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The present invention relates to a subsea 
manifold valve actuator 2, with a rotary 
actuator 19 rotating a drive gear 100 and a 
linear actuator 23 shifting the drive gear 100 
linearly between different positions in mesh with 
different driven gears 101, 102, 103, each 
operating a valve 20, 21, 22 of a subsea 
manifold for oil and gas. A valve actuator 
controller 15 is connected to the rotary actuator 
19 and the linear actuator 23. Furthermore 
methods for operating and installing the subsea 
manifold valve actuator 2 are disclosed.
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Multi valve electrical actuator

Manifolds for hydrocarbon wells are used to merge and control the flow of 

hydrocarbons from multiple wells and to inject fluids.

5 Manifolds are located subsea, topside or onshore.

Manifolds utilize valves such as branch valves and flowline header valves to 

control fluid paths. Subsea manifold valves are typically operated individually by 

ROVs if not required to be remotely operated.  Remote operated valves are 

10 traditionally hydraulically operated and the hydraulic operated valves require 

hydraulic supply from host surface facilities through an umbilical and a nearby 

control module to distribute hydraulic supply to the different valves.

It is an object of the present invention to provide a remotely controlled actuator 

15 located on the manifold to operate multiple valves and to avoid ROV operation or 

hydraulically operated valves that require hydraulic supply and a nearby control 

module.

The invention relates to a hydrocarbon production manifold valve actuator 

20 including a rotary actuator in driving relationship with a drive gear, a linear actuator 

adapted to shift the drive gear linearly along an axis of rotation of the drive gear 

between a first position in mesh with a first driven gear connected to a first valve 

operating shaft operating a first valve, and at least a second position in mesh with 

a second driven gear connected to a second valve operating shaft operating a 

25 second valve, and a valve actuator controller connected to the rotary actuator and 

the linear actuator.

The invention further relates to said valve actuator wherein the linear actuator 

further is adapted to shift the drive gear linearly along the axis of rotation of the 

30 drive gear to a third position in mesh with a third driven gear connected to a third 

valve operating shaft operating a third valve.
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The invention further relates to said valve actuator wherein the each valve 

operating shaft is connected to a valve socket adapted to fit onto and engage each 

of the valves to be operated.

5 The invention further relates to said valve actuator wherein each valve operating 

shaft is connected to a auxiliary coupling adapted to be operated by an override 

tool.

The invention further relates to said valve actuator wherein the number of valves 

10 each being in driving relationship with a driven gear corresponds to a number of 

positions of the drive gear linearly along the axis of rotation.

The invention further relates to said valve actuator wherein a drive gear shaft 

extends between the rotary actuator and the drive gear, and wherein the linear 

15 actuator is adapted to move the drive gear along a rotational axis of the drive gear 

shaft.

The invention further relates to said valve actuator wherein a drive gear shaft 

extends between the rotary actuator and the drive gear, and wherein the linear 

20 actuator is adapted to move the drive gear shaft and the drive gear along an axis 

of rotation of the drive gear shaft.

The invention further relates to said valve actuator wherein the valve actuator 

further includes an actuator base and a housing fixed to the actuator base 

25 providing a watertight room which may be filled with a liquid. 

The invention further relates to said valve actuator further including a controller a 

force sensor and a position sensor monitoring the linear actuator, adapted to feed 

input to the controller, and a torque sensor and a rotation sensor monitoring the 

30 rotary actuator, adapted to feed input to the controller.

The invention further relates to a method of operating said valve actuator including 

the steps of identifying a need for actuating one of the at least two valves, 
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actuating the linear actuator to shift the drive gear linearly along the axis of rotation 

of the drive gear in mesh with the driven gear of the identified valve, and actuating 

the rotary actuator to operate the identified valve.

5 The invention further relates to said method of operating said valve actuator 

wherein the step of actuating the rotary actuator to operate the identified valve is 

replaced with the step of actuating an auxiliary coupling to operate the identified 

valve.

10 The invention further relates to said method of operating said valve actuator 

wherein the step of actuating the linear actuator to position the drive gear in mesh 

with the driven gear of the identified valve includes feeding a signal from a force 

and a position sensor to a controller.

15 The invention also relates to a method of installing said valve actuator including 

the steps of landing the valve actuator and engaging at least two valves on a 

subsea hydrocarbon production manifold, identifying a need for actuating one of 

the at least two valves, positioning the drive gear in mesh with the driven gear of 

the identified valve and operating the valves.

20

The mentioned valve actuator may also be used on a subsea hydrocarbon fluid 

recovery manifold.

Brief description of the drawings:

25 Fig. 1 is an exploded perspective view of a manifold according to prior art;

Fig. 2 is a top elevation of the manifold of Fig. 1 in an assembled state;

Fig. 3 is a schematic representation of an embodiment of the invention in a top 

elevation;

Fig. 4 is a schematic representation of an embodiment of the invention in a side 

30 view where a drive gear is engaged with a first driven gear;

Fig. 5 is a schematic representation of an alternative embodiment of the invention 

from a side view where a drive gear is engaged with a second driven gear;
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Fig. 6 is a schematic representation of an alternative embodiment of the invention 

in a side view where a drive gear is engaged with a third driven gear;

Fig. 7 is a schematic representation of an alternative embodiment of the invention 

in a side view landed on three manifold valve torque interfaces;

5 Fig. 8 is a schematic representation of an actuator system of the invention.  

Detailed description of embodiments of the invention with reference to the 

drawings:

10 Fig. 1 is an exploded perspective view of a subsea hydrocarbon production 

manifold 1 according to prior art. The subsea hydrocarbon production manifold 1 

includes four header configuration blocks. Each header configuration block 

comprises a group three parallel branch valves: a first branch valve of a production 

header 10, a second branch valve of a production header 11 and a branch valve of 

15 a service header 12. These branch valves are located in a proximity of each other 

in a triangle formation. 

Fig. 1 serves as an example of a subsea hydrocarbon production manifold 1 

having at least one group of valves. The valves in the group are located in 

20 proximity to each other.

Fig. 2 is a top elevation of the manifold of Fig. 1 as assembled.

Fig. 3 is a schematic representation of a gear configuration of the invention 

25 comprising, a first valve operating shaft 20, a second valve operating shaft 21, and 

a third valve operating shaft 22 located in a proximity to each other in a triangle 

formation. Fig. 3 further shows three driven gears operating the valve operating 

shafts. A first driven gear 101 operates the first valve operating shaft 20, a second 

driven gear 102 operates the second valve operating shaft 21, and a third driven 

30 gear 103 operates the third valve operating shaft 22.  A drive gear 100 of a drive 

assembly (not shown) is located between the three driven gears. The drive gear 

100 is positioned to engage each of the driven gears individually. When engaged, 

the drive gear 100 is rotated, to rotate each of the driven gears and thereby 
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rotating the valve operating shafts. The driven gears are preferably engaged 

individually, but the drive gear 100 may be designed to engage more than one 

driven gear at a time. The driven gears may have different diameters. The teeth of 

the drive gear 100 are sized to mesh with the teeth of the driven gears, although 

5 the schematic representation may deviate from this perception.  

Fig. 4 is a side view of the valve actuator 2 of the invention. A drive assembly 5 is 

located between a first valve operating shaft 20, a second valve operating shaft 21 

and a third valve operating shaft 22.  A gear shaft 4 is connected to a drive gear 

10 100 and to the drive assembly 5. A first driven gear 101 connected to the first 

valve operating shaft 20 is located below a second driven gear 102 connected to 

the second valve operating shaft 21 which is located below a third driven gear 103 

connected to a third valve operating shaft 22. The thickness of the driven gears do 

not overlap along a vertical axis Z extending along the gear shaft 4. The drive 

15 assembly 5 includes a linear actuator 23 moving the gear shaft 4 to a specific 

position to allow the drive gear 100 to engage any of the driven gears. The gear 

shaft 4 is oriented in parallel with the valve operating shafts 20, 21 and 22. The 

drive assembly 5 further includes a rotary actuator 19 to rotate the gear shaft 4 to 

rotate any of the driven gears via the drive gear 100. The drive assembly 5 also 

20 includes an actuator controller 15 which is connected to the rotary actuator 19 and 

the linear actuator 23. The diameter of the drive gear 100 is dimensioned to allow 

the drive gear 100 to mesh with and thereby operate any of the driven gears. 

Figure 4 shows an embodiment where the drive gear 100 is engaged with the first 

driven gear 101. The ends of teeth of the gears may be tapered to facilitate axial 

25 movement between the gears and to ensure that the driven gears not prevent the 

axial movement of the drive gear 100.

The valve operating shafts are connected to auxiliary couplings adapted to be 

engaged by an override tool in order to override the valve actuator 2. The first 

30 valve operating shaft 20 is connected to a first auxiliary coupling 50, the second 

valve operating shaft 21 is connected to a second auxiliary coupling 51 and the 

third valve operating shaft 22 is connected to a third auxiliary coupling 52. An ROV 

may operate the valve actuator 2 by engaging and rotating any of the auxiliary 
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couplings. The auxiliary couplings may be a bucket type coupling adapted to 

receive a corresponding socket of an ROV override tool.

The valve operating shafts are connected to valve sockets adapted to engage 

5 valves. The first valve operating shaft 20 is connected to a first valve socket 30, 

the second valve operating shaft 21 is connected to a second valve socket 31 and 

the third valve operating shaft 22 is connected to a third valve socket 32. The 

valve actuator 2 may be permanently installed on valves on a manifold, in order to 

operate the valves. The valve actuator 2 may also be retrofitted to the valves on 

10 the manifold. The valve actuator 2 may also be removed from the valves on the 

manifold. Each valve socket is adapted to fit onto and engage a valve stem. Each 

valve (40, 41, 42) is equipped with a coupling fixed to the end of a valve stem of 

the valve (see Fig. 7). Each coupling is adapted to connect to the valve sockets 

(30, 31, 32). The couplings may be bucket type couplings (400, 410, 420) adapted 

15 to receive a valve socket (30, 31, 32) of the valve actuator 2 (see Fig. 7). When a 

valve socket is fitted onto and engaged with a valve by means of its coupling, the 

motor gear 100 is rotated, to rotate a valve operating shaft, rotating the valve 

socket connected to the valve operating shaft, and thereby rotating the engaged 

valve. The valve actuator 2 is adapted to engage the at least two valves. The 

20 valves may be any conventional valve type, and the valves may be branch valves 

with valve housings extending from the manifold as shown in Fig. 1. Each valve 

controls fluid flow in the manifold. 

The valve actuator 2 may be enclosed by a housing 17 and an actuator base 200, 

25 providing a room for components of the valve actuator 2. This room may be 

watertight and filled with a liquid to prevent the housing from collapsing due to 

hydrostatic pressure in deep sea. A pressure regulating bladder (not shown) may 

be installed on the housing 17 wall.

30 Fig. 5 shows an embodiment of the invention with the same components as the 

embodiment of Fig. 4 where the drive gear 100 is engaged with the second driven 

gear 102.
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Fig. 6 shows an embodiment of the invention with the same components as the 

embodiment of Fig. 4 where the drive gear 100 is engaged with the third driven 

gear 103.

5 Fig. 7 shows an embodiment of the invention with the same components as the 

embodiment of Fig. 4 wherein the valve actuator 2 is landed on a valve assembly 

on a manifold (not shown). The first valve socket 30 is engaged with a first valve 

40, the second valve socket 31 is engaged with a second valve 41 and a third 

valve socket 32 is engaged with a third valve 42. In this embodiment, the valves 

10 (40, 41, 42) include bucket type couplings (400, 410, 420), receiving the valve 

sockets (30, 31, 32).

Fig. 8 is a schematic representation of the components of the valve actuator. The 

controller is shown outside the drive assembly. A user interface manually or 

15 automatically receive input and monitor the status of the operational valves on the 

manifold from an operator topside. The valve actuator may be operated remotely 

by means of the user interface by an operator. The valve actuator is connected to 

a power supply through a controller providing electric power and/or pressurized 

fluid to the valve actuator. The drive assembly includes a linear actuator, a rotary 

20 actuator and the controller (shown externally of the valve actuator box). The 

controller is connected to the linear and the rotary actuators. The linear actuator 

drives the drive gear up or down as indicated by the arrows in the lower right 

corner from a retracted starting position to an extended end position. A position 

and/or force sensor monitor the force and position if the drive gear and provide 

25 position feedback to the controller. The linear actuator is preferably electric, but 

could also be hydraulic. The controller starts and stops the linear actuator, 

positioning the gear shaft in a desired position for engaging a driven gear in order 

to open or close a valve. The rotary actuator provides rotational movement to the 

drive gear. The rotary actuator may be any type of rotary actuator and may include 

30 a stepping motor or an induction motor. A torque and/or a rotation sensor provides 

torque and rotation feedback to the controller. The torque sensor may indicate that 

a driven gear is stuck or that the valve is fully open or fully closed. The rotation 

sensor may count the number of turns in order to indicate whether the valves are 
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open or closed. The torque sensor can indicate if the driven gear is prevented from 

rotating and something is wrong. The drive gear selectively engage one of the 

three driven gears operating the three valves to open or close the valves. The 

controller may control the power supply to start or stop the linear actuator and/or 

5 the rotary actuator based on the signals received from the sensors so that the 

correct driven gear is properly aligned and in mesh with the drive gear. The torque 

and force sensors prevent the valve actuator from exceeding force and torque 

limits thus preventing damaging the gears or other components.

10 This description mentions the operation of manifold valves, and the interaction 

between valve sockets and valves. The mentioned valves include valve stems with 

couplings attached to the end of the valve stems. The valve stem forms a part of 

the valve itself, and the term “valve” is meant to also cover the valve stem of the 

valve. The term valve torque interface may also be used for the valve stem. The 

15 mentioned valve actuator may also be used on a subsea hydrocarbon fluid 

recovery manifold.
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C L A I M S

1. A hydrocarbon production manifold valve actuator (2) comprising: 

a rotary actuator (19) in driving relationship with a drive gear (100);

5 a linear actuator (23) adapted to shift the drive gear (100) linearly along an axis of 

rotation of the drive gear (100) between a first position in mesh with a first driven 

gear (101) connected to a first valve operating shaft (20) operating a first valve 

(40), and at least a second position in mesh with a second driven gear (102) 

connected to a second valve operating shaft (21) operating a second valve (41); 

10 and

a valve actuator controller (15) connected to the rotary actuator (19) and the linear 

actuator (23). 

2. The valve actuator (2) of claim 1, wherein 

15 the linear actuator (23) further is adapted to shift the drive gear (100) linearly along 

the axis of rotation of the drive gear (100) to a third position in mesh with a third 

driven gear (103) connected to a third valve operating shaft (22) operating a third 

valve (42).

20 3. The valve actuator (2) of claim 2, wherein the each valve operating shaft (20, 

21, 22) is connected to a valve socket (30, 31, 32) adapted to fit onto and engage 

each of the valves (40, 41, 42) to be operated.

4. The valve actuator (2) of claim 2, wherein each valve operating shaft (20, 21, 

25 22) is connected to a auxiliary coupling (50, 51, 52) adapted to be operated by an 

override tool.

5. The valve actuator (2) of claim 1 or 2, wherein the number of valves (40, 41, 42) 

each being in driving relationship with a driven gear (101, 102, 103) corresponds 

30 to a number of positions of the drive gear (100) linearly along the axis of rotation.

6. The valve actuator (2) of one of claims 1-3, wherein a drive gear shaft (4) 

extends between the rotary actuator (19) and the drive gear (100), and wherein 
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the linear actuator (23) is adapted to move the drive gear (100) along a rotational 

axis of the drive gear shaft (4).

7. The valve actuator (2) of claim one of claims 1-3, wherein a drive gear shaft (4) 

5 extends between the rotary actuator and the drive gear (100), and wherein the 

linear actuator (23) is adapted to move the drive gear shaft (4) and the drive gear 

(100) along an axis of rotation of the drive gear shaft.

8. The valve actuator (2) of one of the claims 1-5 wherein the valve actuator (2) 

10 further includes an actuator base (200) and a housing (17) fixed to the actuator 

base (200) providing a watertight room which may be filled with a liquid. 

9. The valve actuator (2) of one of the claims 1-5, further including a controller 

(15);

15 a force sensor and a position sensor monitoring the linear actuator (23), adapted 

to feed input to the controller (15); and 

a torque sensor and a rotation sensor monitoring the rotary actuator (19), adapted 

to feed input to the controller (15).

20 10. A method of operating a valve actuator (2) according to any of the preceding 

claims, comprising the steps of:

identifying a need for actuating one of the at least two valves (40, 41, 42);

actuating the linear actuator (23) to shift the drive gear (100) linearly along the axis 

of rotation of the drive gear (100) in mesh with the driven gear of the identified 

25 valve; and

actuating the rotary actuator (19) to operate the identified valve.

11. The method of operating the valve actuator (2) of claim 10, wherein the step of 

actuating the rotary actuator (19) to operate the identified valve is replaced with 

30 the step of actuating an auxiliary coupling (50, 51, 52) to operate the identified 

valve.
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12. The method of operating the valve actuator (2) of one of the claims 10-11, 

wherein the step of actuating the linear actuator to position the drive gear (100) in 

mesh with the driven gear of the identified valve includes feeding a signal from a 

force and a position sensor to a controller (15).

5

13. A method of installing a valve actuator (2) according to any of the preceding 

claims 1-9, comprising the steps of:

landing the valve actuator (2) and engaging at least two valves (40, 41, 42) on a 

subsea hydrocarbon production manifold (1);

10 identifying a need for actuating one of the at least two valves (40, 41, 42);

positioning the drive gear (100) in mesh with the driven gear of the identified valve;

and

operating the valves (40, 41, 42).
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