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ACTUATION MODULE 

The present invention relates to a actuation module, 

and in particular to a valve actuation module for actuating 

valve elements, such as a gate valve slab, needle stem, 

ball valve sphere or a choke cage or plug, on a subsea 

wellhead, but can equally be applied to other devices that 

require operating in a subsea environment. 

currently perceived wisdom is that subsea wellheads 

should have hydraulically operated valves which are 

provided with a fail-safe mechanism in the form of a large 

spring arranged to push the valve element into a safe 

position upon loss of hydraulic pressure. Generally 

speaking, it is possible to use the well pressure to assist 

in this movement of the valve element. However, for safety 

reasons it is still necessary to have a spring which is 

large enough that it will close the valve without 

assistance from the well pressure or in the reverse 

situation where external pressure is higher than well 

pressure. 

With the current trend to deeper water wells, there is 

an increase in hydrostatic pressure but a possible decrease 

in well pressure. Thus, the net pressure differential can 

work against fail safe forces on the stem to close the 

valve. In this situation, the spring must be designed to 

be large enough to overcome the friction between the valve 

elements, the housing seals, and to overcome the hydraulic 

forces to expel the hydraulic control fluid to close the 

valve against the hydrostatic pressure and low internal 

well pressure. It can be readily appreciated from this 

that at increasing water depths, the size of the spring 

must be greatly increased thereby increasing the size and 

cost of the system. Further, the size of the force 

delivered by the spring has an adverse effect on the high 

power required for each operation and on its sensitivity. 

An alternative approach is disclosed, for example, in 

US-A-4920811 and US-A-5195721 in which the valve elements 
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are electrically operated by powerful electrical motors 

using considerable electrical power. This would require 

immense storage capacity if not directly supplied by the 

umbilical from the remote installation. In both cases, a 

clutch is provided to disconnect the valve element in the 

event of a loss of power, thereby allowing the spring to 

move the valve into a fail-safe position. In this case, 

although it is no longer necessary for the· spring to 

overcome hydraulic control fluid pressure being electric, 

a large spring is required to overcome the valve friction 

and the hydrostatic pressure. Furthermore, the clutch 

mechanism needed to disengage the valve element results in 

an unnecessarily costly and complicated structure. 

The inventor has appreciated that the above problems 

can be overcome by the revolutionary new approach of 

operating the devices, not by a hydraulic actuator, with a 

fail safe return spring, but by means of a rotary actuator 

driven by an electric motor which is normally energised 

from an external source through an umbilical. The 

necessary fail safe condition is achieved by providing the 

motor with a loca~ backup power source which, in the event 

of loss of primary power, is sufficient to drive the motor 

to return the device to a safe position. 

In accordance with the present invention, therefore, 

an actuation module for actuating a device in a subs ea 

wellhead assembly comprises a housing containing a 

rotatable actuator which is, or is arranged to be, coupled 

to a rotatable part of the device, whereby, in use, 

rotation of the part by the actuator causes an element of 

the device to move between operating positions; an electric 

motor for rotating the actuator; an input for receiving 

primary power and/or a control signal from an external 

source for energising and/or controlling the motor; an 

electrical storage unit for providing a back-up secondary 

power source; and a controller for responding to a loss of 

primary power and/or control signal and thence causing the 

motor to be energised if necessary from the electrical 
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storage unit so that the motor causes the element to move 

to one of the operating positions representing, in use, a 

safe mode. 

With this arrangement, the coupling, which only 

transmits rotary motion between the actuator and the part 

of the device, is unaffected by hydrostatic pressure and a 

spring is not required. Thus the electric power to operate 

the device is much reduced as all that is required is 

sufficient power to overcome the friction between the 

device element and housing seals. Further, because each 

actuator can be provided with its own self contained back­

up power source, each device has individual fail-safe 

control. 

Although the module may be a permanent fixture on the 

wellhead assembly, it may from time to time require 

replacement. For this reason the module is preferably 

arranged to be coupled to, and decoupled from, the wellhead 

assembly by, for example, a diver or ROV. In this case, 

the coupling between the rotatable actuator and the 

rotatable part of the device will be a torque-transmitting 

interface, such as a splined or keyed coupling, which can 

be engaged and disengaged by relative axial movement. 

The backup secondary power source is most simply a 

battery. The primary power source, connected to the module 

through an umbilical, may be connected through the backup 

source to maintain this fully charged, any surplus power 

being available to energise the motor. This ensures that 

whenever there is a loss of primary power, the backup 

source will always be fully charged for operating the 

motor. 

The controller could be a simple solenoid switch or, 

for more sophisticated applications, an intelligent 

programmed processor. 

There may be more than one of the actuators and 

respective motor and backup secondary power source, for 

operating a respected number of wellhead assembly devices, 

in the same housing. This avoids the primary power 
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umbilical having to have suitably sized core to carry the 

power for each actuator, which would make it very costly 

and bulky. By providing a local storage unit and a local 

processor for allocating power to the respective actuators, 

the umbilical can be reduced to a single power core and a 

signal line. The signal line will instruct the processor 

and controller as to which actuators are to be operated. 
The processor must then be capable of detecting either a 

loss of primary power or a loss of remote signal, and in 
either case cause the respective actuator to be operated to 

bring the respective device into a safe mode. 

Examples of valve actuation modules constructed in 

accordance with the present invention will now be described 
with reference to the accompanying drawings, in which: 

Fig. 1 is a schematic view, partly in vertical 
section, of a first module together with a subsea tree with 

gate valves and a wellhead; 

Fig. 2 is a more detailed view of part of Fig. 1, 
showing one of the gate valves split with one half in the 
fully open position and the other half in the fully closed· 

position; and, 

Fig. 3 is a schematic view of a part of a module for 

the actuation of a ball valve element. 

It should be noted that although Fig. 1 is described 
in terms of a gate valve, the invention is applicable to 

any device where movement of an element can be achieved 

rotationally. Thus, the invention applies, for example, to 

ball valves and chokes or inserted flow assemblies that 

require external drive shaft operation without disturbing 

the drive shaft operating system. The invention is 

described on a tree although it is applicable on any 

assembly where flow control is required. 

As shown in Figs. 1 and 2, a wellhead 1 is provided 

with a valve tree 2 which may be a Christmas tree or a 

horizontal tree. The valve actuators and associated 

elements are provided in a separate valve actuation module 

3 which is moved into place using subsea guidance, or using 
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an ROV. Actuation Module 3 is landed and then transversely 

engaged in the appropriate position with respect to the 

tree 2. In this respect, the provision of a valve 
actuation module is similar to the system disclosed in US­

A-5456313, and reference is made to this document 

particularly with regard to the means for engaging the 

module with respect to the tree, and to the interface 

between the module and the tree. 

Alternatively the valve tree 2 interface could be 
vertical or at an angle allowing the actuation module to be 
guided directly into position. 

Fig. 2 shows in more detail a bore 4 in the subsea 
tree 2 is shown having two identical gate valves 5 with 
gate slab elements 5A. The gate valve elements 5A are 
moved in a linear direction by virtue of stems 6. The 
stems 6 are provided with a screw coupling 7 to an 
externally splined sleeve 8 rotary motion of which is thus 

converted into linear motion of the stems 6 and gate valve 
slabs 5A. The tree 2 is also provided with control and 
monitoring equipment for hydraulic and electrical signals 
via a junction plate 9. 

Fig. 1 shows the valve actuation module 3 is shown 
with two actuation assemblies 10 one for each of the gate 

valves 5. Each actuation assembly is provided with power 
and signals from an external signal and power umbilical 

line 11. The power is transmitted via an overall systems 

controller 12, which controls other electrical actuators 
and functions 13, as well as providing hydraulic power via 
an hydraulic circuit 14 for various downhole applications, 

electrical sensors and tree sensors. The overall systems 

controller 12 is provided with its own back-up electrical 

storage unit 15 which can provide electrical power for the 

whole system in the event of a power loss through the main 

umbilical line 11 and is thus capable of operating the tree 
if there is a external power failure. 

controller 12 is also provided 

The overall systems 

with an acoustic 

receiver/transmitter 16 to allow for remote monitoring and 
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control of the electrical systems in the event of a total 

umbilical line 11 failure. 

Each of the actuation assemblies 10 is a sealed unit 

from which projects a splined socket 1 7 which, in use, 

engages with the spline on the sleeve 8. Inside each 

actuation assembly is a motor 18 which, under normal 

operation, is ·driven by power from the line 11 to which it 

is connected via power line 19 and a fail safe controller 
20. The motor 18 drives the shaft of the splined socket 17 
through a gearbox 21. Each actuation assembly has an 
electrical storage unit 22 connected to the fail safe 
controller 20. 

To operate the tree, electrical signals and power are 
supplied from a remote installation. The electrical 
processor and controller 12 will assign power to the back 
up electrical storage unit 15 and to the actuator 
assemblies to charge up their electrical storage units 22. 
The fail-safe controller 20 will confirm when its 
electrical storage unit 22 is fully charged. The 
electrical processor and controller will verify that all 
fail safe controllers 20 have their electrical storage 
units 22 fully charged before actioning any signals from 
the remote installation. 

To operate a valve, the electrical processor and 
controller 12 will send a signal to the fail-safe 

controller 20 while providing it with a power supply from 

umbilical line 11. This power supply can be augmented by 
power provided from the back up electrical ·storage unit 15 
when several actuations operations are required 
simultaneously. 

On receiving certain signals from the remote 

installation, the electrical processor and controller 12 

can be programmed to operate certain control sequences on 

the tree. At all times, it will monitor the condition of 

the tree and in the actuation module, ensuring that there 

is sufficient power in the back-up electrical storage unit 

15 to close two valves. 
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The fail-safe controller 20, on receiving an operating 
signal from the electrical processor and controller 12 will 
first ensure the electrical storage unit 22 is fully 
charged before using power from line 19 to open, close or 
to adjust the position of the stem. Only on a loss of 
signal in line 19, will a failure operation be actioned. 
The fail safe controller 20 when operating can provide data 
to the electrical processor and controller 12 on the stem 
position at all times, the torque, number of revolutions 
and the speed of operation. The electrical processor and 
controller 12 can access the data from the actuator 
assemblies and relay the full status of the tree to the 
surface installation. 

The electrical processor and controller 12 will detect 
any loss of power or signal in the umbilical line 11. A 
loss of power can be implemented by backup electrical 
storage unit 15. A loss of signal in umbilical line 11 
will initiate a pre-set programmed closure of the tree, 
first using power from umbilical 11 if available. For 
temporary control of the tree, the acoustic 
receiver/transmitter 16 can be used. 

An interruption of the signal through line 19 is 
detected by the fail-safe controller 20 which will switch 
the valve firstly using power from line 19. 

An interruption of the signal and primary power 
through the line 19 is detected by the fail safe controller 
20 which secondly would switch in emergency electrical 
storage unit 22. The fail safe controller is programmed 
with a preset fail position of the gate valve 5 and 
controls the motor to drive the gate valve into this 
position. Each actuation assembly is provided with an 
acoustic receiver/transmitter 23 which allows full remote 
secondary monitoring of a position of each gate valve, and 
also allows remote control of the position of the gate 
valve if line 19 has failed. 

The position of the gate valve slab is sensed by 
abutment of the end of the stem 6 with a sensor 24. 
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Fig. 3 provides a more detailed view of one actuation 

assembly and discloses the means of operating an inserted 

tree valve (i.e. ball valve) that requires the stem 6 to be 

partially withdrawn to facilitate the insertion or 

withdrawal of the ball valve. In this figure the same 

reference numerals are used to designate the same parts as 

in Figs. 1 and 2. As shown in Fig. 3 a safety make-up 
overload clutch 25 is provided between the motor 18 and 

gearbox 21. Further, conventional features such as an oil 
line 26 to the gearbox and inert gas (i.e. nitrogen) purge 
and exhaust lines 27 to electrical storage unit and gearbox 
are provided. To reduce the length of the actuation 
assemblies, the electrical storage unit 22 can be 
positioned not on the same axis as the motor. The 

electrical storage unit 22 in its own independent housing 
is connected to the fail safe controller 20 by an 
electrical power penetrator 28. The splined socket 17 is 
provided on a rotatable portion with internal spline 
grooves 29 and internal anti-torque spine grooves 30 on a 
stationary portion. The end of the stem 6 of the ball 
valve has external spline grooves 31 which mate with the 
internal spline grooves 29. 

grooves 3 2 mate with the 

grooves 30. It is also 

External anti-torque spline 

internal anti-torque spline 

possible to provide the 
interengaging spline grooves with key portions to ensure 

that the positional relationship between the rotating 

spline mechanism and socket 17 is always known, thereby 

facilitating control of the position of the valve. Also 
shown in Fig. 3 is an optional ROV drive 33 provided with 
a driven shaft 34 which is shown broken in Fig. 3. The 

driven shaft 34 has a toothed gear 35 which mates with a 

tooth gear 36 that is directly connected to, and rotatable 

with, the socket 39 which interfaces with spline 40. This 

allows linear motion to stem sleeve GA which contains the 
stem 6 and allows it to be engaged or disengaged from an 

internal assembly, (i.e. the ball of a ball valve) by a 

ROV. A linear position sensor 37 is provided with a 
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position probe 38 which makes contact with the end of the 

stem 6. When used with a gate valve an accurate position 

of the gate slab SA at any time is known. When used with 

a ball, ball position probe 38 will confirm whether stem 6 
has been engaged or disengaged. 
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CLAIMS 

1. An actuation module for actuating a device in a subs ea 

wellhead assembly, the module comprising a housing (10) 

containing a rotatable actuator ( 17) which is, or is 

arranged to be, coupled to a rotatable part (8) of the 

device, whereby, in use, rotation of the part by the 

actuator causes an element (5A) of the device to move 

between operating positions; an electric motor (18) for 

rotating the actuator; an input (11) for receiving primary 

power and/or a control signal from an external source for 

energising and/or controlling the motor; an electrical 

storage unit (22) for providing a back-up secondary power 
source; and a controller (20) for responding to a loss of 
primary power and/or control signal and thence causing the 

motor to be energised if necessary from the electrical 

storage unit so that the motor causes the element to move 

to one of the operating positions representing, in use, a 
safe mode. 

2. A module according to claim 1, which is arranged to be 

coupled to, and decoupled from, the wellhead assembly. 

3. A module according to claim 2, wherein the coupling 
between the rotatable actuator and the rotatable part of 

the device is a torque-transmitting interface. 

4. A module according to claim 3, wherein the torque­

transmitting interface is selected from the group 

consisting of a splined coupling and a keyed coupling which 

can be engaged and disengaged by relative axial movement. 

5. A module according to any one of the preceding claims, 

wherein the backup secondary power source is an electrical 

storage unit. 

I lllllll llllll lllll lllll II llll 
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6. A module according to any one of the preceding claims, 

wherein the primary power source is connected through the 

backup source to maintain this fully charged, any surplus 

power being available to energise the motor. 

7. A module according to any one of the preceding claims, 

wherein the controller is an intelligent programmed 

processor. 

I lllllll llllll lllll lllll I\ 1111 
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