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PISTON LOAD RING SEAL CONFIGURATIONS 
 
   

CROSS-REFERENCE TO RELATED APPLICATION 

 

[0001]  The present document is based on and claims priority to U.S. Provisional 

Application Serial No. 62/735,998, filed September 25, 2018, which is incorporated 

herein by reference in its entirety. 

 

BACKGROUND 

 

[0002]  In many hydrocarbon well applications, various types of tubing strings 

may be deployed downhole in a borehole. For example, tubing strings may comprise 

completion equipment deployed in a wellbore to facilitate production of hydrocarbon 

fluids, e.g. oil and/or gas. The tubing string may include a safety valve which is actuated 

to restrict flow up through the tubing string upon the occurrence of various conditions. 

The safety valve often is actuated to a desired operational position via a piston which is 

shifted via hydraulic fluid supplied under pressure. The piston is combined with at least 

one seal assembly having components arranged to establish a seal between the piston 

and a surrounding surface. However, the seal assembly can be exposed to pressures, e.g. 

back pressures, which can lead to seal extrusion and pressure leaks behind the seal 

assemblies.  

 

SUMMARY 

 

[0003]  In general, a methodology and system are provided which facilitate 

improved sealing with respect to safety valve pistons so as to improve reliable safety 

valve operation. According to an embodiment, a safety valve piston seal assembly is 

positioned about a safety valve piston and comprises components which divert a load 

path to the safety valve piston rather than to susceptible components of the seal 

assembly. For example, the seal assembly may comprise a load ring and spacers to 

energize a V-ring when pressure is applied to a metal spring energized (MSE) seal. 

However, the components are arranged so the load path is diverted to the safety valve 
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piston, instead of allowing the loading to act against the MSE seal, when pressure occurs 

behind the V-ring.  

 

[0004]  A system to facilitate operation of a safety valve according to one or 

more embodiments of the present disclosure includes a safety valve piston, and a safety 

valve piston seal assembly disposed about the safety valve piston. In one or more 

embodiments of the present disclosure, the safety valve piston seal assembly includes an 

MSE seal, an MSE backup ring adjacent the MSE seal, at least one V-ring, a V-ring 

backup ring engaging the at least one V-ring, an adapter engaging the at least one V-ring 

on an opposite side from the V-ring backup ring, and a load transfer assembly disposed 

between the adapter and the MSE backup ring to reduce detrimental loading, which 

would otherwise occur along a load path through the MSE seal, by directing loading to 

the safety valve piston. 

 

[0005]  A system according to one or more embodiments of the present 

disclosure includes an actuator and a seal assembly disposed about the actuator. In one 

or more embodiments of the present disclosure, the seal assembly includes an MSE seal, 

at least one sealing element, an adapter engaging the at least one sealing element on one 

side of the at least one sealing element, and a plurality of load rings dividing the seal 

assembly into a plurality of zones that separate the MSE seal from the at least one 

sealing element, the at least one sealing element configured to hold pressure and transfer 

a load to at least one load ring of the plurality of load rings, the at least one load ring of 

the plurality of load rings being configured to transfer the load to the actuator without 

loading the MSE seal.  

 

[0006]  However, many modifications are possible without materially departing 

from the teachings of this disclosure. Accordingly, such modifications are intended to be 

included within the scope of this disclosure as defined in the claims.  

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 

[0007]  Certain embodiments of the disclosure will hereafter be described with 

reference to the accompanying drawings, wherein like reference numerals denote like 
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elements. It should be understood, however, that the accompanying figures illustrate the 

various implementations described herein and are not meant to limit the scope of various 

technologies described herein, and:  

 

[0008]  Figure 1 is a schematic illustration of a tubing string comprising a safety 

valve deployed in a borehole, according to an embodiment of the disclosure; 

 

[0009]  Figure 2 is a cross-sectional illustration of an example of a safety valve 

piston seal assembly mounted about a safety valve piston, according to an embodiment 

of the disclosure; 

 

[00010] Figure 3 is a cross-sectional illustration similar to that of Figure 2 but in a 

different operational position, according to an embodiment of the disclosure; 

 

[00011] Figure 4 is a cross-sectional illustration similar to that of Figure 2 but in a 

different operational position, according to an embodiment of the disclosure;  

 

[00012] Figure 5 is a cross-sectional illustration of another example of the safety 

valve seal assembly mounted about a safety valve piston, according to an embodiment of 

the disclosure; 

 

[0013]  Figure 6 is a cross-sectional illustration similar to that of Figure 5 but in a 

different operational position, according to an embodiment of the disclosure; 

 

[0014]  Figure 7 is another cross-sectional illustration of an example of the safety 

valve seal assembly mounted about a safety valve piston, according to an embodiment of 

the disclosure; 

 

[0015]  Figure 8 is another cross-sectional illustration of an example of the safety 

valve seal assembly mounted about a safety valve piston, according to an embodiment of 

the disclosure; 
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[0016]  Figure 9 is another cross-sectional illustration of an example of the safety 

valve seal assembly mounted about a safety valve piston, according to an embodiment of 

the disclosure; and 

 

[0017]  Figure 10 is another cross-sectional illustration of an example of the 

safety valve seal assembly mounted about a safety valve piston, according to an 

embodiment of the disclosure. 

 

DETAILED DESCRIPTION 

 

[0018]  In the following description, numerous details are set forth to provide an 

understanding of some embodiments of the present disclosure. However, it will be 

understood by those of ordinary skill in the art that the system and/or methodology may 

be practiced without these details and that numerous variations or modifications from 

the described embodiments may be possible. 

 

[0019]  The present disclosure generally relates to a methodology and system 

which facilitate improved sealing with respect to safety valve pistons so as to improve 

reliable safety valve operation. Depending on the application, the safety valve piston 

may have various sizes and configurations and may be operatively coupled with various 

types of safety valves. Examples of safety valves include flapper valves, ball valves, and 

other suitable valve configurations which can be utilized as safety valves along a tubing 

string. 

 

[0020]  According to an embodiment, a safety valve piston seal assembly is 

positioned about a safety valve piston and comprises components which divert a load 

path to the safety valve piston rather than to susceptible components of the seal 

assembly. For example, the seal assembly may comprise a load ring and spacers to 

energize a V-ring when pressure is applied to a metal spring energized (MSE) seal. 

However, the components are arranged so the load path is diverted to the safety valve 

piston when pressure occurs behind the V-ring (instead of allowing the loading to act 

against the MSE seal).  
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[0021]  The arrangement effectively creates a more reliable seal assembly. As 

described in greater detail below, embodiments of the seal assembly allow the MSE seal 

to load the V-ring across a load ring. However, the load ring prevents the V-ring from 

loading the MSE seal in a reverse direction due to, for example, back pressure.  

 

[0022]  Referring generally to Figure 1, a schematic illustration shows an 

example of a well system 30 having a tubing string 32 deployed in a borehole 34, e.g. a 

wellbore. The tubing string 32 may comprise a downhole completion 36 combined with 

a safety valve 38 which can be actuated to different operational positions via a safety 

valve piston 40. The safety valve 38 may be used with many types of downhole 

completions 36 and in various hydrocarbon production operations and other types of 

well related operations. 

 

[0023]  Referring generally to Figure 2, an example of safety valve piston 40 is 

illustrated as combined with a safety valve piston seal assembly 42 which is disposed 

about the safety valve piston 40. In this embodiment, the safety valve piston seal 

assembly 42 comprises a metal spring energized (MSE) seal 44 and an MSE backup ring 

46 disposed adjacent the MSE seal 44. The seal assembly 42 further comprises a V-ring 

48 and a V-ring backup ring 50 engaging one side of the V-ring 48. An adapter 52 also 

is illustrated as disposed adjacent the V-ring 48 but on an opposite side of the V-ring 48 

relative to the backup ring 50. The V-ring 48 may be an elastomeric seal or a non-

elastomeric seal according to one or more embodiments of the present disclosure. 

Moreover, the V-ring 48 may be replaced with a seal having a different shape, such as a 

“T” seal, for example, or another pressure-energized elastomeric seal without departing 

from the scope of the present disclosure. 

 

[0024]  Additionally, the seal assembly 42 comprises a load transfer assembly 54 

disposed between the adapter 52 and the MSE backup ring 46. The load transfer 

assembly 54 is constructed to reduce detrimental loading which could otherwise occur 

along a load path through the MSE seal 44. Instead, this potential detrimental loading is 

directed to the safety valve piston 40 so as to protect the MSE seal 44. It should be 

noted, the seal assembly 42 also may comprise a hat ring 56 disposed between the MSE 

seal 44 and an abutment 58 of the safety valve piston 40 as illustrated. 
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[0025]  According to an embodiment, the load transfer assembly 54 comprises an 

MSE spacer 60, a load ring 62, and a V-ring spacer 64. In the illustrated example, the 

MSE spacer 60 is disposed between the V-ring spacer 64 and the MSE backup ring 46. 

The V-ring spacer 64 is captured between the load ring 62 and the adapter 52 but it is 

able to shift axially over a range of motion illustrated by arrow 65. Additionally, the V-

ring spacer 64 may be constructed with a retaining ring portion disposed about the load 

ring 62 for retaining the load ring 62 at a desired position along the safety valve piston 

40. For example, the load ring 62 may be positioned to engage a shoulder or shoulders 

66 of the safety valve piston 40. In the example illustrated, the shoulders 66 are 

positioned to form part of a groove 68 disposed circumferentially about safety valve 

piston 40 and sized to receive the load ring 62 partially therein. 

 

[0026]  When pressure is applied to the MSE seal 44, the MSE seal 44 loads on 

the MSE backup ring 46 which, in turn, transfers the load to the MSE spacer 60. The 

MSE spacer 60 transfers the load to the V-ring spacer 64 which transfers the load to the 

adapter 52 and then to the V-ring 48 itself, as illustrated by arrow 70 in Figure 3. The 

loading is further transferred to the V-ring backup ring 50 and to one of the shoulders 66 

of safety valve piston 40. 

 

[0027]  However, when back pressure is present as indicated by arrows 72 in 

Figure 4, the pressure trapped by the V-ring 48 loads on the adapter 52 and then onto the 

V-ring spacer 64. The V-ring spacer 64 transfers the load to the load ring 62 and then to 

safety valve piston 40 via the corresponding shoulder 66, as represented by arrows 74. 

By directing the load path to the safety valve piston 40 in this manner, the potential load 

path through the MSE seal 44 is reduced or eliminated. 

 

[0028]  According to one or more embodiments of the present disclosure, the 

load transfer assembly 54 may include a gap between the MSE spacer 60 and the load 

ring 62, such as that shown in FIG. 3 for example, which allows movement of the load 

ring 62 with respect to the MSE spacer 60. In other embodiments of the present 

disclosure, the gap between the MSE spacer 60 and the load ring 62 may be removed, 

thereby restricting movement of the load ring 62 with respect to the MSE spacer 60. 
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This no-gap configuration of the load transfer assembly 54 may impart additional 

loading to the safety valve piston 40 via the load ring 62, which affords additional 

protection of the MSE seal 44. 

 

[0029]  As further illustrated in Figures 5 and 6, the safety valve piston seal 

assembly 42 may comprise a plurality of assemblies 42. In these examples, the seal 

assembly utilizes a pair of the seal assemblies 42 arranged in opposite directions along 

safety valve piston 40 to provide a dual pressure seal configuration. In this 

configuration, the seal assemblies 42 provide a bidirectional pressure seal system which 

protects against back pressure in both directions by providing load paths routed to the 

safety valve piston 40. 

 

[0030]  Figures 7-10 provide additional examples of seal assembly arrangements 

which utilize single or plural load transfer assemblies 54 arranged to protect MSE seals 

44 from pressures, e.g. back pressures, which may be established along various regions 

or zones of the safety valve piston. Specifically, Figure 7 shows a seal assembly 42 

including a load ring 62 that separates the seal assembly 42 into two separate zones in a 

traditional seal stack configuration. As further shown, each of the two separate zones 

includes an MSE seal 44 coupled to at least one V-ring 48. Because the MSE seal 44 is 

coupled to the at least one V-ring 48, the MSE seal 44 directly loads the at least one V-

ring 48 and may be used to mechanically energize the at least one V-ring 48 when 

pressure is applied to the MSE seal 44. Moreover, the at least one V-ring 48 may 

backload the MSE seal 44 in this traditional seal stack configuration. That is, the at least 

one V-ring 48 may hold back pressure and then transfer this force to the MSE seal 44. 

The at least one V-ring 48 may be an elastomeric seal, a non-elastomeric seal, may be 

replaced with a seal having a different shape, or may be another pressure-energized 

elastomeric seal, as previously described without departing from the scope of the present 

disclosure. The seal assembly 42 may include other components, such as backup rings 

50, for example, as previously described. The arrangement shown in Figure 7 may allow 

a load path resulting from the mechanically energized at least one V-ring to proceed 

toward an actuator, such as a hydraulically powered piston or other piston body, for 

example, via other components in the seal assembly 42 and the load ring 62 without 

imparting detrimental loading to the MSE seal 44. Because the at least one V-ring 48 
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and the MSE seal 44 are coupled to each other in a single zone, minimal space is 

required to achieve the seal stack configuration shown in Figure 7. 

 

[0031]  Referring now to Figure 8, a seal assembly 42 including three load rings 

62 that separate the seal assembly 42 into four separate zones, creating a four-zone seal 

stack, is shown. In the seal assembly 42 according to one or more embodiments of the 

present disclosure, the MSE seal 44 may be decoupled from the at least one V-ring 48 

by disposing each of these components in separate zones. By decoupling the MSE seal 

44 from the at least one V-ring 48 in this way, the MSE seal 44 is not used to 

mechanically energize the open at least one V-ring 48. Instead, the at least one V-ring 48 

requires pressure to be energized. Zones including the at least one V-ring 48 may 

include other components, such as an adapter 52 as previously described, for example. 

The at least one V-ring 48 may be an elastomeric seal, a non-elastomeric seal, may be 

replaced with a seal having a different shape, or may be another pressure-energized 

elastomeric seal, as previously described without departing from the scope of the present 

disclosure. Zones including the MSE seal 44 may include other components, such as an 

MSE backup ring 46 as previously described, for example. As shown in Figure 8, V-

rings 48 may be isolated from each other by being disposed in different zones according 

to one or more embodiments of the present disclosure. The arrangement shown in Figure 

8 may allow a load path resulting from the pressure energized at least one V-ring 48 in a 

given zone to proceed toward an actuator, such as a hydraulically powered piston or 

other piston body, for example, via other components in the seal assembly 42 and one or 

more load rings 62. Because the at least one V-ring 48 is in a separate zone from the 

MSE seal 44, the load path may proceed toward the actuator without imparting any 

loading to the MSE seal 44. That is, in a four-zone seal stack according to one or more 

embodiments of the present disclosure, the at least one V-ring 48 may be loaded by the 

MSE seal 44, but because the at least one V-ring 48 is separated from the MSE seal 44, 

the at least one V-ring 48 will not back load the MSE seal 44. Moreover, because the V-

ring 48 ultimately transfers the load to the actuator, the V-ring 48 and other elastomeric 

components of the seal assembly 42 are not compromised and exhibit improved sealing. 

 

[0032]   Referring now to Figure 9, a seal assembly 42 including two load rings 

62 that separate the seal assembly 42 into three separate zones is shown. As shown, 
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Figure 9 is similar to Figure 8 as previously described except the middle load ring 62 of 

Figure 8 has been replaced with another component, such as a V-ring backup ring 50 

shown in Figure 9, for example, such that one of the zones includes two V-rings 48. In 

one or more embodiments of the present disclosure, the two V-rings 48 may be arranged 

in an X configuration, as shown in Figure 9, for example. As shown, in the seal 

assembly 42 according to one or more embodiments of the present disclosure, the MSE 

seal 44 may be decoupled from the two V-rings 48 by disposing the MSE seal 44 and 

the two V-rings 48 in separate zones. By decoupling the MSE seal 44 from the two V-

rings 48 in this way, the MSE seal 44 is not used to mechanically energize the two open 

V-rings 48. Instead, the two V-rings 48 require pressure to be energized. The zone 

including the two V-rings 48 may include other components, such as one or more 

adapters 52 and a V-ring backup ring 50 as previously described, for example. One or 

both of the two V-rings 48 may be an elastomeric seal, a non-elastomeric seal, may be 

replaced with a seal having a different shape, or may be another pressure-energized 

elastomeric seal, as previously described without departing from the scope of the present 

disclosure. Zones including the MSE seal 44 may include other components, such as an 

MSE backup ring 46 as previously described, for example. The arrangement shown in 

Figure 9 may allow at least one load path resulting from the pressure energized V-rings 

48 in a given zone to proceed toward an actuator, such as a hydraulically powered piston 

or other piston body, for example, via other components in the seal assembly 42 and one 

or more load rings 62. Because the two V-rings 48 are in a separate zone from the MSE 

seal 44, the at least one load path may proceed toward the actuator without imparting 

any loading to the MSE seal 44 in either zone. That is, in a three-zone seal stack 

according to one or more embodiments of the present disclosure, the two V-rings 48 

may be loaded by the MSE seal 44, but because the two V-rings 48 are separated from 

the MSE seal 44, the two V-rings 48 will not back load the MSE seal 44. Moreover, 

because the V-rings 48 ultimately transfer the load to the actuator, the V-rings 48 and 

other elastomeric components of the seal assembly 42 are not compromised and exhibit 

improved sealing. 

 

[0033]  While Figures 7-9 show seal assemblies 42 having one, two, and three 

load rings 62 that separate two, three, and four zones, respectively, seal assemblies 42 

according to one or more embodiments of the present disclosure may have different 
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amounts of zones separated by load rings 62 without departing from the scope of the 

present disclosure. 

 

[0034]  Referring now to Figure 10, benefits of separating the MSE seal 44 from 

the at least one V-ring 48 in a seal assembly 42, such as previously described with 

respect to the zone configurations of Figures 8 and 9 are shown. Because the V-ring 48 

is pressure energized as previously described, the V-ring 48 is able to hold pressure and 

transfer force to the load ring 62, which transfers the force to an actuator, such as a 

hydraulically powered piston or other piston body, for example, without loading the 

MSE seal 44 or compromising the V-ring 48 or other elastomeric components of the seal 

assembly 42. 

 

[0035]  While one or more embodiments of the present disclosure generally 

relates to a methodology and system to facilitate improved sealing with respect to safety 

valve pistons so as to improve reliable safety valve operation, the methodology and 

system according to one or more embodiments of the present disclosure may also be 

applied to any downhole hydraulically operating completions equipment, such as flow 

control valves and formation isolation valves, for example. In such other embodiments, 

the system may more generally include a piston or other type of actuator, which may be 

hydraulically powered, and a sealing assembly, which may include various components 

and seals of different shapes and configurations that are either elastomeric or non-

elastomeric. 

 

[0036]  Although a few embodiments of the disclosure have been described in 

detail above, those of ordinary skill in the art will readily appreciate that many 

modifications are possible without materially departing from the teachings of this 

disclosure. Accordingly, such modifications are intended to be included within the scope 

of this disclosure as defined in the claims. 
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CLAIMS 

 

What is claimed is: 

 

1. A system comprising: 

an actuator; and 

a seal assembly disposed about the actuator, the seal assembly comprising: 

a metal spring energized (MSE) seal; 

at least one sealing element; and 

a plurality of load rings dividing the seal assembly into a plurality of zones that 

separate the MSE seal from the at least one sealing element, 

the at least one sealing element configured to hold pressure and transfer a load to 

at least one load ring of the plurality of load rings, the at least one load ring of the 

plurality of load rings being configured to transfer the load to the actuator without loading 

the MSE seal when the at least one sealing element is subjected to back pressure. 

 

2. The system of claim 1, further comprising: an adapter engaging the at least 

one sealing element on one side of the at least one sealing element. 

 

3.  The system of claim 2, the seal assembly further comprising an MSE 

backup ring adjacent the MSE seal, 

wherein the MSE seal and the MSE backup ring are in a same zone of the plurality 

of zones, and 

wherein the at least one load ring of the plurality of load rings is disposed between 

the MSE backup ring and the adapter. 

  

4.  The system of claim 3, the seal assembly further comprising a second 

backup ring engaging the at least one sealing element on an opposite side of the at least 

one sealing element. 

 

5.  The system of claim 4, wherein at least one zone of the plurality of zones 

includes at least two sealing elements separated by the second backup ring. 
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6.  The system of claim 1, wherein the actuator is a piston body. 

 

7.  The system of claim 1, wherein the at least one sealing element is a 

pressure energized elastomeric seal. 

 

8.  The system of claim 1, wherein the at least one sealing element is a non-

elastomeric seal. 

 

9.  The system of claim 1, wherein the at least one sealing element is a V-ring. 

 

10.  The system of claim 1, wherein the at least one sealing element is a T seal. 

 

11.  The system of claim 1, wherein the load ring engages a shoulder of the 

actuator. 

 

12.  The system of claim 1, wherein the seal assembly comprises a plurality of 

seal assemblies arranged to provide a dual pressure seal configuration. 

 

 

 

 


