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Preface

The bachelor thesis is written for the Department of Mechanical Engineering and Maritime
Studies at Western Norway University of Applied Sciences (HVL). The project is the final
part of the study program for the bachelor's degree in General Mechanical Engineering at
Bergen campus.

The topic is given by OneSubsea, the department of subsea stations. The thesis was selected
for its scope and relevance, requiring 3D modeling, the Finite Element Method (FEM), and
theory from our course of study. The bachelor group has learned about designing an
innovative product, focusing on different tools to achieve an open and curious mindset for
finding good solutions.

We would like to express our gratitude to our internal supervisor, Dr. Saeed Bikaas, for
asking critical questions and providing continuous feedback. Additionally, we would like to
thank our external supervisor from OneSubsea, Marius Nordgen, who has given us the
necessary information to carry out such a project. Thanks to Torgeir Hasaas and Eivind
Halhjem, who created the thesis and have been supportive during the semester. We would
also like to thank the team at the HVL lab, Frode Wessel Jansen, Harald Moen, and Nafez
Ardestani, for their help with manufacturing and guidance.

aslb One

-\ Subsea




Gjelstad, Bjarlykke, Osmundsvag

Vi



Subsea Secondary Release Tool

Abstract

This thesis addresses a real problem faced by OneSubsea on the seabed, where they have
large pump modules requiring power supply. The power supply is known as a Medium
Voltage-head (MV-head). After a certain number of years, the MV-heads need to be removed
due to maintenance on the pump modules. However, the cables are often stuck, likely due to a
combination the design, and other factors like marine growth and corrosion. OneSubsea
wanted a Subsea Secondary Release Tool to be developed that could effectively remove these
MV-heads.

After a long and careful ideation process, a suitable tool could be designed with the help of a
3D modeling program. Hand calculations and the use of the Finite Element Method (FEM)
have verified the tool’s capacity for the operation. Production- and assembly drawings are
made according to industry standards, and the tool can be manufactured with traditional
methods. A user manual with specifications and user instructions is provided.

The tool uses four hydraulic cylinders to de-mate the MV-head, and one open/close cylinder
to enable the Remote Operated Vehicle (ROV) pilot to position the tool correctly. The tool
can be operated by any standard work class ROV and is made of stainless steel due to the
corrosive environment.

Two "proofs of concept™ have been made to assess the tool's fit with the MV-head: one in
wood early in the project and one in steel for the final design. Due to expenses and delivery
time, none of these include cylinders.

At the end of the semester, the bachelor group manufactured a prototype intended for use for a
project in Angola. New information about the MV-head led to a design update, and suppliers
with the required materials and components were contacted to complete the prototype.

Vil
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Sammendrag

Denne bacheloroppgaven tar for seg et reelt problem som OneSubsea star overfor pa
havbunnen, der de har store pumpemoduler som krever stramforsyning. Stramforsyningen er
kjent som en «Medium Voltage-head» (MV-head). Etter et visst antall ar ma disse kobles fra
grunnet vedlikehold pa pumpemodulene. Imidlertid sitter stramforsyningen ofte fast,
sannsynligvis pa grunn av en kombinasjon av designet og andre faktorer som marin groe og
korrosjon. OneSubsea gnsket a utvikle et undervanns ngdverktay som effektivt kan koble fra
strgmkablene.

Etter en lang og grundig idéprosess kunne et egnet verktgy utformes med hjelp av et 3D-
modelleringsprogram. Handberegninger og bruk av «Finite Element Method» (FEM) har
verifisert verktayets kapasitet for operasjonen. Produksjons- og monteringstegninger er laget i
henhold til industrielle standarder, og verktayet kan produseres med tradisjonelle
bearbeidingsmetoder. En brukerhandbok med spesifikasjoner og brukerveiledning falger med.

Verktgyet bruker fire hydrauliske sylindere for a koble fra stremforsyningen, og en
apne/lukke sylinder for & muliggjere at undervannsfartgyet (ROV) kan posisjonere verktgyet
riktig. Nad verktayet kan betjenes av hvilken som helst standard arbeidsklasse ROV, og er
laget av rustfritt stal grunnet det korrosive miljget.

To konseptmodeller er laget for & vurdere passformen til verktgyet mot en «<MV-head». Den
farste ble laget tidlig i prosjektet av trevirke, mens den andre ble laget i stal etter at det
endelige designet var bestemt. Ingen av disse har pAmonterte sylindere grunnet kost og
leveringstid.

Ved semesterets slutt produserte bachelorgruppen en prototype ment for bruk i et prosjekt i
Angola. Ny informasjon om «MV-head» farte til en designoppdatering, og leverandgrer med
ngdvendige materialer og komponenter ble kontaktet for ferdigstilling.
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Abbreviations

WROV - Work class Remotely Operated Vehicle

MV-Head — Medium Voltage head. See Figure 2.

SSRT — Secondary Subsea Release Tool

SUTA — Subsea Umbilical Termination Assembly

FPSO — Floating Production Storage and Offloading

WDM — Weighted Decision Matrix

FEED — Front-End Engineering Design

HSEQ — Health, Safety, Environment and Quality

DFMEA — Design Failure Mode and Effect Analysis

FEM — Finite Element Method
HAZ — Heat Affected Zone

CAD — Computer Aided Design

List of Symbols

Q — Flow [-]
P — Power [kW]
p — Pressure [bar]

A — Areal [mm?]
F —Force [N]

p —rho [kg/m?]
h — Height [mm]

g — Gravity [Sﬂz]

XV

w — width [mm]

M, — Bending moment [Nm]

L, — Moment of inertia [mm?*]

N
mz]

oy, — Normal stress [
m

. N
oy — Combined stress [—]

. N
o, — Normal stress perpendicular [—]

T, — Shear stress [mlrvnz]

SF — Safety factor
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1. Introduction

Have you ever tried to un-plug your power cable and experienced that it is stuck? Maybe you
need to use more force than expected to get it out. OneSubsea has the same problem, but
hundreds of meters below sea level. Our solution will be that extra force.

OneSubsea is a worldwide subsea service company founded in 2013 by the companies
Cameron and Schlumberger. They have a big product portfolio and deliver world-leading
subsea technology and solutions [1]. With over 11,000 employees and 94 nationalities, they
specialize in compression technologies used for oil and gas production. Such products can be
subsea pump modules, as seen in Figure 1. These are placed on the seabed and driven by high
voltage power cables, controlled from topside [2].

Figure 1 - OneSubsea pump module

The pump modules may need service during their design lifetime. If needed, the pump
module will need to be retrieved from subsea to topside. In this case, the power cables must
be disconnected. This disconnection has proven to be challenging, likely caused by a
combination of the design and other factors such as marine growth and corrosion.

So far, the issue has been solved by either abandoning the cable, or using improvised ROV
tools which can cause damage to the pump module and the cable. The assembly of the
connector, seen in Figure 1, consists of both OneSubsea and Siemens parts. The design is
uniquely made for their subsea pump modules. For this reason, there are no existing solutions
to the challenge.

1.1 Statement of the Problem

With this project, we are going to engineer an ROV tool that can safely and efficiently
disconnect the power cable assembly. The tool will be called a Subsea Secondary Releasing

1
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Tool and will be used as a contingency tool if the ROV manipulator fails to disconnect the
power cable. The power cable is shown in Figure 1, and the MV-head at the ends of the
power cable is shown in Figure 2.

Figure 1 - Power cable assembly

MV-Head

/ Pulling handle
/ Flying handle

Jumper cable

f

[ (@

Connector bracket

Siemens specTRON Connector S Locking pin

Guiding pins "

Figure 2 - MV-Head

1.2 Product Design Specification

At the start of the project, we had a kickoff meeting with OneSubsea where all project
parameters were discussed. These parameters are shown in Table 1.
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Table 1 - Product Design Specification

Time

Start bachelor project: 10.01.2024

Kickoff meeting with OneSubsea: 11.01.2024
Underway presentation: week 11

Submit bachelor project: 21.05.2024
Presentation bachelor project: 3.-11.06.2024

Function

Disconnect Siemens SpecTRON connector from pump module
Protect power cable and pump module during operation
Handled by any WROV, ref. APl Recommended Practice 17H —
Remotely Operated Tools and Interfaces on Subsea Production
Systems

Construction

Easy handled by any work class ROV

Protect any components on pump module and power cable during
operation

Free to decide size of tool

Interface plate on pump modules can vary — tool must fit any
interface plate

Design of tool should adhere to industry standards

Material

Free of choice

Material will be exposed for corrosion (subsea)
Coating/surface treatment if needed

Anodes can be considered

Weight must be taken into consideration (possible buoyancy)

Economics

Design of tool should adhere to industry standards
No budget is required

Documentation

Necessary CAD files given by Company at project start

3D design in Creo

Simulation report from Ansys

Production drawings, GA drawing, P&ID and specifications

Working
conditions

Weekly meetings with Project Supervisor

Monthly meetings with Company

All ideas should be considered and discussed

Constructive criticism should be given and received in a respectful
manner

Rules and laws by HVL are applicable, ref
Regler_og_retningslinjer_per_13 september_2023.pdf

Resources

Creo, Ansys, Matlab, Microsoft
Supervisor and OneSubsea
Lab at HVL (3D printer and workshop)
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1.3 Objective

The project objective is created as a guide for the project group to deliver a product with the
specifications and expectations of the customer. OneSubsea needs a Subsea Secondary
Release Tool used as a contingency to disconnect power cables from subsea pump modules.

Our project objective from OneSubsea is as follows:

“The objective of the project is to engineer a Subsea Secondary Releasing Tool for
disconnecting power cables from subsea pump modules. The project shall be done by 21" of
May 2024.”

Sub-objectives

Sub-objectives are created to break down the objective, where functionality and use of the
subsea tool shall be highlighted.

- “The tool will be handled by any work class ROV, in accordance with API
Recommended Practice 17H — Remotely Operated Tools and Interfaces on Subsea
Production Systems”

- “The tool must protect the cable and pump module during operation from damages.
Force applied must be calculated and analyzed for material stress calculations.”

- “Marine growth, corrosion and chalk shall be removed by injecting citron acid to
connector head and guiding pins, either by the tool or as a step in the operation.”

- “The tool must fit all the interfaces between connector and pump module, and between
the connectors.”

- “The tool must be able to connect for power from ROV if this is needed, either by
electric power or hydraulic power.”
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2. Theory

In this chapter, the necessary theory to complete the project is explained.

2.1 Subsea Module

This sub-chapter will explain the theory behind the Company’s subsea module. Each major
component of this subsea module will be discussed.

2.1.1 Subsea Pump Station

A subsea pump station is a structure placed on the seabed, consisting of components such as a
pump unit, a control module, and a flow meter. The pump station is designed to be placed
permanently on the seabed, while its components can be replaced by lifting them out of the
structure. After years of operation when the oil or gas field is empty, the pump station will be
abandoned on the seabed. Figure 3 shows a pump station and its components. The yellow
parts are permanently installed, and the white parts are replaceable [3].

2.1.2  Jumper Cable

A jumper cable is a cable going from a subsea umbilical termination assembly, SUTA, and to
the pump module. This is often a 10kV system that supplies the pump or compressor with
power from the surface. This power comes either from a platform, FPSO, or land facility with
a cable and is connected to the SUTA [3].

% Control module

Subsea umbilical
termination
assembly

TENy 'y 2 .
== \'\’ ;\k"/)\/ »? ‘
: - R
Pump station ~\Q\\7/ Jumpers

Figure 3 - Pump station and components [3]
5
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A MV-head is attached to both ends of the jumper cable.
2.1.3 MV-head

The MV-head is a proprietary design from the Company and Siemens Energy. The electrical
connector and the cable are Siemens Energy products, named Siemens SpecTRON. In this
project, the Siemens SpecTRON 8 and 10 are in focus, which are two versions of the jumper
cable. The remaining design is from the Company, painted in white and orange. These are
components such as the guiding pins, flying handle, pulling handle, and locking pin. These
parts are visualized in Figure 2 in the Abbreviations chapter. Figure 4 shows the assembly of
the MV-head and jumper cable.

Figure 4 - MV Jumper [3]

2.2 Remotely Operated Vehicle (ROV)

An ROV, Remote Operated Vehicle, is an underwater vehicle used instead of divers,
especially in deep water. It is used mainly in the oil and gas industry [4]. The ROV uses
various equipment, depending on its operations. The type of ROV this project requires is
shown in Figure 5, and is called a Work Class Remotely Operated Vehicle, WROV. In this
project, the Group will call it an ROV.
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Figure 5 - Working Class ROV [5]

A standard ROV will at least have two manipulator arms, thrusters, cameras, lights, hydraulic
pumps, and valves for hydraulic flow control. It is supplied with power from topside, through
an umbilical and tedder [5].

2.2.1 Manipulator Arms

One manipulator arm is used as a “grabber” to hold onto subsea modules and installations.
The arm can be locked, and with the help of the thrusters, the ROV can hold still with a
minimum of movement. The grabber arm is robust, but often only a 5-function arm. A 5-
function manipulator arm has five different movements, using cylinders and/or motors.

The other manipulator is a 7-function, used as the “working” arm, as seen in Figure 6. The
arm is very precise and an experienced ROV operator can do complex operations. While the
ROV pilot flies the ROV and controls the grabber arm, another operator controls the working
manipulator.
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Figure 6 - Schilling T4 7-functions manipulator (left) [6], and controller (right) [7]

For instance, the 7-function Shilling Titan 4 has a reach of 1922 mm and a payload capacity
of 122 kg at full length [6].

2.2.2 Electric Interface

External equipment that requires communication from topside or power from the ROV, can
connect to 24 V or 110 V output from the ROV. This requires a watertight or oil-compensated
cable to prevent ground fault and possible equipment failure. The connectors are often molded
to the cable with the correct pinout for the ROV and external equipment, as seen in Figure 7

[8].

Figure 7 - Molded ROV cable with connectors (private photo)
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2.2.3 ROV Skid

The ROV can be equipped with a skid, as shown in Figure 8. The skids can be built for
different uses and equipped with tools required for the operation. This includes hydraulic
pumps, valve packs, extra compensators for fluid storage, drawers for storing tools, etc. [9].

Figure 8 - ROV skid [9]

2.3 Hydraulics

Hydraulic is a collective term for fluid under pressure. It is used all over the world and the

invention of Pascal’s principle back in 1650, Figure 9, has contributed to the world we know
it today [10].

bﬁ F2

A1 A2

Figure 9 - Pascal's principle [11]

Where F; is the force applied to the system [N] and A; is the area of that piston [mm], and

this makes the pressure P; [bar]. At the same time P, will be F, divided by the area of piston
2, A, [mm] [11].

p==L (1)
A
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2.3.1 Hydraulic Pump

The hydraulic pump converts mechanical energy to hydraulic energy which makes the fluid
flow. The pressure is created from the resistance in the circuit, and increased resistance gives
increased pressure. Pumps are designed differently depending on the use of the circuit. Some
of the most common pumps are axial variable piston pumps, centrifugal pumps, and gear
pumps. [12]

On closed hydraulic circuits with variable flow and pressure, a variable piston pump as seen
in Figure 10 is often used. Piston pumps are regularly used in ROV due to their reliability.
The maximum pressure is adjusted to 207 bar (3000 psi) using a regulator and/or pressure
relief valves. The flow capacity depends on the size and power supplied to the pump. Typical
ROVs have a flow between 80-150 I/min [8], [13], [14]

The power delivered from a hydraulic pump is given in equation (2).

p=2 (2)

Figure 10 - Variable piston pump hydraulic cylinder [15]

2.3.2 Valve Pack

A valve pack, shown in Figure 11, is used to control the hydraulic flow from the hydraulic
pump on the ROV. The valves are operated from the topside by the ROV pilot. Types of
valve packs depend on the use, flow, and pressure needed for the operation. The ROV is
equipped with numerous valve packs that control the ROV. External equipment, such as
cylinders and motors, can be connected and operated [16].

10



Subsea Secondary Release Tool

Figure 11 - ROV valve pack [16]

The valve packs can either have spools that are on/off, or proportional to control the flow
from the valve. An on/off valve is either on or off with constant flow. A proportional valve
can adjust the flow.

2.3.3 Hydraulic Cylinder

Hydraulic cylinders convert the hydraulic energy created by the pump to mechanical energy.
The use and design vary in size, the force needed, and function. The cylinder's main
components, as shown in Figure 12, are a piston connected to a rod, a cap, and sealings to
prevent leakages.

Tube/ barrel

Shaft/ rod
Ao Rod port

Rod mount

Base mount

Piston nut

Piston seal

O-ring and backup

Rod wiper
Rod seal

Figure 12 - Hydraulic cylinder [17]
The forces created by a cylinder is:
F=4p-A (3)

11
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2.3.4 Hydraulic Oil

Every hydraulic system needs a medium to transfer the hydraulic forces. Hydraulic oil is
mostly used, because of its lubrication ability. An ideal hydraulic medium shall, at least, have
these demands [18]:

Good lubrication ability

Long lifetime

Not poisonous

Small viscosity changes due to temperature and time

Due to these demands, mineral oil is mostly used in modern hydraulic systems. However,
better technology and knowledge have presented the options of water-based hydraulic oil and
synthetic oil, which is also fire-resistant compared to mineral oil. Before switching the oil
type on a hydraulic system, components like gaskets, filters, hoses, etc. must be checked if it’s
compatible with the new medium [18].

Hydraulic components have certain viscosity areas limits on where they can be operated.
These limits are given by the supplier and can vary from component to component. Therefore,
in a hydraulic system, there must be taken measures on which type of hydraulic oil to be used.
The lubrication ability is the most important, and by using a viscosity diagram based on
different temperatures, one can find out which oil viscosity to use for the operation [18].

Figure 13 shows an example of how a viscosity diagram for hydraulic oils can be presented.

TEMPERATUR °C
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Figure 13 - Viscosity diagram for hydraulic oil [18]
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2.4 Basic Concepts in Mechanical Engineering
In this chapter, essential basic concepts from mechanical engineering will be presented.

2.4.1 Material
Steel Types

The main components of steel are iron and carbon. There are many different steel types, and
the carbon quantity has a big impact on the characteristics of the material. One also separates
between alloy and non-alloy steel. Non-alloy consists of iron, carbon, and small amounts of
other elements, while alloy steel has a bigger amount of mixture. The carbon separates steel
between [19]:

- Construction steel: up to 0,3% C
- Tool steel: More than 2% C
- Castiron: 2,5% - 4,5% C

The different steel types are made after different requirements:

- Weldability and machinability

- Yield strength (can vary from 150 MPa to 3000 MPa, depending on the alloys)
- Resistance from corrosion

- Hardness (Brinell, Rockwell etc.)

- Toughness

- Temperatures

- Price

Construction steels

Construction steels are used everywhere. The wide variety of alloys gives a lot of
opportunities to use correctly steel for the structures and tools. Construction steels are
standardized in for example NS-EN 10025. Table 2 shows some of the used steels.

13
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Table 2 - NS-EN 10025 material standards [19]

Sammensetning, maks. % Mek. egenskaper, min.
Betegnelse
S 185 INgen kraw 310 135 B8 ngen krow
S235R [ 0207 1.40] -| 0.045] 0.045] 0,009 350 235] 17| 271+20] 035
S236)0 |0171.40| -| 0,040| 0,040] G009 340 235] -| 27| 0] 038
S236)2G3 | 020| 1.40| -| 0.0465| 0.045] 0,007]  360|  236] -| 27|+20] 035
| 52380264 |0.17] .40 0036| 0038 - 360 735| 16| 27]-20] 035
T S275R 022] 1.50] -| 0045| 0.045] 0,009| 430 275| 15| 27|+20| 040
T 5275)0 | Q18] 1,50] -| 0045| 0,046 0,009 40| 27| -| 27| 0| 040
$275J2G3 |0.18| 1.50] -| 0035] 0,035 - a0 275| -| 27|-20| 040
§275)2G4 | 018|150 -| 0.035| 0035 - 430 275| 13| 27|-20] 040
SIS5R | 0.24]1.60| 055 0.045| 0045] 0009| 610 355] 16| 27]1+20] 045
5358500 |[022] 160|085 | 0040 0040] 0.0 510 3| -| 27| o] aas|
| S386)2G3 | 0.22| 1.60] 0.56| 0.035] 0,035 510 3| -1 27| -20] 045
| S35602G4  |022| 1.40] 056 0095| 0036 - 510 35| 13| 27| - oas

Chrome

Chrome makes steel corrosion resistant when over 12% is mixed in the alloy because it
creates a chromium oxide layer [19].

Chrome-nickel alloys

Nickel, together with chrome, gives higher hardenability, improved fatigue properties, and
higher impact toughness [20]. The mixture can often be 18% chrome and 8% nickel, called
18/8 steel [19]. These steel alloys are called stainless steel, but they can still corrode in harsh

environments.
Chrome-nickel alloys with molybdenum

If molybdenum is mixed into a chrome-nickel steel alloy, it gets a high resistance from
corrosion and the strength is proven. It can have a yield strength up to 550 N /mm? and is
often used in the marine- and oil industry. Typical stainless steel is duplex, super-duplex and
AISI 316(L) steel. These are all weldable and machinable. Table 3 shows the components in
AISI 316 steel [19], [20], [22].
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Table 3 - Components in AISI 316 steel [21]

Element 316 (%)
Carbon 0,07 max
Manganese 2,00 max
Phosphorus 0,05 max
Sulfur 1,0 max
Silicone 0,02 max
Chromium 16,50-18,50
Nickel 10,00-13,00
Molybdenum 2,00-2,50
Iron Balance*

*The rest of the alloy is iron
Corrosion

Corrosion is defined as the destructive attack of a metal and ordinarily begins at the surface.
This is an electrochemical reaction, meaning electrons are transferred from one chemical
substance to another [23].

Figure 14 - Corrosion at the surface of a car with a plain carbon-steel body [24]
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Metals lose electrons in an oxidation process, and this occurs in an anode:
Fe —» Fe?t + 2e~

The electrons coming from each atom that is oxidized must be taken up by another chemical
substance in what is called a reduction reaction. The reduction reaction occurs in a cathode:

2H* +2e” - H,
Here are some forms of corrosion:

- Uniform Attack: An electrochemical corrosion that occurs over the entire exposed
surface and often leaves behind a scale or deposit.

- Galvanic corrosion: When two metals or alloys with different compositions are
electrically coupled while exposed to an electrolyte.

- Pitting: A form of very localized corrosion attack which forms small holes or pits.

- Erosion-Corrosion: Arises from the combined action of chemical attack and
mechanical abrasion or wear due to fluid motion.

In the scenario given in Figure 15, an electrochemical cell consisting of iron and zinc
electrodes, each immersed in a 1 M solution of its ion, is shown. The iron represents a
reduction process, where iron ions (Fe?*) from the solution gain electrons and are reduced to
solid iron. The zinc electrode corrodes and represents an oxidation process, losing electrons
and going into solution as zinc ions (Zn?*) [23].

0.323V

Voltmeter

|
DSOS e e e
| |
| |
o |
Fe<t | = 7n<+
| |
| |
| |
| |
| |
| |
1
|
FeZ* solution, I ZnZ* solution,
1.0M | 1.0M
| Y,
Membrane

Figure 15 - An electrochemical cell consisting of iron and zinc electrodes [23]
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The challenge with metallic corrosion is significant, and corrosion prevention is therefore
crucial. In economic terms, it has been estimated that approximately 5% of an industrial
nation’s income is spent on corrosion maintenance, replacement, and prevention due to
metallic corrosion. General techniques for corrosion prevention include material selection,
coating, cathodic protection, and environmental alteration [23].

Other Materials

A material that is often used in the marine- and oil industry is nylon. Nylon is a polymer that
includes the familiar plastic and rubber material, and they often have low density. Polymers
have different mechanical characteristics than metallic and ceramic materials as they are not
as stiff or strong. Some benefits of nylon include relatively good mechanical strength,
durability, high toughness, as well as a low coefficient of friction. Nylon is often used in
bearings, gears, and cams [23].

Materials on MV-head

The MV-head is made of super duplex steel. Super duplex is a part of the duplex family
which is a term for a special group of steel that is corrosive resistant. It has better mechanical
properties and is more corrosive resistant than 316 and 304 stainless steel, and therefore
Duplex steel fits well in corrosive environments [25].

Technical details on the MV-head are seen in Table 4.

Table 4 - Material specifications for MV-head [3]

Operational Design Depth 3000 meters (3050 MSW)
Design Life 30vyears
Ambient Medium Seawater

<20°C

Maximum operational

service temperature in seawater
Ambient transport/storage -25°C<T<+60°C
temperature for all equipment
Material seawater exposed parts |Super Duplex, Norsok std. M-630 Norsok MDS D55/D57
As documented in Siemens

TMDS-0001, TMDS- 0016, TMDS-0123

(TMDS's covers Norsok MDS's without PT testing post final
machining)

Test jumpers: Minimum AISI 316, TMDS/0002

Material M16 bolts for fixed mount [ASTM B446 / ASTM B564, UNS 06625 MDS NO1

flange and compliant mount
flange

Connector/penetrator type SpecTRON 10 mk Il series
Min. number of WM operations 100

2.4.2 Material Processing

A material can be processed in many ways, and it is important to know what happens with a
material when processing it.
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Welding

Welding is when two or more metal parts are joined to form a single part. This is done when
you can't make one part from fabrication, casting, or similar. There are different types of
welding depending on what type of material the part is made of and the purpose of the part.
This is such as gas and arc welding. Regardless of the welding method used, a Heat Affected
Zone (HAZ) will form, leading to changes in microstructure and properties. Upon cooling,
stresses may occur and will weaken the joint [23].

Fabrication

Plasma cutting is a method used to split and cut parts. A plasma is an extremely hot and
ionized gas. This gas can be 10 000 — 20 000 K and the light bow is forced through a narrow
nozzle, which is a water-cooled brass nozzle. This technique is used for cast iron, stainless
steel, and other high-alloy steel [26].

2.4.3 Elastic and Plastic Deformation

Every material has some kind of ability to resist external forces without big changes in the
shape of the product, or a fracture occurring [27]. How much a material can be strained, varies
based on the material's ductility. Ductility is a measure of the degree to which a material
plastically deforms, by the time fracture occurs [23].

Whenever a material is loaded within the elastic region, it will always return to its original
form and shape. If the material is loaded above the elastic region and into the plastic region,
the material will no longer return to the state it was at the beginning. The point where the
plastic region starts are called the yield point and the symbol is ;¢4 OF 0y, as shown in
Figure 16 [23].

Elastic
+

Elastic | Plastic

—(—'—Zb

Stress

/
/
/
*J L Strain
0.002

Figure 16 - Elastic- and plastic deformation [23]
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2.4.4 Pressure

When operating on the seabed, an object will be exposed to hydrostatic pressure from the
water:

Paps = Pgauge + Pytm (4)

Where P, is the absolute pressure [bar], P44 Can be both positive and negative and is the

difference between the absolute pressure and the local atmospheric pressure [bar]. Py, IS the
pressure from the atmosphere, which can vary some due to high pressure and low pressure,
but is often set to be 1 bar [28].

The formula for B4y, 4 is:

Pgauge = pgh (5)

Where p (rho) is the density of the fluid [%], g is the gravity force [Sﬂz], and h is the height
from the object to the reference point [m].

2.45 Von-Mises Stress

Engineered parts will experience a variety of loads, from tension and compression to torsion,
bending, and shear stress. All these loadings result in a complex stress state which comes
from six different values. The values are now combined into one single equivalent stress
value. Von-Mises stress is an equivalent stress value which is used to determine whether the
material will yield or not, when comparing to the yield strength of the material [29].

2.4.6 Design Failure Mode and Effects Analysis (DFMEA)

DFMEA is a tool that helps engineers to understand the impact of a failure in a design. This
will answer questions such as what will happen if the design fails, the consequence of such a
failure, and how the engineer can prevent this failure [30].

All the potential risks are listed and numbered in a table. From this table, they are brought
forward to a risk assessment table. Here, the potential hazards are evaluated relative to
probability (P) and consequence (C). They are both scaled from one to five, where the lower
the number the better the result. (P) and (C) are then multiplied with each other which gives
the risk score (R). Green is the best, orange is not good but may be acceptable, and red is a
no-go.

The hazards are first scored ahead of any measures taken. The meaning of this is to lower the
risk score when measures are eventually taken. All hazards are then brought forward to a table
which shows the danger of each hazard, both before and after measure are taken.
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2.4.7 Basic Formulas
Bending moment, M,:
M,=F-1
Moment of inertia of rectangular geometry, L,:

wh?3

12

I, =

Normal stress, gy,:

My h

(o —
b=, 2

Normal stress in outer weld, gy, 4:
_Mp (R
Ipa =7, (2 + a)
Moment of inertia for fillet weld, I,
I = = (WH? = wh?) = —((w + 2a) (h + 2a)* — wh?)

Combined stress, g;:

ij=\/af+3-ri+3-ruz

Normal stress perpendicular to the throat of a weld, o :

— . _0b
o, =T, = \/_E
Shear stress, j:

= F
b_Z-a-h

Safety factor, SF:

Oyield
SF = X&<
Oload

Forces on a cylinder

F=p-A
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3. Method

This chapter contains the various methods and approaches used to complete the objective.
These techniques include idea generation, CAD software, theoretical and experimental
approaches.

3.1 Information Collection

At the start of a project, all parties must have a complete understanding of the objective. A
kickoff meeting between participants is an effective way of communicating the expectation,
as well as sharing all the information that is relevant to solving the problem. This form of
information collection is qualitative and is valuable for further steps in a project.

3.2 Design Methods

To make a design that meets the criteria in the statement of the problem, different techniques
are used to reach the final product in an innovative way. These techniques will be explained
in the next sub-chapters.

3.2.1 First Five

The “First Five” technique is a good way to start an innovative project where the objective is
to make a new design. Each member of a group will come up with five ideas without
communicating with each other. This ensures that the design does not go down a narrow path
without exploring other options. One should not be critical considering feasibility at this
stage. Going in with a broad and open mind gives room for more creativity.

The first five ideas from each member are then shared with another member of the group, and
the goal is to take inspiration from these ideas to make five new ones. After this stage, there
will be around 10 ideas per group member.

3.2.2 Brainstorming

The brainstorming stage is entered after the initial ideas. Here, the team discusses all the ideas
that have come up. When generating many ideas, brainstorming can identify the most
promising concepts for further development, as well as introduce new ones.

3.2.3 Three Random Words

Another technique is the “Three Random Words” technique. These words should not be
technical, and can for example come from a friend, a random word generator, or a non-
technical book. One should not “cheat” if one does not fancy one of the words that are given,
but rather force the mind to create an idea from that word.

3.2.4 Existing Solutions

Using existing solutions can be done both intentionally and unintentionally. It is done
unintentionally by using principles from experience. Knowing about hydraulics or how to
loosen a bearing are principles that occur in the thinking process. However, the main point in
this stage is to intentionally search the internet or in literature, to adapt the idea into new
ideas.
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3.25 SCAMPER

Another method that can be used to find new ideas is the SCAMPER method. In this method
the point is to go through the letters step by step, (S) substitute, (C) combine, (A) adapt, (M)
modify, (P) put to another use, (E) eliminate, and (R) reverse. This method makes it easier to
develop new ideas, and the different steps are explained in Table 5 [31].

Table 5 - Scamper table [31]

S C A M P E R

Substitute | Combine Adapt Modify Purpose | Eliminate | Reverse
Replace |Put different| Update the | Change the | Use the Eliminate De-
one part |components| productto | appearance | product for | the useless | construct or

with together to new and a purpose | parts that re-think
another that| improve |preferences |presentation| that wasn’t | are not | some of the
works intended valued |main pillars
better

3.2.6 Weighted Decision Matrix

The Weighted Decision Matrix is a model used to decide between several ideas. If the
objective of a project requires some essential criteria for the final product, these can be
included in the matrix with a given weighting of the importance. The ideas get a score, and
the highest score “wins”.

Each criterion is weighted by numbers (1-3, 1-5, etc.) or by percentage of importance. The
ideas are compared and given a value for each criterion. The score is multiplied by the
weighting and summed up. However, the ideation process is not finished. The matrix can be
used to combine the different alternatives for an even better product.

There should be at least three alternatives in the matrix. It is often that the project members
will have an opinion on which solution is the best before the matrix is used, but the results can
tell you otherwise due to the weighting of the criteria. Table 6 shows an example of a WDM,
where Option 3 is the winner.

Table 6 - Example of a WDM

Criteria Weightening Option 1 Option 2 Option 3
#1 5 3 3 5
#2 2 5 1 2
#3 4 1 2 3
#4 3 5 1 4
#5 1 2 3 2
#6 2 2 5 3
Total 50 41 61
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3.3 Software

There are many softwares to use for mechanical engineering and it is important to know
which program to use when, and how it works.

3.3.1 Creo Parametric

Creo Parametric is a 3D Computer-Aided Design (CAD) solution that helps an engineer to
accelerate product innovation to build faster and better products [32]. This program is a
crucial tool for visualizing the Front-End Engineering Design (FEED) and for the final
design. It enables the user to create a 3D model of their design and generate engineering
drawings that showcase all the details. This makes it possible to manufacture the tool
accurately [33].

3.3.2 Ansys

Ansys is a calculations program that uses numerical procedures and offers software that
includes the range of physics, which will make any field of engineering simulations possible
[34]. This software is essential in ensuring that all components of the operation can withstand
the involved forces. These aspects include preventing any damage and creating a product that
is strong enough to handle the forces. The software also enables the user to optimize the
design based on the size, material, and weight.

Singularity fault

During a meshing, the software splits a body into many elements. These elements are very
small, and sometimes one element can obtain more force than what is realistic. This leads to a
high force on a very small area, which leads to a high local stress. This is called a singularity
fault or artificially high stress. Therefore, it is important to look at the result from a critical
point of view. Probes can be used around the singularity fault area to display realistic results
[35].

3.4 Experimental Method

It is often a good idea to make a prototype of the design to ensure that the measurements for
instance are correct. This can be done in several ways. You can make the product in a cheap
material, like cardboard, wood, or similar. If the product is very big, you can scale it in a
proper dimension, and even make it from 3D-printing. This helps you to easily visualize the
final product. You can make a full-scale version of the right material of the product if you
have the possibility and knowledge to do so. This is called proof of concept.
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4. Solution Development

In this chapter, all ideas are presented, and a screening process is implemented to select the
best ideas. These ideas are further evaluated in a weighted decision matrix, and the highest
scoring ones are modeled.

4.1 ldea Generation

As described in the Method chapter, the idea generation begins with the “First Five”
technique. All members produce their initial five ideas and exchange them with another group
member. Each member elaborates on the first five ideas from their partner and expands them
to create five new concepts. These ideas are evaluated in a brainstorming process.

With around 30 ideas from the first phase, the next step is to use three random words to create
three new ideas per group member. The important thing is what concepts, mechanisms, and
opportunities that are seen in the idea. These aspects will be used later in the SCAMPER
method.

Due to the unique design of the MV-head, there are no existing solutions, but the Group is
looking at similar concepts in the industry.

4.2 ldeation

Most ideas that have been accumulated will be shown and shortly explained in this
subchapter. ldeas similar to each other has been combined in one explanation. Since the
members of the Group are Norwegian, there are some texts in Norwegian in the pictures.

4.2.1 ldeas

This tool will be placed from the top by the ROV. The flying handle will act as a
counterforce. The tool, shown in Figure 17, will have two cylinders in blue that will push the
MV-head out.

Figure 17 - Idea 1, from First Five
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Idea 2 will also have two cylinders. This tool uses the ROV pulling handle as a counterforce
by utilizing a locking pin. The locking pin can be moved in and out, which makes it easy to
mount the tool, as shown in Figure 18.

Figure 18 - Idea 2, from First Five

The idea shown in Figure 19 is to connect the jumper cable to a small ROV or submarine and
use their force to pull it out.

Figure 19 - Idea 3, from First Five

The fourth idea is fully mechanical, and it needs the ROV arm during the whole operation, as
shown in Figure 20. The tool will push against the slot plate and de-mate the MV-head.
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Figure 20 - Idea 4, from First Five

Idea 5 in Figure 21 will have a groove in the blue plate to be threaded on the pulling plate.
The tool will have three bolts that will be screwed into the plate on the module and then push
the MV-head out.

REwF T

Figure 21 - Idea 5, from First Five

The idea in Figure 22 will have four cylinders mounted on a plate that has joints to easily
mount the tool on the MV-head. The tool will be mounted around the cable.
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Figure 22 - ldea 6, from Brainstorming

Idea 7 will use a shock cylinder to knock the cable out. This knocking will repeat
continuously until the cable comes loose. This is shown in Figure 23.
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Figure 23 - Idea 7, from First Five

Idea 8 is fully mechanical where the ROV needs to push the tool downwards for de-mating.
The tool will grip around the cable to get fastened, as shown in Figure 24.
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Figure 24 - 1dea 8, from First Five

The idea in Figure 25 is a combination of acid injection and a vacuum technique. The tool
will be sealed around the MV-head and then acid will be injected. After a while, the MV-head

should be easy to pull out.

1. Voo im [gunpe
&) Pa e 3\065 hDW Sowm ‘E:Of'_')ca[&f
hopl;ﬂﬂa _:E;(s4 |'nj 1t5£f Syre., vent c:z [ad
opf Jﬁ’)lwk ) "hoﬂptn“, Oet hq:%,: {-c)(hbg,l-
(€35er Syren inn o alle gprelhes apninges. EHer
enliten stuad fjeres det ositve tyliet, of

Men dante’ Ve et . Spm Sv-acs Lt
ol syrtb'laadim.%c,ﬂ fr alle spa 5ldra£‘~ er

6 VEn hﬁ-( blgﬁau Se P\Fa qul’gwﬂla“iu'l‘g@H’l"ja
6( O(B bl” bu.(aa u-‘l' L/'Malﬂf O.H‘ er 'SL,\SA ()LJ"

R—Sﬂfﬂeb \w(?&‘l o0, ha‘b\\nﬂw lusnes sk dea shal

Figure 25 - Idea 9, from First Five

Idea 10 in Figure 26 is a tool that will use a combination of cylinders and springs for de-
mating. The concept behind using springs is to evenly distribute the load.
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Figure 26 - Idea 10, from First Five

The idea in Figure 27 will use sprockets and grip around the tool like a claw. As the two sides
rotate, they will make contact with the MV-head and push it out.

Figure 27 - Idea 11, from Brainstorming

Idea 12 will use magnets to hold on to the connector and then use cylinders to push against
the plate. Figure 28 shows the magnet placement in red, as well as the inspiration for the idea.

29



Gjelstad, Bjarlykke, Osmundsvag

o)

Figure 28 - Idea 12, “Astronomy” from Three Random Words [36], [37]

Figure 29 shows a simple mechanical idea. The tool will use the plate to push out the MV-
head as the ROV pushes the blue handles.

Figure 29 - Idea 13, “Contemporary” in Three Random Words

Idea 14, shown in Figure 30, uses a bellow/air cushion as a force. The bellow will be
pressurized and push the blue plate against the MV-head.
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Figure 30 - Idea 14, “Chop”, from Three Random Words

Idea 15 will be mounted on the cable and use a combination of cylinders and springs to make
a shock motion. The cylinders will compress the spring and when the cylinders release the
pressure, a shock will occur to loosen the MV-head. See Figure 31.

Figure 31 - Idea 15, from “Bicycle” in Three Random Words

The tool in Figure 32 is for acid injection in areas where there could be marine growth. This
could be a second tool that the ROV can bring to site for acid injection.
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Figure 32 - Idea 16, from “Elephant” in Three Random Words

Idea 17 is a hydraulic press between the MV-head and the slot plate. The red box, shown in
Figure 33, is the jack, and the blue circles are the cylinders. The box is fastened around the
MV-head.
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Figure 33 - Idea 17, from First Five

Figure 34 shows a jack. It uses an extractor with an extendable handle and springs, with two
separate plates that can be connected with a hook. The blue springs are fastened in the purple
plate and uses the plate where the connector is connected as a counterforce. To fasten the tool

the ROV needs to mate two plates around the MV-head.

A@
Figure 34 - Idea 18, from Brainstorming
The concept presented below takes the form of an extractor that employs threaded bolts to

dislodge the MV-head. The tool will feature a movable skid, as illustrated in Figure 35, so
that it can be mounted on the jumper cable. In the small gap between the cable and the plate,
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four hooks will be fitted to grip the cable, and as the bolts are turned, they will exert pressure
to push the cable out.
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Figure 35 - Idea 19, from First Five

Idea 20 in Figure 36 is another extractor that uses bolts. The green plate will be mounted from
the top and will use the edge of the flying handle as a counterforce. The blue bolts will then
be unscrewed simultaneously, and the cable will come loose.

Figure 36 - Idea 20, from Brainstorming

The idea in Figure 37 uses an inflatable air cushion. The cushion will be placed in the tiny gap
between the jumper cable and the plate, expand and then force the MV-head out.
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Figure 37 - Idea 21, from First Five

This next idea works like a telescopic jack. A plate is slid behind the flying handle and uses
the edge on the handle as a counterforce. The ROV will pull down the handle on the tool and
the cable will eventually come out. This is done little by little, and for each jack, the handle
will extend to maintain the equal force distribution. This is shown in Figure 38.

Figure 38 - Idea 22, from Brainstorming

The idea below is a line with a motor. The line is fastened in the jumper cable at one end, and
a mini ROV in the other end, as shown in Figure 39. The ROV uses thrust in a repeated
motion and thereby nudges the MV-head until it comes loose.
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Figure 39 - Idea 23, from First Five

This idea can be called a thruster plate. Four small thrusters assist the ROV to pull the MV-
head. This requires that the ROV also will pull the MV-head, as illustrated in Figure 40.

Figure 40 - Idea 24, from First Five

Idea 25 in Figure 41 is a cup that will be mounted on the MV-head. It has a hole for the flying
handle so the handle can be used as a counterforce. The tool has four cylinders to push out the
jumper cable. In addition to this, the tool has a tank containing acid, and this acid can be
injected through small nozzles.
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Figure 41 - Idea 25, from Brainstorming

The tool in Figure 42, will use both the handle and the bracket holding the cable as a
counterforce and will use two cylinders to push the MV-head out.

Figure 42 - Idea 26, from Brainstorming

In Idea 27, as shown in Figure 43, a small gap exists between the tool and the flying handle.
This gap restricts the moment when the tool's two cylinders are used to push against the plate.
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Figure 43 - Idea 27, from Brainstorming

Idea 28 shown in Figure 44 is a plate with four cylinders and an open/close function. The
open/close function is operated by a fifth cylinder. The idea is that the tool can be mounted in
an open position, and then closed once it is placed.
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Figure 44 - Idea 28, from First Five
4.2.2 Criteria for a Customer

To create an effective tool, it is important to consider the “buyer's” perspective. A list of specs
and functions is developed to ensure the tool meets their needs.

Specs:

- Protect power cable and pump module during operation (momentum, internal- and
external damages)

- Handled by any WROQOV, ref. APl Recommended Practice 17H — Remotely Operated
Tools and Interfaces on Subsea Production Systems.

- Interface plate on pump modules can vary — tool must fit any interface plate.

- Field proven.

- Environmentally friendly.

Function:

- Easy to handle and operate for ROV crew.
- Safe and controlled pulling operation.
- Easy maintenance and good availability on spares.
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4.3 Screening the Ideas

The Group is keeping a total of eight different ideas from the screening process. The ideas are
selected based on their feasibility and functionality. The ideas are numbered from 1 to 8 and
given a describing name.

4.3.1 Ideal- Telescope

Idea 1 is divided in two. They are very similar but have two different ways to be mounted on
the MV-head. The first one, shown in Figure 45, will have magnets that will be connected to
the back of the flying handle as a counterforce. The red handle is extended to ensure that the
force always will be distributed in the middle of the connector. The ROV will pull down the
handle and force the connector out. It is important to not pull the handle too much, because
this will create a moment on the connector which can cause damage. This process will
continue until the connector is loose and the ROV can easily take it out.

Figure 45 - Idea 1.0, from Brainstorming

When working with Idea 1, a new idea came up. The two ideas are very similar and therefore
they are categorized as the same idea. The new idea, shown in Figure 46, uses the same
principle, but is further developed by using the SCAMPER method. This tool will have a hole
that fits over the flying handle with a small tolerance to have as much area as possible for
counterforce.

This concept was discovered by using the C (combine) in the SCAMPER method where the
idea in Figure 45 and the idea in Figure 43 were combined, to make the new design. There is
also a small wheel at the end of the extender arm. This ensures that the force will enter at the
right place and improves the friction. Except from the small changes in the design, the
working principle is the same. The new idea is shown in Figure 46.
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Figure 46 - Idea 1.1, from SCAMPER

4.3.2 ldea 2 —Pulling and Injection

This idea came up by using the three random words technique. The word was octant, which
gave the design the shape shown in Figure 47. The idea is to have both a pushing force and an
injection of an acid. The tool would have a tank with acid and tubes with a small pump to
inject the acid into the locking pins and MV-head. It will act like a cup around the MV-head
for sealing. After a while, the four cylinders will push out the MV-head.

Figure 47 - Idea 2 from Three Random Words: Octant
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4.3.3 ldea 3 -Hook Tool

In Figure 48, Idea 3 is shown. The idea is that it should be easy for the ROV pilot to mount
the tool. The ROV can attach the tool from a space where it is no obstruction. The four hooks,
used as a counterforce, should be mounted around the bracket and the flying handle. This
could be done either by the ROV moving the hooks, or by additional cylinders. When the
hooks are in the right position, the four pushing cylinders will be operated until the tool is
under tension. The ROV let go of the tool, and the cylinders are operated again. This allows
the ROV to keep a safe distance during the operation.
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t’ﬁr'-pa ?asé,

Figure 48 - Idea 3, from Brainstorming

4.3.4 ldea 4 - Shocking Tool

Idea 4 is a result from the SCAMPER method. As shown in Figure 49, the design is very
similar to the shock cylinder shown in Figure 23. The difference is how the tool is mounted
on the MV-head. In this idea, the tool will use the bracket and the flying handle as the
counterforce. This punching method creates a vibration in the connector which breaks the
bond between the MV-head and marine growth. The ROV can de-mate it easily afterwards.

Figure 49 - Idea 4, from SCAMPER
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4.3.5 ldea5 - Plate with Cylinders

Idea 5, shown in Figure 50, enters from the front of the MV-head. It will be locked to the
flying handle and bracket. Four cylinders will push against the slot plate and loosen the MV-
head.

5*5»"‘7!} (e o side

Figure 50 - Idea 5, from Brainstorming

Figure 51 shows a detailed view of the principle of Idea 5. There will be two separate plates
held together with a cylinder. This cylinder will separate the plates during mounting and
retract once the tool is in place. In addition, there is a guiding pin that makes sure the plates
are aligned.
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Figure 51 - Idea 5, detailed- and side view
4.3.6 ldea 6 — Groove Plate

Idea 6, shown in Figure 52, requires a steady ROV pilot since the tool needs to be guided into
the flying handle with a small tolerance. This tolerance will make the counterforce more
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equal, and there will be less moment on the MV-head. There are two cylinders, on each side,
which push the jumper cable out.

% Connectar™
Ly

Figure 52 - Idea 6, from Brainstorming
In addition to this, there is room for extending the plate and adding two extra cylinders.

4.3.7 ldea 7 — Pushplate with Cylinders

Figure 53 shows Idea 7, where the point is to use the plate as a counterforce and the MV-head
as the target force. There will be four cylinders that has the cylinder house partly inside the
counterforce plate, and partly out in the free. The cylinders are connected in pairs and
connected to a press-plate. The press-plate pushes against the flying handle and bracket. In
this idea there could also be various extra functions, as magnets on the counterforce plate, to
make it easy for the ROV to place the tool.

Figure 53 - Idea 7, from SCAMPER
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4.3.8 ldea 8 — Magnet Plate

This idea is from a combination of the Three Random Words technique and SCAMPER. It
uses magnets to attach to the MV-head as counterforce. There are two magnets, one on the
front of the flying handle and one at the front of the bracket. There can also be two additional
attachments, shown in green in Figure 54. This will make the tool more robust. To get the
MV-head out, there will be two or four cylinders to push against the slot plate.

Figure 54 - Idea 8, from three random words and SCAMPER

All these eight ideas will be brought forward to the weighted decision matrix in the next
chapter.

4.4 Weighting Decision Matrix

The criteria in the matrix are vital to achieve the objective of the project. The Group picked
out six different criteria, based on the Company’s requirements and the Group’s decisions.

The criteria are weighted from 1-5:

- 1: Insignificant

- 2: Not so important
- 3: Average

- 4: Important

- 5: Crucial
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Every idea is given a value between 1-5 for each criterion.
The valuing is:

- 1: Useless

- 2:Bad

- 3:0K

- 4: Good

- 5:Very good

The value is multiplied by the weighting of the criteria and summed up to a total score.
4.4.1 Criterion 1 - Force Distribution

The force distribution during the pulling operation is the root behind the initiation of this
project. The pulling handle on the MV head (Figure 2) creates a moment on the connector
during the pulling with the ROV manipulator and can therefore destroy the MV head. It is
crucial that the SSRT delivers an equal force distribution to the MV head.

Force Distribution weighting: 5
4.4.2 Criterion 2 - Efficiency

The efficiency values how effective the disconnecting operation will be. From the time the
ROV grabs to the subsea module, until the MV head is disconnected and the SSRT job is
done. Since the operation is not an “everyday” task, efficiency is not so important as long as
the operation is successful.

Efficiency weighting: 2
4.4.3 Criterion 3 - ROV Handling

During the operation, the SSRT must be easy to handle by the ROV pilot. Only one
manipulator arm (7-function) is available because the other manipulator arm must be used as
a grabber to the subsea module. Parameters like weight, complexity of the SSRT, number of
movements on the manipulator, and the visibility for the ROV pilot are important.

ROV Handling weighting: 4
4.4.4 Criterion 4 - Pollution

UN-17’s (United Nations) sustainability goals are made to achieve a better and more
sustainable future. The SSRT can have an impact on goals like nr. 13, “Climate Action” and
nr. 14, “Life Under Water”. Even though it is the Company that is going to do the operation,
the Group, as a supplier, must facilitate the SSRT to be a sustainable ROV tool. [38].
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Possible emissions for the SSRT can be hydraulic leakage, paint, corrosive medium and
material disposal. Since the Company have the possibility to use water based hydraulic oil
and paint, the most crucial parts disappear. The SSRT will be made robust to handle the
operation, so the risk for material disposal is small.

Pollution weighting: 3
4.45 Criterion 5 - Acid Injection

The Company has a wish, not a requirement, that the SSRT can also inject acid to the MV-
head before the disconnecting operation starts. The acid will help to dissolve the corrosion
and marine growth to make an easier de-mating. The Group concluded during the ideation
that this will require a very advanced ROV tool.

Acid Injection whitening: 1
4.4.6 Criterion 6 - Possibility Factor

The possibility factor tells how likely it is that the tool will work. This is not a fixed
parameter, but unique for every idea. One example can be Idea 8 in Figure 54, where
electromagnets are used to mount the SSRT on the MV-head - is the area of the magnets big
enough to hold the force during the pulling operation?

Possibility factor weighting: 2
4.4.7 Weighted Decision Matrix

Idea 5, 7 and 8 are the three designs that stands out, shown in Table 7. The similarities are the
use of hydraulic cylinders to produce force, and brackets that do not create momentum on the
MV-head.

Even though the Group has finished the Weighting Decision Matrix, the ideation part is still
not completely closed. During 3D modeling, new ideas on how to solve the objective can
occur.

The next step is to make simple 3D models of the three ideas and look for errors and
adjustments to see if the designs are feasible. There will also be a design review with the
Company, where the ideas and 3D models will be presented and discussed.
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Table 7 -Weighted Decision Matrix results

Weighted Decision Matrix

48

Criteria Weightening Idea 1 Idea 2 Idea 3 Idea 4 Idea 5 Idea 6 Idea 7 Idea 8
Telescopi | Pulling and injection Hook tool |Shocking tool Plate with cvlinders Groove plate |Pushplate with cvlinders| Magnetplate
Force 5 3 5 5 5 5 3 5 5
distribution
Effieciency % 2 1 2 2 4 4 4 5
ROV
5

handiing 4 2 1 3 3 4 4 4
Pollution 3 5 1 4 4 4 4 4 4
Acid injection 1 1 1 1 1 1 1 1 1
Possibility 2 2 1 3 2 4 2 4 2
factor
Total 47 37 60 58 70 56 70 72

Weightening: 1-5 Valuing: 1-5

5: Crucial 5: Very good

4: Important 4: Good

3: Average 3: 0K

2: Not so important 2: Bad

1: Insignificant 1: Useless
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4.5 Preliminary Designs

After the ideation process where the goal is to find different solutions, the Group ends up with
three different designs which will go through the Front-End Engineering Design (FEED)
phase. During this phase, the objective is to focus on getting a preliminary design. Project
parameters must also be in mind, but all the details will come during the Engineering chapter.

A drawing of the MV-head is made to get an overview of the measurements, Figure 55. One
of the biggest challenges is the space between the MV-heads when connected, Figure 56.
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Figure 55 - MV-Head measurements
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Figure 56 - Interface plate measurements

All three ideas that are brought forward to FEED have in common to interface with the flying
handle and the MV-head. The Siemens specTRON connector is not designed to be interfered
with other forces. It is possible to enter the SSRT from above the MV-head or directly from
the front. The first objective is to find out if it is space enough to interface with both the flying
handle and the connector head.

The members of the Group will make a preliminary design on each idea. Details like material
width, correct equipment, forces, design details, etc. are not accounted for. The ideas will be
taken to the Company for design review.

45.1 Idea5 - Plate with Cylinders

Idea 5 original plan was to slide the tool from top of the MV head, and be locked in place by a
cylinder, shown in Figure 57, Figure 58 and Figure 59.
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Figure 58 - Idea 5 seen from the side
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Figure 59 - Idea 5 in locked position (front view)

The springs on MV-head makes the width of the bracket very tiny due to the mounting, which
can cause a problem. Changes to the mounting method is made and Idea 5 will now be
entered from the front.

Figure 60 and Figure 61 shows the new preliminary design where the SSRT is installed
directly to the MV-head. The width on the cylinder bracket is much better, and the cylinders
has enough space. The size of the cylinders (825/16) are checked for availability on the
market, and there are several suppliers who delivers these types of cylinders.
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Figure 61 - Idea 5 during mounting
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4.5.2 ldea 7 — Pushplate with Cylinders

Idea 7 has similarities with Idea 5, but instead of having cylinders pressing against the slot
plate, the cylinders are pushing the MV-head outwards. Two cylinders on each side are fixed
to a plate, using the same contact points as the plate in Idea 5. Figure 62 shows the idea
behind this design. During the design process, two issues must be solved. Firstly, the length of
the cylinders is limited, and getting the tool into position is not possible with such a design.

Figure 62 - First 3D-model of Idea 7

Figure 63 shows the new design of Idea 7. Getting the tool into position will now be possible
using a cylinder (illustrated in yellow), with an open/close function. The tool enters from the
front in open position, and then mates the two sides of the tool. The new design also features
two orange ROV flying handles. These handles must slide along with the tool as it opens and

closes.
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Figure 63 - Idea 7 in open position

The issue with the limited length of the cylinders is solved by extending the press plate
outwards. The plate can be extended further if required, essentially erasing the issue with the
cylinder length. Figure 64, Figure 65 and Figure 66 visualizes the preliminary design of Idea
1.

Figure 64 - New plate design (side view)

55



Gjelstad, Bjerlykke, Osmundsvag

Figure 66 - Idea 7 during mounting

4.5.3 ldea 8 — Magnet Plate

In this idea, the main issue will be the strength of the electromagnet. It must be done a lot of
research and testing if this design will be the final product. The WDM (Weighted Decision
Matrix) shows a high uncertainty factor. In Figure 67, it is shown how the tool will look like

when it is mounted on the MV-head.
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Figure 67 - Mounted magnet tool (front view)

As shown in Figure 68, the cylinders will push against the slot plate, after the tool is fastened
with electromagnets (shown in black).

Figure 68 - Idea 8 in mounted position

The mounting of the tool will be done from the front of the MV-head, shown in Figure 69.
The ROV pilot will fly with the tool in a handle, and when the tool is on the right place, the
pilot activates the electromagnet. The ROV lets go of the tool and it will maintain the position
during the operation. The cylinders will then push out the MV-head.
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Figure 69 - Idea 8 during mounting
4.5.4 Design Review nr. 1

On February 14™, 2024, the Group had a meeting with the Company for design review nr. 1.
The agenda was:

- Progress

- Present different ideas from Ideation progress

- Weighted Decision Matrix

- Presentations of preliminary designs (Idea 5, Idea 7 and Idea 8)
- Discussions about preliminary design

- Way forward

The objective of the meeting was to present the different concepts to identify if there were any
errors/no-go with the solutions. The most important questions asked to the Company was:

- Agreed using connector bracket and flying handle, shown in Figure 2 - MV-Head, as
fixing point for equal force distribution over MV-Head. Yes, the Company agreed.

- Agreed that the connector bracket and flying handle are the best items to apply force
to? Yes, the Company agreed.

- Agreed to use hydraulic (or similar) to do the disconnecting operation. This will free
one manipulator arm to hold and store the MV-Head when it’s disconnected. Yes, the
Company agreed, in addition, the SSRT must be able to hold itself on the interface
plate or MV-Head after the disconnecting of MV-Head, otherwise it will fall to the
seabed. The Group will investigate options to solve this in the detailed design phase.

- The Group needs measurements on available space above, and on the sides of the slot
plate, see Figure 70.
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Figure 70 - Slot plate

The company will send measurements but emphasizes that there may be different
spaces on various modules. The most used modules should be sent measurements
forward.

- Comments on design? Company agreed on the criteria and weighting in the Weighted
Decision Matrix, Table 7. By the preliminary designs, Idea 5 was the preferred design
at this stage, followed by Idea 7. Company agreed that the use of magnets like Idea 8
has unknown factors. The Group will continue with detailed design on Idea 5 and 7
and use previous ideas for solving upcoming challenges. It is also preferable to have
as few moving parts as possible.

The Group is asked to check if it’s possible to develop the ideas without the use of
cylinder for the opening/closing function, Figure 71. This will be investigated in the
detailed design.
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Figure 71 - Open/close cylinder

It is agreed that the solution development stage is finished, and the Group will move on to
engineering.
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5. Engineering

Engineering plays an important role in a product development to ensure that the product
withstands the requirements. This chapter will demonstrate this process.
5.1 Simple Testing of Designs

Ahead of Design Review nr.2, Idea 5 was modified into three different designs. These designs
use the same contact points on the MV-head and the same force. Simplified stress analyzes
and hand calculations will be performed to see what stress occur to the MV-head and the
SSRT. This is to evaluate if we can proceed with the current designs.

5.1.1 ldea5 - Plate with Cylinders

The original idea with open/close function is shown in Figure 72.

Figure 72 - Idea 5 with open/close function

5.1.2 ldea 5 — Without open/close Function

One of the agreements with the Company was to check the possibilities to make a tool
without an open/close function. The Group have redesigned Idea 5 that will be placed directly
without having any movable parts.

Before making a detailed design, a simplified Finite Element Method (FEM) analysis is
carried out in Ansys to determine the thickness of the brackets due to the limited space. A
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force of 5000 N per cylinder and a thickness of 20 mm is assumed. The contact interfaces will
be on the flying handle and on the connector bracket, showed in Figure 73.

Figure 73 - Contact points on the MV-head

In Ansys Design Modeler, the contact interfaces and the cylinder bolts faces are split. It is
also simplified with symmetry and standard structural steel, as seen in Figure 74.

000 100,00 200,00 (mm)

Figure 74 - Geometry in Design Modeler

For this simulation, the mesh settings are simplified, as seen in Table 8 and Figure 75.
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Table 8 - Mesh size for bracket

Element size 4mm
Element order Quadratic
Nodes 51298
Elements 23406

'i/x
0,00 100,00 200,00 (mm)
I

|
50,00 150,00

Figure 75 - Simplified mesh settings

Figure 76 shows the boundary conditions. Stress and deformation are shown in Figure 77.

A: 20mm

Static Structural
Time: 1,5
08.04.2024 12:15

A Standard Earth Gravity: 9806,6 mm/s’
Bl Force: 10000 N
C Displacement

0,00 150,00 300,00 (mm)

75,00 225,00

Figure 76 - Boundary conditions for 20 mm thickness
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A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s
12.03.2024 19:00

. 448,19 Max
398,39
S 34859
2988
249

Q 199,2

1494

99,604
I 49,806
0,0078902 Min

0,00 150,00 300,00 (mm)

I
75,00 225,00

A: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time:1s

12.03.2024 18:58

. 0,36613 Max

0,32545
0,28477
0,24409

- 020341

8= 016273
0,12204

0,081363
I 0,040681

b=,

0,00 100,00 200,00 (mm)
I

50,00 150,00

Figure 77 - Stress and deformation results on modified idea 5 with 20 mm thickness

The stress is high, and this is a singularity fault. The bracket is modified to 30 mm thickness,
and a stiffer is mounted to see the difference. This is the maximum thickness the bracket can
have due to the limited space between MV-head and the slot plate. The new stress and
deformation results are shown in Figure 78.
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B: 30mm + stiffer
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s
20.03.2024 08:15

288,73 Max

. 256,65
224,57
192,49

g 16041

—‘! 128,33
96,246

64,165
l 32,084
0,002142 Min

60,417
Node 8924

162,53
Node 40116

Max

0,00 150,00 300,00 (mm)
I

75,00 225,00

B: 30mm + stiffer
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1s

12.03.2024 19:56

. 0,065789 Max

0,058479
0,051169
0,04386

mm 003655

= 0,02924
0,02193
0,01462

I 0,0073099

0 Min

W

0,00 150,00 300,00 (mm)
I I
75,00 225,00

Figure 78 - Results of modified idea 5 with stiffer and 30 mm thickness

The figure shows an approved test on the brackets. The highest actual stress found are 163
MPa. These results shows that the bracket can handle the forces it will face with a load on
5000 N on each cylinder. There are metal alloys which will handle the stress and the design
can also be optimized further.

Another modified design of Idea 5 is made. This design has an extra contact point to the MV-
head, as well as more guiding for the tool. See Figure 79.
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Figure 79 - Modified idea 5 with guiding

The Group ran a simplified simulation on this design as well, with the same inputs as the
previous simulation, shown in Figure 80.

C: detal

Static Structural
Time: 1,5
20.03.2024 08:23

A Standard Earth Gravity: 9806,6 mm/s”
B Displacement
& Force: 10000 N
D Displacement 2
E Displacement 3

0,00 100,00 200,00 (mm)
L I

50,00 150,00

Figure 80 - Inputs on modified idea 5 with guiding

The results are very similar, see Figure 81.
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C: detal
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s
20.03.2024 08:24

496,6 Max
. 441,42
386,24
331,07
mm 27589
== 22071
165,54

110,36
l 55,181
0,0037532 Min

0,00 100,00 200,00 (mm)
I

50,00 150,00

C: detal

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1s
20.03.2024 08:23

0,24909 Max

. 022141
0,19373
0,16606

g 013838

== 01107
0,083029
0,055353

l 0,027676

0 Min

0,00 100,00 200,00 (mm)
I

50,00 150,00

Figure 81 - Results of modified Idea 5 with guiding

The Group is confident that the bracket on these designs is strong enough to move forward to
detailed design. For the final, detailed design there will be a better meshing and a more
realistic load.

5.1.3 ldea 5 - Doorlatch

Another idea that came up after the first design review was to use a mechanism similar to a
door latch. This tool can be guided into position and lock itself automatically. The flat side of
the door latch, pointing inwards in Figure 82, will be the contact point for extracting the MV-
head. This is to satisfy the wish of the Company to have a tool without an open/close
function.
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Figure 82 - Door latch mechanism [39]

The design is shown in Figure 83. The red boxes mark the contact points, or the “door
latches”. These components require a FEM analyze to make sure they can handle the stress.

TOP PIN
—iE==

BOTTOM PIN
C— .

Figure 83 - SSRT doorlatch design

The force is defined at 5000 N, and acts normal to the contact surface. Boundary conditions
are defined as fixed supports. See Figure 84.
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B: Bottom pin
Static Structural
Time: 1,5
19.03.2024 08:53

[l Force: 5000, N
[BJ Fixed Support "

Figure 84 - Static Structural

The bottom pin stress is 68 MPa and the total deformation is negligible, seen in Figure 85.

B: Bottom pin
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15
19.03.2024 02:05
68,32 Max
60,720

] 53130

(——
e

[ ———
o 7 e et it 5

B: Bottom pin
Total Deformation
Type: Total Deformation
Unit: mm

Time: 15

19,03.2024 02:09

0,0032576 Max

0,0028956

0,0025337

| 0,0021717

00018098
0,0014478

= 0,0010859
0,00072391

0,00036196

0Min

Figure 85 — Results on bottom pin from Ansys
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The top pin has the same inputs as the bottom pin and the results are shown in Figure 86. This
pin has a larger contact surface, and therefore the stress is much lower, 17 MPa. The
deformation is negligible.

A: Top pin

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

19.03.2024 09:15

16,718 Max
14,862

13,005

11,148

9,201

74343

5,5775

3,7207

1,8639
0,0070979 Min

A: Top pin

Total Deformation
Type: Total Deformation
Unit: mm

Time: 15

19.03.2024 09:16

0,00079037 Max
0,00070255
0,00061473

| 0.00052691

| 0,0004391
0,00035128
0,00026346
0,00017564
§,7810e-5
0 Min

Figure 86 - Top pin Total Deformation

5.1.4 Design Review nr. 2

On March 22", 2024, the Group had a second design review meeting with the Company. The
agenda for this meeting was to

- Present three modifications from Idea 5

- Select one of these designs

- Discuss the datasheet regarding the de-mating force
- Way forward

Two main criteria from the first design review meeting were considered for the new designs:

- The SSRT should hold itself in place after disconnecting the MV-head.
- There should be as few moving parts as possible.

The presented designs are shown in Figure 87.
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Figure 87 - Designs presented in Design Review nr.2

Comments from the meeting:

- The Company believed all three ideas would work.

- #1 and #3 stood out, but a realization of #3 could be difficult as the spring-loaded
latches will need a secondary open function if the tool gets stuck.

- Participants agreed on #1.

- Discussion of datasheet regarding hydraulic pressure for each cylinder. Figure 88
shows the maximum force on the D-handle. The Company decided that the SSRT
shall withstand the maximum forces applied by the cylinders. The datasheet should
not be any limitation.

INTERFACES:

NO.MARKING T0 DESCRIPTION
D-HANDLE:

TURN 180° (W TO ENGAGE
LOCKING MECHANISM.

NOMINAL: 30Nm (22.1ft-1b) (CW)
MAXIMUM: 220Nm (162ft-Lh) (CW)

CONMECTED POSITION—,
\\

THEN PUSH TO CONNECT:
NOMINAL: 1000N (224 .8Lbs)
(X DIRECTION)
MAXIMUM FORCE: 2200N (49&lbs)
m - ROV (X DIRECTION)

TURN 180° CCW TO DISENGAGE
LOCKING MECHANISM

NOMINAL: 30Nm (22.1ft-lb) (CCW)
MAXIMUM: 220Nm (162ft-lb) (CCW)

THEN PULL TO DISCONNECT:
NOMINAL DE-MATING

AXIAL FORCE: 1000N (224 .8Lbs)
MAXIMUM FORCE: 2200N (49&lbs)

Figure 88 - Datasheet showing nominal de-mating force [3]

- The Group will create a proof of concept to validate the 3D drawings given from the
Company.
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5.2 Proof of Concept

To ensure that the tool will fit the MV-head, a 1:1 scaled wooden SSRT is made. The plan is
to try this tool on-site at Horsgy at the Company's test facilities when an MV-head is
available. This proof of concept is from ldea 5, but without the open/close function at the top,
and this is shown in Figure 89.

Figure 89 - Idea 5 without open/close function in wood

In addition to the wooden proof of concept, there is also made one in steel. The parts will be
cut out with a CNC plasma cutter and welded together. Due to limitations in the material
stock at the HVL lab, the steel model will be 10 mm thick, and the material will be structural
steel. There will not be actual cylinders on this model, as the delivery time is too long.
However, 3D printed cylinders will be added for illustrating what the tool will look like. The
proof of concept is shown in Figure 90.
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Figure 90 - Proof of concept

Due to a small selection of available materials, the sliding function had to be improvised. The
sliding function and ROV plate is seen in Figure 91.

Figure 91 - Sliding function

The complete tool with pushing cylinders in both open and closed position is shown in Figure
92. The cylinders are from another project that will be explained in chapter 7.
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Figure 92 - Proof of concept in open and closed position

5.3 Components Design

This chapter will explain the different elements of the final design and give a reason for the
tool's appearance.

The bracket's shape allows contact points with both the connector bracket and the MV-head.
These points are offset from each other, which is the reason why the bracket has an “S-
shape”. Figure 93 shows how the shape was sketched in Idea 28 in Figure 44, and how it has
evolved. The bracket is also fitted with welded stiffeners. The contact points are marked in
red.

Figure 93 — Bracket profile
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The bracket uses the geometry of the MV-head to be as area-efficient as possible. The
cylinders are placed towards the middle to minimize the width of the tool. Due to the moment
of inertia, the thickness of the cylinder brackets is the deciding factor. The width of the tool
can therefore be reduced to minimize space.

Figure 94 - Bracket shape and cylinder placement
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The rods on each cylinder are fitted with threaded aluminum bushers, shown in Figure 95.
Aluminum has a lower hardness than the S355 steel on the slot plate and therefore avoids
damage to this plate during operation [40].

Figure 95 - Aluminum bushing

Due to the electrochemical potential in the aluminum bushings, the tool is fitted with cathodic
protection in the form of zinc anodes [41]. These are shown in Figure 96.
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Figure 96 - Zinc anodes

The open/close cylinder is fitted with white nylon bushings between the cylinder head and the
cylinder bracket. These bushings can easily be replaced if they are subject to excessive wear.
See Figure 97.

Figure 97 — Bushings

The tool comes with a guiding/locking profile on both sides, as shown in Figure 98. This
functions as a guide, helping to position the tool using the flying handle on the MV-head, and
locks it securely in place. When the MV-head is de-mated, the SSRT will remain locked until
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the MV-head is safely parked subsea. The ROV pilot will then grab the SSRT and open the
cylinder for removal of the SSRT.

Figure 98 - Guiding and locking profile

The four @25/16 push-cylinders use M6 fasteners, and the open/close @25/16 cylinder uses
size M10, shown in Figure 99. The measurements are given by the proposed supplier.

Figure 99 - Cylinder fasteners

The slide function shown in Figure 100, uses a square tube with AISI 316 bushings. The
square shape of the slider avoids any twisting that could occur if it were circular. The fastener
on each side locks the slider (red arrow), and the only sliding movement happens in the
middle part (blue arrow).
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Figure 100 - Slide function

The flying handle is made from 19x19 mm square bars, according to API 17H [42]. See
Figure 101.

«JOI

The tool is fitted with tubes, hoses, and fittings. The tubing is according to the hydraulic
schematic in Figure 104. The final design of the tool is shown in Figure 102. The figure
shows the Group's proposal of the design for the hydraulics. The recommendation is to do the
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pipework at site when the SSRT is produced, instead of prefabricating. The hoses going out of
the picture will go to the ROV. The reason for the hoses inside the SSRT is that the line must
be flexible when operating the open/close function.

Figure 102 - Final design with tubes, hoses, and fittings

5.4 Material Selection

The material selection is affected by the safety factor given from the Company. This is
displayed in Table 9.

Table 9 - Safety Factors from the Company

Description Safety factor
Forces 1.30
Material 1.15

Forces from cylinders will have a safety factor of 1.30. All materials will have a safety factor
of 1.15.

Super Duplex

Due to the corrosive environment on the seabed, the MV-head is made from super duplex.
The material properties of the super duplex used on the MV-head are shown in Table 10,
given by the Company.
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Table 10 - Super duplex material properties given by the Company

Material Density 7800 kg /m3
Young’s Modulus 200 GPa
Poission’s ratio 0.3

Tensile Strength 800 MPa
Yield Strength 550 MPa
Brinell Hardness 270
S355J2

The slot plate where the MV-head is placed is made of 355J2 according to the Company. The
material properties of the S355J2 used on the slot plate is shown in Table 11.

Table 11 - S355J2 material properties [43]

Material Density 7800 kg /m3
Young’s Modulus 210 GPa
Poission’s ratio 0.3

Tensile Strength 630 MPa
Yield Strength 355 MPa
Brinell Hardness 190

AISI 316

Since this tool will not stay on the seabed for a long time, and therefore not be as exposed to
the corrosive environment as the MV-head, super duplex is not necessary to prevent
corrosion. The SSRT will be made of AISI 316 because of its availability and properties. It is
typically used in an industry with harsh environments, as it has great corrosion resistance and
a high tensile strength in various temperatures [44]. The material properties of AISI 316 are
shown in Table 12.
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Table 12 - AISI 316 material properties [44]

Material Density 8000 kg /m3
Young’s Modulus 193 GPa
Poission’s ratio 0.29
Tensile Strength 580 MPa
Yield Strength 290 MPa
Brinell Hardness 219

Aluminum

The slot plate is made of S355J2 steel, and to protect the plate an aluminum busher is
mounted on the pushing cylinders. The aluminum has lower Brinell hardness, and therefore
the slot plate will not get any damage. If the aluminum bushers are damaged, they can easily
be replaced with a minimum cost compared to replacing the slot plate or the cylinders.

Table 13 — Aluminum material properties [40]

Material Density 2780 kg /m3
Young’s Modulus 72 GPa
Poission’s ratio 0,34
Tensile Strength 345 MPa
Yield Strength 205 MPa
Brinell Hardness 93

5.5 Welds

The SSRT will have several welds. When the material is welded, some standards say that the
yield strength of the parent material is weakened. The Eurocode 3: Design of steel structures,
part 4.5 Stresses on the throat section of a fillet weld for the correlation factor g,,, will be
followed. The SSRT will have both fillet welds and partial penetration butt welds. Partial
penetration butt welds have the same properties as the fillet welds, so Equation (16) will be

valid for both welds.
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The different stresses on the weld are shown in Figure 103.
o, - is the normal stress perpendicular to the throat

oy - is the normal stress parallel to the axis of the weld

T, - Is the shear stress perpendicular to the axis of the weld

T - Is the shear stress parallel to the axis of the weld

o
]
g,

Y
N

Figure 103 - Normal stress and shear stress, both perpendicular and parallel [45]

Both requirements must be satisfied for the design resistance of the fillet weld to be sufficient:

[0, + 3> +12)1°° < fu/Buvm)]  and 01 < 0,9f/Yuz (16)
where:
fu. 1s the nominal ultimate tensile strength of the weaker part joined, 290 MPa.
B, 1s the appropriate correlation factor, which in this case is 0,92 [46].

Yum2 1S the partial safety factor for joints, including resistance of bolts, rivets, pins, welds, and
plates in bearings and the recommended value is 1,25.

[0,° + 3(t.2 + 1,2)]%° is the von Mises stress, and o, is the normal stress to the throat of
the weld [45].

The von Mises stress must be lower than £, /(Bw¥Ym2) :

290 MPa

von Mises < ——— = 252 MPa
0,92-1,25

The normal stress perpendicular to the throat must be lower than 0,9f, /v :

290 MPa

Normal stress < 0,9 - = 208,8 MPa
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5.6 Hydraulic

The SSRT will have five cylinders that are hydraulically supplied by the ROV. A proposal
will be provided for how these cylinders should be operated and a hydraulic schematic will be
made.

5.6.1 Hydraulic Schematic

The hydraulic schematic, seen in Figure 104, covers the lines from the ROV valve pack to the
SSRT. The suppliers and setup of ROV hydraulics are many, and therefore this is a proposal
on how to connect the tool to the ROV.

1- @35 4P, 690 bar hot stab and receptacle placed in ROV skid drawer
2- Push cylinders on SSRT
3- Open/close cylinder on SSRT

The "ROV" stapled line is the bulkhead between the ROV and the SSRT, where the
receptacle (1) is mounted in the skid drawer, seen in Figure 8. A receptacle and hot stab are a
quick connector for hydraulics, which allows the ROV to disconnect from the SSRT using the
manipulator. Due to this, the SSRT can be deployed in a subsea basket to save storage space
on the ROV. The Group’s proposal is to use a @35, 4-port Blue Logic system, seen in Figure
105. They have max pressure 690 bar and gives a typical pressure drop 10 bar @ 20 I/min
[47].

The receptacle is connected to two low-flow proportional valves (1A/B and 2A/B) with
pressure adjustment valves internally in the ROV valve pack. Valve 1 operates the push
cylinder, while valve 2 operates the open/close cylinder. The ROV pilot operates the valves
and adjusts the pressure.

The push cylinders are extracted when Valve 1A is operated and retracted when Valve 1B is
operated. The open/close cylinder opens when valve 2A is operated and closes by 2B. The
maximum pressure for the open/close cylinder is set to 150 bar (see 5.8.6 for calculations).

Due to the low flow requirement and space, the Group suggests using %’ hoses and tubes.
The Company must use fittings, hoses, and tubes rated for SSRT design pressure, which is
207 Bar, in addition to the surrounding pressure given by equation (4) and (5). It is
recommended that SSRT is tested according to ISO 13628-6-2006 for hydrostatic leak tests.
The hoses will be the connection between the ROV and SSRT, while the tubes are mounted
between the push cylinders on the SSRT.

The Company must be sure that the ROV use compatible oil to the hydraulic components on
the SSRT.
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2.1 22 2.3 2.4
1/4" Tube 1/4" Tube
1/4" Tube 1/4" Tube
1/4" Tube 1/4" Tube
1/4" Tube - 1/4" Tube

1/4" Hose

1/4" Hose I::: 3

114" Hose

EEEURATATLTAT U

1/4" Hose
1/4" Hose

Figure 104 - Proposal for SSRT and ROV hydraulic schematic
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Figure 105 - @35 hot stabs and receptacle. 4-port to the right [47]
5.6.2 Forces from Hydraulic Cylinders

Maximum pressure supply from ROV to cylinders is 207 bar [8]. The cylinders have a piston
diameter at 25 mm.

Theoretical force from one cylinder will be (mechanical losses are not accounted for):

(25mm)?-m (15)
F = 20,7 MPa - T = 10156 N

Force from four cylinders will be:
Fior =4-10156 N = 40624 N

Force on each cylinder with safety factor 1,3:

Fgr = 10156 N - 1,3 = 13200 N (16)

5.7 Calculations by Hand
To ensure that the MV-head can handle the force that it is exposed to, both hand calculations
and simulations are done. In this chapter, the calculations done by hand are presented.

5.7.1 Boundary Conditions and Forces

To find forces acting on the MV-head, theory from static calculations will be used. In Figure
106, the calculations are shown. The forces from the cylinder are called F1 and F2 and are
13200 N, shown in equation (15). Both the moment diagram and shear force diagram are
shown.
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Figure 106 - Hand calculations for force distribution

From the calculations, we see that the force acting on the flying handle and the bracket on the
connector is respectively 10567 N and 15833 N.

5.7.2 Flying Handle Weld

The flying handle is welded to the MV-head, and since the tool will use the flying handle as a
counterforce, the weld will be checked. The Company has already said that the SSRT should
be designed after the maximum forces given by the push cylinder. If these results shows that
the flying handle will yield, the force from the push cylinders will still be designing factor for
the SSRT.

Load, F = 10567 N
Weld, a = 5mm
Yield strength material, o4;; < 550 MPa

Moment acting on the weld:

:)ZFx=0=>Rx=O
T+YFE =0=>R,=F =10560 N
1 +¥M,=0=>M—R,-20mm=0=>M = 10560 N - 20 mm = 211200 Nmm
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Material

Moment of inertia of rectangular geometry, ,:

_ 85 mm-(15mm)?3

I, = 2T = 23906 mmt

Normal stress, gy,:

o __ 211200 Nmm 85 mm
b ™ 33906 mm*

= 375 MPa < 550 MPa

Weld

Moment of inertia for fillet weld, I,

I, =%((85mm+2.5mm)(15mm+2-5mm)3—85mm-(15mm)3)

I, = 99792 mm*

Weld in A
Normal stress in outer weld, gy, ,:

0y, = ZL200Nmm (§ mm +5 mm) =100,5 MPa
99792 mm 2

Combined stress, gjr4:
Ojfa =2+ 0ps = 142MPa

Weld in B

Normal stress, oy,

__ 211200 Nmm 15 mm

b ™ 99792 mm* 2 15,9 MPa
Shear stress, j:
10560 N
T, =—— =70,4 MPa
2:5mm-15mm

Combined stress, gj¢p:

Oifp = /2 0pp? + 37,2 =+/2+15,92 + 370,42 MPa = 124 MPa

Compared results:
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As shown in the calculations, the biggest shear stresses will occur in weld A and will be 142

MPa. This calculation supports the Company’s wish to design the after maximum force given
by the cylinders.

5.8 Ansys

In this chapter, the FEM analyzes from Ansys will be presented.

5.8.1 Flying Handle

As mentioned in Chapter 5.7, one of the counterforces is the flying handle. It is therefore
important to check if the handle can withstand the forces. As shown in Figure 107, the force
shown in red, will be continuous on the flying handle. The weld makes the part fixed in all six

degrees of freedom, but to prevent singularity fault, displacement is used instead of fixed
support.

A: Flyinhandle A: Flyinhandle
Force Static Structural
Time: 1, s Time: 1, s
12.04.2024 10:59 12.04.2024 10:59

B Force: -21120 N

|A| Displacemen it
Components: 0,,0,,21120

[B] Displacemen t2
|€ | Displacemen it 3

Figure 107 - Force and support on flying handle

Mesh settings for flying handle is shown in Table 14 and Figure 108.

Table 14 - Mesh settings for flying handle

Element size 2mm
Element order Quadratic
Nodes 65692
Elements 36270
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Figure 108 - Mesh on flying handle

The stresses are shown in Figure 109, and as shown the max stress on the flying handle is
470MPa.

A: Flyinhandle

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

12.04.2024 11:00

470,24 Max
H 417,99
365,74
3135
261,25
209
156,75
104,5
52,252
0,0030513 Min

Figure 109 - Stress on flying handle

As shown in Figure 110, the realistic max stress is around 257 MPa, which is good because
the yield stress of the material is 550 MPa.
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A: Flyinhandle

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

12.04.2024 11:02

470,24 Max
H 417,99
365,74

. 3135
261,25

209

rJ 156,75
. 104,5
52,252
0,0030513 Min

Figure 110 - Stress results on flying handle

5.8.2 Connector Bracket

The second counterforce on the MV-head is the bracket that the cable is fastened in. The
forces will be on the two small surfaces shown as B and C in Figure 111. The blue section A
is where the bracket is fastened in the MV-head, as fixed support.

B: Bracket
Static Structural
Time: 1, s
12.04.2024 12:25

. Fixed Support
B Force: 15833 N
B Force 2:15833N

Figure 111 - Force and displacement on connector bracket

Mesh settings on the bracket are shown in Table 15 and Figure 112.

Table 15 - Mesh settings for connector bracket

Element size 5mm
Element order Quadratic
Nodes 88758
Elements 51167
Body sizing 3 mm
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Face Sizing
12.04.2024 12:29

. Face Sizing

Figure 112 - Mesh on connector bracket

The stress results from the analysis are shown in Figure 113. The max stress is 15 MPa, which
is low compared with the yield strength of the material, which is 550 MPa.

B: Bracket
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s
12.04.2024 12:26

49,908 Max
44,363

38,817

33272
{ Automatit
22,181

16,636

11,091

5,5454
8,0657e-13 Min

Figure 113 - Stress on connector bracket
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5.8.3 Cylinder Bracket

To find the thickness of the cylinder bracket seen in Figure 114, an optimization in Ansys will
be performed.

Figure 114 - Cylinder bracket

In Ansys Design Modeler, the cylinder bracket is split to several bodies for boundary
conditions and to remove typical points where singularity faults can appear. The contact face
between the MV-head bracket and cylinder bracket is built up 7 mm with 5 mm fillet to limit

the singularity fault. See Figure 115 from Ansys.

Z
0% 5000 100,00 (rm) "&
[

25,00 75,00

Figure 115 - Cylinder bracket in design modeler
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The mesh settings are shown in

Table 16 and Figure 116.
Table 16 - Mesh settings cylinder bracket

Element size 1,2 mm
Element order Quadratic
Nodes 308897
Elements 174893

000 45,00 90,00 (mm}
i

I
22,50 67.50

Figure 116 - Meshing on cylinder bracket

The boundary conditions and forces are displayed in Table 17 and Figure 117. Gravity is set
t0 9,81 m/s? due to topside testing. The gravity will be different subsea due to buoyancy.

Table 17 - Boundary conditions on cylinder bracket

Displacement, C Y - constant
Displacement, E Z,Y - constant
Displacement, F X - constant
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E: Cyinder bracket - Optimization - 7mm build up w/fillet - 316steel
Static Structural

Time: 1, s

12.04.2024 08:40

A Force: 13203 N
Bl Force 2:13203 N
?| Displacement

D| Standard Earth Gravity: 9806,6 mm/s®
_E| Displacement 2
?I Displacement 3

0,00 50,00

|
25,00 75,00

100,00 (mm)

Figure 117 - Boundary conditions and forces on cylinder bracket

The parameters to be found in Table 18 and Figure 118.

Table 18 - Parameters for cylinder bracket

ID | Parameter Type Parameter Name

P3 Input Thickness of bracket P336@ds

P1 Output Safety factor Safety Factor Minimum
P2 Output Maximunswiztéﬁ?;rﬁ); ?aoudligs without Equivalent Stress 3 Maximum
P4 Output Deformation Total Deformation Maximum
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2:Engineering Data X E)p_<.| Parameter Set X E F2,G2:Design of Experiments X 0 G4:0Optimization X
i x
A B = D

1 ID Parameter Name Value Unit
2 E  Input Parameters
3 = @ Cyinder bracket - Optimization - 7mm build up w/filet - 31astesl (E1)
4 b P2 P336@Eds 10
3 f}p MNew input parameter
[ [E  Output Parameters
7 = @ Cyinder bracket - Optimization - 7mm build up w/fillet - 316steel (E1)
8 pd P1 Safety Factor Minimum 0,68658
q p:] P2 Equivalent Stress 3 Maximum | 422,14 MPa
10 pd P4 Total Deformation Maximum 1,1573 mrm
3 |:»_J Mew output parameter
12 Charts

Figure 118 - Parameters for cylinder bracket

From Table 9, Table 12 and equation (14) we get the maximum stress allowed, with a safety
factor of 1,15:

Oallowed = 115

290 MPa — 252 MPa

(14)

A simulation is done first with parameter P3 = 10mm. The material used is AISI 316 steel, see

Table 12 for material properties. Total deformation is 1,2 mm, as seen in Figure 119.

E: Cyinder bracket - Optimization - 7mm build up w/fillet - 316steel

Total

Deformation

Type: Total Deformation

Unit:

mm

Time: 1s
12.04.2024 09:23

Singularity faults are shown in Figure 120 and Figure 121. These faults are removed and

1,1573 Max
1,0288
0,90016
077156
0,64297
0,51438
0,38578
025713

0.00 45,00
I
22,50 67,50

90,00 (mm)

Figure 119 - Cylinder bracket total deformation with 10 mm plate

-]

Figure 122 shows the results. This result display will be used for the rest of the optimization.
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E: Cyinder bracket - Optimization - 7mm build up w/fillet - 316steel
Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1s

12.04.2024 09:26

2535,3 Max
22537

1972

1690,3
1408,7

1127

845,32
563,65
281,98
0,31754 Min

0,00 50,00 100,00 (mm)
I |
25,00 75,00

Figure 120 - Singularity fault on cylinder bracket with fillet and build up

E: Cylinder bracket - Optimization - 7mm build up w/fillet - 316steel
Equivalent Stress 2

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1s

12.04.2024 09:30

550,68 Max
489,53
428,37
367,22
306,07
244,92
183,77
122,62
61,468
0,31754 Min

0,00 50,00 100,00 (mm)
I

25,00 75.00

Figure 121 - Singularity fault on cylinder bracket with removed fillet and build up
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E: Cylinder bracket - Optimization - 7mm build up w/fillet - 316steel

Equivalent Stress 3

Type: Equivalent (von-Mises) Stress

Unit: MPa
Time: 1s
12.04.2024 09:36

422,14 Max
37527
3284
281,53
234,66

B 18779

‘ 140,92
94,056
47,187
0,31754 Min

0,00

50,00

100,00 (mm)

25,00

75,00

Figure 122 - Stress results without singularity faults on cylinder bracket

The maximum stress is 422 MPa, which is greater than o,;;0weq- 10 mm is therefore not
sufficient, and an optimization is required.

In Ansys Parameter Set, some Design Points on P3 (bracket thickness) are tested, see Figure

123.

Table of Design Points

E C D E F G H
P2-
e P1-Safety e S P4 -Total ) :
1 MName Factor v ¥ | Deformation ~ Retain Retained Data Note ~
P336... Mini Sitress 3 Maxi
Maximum Himum
2z Units MPa T
3 DP O (Current) | 10 0,68698 422,14 1,1573 v
4 DP1 15 1,2975 223,51 0,45207 '
5 DP 2 20 1,508 192,24 0,25389 s
5 DP 3 25 2,1239 136,54 0,1739 v
7 DP 4 30 2,5028 115,87 0,1255 e
3 [l

Figure 123 - Design points on thickness of cylinder bracket

Figure 123 shows that 15 mm width on the cylinder bracket is nearest the safety factor of 1,15
with a maximum stress on 224 MPa. Still, a new simulation is performed with Design of

Experiments with lower- and upper boundaries on P3, seen in Figure 124:

- Lower bound: 12 mm

- Upper bound: 18 mm

- Any allowed values
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\_1 E ﬂ E‘. EH Project g E2:Engineering Data

x ' [B] Parameter

set X /[E  F2,62:Design of Bxperiments

x [ﬂ F3,G3:Response Surface

x @ G4:0ptimization X

# Update | Preview /| Clear Generated Data '_f‘ Refresh Approve Generated Data
Outline of Schematic F2: Design of Experiments L P Al Tzble of Outline AS: Design Paints of Design of Experiments
B A B C D E

1 Enabled P3- P1-5afety P2 -Equivalent P4-Total
2 [E + Design of Experiments 1 I P336@ds m b’ S"E‘Egp'sm b Eﬁmmm)
3 E InDEt_ Parameters 2 1 |DP1|f 15 1,2975 223,51 0,45207

4 =] E Cyinder bracket - Optimization - 7mm build up w/fillet - 316steel (E1) z & = L0304 21,48 P

3 ['p M zriosen 4 3 18 1,4925 194,31 0,31477

& = Dmff]t Parameters 5 4 13,5 1,2831 226,01 0,556685

7 =] E Cyinder bracket - Optimization - Zmm build up w/fillet - 318steel (E1) : 5 16,5 Late2 204,77 0,5724

] pd P1-5afety Factor Minimum

9 pd P2 -Equivalent Stress 3 Maximum

10 pd P4 -Total Deformation Maximum

11 = Charts

12 \/W Parameters Parallel

13 \/ﬂ Design Points vs Parameter

FProperties of Outline AS: P3 - P336@ds > ax
A B
1 Property Value
2 =
3 Units
4 Type Design Variable
5 Classification Continuous hd
5 =
7 Lower Bound 12
8 Upper Bound 18
] Allowed Values § Any &2

Chart: No data

Figure 124 - Design of Experiments off P3 on cylinder bracket

Figure 125 shows the results from the Design of Experiments with P1- Safety factor on Y-
axis and P3 - Bracket thickness on X-axis.

Design Points vs Parameter \nsys

15

-
145
14

=

115
11
1.05

12 125 13 135 14 145 15 155 16 165 17 175 18

P3 - P336@ds

Figure 125 - Results of Design of Experiments

The results show that a width between 13 mm and 15 mm is above the safety factor of 1,15.
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Min/max on outputs are shown in Figure 126. 12 mm width is too small and 18mm gives a
safety factor ~1,5 which is greater than 1,15.

{1 |25 | @ |B| /[F eroject ' @ EzEngineeringData X ' Epd Parameterset X [ F2G2:DesignofBperiments X /[l F3,G3:ResponseSuface X '\ (@ G4:Optimization X

A B A B C D E
i Enabled P1-Safety P2 - Equivalent P4 -Total
2 |E  Response Surface B N P3-P336Eds ::::'m Shessmap'\;m = Mzemm) =
3 Bl InputParameters > [Tem
4 = ﬁ Cyinder bracket - Optimization - 7mm build up w/fillet - 316steel (E1) 3 P1 - Safety Factor Minimum 12 1,0487 279,08 0,74107
5 G P3-P3%6@ds 4 P2 - Equivalent Stress 3 Maximum | 18 1,4752 198,98 0,31494
6 Output Parameters 5 P4 - Total Deformation Maximum | 18 1,4752 198,98 0,31494
11 ] Min-Max Search s I
12 =l Refinement 7 P1 - Safety Factor Minimum 18 14752 198,98 0,31494
13 = Refinement Points 8 P2 - Equivalent Stress 3 Maximum | 12 1,0487 279,08 0,74107
14 = Quality 3 P4 - Total Deformation Maximum | 12 1,0487 279,08 0,74107
15 | Goodness OF Fit
16 & verification Points
17 B Response Points
18 B /[E Response Point
. U e
20 + |l Local Sensitivity
21 [P€ Local Sensitivity Curves

Figure 126 - Min/max outputs on cylinder bracket

Figure 127 shows the Response Chart for the cylinder bracket. Equivalent stress in Y-axis and
width of the bracket in X-axis.

Response Chart for P2 - Equivalent Stress 3 Maximum \nsys

280
275
270
265
260
255
250
245

240

235 P2 - Equivalent Stress 3 Maximum s

230

P2 - Equivalent Stress 3 Maximum [MPa]

225

220

215

210

205

200

195
12 125 13 135 14 145 15 155 16 16,5 17 17.5 18

P3 - P336@ds

Figure 127 - Response chart for cylinder bracket

For the optimization, the objective is to seek P1- Safety Factor = 1,15. The results are
displayed in Figure 128 and Figure 129. There is also added a custom candidate point on P3 =
15mm due to the material availability in the market.
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A B C D E F G

1 P1 - Safety Factor Minimum -
Reference MName ~ | P3-P336@ds ~ P2 -Equivalent Stress 3 Maximum (MPa) ~ | P4 -Total Deformation Maximum (mm) ~

2 Parameter Value | Variation from Reference

3 @ Candidate Point 1 12,786 -'('_‘-( 1,15 0,00 % 252,46 0,64182

4 (@] Candidate Point 2 12,787 -'('_‘-( 1,1501 0,01% 252,43 0,64171

5 ® Candidate Point 3 12,788 v L1502 0,02 % 52,4 0,54156

& @ Custom Candidate Paint = 1,347 17,18 % 212,99 0,45141

, 15
7 ®© Custom Candidate Point (verified) | DP 1 *  1,2975 12,83 % 223,51 0,45207
New Custom Candidate Point

Figure 128 - Results of optimization of cylinder bracket

Candidate Points \nsys
155 14925 28145 0.74156

125 1,0304 194,31 0.31477
P3-P336@ds P1 - Safety Factor Minimum P2 - Equivalent Stress 3 Maximum [MPa] P4 - Total Deformation Maximum [mm]

Figure 129 - Candidate points for cylinder bracket after optimization

Results Cylinder Bracket

The results after optimization for the cylinder bracket tells that a width ~ 13 mm gives a
safety factor of 1,15. However, the Group must consider the availability of AISI 316 plates,
and therefore 15 mm is the best option.

Figure 130 displays the result with 15 mm bracket and removed bodies where singularity
faults occurred. The max stress is 223 MPa.
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E: Cylinder bracket - Optimization - 7mm build up w/fillet - 316steel
Equivalent Stress 3

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s
12.04.2024 11:10

223,51 Max
1987

173,89
149,07
124,26
99,446
74,633
49,819
25,006
0,19289 Min

0,00 50,00 100,00 (mm)
| |
25,00 75.00

Figure 130 - Result of cylinder bracket after optimization

Figure 131 shows the result after optimization with all bodies. The maximum stresses are
similar to Figure 130.

E: Cylinder bracket - Optimization - 7mm build up w/fillet - 316steel
Equivalent Stress 2

Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1s

12.04.2024 11:16

323,57 Max
287,64
251,71
215,78
179,85
143,92
107,99
72,055
36,124
0,19289

0,00 50,00 100,00 (mm)
I | |
25,00 75,00

Figure 131 - Result of cylinder bracket after optimization with singularity faults

5.8.4 Gravity Check of Design
The Group performs a gravity check in Ansys on the assembly to see the stresses and

deflection appearing. Welds will also be checked, and the parts exposed for the significant
stress has A3 weld, while all other has A2 weld. Figure 132 is a picture of the welds.
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Weld: A2

Weld: A3

Weld: A3

o

Weld: A2

Figure 132 - Weld size on SSRT

The two brackets, shown in Figure 133, will have a K-slot weld filled to the surface. In
Ansys, these K-slots are split to bodies for better stress results in the welds.

Figure 133 - Chamfers on SSRT
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The split bodies are shown in Figure 134, from Design Modeler in Ansys. For simplicity, the
cylinders are removed and replaced with a force to represent their weight.

000 20000 400,00 (mem)
[ EEEEEaa—— "

100,00 300,00

Figure 134 - SSRT in Design Modeler
The material used is AISI 316. All contact surfaces are bonded, except the frictionless gliding
tube, seen in Figure 135.

Frictionless - Multiple To Multiple
16.04.2024 14:.07

. Frictionless - Multiple To Multiple (Contact Bodies) I ‘ i
. Frictionless - Multiple To Multiple (Target i?odies) = e =

L

S

Kol
[ O X
S €
I . .
i, by e : Z
P g -
0,00 - 41 5000 100,00 (mm)
| || |
25,00 75,00

Figure 135 - Frictionless contact in SSRT

The mesh settings are seen in Table 19 and Figure 136. The loaded welds has body sizing for
a more precise result.
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Table 19 - SSRT mesh settings

Element size 5mm
Element order Quadratic
Nodes 532891
Elements 315388
Element size, A2 welds 1,5 mm
Element size, A3 welds 1,5 mm

Figure 136 - SSRT mesh settings

The given loads and boundary conditions are seen in Table 20 and Figure 137. Force of 30 N
displays the open/close cylinder and the bearing load, 100N, replaces the four push cylinders.
Both including hydraulic oil and components.

Load scenario 1
Table 20 - Boundary conditions and loads for load scenario 1

Fixed Support, A N/A

Standard Earth Gravity

Force, 30 N (open/close function)

Bearing load, 100N (Push cylinders)
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E: SSRT simulation
Static Structural
Time: 1, s
16.04.2024 1416

. Fixed Support

B| Standard Earth Gravity: 9806,6 mm/s?
B Force: 30, N

. Bearing Load: 100, N

0 X
' ®
0,00 200,00 400,00 (mm)
| |

100,00 300,00

Figure 137 - Boundary conditions and loads for scenario 1

The total deformation is 0,5mm, which is negligible, seen in Figure 138.

E: SSRT simulation gravity nr. 1
Total Deformation

Type: Total Deformation

Unit: mm

Time: 15

22.04.2024 14:09

0,50675 Max

[

z

Figure 138 - Total deformation on SSRT with gravity loads scenario 1

The stress given by gravity is seen in Figure 139, Figure 140 and Figure 141. Maximum
equivalent stress is 39 MPa. For the welds, a user defined result and a new coordinate system
is made to get o, the normal stress perpendicular to the throat. o, on welds in Z direction is
~ 45 MPa.
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E: SSRT simulation

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

16.04.2024 14:37

39,149 Max
34,799
30,449
26,099
21,75
17,4
13,05
8,6998

0,00 100,00 200,00 (mm)
]

50,00 150,00

Figure 139 - Maximum equivalent stress on SSRT scenario 1

E: SSRT simulation gravity nr. 1
User Defined Result

Expression: 57

Time: 15

23042024 1358

. 41,479 Max Z

31919
= 2236
12,8

3,2405
6,3192
B 15879

-25438
I -34998
-44,558 Min

Figure 140 - o, stress in welds load scenario 1, Z direction

E: SSRT simulation gravity nr. 1
User Defined Result 2
Expression: SY

Time: 1s

23.04.2024 14:02

6,7766 Max
. 4,6169
= 24572
— 029755
18621
j -4,0218

6,1815

83411
I 10,501
-12,66 Min

Figure 141 - o, stress in load scenario 1, Y direction

Results to be discussed in Results of gravity check.
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Load scenario 2

Another load scenario will be performed. This is shown in Table 21 and Figure 142.

Table 21 - Boundary conditions and loads for load scenario 2

Fixed Support, A N/A
Standard Earth Gravity -Y
Force, 30 N (open/close function) -Y
Bearing load, 100N (Push cylinders) -Y

G: Copy of SSRT simulation gravity nr. 2
Static Structural

Time: 1,5

18.04.2024 12:46

[ Fixed Support
| B Standard Earth Gravity: 9806,6 mm/s”
. Force: 30, N

B Force 2:25,N
Bl Force3:25. N
Bl Force4: 25, N
. Force 5: 25 N

I
75,00 225,00

Figure 142 - Boundary conditions and load for scenario 2

Figure 143 shows the max deflection of 0,9 mm for load scenario 2. This is more than load
scenario 1, but still negligible.

G: Copy of SSRT simulation gravity nr. 2
Total Deformation

Type: Total Deformation

Unit: mm

Time:1s

18.04.2024 12:49

0,89912 Max
0,79922
0,69932
0,59941
049951
0,39961
0,29971
0.1998
0,099902

0 Min

0.00 150,00 300.00 (mm)
I

75,00 225,00

Figure 143 - Max deflection for SSRT in load scenario 2

The maximum equivalent stress in this load scenario is ~ 60 MPa in the A3 weld shown in
Figure 144. o, stress on welds is seen in Figure 145 and Figure 146, with the value ~ 67 MPa
in Z direction and ~ 42 MPa in Y direction.
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G: Copy of SSRT simulation gravity nr. 2
Equivalent Stress

Type: Equivalent {von-Mises) Stress

Unit: MPa

Time: 15

18.04.2024 12:52

59,208 Max
52,629
46,051
39,472
32,893
26315
19,736
13,158
65792

0,00 100,00 200,00 (mm)
I I
50,00 150,00

Figure 144 - Maximum equivalent stress on SSRT in load scenario 2

G: Copy of SSRT simulation gravity nr. 2
User Defined Result

Expression: SZ

Time: 15

23.042024 1407

. 67,401 Max
52,812
= 38223
23,634
9,0448
‘ 5,5442
B -20133

-34,722
i -49,311
-63,9 Min

Figure 145 - o, stress on welds in load scenario 2, Z direction

G: Copy of SSRT simulation gravity nr. 2
User Defined Result 2

Expression: SY

Time: 1s

23042024 1408

. 41,504 Max
35,734
= 29964

24,193

18,423

‘ 12,653

= 68826

1,1123

i -4,6579
-10,428 Min

/N

Figure 146 - o, stress on welds in load scenario 2, Y direction
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Results of gravity check

The results of the gravity check on the SSRT are shown in Table 22.

appear in A3 welds.

Table 22 - Results of gravity check on SSRT

The maximum stresses

Maximum value

(MPa)

Load scenario 1 Load scenario 2 Approval
allowed
Deflection (mm) 0,5 0,9 N/A Yes
Maximum equivalent
stress (MPa) 40 60 252 Yes
Maximum o stress 45 67 209 Yes

Load scenario 2 gives the highest stresses and is approved according to Eurocode 3: Design of

steel structures, part 4.5.

5.8.5 SSRT Simulation

A full-scale simulation of the SSRT will be performed to find possible faults, testing of welds,
and see how the design moves when force is applied.

Cylinders and the ROV plate are suppressed for simplification of geometry, as they are not

important in this simulation. To remove most of the singularity faults and get the correct

stress results, the design is split into several bodies, seen in Figure 147.

50,00

100,00 200,00 (mim)

150,00

Figure 147 - SSRT in design modeler before full-scale test

All bodies are bonded, and the material used is AISI 316. Mesh settings are seen in Table 23

and Figure 148. Due to an already fine mesh around the welds and small differences in

results, there is no body sizing used in this simulation.

Table 23 - SSRT mesh settings for full scale-test
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Element size 3mm
Element order Quadratic
Nodes 540033
Elements 219928

200,00 (mm)
]

50,00

150,00

Figure 148 - SSRT mesh for full-scale test

Boundary conditions and forces are seen in Table 24 and Figure 149.

Table 24 - Boundary conditions and loads for full-scale SSRT test

Displacement, F (contact points on MV-
head)

Y - Constant

Displacement, G

X,Z - Constant

Standard Earth Gravity

4

4x Force, 13200 N (represents 4x cylinders)

Y
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H: SSRT full scale
Static Structural
Time: 1, s
22.04.2024 09:20

A| Standard Earth Gravity: 9806,6 mmy/s?
B Force: 13200 N
& Force 2: 13200N
Bl rorce 3: 13200 N
Bl Force 4:13200N
F | Displacement
G| Displacement 2

0,00 100,00 200,00 (mm)
I

50,00 150,00

Figure 149 - SSRT full-scale boundary conditions and forces

Deformation is seen in Figure 150. The biggest deflection is ~ 0,5 mm between the cylinders,
and the contact point with MV-head bracket ~ 0,2 mm, which is negligible for both.

H: SSRT full scale
Total Deformation
Type: Total Deformation
Unit: mm

Time:1s

22.04.2024 09:29

0,5477 Max
0,48685
042599

— 036514
0,30428
0,24342
0,18257
0,12171
0,060857
9,0367e-7 Min

0,00 50,00 100,00 (mm)
[ EEa— E—

25,00 75,00

H: SSRT full scale
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1s

22.04.2024 09:37

0,5477 Max
048685
042599
036514
0,30428
0,24342
0,18257
012171
0,060857

9,0367e-7 Min 0,12458 &

.JL_
z
X

0,00 100,00 200,00 (mm)
T

50,00 150,00

Figure 150 - Deformation on SSRT in full-scale test
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Geometry where singularity faults appear, as seen in Figure 151, is removed from the result
by not displaying the “fault bodies”. Cylinder bracket has already been simulated and
optimized, see 5.8.3, and therefore not displayed.

Figure 151 - Singularity faults in SSRT full-scale results

The maximum equivalent stress is seen in Figure 152. There are still some singularity faults,
but the probes prove that the realistic maximum stress is ~ 234 MPa.

H: SSRT full scale

Equivalent Stress 7

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

22.04.2024 09:50

444,55 Max
395,16
34577
296,37
246,98
197,58
= 148,19
98,794
49,399
0,0050888 Min

The o, stress in welds is shown in Figure 153 and the highest value is ~ 186 MPa in z-
direction.

0,00 100,00 200,00 (mm)
I

50,00 150,00

Figure 152 - Maximum equivalent stress on full-scale test
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H: SSRT full scale
User Defined Result
Expression: SZ
Time: 1s
23042024 1428

119,34
— 81207
43076
o 49454
u 33,185
71316

-10945
I 147,58
-185,71 Min

Figure 153 - o, stress in welds on SSRT in full-scale test

Results of SSRT simulation

Results of the SSRT simulations are shown in Table 25.

Table 25 - Results of SSRT simulation

SSRT simulation Maximum value Approval
allowed
Deflection (mm) 0,6 N/A Yes
Maximum equivalent
stress (MPa) 234 252 Yes
Maximum o stress
(MPa) 186 209 Yes

The highest stresses are approved according to Eurocode 3: Design of steel structures, part
4.5.

5.8.6 Open/close Brackets

The open/close function, Figure 154, will be simulated in the close movement. When the
cylinder is opening, the stroke will be stopped by the piston inside the cylinder. When it’s
closing, the stroke will be stopped by the brackets, and therefore needs to be checked for
stress.

Max pressure on the open/close cylinder is set to 150 bar to protect the SSRT and the MV-
head in case the tool is mounted incorrectly. The simulation will be performed at 207 bar
(ROV max pressure) in case of wrong operation by ROV pilot.

The force given by 207 bar is:

F = 20,7 MPa - (491 mm? — 201 mm?) = 6000 N (15)
The force given by 150 bar is:

F =15 MPa- (491 mm? — 201 mm?) = 4350 N (15)

114



Subsea Secondary Release Tool

v
% X
000 50,00 100,00 ()
[ BN B

25,00 75,00

Figure 154 - Open/close function in Design modeler
The mesh is seen in Table 26 and Figure 155.
Table 26 - Open/close mesh settings

Element size 4mm
Element order Quadratic
Nodes 570985
Elements 342045
Element size, A2 welds 1,2mm
Element size, Cylinder brackets 1,5mm

) R

The boundary conditions and forces are seen in Table 27 and Figure 156. The bearing loads
represent cylinder force at 6000 N.

Figure 155 - Meshing of open/close simulation
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Table 27 - Boundary conditions and loads for open/close simulation

Fixed Support, C N/A
Bearing load A, 3000N -X
Bearing load B, 3000N X

Static Structural
Time: 1, s
24.04.2024 09.01

[B Bearing Load: 3000, N
B eeering Load 2: 3000, N
[8l Fixed Support

Figure 156 - Boundary conditions and loads for open/close simulation

Max deformation, seen in Figure 157, is ~0,3mm and negligible.

1: Open/close cylinder
Total Deformation

Type: Total Deformation
Unit:

Time
24042024 0910
0,32397 Max
028798

Maximum equivalent stress is 231 MPa and occurs in the welds. This is a singularity fault, but
still below the safety factor. Max realistic o, stress in welds is in the Y direction ~ 178 MPa.
The results are seen in Figure 158 and Figure 159.

Figure 157 - Max deformation in open/close function

Time:
24.042024 0923
231,25 Max
205,56
17986
15417
12847
102,78
77,084
5139
25,695
0,00022753 Min

Figure 158 - Maximum equivalent stress in open/close simulation
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112,83 Max
71594
20354

-10,886
52126
-93,366
13461

217,09

-258,33 Min J
Figure 159 - The 0 stress in open/close simulation, Y direction
Results open/close simulation
The results of the open/close simulation are seen in Table 28.
Table 28 - Results of open/close simulation
SSRT Maximum value Approval
simulation allowed PP
Deflection (mm) 0,6 N/A Yes
Maximum equwalen_t stress (MPa) <231 MPa 252 MPa Yes
for material
Maximum equivalent stress (MPa) 931 959 Yes
for welds
Maximum o, stress (MPa) 178 209 Yes

The highest stresses are approved according to Eurocode 3: Design of steel structures, part
4.5.

5.8.7 Verifying of FEM Simulation

To verify the Ansys simulations, the Group will do hand calculations to compare with the
results from Ansys. If the results from hand calculations are lower than the simulations, one
can conclude that FEM software brings trustworthy results.

The open/close brackets will be used to verify the results from Ansys, see Figure 160.

F

g

70

37,5

B E——

Figure 160 - Open/close brackets for hand calculation of weld
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Load, F = 1500 N

Weld, a = 2 mm

Yield strength material, 6, < 252 MPa

Von mises stress in weld, ojf < 252 MPa

Normal stress perpendicular to the throat, o, < 209 MPa
Material

Moment of inertia of rectangular geometry, I,:

_ 10 mm-(37,5 mm)3
o 12

I, = 43945 mm* (7)

Normal stress, o},:

o __ 1500 N-70mm 37,5 mm
b ™ 43945 mm*

Weld

= 44,8 MPa < 252 MPa (8)

Moment of inertia for fillet weld, I

Iy = %((10 mm + 2 - 2mm)(37,5mm + 2 - 2mm)3 — 10 mm - (37,5 mm)?) (10)

I, = 39440 mm*
Weld in A

Normal stress in outer weld, oy, :

__ 1500 N-70 mm . 37,5 mm _ 9
ObA = T35420 mm* ( 7 12 rnm) =552 MPa ©
Ojta = V2 0,4 = V2 55,2 MPa = 78 MPa (11)
Weld in B

Normal stress, oy,

- _ 1500 N-70 m4m . 37,5 mm — 49,9 MPa (8)
39440 mm
Shear stress, T,5:

Ty = ——2N __ — 10 MPa .

T 22 mm-37,5 mm

Normal stress perpendicular to the throat, o, :

o =1, = 49"75“’“ = 35,3 MPa (12)
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Combined stress, gjp:

0jr5 =+/35,32 + 33532+ 3102 = 72,7 MPa < 252 MPa (11)
Compared results:
Ojrg < Ojfa < 252 MPa

As shown in the calculations, the biggest shear stresses will occur in weld A and will be 78
MPa which is lower than the allowed stress. There is some difference in the results from
Ansys to the hand calculations, but this is because the formula is for a perfect rigid body. If
the hand calculations are approved, as it is, the welds will be no limitations for the tool.

5.9 DFMEA

The biggest variable for the SSRT is the ROV pilot. The ROV pilot must have proper training
and knowledge about the SSRT. Because of the limitations in space close to the MV-head, the
ROV pilot must act with caution to prevent damage to both the tool and the connector. If any
dents or deformation occur from impacts, the tool could get stuck, or it can be defective.

Another problem that can occur is a hydraulic failure. This failure could for example come
from damaged hoses or tubes, which will cause hydraulic pressure loss and oil spill to the sea.

A third problem can be an operational failure. Such failure could be if the pushing cylinders
fail during de-mating. In this case, the operator must remove the tool and do required
maintenance.

All the potential risks are listed and numbered in Table 29, and brought forward to the risk
assessment table, shown in Table 30. Hazards before and after measurements are taken, are
shown in Table 31 and Table 32.
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Table 29 - Risk assessment, potential hazards

mating is completed

Nr |Potensial Hazards Type of Hazard What can cause the impact
1 Damage on tool Collision with subsea Uncautious ROV-pilot
assets
5 Damage on tool Misuse Not good enougpf;lgrtammg for ROV
3 Damage on the MV Caollision with subsea Uncautious ROV-pilot
head assets
4 Damage on the MV Misuse Not good enough training for ROV
head pilot
5 Hydraulic failure Damage on hose Not good enough check before
deploying tool
6 Hydraulic failure Damage on hose Damage on hose during operation
7 Hydraulic failure Leakage Fitting not tightened correctly
8 | Operational failure Tool get stuck during de- Design fail or misuse
mating
9 | Operational faliure Tool get stuck after de- Design fail or misuse
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Unwanted Id.nr [Variant (Reason) Classification Justification Existing measures Risk |Proposals for measures Classification Risk
incident ) C R ) C R
Collision with The ROV_p.IIOt can hit obstacles with - Do not stress when operating the
1 3 2 6 the tool, wich can cause damage on Proper training 1 2 2
subsea assets tool.
the tool.
Damage on The ROV pilot can use the tool in a
tool non-proper way which can cause
2 Misuse 2 5 10 damage to the tool. For instance, Proper training Familiarity to the SSRT 1 4 4
place the tool in a not fully locked
position
. . The ROV-pilot can hit the MV-head .
3 Collision with 3 3 9 with the tool, which can cause Proper training Do not stress when operating the 1 2 2
subsea assets tool.
Damage on damage on the MV-head
the '\iv_ The ROV pilot can use the tool in a
head non-proper way which can cause
4 Misuse 1 5 5 damage to the Mv-head. For Proper training Familiarity to the SSRT 1 4 4
instance, place the tool in a not fully
locked position
There _can be damages on the from Routine control of the Two persons to inspect the tool,
5 Damage onhose | 2 3 6 previous operation or from the . . - 1 4 4
tool with checklist to verify the control
storage
Hyd.raulic There can occur damages on the hose Do not stress when operating the
failure 6 Damage on hose | 2 3 6 | during operations, if the tool hit the None P 9 1 3 3
tool.
pump module or the MV-head
The hoses han be hooked or stuck to
7 Leakage 1 4 4 | obstacle, and the coupling can be None Do not stress when operating the 1 3 3
broken or the hose can get tool.
disconected
Insert hot stab and receptacle on
Tool get stuck The t ool caq get stuck on th? MV- ROV. Recover ROV for
8 - - 1 5 5 head if there is a pressure failiure on None - . 1 3 3
during de-mating . maintanance on hydraulic
. the cylinder
Operational system
faliure
Tool get stuck The tool can get stuck to the MV- o I:izceogregéjcnegguﬁebrlfofl to
9 after de-mating is| 1 4 4 head after operation if the MV-head None p_ g 1 3 3
dismount the SSRT from the
completed or the tool has deformed MV-head
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Table 31- Risk before measure

Before
measure

C1:

Safe

C2:

Some risk

C3: C4. C5:

Dangerous Critical Extremely critical

P5: Very possible

P4: Very likely

P3: Likely

P2: Less likely

P1: Not likely

Table 32 - Risk after measure

After
measure

Cl:

Safe

C2:

Some risk

C3: C4. C5:

Dangerous Critical Extremely critical

P5: Very possible

P4: Very likely

P3: Likely

P2: Less likely

P1: Not likely

Nr6, Nr7, Nr8,

NI9 Nr2, Nr4, Nr5
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5.10 Sources of Error

During a project that requires external information, one must be critical of the sources that
one uses. As engineers, it is crucial to be critical of information on the internet. This can
always be a source of error.

There can also be variations on the MV-head. This is something the Group discussed with the
Company, but it was decided to be neglected. This can still be a source of error. If an ROV
has caused any damage to the MV-head, especially on the flying handle and the bracket on
the cable, the SSRT may not fit anymore.

The SSRT is dimensioned from the drawings and 3D model given by the Company. If the
drawings differ from the real assembly, this will affect the fit of the SSRT. This can also be a
source of error.
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6. Final Design of SSRT

In the Engineering chapter, all the necessary calculations, material selections, etc. are shown

and explained. The tool was modeled in Creo Parametric. All parts are designed for traditional
manufacturing methods, including production drawings with industrial standards and relevant
tolerances. A userguide is found in the attachments.

The tool has been checked to ensure that it meets the material properties and criteria set by the
Company. This has been done by using manual calculations and FEM analysis in Ansys. The
results show that the SSRT will be able to handle the de-mating operation.

The full list of components and materials needed to realize the tool is shown in Table 33.
Prices are not given due to supplier’s protection.

Table 33 — Part list SSRT

Name Type Material | Proposal of Supplier | Price (NOK)
15mm steel 15,0x1250x | 7|5y 316 Norsk st N/A
2500 mm
Pushing cylinder 997646F-T AlISI 316 Byberg N/A
Open/close 997646B-B | AISI 316 Byberg N/A
cylinder

Cylinder bushing @12 x 2 mm Nylon Plastbutikken N/A
Cylinder socket @30 x 30 mm | Aluminum Norsk stal N/A
Hydraulic tubes N/A AISI 316 N/A N/A

and fittings
Hex Sgg'l‘tet 4 | M12x60mm | AISI3L6 N/A N/A
Hex Sgg'l‘tet € | M6x35mm | AISI316 N/A N/A
Hex bolt M8 x 80 mm AlSI 316 N/A N/A
Nyloc nut M12 AlSI 316 N/A N/A
Nyloc nut M8 AlSI 316 N/A N/A
Nyloc Nut M6 AlSI 316 N/A N/A
Washer M12 AlSI 316 N/A N/A
Washer M8 AlSI 316 N/A N/A
Washer M6 AlSI 316 N/A N/A

6.1 3D Model

The final 3D-model design of the SSRT is shown in Figure 161, Figure 162, Figure 163,
Figure 164 and Figure 165. The hoses connected to the tubing is the hydraulic supply from

the ROV.
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Figure 161 - SSRT during mounting (open position)
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Figure 162 - SSRT while mounted (closed position)
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Figure 163 — SSRT detailed view 1
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Figure 164 — SSRT detailed view 2
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Figure 165 — SSRT detailed view 3

6.2 Final Drawings

Assembly- and production drawings of the SSRT are shown in Figure 166, Figure 167, Figure
168, Figure 169, Figure 170, Figure 171, Figure 172, Figure 173, Figure 174 and Figure 175.
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Pos no Part Material | Guantity
| Lefd bracket AlST 316 |
2 Right bracket AIST 316 |
3 Grab plate AlSI 316 |
4 Square fube bush AlST 316 3
5 Slide square tube AIST 316 |
] MBxB0 8.8 AlST 316 2
7 Zinc anode line ?
8§ MIZx60 8.8 umbraco AlST 316 12
9 Protective cap Aluminum 4
10 | /4" 80° JIC T/16-T/16 | AISI 316 4
I [F4"T JIC T/16-7/16-T/16) AISI 318 2
|2 /4" end cap AIST 316 8
13 | /4" tube ¢lamp Plastic 3
14 /4" tube AlS1 316 1600 mm
15 MI2 washer Nylaon 4
|6 Push cylinder AlST 316 4
1 Openfclose cylinder AlST 316 |
18 Mox35 8.8 AlST 316 28
19 M6 washer AIST 316 56
20 M6 nylock nut AlS] 316 28
21 M2 nyleck nut AlST 316 2
22 M8 washer AIST 316 4
23 M8 nylock nut AlST 316 2
24 MIZ washer AlS1 316 12
25 Left cylinder plate AIST 316 |
26 Right cylinder plafe AlST 316 |
21 A0k 10x 130 Flat Bar AlST 318 ?
Terri TegeeT TevTsTen VeV TaTa Tormat FTod e
GBO A| 361 ku| 1:3 43 [N
N Artlhell/Modell |1‘|“Sr|‘”!|a Fate M”_gs_zd
Hegskulen pa Vestlande!  BesprmeTse = TeqiThg
o SSRT

Figure 166 - SSRT assembly drawing

e e
GBO GBO A‘ 361K0| 15 A3| 11
Artksiniooe] |mm:
Hogsaen pi Ve R - 2
MM
GA SSRT GA _SSRT

Figure 167 - SSRT General Assembly (GA) drawing
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Figure 170 - Right bracket drawing
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Figure 171 - Left guiding drawing
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7. Prototyping

During the bachelor project an opportunity to realize the SSRT came up due to a project the
Company has in Angola, called project GirRi. The Company wanted to check the possibilities
for the Group to complete this tool within three weeks.

The Group took the opportunity and started working immediately to realize the GirRi project.

7.1 GirRi Project

At the GirRi kickoff meeting, it came apparent that it differed somewhat from the bachelor
project. One notable difference is that the MV-head in this project was unlike the MV-head
this bachelor thesis is based on. The flying handle and the connector bracket, seen in Figure 2,
are not mounted on the MV-heads in Angola. Another difference is a 30mm clearance
between the MV head and the slot plate. The pulling handle is also different.

The tool in the bachelor project is based on pushing against the flying handle and the
connector bracket, and therefore a change in the design is necessary to deliver a functional
tool to GirRi project.

Because of the time limit, it is preferred that the tool is easy to fabricate and assemble.
Therefore, the tool is made in a simple but efficient way. The cylinders are from a different
supplier due to delivery time.

The tool, with the previous cylinders, is shown in Figure 176.

Figure 176 - GirRi tool
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As shown in Figure 177, one can see that the MV-head is missing the flying handle at the top.
The 3D model of the bracket where the slot plate is fastened was sent by the Company, shown
in yellow.

S— | D | | -
| i b= N el | i
= o
St

Figure 177 - GirRi project with MV-head

In Figure 178, the SSRT is mounted on the MV-head.

Figure 178 - Tool mounted on MV-head

Between the pushing cylinders, a slot is made for guiding the SSRT during mounting and
dismounting. These slots are placed behind the purple spring on both sides of the MV-head.
This is shown in Figure 179.
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Figure 179 - Tool open in place

Due to the limited completion time of the tool, there will be hoses instead of tubes connected
to the cylinders. To make sure the hoses will not be an obstacle for the tool, some clamps may
be installed to secure the hoses. These clamps are shown with black arrows in Figure 180. The
hoses can be zip-tied to the clamps.

Figure 180 - Clamps for hoses

7.2 Manufacturing

All five cylinders will be the same and of the type “Sylinder 50 slagl 25 innv faste gyer” from
a producer in Sarpsborg called “©@konomideler”.

Item number: HC 505-25-16-050
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Figure 181 - Cylinders in GirRi project [48]

For the four pushing cylinders there must be a small modification. The cylinder eye, shown to
the left in Figure 181, must be cut off. A flange is welded to the cylinder to mount it on the
cylinder bracket. This is shown in Figure 182.

Figure 182 - Cylinder with flange
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7.3 Testing

The tool will be tested at OneSubsea test facilities at Horsgy. Stress calculations have also
been performed in Ansys.

In Figure 183, forces and displacement on the tool during de-mating are shown to the left and
gravity check for topside is shown to the right.

C: GirRi Gravity
Static Structural
Time: 1, 5
28.04.2024 15:20

Al Fixed Suppart
B Standard Earth Gravity: 98066 mm/s®
Bl rorcez 20N
. Force 3: 20, N
Bl Force4:20. N
Bl Force 20N
Bl Force5:20, N

Figure 183 - Force and displacement during operation and topside

The stress on the tool during de-mating is shown in Figure 184. The max stress is around 65
MPa as shown in probes to the right. 206 MPa is a singularity fault from Ansys.

A: GirRi tool

Cquivalert Stress.

Type. Cquivalent fvor -Mises) Stress
Urit: MPs

Max

Time: 15
280420241518

n-ises) Stess 50,108
Nocle 123664

28042021 59 .

0 206,02 Max

183,13 . 206,02 Max Noce 143656 .

150,23 18213
— 1373¢ I 150,23

®
| [ ’ Node 181085
— sasiz 3

45781
I 22851 % .

7.676e-6 Min I "

7.676e-6 Min

63,831
Nod 17732

Figure 184 - Stress on tool during de-mating

The max stress when the tool is held topside, is 54 MPa as shown in Figure 185.
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C: GirRi Gravity

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

28.04.202415:20

53,867 Max
[ 47,882
— 4,897
— 359M

B 29,926
23,941

— 17956

11,97
I 55853
1,3661e-5 Min

Figure 185 - Stress topside

Both results are approved, due to the AISI 316 yield strength and the given safety factors
from the Company.

Because of short delivery time on the tool, and a long delivery time on AlSI 316, the Group
decided to check the possibilities of using materials that were in the HVL workshop. These
are 10 mm S235 steel plates, so new calculations with the new material and a slightly new
design of the guiding/sliding function at the top were performed. The sliding function is
changed due to material limitations on the workshop. The new sliding design is shown in
Figure 186. All the boundary conditions and forces are the same as in Figure 183.

Geometry
11.05.2024 08:00

v
0,00 100,00 200,00 (mm)
| ]

Figure 186 - New guiding design

The results of the analysis is shown in Figure 187. On the left side one can see the singularity
fault, so probes are installed to see the actual stress. This is shown in Figure 188.
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D: GirRi with correct brackets
Total Deformation

Type Tatal Deformation

Unit mm

Time: 1s

11.05.2024 08:00

. 0,52607 Max
046763

D: GirRi with correct brackets
Equivalent Stress

Type: Equivalent (ven-Mises) Strass
Unit. MPa

Time: 15

11.05.2024 07:58

427,16 Max
3797

= paosz
33224 — 035076

28478 0,29233

237,31 | | 023289

189,85 — 017545

14239 011702

94,925 I 0,058588

47463 0,00015393 Min
4,5061e-5 Min

D: GirRi with correct brackets
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1s

11.05.2024 07:59

427,16 Max

. 3797

= 33224

— 28478

. 237,31
189,85

B 14239

94,925
l 47,463
4,5061e-5 Min

Figure 188 - Actual stress on tool

The stress is around 240 MPa, which is above the yield point of the material (235 MPa).
These results were sent to the Company, because during GirRi kick-off meeting, one of the
supervisors mentioned that the tool most likely would not operate at full power. The
supervisor wanted the Group to check the stress on the tool with a total force of 25000 N. The
new results are shown in Figure 189 and Figure 190.

D: GirRi with correct brackets
Total Deformation

Type: Total Deformation

Unit: mm

Time: 1s

11.05.2024 08:12

D: GirRi with correct brackets
Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit. MPa

Time: 1s

11.05.2024 08:12

0,32879 Max
266,98 Max . preit
gl 0,25575
?g;'gz 021923
B2
11866 g
88,992 = 010966
59,328 0,07313%
29,664 I 0036618
2,8163e-5 Min 9,6207e-5 Min

Figure 189 - Stress and deformation with 25000 N
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D: GirRi with correct brackets
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 15

11.05.2024 08:13

266,98 Max
|| 237,31
== 207,65
mm 17798

. 14832
118,66

88,992

59328
l 29,664
2,8163e-5 Min

Figure 190 - Actual stress with 25000 N

The results are approved by the Company. Since the material will be thinner and therefore
lighter than the original calculations, there is no need for a gravity check.

7.4 Production

The Group, with the help of the employees at the HVL workshop, produced the GirRi tool.
Plasma cutter for the parts, drill machine for holes, and welding machine is used. Hydraulic
hoses are ordered from a supplier.

Figure 191 - Engineer to be, Adrian, inspects the plasma cut parts
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Figure 193 - Cylinders demounted for welding of flange
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Figure 194 - CNC machining of bracket

7.5 Result

After all the parts were welded together, the SSRT was painted. This is shown in Figure 195,
Figure 196 and Figure 197.

Figure 195 - GirRi SSRT before painting
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Figure 197 - GirRi SSRT with paint
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The full assembly of the GirRi SSRT with hoses and fittings are shown in Figure 198, Figure
199, Figure 200, Figure 201 and Figure 202.

Figure 198 - GirRi SSRT with hoses and fittings
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p AR 4

o

Figure 199 - GirRi SSRT in closed position

£

Figure 200 - GirRi SSRT in open position
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Figure 202 - GirRi SSRT final result
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8. Discussion

At the start of the bachelor project, the Group had a kickoff meeting with the Company. All
the project parameters and possible challenges were explained and discussed. During the
entire project, the communication between the Group, the internal supervisor and the
Company has been good. Design reviews meetings, invitation for weekly meetings, Teams-
and mail correspondence has been helpful for the pace and quality of the project.

One of the sub-objectives was to look at possibilities for acid injection, either directly from
the SSRT or as an additional tool. The Group, with approval from the Company, has
disregarded this function due to the SSRT’s high and even force distribution on the MV-head.

The Company had a MV-head at their test facilities before the second design review. The
final design of the tool was not decided at this point, and therefore no proof of concept was
ready. This could have been changed if the Group had decided on the final design at an earlier
stage. If the final design was chosen and a design was made, the tool could at least be fit-
tested on a real MV-head. When the proof of concepts was finished, there were no available
MV-heads at the test facility.

Regarding the GirRi project, the original plan was for the Group to act as engineers and
primarily focus on supervising the manufacturing process. However, as time passed, it
became apparent that the Group had to undertake most of the manufacturing to meet the
delivery deadline. This required a significant amount of time and attention, combined with
finalizing the thesis. Despite this challenge, the Group were ultimately able complete both the
thesis and the tool, and are pleased with the outcome.
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9. Conclusion

“The objective of the project is to engineer a Subsea Secondary Releasing Tool for
disconnecting power cables from subsea pump modules. The project shall be done by 21" of
May 2024

The Group carefully concludes that the SSRT is capable to disconnect the power cables from
the subsea pump modules using any standard ROV. The tool is designed to protect the MV-
head from any potential damages, and thereby makes the MV-head usable after the de-mating.
The manufacturing can be done with traditional industrial methods, and all materials are
accessible. This fulfills all the sub-objectives except the acid injection functions. The Group,
as discussed in Chapter 8, has disregarded this point because the tool can do the operation
without any acid injection.

The group has created production drawings, a user manual, hydraulic schematics, and
performed FEM analysis for the tool. The next step for this project is to purchase all the
necessary materials and components for producing the tool. The company should then
manufacture the tool and test it to validate its function in conditions similar to those on the
seabed.
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SSRT

The Subsea Secondary Release Tool is an additional tool for de-
mating a OneSubsea MV-head. This tool is only to be used when the
connector is stuck to the slot plate. It is a secondary ROV tool, and it
requires certified personnel for operation. Please read the whole user
guide before operations.

The tool is made by students at Western Norway University of Applied
Sciences (WNUAS) after a request from OneSubsea. The SSRT is
OneSubsea property and shall not be used without approval from
OneSubsea.




SSRT

Product Name

Materials

Hydraulic Supply
Supply Fluid
Force Output

Hydraulic

Connections
Weight in Air
Weight in Water

Dimension

SSRT

Tool —AISI 316

Bolts — AISI 8.8

Cylinder washer — Nylon
Cylinder socket — Aluminum

Anodes - Zinc

Pressure: Max 207bar (3,000 psi)
Mineral Oil

ON - 40 000N (0 Bar - 207 Bar)

1/8” BSP

36,1kg (without hoses and oil)
N/A

W330mm, H605mm, D398mm
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User manual:

Warning! Always follow general safety rules when using hydraulic tools to avoid line of fire.
Read the user manual before use and retain it for later reference.

General Safety Rules:

1.

Keep away from unauthorized personnel.

Always keep the tool away from unauthorized personnel to prolong the lifetime of the
tool.

Keep the workspace clean.

When maintenance on the tool is ongoing, keep the workspace clean. Always keep in
mind the line of fire. A messy workspace can cause accidents.

Store the tool in a proper place.

To ensure that the tool is ready for use when needed, store the tool in a manner that the
tool will not get any damage.

Always wear proper PPE

Working with the tool demands proper PPE (Personal Protection Equipment). This
includes a minimum of safety goggle, hard hat, coverall, and impact gloves.

To enhance your list of general safety rules, consider adding the following points:

Use the tool only for its intended purpose.

Ensure the tool is used only for its designated tasks as outlined in the operating
manual. Avoid using the tool for any other applications to prevent accidents or
damage.

Conduct regular inspections and maintenance.

Regularly inspect the tool for any signs of wear, damage, or malfunction. Perform
routine maintenance as recommended by the manufacturer to keep the tool in safe and
optimal working condition.

Be aware of surroundings and potential hazards.

Stay alert to your surroundings while using the tool and be mindful of potential
hazards such as moving parts, electrical sources, or tripping hazards. Keep others clear
of the work area to prevent accidents.

Use proper lifting techniques.

When handling heavy or bulky tools, use proper lifting techniques to avoid strain or
injury. Lift with your legs, not your back, and ask for assistance if needed.

Report any safety concerns or incidents immediately.

If you notice any safety concerns, defects, or accidents related to the tool, report them
to your supervisor or safety officer immediately. Prompt reporting can prevent future
incidents and ensure a safe work environment for everyone.
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Instructions:

Before deploying the SSRT to the sea, it is recommended to grease the sliding bar with marine
grease. Function test the SSRT with the dedicated ROV and check for errors. Inspect the tool
before deploying.

When deploying the tool at sea, make sure that the tool is correctly fastened to either the
subsea basket or the ROV skid, in case of buoyancy. Lower the tool in an open position, due
to the load that the cylinders are exposed to.

When the ROV and SSRT are placed in the relevant operation place, the ROV must carefully
pick up the SSRT and maintain it in a vertical position while holding on to it. If the SSRT is
not opened topside, the ROV pilot must operate the open/close cylinder to open the tool.

When the tool is placed in the right place over the MV-head, the ROV pilot must close the
tool carefully with low hydraulic pressure. When the guiding for the flying handle is in the
right place, the ROV can let go of the tool when fully closed. The tool will not fall off, so the
ROV pilot can place its manipulator on the pulling handle. It is important that the ROV does
not pull the MV-head but keeps the manipulator ready to take it when the de-mating is
finished. The tool will maintain the position after the de-mating and can be retrieved either
before placing the MV-head in its parking position, or while the MV-head is free. The
operation can then continue.

After the operation, it is important to retrieve the tool topside and flush it with fresh water.
When the tool is flushed an inspection of the tool is necessary. This is to detect any errors
early. If errors occur, maintenance must be done either on the field or at OneSubsea’s
facilities.
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