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FIG. 1

(57) Abréegée/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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(57) Abstract: A relief valve for relieving pressure in a fluid
conduit that mcludes a cradle positioned m the reliet 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 reliet port.
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RELIEF YALVE

Technical Field and Backeround of the Invention

This application rclates to a relief valve used to relieve pressure in a pressurized fluid
system. The novel relief valve is described in this application for purposes of ilfustration and
explanation #s being Installed on a water heater shutoflithetmal cxpansion cchtrol valve such
as an Apollo® 781.F-RV Series valve manufactured by Conbraco Tndustries, Inc. of
Mualthews, North Carolina, However, the rellef valve has application in a wide varicly of
uses, and its description in this application installed on a specific device catries no
implication that its use is [imited Lo use on that device.

Conventicnal relief valves include a hody that is positioned in fluid communication
vrith a pressurized fluid system, for example a shutoff valve, backfow valve, or pipe, A
spring-loaded rubber ball hears against the walls of a relief poﬁ in the valve, pipe, etc. The
spring is desighed for a sbeciﬁo relief sefting, If pressure in the system exceeds a
predetermined valuc, that excessive pressure oxcrts sufficient force against the ball to unseat
it from the relief port walls, allowing fluid to flow past the ball to atnnespile1‘e, an expansion
~tank or other rescrvoir. As the pressure is reduced, the ball is again urged back into sealing
contact with the wall of the relief port. The spring is mounted in a conduit in?the relief valve
and 1s held it an alighed position by the walls of tiie conduit and a shoulder of reduced
diameter against which the end of the spring remote from the ball resides, These ptior art
rellet valves are prone 3o delivering inaccurate performance ag a result of the spring being
compressed curing an over pressure event fo the extent that the coils cantact each other and
the gpring becomes, in praclical offect, a solid object that restricts fluid flow from the valve.
This condition car: result in false pressure i'cadings, delayed pressure relief and similar

conditions,
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summary of the Invention

Therefore, it is an object ol the jnvention to provide a pressure relief valve that
provides aceurate, reliable and rapid pressure relief in a pressurized fluid system to which the
reisef valve @5 attached.

It 1s another object of the invention to provide a pressure relief valve that permits
pressure reficf by [ull Cuid flow from a fluid system in an over pressure condition,

It is another object af the invention to provide a pressure relief valve that provides
suppor: to the scaling ball during both scaled and unsealed positions,

It is another object of the invention to provide a pressure relief valve that prevents
deformation of the ball in both sealed and unsealed postions.

These and pther objects and advantages of the present invention are achieved in the
prefotred embodiment disclosed below by providing a yelicl valve for relieving pressure in a
fiuid 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
¢l the pressure relief pm't. A spring support surface is provided normal to a longitndinal axis
of the relief valve conduit, The spring ‘is poéitioncd in the pressure relief conduit for urging
the bul] carricd in the cradle nto scaling position against the valve seat of the pressure relief
port, The spring has a predetermined load. When pressure Is exetied on the sprirg in excess
of the predetermined loud, the spring will compress, withdrawing the ball ovt of sealing

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

According lo another embodiment of the inventlon, the cradle includes a pair of
spacers positioned between the ball support surface and the spring support snrface.

According to another embodiment of the Invention, the cradle iacludes a pair of
spacers positioned between the ball support surface and the spring support surface and at least
cuc 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 tncludes an annular segment corresponding in shapo {o 4 portiot: of the surface of the
hall.

According (o another embodiment ol the invenlion, the spring support sutiaco
incindes a planar surface defined by an inner and outer circumfereace of the cradle.

According to another embodiment of Lhe invention, tae relief valve conduid includes a
shoulder of reduced diameter for su pporting an end of the spring remote from the ball.

According to another embodiment of the invention, tix ball is fabriceted of ethylene
propyicie diene monomer.,

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

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

According to another embodiment of the invention, a relicf valve is provided for
relieving pressuve in 4 fluid conduit, and includes a valve body adapted %or being positioncd
in fluid conmmuication with a fluid pressure systemn and a relief valve conduif forined in the
relief valve body having a valve scat pogitioned around u pressure relief port at one 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 support surface and a ball mounted on (ke ball support surface adapicd for sealing againsi
the valve seat of ﬂze'pressurc relief port. The ball support sucface of the cradle includes an
gunular seginent corresponding m shape lo a portion of'the surface ol the ball, A spl'ing
support surface narmal to a longitndinal axis of the relief valve conduit has a planar defined
by an inner and outer circumlerence, A spring is positioncd in the pressure relict conduit for
wrging the cradle and the ball into sealing position against the valve seat of the pressure relief
part, The spring has 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
altow a discharge of fluid fivin the fluid pressure system. A pair of spacers Is positioncd
betweea the ball support surface and the spring support surface and at least ene flow port for
petmitting fluid flow through and around the cradls. A shoulder of reduced diameter is
formed in the telief valve conduit for sapporiing an end of the spring remote from the ball,
According to another embaodiment of the invention, a water hez}_ter shutoffithermal
expansion control valve adapted for being positioned in flow communication with a water
pressure systemn is provided, and includes a pressure relief valve for relieving pressure in the
system above a predotermined level. The prussure relief valve includes a valve bedy adapted
for being positioned in fluid communicatioﬁ with a fluid pressure system, A relief valve
conduil 1s furmed in the relisf valve body and has r vaive seal positioned around a pressure
relief port at one end cf the condult adapted for communication with the fluid pressure
system and a discharge vent in an opposite end of the conduit, A cradle is positioued in the
relief valve conduit and includes a ball support surface and a ball mounted on the ball support
sutface and adapted for scaling against the valve scul of the pressure reticl porl, A spring

support surface normal 1o a longitudinal axis of the relief valve conduit is provided, and a
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spting is positioned in the pressure relief conduit for urging the cradle and the balf into
soaling position against the valve seat of the prossure relief port.- The spring has g
predetermined load in excess of which the spring will compress, withdrawing the kall out of
sealing position against the vulve scal ol the pressure reficf pott to allow a discharge of fluid

from the fluid pressure system.

Brief Description of the Drawings

Some of the objecls of the invention have been set forth above, Other objects andl
actvantages of the invention will appear as the description of the invention proceeds when
taken in conjunction with the following drawings, in which: . '

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

Figurc 2 1s 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 1s a vertical longitudinal eress section of a water heater shutcff/thermal
expansion contrcl valve equipped with a pressure reliel valve according to a preferred
embodiment of the inve ntian;

Figure 5 is a side elevation view of the water heater shutofi/thermal expansion control
valve of Figure 4, with the componenls of the pressure yolict valve shown in an exploded
view,

Figure 6 g g vertical longitudinal cross scetion of the pressure relief valve of Figue £

In a sealing position;
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Figure 7 is a vertical longitudinai cross section of the pressure relief valve of Figure 4
in an unsealed, pressure rolicl position;
Figure 8 15 an enlarged view of tnhe ball and spring support cradle of the invention; and

Figure 9 1z a cross-section of the ball and spring support cradle shown in Figure 8.

Description of the Preferred Rmbodiment utid Best Mods

Referring now-to Figures [, 2 and 3 of the application, a water heater shutoff/thermal
expansion control valve [0 15 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, lor exumple, a water heater, Valve 19 is controiled by a valve ball 20
ratated hy a stem 22 connected ta & quarter-turn handle 24.

A prior art relief valve 30 includes a valve body 32 (hat communicates wilh the
conduit 14 through a chamfered relief port 34 in the valve body 12, The valve body 32
detines a relief valve conduit 36 that vents fluld to atmasphere or a 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 condacts and urges a 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 the coils of the spring 44 as water is vented to the atmosphere, as shown in
Iigure 3, Delay in vonling may result la a false reading of the discharge rate that fails to
salisty the performance requiremeats of IAPMO IGC 128-2008. Second, the ball 46 is seated
directly on the (op oL gpring 44, The pressure of the spring 44 sgainst Cac ball 46 can causc

an impressicn on the surface of the ball 46 and, eventually damage to the surface. Asthe
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spring 44 impressss jlself inlo the surface of the ball 46, the in-place length of the spring
increases and reduces the load applied to 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 1s shown in
place on a valve L0 of the same design and operation as the velve 10 of Figures [-3, Relicl
valve 60 includes a valve bady 62 that communicates with the conduit 14 through a
chamfered relief port 64 in the valve bedy [2, The relief valve body 62 defines a relief valve
conduit 06 that veats fluid to atmesphere or & suitable reservoir. A relief valve fitting sub-
assembly 68 is thrcaded onto the valve body 62 oi'the relief valve 60. See Figures 5, 6 and 7.

A hall 70 and spring 72 operate the relief valve 60, and as is shown ir: Tigures 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 arc scparated by a pair of spacers 86, 88 that
detine ﬂow ports 40, 92.‘

Referring now to Figures & and 7, the spring 72 now engages the spring suppott

surface 84 of the cradle 80 instead 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
pert 64 oy opetation of the spring support surlace 84. ‘The ball 80 is preferably BI'DM rubber
(ethylene prapylene diene menomer) with a 70 Shore A hardness, EPDM is a particularly
appropriate material because of its resistance {o softening and degradation by hot water, In
one embodiment, the ball has a diameter of .250 in, (6,35 min), the spring has a .3%0 in. (9
min) free length and a .213 in, (5.4 mm) compressed length, The ball support surface 82 has
a radius of , 125 in, (3.18 .mm}, and the spring supp ort surface has an inner circum¥erenca of

260 in. (6.6 mm) and an outer vircumference of 370 m, (9.4 mm),
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A relief valve is described aboves, Varlous details of the invention may be changed
without departing from its scope. Futthetmore, the foregoing description of the preferred
embodiment of the invention and the best mode for praclicing the invention are provided fot
the putpose of illustration only and not for the purpose of limitation--the invention being

“defined by the claims.
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We Claim:
. A relief valve for relieving pressute in a fluid conduit, comprising:

{(a)  avalve body adapted tor being posilioned In [luid communication with a fluid
pressure system;

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

(¢)  acradle positioned in the reliet valve conduil and including:

(T a ball support surface and a ball mounted on the ball support surface
and adapted for scaling against the valve seat of the pressure reliet
port; and

(i) & spring support surface normal to a longitudinal axis of the relief
valve conduit aud a spring positioned in the pressure velief conduit for
urging the cradle and the ball into sealing position against the valve
scat of the pressute relief port, the spring having a predeternined load
in excass of which the spring will compress, witadrawing the ball out
ol scaling position against the valvo seat ol the pressure relief part Lo

allow a discharge of [luid from the fluid pressure system,

2. A relief valve according to claim 1, wherein the cradle includes a pair of spacers

pasitianed between the ball support surface and the spring support surface,
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3. A reiiel valve according to claim |, wherein Lhe cradle includes a pair ot spacers

positioned between the ball support surface and the spring support surface and at least one

flow part for permitting fluid flow through end around the cradle.

4. A relief valve according to claim 1, wherein the ball suppart surface of the cradle

includes an annular segment cotresponding in shape to a portion ot the surtace of the ball.

5. A relicl valve according to claim 1, wherein the spring support surface comptises a

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

6. A relief vaive gecording to elaim 1, wheteln the relief valve conduit inclodes a

shonlder of reduced diameter for supperting an end of the spring remote firom the ball.

7. A relicf valve according to claim 1, wherein the ball comprises ethylene propylene

&

diene monomer.

8. A relief vaive according to claim 7, whereln (he ball has a 70 Shore A hardness.
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A relief valve according to olaitn 1, wherein the spring has a compression of about 50

percent between a free length and 2 fully compressed length,

A relief valve for relleving pressure in a fluid conduit, comprising;

8)

(b)

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

pressure systemn,

a relicf valve conduit formed in the relicf valvo 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 condi;

a cradle positioned in the reliof valve conduit and including:

Y

a bali support surface and a ball mounted on the ball suppori surface
and adapted for sualing against the valve scat of the pressure relief
port, the ball support sutface of the cradle including an annular
segmenl corresponding in shape to a portion of the sueface of the ball;
a spring support surface normal to a longitudinal axis of the relief
valve conduit having a planar surlface defined by an innct and outer
circuimference of the cradle, and a spring pasitioned in the pressure
relief conduit for urging the cradle and the ball inwo sealing position
apainst the valve seat af the pressure relief port, the spring having a
predetermined load in excess of ;a-.fhich the spring will compress,
withdrawing the bhall out of sealing position against the valve seat of

the pressurs relief port to allow a discharge of tfluid from the fluid
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pressure system,;

(iify  a pair of spacers positioned hetween the bali support surface and the
spring support surface and at least one tlow pott for permitting fiuid
fiow through and around the cradle; and

(d)  ashoulder of reduced diameter tormed in the relief valve conduit for

supporting an end of the spring remotc trom tho ball,

1. A water heater shutoff/thermal expansion control valve adapted for being positioned
in flow communpication with a water pressure systent, and meluding pressure relief
valve for relieving pressure in the system above a predetermined level, the pressure
relief valve comprisitg,

{a)  avalve body adapted for being positioned in fluid communication with a fluid
pressuie system;

(b)  arelief valve conduit formed in the relief valve body and having a valve seat
positionsd around a pressure relicl port at one end of the conduit adapted for
cormmuynication with the fluid pressure syster: and a discharge vent in an
opposits end ol the conduit,

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

Iy  aball support surface and a ball mounisd on the oall support surface
and adapted for sealing against the valve seat of the pressure relief
port; and

(i aaspring support surface normal to a longitudinal axis cof the relief

valve conduit and a spring positioned in the pressure relief conduit tor



CA 02976419 2017-08-11

WO 2016/130129 PCT/UNS215/185634
13

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 reliaf por o

allow a discharge of fluid from the fluid pressure system.

17, A wuler healer shuto W/thermal expansion control valve according to ¢laim 11,
wherein the cradle includes a pair of spacers positioned between the ball support surface and

the spring support surface,

13. A water heater shutoft/thermal expansion control valve according to claim 11,
vherein the ¢radle includes ¢ 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 cradie.

14, A water heater shutoft/thermal expansion control valve according to claim 11,
wheretn the ball support surtace of the cradle includes an annular segment corresponding in

skapc e a portion of the surface of the ball.
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15, A waler heater shutoff/thermal expansion control vaive according to claim 11,
wherein the spring support surface comprises a planar sutface defined by an inner and outer

circumterence of the cradie.

16. A water heater shutoff/thermal expansion contrel valve according to claim 11,

wherein the relief valve conduit includes a shoulder of reduced diameter for supporting an

end ol the spring remots from the ball.

17. A water heater shutoff/thermal expansion contral valve according to claim 11,

wherein tho ball comprises ethylene propylenic diere monamer.

18. A water heater shutoff/thermal expansion contral valve according to claim 17,

whorein the ball has 1 70 Shore A hardneass,
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