a flush end portion 292, a sealing
surface 294 and a flange portion 296, which respectively correspend with
end portion 252, sealing surface 260, and flange portion. 264 of neck
member 250, as well as with end portion 273, sealing surface 274, and

15 flange portion 276 of neck member 272. Shoulder portion 298, which

20

forms sealing surface 294, can be either a sépa.rate sleeve member as
discussed above in connection with neck member 250, or an integral
shoulder portion 268 as in neck member 272 discussed above. However,
gince no capacity modulation system is provided in gas camwpressors 204
and 206, neck member 290 is generally solid or closed and does not have
a lengitudinal opening extending therethrough. In all other respects
the function and relationship between valve member 236 and neck member
290 are substantially the same as that described above in comection
with Figqures 7 through 11.
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CLAIMS

1. A valve assembly comprising: a valve plate
having an opening, the wall of which defines a valve seat; a
neck member fixedly disposed in said opening; an annular
valve member slidably disposed on said neck member and
movable between a c¢losed position in which it engages said
seat and an open position in which it is spaced from said
seat, said valve and neck members each having a respective
annular sealing surface; an annular resilient seal member
sealingly engaging each of said surfaces when said valve
member is in said closed position for preventing the flow of
fluid between said valve member and said neck member when
said valve member is in said closed position; and a spring
disposed generally between an abutment surface fixed with
respect to said valve plate and said valve member for
resiliently biasing said valve member toward said closed
position.

2. The assembly of claim 1, wherein said sealing
surface on said neck member is integral therewith.

3. The assenmbly of claim 1, further comprising a
sleeve affixed to said neck member, said sealing surface on
said neck member being defined by said sleeve.

4. The assembly of claim 2 or 3, wherein said seal
member is formed from sheet metal.

5. The assembly of claim 2, 3 or 4 wherein said

seal member is normally flat.
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6. The assembly of any one of claims 2 to 5,
wherein said sealing surfaces are generally flat and disposed
in substantially the same plane.

7. The assembly of any one of claims 2 to 6,
wherein said sealing surface on said valve member is disposed
adjacent the outer periphery thereof.

8. The assembly of claim 7, wherein said valve
member is relieved between said sealing surface thereon and
the inner periphery thereof.

9. The assembly of any one of claims 2 to 8,
wherein said seal member is disposed between said spring
means and said valve member.

10. The assembly of any one of claims 2 to 9,
wherein said valve member is formed of a polymeric material.

11. The assembly of claim 1, wherein said sealing
means comprises a seal member formed of an elastomeric
material and disposed between said valve and neck members.

12, The assembly of any one of the preceding
claims, wherein said valve seat is conical in configuration.

13. The assembly of any one of the pregeding
claims, wherein said neck member has a central opening
therethrough, and further comprising a plunger having a stem
portion slidably disposed in said central opening.

14. The assembly of claim 13, wherein said valve
and neck members and the end of said plunger stem portions

are normally substantially flush with one another on the
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upstream side of said valve assembly when said valve member
i3 in said closed position,.

15. The assembly of any one of claims 1 to 12,
wherein said neck member has a solid face which is
substantially flush with said valve member on the upstream
side of said valve assembly when said valve member is in said
closed position.

16. The assembly of any one of the preceding
claims, wherein said neck member includes a portion thereof
being engaged and restrained by a retainer member fixed with
respect to the valve plate from movement in a direction 'away
from said valve plate, said spring means being compressed
between said portion of said neck member and said valve
member .

17. The assembly of any one of the preceding
claims, further comprising a bridge member affixed to said
valve plate and overlying said opening, said neck member
being supported by said bridge member.

18, The assembly of any one of the preceding
claims 1 to 12, wherein the valve assgmbly 1s disposed in a
gas compressor between the cylinder head and cylinder block
thereof, and in fluid communication with the compression
chamber therein.

19. The assembly of claim 18, wherein said neck

member is supported by said cylinder head.
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20, The assembly of claim 18 or 19, wherein said
cylinder head has a clearance pocket therein and said neck
member has a central opening therethrough, and further
comprising a plunger slidably mounted in said clearance
pocket and having a depending stem portion movable into and
out of said central opening.

21. The assembly of claim 20, further comprising
actuator means for selectively moving the plunger stem
portion to a first position within the neck member opening to
closé fluid communication between the compression chamber and
the clearance pocket whereby to place the compressor in a
fully loaded condition, and to a second position away from
the neck member opening to open fluid communication between
the compression chamber and the clearance pocket to thereby
unload the compressor.

22, The assembly of c¢laim 21, wherein said plunger
is generally T-shaped in cross-section having arms extending
across the width of the clearance pocket.

23, The assembly of claim 21 or 22, wherein said
actuator means comprises a source of suction pressure; a
source of diacharge pressure greater than the suction
pressure; and means including a solencid valve assembly for
selectively connecting the source of suction pressure or
discharge pressure to the clearance pocket above said

plunger.
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24. 'The assembly of claim 23, wherein a relieved
area is formed in top portions of the plunger.

25. The assembly of c¢laim 23 or 24, wherein said
actuator means further comprises spring means connected to
the plunger and cooperating with the suction pressure to
raise the plunger, the spring means being sufficiently weak
to permit the plunger to move downwardly when discharge
pressure is applied.

26. The assembly of claim 25, wherein said spring
means is coupled at one end underneath the plunger arms and
coupled at another end to said retainer member.

27, The assembly of any one of claims 21 to 26,
wherein said actuator means comprises a solenoid-actuated
valving assembly disposed on the head, said valving assembly
including a solenoid coil and a shaft member movable in
response to energization of the coil, said shaft member
including passageways formed therein adapted to connect said
suction passageway to the clearance pocket above the plunger
when the solenoid coil is in a first state, and being further
adapted to connect the discharge passageway to the clearance
pocket above the plunger when the solenoid coil is in an
opposite state,

28. The assembly of claim 27, wherein said
actuator means further comprises a first channel passing
through the head establishing fluid communication between

said suction passageway and the passageways in the solenoid
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shaft; and a second channel extending through the head
establishing fluid communication between the discharge
passageway and the passageway in the solencid shaft; and a
third channel establishing fluid communication between the
solencid shaft passageways and the clearance pocket above the
plunger,.

29. The assembly of any one of claims 21 to 28,
further comprising stop means insertable in the clearance
pocket in the head and adapted to abut the plunger when it
moves upwardly to control the volume of the clearance pocket
in communication with the compression chamber, thereby
adjusting the degree of unloading of the compressor.

30. The assembly of claim 29, wherein said stop
means comprises at least one groove formed in walls of the
clearance pocket; and a snap ring in the groove having an
inner dimension smaller than the outer dimension of the
plunger.

31. The assembly of claim 30, wherein said stop
means comprises a ring member inserted in the clearance
pocket and having walls of a predetermined depth to define
the degree of unloading.

32. The assembly of claim 31, wherein said head
includes a countersunk ledge formed in a top surface thereof,
surrounding said clearance pockgt, and wherein said ring
includes an ocutwardly flared flange adapted to fit within

said ledge.
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33. A valve assembly constructed and arranged to
operate substantially as hereinbefore described with
reference to, and as illustrated in, the accompanying
drawings.

34. A gas compressor including a valve assembly
and constructed and arranged to operate substantially as
herein described with reference to, and as illustrated in,

the accompanying drawings.
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