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CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority and benefit from Provisional Patent
Application No. 61/329,883, filed April 30, 2010, for “Subsea Control Module with
Removable Section and Method”, the entire contents of which are incorporated herein

by reference.

BACKGROUND

TECHNICAL FIELD

[0002] Embodiments of the subject matter disclosed herein generally relate to
methods and systems and, more particularly, to mechanisms and techniques for

removing and/or replacing a section of a subsea control module.

DISCUSSION OF THE BACKGROUND

[0003] Subsea oil and gas exploration becomes more challenging as the
exploration depth increases. Complex devices are disposed on the ocean floor for
extracting the oil and for the safety of the oil equipment and the environment. These
devices have to withstand, among other things, high pressures (from 3,000 to 60,000
psi (200 to 4000 bar) or more) and highly corrosive conditions. Although precautions
are taken when building these devices, component parts of these devices wear out with

time and need to be replaced.



DISCUSSION OF THE BACKGROUND [0003]Subsea oil and gas exploration becomes more challenging
as the exploration depth increases. Complex devices are disposed on the ocean floor for extracting the oil
and for the safety of the oil equipment and the environment. These devices have to withstand, among
other things, high pressures (from 3,000 to 60,000 psi (200 to 4000 bar) or more) and highly corrosive
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end of the lower BOP stack 10.
[0005] In typical configurations, the lower BOP stack 10 may be rigidly affixed atop the
subsea wellhead 12 and may include (among other devices) a plurality of ram-type
blowout preventers 26 useful in controlling the well as it is drilled and completed. The
flexible riser provides a conduit through which drilling tools and fluids may be deployed
to and retrieved from the subsea wellbore. Ordinarily, the LMRP 16 may include
(among other things) one or more ram-type blowout preventers 28 at its distal end, an
annular blowout preventer 30 at its upper end, and a MUX pod (in reality two, which are
referred to in the industry as blue and yellow pods) 32.
[0006] When desired, the ram-type blowout preventers of the LMRP 16 and the
lower BOP stack 10 may be closed and the LMRP 16 may be detached from the lower

BOP stack 10 and retrieved to the surface, leaving the lower BOP stack 10 atop the

wellhead. Thus, for example, it may be necessary to retrieve the LMRP 16 from the



lower BOP stack 10 may be closed and the LMRP 16 may be detached from the lower BOP stack 10 and
retrieved to the surface, leaving the lower BOP stack 10 atop the wellhead. Thus, for example, it may be
necessary to retrieve the LMRP 16 from the wellhead stack in times of inclement weather or when work
on a particular wellhead is to be temporarily stopped. [0007]Also, when a part of the LMRP 16 fails, the
entire LMRP 16 ediober |se on th 20 for repairs and/or malnte nce, art that
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shown in Figure 2 ana royide between 50 and 100 different functions to the lower BOP stack and/or
the LMRIQ TR v ?ﬁlgﬁ ay be |n|t|ated and/or controlled from or via the LMRP. [0008]The MUX
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S(':‘aﬂoor)functlons to the lower BOP stack and/or the LMRP and these functions may be initiated
and/or controlled from or via the LMRP.
[0008] The MUX pod 40 is fixedly attached to a frame (not shown) of the LMRP
and may include hydraulically activated valves 50 (called in the art sub plate mounted
(SPM) valves) and solenoid valves 52 that are fluidly connected to the hydraulically
activated valves 50. The solenoid valves 52 are provided in an electronic section 54
and are designed to be actuated by sending an electrical signal from an electronic
control board (not shown). Each solenoid valve 52 is configured to activate a
corresponding hydraulically activated valve 50. The MUX pod 40 may include pressure
sensors 56 also mounted in the electronic section 54. The hydraulically activated
valves 50 are provided in a hydraulic section 58 and are fixedly attached to the MUX
pod 40 (i.e., a ROV vehicle cannot remove them when the same is disposed on the
seafloor).
[0009] In typical subsea blowout preventer installations, multiplex (“MUX”) cables
(electrical) and/or lines (hydraulic) transport control signals (via the MUX pod and the

pod wedge) to the LMRP 16 and lower BOP stack 10 devices so specified tasks may be



[0009]In typical subsea blowout preventer installations, multiplex ("MUX") cables (electrical) and/or lines
(hydraulic) transport control signals (via the MUX pod and the pod wedge) to the LMRP 16 and lower
BOP stack 10 devices so specified tasks may be controlled from the surface. Once the control signals are
received, subsea control valves are activated and (in most cases) high- pressure hydraulic lines are
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fluidly connects the SMP valves 50 from the MUX pod provided on the LMRP to

dedicated components on the BOP stack or the LMRP. The MUX pod system is used in

addition to choke and kill line connections (not shown) or lines that ensure pressure

supply to, for example, the shearing function of the BOPs.

[0011] The bridge is shown in Figure 3 and may include a pod wedge 42

configured to engage a receiver 44 on the BOP stack. The pod wedge 42 has plural

holes (not shown), depending on the number of functions provided, that provide various

hydraulic and/or electrical signals from the LMRP 16 to the lower BOP stack 10.

However, it is noted that the pod wedge 42 is designed with a given number of functions

(holes) and after being deployed, the MUX pod system cannot be modified to handle

more functions.

[0012] Examples of communication lines bridged between LMRPs and lower

BOP stacks through feed-thru components include, but are not limited to, hydraulic

choke lines, hydraulic Kill lines, hydraulic multiplex control lines, electrical multiplex

control lines, electrical power lines, hydraulic power lines, mechanical power lines,



choke lines, hydraulic kill lines, hydraulic multiplex control lines, electrical multiplex control lines, electrical
power lines, hydraulic power lines, mechanical power lines, mechanical control lines, electrical control
lines, and sensor lines.In certain embodiments, subsea wellhead stack feed-thru components include at
least one MUX pod connection whereby a plurality of hydraulic control signals are grouped together and
transmitted b twee the‘g_g RP.16 and the lower BO ﬂﬂ?[ck 10 in a single mono-block feed-thru
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surface. However, as the MUX pod 40 is bolted to the LMRP, it is necessary that the

entire LMRP be brought to the surface for repair. This operation is disrupting for the
functioning of the well as the drilling or oil extraction has to be stopped, which involves
production losses. In addition, the size and weight of the MUX pod 40 and the LMRP
are large (sometimes in the range of tens to hundreds of tons), which makes the entire
retrieval process not only time consuming but dangerous.

[0014] An approach to limit the disruption of oil extraction has been presented in
U.S. Patent No. 7,216,714 to G. Reynolds, the entire disclosure of which is incorporated
here by reference. U.S. Patent No. 7,216,714 uses a control module 60 (shown in
Figure 4, which corresponds to Figure 5 of U.S. Patent No. 7,216,714) that combines a
pilot valve (solenoid valve) 62 with a hydraulically activated valve 64, both disposed in a
single casing 66. The control module 60 has a connector 68 that connects to a receiver
70 that is fixedly attached to the BOP stack. Thus, when the pilot valve 62 fails, the

entire control module 60 may be detached from receiver 70 and brought to the surface



for repair by use of a Remotely Operated Vehicle (ROV). In this way, the BOP stack remains on the well
head. This process minimizes the down time of the oil rig. [0015]However, this process is still
cumbersome as both the hydraulically activated valve and the solenoid valve need to be removed and
brought to the surface. Once there, the control module 60 has to be disassembled and only the failed part
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SUMMARY

[0016] According to one exemplary embodiment, there is a method for
assembling a control module having a fixed part and a removable section. The method
includes configuring the fixed part of the control module to be attached to a pressure
supply line for receiving a fluid under pressure; providing in the fixed part a valve
manifold that houses a hydraulic activated valve; detachably attaching the removable
section of the control module to the fixed part; fluidly connecting an electrically activated
valve of the removable section to the hydraulic activated valve such that the electrically
activated valve controls the hydraulic activated valve; and configuring the electrically

activated valve to electrically connect to a control section.



[0018]According to yet another exemplary embodiment, there is a method for assembling a control
module. The method includes forming a fixed part by connecting a first base to a valve manifold that
houses a hydraulic activated valve; forming a removable section by connecting a second base to an
electrically activated valve mating the removable section to the fixed part; configuring the hydraulic
activated @1@ r]r of the fi 88 E%rt to be uate throu h the electricall ﬁlac ivgted valve oft ovable
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to form the removable section; configuring the removable section to detachably attach

to the fixed part; configuring the hydraulic activated valve of the fixed part to be actuated

by the electrically activated valve when the removable section is mated to the fixed part;

and providing all functional connections between the fixed part and the removable

section such that all functional connections are provided between a flat first surface of

the fixed part and a flat second surface of the removable section.

[0018] According to yet another exemplary embodiment, there is a method for

assembling a control module. The method includes forming a fixed part by connecting a

first base to a valve manifold that houses a hydraulic activated valve; forming a

removable section by connecting a second base to an electrically activated valve;

mating the removable section to the fixed part; configuring the hydraulic activated valve

of the fixed part to be actuated through the electrically activated valve of the removable

section when the removable section is mated to the fixed part; and providing all

functional connections from the fixed part to the removable section between a flat first

surface of the fixed part and a flat second surface of the removable section.



[0022]Figure 3 is a schematic diagram of a feed-thru connection of a MUX pod attached to a subsea
structure; [0023]Figure 4 is a schematic diagram of a conventional control module that includes both
hydraulic and solenoid retrievable valves; [0024]Figure 5 is a schematic diagram of a BOP stack having a
control module according to an exemplary embodiment; [0025]Figure 6 is a schematic diagram of an

LMRP haé/lg%ﬁ Mgé&ﬁfbw(%?gﬁg*wgﬁq%%m@gm diagram of a control module having a removable

[0019] The accompanying drawings, which are incorporated in and constitute a

part of the specification, illustrate one or more embodiments and, together with the

description, explain these embodiments. In the drawings:

[0020] Figure 1 is a schematic diagram of a conventional offshore rig;
[0021] Figure 2 is a schematic diagram of a MUX pod;
[0022] Figure 3 is a schematic diagram of a feed-thru connection of a MUX pod

attached to a subsea structure;

[0023] Figure 4 is a schematic diagram of a conventional control module that
includes both hydraulic and solenoid retrievable valves;

[0024] Figure 5 is a schematic diagram of a BOP stack having a control module
according to an exemplary embodiment;

[0025] Figure 6 is a schematic diagram of an LMRP having a MUX pod;

[0026] Figure 7 is a schematic diagram of a control module having a removable
section according to an exemplary embodiment;

[0027] Figure 8 is a schematic diagram of a removable section of a control
module according to an exemplary embodiment;

[0028] Figure 9 is a schematic diagram of a control module according to an
exemplary embodiment;

[0029] Figure 10 is a schematic diagram of a control module provided on a BOP

stack according to an exemplary embodiment;



section according to an exemplary embodiment; [0027]Figure 8 is a schematic diagram of a removable
section of a control module according to an exemplary embodiment; [0028]Figure 9 is a schematic
diagram of a control module according to an exemplary embodiment; [0029]Figure 10 is a schematic
diagram of a control module provided on a BOP stack according to an exemplary embodiment;

[0030] Figure 11 is an overall view of a control module according to an exemplary
embodiment;
[0031] Figure 12 is an overall view of a fixed part of a control module according to

an exemplary embodiment;

[0032] Figure 13 is an overall view of a removable section of a control module
according to an exemplary embodiment;

[0033] Figure 14 is a schematic diagram of a control module according to an
exemplary embodiment;

[0034] Figure 15 is a schematic diagram of a control module having a detachable
part according to an exemplary embodiment;

[0035] Figure 16 is a flow chart illustrating a method for assembling a control
module according to an exemplary embodiment;

[0036] Figure 17 is a flow chart illustrating another method for assembling a
control module according to an exemplary embodiment; and

[0037] Figure 18 is a flow chart illustrating still another method for assembling a

control module according to an exemplary embodiment.

DETAILED DESCRIPTION

[0038] The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify the
same or similar elements. The following detailed description does not limit the invention.

Instead, the scope of the invention is defined by the appended claims. The following



[0030]Figure 11 is an overall view of a control module according to an exemplary embodiment;
[0031]Figure 12 is an overall view of a fixed part of a control module according to an exemplary
embodiment; [0032]Figure 13 is an overall view of a removable section of a control module according to
an exemplary embodiment; [0033]Figure 14 is a schematic diagram of a control module according to an

exemplary embodiment; . . . .
P é/mebo |men?s dre discussed, for simplicity, with regard to the terminology and structure of

a BOP stack. However, the embodiments to be discussed next are not limited to BOP
stacks, but may be applied to other elements, e.g., LMRP, that are located in difficult to
reach locations.

[0039] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in an
embodiment” in various places throughout the specification is not necessarily referring to
the same embodiment. Further, the particular features, structures or characteristics may
be combined in any suitable manner in one or more embodiments.

[0040] According to an exemplary embodiment, a subsea structure is operated by
providing a first predetermined number of functions. These functions are achieved by
actuating hydraulically activated valves (SPM valves). A hydraulically activated valve is
controlled by a pilot valve, which may be an electrically activated valve. A fixed part of a
control module is configured to include the hydraulically activated valves while a
removable section is configured to include the electrically activated valves. The fixed
part is fixedly attached to the subsea structure while the removable section is
detachably attached to the fixed part. Since the electrically activated valves are more
likely to fail in comparison to the hydraulically activated valves, given their service

history, the separation of the two types of valves may offer the operator of the subsea

10



[0034]Figure 15 is a schematic diagram of a control module having a detachable part according to an
exemplary embodiment; [0035]Figure 16 is a flow chart illustrating a method for assembling a control
module according to an exemplary embodiment; [0036]Figure 17 is a flow chart illustrating another
method for assembling a control module according to an exemplary embodiment; and [0037]Figure 18 is
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removable section) and not the hydraulically activated valves (the fixed part).

[0041] In this way, the size and weight of the part that has to be removed from
the subsea structure is smaller, which consequently simplifies the replacement process.
In addition, one or more embodiments to be discussed later have the advantage that the
control module discussed above is capable of augmenting the number of functions
already provided by a dedicated MUX pod. As was discussed previously, a MUX pod
may be a standard piece of equipment for an LMRP. The MUX pod has a dedicated
number of functions that are customized for each user. After being deployed on the
subsea structure, the MUX pod ability to increase the provided number of functions is
limited because of the connection between the BOP stack and the LMRP (see Figure
3). Thus, the above discussed control module is also capable of extending the number
of functions to be implemented at the subsea structure.

[0042] The structure of the control module is discussed now in more details.
According to an exemplary embodiment, Figure 5 shows a BOP stack 80. The BOP
stack 80 includes a frame 82 to which one or more BOPs (84 and 86) are attached.
Besides the BOPs, a BOP stack may include other elements, e.g., hydraulic
accumulators, hydraulic filters, electronic vessels, communication lines, power supply
lines, pressure sensors, position sensors, choke and Kill valves, shear valves, etc. The
LMRP may also include the elements noted above. An LMRP 88 is shown in Figure 6.
Part of the elements located on the BOP stack (and/or LMRP) are actuated based on

hydraulic pressure (a fluid under pressure either pumped from the sea level or from

11



DETAILED DESCRIPTION [0038]The following description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify the same or similar
elements. The following detailed description does not limit the invention. Instead, the scope of the
invention is defined by the appended claims. The following embodiments are discussed for simplicity,
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to receive hydraulic pressure at an inlet 90 and electric power/communication signals at

a connection 92. Various functions are controlled by the MUX pod 89, which acts as the

brain of the BOP 80 stack and/or LMRP 88.

[0043] According to an exemplary embodiment, when new functions need to be

added to the BOP stack 80 and the MUX pod 88 has no available port to control the

new functions, a new control module 94 (see Figure 5) may be added to the BOP stack

80. In the following, the BOP stack is used to describe the exemplary embodiments, but

it should be understood that the same applies to the LMRP or other structures.

[0044] Figure 5 shows two new control modules 94 and 96 being added to the

BOP stack 80. The number of control modules to be added depends on the desired

number of functions to be added and also on the number of functions available at the

new control module. In one application, the control module 94 has 8 new functions.

However, this number can be smaller or larger depending on the needs of the BOP

stack operator, the space available, etc. The control modules 94 and 96 may be fixed

to their own frame 98 that is attached to the BOP stack’s frame 82 as shown in Figure 5.

[0045] Figure 7 shows in more details the control module 94. Control module 94

includes a fixed part 100 that is fixedly attached to the frames 82 or 98. The fixed part

100 may include a valve manifold 102 having plural hydraulic fluid ports 104 that
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[0040]According to an exemplary embodiment, a subsea structure is operated by providing a first
predetermined number of functions. These functions are achieved by actuating hydraulically activated
valves (SPM valves). A hydraulically activated valve is controlled by a pilot valve, which may be an
electrically activated valve. A fixed part of a control module is configured to include the hydraulically
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[0047] In one exemplary embodiment, the removable section 110 may include a

Srr

connecting device 112 (see Figure 7) that is configured to be handled by the ROV
vehicle when the removable section 110 needs to be removed. The shape and size of
the connecting device 112 depends on an existing tool on the ROV vehicle or other
considerations of the operator. In one application, the connecting device is a bucket as
shown in Figure 14. Back to Figure 7, the removable section 110 may include guides
113 that mate with corresponding guides 114 on the fixed part 100. The guides may be

used by the ROV vehicle when mating the removable section 110 to the fixed part 100.
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[0043]According to an exemplary embodiment, when new functions need to be added to the BOP stack
80 and the MUX pod 88 has no available port to control the new functions, a new control module 94 (see
Figure 5) may be added to the BOP stack 80. In the following, the BOP stack is used to describe the
exemplary embodiments, but it should be understood that the same applies to the LMRP or other
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I bl h I h
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is a valve con rols on e trlca signals. An examp n electricall vated

valve 'Scaﬁa(% %%'ﬁg&[r %ﬁoﬁﬁ?t Y5 15@&%&98&%%%%5@88&&8& Sectiait 4 phizgapdigured to

be deta par
present inside the removable section 110 that accommodates the power and

communication board 118. The cavity 124 may be maintained at a pressure around
atmospheric pressure so as to protect the electrical components when the high
pressures undersea are exerted on the removable section. Alternately, cavity 124 may
be filled with a non-conducting fluid maintained at ambient subsea pressure (using, for
example, a compensator) at a given subsea depth at which the control module is
installed.

[0049] In this way, the pilot valves 108 and the associated electronics may be
separated from the SPM valves 106 and thus, in case of failure of a pilot valve or an
electronic component, only these elements are retrieved and not the SPM valves. For
this reason, the weight and size of the removed part is considerable less than the

weight and size of the entire unit, which makes the replacement more feasible.
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[0047]In one exemplary embodiment, the removable section 110 may include a connecting device 112
(see Figure 7) that is configured to be handled by the ROV vehicle when the removable section 110
needs to be removed. The shape and size of the connecting device 112 depends on an existing tool on
the ROV vehicle or other considerations of the operator. In one application, the connecting device is a
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I:Ilcl)(rendpvglr?s}ﬁtlé: 21 ?ﬁg.v Crf%ﬁésea epth Kic h he'c % b'§r§atd$ rgrstlérrls Al édg?égﬁalfaﬁ?s Way, the pilot
valves 1Q/ ﬁ%ﬂ asaﬁcd%%g él%%i réané&soﬁga%cb‘g agqaﬁ g#e;]d from the SPM valves 106 and thus, in case

of failure o a p|| valve or an electronic componen ese elements are retrieved and not the SPM
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106a to 100k, é?d\ér"ﬁhé‘%&fr%ﬁn‘m‘ A e A N g kﬂf'ﬂ’ije SPM valve 106 or another

hydraulic source. Thus, connections 134a and 134b are implemented on the fixed part

electrical %nalsI L?d 0 O\c')vran ur%pOdQ@r\pai st(% Egn &6 A(ren |I gvzl4 81562) i %@entrwgﬁle the
8s

100 and the removable section 110, respectively, for bringing the fluid under pressure to
the pilot valve 108. Similar or different connections 136a and 136b are used for
providing the fluid under pressure from the pilot valve 108 to the SPM valve 106 when a
corresponding electrical signal is received at gate 108a. Thus, when the pilot valve 108
is activated, the fluid from conduit 132 flows via the pilot valve 108 to the gate 1069 to

activate the SPM valve 106. After the SPM valve gate 106g is activated, fluid from
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[0051]SPM valve 106 is activated by receiving the fluid under high pressure at gate 106g This fluid is
controlled by pilot valve 108 provided in the removable section 110. Pilot valve 108 may have a similar
structure as the SPM valve 106 except that an electrical gate 108a is used to activate the valve. The pilot
valve 108 may receive the fluid under pressure from the same conduit 132 used by the SPM valve 106 or

another hydraulic rce. Thus, ections, 134a and 1 re implemented on fixed part,100 and
the romob B LoLar 015, 1apSEclo Y61 B B R AL T e GO 5
Similar or gii_gerﬁnéqconnections 136a and 136b are used for providing the fluid under pressure from the
pilot valv&[B¥ 5 the SPM valve 106 when a corresponding electrical signal is received at gate 108a.

Thus, w pilot valve 108 is actiyated, the fluid from copduit 132 flows vja.the pilot valve 108 to the
gate 106D Abvate e SENCHND 106, RRENHE LrNaE S M 8bATE Alda e st B
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directly from MUX og}60 along a conduit qr from anather saurce, e.g., hot line 144. The fluid may be
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n
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comman rom one mo 0 and corresponding removable sections

rlgr?mr:‘/% ee§§§ Idnol?{ﬁgfeﬁé‘éﬂ%ﬁ#ébBSﬁ Sty (ROHH RerE B AP YA §ide8 BLPYAgd on the

140b that are connected to the MUX pod 60 via the fixed part 100. In addition, the
electronic part 118 may include one or more lines 142 (e.g., RS 485 cables) for
transmitting various commands from the MUX pod 60 to the corresponding solenoid
valves 108 via the fixed part 100. Corresponding wet-mateable electric connectors 145
(e.g., connectors configured to mate/de-mate subsea) may be mounted on the fixed part
100 and the removable section 110 for transmitting the electric power and the
commands from one module to the other. Multiple fixed parts 100 and corresponding
removable sections 110 may be used on the same subsea structure.

[0054] If more than one pilot valve 108 is provided on the removable section 110,

the same supply line 146 may be used to supply the fluid under pressure to each of the

pilot valve 108. However, each pilot valve 148 would have its own output 150 fluidly
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the same supply line 146 may be used to supply the fluid under pressure to each of the pilot valve 108.
However, each pilot valve 148 would have its own output 150 fluidly communicating with a corresponding
SPM valve 152. In other words, for a control module (fixed part 100 and removable section 110) having 8
functions, there are 8 + 1 inlet hydraulic ports, one corresponding to conduit 146 and the others
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and a 5,000 psi blue line.16 ese are existing.lines for supplying the fluid under hi q}hr ssure to BOPs
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may be filtered in a fiItratp]on unit 164 prior tg beifgoorovideg ?sathe hédraulico%%l or th& removable

f
section 110, \?éﬁgqﬂ%resgurr%n?gg\fu al or2 o6 rzdewce@%r'cl‘%e%’ngel‘na eOE)r(renssure o¥6fH%anU|%vflrcoerrs1’, for

le, ' ' heg.desired . d eith . f
RO R R R NG TS A e T
pressure &%@%@E %gggialg{@@ed via conduit 146 to the removable section 110 while the hydraulic

pressure’atin S provided to SPM valves 106. By appropriately controlling the pilot valves 108, via

e o T BE T80 00 AN S ok G Tonen
BOP stack, then the power supply and the communication supply may stay the same,
e.g., from MUX pod 60, but the hydraulic supply may provided by a hot line that
provides the fluid under high pressure for operating the BOPs of the BOP stack.

[0056] According to an exemplary embodiment, Figure 10 illustrates a possible
hydraulic and electrical arrangement for the fixed part 100 and the removable section
110 when the control module is provided on the BOP stack. A 5,000 psi yellow line 160
and a 5,000 psi blue line 162 (these are existing lines for supplying the fluid under high
pressure to BOPs but other lines may also be used) are provided from the LMRP part to
the BOP stack. The received fluid may be filtered in a filtration unit 164 prior to being
provided as the hydraulic supply for the removable section 110. Various pressure

regulators 166 (devices for changing the pressure of the fluid from, for example, 5,000

psi to 3,000 psi or another desired value) may be used either to change the pressure of
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[0057]The pressure values illustrated in Figure 10 are for exemplary purposes and not intended to limit
the applicability of the novel features. Other pressure values may be used depending on the BOP stack
and other factors. The LMRP 88 is shown detached from the BOP stack 80. However, after the fluid

connection is achieved between the two parts, the yellow and blue lines are active and fluid under high
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ROV device,t g ck in order to access the removable section 110. [0059]Fiqure dzfmw in e details
the fxod B 108 AN A A A R 2 e B L A s B8 e

elements_114 that %(e cglr}?%%léred to mate with_corr s%)(re\d ng.e § on the removable section 110.

lement
The wet-Aiat8 Connector |sa[§r6%%‘é@%notﬁéq}§éeg part ?orqgrno(%/f&rﬁsg power supply and/or

romovablSaEion 110 FobHe A B Era L SR Y Ul oot R T SRS e
o the piB i e U R e D e U A e e o
correspol g SRR o B e B D R A, TR P o

connecttts DSVRC P03 TSt 2 s ore hRare 125y e e hie e 5 SERUBAIC on
irection B oo R s L e e A R L MR e
removable seclin Haweveianle 1 antinabang:a samehandle mavpe used (o ylgck and

ey
u )
transport the removable section. If!lf;ure 13 chSO shows a Weit-mate electrical connec@r con |gured to

connect %ﬁfb@@F@f&ﬁWSﬁW@%ﬁ%@%@%ﬁ%pegcg]gge&eﬂ‘% RUHIbELALTE JemyaRlesSEs iR 110

accommodates the electronics valves 1
recharged. Pressure regulator 166 reduces the pressure to 4,000 psi for the shearing

function at conduit 182 while the same fluid is provided along conduit 184 either to the
fixed part 100 or via another pressure regulator 186 to the fixed part 100.

[0058] According to an exemplary embodiment illustrated in Figure 11, the fixed
part 100 and the removable section 110 may be connected to a frame 98 that has
multiple slots for accommodating these elements. Figure 11 shows an empty slot 187
for receiving another control module 94. Frame 98 also may include a docking
receptacle 188 (e.g., a hole in the frame, a stab or other elements) for helping the ROV

device to dock in order to access the removable section 110.
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also visible in this figure. A compensator 196 (to be discussed later) is provided in communication with a
port 197 that fluidly communicates with the ambient. [0061]According to an exemplary embodiment
illustrated in Figure 14, the removable section 110 has a bucket as the connecting element 112 Bucket
112 is configured to mate with a ROV vehicle for removing or attaching the removable section 110 to the

fixed par &8& The re vable n 110 may incjude a cki gewc iiJBfor Iock| the removable
soction HPhhe ek BAE08. SRR Bonlth etﬁt%e% B tf IS e e ciang
device 190. In ‘i tio ckln ﬁf Iud s a sc b A com 196 may
e adloct I3 TRE TaRID Lt QRihih . o fB?é G ﬁ%%% Hiubsea
pressure 5n essure gene ate at the ocea foorb water above) a ressur caV|ty
5% e Lo L0 AP e 2 apeoﬁa*&fe R S8 e R RS vy e
removable aectu%n 110 Q0 may alcﬁcatedron g{te oce ?or }’j‘"”}ﬂ%‘t %rbd On erln trlle inte rlty of ﬂh‘
electronic gomﬁlonen S p%\fl’ hetdR AV y 94, e‘a % r an& o |ca r'cr’pD YRR
respect, it is,noted that some of the electro ompon ts ma tra ide, ajr at atmo ric Brgssure
and enpoh et nts%gtﬁeshta%res DR ERlE e m.gﬁwau%?* art%*g'g TROEaTe 1a
also shows deta | s .about tt(tje | art 100 a rr:% QV. %ectlo 110a |Is§1f5<?VI
discussell Rext. The MiXed er easrea oa\tls?e 258 mé" ap f) ﬁt N
pa y be a’'fla ee aving an
appropna/tgl e lﬂ%s tg RIS ntqa to a base 191 of the fixed part 100. Hydraulic stabs 136a are
connected to the SPM valves 106 and are configured to connect to the pilot valves of
the removable section. A hydraulic supply 193 provides the fluid under pressure to the
fixed part 100 and part of this supply is provided to the desired functions along ports
195 when corresponding SPM valves 106 are actuated.
[0060] Figure 13 shows an overall view of the control module 94 in which the
removable section 110 is coupled to the fixed part 100. Figure 13 shows the connecting
element 112 including a low torque handle 112a. By rotating the handle 112a in one
direction the removable section 110 is locked to the fixed part 100 and by rotating the
handle 112a in the opposite direction the two components are unlocked. Another
handle 112b may be provided for transporting the removable section. However, handle
112 is optional and a same handle may be used to lock/unlock and transport the
removable section. Figure 13 also shows a wet-mate electrical connector 123

configured to connect to wet-mate connector 122 on the fixed part 100. The cavity 124

of the removable section 110 accommodates the electronics 118. Pilot valves 108 are
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bending of the base. Base 191 may have a flat face 191 on which all parts to be connected to
corresponding parts on the removable section 110 are provided. For example, Figure 14 shows that all
connection parts 136a that connect to SPM valves 106 are disposed on the flat face 191a. In addition,
outlet 143 that provides the fluid under pressure to the removable section 110 is also provided on the flat
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valves 108. [0065]Figure 14 al manifold 130 ovid d behlnd th base 191 for
housing acﬂ{fg djra%llc z:tc |vaiﬁdél %% |mI A ,?V %lPtvgﬁ\l/%e@q.% &re rrc')%\é%b ﬁmcﬂhe base

111. Accgican[% Etil‘(g% emIp %’O odlmenﬁa% the e q aclt{p&qs?gﬁ% ue etg lrpg/tl erll\e se 110

and the fixed par |sposed éen aces an none app IC et 12 may

be prowdfe CfDR%SIt té)FQ %5111 Sflﬁ(lle%ln Dr(n 02|t tof#g) otr]!]'egj Huran ket 112 is one

possible |n rface between @ removable V|ces e used to

achieve 3 dASy P95 %V%'.v.ﬁ@ RSB ERA L6 PR RGHICSElR e Tl

device 190 includes a screw.

[0062] A compensator 196 may be added to the removable section 110 for
negating a differential pressure between an ambient subsea pressure (e.g., pressure
generated at the ocean floor by the water above) and a pressure inside cavity 124
(when the cavity 124 is filled with a non-conducting fluid, e.g., a dielectric fluid). In this
way, the removable section 110 may be located on the ocean floor without endangering
the integrity of the electronic components provided inside cavity 124, e.g., power and
communication part 118. In this respect, it is noted that some of the electronic
components may trap inside air at atmospheric pressure and exposing these
components to the high pressure undersea might cause damage.

[0063] Figure 14 also shows details about the fixed part 100 and the removable
section 110 and those details are discussed next. The fixed part 100 has a base 191.
Base 191 may be a flat metal sheet having an appropriate thickness to prevent a

bending of the base. Base 191 may have a flat face 191 on which all parts to be
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section 110 configured to have a mechanism such that the ROV can connect to the mechanism and
remove the removable section, Figure 15 illustrates an exemplary embodiment in which the removable
section 110 does not have such a mechanism. In other words, according to this embodiment, the
removable section 110 is still removable from the fixed part 100 but not by an ROV vehicle. Figure 15
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petotban ottt R B e et el e el el

only the removable secti 10 needs {o be handled a I%%pi valve 108 is provi g1in the removable
cecion 100 BTN 468 Ao G AT D AT G eI 58, AR e
involvemﬂéin manipulating the removable section 110 may be reduced. [0068]According to an

exemplary embodiment, illustrated in Figure 16, there is a method for assembling a control module. The

method ir[;ﬁg(i)%ﬁs a sted%fllegg)%afg{%atii%ché'rﬁg gxceorﬂgﬁ §>r}|1i0 ﬁ#lgot ¥\ ér&mqh% jg i ]e60|§ q{rﬁgn@&ptiﬂ%a fixed

part of th rol mo gh pressure su né for receiving a fluid under high pressure, a step
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system. ccording to an exemplary embodimen stra lgure there is another method
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manifold that houses a ) raulic activate to form part, a'step 1 of connecting a
e remos B LS e B e
aCtivatedtransmit electrical signals to appropriate pilot valves 108.
[0065] Figure 14 also shows that a valve manifold 130 is provided behind the
base 191 for housing all the hydraulic activated valves 106. Similarly, the pilot valves
108 are housed behind the base 111. According to this exemplary embodiment, all the
connections between the removable section 110 and the fixed part 100 are disposed

between flat faces 111a and 191a. In one application, bucket 12 may be provided

opposite to the base 111. Those skilled in the art would recognize that the bucket 112
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valve of the fixed part to be actuated by the electrically activated valve when the removable section is
mated to the fixed part, and a step 1708 of providing all functional connections between the fixed part and
the removable section such that all functional connections are provided between a flat first surface of the
fixed part and a flat second surface of the removable section. [0070]According to an exemplary
embodiment, illustrated in Fi here is er method for assemblin trol module. The
ethod T RBP RO BB B ALY G P oy S h e VRIS S8 U b PAHORS
houses a ?:1 draulic ac ated Ive ste %2 of forming a removable section by connecting a second
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exemplar mb are in ndedt cover alterna modifications ande uivalen wh are
included in n%Red;)pl Fit" Vé’cc')Che%F the T g(r%lltl%r? %@&f%@sgy?ﬁe a|cf;j‘pﬁ]en8ec1u crgu g E} r, Ct'lyjne
detailed d crl U%HsOf (r:le ?égﬁ !)aﬁél grgrth?)c(i?l]mre]ntﬁ r{ﬁe us 3 cgléchettelﬁer STW ert acg erto
prowdeacompre SHsive Undersian ing of t e Claimed invento owever one Skilled 1 The At would
understa e ' ents m ic ith fICd Although the
features anﬁb ?émen% &atrﬁ rgé tﬁ gﬁg%éﬁ Pera V%ﬂlgé olg %escr Qs 8r;£ ?ZZJ r& ¥,

en ary embodiments &t ed |n BOdimEnts in
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d'SdOsedpPg\;%Qd from the fixed part 100 to the removable section 110 when the two parts are
mated. The pilot valves 108 are shown grouped together on the removable section 110
while the SPM valves 106 are shown grouped together on the fixed part 100. Conduits
202 are shown connecting the pilot valves 108 to corresponding stubs 204 that fluidly
communicate with the SPM valves 106. The pressure compensator 196 is shown
mounted on the removable section 110.
[0067] This exemplary embodiment differs from other embodiments discussed
above in that an electrical bulkhead connector 206 is provided on the removable section
110 to be connected to, for example, the MUX pod (not shown in this figure) without
passing through the fixed part 100. An advantage of this exemplary removable section
110 is as discussed next. Assuming that at least a pilot valve 108 is faulty, the entire

control module 208 needs to be brought to the surface for maintenance. The control

module 208 may have a weight of approximately 800 kg while the removable section
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[0073]This written description uses examples of the subject matter disclosed to enable any person skilled
in the art to practice the same, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the subject matter is defined by the claims, and may
include other examples that occur to those skilled in the art. Such other examples are intended to be

ithin th f laims, SC : df bli | modul
(100, 110, e HRYE ar 1SS0} 2l ATBIRBUABIE Le205h KBro), W o FeBTSURG the o e
figuring the fixed 100) of th | modulge (100, 110 ly li
(90) for 1ECIOVAPE e Ui St 0 e et a5 e P DAY RO (o OEBMERTI oA {150,
houses arh drauli a(:tivatedl alve 106); detachatﬁ[}/ attachin%the ren ovﬂ? section (11 Pof the
control mgg{?ﬁé/%?%o??%??o ;Le? ﬁ\xé@B r{oglﬁedﬂovmg e removable Section may be smaller

and/or the effort and human involvement in manipulating the removable section 110
may be reduced.

[0068] According to an exemplary embodiment, illustrated in Figure 16, there is a
method for assembling a control module. The method includes a step 1600 of attaching
a control module to a frame, a step 1602 of connecting a fixed part of the control
module to a high pressure supply line for receiving a fluid under high pressure, a step
1604 of providing a valve manifold that houses plural hydraulic activated valves in the
fixed part, a step 1606 of detachably attaching a removable section of the control
module to the fixed part, a step 1608 of fluidly connecting plural electrically activated
valves of the removable section to the plural hydraulic activated valves such that the
plural electrically activated valves control the plural hydraulic activated valves, and a
step 1610 of electrically connecting the plural electrically activated valves to a control
system.

[0069] According to an exemplary embodiment, illustrated in Figure 17, there is
another method for assembling a control module. The method includes a step 1700 of
connecting a first base to a valve manifold that houses a hydraulic activated valve to
form the fixed part, a step 1702 of connecting a second base to an electrically activated
valve to form the removable section, a step 1704 of configuring the removable section

to detachably attach to the fixed part, a step 1706 of configuring the hydraulic activated
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fluidly connecting an electrically activated valve (108) of the removable section (110) to the hydraulic
activated valve (106) such that the electrically activated valve (108) controls the hydraulic activated valve
(106); and configuring the electrically activated valve (108) to electrically connect to a control section
(118). 2. The method of Claim 1, further comprising adding only hydraulically activated valves (106) to
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connections are provided between a flat first surface of the fixed part and a flat second
surface of the removable section.

[0070] According to an exemplary embodiment, illustrated in Figure 18, there is
still another method for assembling a control module. The method includes a step 1800
of forming a fixed part by connecting a first base to a valve manifold that houses a
hydraulic activated valve, a step 1802 of forming a removable section by connecting a
second base to an electrically activated valve, a step 1804 of mating the removable
section to the fixed part, a step 1806 of configuring the hydraulic activated valve of the
fixed part to be actuated through the electrically activated valve of the removable
section when the removable section is mated to the fixed part, and a step 1808 of
providing all functional connections from the fixed part to the removable section
between a flat first surface of the fixed part and a flat second surface of the removable
section.

[0071] The disclosed exemplary embodiments provide a system and a method
for assembling a control module. It should be understood that this description is not
intended to limit the invention. On the contrary, the exemplary embodiments are
intended to cover alternatives, modifications and equivalents, which are included in the
spirit and scope of the invention as defined by the appended claims. Further, in the

detailed description of the exemplary embodiments, numerous specific details are set

24



6. The method of Claim 1, further comprising: providing on the removable section (110) a wet-mate
electrical connector (123) configured to be connected to a corresponding wet-mate electrical connector
(122) on the fixed part (100) for receiving electrical signals to actuate the electrically actuated valve (108).
7. The method of Claim 1, further comprising: configuring the fixed part (100) to receive electrical signals

(90) to T a8 IGSOHIT B0y 0 DG R TR 7 LB o B RO T 10y
having a fixed part (100) removable section (110), the method comprising: .. connecting a first
pase (L0 YGbi2 TSN (L)l BRCLD AL ALt e ReR i fHEd par
(100); copne tin(f‘ha stecor]g base (%%1 to an electrically activated valve (108) to form the removable
section (ﬂ%?; 'ggﬁf}@'hn%ﬁ tﬁlécreﬁPc?\%% e"Sedlivn (110) to detachably attach to the fixed part

[0072] Although the features and elements of the present exemplary embodiments
are described in the embodiments in particular combinations, each feature or element can
be used alone without the other features and elements of the embodiments or in various
combinations with or without other features and elements disclosed herein.

[0073] This written description uses examples of the subject matter disclosed to
enable any person skilled in the art to practice the same, including making and using any
devices or systems and performing any incorporated methods. The patentable scope of
the subject matter is defined by the claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended to be within the scope of the

claims.

25



(100); configuring the hydraulic activated valve (106) of the fixed part (100) to be actuated by the
electrically activated valve (108) when the removable section (110) is mated to the fixed part (100); and
providing all functional connections (136a, 136b, 190, 192, 113, 114) between the fixed part (100) and the
removable section (110) such that all functional connections are provided between a flat first surface

(191a) of IL_? flig r f d a flat second surface (111a) of the removable section (110). 10.
ey el

The meth | the functional connections include all hydraulic connections between
hydraulic activated,valves (106) of the fixed part (100) and elegtrically activated valves, (108) e
removable sectbrLTE) 00 LSRR SR R EEL i T FRbA LSEdeabt S ahner
include a logking device (190, 192 figured tg secure the removable section (110) to the fixed part
(200), gu%easaﬂ%gﬂvﬁﬁlégﬁﬁ’ 'S%Lfgé}agﬁﬁat eght% ﬁﬁ@ggﬁ'\%%n the fixed part (100) and the removable

e e R R e L e R
E‘leoms‘;‘_’ab'@f SRR LLRNAIS (811 SR KGRI i SQiLo! the electrically activated valve
providing in the fixed part (100) a valve manifold (130) that houses a hydraulic
activated valve (106);
detachably attaching the removable section (110) of the control module (100,
110) to the fixed part (110);
fluidly connecting an electrically activated valve (108) of the removable section
(110) to the hydraulic activated valve (106) such that the electrically activated valve
(108) controls the hydraulic activated valve (106); and

configuring the electrically activated valve (108) to electrically connect to a

control section (118).

2. The method of Claim 1, further comprising:

adding only hydraulically activated valves (106) to the fixed part (100).

3. The method of Claim 1, further comprising:

adding only electrically activated valves (108) to the removable section (110).

4. The method of Claim 1, further comprising:

26



13. The method of Claim 12, further comprising: connecting a compensator (196) to a cavity (124) in
which the electronic section (118) is provided and the compensator (196) is configured to negate a
differential pressure between an ambient subsea pressure and a pressure inside the cavity (124). 14. The
method of Claim 9, further comprising: attaching to the removable section (110) a connection device

(112) configured 1o be connected to a rem eéﬁo erated vehicle for bei oved from.the fixed part
100y, 15, AR TSR PR L0 ORR e 6o Seebe i LG T ARG forming
a fixed part (100) by connecting a first base (19 a valve manifold (130) that houses a hydraulic
activatedc\s)zjég%t%?ﬁec{}'qg Xﬁ%ﬂ'gar%r%ag\%%?e@ggion (110) by connecting a second base (111) to an
electrically activated valve (108); mating the removable section (110) to the fixed part (100);

5. The method of Claim 1, further comprising:

attaching to the removable section (110) a connection device (112) configured to

be connected to a remotely operated vehicle for being removed from the fixed part

(100).

6. The method of Claim 1, further comprising:

providing on the removable section (110) a wet-mate electrical connector (123)
configured to be connected to a corresponding wet-mate electrical connector (122) on
the fixed part (100) for receiving electrical signals to actuate the electrically actuated

valve (108).

7. The method of Claim 1, further comprising:

configuring the fixed part (100) to receive electrical signals from a MUX pod (60).

8. The method of Claim 1, further comprising:

configuring the pressure supply line (90) to fluidly attach to a MUX pod (60).

9. A method for assembling a control module (100, 110) having a fixed part (100)

and a removable section (110), the method comprising:
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configuring the hydraulic activated valve (106) of the fixed part (100) to be actuated through the
electrically activated valve (108) of the removable section (110) when the removable section (110) is
mated to the fixed part (100); and providing all functional connections (136a, 136b, 190, 192, 113,
114) from the fixed part (100) to the removable section (110) between a flat first surface (191a) of the

fixed part (100) and 3 (A5 r ARGt BALC T 3 VAR MBS 298 WA Phuses a hydrautic

activated valve (106) to form the fixed part (100);

connecting a second base (111) to an electrically activated valve (108) to form
the removable section (110);

configuring the removable section (110) to detachably attach to the fixed part
(100);

configuring the hydraulic activated valve (106) of the fixed part (100) to be
actuated by the electrically activated valve (108) when the removable section (110) is
mated to the fixed part (100); and

providing all functional connections (136a, 136b, 190, 192, 113, 114) between
the fixed part (100) and the removable section (110) such that all functional connections
are provided between a flat first surface (191a) of the fixed part (100) and a flat second

surface (111a) of the removable section (110).

10. The method of Claim 9, wherein the functional connections include all
hydraulic connections between hydraulic activated valves (106) of the fixed part (100)

and electrically activated valves (108) of the removable section (110).
11. The method of Claim 10, wherein the functional connections further include a

locking device (190, 192) configured to secure the removable section (110) to the fixed

part (100), guides (113, 114) configured to facilitate a mating between the fixed part
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(100) and the removable section (110), and electrical connectors (122, 123) configured

to electrically connect the fixed part (100) to the removable section (110).

12. The method of Claim 9, further comprising:
attaching to the removable section (110) an electronic section (118) configured to

control the electrically activated valve (108).

13. The method of Claim 12, further comprising:
connecting a compensator (196) to a cavity (124) in which the electronic section
(118) is provided and the compensator (196) is configured to negate a differential

pressure between an ambient subsea pressure and a pressure inside the cavity (124).

14. The method of Claim 9, further comprising:
attaching to the removable section (110) a connection device (112) configured to
be connected to a remotely operated vehicle for being removed from the fixed part

(100).

15. A method for assembling a control module (100, 110), the method
comprising:
forming a fixed part (100) by connecting a first base (191) to a valve manifold

(130) that houses a hydraulic activated valve (106);
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forming a removable section (110) by connecting a second base (111) to an
electrically activated valve (108);

mating the removable section (110) to the fixed part (100);

configuring the hydraulic activated valve (106) of the fixed part (100) to be
actuated through the electrically activated valve (108) of the removable section (110)
when the removable section (110) is mated to the fixed part (100); and

providing all functional connections (136a, 136b, 190, 192, 113, 114) from the
fixed part (100) to the removable section (110) between a flat first surface (191a) of the

fixed part (100) and a flat second surface (111a) of the removable section (110).
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