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Ball Valve Assembly 

This invention relates to a ball valve assembly, particularly a ball valve assembly for use 

in underwater (such as subsea) well completions.   

Background 

As is well known in the art, ball valves are mechanical devices used to control fluid flow.  5 

They comprise a generally spherical or part-spherical rotatable valve element (“ball”) 

with a bore therethrough, positioned within a fluid conduit.  In a first, open, configuration, 

the bore of the ball is substantially in line with the conduit, such that fluid may flow 

therethrough.  As the ball is rotated, the available fluid flow path is constricted or 

sheared until the ball reaches a closed configuration, in which the ball’s bore is not 10 

accessible to the fluid in the conduit, and so no fluid flow is possible past the ball.  To 

enable controlled rotation of the ball, it is typically mounted on bearings and / or 

provided with trunnions for supporting accommodation within a support assembly.   

One major application of ball valves is within underwater hydrocarbon extraction or 

production facilities, and in such locations may be used to control the flow of production 15 

fluid.  As prior art may be noted US6152229, WO2006/040592, US6698712, 

US2009/0065212, US2009/0065213, WO2008/060891 and GB 2340860 for example.   

When used in this way, the ball valve is operating within a harsh environment.  In 

particular, the fluid may contain significant amounts of debris or particulate 

contaminants.  With prior art designs such as those set out above, it is a problem that 20 

such debris may contaminate the ball valve support / actuation assembly (known as the 

actuation zone), preventing effective rotation of the ball.  It is common for ball valves to 

stall before their intended life-cycle end due to debris ingress, contamination formation, 

corrosion, and lubrication washout.  This stalling may lead to over-stressing and 

deformation of the rotation mechanism, rendering the valve inoperable.  25 

In addition, known ball valve assemblies may become unbalanced, so that an opening 

or closing force is not applied evenly to the ball.  This lack of balance may also cause 

over-stressing and deformation of the rotation mechanism.   

It is also important to provide a failsafe mechanism, which acts to close the valve in the 

event of planned or unplanned venting of valve control system pressure.     30 
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Aims and benefits of the present invention 

It is a general aim of the present invention to overcome these problems, and thus 

provide a ball valve assembly suitable for use in harsh environments, such as within a 

well completion system.    

A first aim of the invention is to provide a means to prevent contamination of the rotation 5 

mechanism.   

This aim is achieved by encapsulating the ball valve assembly to prevent contaminant 

ingress. 

It is a further aim of the present invention to provide balanced force transmission to the 

ball.   10 

This aim is achieved by using a balanced actuation mechanism to cause ball rotation.   

In more detail, the present invention provides, inter alia, the following benefits:  

Avoidance of Ball Stalling:  

Ball stalling, which is caused by friction due to debris ingress and solidified 

contamination formed between the narrow clearance of ball and encapsulation, is 15 

avoided, as there is no spherical contact between ball and encapsulation.  This helps 

avoiding wear of the ball due to friction, and therefore leads to increased operation life-

cycle.   

Avoidance of mechanism damage: 

Debris ingress into the actuation zone is avoided by the encapsulation, which reduces 20 

the friction in the mechanism.  Overloading of the mechanism and resultant deformation 

is thereby avoided. 

Uniform balanced force transmission:  

A uniform balanced force provided to the ball maintains the stability of the assembly.  

Deformation of the mechanism due to overloading / unbalanced force is thereby 25 

avoided. 

Formation fluid: 

Adverse effects of formation fluid in the mechanism zone are avoided by the 

encapsulation, and advantageously the bore pressure itself is utilised for the fail-safe 

closing of the ball valve. 30 
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Ease of assembly / maintenance: 

The present invention enables the ball valve to be readily constructed, inspected and 

maintained.  In addition, checking of the ball alignment may be performed externally, 

thus reducing time and cost.   

Summary of the present invention 5 

In accordance with a first aspect of the present invention there is provided a ball valve 

assembly comprising: 

a pipe section having an axial bore for enabling fluid flow therethrough in use; 

a valve ball having an internal conduit, the valve ball being mounted within the pipe 

section and for rotation with respect to the pipe section between an open position in 10 

which fluid within the bore may flow through the conduit and a closed position in which 

the conduit is inaccessible to fluid within the bore; 

drive means for rotating the valve ball, said drive means being located radially outside 

the bore; and 

an encapsulation, said encapsulation being positioned to receive the valve ball and 15 

having portions located radially between the pipe bore and the drive means, such that 

the encapsulation prevents fluid within the bore from accessing the drive means.   

 

In accordance with a second aspect of the present invention there is provided a ball 

valve assembly comprising: 20 

a pipe section having an axial bore for enabling fluid flow therethrough in use; 

a valve ball having an internal conduit, the valve ball being mounted within the pipe 

section and for rotation with respect to the pipe section between an open position in 

which fluid within the bore may flow through the conduit and a closed position in which 

the conduit is inaccessible to fluid within the bore; and 25 

drive means for rotating the valve ball, the drive means being located radially outside 

the bore; 

wherein the drive means comprises first and second pistons located on opposed sides 

of the valve ball in the direction of the bore axis, the first and second pistons being 

actuable by a common hydraulic fluid line, such that application of hydraulic fluid 30 

pressure at said common hydraulic fluid line causes said first and second pistons to be 

subjected to linear actuating forces of substantially equal magnitude but opposite 

direction.   

 

 35 
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Detailed description 

 

The invention will now be described with reference to the accompanying drawings, in 

which: 

Fig. 1 schematically shows a sectional view of an exemplary valve assembly in 5 

accordance with a first embodiment of the present invention in an “open” configuration;  

Fig. 2 schematically shows a sectional view of the valve assembly of Fig. 1 in a “closed” 

configuration; 

Fig. 3 schematically shows the valve assembly of Fig. 1 in an exploded, perspective 

view; 10 

Fig. 4 schematically shows a sectional view of the drive mechanism of the valve 

assembly of Fig. 1; and 

Fig. 5 schematically shows a sectional view of a dual-valve assembly in accordance 

with a second embodiment of the present invention.      

  15 

A ball valve assembly 1 in accordance with a first embodiment of the invention is 

schematically shown in Fig. 1, and in an “exploded” perspective view in Fig. 3.   It can 

be seen that there is much symmetry between the top and bottom halves of the 

assembly 1, and so for convenience components located in the upper half of the 

assembly as shown in Fig. 1 will generally be denoted “top”, while those located in the 20 

lower half of the assembly as shown will generally be denoted “bottom”.   

The assembly 1 is particularly suited for use within a completion safety module (CSM) 

of an underwater hydrocarbon extraction well facility, which are known components per 

se.  The assembly 1 includes a pipe section 2, with an axial bore 3 running therethrough 

for enabling fluid flow therethrough.  The pipe section 2 includes a top housing 10 and 25 

bottom housing 11 at its top and bottom ends, with fittings provided on each housing 

enabling connection to other components of a fluid transportation system (not shown), 

in this case components of the CSM, such that in use, production fluid flows through the 

bore 3.   

A valve ball 4 is mounted approximately within the pipe section 2 and for rotation with 30 

respect to the pipe section 2, between an open position in which fluid within the bore 

may flow through an internal conduit of the ball 4 and a closed position in which the 

conduit is inaccessible to fluid within the bore.  In Fig. 1, the valve is shown in an “open” 

configuration, such that production fluid flow is possible through the conduit.  The ball 4 

comprises first and second trunnions 5a, 5b, which are mounted within corresponding 35 

trunnion plates 6a, 6b.  Bearings 7 are provided between each trunnion 5a, 5b and 
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respective plate 6a, 6b, so that the trunnions, and thus the ball, may rotate smoothly 

within the trunnion plates.  The trunnion plates 6a, 6b are in turn mounted to an 

encapsulation 19, shown most clearly in Fig. 3.  The encapsulation 19 is a single-piece, 

generally cylindrical component with an axial conduit running top to bottom as shown, 

which is located coaxially to bore 3.  The central portion of encapsulation 19 is adapted 5 

to receive the valve ball 4, with machined side openings for receiving the trunnion plates 

6a, 6b and enabling access to the trunnions 5a, 5b.   Seals 8 are provided between 

each trunnion plate and the encapsulation, running circumferentially around the trunnion 

plates, to prevent fluid ingress therebetween.   

Drive means for rotating the valve ball 4 are also provided, these drive means being 10 

located radially outside the bore 3.  This drive mechanism is shown more clearly in Fig. 

4.  The drive means include four crank arms 16a-16d, top and bottom annular 

crossheads 17a, 17b and top and bottom moveable pistons 20a, 20b, to be described in 

more detail below.  The encapsulation 19 has portions, i.e. the top and bottom 

extremities, which are located radially between the bore 3 and the drive means, such 15 

that in use the encapsulation prevents fluid within the bore 3 from accessing the drive 

means.  The encapsulation 19 therefore keeps the drive means free from debris 

entrained within the production fluid, which is critical for sustained operation.  The 

internal surfaces of the encapsulation 19 are designed to have a relatively wide 

clearance with the valve ball 4, with no spherical contact, thus reducing the friction 20 

caused by solid contamination within the production fluid, and preventing hindrance of 

the valve ball rotation.  The side openings of the encapsulation 19 provide relatively 

wide support for the ball and good guidance for the ball rotation.  Sealing is provided on 

the encapsulation 19, for example between the encapsulation 19 and crossheads 17a, 

17b, to completely seal the formation fluid flow during the closed condition of the valve 25 

ball 4 (see Fig. 2). 

The valve ball 4 is rotated by four crank arms 16a-16d, rotatably connected at one end 

thereof to the trunnions 5a, 5b, with two crank arms connected to each trunnion.  The 

other ends of the crank arms are rotatably linked to a top or bottom crosshead 17a, 17b, 

being loosely constrained between the crosshead and a respective crosshead cover 30 

18a-18d.  Each crosshead 17a, 17b is annular, with an opening co-axial to the bore 3.  

Each crosshead has a shoulder portion of greater diameter at the end nearest the ball, 

to receive encapsulation 19, and a relatively narrow portion of smaller diameter at the 

other end.  The crossheads 17a, 17b are linearly moveable along the axis of the pipe 

section 2, such that linear movement of a crosshead translates into rotational movement 35 

of valve ball 4.  The top and bottom crossheads 17a, 17b are respectively linearly driven 
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by top and bottom moveable pistons 20a, 20b connected to the other ends of the 

respective crossheads, i.e. the ends furthest from the valve ball 4.   

The wall of the bore 3 is defined along much of its length by top and bottom inserts 14, 

15.  These are substantially cylindrical components with respective narrow portions that 

are inserted into the encapsulation 19 and extend to the valve ball 4.    5 

Much of the external surface of the pipe section 2 is defined by a generally cylindrical  

outer body 13, which is located radially outside the drive means, and connected to top 

housing 10 and bottom housing 11 by a top body nut 9 and bottom body nut 12 

respectively.   

The outer body 13 carries top and bottom fixed pistons 21a, 21b on its internal surface, 10 

at a position adjacent the shoulder portions of respective crossheads 17a, 17b when the 

valve is open.  The fixed pistons 21a, 21b are provided with fluid-tight seals which abut 

the narrow portion of the respective crosshead.   It can be seen that top and bottom 

piston chambers 22a, 22b are thereby defined by respective fixed pistons 21a, 21b, 

movable pistons 20a, 20b, crossheads 17a, 17b and outer body 13.   15 

In addition, outer body 13 includes hydraulic fluid lines inside, with an “opening” 

hydraulic fluid line 23 running generally axially on the right side of the assembly as 

shown, and a “closing” hydraulic fluid line 24 running generally axially on the left side of 

the assembly as shown.  These hydraulic fluid lines extend through top housing 10 to 

the top of the assembly, which enables connection to a remote hydraulic fluid source 20 

(not shown).   The opening fluid line 23 has top and bottom ports 28a, 28b into 

respective top and bottom piston chambers 22a, 22b.  The closing fluid line 24 

meanwhile has top and bottom ports 30a, 30b at the top and bottom housings 10, 14 

into respective top and bottom piston chambers 22a and 22b.  Barrier sealing on the 

external sides of crossheads 17a, 17b serves to isolate the hydraulic chambers from the 25 

bore fluid.   

Top and bottom inserts 14 and 15 include respective top and bottom failsafe fluid paths 

25a, 25b joining the bore 3 and the inner surface of respective top and bottom 

crossheads 17a, 17b.    

In operation, to open the valve, hydraulic fluid pressure is applied to opening line 23, 30 

and thus to ports 28a, 28b.  This increases the fluid pressure in piston chambers 22a, 

22b, and causes the moveable pistons 20a, 20b, and hence also the crossheads 17a, 

17b, to move outwardly, i.e. away from the valve ball 4.   The linear motion of the 

crossheads 17a, 17b causes the crank arms 16a-d to rotate the valve ball 4 to the open 

position.   35 
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To close the valve, hydraulic pressure is applied to closing line 24, causing fluid to flow 

to ports 30a, b, which impels the moveable pistons 20a, 20b to move toward the valve 

ball 4.  This linear motion causes the crank arms 16a-d to rotate the valve ball 4 into a 

closed configuration, shown in Fig. 2.   

In the event of a loss of hydraulic fluid pressure within chambers 22a, 22b, production 5 

fluid may enter failsafe ports 25a, 25b, and force the crossheads 17a, 17b to move 

linearly towards the valve ball 4, which again causes the valve ball 4 to rotate into the 

closed configuration.  The failsafe actuation path is separated from the hydraulic fluid 

areas, preventing contamination of the hydraulic fluid.   

The piston chambers 22a, 22b when fed with hydraulic fluid from the opening line 23 10 

acts against the bore pressure (via crossheads 17a, 17b) to open the valve ball 4 by 

pushing the crossheads away from the ball centreline.  The areas of the failsafe paths 

25a, 25b and piston chambers 22a, 22b are so adjusted that a lesser hydraulic pressure 

would open the valve ball 4 against the relatively huge bore pressure.  When closing 

ports 30a, b are fed with hydraulic fluid from line 24, this, along with the failsafe closing 15 

pressure, moves the crossheads 17a, 17b toward the valve ball centreline, hence 

resulting in closing the ball.     

It can be seen that in order to effect rotation of the ball, application of hydraulic fluid 

within either of the lines 23 or 24 causes the first and second moveable pistons 20a, 

20b (and thus also crossheads 17a, 17b) to linear actuating forces of substantially equal 20 

magnitude but opposite direction.  This improves valve actuation balance as compared 

to prior designs.   

In addition, the use of four crank arms 16a-d, connected to the ball, with two cranks 

arms on each of the left and right sides of the ball provide a uniform balanced force for 

ball rotation, i.e. there is balanced actuation from crosshead to ball.   25 

A second embodiment of the present invention is schematically shown in Fig. 5.  Here, 

the valve assembly includes two valve sub-assemblies 26 and 27.  Each sub-assembly 

is generally similar to that described with reference to the first embodiment above, with 

the operating functions of the upper and lower ball valve assemblies 26, 27 being 

independently ported through the outer body.  To avoid confusion, Fig. 5 does not show 30 

all of the necessary porting, but only shows one hydraulic line running along the right 

side of the body.  In fact, the porting for each sub-assembly 26, 27 would be similar to 

that of assembly 1 of the first embodiment described above, as will be apparent to those 

skilled in the art.   
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This type of assembly would be useful in underwater hydrocarbon extraction facilities, 

with sub-assembly 26 acting as a “seal ball valve” and sub-assembly 27 acting as a 

“shear ball valve”, as would be apparent to those skilled in the art.   

The above-described embodiments are exemplary only, and other possibilities and 

alternatives within the scope of the invention will be apparent to those skilled in the art.  5 

For example, although the invention has been described as being of particular 

relevance for well completion systems it may be adapted to any application of a ball 

valve, not necessarily within a subsea environment.   
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CLAIMS 

1. A ball valve assembly (1) comprising: 

a pipe section (2) having an axial bore (3) for enabling fluid flow therethrough in use; 

a valve ball (4) having an internal conduit, the valve ball being mounted within the pipe 
section and for rotation with respect to the pipe section between an open position in which 
fluid within the bore may flow through the conduit and a closed position in which the conduit 
is inaccessible to fluid within the bore; 

drive means (16a, 20a) for rotating the valve ball, said drive means being located radially 
outside the bore; 

an encapsulation (19), said encapsulation being positioned to receive the valve ball and 
having portions located radially between the pipe bore and the drive means, such that the 
encapsulation prevents fluid within the bore from accessing the drive means; and 

a hydraulic fluid line (23), 

wherein the drive means comprises a piston (20a) actuable by the hydraulic fluid pressure 
within said hydraulic fluid line, characterised in that: 

the pipe section comprises a failsafe fluid path (25a) in fluid connection with the bore, such 
that in the event of a loss of hydraulic fluid pressure within the hydraulic fluid line, fluid may 
flow from the bore, through the failsafe fluid path and thus actuate the piston. 

 

2. An assembly (1) according to claim 1, wherein the valve ball (4) comprises first and second 
diametrically opposed trunnions (5a, 5b), and the valve ball is mounted via respective 
trunnion plates (6a, 6b), each trunnion plate receiving a respective trunnion. 

 

3. An assembly (1) according to claim 2, wherein the trunnion plates (6a, 6b) are carried by the 
encapsulation (19). 

 

4. An assembly (1) according to either of claims 2 and 3, wherein seals (8) are provided 
between each trunnion plate (6a, 6b) and the encapsulation (19) to prevent fluid flow 
therethrough. 

 

5. An assembly (1) according to any preceding claim, wherein the encapsulation (19) defines a 
wall of the bore (3). 

 

6. An assembly (1) according to any of claims 1 to 4, wherein the encapsulation (19) carries an 
insert (14), the insert defining a wall of the bore (3). 
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7. An assembly (1) according to any preceding claim, wherein the drive means (16a, 20a) 
comprises a crank arm (16a) attached to the valve ball (4), the encapsulation (19) preventing 
fluid within the bore (3) from accessing the crank arm. 

 

8. A ball valve assembly (1) according to any of claims 1 to 6, wherein the drive means further 
comprises a second piston (20b) located on an opposing side of the valve ball (4) in the 
direction of the bore (3) axis, the pistons being actuable by a common such hydraulic fluid 
line (23), such that application of hydraulic fluid pressure at said common hydraulic fluid line 
causes the pistons to be subjected to linear actuating forces of substantially equal 
magnitude but opposite direction. 

 

9. An assembly (1) according to claim 8, wherein application of hydraulic fluid pressure at said 
common fluid line (23) causes the valve ball (4) to rotate to an open position, and wherein a 
second common hydraulic fluid line (24) is provided, such that applying hydraulic fluid 
pressure to the second common hydraulic fluid line causes the pistons (20a, 20b) to be 
subjected to linear actuating forces of substantially equal magnitude but opposite direction, 
causing the valve ball (4) to rotate to a closed position. 

 

10. An assembly (1) according to either of claims 8 and 9, wherein each piston (20a, 20b) is 
connected to the valve ball (4) via a respective crank arm (16a, 16b), such that linear motion 
of the piston causes rotation of the valve ball (4). 

 

11. An assembly (1) according to claim 10, wherein each piston (20a, 20b) is connected to the 
valve ball (4) via an additional respective crank arm (16c, 16d) at a diametrically opposite 
position to the first respective crank arms. 

 

12. A well completion system comprising a valve assembly in accordance with any preceding 
claim. 

 

13. An underwater well facility comprising a valve assembly in accordance with any of claims 1-
11. 

 


