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(57) Abstract: A seal assembly (202) 
for use with valves having a two-piece 
cage is described. An example seal 
assembly includes a body defining a 
bore extending along an axis to slidably 
receive a closure member. The body 
includes a first portion (216) removably 
coupled to a second portion(218). The 
first portion includes a first groove 
(236) and the second portion includes 
a second groove (240). The first and 
second grooves form a sealing surface 
(242) when the first portion couples 
to the second portion. The example 
seal assembly further includes at least 
one sealing member (250) disposed 
adjacent the sealing surface to provide 
a seal against the closure member and 
a biasing element (254) to bias the 
sealing member toward the sealing 
surface.



WO 2009/088632 Al llllllllllllllllllllllllllllllllllllllll̂

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, Published:
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). — with international search report



20
08

34
69

21
 

30
 A

pr
 2

01
4 -1 -

SEAL ASSEMBLY FOR USE WITH VALVES HAVING A TWO-PIECE CAGE

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to valves and, more particularly, to a seal 

assembly for use with valves having a two-piece cage.

BACKGROUND

[0002] Valves are commonly used in process control systems to control the flow of 

process fluids. Linear valves (e.g., a gate valve, a globe valve, a diaphragm valve, a pinch 

valve, etc.) typically have a closure member (e.g., a valve plug) disposed in a fluid path. A 

valve stem operatively couples the closure member to an actuator that moves the closure 
member between an open position and a closed position to allow or restrict the flow of fluid 

between an inlet and an outlet of the valve. Additionally, to provide a desired and/or to 

achieve certain flow characteristics of the fluid, valves often employ a cage that interposes in 

the path of fluid between the inlet and the outlet of the valve. A cage can reduce capacity 

flow, attenuate noise, and/or reduce or eliminate cavitation. Additionally, a cage surrounds 

the closure member to provide stability, balance, and alignment to the closure member.

[0003] To effect a seal between a cage and a closure member, the closure member 

typically includes a channel or groove that receives a seal or piston ring that engages an 

inner surface of the cage. Typically, industrial process conditions such as pressure 

conditions and operational temperatures (e.g., super heated steam applications) of the 

process fluids dictate the type of valve and valve components that may be used such as, for 

example, the types of seals that may be used to effect a seal between a cage and a closure 

member. For high temperature applications, flexible valve seals (e.g., a polymeric seal) 

cannot be used due their inability to withstand high temperatures.

[0004] In high-temperature applications (e.g., greater than 450[deg.] F.), because of its 

resistance to high temperature, a carbon-fiber piston ring may be used. However, because of 

its brittle characteristic and lack of elasticity, the carbon-fiber piston ring cannot be installed 

intact and must be broken into pieces prior to being installed in the groove of the closure 

member, which may may cause undesired leakage between the closure member and the 

cage. Additionally, the pressure differential of the fluid between the inlet and the outlet of the 

valve is used to pressure assist or load the seal against the sealing surface (i.e., the walls 

formed by the groove of the closure member) to effect a seal between the cage and the
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closure member. However, during low pressure applications, fluid pressure may be 

insufficient to pressure assist the seal against the sealing surface, thereby causing undesired 

leakage through the valve.

SUMMARY

[0005] In one aspect, the present invention provides a seal assembly for use with valves 

having a two-piece cage, comprising:

a body defining a bore extending along an axis to slidably receive a closure 

member, wherein the body includes a first portion removably coupled to a second portion, 

wherein the first portion includes a first groove and the second portion includes a second 

groove, and wherein the first and second grooves form a sealing surface disposed in a 
direction along a length of the bore when the first portion couples to the second portion;

at least one sealing member disposed adjacent the sealing surface to provide a 

seal against the closure member; and

a biasing element to bias the sealing member against the sealing surface.

[0006] In one aspect, the present invention provides a valve, comprising: 

a valve body having an inlet port and an outlet port; 

a closure member to be operatively coupled to an actuator; 

a cage having a body and a sealing surface disposed along the body of the cage,

wherein the cage has a first opening to receive the closure member and a second opening to 

control the flow characteristics of fluid through the control valve, wherein the sealing surface 
extends in a direction along a length of the cage;

a sealing member disposed adjacent the sealing surface of the cage to provide a 

seal between the cage and the closure member;

a valve seat defining an opening between the inlet port and the outlet port; and 

a biasing element to bias the sealing member against the sealing surface of the

cage.

[0007] Unless the context clearly requires otherwise, throughout the description and the 

claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of 
“including, but not limited to”.

[0008] In one aspect, an example seal assembly for use with valves having a two-piece 

cage described herein includes a body defining a bore extending along an axis to slidably
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receive a closure member. The body includes a first portion removably coupled to a second 

portion. The first portion includes a first groove and the second portion includes a second 

groove. The first and second grooves form a sealing surface when the first portion couples to 

the second portion. The example seal assembly further includes at least one sealing member 

disposed adjacent the sealing surface to provide a seal against the closure member and a 

biasing element to bias the sealing member toward the sealing surface.

[0009] In another example, a valve includes a valve body having an inlet port and an 

outlet port and a closure member to be operatively coupled to an actuator. The valve further 

includes a cage has a body and a sealing surface disposed along the body of the cage. The 

cage has a first opening to receive the closure member and a second opening to control the 

flow characteristics of fluid through the control valve. The valve further includes a sealing 

member disposed adjacent the sealing surface of the cage to provide a seal between the 

cage and the closure member and a valve seat defining an opening between the inlet port 

and the outlet port.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1A is a cross-sectional view of a portion of a known valve.

[0011] FIG. 2A illustrates a cross-sectional view of an example valve similar to that shown 

in FIG. 1 A, but implemented with the example valve trim seal assembly described herein.

[0012] FIG. 2B illustrates an enlarged cross-sectional view of a portion of the valve trim 

seal assembly shown in FIG. 2A.

DETAILED DESCRIPTION

[0013] The example seal assembly described herein may be used with valves having a 

sliding stem such as, for example, control valves, throttling valves, etc., that include a valve 

trim arrangement having a two-piece cage. The example seal assembly described herein 

provides a seal to prevent undesired leakage between a cage and a closure member of a 

valve. In particular, the example seal assembly includes at least one seal or piston ring (e.g., 

a carbon-fiber piston ring) disposed in a sealing surface of a two-piece cage. The example 

seal assembly is particularly advantageous in high-temperature fluid applications that require 

carbon-fiber seals because the carbon-fiber seals can be installed without having to break 

the seals into pieces, thereby reducing or substantially eliminating installation error that may
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lead to undesired leakage between the cage and closure member. Additionally or

alternatively, the example seal assembly described herein includes a biasing element (e.g., a

wave washer) to provide a load to assist or bias the seal against the sealing surface of the

cage, thereby eliminating reliance on the pressure differential of the process fluid to pressure

assist the seal against the sealing surface.

[0014] FIG. 1 illustrates a cross-sectional view of a portion of a known valve 100. The 

valve 100 illustrated in FIG. 1 includes a valve body 102 that defines a fluid flow passageway 

between an inlet 104 and an outlet 106. A bonnet 108 is coupled to the valve body 102 via 

fasteners 110 which, in turn, couples the valve body 102 to an actuator (not shown).

Although not shown, the bonnet 108 may house a packing system and may include a 

plurality of fasteners that couple to the valve body 102. A valve trim assembly 112 disposed 

within the fluid flow passageway formed in the valve body 102 controls the flow of fluid 

between the inlet 104 and the outlet 106. The valve trim 112 includes internal components of 

the valve 100 such as, for example, a closure member, a valve seat, a cage, a stem, and a 
stem pin.

[0015] Referring to FIG. 1, to control fluid through the valve body 102, a cage 114 is 

disposed between the inlet 104 and the outlet 106 to provide certain flow characteristics of 

the fluid (e.g., reduce noise and/or cavitation generated by the flow of fluid through the valve 

100). A cage can include various designs to provide certain fluid flow characteristics to suit 

the needs of a particular control application. For example, the cage 114 may be configured to 

provide particular, desirable fluid flow versus pressure drop characteristics. The cage 114 

can also facilitate maintenance, removal, and/or replacement of the other components of the 

valve trim 112. In the illustrated example, the cage 114 is a substantially unitary structure. 

However, in other example implementations, the cage 114 can be a two-piece cage that 

includes an upper portion that removably couples to a lower portion.

[0016] A closure member 116 (e.g., a plug) has an outer surface sized to closely fit within 

the cage 114 so that the closure member 116 is slidable within the cage 114. A stem 118 
operatively couples the closure member 116 to an actuator stem (not shown) which, in turn, 

couples the closure member 116 to an actuator (not shown). In operation, an actuator (e.g., a 

pneumatic actuator) drives the valve stem 118 and, thus, the closure member 116 between a 

closed position at which the closure member 116 is in sealing engagement with a valve seat 

120 (e.g., a seat ring) to restrict the flow of fluid through the valve 100 to a fully open or
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maximum flow rate position at which the closure member 116 is away from the valve seat 

120 to allow the flow of fluid through the valve 100.

[0017] The closure member 116 includes a channel or groove 122 to receive a seal or 

piston ring 124 that engages an inner surface 126 of the cage 114 to prevent fluid from 

leaking between the cage 114 and closure member 116. For high temperature applications, 

seals or piston rings made of elastomeric materials cannot be used due to their lack of 

resistance to high temperatures and, thus, an increase in operating temperature may 

permanently deform or damage the elastomeric seal or piston ring, thereby creating 

undesired leakage between the cage 114 and the closure member 116.

[0018] A carbon-fiber seal or piston ring may be used in high-temperature applications to 

withstand high-temperature fluid. However, because of its brittle characteristic and lack of 

elasticity, the carbon-fiber piston ring must be broken into pieces and installed in the groove 

122 of the closure member 116. When broken, the broken pieces create jagged edges that 

matably engage when the broken pieces are installed in the groove 122 of the closure 

member 116. If the jagged edges are not aligned properly, the broken edges can disengage 

during high-pressure conditions and may cause undesired leakage between the closure 

member 114 and the inner surface 126 of the cage 114. Additionally, the carbon-fiber piston 

ring is typically pressure assisted against a sealing surface 128 of the closure member 116 

and the inner surface 126 of the cage 114 with the pressure differential of the fluid as the 

fluid travels from the inlet 104 to the outlet 106 of the valve 100. However, in low-pressure 

situations, fluid pressure may be insufficient to load the seal 124 against the sealing surface 

128, thereby causing undesired leakage to occur through the valve 100.

[0019] FIG. 2A illustrates a cross-sectional view of an example valve 200 similar to that 

shown in FIG. 1, but implemented with an example seal assembly 202 described herein. FIG. 

2B illustrates an enlarged cross-sectional view of a portion of the example seal assembly 202 

shown in FIG. 2A. Those components of the valve 200 that are similar or identical to those 

used in the example valve 100 of FIG. 1 are labeled with the same reference numbers. The 

description of those components of the example valve of FIG. 2A similar or identical to those 

of FIG. 1 is not repeated and the interested reader may refer to the description of FIG. 1 for 

details relating to those components.

[0020] Referring to FIGS. 2A and 2B, the example valve 200 includes the example seal 

assembly 202 described herein. The valve 200 includes a valve trim assembly 204 disposed
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within a passageway formed by the valve body 102. The trim 204 includes a body or cage 

206 implemented with the example valve seal assembly 202, a closure member 208, a valve 

stem 210, and a valve seat in the form of a seat ring 212. The example seal assembly 202 

forms a seal between an inner surface 214 of the cage 206 and the closure member 208.

[0021 ] The cage 206 includes a first or upper portion 216 that removably couples to a 
second or lower portion 218. The upper portion 216 and the lower portion 218 are coupled 

together to form an opening or bore 220 along an axis 222 to slidably receive the closure 

member 208. The cage 206 guides the closure member 208 and provides lateral stability as 

the closure member 208 travels between the open position and a closed position, thereby 

reducing vibrations and other mechanical stress.

[0022] The upper portion 216 may be made of a first material (e.g., a steel alloy) and the 

lower portion 218 may be made of a second material (e.g., a stainless steel) different from 

the first material. This may be particularly advantageous in severe service applications (e.g., 

high temperature applications, corrosive applications), which may require more expensive 

resilient materials (e.g., corrosion resistant, etc.) and, thus, may reduce manufacturing costs 

by enabling the upper portion, which may not contact the fluid, to be made of a lower cost 

material. Additionally or alternatively, the upper portion 216 can be a solid, non-permeable 

cylinder or structure and the lower portion 218 can be a permeable cylinder or structure 

having at least one opening or orifice 224. The orifice 224 may be designed to provide 

desired fluid flow characteristics of the fluid such as, for example, to reduce noise and/or 

cavitation, to enhance pressure reductions of the process fluid, etc. The desired fluid flow 

characteristics are achieved by varying the geometry of the orifice 224. In some example 

implementations, the lower portion 218 of the cage 206 may include a plurality of openings 

having various shapes, sizes, and/or spacing to control the flow, reduce cavitation, and/or 

reduce noise through the valve.

[0023] The upper portion 216 of the cage 206 includes a first end 226 that engages the 

bonnet 108 and a second end 228 that engages the lower portion 218 of the cage 206. The 

first end 226 of the upper portion 216 may include a recessed edge 230 to properly align the 

cage 206 with the valve body 102. Likewise, the lower portion 218 includes a first end 232 

that engages the upper portion 216 and a second end 234 that engages the seat ring 212. 

As most clearly shown in FIG. 2B, the second end 228 of the upper portion 216 may include 

a first groove or channel 236 and the first end 232 of the lower portion 218 may include a 

stepped wall 238 formed by a first groove or channel 240 so that when the upper and lower
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portions 216 and 218 are coupled together, the first grooves or channels 236 and 240 form a 

sealing surface 242 to receive the seal assembly 202. The seal assembly 202 is disposed 

adjacent the sealing surface 242 to provide a seal against the closure member 208.

[0024] The second end 228 of the upper portion 216 and/or the first end 232 of the lower 

portion 218 may include one or more shoulders to facilitate the precise alignment of the 

upper and lower portions 216 and 218 of the cage 206 and/or may be dimensioned or have 

shapes or geometries that result in an interference fit or press fit between the shoulders. In 

the illustrated example, the upper portion 216 includes a second groove or channel 244 to 

form a shoulder or wall 246 between the first and second grooves 236 and 244. The shoulder 

246 engages the stepped wall 238 of the lower portion 218 to facilitate the alignment and 

removable coupling of the upper and lower portions 216 and 218 of the cage 206. When 

coupled together, the shoulder 246 engages the first groove 240 of the lower portion 218 

such that the first groove 240 of the lower portion 216, the first groove 236 of the upper 

portion 216, and the shoulder 246 form the sealing surface 242 of the cage 206. Additionally 

or alternatively, the second groove 244 of the upper portion 216 can receive a gasket 248 to 

provide a seal between upper and lower portions 216 and 218 of the cage 206. In other 

example implementations, the first end 232 of the lower portion 218 may include a second 

groove or channel to form a shoulder between the first and the second grooves. In yet other 

example implementations, the upper and lower portions 216 and 218 of the cage 206 can be 

coupled via grease, fasteners, or any other suitable fasting mechanism(s).

[0025] The sealing surface 242 formed by the first grooves 236 and 240 of the upper and 

lower portions 216 and 218, respectively, and the shoulder 246 can be sized to receive at 

least one of a seal or piston ring 250. In the illustrated example, the seal ring 250 is disposed 

adjacent the sealing surface 242 of the cage 206 to provide a seal between the cage 206 

and the closure member 208. The sealing surface 242 can be sized to receive the first seal 

250 and a second seal 252. As illustrated, the first and the second seals 250 and 252 are 

carbon-fiber rings. In other example implementations, the first and the second seals 250 and 
252 are elastomeric seals, carbon-fiber piston rings, a combination thereof, or any other seal 

made of any other suitable material(s) to effect a seal between the inner surface 214 of the 

cage 206 and the closure member 208. Furthermore, the seal or piston rings 250 and/or 252 

can be installed intact without having to break them into pieces to install them around the 
sealing surface 242.
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[0026] The seal assembly 202 described herein may also include a biasing element 254 

that can be disposed adjacent the sealing surface 242 to provide a load to assist or bias the 

seals 250 and 252 against the sealing surface 242. The biasing element 254 can be a wave 

washer, a spring, or any other suitable biasing member or mechanism(s). The biasing 

element 254 eliminates the need to rely on the pressure differential of the fluid between the 

inlet 104 and the outlet 106 to pressure assist the seals 250 and 252 against the sealing 

surface 242 to provide an effective seal between the cage 206 and the closure member 208. 

In other example implementations, the biasing element 254 can be disposed between the 

first end 226 of the upper portion 216 of the cage 206 and the bonnet 108, or any other 

suitable position to bias the seals 250 and 252 against the sealing surface 242.

[0027] The closure member 208 has an outer surface 256 sized to closely fit within the 

cage 206 so that the closure member 208 can slide within the bore 220 of the cage 206. The 

closure member 208 can slide within the cage 206 between a closed position, in which the 

closure member 208 obstructs the orifice 224 of the cage 206, and an open position, in which 

the closure member 208 is clear of at least a portion of the orifice 224. The closure member 

208 can also be positioned between fully open and closed positions to control the flow rate of 

fluid through the valve 200. In the illustrated example, the closure member 208 is depicted as 

a valve plug having a cylindrical body and a seating surface 258. However, in other example 

implementations, the closure member 208 may be a disk, or any other structure to vary the 

flow of fluid through a valve. The valve stem 210 operatively couples the closure member 
208 to an actuator (not shown).

[0028] When the bonnet 108 is attached to the valve body 102, the bonnet 108 

compresses the biasing element 254 which, in turn, compresses the seal members 250 and 

252 against the sealing surface 242 of the cage 206. Additionally, the bonnet 108 

compresses the cage 206 against the seat ring 212 to retain the seat ring 212 within the 

valve body 102 and compresses a gasket (not shown) between the seat ring 212 and the 

valve body 102. Furthermore, the bonnet 108 compresses the gasket 248 between the first 

portion 216 and the second portion 218 of the cage 206. In some example implementations, 

the valve 200 can include a gasket (not shown) that the bonnet 108 compresses between the 

bonnet 108 and both the cage 206 and the valve body 102 to contain fluid flowing within the 

valve body 102 and prevent undesired leakage.

[0029] In operation, an actuator (e.g., a pneumatic actuator) drives the closure member 

208 between a closed position at which the seating surface 258 of the closure member 208
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is in sealing engagement with the seat ring 212 (i.e., to restrict the flow of fluid through the 

valve) and a fully open or maximum flow rate position at which the seating surface 258 of the 

closure member 208 is away from the seat ring 212 (i.e., to allow the flow of fluid through the 

valve). The seat ring 212 couples to the cage 206 via, for example, interference and/or press 

fit, grease fit, fasteners, etc. As the closure member 208 moves away from the seat ring 212, 

the fluid (e.g., high-temperature steam) flows between the inlet 104 and the outlet 106. As 

the fluid flows between the inlet 104 and the outlet 106, the fluid flows between the closure 

member 208 and the inner surface 214 of the cage 206. The seal assembly 202 described 

herein prevents the fluid from leaking between the cage 206 and closure member 208 when 

the fluid is flowing through the valve 200. The biasing element 254 applies a load against the 

seals 250 and 252 to bias the seals 250 and 252 against the sealing surface 242 of the cage 

206, thereby effecting a proper seal and preventing undesired fluid leakage between the 

cage 206 and the closure member 208.

[0030] The example seal assembly 202 described herein effects a seal between a cage 

and a closure member of a valve (e.g., the valve 200 of FIG. 2A). The cage includes an 
upper portion and a lower portion that couple together to form a sealing surface to receive at 

least one seal or piston ring. The example seal assembly 202 described herein is particularly 

advantageous in high temperature applications. Typically, for high temperature applications, 

carbon-fiber piston rings are used to withstand high-temperature process fluid and effect a 

seal between a cage and a closure member. In particular, the example seal assembly 202 

described herein can be installed in intact (i.e., without having to break it into pieces) and 

disposed adjacent the sealing surface. Additionally or alternatively, the example seal 

assembly 202 described herein may include a biasing element (e.g., a wave washer) to load 

or bias a seal against a sealing surface of a cage, which substantially eliminates reliance on 

the differential pressure of the process fluid to pressure assist the seal against the sealing 

surface.

[0031] Although certain apparatus have been described herein, the scope of coverage of 

this patent is not limited thereto. To the contrary, this patent covers all apparatus fairly falling 

within the scope of the appended claims either literally or under the doctrine of equivalents.
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CLAIMS

1. A seal assembly for use with valves having a two-piece cage, comprising: 

a body defining a bore extending along an axis to slidably receive a closure

member, wherein the body includes a first portion removably coupled to a second portion, 

wherein the first portion includes a first groove and the second portion includes a second 

groove, and wherein the first and second grooves form a sealing surface disposed in a 

direction along a length of the bore when the first portion couples to the second portion;

at least one sealing member disposed adjacent the sealing surface to provide a 

seal against the closure member; and

a biasing element to bias the sealing member against the sealing surface.

2. An apparatus defined in claim 1, wherein the first portion comprises a third groove 

to form a shoulder between the first groove and the third groove.

3. An apparatus as defined in claim 2, wherein the second groove receives the 
shoulder when the first portion couples to the second portion, and wherein the shoulder, the 

first groove, and the second groove form the sealing surface to receive the at least one 
sealing member.

4. An apparatus as defined in claim 2, wherein the third groove is to receive a gasket.

5. An apparatus defined in claim 1, further comprising a valve seat coupled to the 

second portion and a valve stem coupled to the closure member.

6. An apparatus as defined in claim 1, wherein the body comprises a first material 

and the second portion of the body comprises a second material different from the first 
portion.

7. An apparatus defined in claim 1, wherein the first portion of the body is non

permeable and the second portion of the body is permeable.

8. An apparatus as defined in claim 1, wherein the sealing member comprises a ring.

9. An apparatus as defined in claim 1, wherein the sealing member comprises a 
carbon-fiber ring.
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10. An apparatus as defined in claim 1, wherein the biasing element

comprises a wave washer or a spring.

11. An apparatus as defined in claim wherein a first sealing member

and a second sealing member are disposed adjacent to the sealing surface.

12. A valve, comprising:

a valve body having an inlet port and an outlet port;

a closure member to be operatively coupled to an actuator;

a cage having a body and a sealing surface disposed along the body of the cage,

wherein the cage has a first opening to receive the closure member and a second opening to 

control the flow characteristics of fluid through the control valve, wherein the sealing surface 
extends in a direction along a length of the cage;

a sealing member disposed adjacent the sealing surface of the cage to provide a 

seal between the cage and the closure member;

a valve seat defining an opening between the inlet port and the outlet port; and 

a biasing element to bias the sealing member against the sealing surface of the

cage.

13. A valve as defined in claim 12, wherein the biasing element comprises a wave 

washer.

14. A valve as defined in claim 12, wherein the cage comprises a first

portion and a second portion, wherein the first portion includes a first end and a second end 

and the second portion includes a third end and a fourth end.

15. A valve as defined in claim 14, wherein the second end comprises

a first groove and a second groove forming a shoulder therebetween and the third end 

comprises a third groove to receive the shoulder, and wherein the first groove, the third 

groove and the shoulder form the sealing surface when the first portion couples to the 
second portion.

16. A valve as defined in claim 15, wherein the second groove is to receive a gasket.

17. A valve as defined in claim 14, wherein the first portion of the cage

comprises a first material and the second portion of the cage comprises a second material 

different from the first portion.
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18. A valve as defined in claim 12, wherein the sealing member comprises a piston 

ring.

19. A valve as defined in claim 12, wherein the sealing member comprises a carbon- 

fiber ring.

20. A seal assembly substantially as herein described with reference to any one of the 

embodiments of the invention illustrated in the accompanying drawings and/or examples.

21. A valve substantially as herein described with reference to any one of the 

embodiments of the invention illustrated in the accompanying drawings and/or examples.
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