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A relief valve for relieving pressure in a fluid conduit that includes a cradle positioned in the relief valve conduit and having a ball
support surface and a ball mounted on the ball support surface and adapted for sealing against the valve seat of the pressure relief
port. A spring support surface and a spring positioned in the pressure relief conduit urges the cradle and the ball into sealing

position against the valve seat of the pressure relief port.
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FIG. 1

(57) Abstract: A relief valve for relieving pressure in a fluid
conduit that includes a cradle positioned in the relief valve
conduit and having a ball support surface and a ball mounted
on the ball support surface and adapted for sealing against the
valve seat of the pressure relief port. A spring support surface
and a spring positioned in the pressure relief conduit urges
the cradle and the ball into sealing position against the valve
seat of the pressure relief port.
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RELIEF VALVE

Technjcal Field and Background of the Invention

This application rclaies o a relief valve used to relieve pressure in a pressurized fluid
system. The novel relief valve is described in this application for purposes of illustration and
explanation #s being {nstalled on a water heater shutoffthetmal cxpansion control valve such
as an Apollo® 781 F-RV Series valve manufactured by Conbraco Tndustries, Inc. of
Malthews, North Carolina, However, the rellef valve has application in a widc varioly of
uses, and ite description in this application installed on a specific device carries na
implication that its use is limited Lo use on that device,

Conventicnal relief valves include a body that is positioned in fluid communication
with a pressurized fluid system, for example a shutoff valve, backlow valve, or pipe, A
spring-loaded rubber ball hears againat the walls of a relief poﬁ- jn the valve, pipe, etc. The
spring is designed fora speciﬁc relief setting, If pressure in the system exceeds a
predetermined value, that sxcessivs pressure oxcrts sufficient force against the ball to vmseat
it from the relief port walls, allowing fluid to tlow past the ball to atmesphers, an expansion
tanlc or other reservoir, As the pressure is reduced, the ball 3s again urged back into sealing
contact with the wall of the relief port. The spring is mounted in a conduit in)thc relief valve
and 1s held in un slipned position by the walls of tite conduit and a shoulder of reduced
diameter against which the end of the spring remote from the ball resides. These prior art
rellet valves are prone o deliveting inaccurate performance as 2 result of the spring being
compressed during an over pressure event to the extent that the coils cantact each other and
the gpring becomes, in praciical offect, 2 solid object that restricts fluid fow from the valve.
This condition car: result in false pressure readings, delayed pressuie relief and similar

conditions,



CA 02976419 2017-08-11

Wi 2016/130:129 PCI/US2015/015634

Summary of the Invention

Therefore, it is an object ol the Tavention to provide a pressure relief valve that
provides aceurate, reliable and rapid pressure relief in a pressurized fluid system to which the
refief valve is attached,

It is another object of the invention to provide a pressure relief valve that permits
pressure refief by Tull fuid flow from a fluid system ia an over pressure condition,

1t is another object af the invention to provide a pressure relief valve that provides
support to the scaling ball during both scaled and unsealed positions.

It is mnothor object of the invention to provide & pressure relief valve that prevents
deformation of the ball in both sealed snd unsealed posttions.

These and pther objects and advantages of the present invention are achieved in the
preforred embodiment disclosed below by providiag a yelicl valve for relieving pressure in g
fluid conduit that includes a valve body adapted far heing positioned in fluid communication
with a fluid pressure system. A relief valve conduil is formed in the relicf valve body and has
a valve seat positioned around a pressure relief port at one end of the conduit adapted for
communication with the fluid pressure system and a discharge vent in an opposite end of the
conduit. A cradle is positioned in the relief valve conduit and includes a ball support surface
with a ball mounted on the ball support surface and adapted for scaling against the valve seat
ol the pressuro relief port. A spring support surface is provided nermal to a longitndinal axis
of the relief valve conduit, The spring ‘is poéitioncd in the pressure relief conduit for urging
the ball carricd ir the cradle into scaling position against the valve seat of the pregsure relief
port, The spring has a predetermined load, When pressure is exetrted on the spring in excess
of the predetermined leud, the spring will compress, withdrewing the ball ot of sealing

position against the valve seat of the pressure relief port to allow a discharge of fluid from the
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fluid pressure system.

According to another embodiment of the inventlon, the eradlo includes a pait of
spacers positioned between the ball suppoft surface and the spring support surface.

According fo another ecmbodiment of the lisvention, the cradle includes a pair of
spacets positioned between the ball support surface and the spring support surface and at least
cue flow poet for permitting fluid flow through and around the cradle.

According to another embodiment of the invention, the ball support surface of the
cradle includes an annular sagment corresponding in shapo (o 4 portion of the surface of the
ball.

According (o another embodiment ol the invention, the spring support sutfaco
includes a planar surface defined by an inner and outer circumference of the cradle,

According to another embodiment of Lhe invention, the relief valve conduit includes a
shoulder of reduced diameter for suppovting an end of the spring remote from the hall.

According to another embodiment of the invention, tiwe ball is fabricated of ethylene
propykene diene monomer,

According to another embodiment of the invention, the ball has & 70 Shore A
Lavdness.

According to another embodiment of the invention, the spring has a compression of
ahout 50 percent bolweun 4 free length and a fully compressed lenpth.

According to another embodiment of the invention, a relicf valve is provided for
relieving pressure in & fuid conduit, and includes a valve body adapted for being positioned
in fluid communication with a fluid pressute system and a relief valve condvit formed in the
relief valve body having a valve scat positioned around u pressure relief port vt ong end of the

conduit adapted for communication with the fluid pressure system and a discharge vent in an
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opposite end of the conduit. A cradle is positioned in the relief valve conduit and includes a
ball suppott surface and a ball mounted on (ke ball support surfuce adupled for sealing against
the valve seat of the pressure relief port. The ball support sueface of the cradle includes an
aunular seginent cotresponding in shape to a portion of' the surface ol the bail, A spring
support surface normal to a longitndinal axis of the relief valve conduit has a planar defined
by an imner and outer circumiference, A spring is positioned in the pressure relicf conduit for
urging the cradle and the ball inte sealing position against the valve seat of the pressure relief
port, The spring bas a predetermined load in excess of which the spring will compress,
withdrawing the ball out of sealing position against the valve seat of the pressure relief port to
alfow a dlscharge of fluid frem the fluid pressure systetn. A pair of $pasers ls positioncd
betweea the ball support surface and the spring support surface and at least ene flow port for
permitting fluid flow through and around the cradle. A shoulder’of reduced diameter is
formed in the relief valve conduit for sapporting an end of the spring remote from the ball,
According to another embodiment of the invention, a water heater shutoffithermal
expansion control valve adapted for being positioned in flow communication with a water
pressure systeta is provided, and includes a pressure relief valve for relieving pressure in the
gystemn above a predotermined [evel. The pressure rellef valve Includes a valve bady adapted
for being positioned in fluid communicatioﬁ with a fluid pressure system, A relief valve
conduil is furtmed in the relisf valve body and has n vaive seat positioned around a pressure
relief port at one end cf the condult adapted for communication with the fluid pressure
system and a dlscharge vent in an opposite end of the conduit. A cradle is positiouud in the
relief valve conduit and includes a ball support surface and a ball mounted on the ball support
suiface and adapted for scaling apainst the valve scul of the pressure relicf porl, A spring

sapport surface normal to a longitudinal axis of the relief valve conduit is provided, and a



CA 02976419 2017-08-11
WO 2016/130129 PCT/US2015/015634

spring is positioned in the pressure relief conduit for urging the cradlc and the balf into
soaling position againyt the valve seat of the prossure relief port,. The spring bas a
predetermined load in excess of which the spring will compress, withdrawing the ball out of
sealing position against the vulve scal ol the pressure relic{pott to allow a discharge of fluid

from the fluid pressure system.

Brief Descriptior of the Drawings

Some of the objects of the invention have been set forth sbove, Other objects ural
advantages of the invention will appear as the description of the invention proceeds whea
taken in conjunction with the following drawings, in which: | |

Figure 1 is a vertical longitudinal cross section of a water heater shutoff/thermal
expansion control valve equipped with a prior art pressure refief valve;

Figurc 2 is a vertical longitudinal crass section of the prior art pressure relief valve of
Figure 1 in a sealing position;

Figure 3 is a vertical Jongitudinal cross section of the prior art pressure relief valve of
Figure 1 in an unsealed, pressure reliet position;

Figure 1 is a vortical lengitudinal eress section of a water heater shuicff/thermal
expansion contrc! valve equipped with a pressure reliel valve according to a preferred
embodiment of the inventiang

Figure 5 is a side elevation view of the water heater shutoff/thermal expansion control
valve of Figure 4, wlih the components of the pressure rolicf valve shown in an exploded
view;

Figure 6 is a vertical longitudinal cross scetion of the pressure relief valve of Figlre £

in a sealing position;
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Figure 7 is a vertical longitudinal cross section of the pressure relief valve of Figure 4
in an unsealed, pressure rolicl position;
Figure 8 is an enlarged view of the ball and spring support cradle of the invention; and

Figure 9 is a cross-section of the ball and spring support cradle shown in Figute 8.

Description of the Preferred Bmbodiment snd Besl Mods

Referring now-to Figures I, 2 and 3 of the application, a water heater shutoff/thermal
expansion control valve 10 is shown, and includes a valve body 12 deflning a conduit 14 that
passes water from a supply connection 16 through the conduit 14 and aut through a discharge
connection 18 to, [ur sxample, a water heater, Valve 19 ls eontroiled by a valve ball 20
ratated by a stem 22 connected ta a quarter-turn handle 24,

A prior art relief valve 30 includes a valve body 32 that communicates wilh the
conduit 14 through a chamfered relief port 34 in the valve hody 12, The valve body 32
detines a relief valve conduit 36 that vents fluld to atmasphere or r suilable reservoir, A
relief valve fitting sub-assembly 38 is threaded onto the valve body 32 of the relief valve 30.
The valve bedy 32 defines a conduit 40 with a shoulder 42 that supports a spring 44 that
directly cordacts and urges o ball 46 against the relief port 34 to cffect a scal during normal
pressure operation of the valve 10, See Figure 2.

This design presents several disadvantages. First, rapid, acourats discharge is
obstructed by tho coils of the spring 44 as water is vented to the atmosphere, as shown in
Figure 3. Delay in vonling may result ln a false reading of the discharge ratc that fails to
salisfy the performance requirements of TAPMO IGC 128-2008. Second, the ball 46 is seated
directly on the (op ol gpring 44, The pressure of the spring 44 against the ball 46 can cause

an impression on the surface of the ball 46 and, eventually damage to the surface. As the
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spring 44 impressss jtself into the surface of the ball 46, the in-place length of the spring
increases and reduces the load applied tn the ball 46 as the impression on the surface of the
ball 46 increases.

Referring now to Figures 4-9, a relief valve 60 according to the invention is shewn in
place on a valve 10 of the same design and operation as the velve 10 of Figures 1-3, Reliel
valve 60 includes a valve bady 62 that communicates with the conduit 14 through a
chamfered relief port 64 in the valve body L2, The reliet valve body 62 defines a relief valve
conduit 66 that veats fluid to atmesphere or & suifable reservoir. A relicf valve fitting sub-
assembly 68 is threaded onto the valve body 62 of the relief valve 60. See Yigures 3, 6 and 7.

A ball 70 and spring 72 operate the relicf valve 50, and as is shown ir Figures 8 and
9, in accordance with the invention, a cradle 80 is provided and includes an annular ball
suppdﬁ surface 82 and a ring-shaped, radially-cxtending spring support surface 84, The ball
support surface 82 and spring support surface 84 are separated by a pair of spacets 86, 88 that
define ﬁow ports 50, 92..

Referring now to Figures 6 and 7, the spring 72 now engages the spring support
surface 84 of the cradle 80 lnstead of the ball 70. The ball 70 is supported on the much larger
surface area of the ball support surface 82, The ball 70 is uniformly urged against the relief
port 64 by operation of the spring support surface 84, “The bull 80 is preferably BI'DM rubber
(ethylene prapylene diene menomer) with a 70 Shore A hardness. EPDM is a particularly
appropriate material becausc of its resistance {o softening and degradation by hot water, In
one embodiment, the ball has a diameter of .250 in, (6,35 mm), the spring has a .3%0 in. (9
min) free length and a 213 in, (5.4 mm) compressed length, The ball support surfice 82 has
a radius of ,125 in. (3.18 mm), and the spring support surface has an inner circumference of

260 in. (6.6 mm) and an outer viccumference of 370 in, (9.4 1om),
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A relief valve is described above, Yarlous details of the invention muy be changed
without departing from its scope. Furthetmore, the foregoing description of the preferred
embodiment of the invention and the best mode for praclicing the invention are provided for
the purpose of illustration only and not for the purpose of limitation--the invention being

“defined by the claims.



We claim:

1. A relief valve for relieving pressure in a fluid conduit, comprising:

(a) a valve body adapted for being positioned in fluid communication with a fluid

pressure system;

(b) a relief valve conduit formed in the relief valve body and having a valve seat
positioned around a pressure relief port at one end of the conduit adapted for
communication with the fluid pressure system and a discharge vent in an opposite end of

the conduit;

(c) a cradle positioned in the relief valve conduit and including:

(i) a ball support surface and a ball mounted on the ball support surface and

adapted for sealing against the valve seat of the pressure relief port; and

(ii) a spring support surface normal to a longitudinal axis of the relief valve
conduit and a spring positioned in the pressure relief conduit for urging the cradle
and the ball into sealing position against the valve seat of the pressure relief port,
the spring having a predetermined load in excess of which the spring will

compress, withdrawing the ball out of sealing position against the valve seat of

CA 2976419 2019-04-18



the pressure relief port to allow a discharge of fluid from the fluid pressure

system, wherein:

(1) the cradle includes a pair of spacers positioned between the ball
support surface and the spring support surface and at least one flow port

for permitting fluid flow through and around the cradle.

2. A relief valve according to claim 1, wherein the ball support surface of the cradle includes an

annular segment corresponding in shape to a portion of the surfacee of the ball.

3. A relief valve according to claim 1, wherein the spring support surface comprises a planar

surface defined by an inner and outer circumference of the cradle.

4, A relief valve according to claim 1, wherein the relief valve conduit includes a shoulder of

reduced diameter for supporting an end of the spring remote from the ball.

5. A relief valve according to claim 1, wherein the ball comprises ethylene propylene diene

monomer.

10
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6. A relief valve according to claim 5, wherein the ball has a 70 Shore A hardness.

7. A relief valve according to claim 1, wherein the spring has a compression of about 50 percent

between a free length and a fully compressed length.

8. A relief valve for relieving pressure in a fluid conduit, comprising:

(2) a valve body adapted for being positioned in fluid communication with a fluid

pressure system,

(b) a relief valve conduit formed in the relief valve body and having a valve seat

positioned around a pressure relief port at one end of the conduit adapted for

communication with the fluid pressure system and a discharge vent in an opposite end of

the conduit;

(c) a cradle positioned in the relief valve conduit and including:

(i) a ball support surface and a ball mounted on the ball support surface and

adapted for sealing against the valve seat of the pressure relief port, the ball

11
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support surface of the cradle including an annular segment corresponding in shape

to a portion of the surface of the ball;

(ii) a spring support surface normal to a longitudinal axis of the relief valve
conduit having a planar surface defined by an inner and outer circumference of
the cradle, and a spring positioned in the pressure relief conduit for urging tﬁe
cradle and the ball into sealing position against the valve seat of the pressure relief
port, the spring having a predetermined load in excess of which the spring will
compress, withdrawing the ball out of sealing position against the valve seat of
the pressure relief port to allow a discharge of fluid from the fluid pressure

system;

(iii) a pair of spacers positioned between the ball support surface and the spring
support surface and at least one flow port for permitting fluid flow through and

around the cradle; and

(d) a shoulder of reduced diameter formed in the relief valve conduit for supporting an

end of the spring remote from the ball.

9. A water heater shutoff/thermal expansion control valve adapted for being positioned in flow
communication with a water pressure system, and including pressure relief valve for relieving

pressure in the system above a predetermined level, the pressure relief valve comprising:

12
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(a) a valve body adapted for being positioned in fluid communication with a fluid

pressure system;

(b) a relief valve conduit formed in the relief valve body and having a valve seat
positioned around a pressure relief port at one end of the conduit adapted for
communication with the fluid pressure system and a discharge vent in an opposite end of

the conduit;

(c) a cradle positioned in the relief valve conduit and including:

(i) a ball support surface and a ball mounted on the ball support surface and

adapted for sealing against the valve seat of the pressure relief port; and

(ii) a spring support surface normal to a longitudinal axis of the relief valve
conduit and a spring positioned in the pressure relief conduit for urging the cradle
and the ball into sealing position against the valve seat of the pressure relief port,
the spring having a predetermined load in excess of which the spring will
compress, withdrawing the ball out of sealing position against the valve seat of
the pressure relief port to allow a discharge of fluid from the fluid pressure

system, wherein:

13
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(1) the cradle includes a pair of spacers positioned between the ball
support surface and the spring support surface and at least one flow port

for permitting fluid flow through and around the cradle.

10. A water heater shutoff/thermal expansion control valve according to claim 9, wherein the ball
support surface of the cradle includes an annular segment corresponding in shape to a portion of

the surface of the ball.

11. A water heater shutoff/thermal expansion control valve according to claim 9, wherein the
spring support surface comprises a planar surface defined by an inner and outer circumference of

the cradle.

12. A water heater shutoff/thermal expansion control valve according to claim 9, wherein the
relief valve conduit includes a shoulder of reduced diameter for supporting an end of the spring

remote from the ball.

13. A water heater shutoff/thermal expansion control valve according to claim 9, wherein the ball

comprises ethylene propylene diene monomer.

14
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14. A water heater shutoff/thermal expansion control valve according to claim 13, wherein the

ball has a 70 Shore A hardness.

15
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