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SUBSEA CONTROL MODULES AND METHODS RELATED THERETO

The present invention relates to subsea control modules (SCMs). The present
invention also relates to a method of maintaining a subsea control module, and to a

method of modifying an existing subsea control module.

A prior art subsea control module (SCM) 100 is illustrated in FIG. 1. The SCM
100 comprises a hydraulic manifold 102 and two subsea electronic modules (SEMs)
104a and 104b for redundancy or duplicity. The hydraulic manifold 102 includes
directional control valves (DCVs) and sensors. The hydraulic manifold 102 and the two
SEMs 104a-b are placed within a housing 106 which is filled with a dielectric fluid,
such as oil. The hydraulic manifold 102 and the two SEMs 104a-b are interconnected
with a large number of wires/connections 108 (typically >100 wires/connections).

However, if one of the SEMs 104a-b needs repair or modification, this requires
retrieval of the complete SCM 100, which may have a weight of more than 2000 kg.
Retrieval of the SCM 100 may be a complex, time consuming, and costly operation.
Also, the associated subsea well must be shut down (closed down), which further
increases the cost.

Further, GB2405163 (VETCO GRAY CONTROLS LTD) discloses a control
system which comprises one subsea electronic module and two hydraulic power
switching modules which contain equipment to effect limited hydraulic functions, such
as the control of DCVs, actuators etc. The SEM sends control signals to the hydraulic
modules via electrical jumpers. Supposedly, the SEM, the hydraulic modules, and the
jumpers may all be removed and replaced by using an ROV. However, if the SEM
needs to be replaced, the associated well needs to be shut down.

US6644410 (Lindsey-Curran, et al.) relates to a modular control system having a
housing and inner modules, for use with subsea installations or for use in harsh weather
conditions such as on oil and gas rigs wherein one or more of the inner modules may be
removed and replaced without having to shut down the entire control system. The inner
module may be an electronic module.

US4027286 (Marosko) discloses a multiplexed data monitoring system
including control valves, switches used to indicate the state of the valves and
interconnected with a passive encoder, and a retrievable control module with an active
decoder. Commands transmitted to the control module and through electrical
interconnections may cause the valves to operate. The principal advantages of the

circuit are supposedly that multiple bits of status information can be transferred using
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only a single pair of conductors and that no external power is required to encode this
data. However, as mentioned above, retrieving a whole control module is a complex,
time consuming, and costly operation.

US2005241410 (Wium) discloses a subsea multiphase flow meter sensor
housing, comprising a flow tubular housing and a retrievable canister, adapted to be
removably attached to the flow tubular housing and to house electronics. The device
disclosed in US2005241410 is not a subsea control module.

It is an object of the present invention to at least partly overcome one or more of
the above-mentioned drawbacks, and to provide an improved subsea control module.

This, and other objects that will be apparent from the following description, is
achieved by subsea control modules and methods according to the appended
independent claims. Embodiments are set forth in the appended dependent claims.

According to an aspect of the present invention, there is provided a subsea
control module comprising a hydraulic manifold and two separately retrievable subsea
electronic modules.

By having two separately retrievable subsea electronic modules, it is not
necessary to retrieved the complete subsea control module from a subsea location if one
of the subsea electronic modules fails. Instead, only the failed subsea electronic module
can be retrieved. Since the subsea electronic module typically is significantly smaller
and lighter than the complete subsea control module, retrieving only the subsea
electronic module instead of the complete subsea control module is a simpler, less time
consuming, and less expensive operation.

The subsea control module may be configured to operate using only one or both
of the two subsea electronic modules. That is, when the failed subsea electronic module
is retrieved, operation of the subsea control module may be continued using the other
subsea electronic module, and it is not necessary to shut down the associated subsea
well. The overall, OPEX costs can be reduced without change in functionality, and
increased oil recovery may be achieved.

The subsea electronic modules may be adapted for removal and mounting by a
remotely operated vehicle (ROV). Alternatively, the subsea electronic modules may be
removed/mounted by a diver and a tugger, or by use of other tools, for example.

The subsea control module may further comprise an outer housing, wherein the
hydraulic manifold is arranged at least partly inside the outer housing, and wherein the

subsea electronic modules are removably attached outside the outer housing.
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The subsea control module may further comprise logic adapted to de-multiplex
signals or data from the subsea electronic modules to components of the hydraulic
manifold. In one embodiment, the logic is further adapted to multiplex signals or data
from (other) components of the hydraulic manifold to the subsea electronic modules.
That is, the logic allows two-way (multiplexed) communication between the subsea
electronic modules and the components of the hydraulic manifold. In this way, fewer
connections between the subsea electronic modules and the components of the hydraulic
manifold are necessary. The communication may for example be frequency multiplexed
or time multiplexed.

The logic may be arranged in or inside the outer housing.

Further, the logic may consist of discrete circuits. Discrete circuits are typically
very reliable, and no software is needed.

Further, the components may include valves and sensors. The valves and sensors
of the present subsea control module may be of the same type as the valves and sensors
used in existing subsea control modules.

Further, the logic for each subsea electronic module may comprise at least one
multiplexer adapted to multiplex several inputs from the sensors to fewer inputs for the
subsea electronic module, and at least one de-multiplexer adapted to de-multiplex at
least one input from the subsea electronic module to more outputs for the valves.

The subsea electronic modules may be connected by wet mate connectors. Wet
mate connectors can be connected and disconnected under water, for example using an
ROV. Current wet mate connectors have a sufficient number of pins to allow a large
number of valves and sensors to be controlled and read off when the communication
over the connectors is multiplexed using the above described logic.

Further, a quick dump valve may be directly connected to the subsea electronic
modules via the wet mate connectors, thereby bypassing the logic. In this way, safety
functions are not compromised despite the use of the above described logic.

Further, a production master valve or production wing valve may be directly
connected to the subsea electronic modules via the wet mate connectors, thereby
bypassing the logic.

In another embodiment, wherein the subsea control module comprises logic 20c
adapted to de-multiplex signals or data from the subsea electronic modules to
components of the hydraulic manifold, other components of the hydraulic valve may
include bus sensors directly connected to the subsea electronic modules via at least one
wet mate connector. In this embodiment, the logic needs not to be adapted to multiplex

signals or data to the subsea electronic modules as with discrete sensors.
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According to another aspect of the present invention, there is provided a method
of maintaining a subsea control module according to the above description, which
method comprises: removing one of the retrievable subsea electronic modules while the
subsea control module is operated at a subsea location using the other subsea electronic
module; and mounting the removed subsea electronic module (which has been repaired
and/or upgraded) or another retrievable subsea electronic module to the subsea control
module still at the subsea location. The removal and mounting may for instance be
performed using an ROV. This aspect may exhibit the same or similar technical effects
and features as the previously described aspect of the invention, and vice versa.

According to another aspect of the present invention, there is provided a subsea
control module, comprising: an outer housing; a hydraulic manifold arranged inside the
outer housing; and means for connecting two separately retrievable subsea electronic
modules on the outside of the outer housing. Said means may include wet mate
connectors, but can also include additional fastening means. This aspect may exhibit the
same or similar technical effects and features as the previously described aspects of the
invention, and vice versa.

According to another aspect of the present invention, there is provided a method
of modifying an existing subsea control module, the existing subsea control module
comprising a hydraulic manifold and at least one subsea electronic module arranged
inside a housing, wherein the method comprises: removing the housing and the at least
one subsea electronic module; connecting multiplexing/de-multiplexing logic to
components of the hydraulic manifold; providing wet mate connectors to the logic; and
connecting two separately retrievable subsea electronic modules to the wet mate
connectors. This aspect may exhibit the same or similar technical effects and features as

the previously described aspects of the invention, and vice versa.

These and other aspects of the present invention will now be described in more
detail, with reference to the appended drawings showing currently preferred
embodiments of the invention.

FIG. 1 is a schematic view of a subsea control module according to prior art.

FIG. 2 is a schematic view of a subsea control module according to the present
invention.

FIG. 3 is a block diagram showing details of an embodiment of the present
subsea control module.

FIG. 4 is a block diagram showing details of another embodiment of the present

subsea control module.
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FIG. 2 is a schematic side view of a subsea control module (SCM) 10 according
to an embodiment of the present invention.

The SCM 10 comprises an outer housing 12, a hydraulic manifold 14, logics
20a-b, wet mate connectors 22a-b, and two separately retrievable subsea electronic
modules (SEMs) 24a-b.

The hydraulic manifold 14 is arranged at least partly inside the outer housing 12.
The hydraulic manifold 14 is a metal block with borings for hydraulic fluid. The
hydraulic manifold 14 further comprises several components, such as valves 16 and
sensors 18. The valves 16 may be directional control valves, which are electrically
operated hydraulic valves. The sensors 18 may for example be pressure/temperature
transmitter sensors and/or flow meters. The section 19 between the outer housing 12
and the hydraulic manifold 14 may be filled with a dielectric fluid such as oil.

The logics comprise a first logic 20a and a second logic 20b, one for each subsea
electronic module 24a-b. The logics 20a-b are arranged in or inside the outer housing
12. The logics 20a-b may be placed in a pressurized environment. Further, the logics
20a-b are preferably made up of discrete circuits. Each logic 20a-b is connected to the
components, e.g. valves 16 and sensors 18, of the hydraulic manifold 14. The logics
20a-b will be described in more detail below.

The wet mate connectors 22a and 22b are arranged to connect the logics 20a-b
with the subsea electronic modules 24a-b. A wet mate connector is generally a
connector that can be connected and disconnected under water. The wet mate
connectors 22a-b are arranged in or outside the outer housing 12, for example on the top
side of the outer housing 12 as in FIG. 2. In an exemplary embodiment, the SCM 10 has
two wet mate connectors 22a for logic 20a/SEM 24a and two wet mate connectors 22b
for logic 20b/SEM 24b, and each wet mate connector may have twelve pins. An
example of a wet mate connector that could be used is the Digitron 12-way connector
by Tronic.

The subsea electronic modules 24a-b are basically the electric part of the SCM
10. The subsea electronic modules 24a-b are removably attached to the outside the outer
housing 12. The first subsea electronic module 24a is connected via the first wet mate
connector(s) 22a, and the second subsea electronic module 24b is connected via the
second wet mate connector(s) 22b, as shown in FIG. 2. The subsea electronic modules
24a-b are preferably adapted for removal and mounting by a remotely operated vehicle
(ROV). Each subsea electronic module 24a-b may for instance have an ROV bar (not

shown) for handling. The two subsea electronic modules 24a-b are basically identical.
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Hence, the SCM 10 comprises two independent (and typically identical) sub-
systems: one with logic 20a connected to SEM 24a via wet mate connector(s) 22a, and
one with logic 20b connected to SEM 24b via wet mate connector(s) 22b.

The logic 20a will now be described in more detail with further reference to FIG.
3. It is appreciated that logic 20b may have the same or similar configuration. The logic
20a comprises a plurality of multiplexers Mux1-Mux4. On one hand, the multiplexers
Mux1-Mux4 are connected to one of the wet mate connectors 22a designated 22a’’. On
the other hand, the multiplexers Mux1-Mux4 are connected to the sensors 18 via a
resistor network 26 used to transform from current (4-20 mA) to voltage (0-5V). The
logic 20a further comprises a plurality of de-multiplexers Demux1-Demux4. On one
hand, the de-multiplexers Demux1-Demux4 are connected to the other one of the wet
mate connectors 22a designated 22a’. On the other hand, the de-multiplexers Demux1-
Demux4 are connected to the valves 16 via solenoid drivers 28. The solenoid drivers 28
may include transistors. The wet mate connectors 22a’ and 22a’” are also connected to
the subsea electronic module 24a. The subsea electronic module may also be directly
connected via the other wet mate connector 22a’ (i.e. not via the logic 20a) to at least
one of an internal voltage regulator 30, a quick dump valve (QDV) 32, and a production
master valve (PMV) or production wing valve (PWV) 34, as shown in FIG. 3. The
internal voltage regulator 30 ensures that correct voltage is supplied to the multiplexers
and de- multiplexers. The quick dump valve (QDV) 32 is an electrically held safety
valve which dumps hydraulic with loss of power.

The multiplexers Mux1-Mux4 are adapted to multiplex several inputs from the
sensors 18 to fewer inputs for the subsea electronic module 24a. The de-multiplexers
Demux1-Demux4 are adapted de-multiplex inputs from the subsea electronic module
24a to more outputs for the solenoid drivers 28/valves 16. The (de-)multiplexers could
for instance be adapted for frequency-division (de)multiplexing or time-division
(de)multiplexing.

A pin allocation example for the present SCM 10 is presented in the tables

below:
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7
Connector 22a’ Connector 22a’’
Pin | Usage Pin | Usage
1 PMYV control signal to continuously held 1 FT1 Flowtranducerl
DCV

2 24V common supply and QDV supply 2 FT1 Flowtranducer2
3 Common OV return / GND 3 FT1 Flowtranducer3
4 A0 4 FT1 Flowtranducer4
5 Al Address select line 5 A0 Analog select0

selects analog inputs 1-16
6 A2 Address select line 6 Al Analog selectl

selects analog inputs 17-32
7 A3 Address select line 7 A2 Analog select2

selects analog inputs 33-48
8 CS1 Chip select 1 8 A3 Analog select3

selects analog inputs 49-64
9 CS1 Chip select 2 9 Outl Multiplexed analogue outputl
10 CS1 Chip select 3 10 Out2 Multiplexed analogue output2
11 CS1 Chip select 4 11 Out3 Multiplexed analogue output3
12 Spare 12 Out4 Multiplexed analogue output4

By the above described configuration, 64 directional control valves can be
controlled (four at the same time), and 64 pressure transmitter sensors and four flow
meters can be read off.

During operation of the SCM 10, (only) one of the subsea electronic modules
24a-b may be used, though both subsea electronic modules 24a-b could alternatively be
used simultaneously. If for example subsea electronic module 24a is used, it receives
control signals (or data telegrams) via a cable or umbilical from a surface station (not
shown). The control signals are processed by the subsea electronic module 24a. The
processed signals are sent via the wet mate connector 22a’ to the logic 20a. In the logic
20a, the signals (input) from the subsea electronic module 24a are de-multiplexed by the
de-multiplexers, thereby providing an output (control signal) for each valve 16. The
output or control signal can for instance be ‘open valve’ or ‘close valve’. The valves 16
in turn operate a plurality of hydraulic devices controlling the subsea hydrocarbon

production well to which the SCM 10 is associated. Other signals from the subsea
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electronic module 24a may be sent directly via the wet mate connector 22a’ to the valve
in question, for example signals for controlling the QDV 32 or the PMV/PWYV 34. Also,
signals (inputs) are generated from the sensors 18. These signals are multiplexed by the
multiplexers in the logic 20a to fewer signals (inputs), and the multiplexed signals are
transmitted via the wet mate connector 22a”’ to the subsea electronic module 24a. The
subsea electronic module 24a may then transmit the signals originating from the sensors
18 to the surface station.

If the subsea electronic module 24a is damaged or must to be upgraded or for
some other reason needs to be replaced, the subsea electronic module 24a is retrieved or
removed separately, without having to retrieved the complete SCM 10 from its subsea
location. Also, operation of the SCM 10 may continue using the other subsea electronic
module 24b (and wet mate connector(s) 22b and the logic 20b). The subsea electronic
module 24a can for instance be retrieved by an ROV.

Once repaired and/or upgraded, the subsea electronic module 24a is brought
back and mounted to the SCM 10, again using an ROV. Alternatively, a new subsea
electronic module can be mounted to the SCM 10 using the ROV.

A prior art subsea control module as shown in FIG. 1 can also be modified in
accordance with the present invention. First, the housing 106 and subsea electronic
modules 104a-b are removed. Then, multiplexing/de-multiplexing logics 20a, 20b as
described above are connected to components of the hydraulic manifold 102, wet mate
connectors 22a, 22b as described above are provided, and two separately retrievable
subsea electronic modules 24a, 24b as described above may be connected to the wet
mate connectors 22a, 22b. No modification of the hydraulic manifold 102 and its
components (valve and sensors) is required. Also the retrievable subsea electronic
modules 24a-b could be based on existing SEMs 104a-b, but with the addition of an I/O
card for handling the communication to/from the logics 20a-b. The software in existing
SEMs and in the surface station needs no modification, since the I/O card is configured
to take care of the necessary conversions.

In an alternative embodiment illustrated in FIG. 4, the present subsea control
module 10 comprises logic 20c adapted to de-multiplex signals or data from the subsea
electronic modules to components (e.g. valves 16) of the hydraulic manifold. Further,
other components of the hydraulic valve includes bus sensors 18 directly connected to
the subsea electronic modules via at least one of the wet mate connectors. The logic 20c
is connected to the subsea electronic module, here 24a, via a wet mate connector 22a’.
The logic 20c may be the same or similar as the de-multiplexing portion of the logics

20a-b previously described, and the communication from the subsea electronic module
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24a to the various components 16, 32, 34 may also be the same or similar as previously
described. However, the bus sensors 18’ are directly connected (i.e. not via multiplexing
logic as in FIG. 3) to the subsea electronic module 24a via another wet mate connector
22a’’. In this embodiment, there are no multiplexers for discrete sensors 16 as in FIG. 3.

The person skilled in the art will realize that the present invention by no means
is limited to the embodiment described above. On the contrary, many modifications and
variations are possible within the scope of the appended claims. For instance, the SCM
10 could have more than two (separately retrievable) SEMs. Also, the complete SCM

10 could also be retrieved, for example in case of fault in the hydraulic manifold 14.

The subsea electronic modules may be connected by any types of suitable connectors,
such as dry mate as well as wet mate connectors.

According to another aspect of the present invention, the subsea control module can
been modified from an existing subsea control module, where existing subsea control
module comprising a hydraulic manifold (102) with at least two subsea electronic
module (104a, 104b) arranged inside a housing (106) by at least arranging the subsea
electronic modules are removably attached outside the outer housing and the hydraulic

manifold is arranged at least partly inside the housing.
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Claims

1. A subsea control module (10) comprising a hydraulic manifold (12) and at least
two separately retrievable subsea electronic modules (24a, 24b) ; two separately
retrievable subsea electronic modules (24a, 24b) connected by connectors (22a, 22b);
and an outer housing (12);

wherein the hydraulic manifold is arranged at least partly inside the outer
housing, and wherein the subsea electronic modules are removably attached outside the

outer housing.

2. A subsea control module according to claim 1, configured to operate using only

one or both of the two subsea electronic modules.

3. A subsea control module according to claim 1 or 2, wherein the subsea
electronic modules are adapted for removal and mounting by a remotely operated

vehicle.

4. A subsea control module according to any preceding claim, further comprising
logic (20a, 20b, 20c) adapted to de-multiplex signals or data from the subsea electronic

modules to components of the hydraulic manifold.

5. A subsea control module according to claim 6, wherein the logic (20a, 20b)
further is adapted to multiplex signals or data from components of the hydraulic

manifold to the subsea electronic modules.

6. A subsea control module according to claims 1 and 5, wherein the logic is

arranged in or inside the outer housing.

7. A subsea control module according to any one of claims 4 — 6, wherein the logic

consists of discrete circuits.

8. A subsea control module according to any one of the claims 4 — 7, wherein the

components include valves (16) and sensors (18).
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0. A subsea control module according to claims 5 and 8, wherein the logic for each
subsea electronic module comprises at least one multiplexer (Mux1-Mux4) adapted to
multiplex several inputs from the sensors to fewer inputs for the subsea electronic
module, and at least one de-multiplexer (Demux1-Demux4) adapted to de-multiplex at

least one input from the subsea electronic module to more outputs for the valves.

10. A subsea control module according to any preceding claim, wherein the subsea

electronic modules are connected by wet mate connectors (22a, 22b).

11. A subsea control module according to claims 4 and 10, wherein a quick dump
valve (32) is directly connected to the subsea electronic modules via the wet mate

connectors, thereby bypassing the logic.

12. A subsea control module according to claims 4 and 10, wherein a production
master valve or production wing valve (34) is directly connected to the subsea

electronic modules via the wet mate connectors, thereby bypassing the logic.

13. A subsea control module according to claims 4 and 10, wherein other
components of the hydraulic valve includes bus sensors (18”) directly connected to the

subsea electronic modules via at least one of the wet mate connectors.

14. A subsea control module according to any preceding claim, where the subsea
control module have been modified from an existing subsea control module (100)
comprising a hydraulic manifold (102) with at least two subsea electronic module
(104a, 104b) arranged inside a housing (106) by at least arranging:

the subsea electronic modules are removably attached outside the outer housing;

the hydraulic manifold is arranged at least partly inside the housing.

15. A method of maintaining a subsea control module (10) of any preceding claim,
which method comprises:

removing one of the retrievable subsea electronic modules (24a) while the
subsea control module is operated at a subsea location using the other subsea electronic
module (24b); and

mounting the removed subsea electronic module or another retrievable subsea

electronic module to the subsea control module still at the subsea location.
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16. A method of modifying an existing subsea control module (100), the existing
subsea control module comprising a hydraulic manifold (102) and at least one subsea
electronic module (104a, 104b) arranged inside a housing (106), wherein the method
5 comprises:
removing the housing and the at least one subsea electronic module;
connecting multiplexing/de-multiplexing logic (20a, 20b, 20c) to components of

the hydraulic manifold;
providing wet mate connectors (22a, 22b) to the logic; and
10 connecting two separately retrievable subsea electronic modules (24a, 24b) to

the wet mate connectors.
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