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ABSTRACT

The remotely operated vehicle represents a keyerlem cost effective development,

maintenance and decommissioning of various sulpstallations. The ROV is in particular
useful when performing deepwater operations. Inyntases unique and highly advanced
tooling are developed to perform complicated openaton subsea structures. Without the

ROV it would be very hard, if not impossible to éep deepwater subsea fields.

This thesis investigates how remotely operatedcokehiare launched and recovered during
subsea operations. The report takes a basic logdvatal common launch and recovery
systems that are in use. The software SolidWorke baen used to design a 3D model of an

improved ROV launch and recovery system.

On older drill rigs the ROV requires extensive gugdthrough the ROV moon pool. Usually
the guiding is done physically by the ROV crewngsiopes, chains or “batsake” (stick) to
control the ROV.

The main focus when designing the improved laumzhracovery system is to separate “man
and machine”. This is done by integrating a HydaRBbtary Table on a Guide Beam. The
Beam is guided by two 6 inch Guide Pipes runniogifthe substructure of the moon pool

and all the way up to the workshop area.

The Guide System together with the Hydraulic RotEatigle will allow the ROV to be
mechanically rotated and adjusted before and duaungch and recovery. The benefits of
such a system will be less contact between the R@the crew. This concludes a safe and

more efficient launch and recovery.
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PREFACE

This master thesis is the concluding part of myteradegree at the University of Stavanger.
The thesis is carried out at the department of xagr Technical Solutions at Oceaneering
AS in the period between 01.February and 16.Juf8.20

The core aim of the thesis is to design a sim@ifROV Launch and Recovery System that

can be used on various oilrigs.
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The following definitions, abbreviations and syndwlill be used throughout the document:

HPU
Capex
Opex
ROV
ROT
WROV
EOR

IOR
WOwW
DTS
Splash Zone
Hs

FPSO
BOP
X-mas tree
Workover
rpm

I

m

T

a

R, r

m

POM

Batsake
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ABBREVIATIONS

Hydraulic power unit
Capital costs
Operating costs
Remotely operated underwater vehicle
Remotely underwater operated tool
Work remote operated underwater vehicle
Enhanced oil recovery
Improved oil recovery
Waiting on weather
Deepwater technical solutions
Interface between the air and the sea
Significant wave height
Floating production storage and offloading
Blow out preventer
Well head valve configuration
Total well work over
Rounds per minute
Mass Moment of Inertia
Mass
Torque
Angular Acceleration
Radius
Gearwheel module
Polyacetal Plastic Material
Stick with a hook on. Used to manualiggihe ROV
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1. INTRODUCTION

In recent years the subsea field developments inaveased in both number and size. This is
due to the technology progress and the growing ddméacost efficient solutions. Today
approximately 50% of the petroleum production i@ Norwegian offshore sector comes from

subsea wells [9].

Maintaining subsea installations and equipmenttenccategorized as complicated and in
some cases quite expensive. In the early dayedubsea field development, huge subsea
structures would be detached from the seafloosedhio the surface and transported onshore
for maintenance work. This was both time consunaingd very expensive. The operating
expenses (OPEX) of a subsea development were ftenaategorized as rather large. New
and redesigned “smarter” equipment allow for a $gmand more cost efficient maintenance
procedure. At present time most of the maintenavar& is done subsea while the equipment

still is in production mode.

The combination of intelligent design, subsea $tnas, highly advanced remotely operated

vehicles and sophisticated tooling technology makesubsea maintenance work possible.

Due to the above the business market for remofadyated operations has never been better.
This allows for great income and further developtadrthe subsea ROV technology.

Because of the increased activity in the offshexda, rig and vessel rates have in recent
years been stratospheric. The rig utilization i forth Sea is today estimated to be at 95%
[13]. The cost of renting drill rigs is huge. Evéoperations are halted due to waiting on
weather or similar effects, money is still beingispby the operator. This creates an increased
interdependence of all rig related activities. Dau¢his, improved systems and back up
systems are often developed so that there wilkd#atke waiting on weather (WOW) as

possible. This is also partly the topic for thesiBavhich is presented here.

The thesis is written in conjunction with OceanegiAS which is one of the leading
contractors of subsea ROV operations. The Norwemiaim office, located in Stavanger, is in
charge of tool development and ROV operations. @eedngs department of Deepwater
Technical Solutions (DTS) have in recent yearssigghed and improved several launch and

recovery systems used on oil rigs all over the eorl

The main objective of this thesis work involvesigasig and improving a basic ROV launch

and recovery system. The system is designed st the guiding through and above the



OCEANEERING) s

rrrrrrrrr

ROV moon pool. The benefits of such a system vélsbafer and more reliable lunch and
recovery. One of the main aspects of the designb&ito ensure minimal contact between the
ROV crew and the ROV.

The SolidWorks software has been used extensigedgsign a 3D model of the launch and
recovery system. This has also been the main péaredhesis. Some basic calculations have
been performed to determine the loads and stressieg) on the system. Especially

concerning the design of the Hydraulic Rotary Table

The thesis first highlights the related theoried previous works in this area. The review of
the literature shows that the intent of this prbjeavell founded and the result contributes to
an effective and safer implementation of ROV systéhe major part of the work in this
project is reported in chapter 5 to 10 where thagiesolution is discussed, supported with
drawings from SolidWorks, and the necessary streoglculations are presented.

Several figures and illustrations have been usexptain and simplify the understanding of

the various topics and parts included in the lauaruth recovery system.

Finally, chapter 11 presents the concluding remarks
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2. SUBSEA OPERATIONS

2.1 Offshore oil and gas production

The offshore oil and gas production is often comd as more challenging and less cost
efficient compared to the land based productiorwéieer, new and highly innovative
technology is constantly pushing the limits of difshore field development. A lot of the
innovation in the offshore sector revolves aroundrcoming these challenges. This might be
challenges such as dealing with harsh environnuéing deep water, producing at great
distances and extreme temperatures, improvingdlrexisting field developments and

increasing the petroleum production with the hdlgoiR and EOR.

In recent years the oil price has been increasiamdtically. In 1996 price for crude oil was
approximately US $20 per barrel. During the secquatter of 2008, the oil price has reached
its highest level ever. One barrel of oil is noadied for approximately US $130. The extreme
increase in the oil price allows for new and impgrdechnology to be developed. This
enhanced technology takes place in all aspectsu@as of the oil and gas industry, and
allows for smart and complex solutions to be desilgihe increase in profit, due to the
extremely high oil price, combined with new and royed technology, allow for smaller and

complicated oil and gas reservoirs to be cost tife@and hereby developed.

Irrespective of size and water depths, the subslesian with subsea wells, tie back to shore
[Fig 1B] or tie back to an existing installation&® [Fig 1A], is strongly recommended.

Smaller reservoirs are often developed using susleions.

The recent increase of subsea installations hasadl equipment and concepts to mature to a
very high standard. New and superior experiencéobana made from several recent projects
such as Ormen Lange [Fig 1B], Snghvit and TordR.IDhis allows for a more cost efficient
developments. What the oil industry do today wasewen considered as a solution, just a

few years back.

10



2.2 Subsea production

In general we choose between two types of offsfiele developments, subsea or topside
developments. The topside field development camsiseither a fixed concrete installation,
tension leg platform or a steel jacket. Most of pheduction facilities are in this case placed
on top of the installation and well above the sa@l. A topside field development is usually,
in economic terms, characterized as a developminiavge capital expanses (CAPEX) and
low operating expanses (OPEX) [9].

The subsea field development consists of advarexdthology allowing most of the
production equipment to be placed subsea. Thisded subsea wells, X-mas trees,
manifolds, flow lines, injection lines, boostingsbns and in some cases even the process

system is placed in special templates on the seabed

With today’s technology the subsea solution isaiefy the leading alternative compared to a
full topside solution. This is due to the low CAPEXil and gas production from subsea
fields have in recent years increased dramaticatigay approximately 50% of all offshore
oil and gas production in the Norwegian sector cofmam subsea developments [9]. The
subsea developments have in general a lower CAREYared to the huge topside
structures. However, the subsea operating coststimgome cases be higher than with a

topside development.

In recent years the ROV technology has allowed aflcomplex maintenance and repair
work to be done subsea. This has definitely hetpddce some of the OPEX costs of a

subsea development.

A) Nornen subsea to FPSO development (Statoil)  B) Ormen Lange subsea to shore development
(Hydro)

Figure 1 A and B represent advanced subsea field develogrmaated in the Norwegian sector

11
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2.3 Remote operated operations
The US Navy was the pioneers behind the ROV tecdgyolDuring the 1960 they developed

technology used for deep sea diving. Their mainigosas to develop the ROV so that it

could perform deep sea rescue operations and necakieus objects from the ocean floor.

In the 1980°s, when the offshore development exaéae reach of human divers, the ROV
technology was further developed and adapted h@mffshore and subsea industry. Today
the oil industry has moved into even deeper wataue. to the ROV we are now capable of
developing subsea fields located at 2500-3000 meta depth. [14]

The ROV is used in all aspects of the subsea dpwetat. The ROV can help carry out
inspection, installation, repair, maintenance aacbdnmissioning of all kinds of subsea
structures (depending on size). Different toolsadten used during the ROV operation. There
are several tools on the market, both standard tad tools specifically made for
independent operations. The most common toolsharetque tool, seal replacement tool,

cutting tool, and the cleaning tool.

The ROV is often used to connect different unitgetber with the help of stabbers, which can
transmit hydraulic power from one subsea unit totla@r. The ROV uses its manipulators
(arms and fingers) to install and operate bothdbéng and the stabbers. Visuals of the
operation are transmitted from the ROV camera ¢adpside control room where the ROV
pilot is located. The tetra cable or the umbilitahsmits the signals. Usually a crew of three

is needed for operating and maintaining the RO\induoperation.

A) ROV performing work on a subsea X-mas tree B) Picture of torn hose provided by ROV

Figure 2 A and B illustrates different work scenarios of R@V

12
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2.4 Remote operated vehicle
There are several types of Remote Operated Veloddise market. Some are specifically

used for inspection and transmitting visuals frarhsea to the surface [Fig 2 B]. Some are
strictly used to carry out special subsea operatjbig 2 A] where large tooling, equipment
and remote operated tools (ROT) are involved. megal, the ROV and the ROT is vastly
used during all subsea operations. Both casessaceduring the entire life aspects of the
subsea field development.

The ROVs are normally classified into categorieselleon their size, weight, ability and

power. Some of the common ratings are:

- Micro

- Mini

- General

- Light worksclass

- Heavy work class

The difference among the classes is the poweriaedBhe micro ROV class is very small,
and typically less then 3kg [Fig 3 B]. It is usedam alternative to a diver. The moderate size
is beneficial when it is necessary to gain vistiam the inside of a small structure where no

diver would be able to enter. This might be streestisuch as a pipe or some kind of tubing.

The heavy work class ROV [Fig 3 A] is on the opp®eind of the scale. Even though it has
typically less then 200 hp (propulsion), it has &ldity to carry at least two manipulators.

The heavy works class ROV has a working depth @gb@®meters [12]. During launch, the
ROV sits safely inside a cage [Fig 4 A and B]. Thge is lowered to the desired operating
depth, where the ROV leaves the cage. In some eases basket might be added to the
ROV cage so that extra tooling can be carried subSecording to [1] and [16] this might
save time and improve operational efficiency. Withine highly advanced ROV, most of the

subsea developments would not be possible.

13
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A) The Magnum work ROV B) The Minimum observation ROV

Figure 3 A and B represent different ends of the ROV siaeét ch

2.5 The ROV cage

The ROV cage works as a garage for the ROV. Asctieghin figure 4 A and B, the cage has
robust steel pipes designed to protect the ROV toamping [Fig 4 C] into the moon pool
during launch and recovery. There are several tgp8OV cages used for launching.

Typical for all types is that they are all designiede extremely heavy and possesses as great
of a weight to drag ratio as possible. Figure 4nd B shows two of the typical ROV cage
types. A very low center of gravity is achievedduding lead to the bottom of the ROV cage.

If a cursor is used, both of these characteristlicsv the cage and the ROV to contribute to
the cursor performance. Additionally, once the caigg ROV have left the cursor and
traveled to the works site several hundred metel®ibsea level, the low centre of gravity of

the cage will help minimize the effect of upper amgrmediate currents.

Since the cage is attached to the rig/boat thrdlglumbilical, the heave of the cage will be

the same as the heave of the rig/boat (if not heawgensated).

Impac

A) Typical ROV cage B) Typical ROV cage C) ROV cage bumping into
moon pool structure

Figure 4 Typical ROV cages

14



OCEANEERING) s

rrrrrrrrr

2.6 ROV launch and recovery systems

Oceaneerings experience with the use of heavy wekthinch and recovery systems began in
the Gulf of Mexico in the 1960°s. The concept afeh and recovery was first applied to
manned diving bells. The purpose then, as welloag was to increase the weather window

for launch and recovery.

A lot of knowledge was gained from these early egpees, and this was later applied to the

ROV operations in the early 1980°s.

A number of variations and enhancements have beegiaped to fit all kinds of oilrigs and
vessels individual needs. These variations in lawmd recovery design allow Oceaneering to

suite any drill rig or vessel with the proper labrand recovery system.

In the past years Oceaneering has installed andfietbdeveral heavy weather launch
systems. This is due to the increase of vesselgigs moving into deeper water and
harsher areas. The escalating rig and vessel estagell as the companies™ policy of less
tolerance of injury (increased health and safety$) can also be partly responsible for the
improved launch and recovery systems. Howevenytbst important reason is most likely the

increased dependence on the ROV during subseatiopsta

The ROV is today part of almost every subsea ojeralt is used in all aspects throughout
the field lifetime. The ROV is in use whether itdgring survey, installation, commissioning,
repair, maintenance or decommissioning of all kiofdsubsea installations and equipment.
This dependence on the ROV, and the enormous tusetsel downtime, has made the
launch and recovery system a crucial part of th& R@eration [1]. A proper launch and
recovery system will allow for a safer and morecght deployment of the ROV. The system
will also permit launching during a greater sigraint wave height. This will allow for less

waiting on weather and hereby a more cost efficdpatration (less WOW).

15
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3. HEAVY WEATHER LAUNCH AND RECOVERY SYSTEMS

The main purpose of the heavy weather launch asalesy system is to stabilize and
centralize the ROV and the ROV cage with a dewhe testricts horizontal movement. It is
also important to speed up the transition timeuglhothe splash zone. The air to sea interface
presents the greatest risk of damage to the RQy&, auipment and potentially the
vessel/rig. Large waves and winds of great magaittath cause the ROV and cage to swing
uncontrollably, with a chance of hitting the vessetig structure. As the ROV is raised out of
the sea [Fig 5], the motion is amplified many timesis is due to the shortening of the
umbilical as well as the lack of damping (runningair instead of water), as shown in figure 6
D. This will be similar to shortening the string arpendulum, causing the motion to speed
up. With the absence of Guide Wires or Guide R#iis, greatly amplified swinging can in
some cases make it difficult if not impossible@caver the ROV. Normal procedure in that

case would be to wait out the weather and to racineROV when the sea is calm.

Figure5 Typical A frame is shown inside the
red circle

Furthermore the swinging during the launch and#tevery can cause excessive side
loading on the A-frame [Fig 5] and this might catise A-frame to fail. Another hazard, on
some vessels, is the close proximity of the ROYheovessel thrusters. A lot of the new
deepwater vessels use dynamic positioning systeatsise thrusters rather than anchors to
hold the vessel in place. These thrusters arep@merful and can easily damage or destroy

the ROV system during a regular launch or recovery.

When using a heavy weather launch system, the pmiat will be moved form the A-frame
to the bottom of the vessel. This minimizes thencleaof having the ROV being pulled into,

and damaged by the thrusters.

16
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However, the single and most disruptive failure @ occur to an ROV system is the failure
of the umbilical. A failure of the umbilical willauise a long period of downtime to repair or
change the umbilical offshore. The time and codtasfsporting a new umbilical offshore will
also be of main concern. Though a failure of thdilical rarely happens, it is most likely to
happen if heavy wave action or high currents shdtlke or push the cage onto its side. This
might cause the cable on top of the cage to bediemsever angle, causing the umbilical to

fail. Connecting the umbilical after termination wid be time consuming and expensive.

For this reason one of the main important partheheavy weather launch system is to
maintain the vertical orientation of the ROV cagke heavy weather launch system will
assure a safe and efficient ROV launch and recovowever, some restrictions must be
followed. This might be proper launch and recoyengcedures for the exact ROV in hand, as

well as procedures for the right vessel used feroeration.

3.1 Three main heavy weather launch and recovery systems
We may choose from three heavy weather launchesalery systems. The three systems
are the Guide Wire Cursor System, the Rail Curgstesn and the Cursor Moon Pool System

(boat). These Systems are shown in figure 6 A, B@mespectively.

C) Launching the ROV through moon D) No guiding. Free pendulum from rig
pool on a boat

Figure 6 Numerous methods are used when launching the ROV

17
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In some cases, and especially on older drill @gstimitive launch system with absolutely no

guiding is used when launching the ROV. Such aesyss shown in figure 6 D.

The main objective of the launch and recovery systeto assure a safe and efficient launch
of the ROV. As long as the ROV is secured in thesGy the Guide Wires or the Rail System
will safely guide the Cursor and the ROV up to warkshop/deck or down through the
splash zone. The main objective of the Cursor enimompass the top half of the ROV. This
connects the ROV with the guide structure and altve ROV to be safely guided.

3.2 Guide wire cursor system
The most commonly used cursor system in Oceaneeflegt uses Guide Wires. This is a

well known technology used to constrain the curpaitt.

The system is typically used on drill rigs, tensieg platforms, and other similar installations.
This method is useful when some horizontal movenseatceptable and there is no structure
present to attach rails too. Cursor Guide Wire tlesgange from 45-50 meters as shown in
figure 6 A. The Guide Wire System includes a p& anch parallel wires, strung from the
fixed A-frame on deck to the lower cursor arms. Thesor arms are either bolted or welded
to the pontoon. Turnbuckles, which are used toidense wires, are connected to the A-

frame. The turnbuckles are used to increase tlsaieim the wires.

A specially designed and tested breakaway joinheots the wires to the lower cursor arms.
This breakaway joint prevents damage to the A frarassel, and most importantly personnel

in case a wire becomes overloaded.

The Guide Wire System enables Oceaneering to afferavy weather launch system with
excellent operational characteristics for semi-seitsible drilling rigs, and other similar

vessels.

3.3 Rail cursor system

Guide rails [Fig 6 B] are used to constrain théhpatthe cursor. This method is often used on
drill ships, FPSO's, dive support vessels, intetiearvessels and other vessels where
minimal horizontal movement is desired. The cuswompasses the ROV [Fig 7 A], and
runs up and down the rail path. The rails are gla@ztically at the side of the ship [7 A].

This assures a safe and ridged deployment andegcofthe ROV.

18
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The guide rail system is also often used on veskatdaunch the ROV through a moon pool
[Fig 6 C]. The rails are typically 20-25 meterdength and they usually run from deck or the
ROV workshop, and all the way down to the boatd kéere they are terminated. The rails
assure a safe and efficient heavy weather laundmemmovery of the ROV.

3.4 Launch and recovery through moon pool (boat)
Launching the ROV through the moon pool of a b&aj p C and 7 C] allows for launching

in extreme conditions. This is typically not possilm other ROV installations.

Usually the ROV workshop area is located insidetib&t. The guide rails run from the

workshop area and all the way down to the keeheflioat, where the rails are terminated.

The ROV is encompassed and stabilized by the Curéer Cursor is horizontally restricted
and guided by the guide rails. The Cursor will &alie deploy or recover the ROV from a
safe distance below the boat. A special featutbefnternal moon pool is that it allows for a

launch and recovery in ice infested waters.

3.5 The cursor
Oceaneering has several different types of heawathvee launch systems. They all have one

piece in common. This piece is called a Cursor. Chesor is shown in figure 7 A, B and C.

The Cursor is the essential piece of equipmentat@ats the heavy weather launch system to
safely deploy and recover the ROV.

The Cursors are fabricated from stainless stee with very few moving parts and almost no
maintenance. It is in the shape of an upside dawl that encompasses the top half of the

ROV and cage.

The cursor travels a constrained path down theditlee vessel on guide wires or rails. The
cursor travels with the ROV cage until the Curdops at the point where the wires or rails
are terminated subsea. The wires or rails are lysieainated at the deepest possible level

on the vessel structure.

The Cursor is also perforated with 1 inch holealtow it to flood as fast as the winch can
lower it. This combined with the weight of the Garréelps transit the cage through the waves

as quickly as possible. This reduces "hesitationl'the chance of damage to the cage/ROV.
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B) Typical Rail Cursor System

A) Rail Cursor System C) Typical Moon Pool Cursor System (boat)

Figure 7 The Cursor is shown in picture A, B and C
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4. ROV WEATHER TOLERANCE DIAGRAM

The ROV Tolerance Diagram illustrates the alloweghificant wave height when launching
the ROV. The allowed significant wave height migaty depending on the launch system
that is being used. Figure 8 and figure 9 illusttiie difference in use of launch system.
Figure 8 shows allowed significant wave height wheimg a launch system without the
Cursor Guide System. Figure 9 shows the allowexifsignt wave height when launching
with the Cursor Guide System. The column on thietrigustrates the maximum allowed
heave on the cage. Since the cage is connectbd tayt the heave will be the same as the
heave experienced by the rig. Usually the heawanaiperating rig will be approximately half
of the wave height. This will off course dependtbe rig design and rig mode. A boat will

have a larger surface area, and hence a largee heav

4.1 ROV launch with no guiding
When launching without any form of guiding the R©@&h only be launched safely from the

oilrig as long as the significant wave heighg ddes not exceed 5meters (see figure 8). In
case H exceeds this maximum limit, then the ROV launcheaovery will have to wait till

the sea state is reduced angliglless than 5meters. [1]

ROV Weather Tolerance ( OCEANEERING )
LOCATION: Transocean Arctic ROV: Magnum 12
Through Splash-Zone New ROV Location Heave at Working Depth
Max sea: 5,0 m W ithout Cursor Max predicted
Seas from: 105 deg. heave during dive: [ 20  |m
Cage Heave: 1,0 m

Deg. off Rig .
(m Hma) Heading Risk
000 Level 8 -

w High 7

Medum

Low 6 -

075 Meters
Heave

285 A

270

090

2 4
105

14

[

Date:

ROV 25
Location

il O

Approved By:

Figure 8 ROV Weather Tolerance Diagram for ROV launchindgheit Cursor System, Transocean Arctic
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4.2 ROV launch with guiding
When launching with a heavy weather launch systach as the Guide Wire Cursor System

or the Rail Cursor System, the ROV can be launclaéely from the oil rig as long as the
significant wave height §ldoes not exceed 9 meters (see figure 9.)
In case the significant wave height exceeds thisimmam limit, then the ROV launch or

recovery will have to wait till the sea state idueed and Klis less then 9 meters. [1]

ROV Weather Tolerance ( OCEANEERING )
LOCATION: Transocean Arctic ROV: Magnum 12
Through Splash-Zone New ROV Location Heave atWorking Depth
Max sea: 5,0 m With Cursor Max predicted
Seas from: 105 deg. heave during dive: [ 20 |m
Cage Heave: 1,0 m

Deg. off Rig
(m Hme) Heading

000 Level 8 -
7
o 6

: l
14
[

Date:

Approved By:

Figure 9 ROV Weather Tolerance Diagram for ROV launchindg@trsor System, Transocean Arctic

If we put this into perspective and compare the laumch and recovery methods in a sea
state such as the one found in the North Sea, e#lglsee that a heavy weather launch

system will be much more efficient.

Both of the two heavy weather launch systems, thieé&Wire and the Guide Rail, will
reduce the waiting on weather (WOW) substantiatiynpared to a system with no guiding.

By other means, the ROV will be more operative wheging a heavy weather launch system.

“The price you pay for not being able to operateidg a seasonal storm is the cost of
installing the heavy weather launch systefi6]

22



OCEANEERING) s

rrrrrrrrr

5. DESIGN CONSIDERATIONS

When designing a ROV launch and recovery systdot, @ different considerations need to
be taken into account. First of all it is very inn@amt to know the exact environmental
conditions. This might be the depth, sea statesaldgpe and general vessel limitations. It
will also be important to equip the vessel with doerect ROV system. The system needs to
be suitable for the desired operation. Occasiorsgleral ROVs are required. Some of the
ROVs might carry tooling and some might only beduseobserve and transmit visual
information from the seabed to the surface. A prdgench and recovery system, which is
able to perform in the operating sea state, is mgsbrtant.

Several miscellaneous systems are available thatusied for the sea state in consideration.
For example for a heavy sea state similar to tleefound in the North Sea, either a heavy
weather launch system such as the Guide Wire C&gsiem or the Rail Cursor System
would be to prefer. On the other hand, a reguldrafie combined with a winch structure
might be all that is needed to perform launch awdbvery of the ROV, in a fairly calm sea

State.

A lot of the older oilrigs where designed to laumsanned diving bells. Some of these rigs
are still in use. However, the diving bells haveenent years been replaced by ROV systems.

The ROV systems are usually bigger in size andmcowore space of the moon pool area.

Due to this, a lot of the oilrigs do not have pnroR©V guide systems, such as the Guide
Wire Cursor System or the Rail Cursor System. Whanching from these rigs the ROV is
carefully winched from the ROV workshop, througke tig moon pool and into the sea 15-20
meters beneath the moon pool. During this manetiverROV is manually guided through

the moon pool with the help of chains, ropes aiukstbatsake).

At some rigs the ROV is actually winched throughesal moon pools before it reaches the
sea. This makes for a very complicated launch aoavery. During both launch and recovery
heavy winds and sea will cause the ROV to swingratate.

During the launch and recovery procedure the R@wWanember is encountered with many
hazards. The moon pool area is frequently smalleatic. Various equipment and structures
often cause launch and recovery problems. This nliglyangways or other rig structures
such as tools, various machinery and equipmenttiegibcated close to or in the actual
launch path of the ROV.
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Throughout this type of launching, the 4-ton ROV eaving and rotate freely with barely any
restraints. Due to no guiding the pivot point & ffrendulum behavior of the umbilical is
located all the way up on the A-frame. This carbd®meters over the moon pool and 21-30
meters over the surface. This pendulum behavionésof the reasons for a complicated
launch and recovery. Wind and heavy seas caude@heto swing. However the biggest
problem is that the ROV is constantly rotating apahning without any form of restriction.

This makes it very hard to lower or raise the R@kotigh the tight moon pool.

An important part of the design will be to imprave overall health and safety situation of
the ROV personnel. The ROV crew is in charge oR&V related issues during the entire
ROV operation. This includes both launch and reppeéthe ROV.

Typical personnel injuries during launch and recgweould be squeeze of hand, fingers and
toes. More serious injuries to personnel might la@ wver board or snap of the umbilical or
the A-frame. This can potentially cause heavy emeipt hitting personnel. In both cases
death or serious injury might be the outcome. O3 serious consequences might be

damage to moon pool equipment, ROV tooling, rigatire and the ROV itself.

To deal with the above, a full guide system sucthasGuide Wire Cursor System or the Rail
Cursor System would be to prefer. However suchstesyis very complicated and not
suitable for offshore installation. To be ablerstall a full cursor system, with guiding of the
ROV below and above the moon pool, the oilrig Wwalve to undergo a fairly complicated
installation work. This can only be done onshora ofocking facility. At present time, and
with the oil industries huge activity level, thgsnot an option. The installation work will have

to be done offshore when the rig is in drill/protioc mode.

Based on the above stated problems, the objectitresathesis is to design and develop a
system that can guide the ROV through and aboventian pool. The Guide Structure will
have an integrated Hydraulic Rotary Table that p&ltmit rotary motion of the ROV before it
enters the moon pool. This will assure that the R®jarallel to the moon pool opening
without physically involving any of the crew. It Walso allow for rotation of the ROV incase
the launch path is blocked. The design will enshat the ROV launch and recovery system
is easy to install and can be installed offshordeathe rig is in drill/production modus. The

installation work will only require work performexbove the moon pool.

| believe the ROV crew will have huge benefit freoch a system. The launch process will

be safer and the ROV launch and recovery will barsen and more efficient.
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6. LAUNCH AND RECOVERY SYSTEM

The main part of this project is to design a stV launch and recovery system that is
easy to install, safe to operate and most of gjistem that will improve the ROV pilots work

situation substantially.

When launching through a rig moon pool, a speciat& Wire System or a Rail System is
usually used in combination with a Cursor. Both@ede Wire Cursor System and the Rail
Cursor System are used to restrain the horizont&ement of the ROV while it is lowered
into, or pulled out of the sea. The two systemsngk known and widely used all over the
world [Fig 6 A and B]. Nevertheless both systenes@mplex and cannot be installed while
the rig is offshore. This consents for a new sysieive developed. Due to the cost of “rig
down time” the new launch system has to be instaiféshore, while the rig is in
production/drilling mode. The new system has t@bebust and simple system that is easy to
install. Due to lack of space the system has todmepact and smart. One of the main goals
will be to implement health and safety issues amgrove the work condition for the ROV

personnel.

The new launch system will not be a full cursortegswith complete guiding. The designed
system will only have guiding above the moon pétawever, the new guide system will
lower the pivot point of the umbilical from the Aafne to the lowest point of the moon pool.
The system will also have full guiding from the magmool and all the way up to the A-frame.
This will allow for less pendulum behavior of th©R, as well as a guided and smart launch

and recovery through moon pool.

A) Concept study of ROV launch and recovery syst B) Old Hydraulic Rotary Table concept used
with integrated hydraulic rotary table. Guide Wires 51 the rig Deep Sea Delta. Chains are used

are in this case used to restrain the rotatafrthe to restrain the rotation of the Rotary Table

Guide Beam while rotating the ROV. Structure, while rotating the ROV

Figure 10 A and B represent similar concept for guiding R@V through moon pool.
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Since there will be no guiding beneath the moor,mepecial system has to be developed to
be able to align the ROV before it is being pullledbugh the tight moon pool. This system
will consist of a Hydraulic Rotary Table designdAiO A and B].

The Hydraulic Rotary Tables main objective willteealign the ROV cage before it runs
through the moon pool. This will be a great imprmoest compared to the older system where
the ROV crew had to guide the ROV cage manuallizdnyd with the help of sticks, rope or
chain [Fig 11 A and B].

Furthermore the new system permits a safer operafiten installed, there will be no need
for personnel to manually guide the ROV cage wheuanis through the moon pool. This will
improve the human environmental safety factor sufiglly.

A) ROV being manually aligned with ropes B) ROV is launching through a tight moon
durina launch and recove pool. Chains are used to quide the R

Figure 11 Manually Guiding the ROV through moon pool
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7. DEVELOPMENT OF LAUNCH AND RECOVERY SYSTEM

The design process started of with a concept ngeetith some of the engineers at
Oceaneering AS. After briefly studying a numbecohcepts, we all agreed on one patrticular
concept. A basic execution plan for the designestags put together and potential problems
where defined and discussed how they best coutblved. The development of the Launch

and Recovery System was split into four main conepts

Design of Hydraulic Rotary Table
Design of Guide Beam

Design of Guide Structure

A WD PE

Design of Interface between ROV cage and Rotary Table

It was decided that the Hydraulic Rotary Table widuve to be an integrated part of the
Guide Beam. The Guide Beam would then be serviraglesse structure where the Hydraulic
Rotary Table was to be mounted. With the help foiciion surface between the ROV cage
and the Rotary Table, the Rotary Table should ke talrotate the ROV. The Guide Structure
would consist of two parallel pipes guiding the GuBeam through the moon pool area. The
guiding would stop when the ROV leaves the moorl pwben launching). The advantage
with this system is that it allows the ROV to b&ted mechanically during launch and
recovery. The pivot point of the pendulum behawdl also be substantially lower. This will
cause the ROV-swing amplitude to decrease (lessgswfithe ROV). Though the ROV will
not be guided through the splash zone, it will hadeguiding through and above the moon
pool. This will improve the ROV crews work situaticonsiderably. Less contact between

ROV and its personnel is expected.

I mprovements during Launch and Recovery:

1 L ess contact between ROV and crew
2. No impact between ROV and moon pool
3. L ower pivot point of theumbilical (reduced swing)
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8. DESIGNING THE LAUNCH AND RECOVERY SYSTEM

When designing the ROV Launch and Recovery Systend different aspects need to be
taken into consideration. Details such as weightsire of the ROV and ROV cage, size of
the moon pool area, size of the moon pool itsélbice of material and so on are all important

factors. Launch Systems are seldom identical.

Due to the great expenses of disconnecting thelialbiall parts must be designed so that
they can be mounted without disconnecting the unabilThis is mainly done by splitting all

parts of the rotary table into two halves.

It is at its most important that all parts musdesigned so that they will fit perfectly together
and manage estimated loads exerted to the systenmglhis process several calculations
have been made so that the design will be acceptedal strong enough to withstand any of

the expected loads. Most of the calculations aneddn chapter 9.

Guide Pipes

Umbilica

I

Guide Bear

Hydraulic Rotary Tabl

Figure 12 ROV Launch and Recovery Design.
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8.1 Hydraulic rotary table
The Hydraulic Rotary Table is assumed to be thet mmsplicated part of the launch and
recovery system. It will allow the ROV to be mecitaily rotated and aligned with the edge
of the moon pool, before it is launched or recodeiiéhe Rotary Table will furthermore
correct the ROV while it runs through the moon pax@a where personnel, equipment or
various structures might be located. This mighstoectures such as gangways, rig structure,
pipe configurations or similar. Structures suclih@se are quite common on older oilrigs that

have been refit with new and bigger ROV equipment.

The Hydraulic Rotary Table will be an integratedtud the Guide Beam. The umbilical
which is connected to the ROV cage will be runrtimgpugh the Rotary Table. All
components of the Hydraulic Rotary Table must tloeeebe designed so that they can be
installed without detaching the umbilical. Basigalis means that most of the parts will have
to be split into two equal halves and then coupledind the umbilical.

The Hydraulic Rotary Table design will consist ef/eral parts. Main components in the
system are the Hydraulic motor, Gearbox, d = 1180HPC Gearwheel and the d = 760 mm

Polyacetal Slide Bearing.

8.1.1 Polyacetal slide bearing
The POM slide bearing is produced by Astrup AS,clhis one of Norway’s leading

companies within plastic and metal distribution.

The POM slide bearing will have an inner diameter4D) mm and an outer diameter of
760mm. The slide bearing is only 10 mm thick. Tha £OM bearing allows for a rather
large heat transfer. This will cause the coolingcpss of the bearing to be rapid. The ROV is
only turned 1-2 revolutions during either launchrezovery, so the rotational speed of the
bearing is extremely low. This combined with thpidacooling makes it unnecessary to
calculate the wear out of the bearing (PV factdhe wear out of the bearing will be very low

due to the extremely low rotational speed.

Since we cannot detach the umbilical, due to a&oedttime consuming operation, we will
have to design the slide bearing so that it casplieinto two halves. The two equal parts of
the slide bearing will be latched together with liedp of a top and bottom slide bearing
flange. The slide bearing flange will connect te slide bearing parts. The bottom flange

will support the weight of the “hang off load”z.H~ is a force that represents the weight of
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all parts that are supported in the slide beafiings meaning that the forcez ks acting on
the Slide bearing. The total weight of the “hanfjlodd” is 269 kg (£~ 2640N). The surface
between the steel Latch Plate (latching the bigr@le@el together) and the plane bottom
Slide bearing flange causes friction in the Slidaring. The friction force is calculated in
chapter 9.1.2. The transfer of power from the sigpadirwheel to the big driven gearwheel

also produces friction in the slide bearing. TBisalculated in chapter 9.1.3 and 9.1.4.

A) The driven Gearwheel, upper and lower B) Complete Slide bearing

Latch Plate is supported in the Slide bearing.
Figure 13 Details of POM Slide bearing, Gearwheel, upper &owder Latch Plates are shown in figure A and B

The Slide bearing will be installed onto the Rotéaple Support Structure shown in figure
14 below. The Slide bearing will sit fairly looseand the Support Structure. This will allow
either the Slide bearing to rotate around the Sugtoucture, or the Gearwheel with its
Latch Plates [Fig 13 A and Fig 15 A and B] to retatound the POM Slide bearing [Fig 13

B]. Either way, there will be a rotation causing ROV cage to rotate.

Figure 14 Rotary Table Support Structure.
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8.1.2 Gearwheel
Both the big Gearwheel (pitch circle diametgerdl120mm) and the small Gearwheel (pitch

circle diameter gl= 80mm) is produced by HPC Gears. HPC Gears argpany based in the
UK, and is specialized in producing gears for vasisize and purpose. Both gearwheels will

have a thickness of 30mm and module 4. Thus théoruof teeth (Z) of the gears is:

Driven Gearwheel: Small Gearwheel:
Zl—i—%):ZSOtooth Zzzizg):zomoth
m 4 m 4

Since the umbilical runs through the centre oftilgeGearwheel, as shown in figure 12, the
big Gearwheel will have to be split into two eqgpatts and latched together with Latch Plates
on the top and on the bottom of the gearwheel.LHteh Plates will connect the two
gearwheel parts together with the help of 12 bafltsize M20 x 90 mm. The Latch Plate will
also perform as the sliding surface in the POMe&hdaring. Both the big Gearwheel and the
Latch Plate material will be stainless 316 stebk Triction between steel and the POM Slide
bearing isu = 0.32. [4]

As shown in figure 16, the ROV Interface is coneddb the lower Latch Plate. During
launch and recovery through moon pool, as shovilgune 20 A, the ROV interface is in
direct contact with the ROV cage.

Upper Gearwheel Latch Pl

A) Cross section view of Latch Plate on top of B) Cross section view of Latch Plate on
Gearwheel bottom of Gearwheel

Figure 15 A and B show upper and lower Latch Plate of thar@heel assembly

As stated above (see also figure 19 A and figurd@2ihe form and the function of the

umbilical necessitates that the big Gearwheellisigpo two equal parts.
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Upper Gearwheel Latch Plate

<

Driven Gearwheel

Lower Gearwheel Latch Pl: | ROV Interfac

Figure 16 POM slide bearing assembly

8.1.3 Hydraulic motor and Gearbox
There is a great assortment of hydraulic motorsgaaitboxes on the market. In this design

study a lot of different brands and sizes wouldknuerfectly fine. However there will always
be some preferences with one over the other. Fod#sign the selection of hydraulic motor
and gearbox was done in conjunction with the eregmat Oceaneering AS.

Oceaneering AS has great experience with the uSawér Danfoss OMR hydraulic motors.
They use the brand Sauer Danfoss in many of tbelrdesigns. The criteria for my selections

are as follows:

The hydraulic motor component will be powering tb&tion of the Rotary Table. The
essential torque, speed and acceleration requittderachieved by combining the use of a
large driven Gearwheel (d =1120mm), Ondrives PGHEAT@1 ratio Gearbox, hydraulic
fluid pressure, hydraulic fluid flow and the progze of the Sauer Danfoss OMR hydraulic

motor.

During a constant pressure gradient, it is commwhkedge that a larger hydraulic motor
will produce more torque than a small hydraulic onoT his is due to the larger area of the
impellers/blades which produces the force and h#reyorque. Selecting the right motor size

and pressure will be crucial to the design.
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The acceleration of the Hydraulic Rotary Table 8ysts quite critical. If the acceleration of
the System is large, torque will also be large (deter 9.1.1). Large acceleration will cause
torque to build up and the torque may exceed tharman allowed design torque. As a result

of this “torque build up” components might brakenho

To assure a controlled acceleration and less chafrm@mponents braking down, a flow
control valve will be used. Other, more basic, laydic components will be standard 3/8”
hydraulic tubes, valves, couplings and an adjustebéck valve. The flow control valve will
make sure that the angular acceleration of theawwtrmotor, and hereby the ROV, is
restrained and does not exceed 0.2 fadifsis will ensure a smooth rotational acceleratién
the ROV and less chance of exceeding the maximlowed design torque. The check valve

will make sure that the pressure is constant aatitlidoes not exceed the set level.

Another important part in designing the speed efdisstem is to choose correct size of the
hydraulic pump. It is the pump that is producing tiesired flow and pressure. However it is
common on oilrigs that huge hydraulic power uni®J's) are supplying smaller hydraulic
units and equipment with both flow and pressureerBthought there are no standardized flow
rate, topside hydraulic power units (HPU"s) migatywfrom anywhere between 30 I/min to
120 I/min. However a flow rate of 60 I/min is oftatilized on topside equipment. To control

the flow rate further more, adjustable nozzle valaee used to decrease or increase the

hydraulic flow.
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Figure 17 Function diagram for Sauer Danfoss OMR160 hydraoimtor
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To be able to decide which hydraulic motor to usthis system, the torque, angular
acceleration and the angular speed/rotational spete Hydraulic Rotary Table is taken
into consideration. The Sauer Danfoss OMR160 hyatrawotor function diagram is used to
select the desired flow and pressure. From figurevé see that the pressure decides the

torque and the flow decides the number of revohgiper minute (rpm).

If we set the check valve to 130 bar pressure aoéethe flow rate to 28 I/min we can

estimate both the rpm and torque from the OMR 1@@tion diagram [Fig 17].

When using the OMR 160 hydraulic motor togethehwlite Ondrives PGE 1001-10:1 ratio
Gearbox we can further study, from the OMR160 fiamctliagram [Fig 17], the actual torque
and rotational speed (rpm) applied to the drivear@beel. Since the Gearbox ratio is 10:1
we estimate that the output torque will be 10 titaeger than the input torque, and that the
output rotational speed will be 10 times less tt@ninput rotational speed.

The maximum speed of the system (speed of thaanjas not essential to the design. It dose
not make a difference if it takes the operator B@6even 90 seconds to fully rotate the ROV
to the desired position. This is because the thiedtion of the launch operation usually takes
substantially more time than the time that is spetating the ROV. For that reason, the

maximum angular speed of the rotation is not a rdasign factor.

On the basis of these assumptions it will be preteto have a slow angular rotation of the
ROV. The moderate angular speed of the rotatiohraduce the torque that is exerted to the
system when accelerating or retarding the rotatidhe system. The whole process of

rotating the ROV will be easy to monitor and cohtro

The retarding of the rotation will be done by coiiing the flow. In this case the flow will be
gradually choked and the rotary table will everfuabme to a stand still. When accelerating
the Rotary Table, the flow will gradually increasethat the Rotary Table gets a smooth

acceleration.

8.2 Guide Beam

As shown in figure 18, the Guide Beam consistsvaf ¢qual parts that are bolted together
with six M24 x 55mm Din 933 bolts. The base struetof the Guide Beam is 200mm wide
and 200mm tall. The thickness of the beam is 10iirtme.main purpose of the Guide Beam is

to support and guide the Hydraulic Rotary Table eéW/the ROV is guided through and above
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the moon pool, it is actually the umbilical thaldsthe load of the Guide Beam and its
integrated Hydraulic Rotary Table. However whenRi@V cage is being launched, and the
ROV cage leaves the moon pool, the Guide Beanttisrethe lowest level of the moon pool
area [Fig 19 A]. The ROV is lowered into the sealevthe Guide Beam sits in the moon
pool. In this case, when the ROV leaves the Guiglen® the Guide Beam is supporting the
total load of itself and the Hydraulic Rotary Table

Another important part of the Guide Beam is to guathd restrain the umbilical. Since the
Guide Beam is enclosing the umbilical (verticaltg umbilical runs free), it will control the
horizontal movement of the umbilical. The umbiligall be forced to run through the centre
of the Guide Beam and hereby the moon pool. Dukdaanger of damaging the steel
umbilical in case of contact between the steel &dam and the umbilical, a POM Ring is
installed in the centre of the Guide Beam. The PRINg will sit inside the Guide Beam

almost like a bucket, shown in figure 18 A.

o

A) Guide Beam with POM rir B) 20mm Guide Plate

Figure 18 Guide Beam details

The POM Ring, shown in figure 18 A, will decreake thance of damage to the umbilical.

The Guide Beam may be designed to have varioushemgl sizes so that it fits the desired
moon pool measures. In some cases, the area wfdbe pool opening measures only 3 x 2
meters. [1], [16]

The Guide Structure is placed diagonal over thempmmwl. On each side of the Guide Beam,
two Guide Plates will be installed. The Guide Patdll attach the Guide Beam to the Guide
Structure (6 inch pipes with guide path), as showirgure 19 B. This will ensure no
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horizontal movement of the Guide Beam. However utmbilical and ROV cage will easily
be able to lift the Guide Beam and Hydraulic Roféaple when the ROV is recovered

through the moon pool opening, as shown in figl@él

8.3 Guide Structure
The Guide Structure will consist of two 6 inch @peaade of stainless 316 steel. A 30 mm

guide path will be machined out in the longitudidaection of both pipes. The pipes will be
placed vertically and diagonal over the moon pgarong, shown in figure 19 A. Both guide
paths will be facing each other. The Guide Bearhtivdn be installed so that the Guide
Plates are inside the Guide Pipes, shown in figarB. This makes the guide Beam
horizontally restrained and only able to move up@wn the Guide Pipe Structure. The
Guide Pipes will have to be bolted or welded tolihee of the moon pool. The Guide Plates

are bolted to both ends of the Guide Beam.

A) Guide Beam and Guide Structure 3) 20mm Guide Plate slides inside the Guide Pipec8ire

Figure 19 Guide Structure details

8.4 Interface between ROV cage and Rotary Table
When the ROV is being recovered from the sea,liteventually reach the moon pool area

where it will come in contact with the Hydraulic oy Table, integrated on the Guide Beam.
The ROV cage will then lift the Guide Beam up. Tedble to rotate the ROV, some kind of
connection will have to be made between the RO\é @yl the Hydraulic Rotary Table.
Since the umbilical is pulling the ROV cage, asvehan figure 20 A, forcing the ROV cage
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to lift the Guide Beam, we can assume that thé vateght of the Guide Beam, including the
Hydraulic Rotary Table will be acting on the RO\gea

A) ROV Interface in contact with ROV cage Sc))aFiigg\jl interface coated with 50mm rubber

Figure 20 ROV Interface details

The weight of the Guide Beam and the integratedrélylcc Rotary Table is approximately

930kg (not including hydraulic hoses, valves arfteohydraulic equipment).

The ROV Interface, which is part of the Hydrauliot®y Table, and in direct contact with
the ROV cage, has a 50 mm thick rubber coating.rihber coating is fairly soft and
generates a lot of friction between the two parts.

When in contact with the ROV cage, the rubber cggawvill squeeze together and partly
circumference the pipe structure of the ROV cagghasvn in figure 20 A. This will help

create enough friction between the two surfacdbaiothe ROV cage can slowly rotate as one
with the Rotary Table.

When the rubber coating is squeezed together $spanbof the ROV cage pipe configuration
is covered by the rubber coating, it is assumetttigastatic friction coefficientu is 0.6.

This is just an assumption. In case more frict®required, the ROV cage can easily be
modified so that the connection point between W gurfaces has a static friction coefficient
(n) of 0.6 or similar. The radius of the intersectmoint between the ROV cage and the ROV
Interface is 0.480 m.
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Calculating thefriction force Fg

We know from the torque calculations that the ptapmentum of the ROV alone is
2312Nm (se chapter 9.1.1). This tells us that tbenentum caused by the friction force must
be larger than the momentum trying to rotate th&/R@ge. If not the Hydraulic Rotary Table

will start to spin and the ROV cage will not rotate

The friction force (F) is directly proportional to the normal force (#here the
proportionally constant is the coefficient of frart (1). This relation is given by: /= F pn
where = 930kg: 9.81m/$ andp = 0.6. Substituting values we get¥5.47 kN.

FF:F'},l

Fe = 930Kg- 9.81m/$ - 0.6 = 5474N

This friction force between the ROV Interface rubled the stainless steel pipe
configuration of the ROV cage causes a momentum:(Mdiken by: Mk = K- R, where R =
0.480m. Substituting values, we get ME2628 Nm, which is larger than the rotary
momentum of the ROV alone;(= 2312 Nm).

This means that there is enough frictiorn=(0.6) between the two surfaces so that the ROV

cage will rotate together with the ROV interfacel dme Hydraulic Rotary Table.

Further more we can calculate the minimum fricooefficient (1in) needed between the

two surfaces to be able to rotate the ROV, asvdlo

U = 2312NmD 1 =052
048m 930kg[B8Im/s

Minimum friction coefficient (imin) between the two surfaces must be at least 0.52.
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9. MAIN CALCULATIONS

Basic calculations have been performed to estith&enain loads and stresses in the ROV
launch and recovery design.

9.1 Torque calculations
To be able to pull or lower the ROV through the m@ool, the ROV has to be rotated so that

it is correctly aligned to the moon pool openingeTotary motion of the ROV will be done
by a Hydraulic Rotary Table. The rotation will réigua certain torque transmitted from the
rotary table to the 4 ton ROV. The total torqué theeds to be overcome will be decided by

four main components. The four components are |&sifs:

1
2.
3.
4.

The ROV moment of inertia (4 ton mass, ROV radius = 1.7meters)
The applied acceleration a (Theangular rotation of the ROV)
Theresistance caused by axial friction in the slide bearing
Theresistance caused by radial friction in the dide bearing

Guide Beam

Hydraulic Motor
with Gearbox

ROV Interface

¥

A

Figure 21 Hydraulic Rotary Table System
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9.1.1 Rotary momentum of the ROV

Maximum torque will occur when accelerating the taydic rotary table from a stand still
position. If we combine point 1 and 2 in chaptdr, @and assume a maximum angular
acceleratior = 0.2 rad/$~ 11.45°/4, the maximum torque generated during the accéberat

phase (rotation), can be estimated as follows:

| = Mass Moment of Inertia

m = 4000kg (The mass of cage and ROV together)
T = Torque

o = Maximum Angular Acceleration (assumed to be&d2f ~ 11.45°/9)

r = 1.7meters (radius of the ROV cage)

2 1)

| = 4000kg( (1.7m¥ = 11560 kgrh

u=Ila (2)

T1 = 11560kgm [ 0.2%%2 = 2312 Nm

-

=

Fiaure 22 Hvdraulic Rotarv Table detail

To be able to rotate the Rotary Table [Fig 22]qter is transferred from the Hydraulic Motor

and the Gearbox to the Gearwheel.
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9.1.2 Friction between the Latch Plates and the Slide bearing

Upper and lower steel Latch Plates are used toesttrthe big Gearwheel around and inside
the Slide bearing. Due to friction between the u@el lower Latch Plates and the Slide
bearing, which is made of POM material, extra tasice is created in the bearing. This
resistance will have to be considered when calitigdhe total torque required to rotate the
ROV.

Together with the selection of material used fer 8tide bearing and the upper and lower
Latch Plates (sliding inside the Slide bearingg, ‘thang off load” (), shown as colored
green in figure 23, is part of what creates thetityn force (RR) and the resistance in the slide
bearing. Large “hang off load” ¢gFwill generate a larger friction force {Fand herby more
resistance in the slide bearing. The “Hang off Id&d) in the Rotary Table design consists

of several parts. The total weight of the “hanglo#d” (F) is 269kg.

Figure 23 Hydraulic Rotary Table cross section

Latch plate material: Stainless 316 Steel
Slide bearing material: POM

Friction coefficient between Steel and POM: u=0.32

Hang off load, (k): 269kg 9.81m/s2x 2640N
Fr=F-pn

Fr = 2640N- 0.32 = 845N
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Since I is a force created due to friction between thenthaff load” (F), and the bottom

Slide bearing surface, we know thakYfkogether with the arm R [Fig 24 B], will create a
torque that counteracts the rotation of the ROVARoT able. To calculate this torque, we
must first decide the arm, R, which the forggig~acting on. This will be the arm R that

divides the slide bearing face into two equal afeas24 B].

. ‘ RA055
R&T), .

B) Slide plane of the slide bearing

A) POM Slide bearing

Figure 24 POM Slide bearing details

To calculate R we usethe formula

3 53
R=2|| RO-RI 3)
3|| RA? - Ri?
Where R is the outer radius and R the inner radius.

Substituting numerical values we get:

3
. _2[{ 430° - 380

=< =405.5mm
3|| 430" —380° H

The friction force k is acting on the bottom exposed plane face oflide bearing [Fig 24 A
and B]. The arm, which creates the counter torguealculated from equation nr. 3. The
length of the arm is 405.5mm as shown in figurd32Z his is a counter clockwise torque that
is slowing down and working against the rotationhaf rotary table/ROV. The magnitude of
the torque can easily be calculated:

n=FR (4)
T, = 845N [0.4055Mm= 343 Nm
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9.1.3 Calculating the force applied to the driven gearwheel
In addition to the friction forceds which is creating a torque that is acting inplene face of

the Slide bearing, there will also be a radialtioic force in the bearing. The radial force can
be estimated by decomposing and calculating theefacting on the pitch circle, as shown in
figure 25. To perform such calculations we firsedéo calculate the force,F-y and K are
components of the driven force F, as shown in 82, which is transferred from the small
Gearwheel to the big Gearwheel (driven gearwheel).

Foint of contact

Fitch point

Fath of action

Figure 25 Force is transferred from small gearwheel to big
gearwheel

On the pitch circle the tangential forcefand the radial force ¢ is transferred from one
gearwheel to the other. The pitch point is the acnpoint between the two gearwheels. The
path of action or also known as the angle of atta@k a 20-degree angle compared to the

tangential force (B).

Calculations

r,+7,

F= (5)

RPitchCirIe

T1= 2312Nn
T, = 343Nn
Repitchcircie = 0.-560mM

_2312Nm+ 343Nm
0.56Cm

=4741N

X
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The force (k) is tangential to the gearwheel pitch circle. Vée the force componentyF
together with the resultant force (F) to find astireate the radial force component F
Since the resultant force (F) has a 20° angletatktor path of action compared to the
gearwheel pitch circle, we use this to calculatertidial force (). When decomposing the
resultant force (F) into the two componentg)(&nd (F), using formula 6, we can easily

calculate the radial force (JFexerted to the Slide bearing:

Tan (20°) =:::—y (6)

X

Fy = Tan (20°) Fx

Fy = Tan (20°) 4741N = 1726N

9.1.4 Torque caused by radial friction in slide bearing
The force (), is in this case, a radial force causing fricti@vieen the steel Latch

Plate/Gearwheel combination and the POM bearing.fiibtion force will generate even
more torque counteracting the rotation of the gotable. This will be the third and last torque

that the system will have to overcome. The tortdiean be estimated by basic calculations.

T3 = K - 1 R (OUTER SLIDE BEARING FLANGE) (7)
T3=1726 N- 0.32- 0.380m =210 Nm

9.1.5 Torque calculation conclusion
If we combine all three momentuntd,, 12 andt3 we can estimate the total torque needed to

rotate the ROV as follows:

Total torque needed to rotate the ROV

Trotal =Ty + T2 + T3 (8)
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TTotal = 2312Nm + 343Nm + 210 Nm = 2865 Nm

This tells us that the Hydraulic Motor, the Gearpitve small and big Gearwheel combined
together as one unit will have to produce a tatajue of 2865 Nm to be able to accelerate

and rotate the ROV during launch and recovery.

9.2 Calculating main bolts in the ROV launch system
The Hydraulic Rotary Table consists of severalp#rat are primarily bolted together. The

main bolts will have to be calculated to be sued the Rotary Table is designed for the
proper loads. The main bolts are shown in figure 26

8 x M14 x 25mm Din 91

8 x M14 x 50mm Din 91 12 x M20 x 90mm Din 933

Figure 26 Main bolts of the design

9.2.1 M24 x 55 mm din 933 bolts

Both ends of the Guide Beam are horizontally fiXéertically the Guide Beam is free to

move up and down inside the Guide Pipes. This talihat when there is contact between the
ROV Interface and the ROV cage, the Guide Beammale along with, and at the same
speed as the ROV cage. The Guide Beams verticatldpeherefore the same as the winch
speed [Fig 27 A and B].
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A) ROV runs through moon pool B) ROV connects with ROV interface

Figure 27 A and B show details during launch and recovery

The two Guide Beam parts are bolted together vaghhielp of six M24 x 55 mm Din 933
bolts [Fig 28 A and B]. Under normal circumstanties connection between the ROV cage
and the ROV Interface will be done at a very lomet speed. Due to this, there will be

barley any force trying to split the two 170 kg GaiiBeam parts from each other.

However if the ROV cage hits the ROV Interfaceudlt\Winch speed, the Guide Beam will try
to separate, and the bolts latching the two Guigl@nBparts together will endure large stress.

A) Guide Beam seen from above B) View of Guide Beam with bolts

Figure 28 Guide Beam details

| assume that the hook up between the ROV Inteidadethe Guide Beam will always be
done at a very low speed. When calculating the ki@t it is therefore assumed that there is
no extern forces acting on the bolts. The bolty cldmp the two Guide Beam members
together. Further more | assume that the totatdighg torque of the M24 bolts are 829.92
Nm [11], and that the flange (member) of the GuBgam is 10 mm thick [Fig 28 A].
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To calculate the bolt stress, we have to first find the portion that is taken up by a given
bolt. The bolt load depends on the level of bodigad and the relative stiffness of the bolt
with respect to the members that the bolt connérctis case we have six M24 bolts
clamping together two 10 mm thick steel memberg f8 A and B].

Since we assume that the bolts are only preloadedtet there is no external force acting on
the bolts, we can simplify the bolt calculations tlle M24 bolts by only calculating the
tension caused by preloading of the bolts. Theopithg of the M24 bolts is set to be 829.92
Nm [11].

Fastening moment of the M 24 bolts
The M24 bolts are assumed to be threaded only vther#24 nut sits. The bolts are fastened
with a total tightening torque of 829.92Nm [11].

The core diameter (ds) of the bolt can be estimaséuy formula nr 15 below:

4CA
T

ds= /M =2118mm
T

The force I, which is acting in the bolt, due to the preloadalculated from formula nr 16.

n

ds= (15)

F, =1 (16)

M+ = Total tightening torque = 829.92 Nm

82992Nm

==t —1959N
0.2[D.211€m

The total force acting in the bolt (Fb) can be gkdted from formula nr 17.
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Fb=F, +pF (7)

Since it is assumed that it is only the preloadihthe bolts that generates the stress in the
M24 bolts, we can study from formula nr 17 that=H~b (F is ignored and assumed to be

zero).

It could be discussed if this is correct or not.¥likely the net weight of the Guide Beam
and Rotary Table will also generate stress in tiissbHowever, in this case only the
tightening torque of the M24 bolts that has beeamsatered. All other factors have been

ignored. From assumptions stated above, we camastiFb:

Fb=1959N +¢[0=1959N

The force Fb is distributed equally to all six b&tM24 bolts. The stress in each bolt is

estimated from formula nr 18:

Fb
ob =

A (18)
b= 2ION g3 /mne

6(3525mm

Since = Fb,o0 = ob = 9.3 N/mm

Due to the preloading, torsiogy)( will be transferred to each bolt. The torsieg) €an be

estimated from formula nr 22:

_96[M,
g’

(22)

0

_ 96[82929Nm

S - 026N/mnt
7l .

0
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As we can se from formula nr 22, the shear str

psed by the preloading is very small.

aSHE

The equivalent stresses are calculated using timeMises criteria and formula nr 20:

0 =Jo0? +3((05[B,) +1,) (20)

0., =93 +3(05003+ 026) =126N/mn?

The total stress acting in each of the six bolt&2i$ N/mni. The bolts that will be used are of
8.8 stainless steel qualities. The tensile stiess for the 8.8 bolts is 640N/mMm
This meaning that the bolts can theoretically leléal with 640 N/mfbefore they start to

deform.

Conclusion

The stress in the M24 bolts is only 12.6 N/fihis tells us that the bolts connecting the two
Guide Beam parts are extremely over dimensionegeder, in this case and especially since
the total force acting on the Guide Beam latchnisaemtain and partly unknown, it would be
safest to scale the bolts so that there will belrance of failure. Since the launch system will
be used in an offshore environment, all bolts hale to be of corrosion resistant quality
(stainless steel).

9.2.2 M20 x 90 mm din 933 bolts
The driven Gearwheel is connected together witrR®& Interface with the help of twelve

M20 x 90 mm Din 933 bolts. The bolts are assumdthie normal 8.8 qualities and are made
out of stainless steel. The bolts are somewhatlgwpnead around the Gearwheel [Fig 29 A].
As shown in figure 29 A and B, their main purpos#oi connect the Gearwheel, the lower
Latch Plate and the ROV Interface. This allowsR@V Interface to rotate as one with the
Gearwheel. Since torque is transferred from then@eeel to the ROV Interface, it is
expected some shear stress in the bolts. Thewililizlso have axial force due to the weight
of the ROV Interface. When calculating the 20 mrtisa fastening torque of 533.7 Nm is
assumed [11].
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A) Clamp detalil B) Cross section view of clamp area

Figure 29 Gearwheel, lower Latch Plate and the ROV Interfeleenped together

As seen in chapter 9.2.1, the shear force in tlis,lzhue to the preloading of the bolts, is very
small. In the remaining bolt calculations the sHeare due to the preloading has for that
reason been neglected.

Formulasused for calculating thetotal stressin the M20 bolts:

dh = diameter of the bolt hole

The nut of the clamped area is estimated to covieetthe diameter of the bolt hole. This is

shown in formula nr 9. The diameter of the clampezh can then be estimated as follows:

D =2I[dh 9)
D =2[20mm= 40mm

The area of the clamped material (Am) can thenabautated from formula nr 10.

Am= (D> —dh2)§ (10)

Am= (407 - 202 )g = 9425mn?
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The stiffness of the clamped area (Km) can be eséichwhen using formula nr 11:

Km= —AT[ = (11)

The stiffness of the bolt (Ks) can be estimatedmirging formula nr 12:

AlE (12)

As=Tensile Stress Area of M20 bolt = 244,79fmm

Calculating the stiffness of the clamped connection

Part Clamp Length | Material E-Module Km Ks
Gearwheel 30mm 316 steel 193000 Kml
N/mn? 6063417 N/mm
Lower Latch | 15mm 316 steel 193000 Km2
Plate N/mn? 12126833 N/mm
ROV 20mm Al 6082 T6 70000 N/mm | Km3
Interface 3298750 N/mm
M20 Bolt 65mm 316 steel 193000 932932,3 N/mm
8.8 Quality N/mn?

When clamping several parts together, the tottihes of the clamped area can be estimated

from formula nr 13.

t_ .1, L (13)
Km Km, Km, Km,

1
Km= 1 =1816430IN / mm

1 1
+ +
(6063417 12126833 3298750)
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Formula nr 14 is used to estimate how much of tineef (F) that is transferred to the bolts,

and how much of the force (F) which is used tceradithe tension in the clamped area.

Ks
=—— 14
¢ Ks+ Km (14)

_ 9329323 _
93293.3+181643(.1

This meaning that 34% of the force (F) is absotethe bolts and that 66% of the force (F)
is used to relieve the clamped area. F is in thé® ¢he weight of the ROV Interface (24.1 kg).

Fastening moment of the M 20 bolts
The M20 bolts are assumed to be threaded only wther®20 nut sits. The bolt is fastened
with a total tightening torque of 533.67 Nm [11].

The core diameter of the bolt can be estimatedgusirmula nr 15 below:

ds= [2S (15)
T

d :M:l?ﬁa’nm
T

M+t = Total Tightening Torque

The M20 Din 933 bolts are fastened with a totditeging torque of 533.67 Nm. [11]

The force Iy, which is acting in the bolt, is calculated froamrhula nr 16.

£ - _M: (16)
=
0.2 [dls
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53367Nm

=2 =1511813N
0.2[0.0176:m

F is the load trying to stretch the bolts causixiglestress in the bolts. In this case F is the
weight of the ROV Interface. The ROV interface iada of 6082 T6 Aluminum and has a
total weight of 24.1 kg.

F =24.1kg[®81m/ s’ = 2364N

Fb=F,+¢[F 17)

Fb=1511813N + 034[2364N =1512617N

The force Fb is distributed equally to all twelv®bolts. The stress in each bolt is
calculated from the formula nr 18 and 19.

Fb (18)
A

ob =

_ 1512617N
12[244.7Smn>

=515N/mnf

F, (19)

1511813N

g, = > =515N /mnf
12[244.79mn
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Since the Gearwheel is transmitting torque to tld/Rnterface, it is expected shear stress in
the M20 bolts. The torque that is transferred Isudated in chapter 9.1.5. The total torque
that is transferred is 2865 Nm and the twelve baitsat a radius R = 0.480m.

We can then estimate that the shear force exartdettwelve bolts will be as follows:

= _ 2865Nm

= = 596N
0.48Cm

The shear forcedis acting tangential to the bolt path. The forcequally distributed to all
twelve bolts. Formula nr 21 is used when calcutptire shear stress in the bolts due to the

torque transfer:

Fs (21)
ABoIts

I, =

596N

v = 20 = 158N/ mnt
12({ ”4 Jmnt

Furthermore the equivalent stresses are calculstiag the Von Mises criteria and formula nr
20.

0., =+ob® +3((05w,) + r) (20)

0., =/515% +3((05(515) + 158) = 70N /mn?

The bolts that are used are of 8.8 stainless gtegities. The tensile stress limit for the bolts
is 640N/mmi.

Conclusion

The stress in the M20 bolts is 70 N/fmrhis tells us that the bolts connecting the
Gearwheel, lower Latch Plate and the ROV Interfaeeover dimensioned. A smaller bolt
diameter or a lower bolt property could be usedc&ithe launch system will be used in an

offshore environment, all bolts will have to becofrosion resistant quality.
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9.2.3 M14 x 50 mm din 912 bolts
The Hydraulic Rotary Table is bolted to the Guid=aB with the help of sixteen M14 Din

912 bolts of various lengths. Eight of the sixtbeits are running through the Support Arm
[Fig 32], Support Plate [Fig 30 A], and are coneddb M14 nuts. The remaining eight bolts
are bolted through the Support Arm and directltho Support Plate. The bolts used in the
two fastening principals are of different lengtlike bolts that are directly connected to the
support plate are 25 mm long. The bolts that ruauth the Support Plate and connect with

the M14 nuts are 50 mm long. Washers are usedalitiolts and nuts. The bolts are made of

stainless steel and assumed to have 8.8 qualitiesmain purposes of the bolts are to

connect the Rotary Table to the Guide Beam andthedoad of the Rotary Table.

8 x M14 x 25mm Din91 8 x M14 x 50mm Din 91

A) Top view B) Front view

Figure 30 Guide Beam and Hydraulic Rotary Table

The M14 bolts, shown in figure 30 A and B, will lea&xial stress due to the total weight of
the Rotary Table [Fig 31]. The Rotary Table weigB9.74kg. When calculating the M14
bolts a tightening torque of 154.74 Nm is assurfied.

Figure 31 Rotary Table hang off load Figure 32 Support Arm
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The M14 x 50 mm bolt is assumed to have threadgwhere the nut sits. The M14 x 25mm
is assumed to have threads all along the bolt stesrmentioned in chapter 9.2.2, the shear
forces due to the preloading of the bolts are sraalll have in these calculations been
neglected.

Formulasused for calculating thetotal stressin the M 14 Bolts
dh = diameter of the bolt hole

The nut of the clamped area is estimated to cavieetthe diameter of the bolt hole. This is

shown in formula nr 9. In this case the bolt hads h diameter of 14 mm:

D =2I[dh 9)

D =2[14mm= 28mm

The area of the clamped material (Am) can thendbautated from formula nr 10.

10
Am= (07 - )’ 1o

Am= (287 147 )g = 4618mn?

The stiffness of the clamped area (Km) can be edéichwhen using formula nr 11:

AmlE

Km==— (11)

The stiffness of the bolt (Ks) can be estimatedmnging formula nr 12:

Ks= E (12)

As=Tensile Stress Area of M14 bolt = 118fm
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Calculating the stiffness of the clamped connection
Part Clamp | Material | E-Module Km Ks
Length

Support Plate | 15mm 316 stee 193000 Nfmn} Km1

5939253.3 N/mm
Support Arm | 15mm 316 steel 193000 N/mMm | Km2
(3"Pipe) 5939253.3 N/mm
M14 8.8 Bolt | 15mm 316 steel 193000 N/mm Ks1
without nut 1980180 N/mm
M14 8.8 Bolt | 30mm 316 steel 193000 N/mm Ks2
with Nut. 989833 N/mm

When clamping several parts together, the tottihess of the clamped connection can be

estimated from formula nr 13.

1 1 1 1
= + T
Km Km, Km, Km,
1
Km= 1 1 =29696267N/mm
+
(59392533 59392533}

(13)

If several different bolts are used, the resultiftness of all bolts can be estimated using

formula nr 23.

1 1 1 1
— = —t— .
Ks Ks Ks, Ks,
1
Ks = =6599458N /mm
1,1
(1980180 989833J

(23)
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Formula nr 14 is used to estimate how much of tineef (F) that is transferred to the bolts,

and how much of the force (F) which is used tceradithe tension in the clamped area.

Ks (14)

?= Ks+ Km

o 6599458 _
659948+ 2969627

This meaning that 18% of the force (F) is absotethe bolts and that 82% of the force (F)
is used to relieve the clamped area. The forcés(i)this case the weight of the Rotary Table
(24.1 kg).

Fastening moment of the M 14 bolts.
| assume the M14 Din 912 bolts have been fasterigdanotal tightening torque of

154.75Nm [11].

The core diameter of the bolt can be estimatedgusirmula nr 15:

4TAs (15)
T

ds= 1/£18 =1225mm
m

The force Iy, which is acting in the bolt, is calculated froamrhula nr 16.

ds=

(16)

M+t = Total tightening torque = 154.75

154.75Nm

= = 631592N
0.2[0.0122m
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Fb=F, +¢F 17)

The force F is trying to stretch the bolts. Thisasising axial stress in the bolts. In this case F
is the total weight of the Rotary Table multiplieith the gravity force (9.81nfs The
Rotary Table weighs 499.74kg.

F =499.74kg [(P81m/ s’ = 49062N

Fb =631592N + 018[49062N = 640423N

oo PP
As

(18)

_ 640423N

T = 339N /mnt

F (19)

_ 631592N

0

The equivalent stresses are calculated using timeMises criteria and formula nr 20. The

total stress in the bolts is as follows.

0., =+Job? +3(050,) (20)

0., =+/339% +3(05335) = 446N /mn?
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The bolts that are used are of 8.8 stainless gte#ities. The tensile stress limit for the 8.8
bolts is 640N/mrh This meaning that the bolts can theoreticallydagled with 640 N/mm
before they start to deform.

Conclusion

The stress in the M14 bolts is 44.6 N/fffhis tells us that the bolts connecting the Rotar
Table to the Support Plate and Guide Beam aredivensioned.

A smaller bolt diameter, less bolts or a lower Ipotiperty could be used. Since the launch
system will be used in an offshore environmentbalts will have to be of corrosion resistant

quality.
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10. MATERIAL SELECTIONS

10.1 Polyacetal used as slide bearing and POM ring
The polyacetal material (POM) will be used in thiel&bearing design and in the POM Ring

design. The two parts are shown in figure 33 ABnd

A) POM Slide bearing B) POM Ring protecting the umbilical from
the steel Guide Bea

Figure 33 POM material is used for both the Slide bearing &mel POM Ring

In the last 30 years some of the thermoplastice lshown that they are highly useful
materials. The plastic materials are now conquemoge and more of the market. Polyacetal
or better known as POM is among this group. Itgrasen that in certain areas, it can replace
better known materials such as steel, copper, largsluminum. All the different acetal
plastic types are designed to have various quslilieey are often compared to and favored
over other thermoplastic materials. When mixindedént types of acetal plastics we get a
plastic material that has great properties. Théahogaterial has great strength and stiffness.
Due to the low friction coefficienfy = 0.32 against steel, and a great wear out cosfficthe
material polyacetal is quite suitable for the usslide bearings. As a bonus, the polyacetal is
very easy to work with. When working with the maem a cutting machine or a lath, same
tools are used for polyacetal as for steel.

According to Astrup AS, all plastic materials aopheat transmitters. This is also the case
for polyacetal. Due to poor heat transmitting diiesi there will always be less wear out in a
plastic slide bearing compared to a conventiondéddearing (conventional material such as
brass or bronze). Poor heat transmission equa$édactor. However this also depends on

the slide bearing design. To make sure of minineal fbuild up in the slide bearing, the
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bearing needs to be designed as slim as practsallge. This will assure fast and efficient
transfer of heat from the bearing to the surrougslin

Further more the surface which is sliding inside shde bearing needs to be fairly smooth
and as hard as possible. To assure this, thesslidi@ce needs to have a property of minimum
50 Rockwell C. A hard and smooth material slidingjide the slide bearing will assure a solid
and wear out resistant slide bearing design. Thahmaterial also allows for a high
pressure/force perpendicular to the sliding facthefslide bearing. This means that a

polyacetal slide bearing can deal with fairly highds. [4]

Polyacetal (POM) Properties [4]

Rm = 65 MPa
p = 1410 Kg/n
E-module = 3000 MPa

10.2 Aluminum 6082 T6
Aluminum 6082 T6 material is intended for use ia ROV Interface design shown in figure

34. The ROV Interface is the part that is connggctive ROV and the Hydraulic Rotary Table.
Due to friction between the ROV cage and the RO¥rface, the Rotary Table will be able
to rotate the ROV cage.

ROV Interface

Figure 34 The aluminum ROV Interface is bolted together tith
Lower Latch Plate
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The 6000 aluminum alloy series contains magnesiugnsdicon as main alloys. Many strong
and reliable alloys have been produced from thé&@0ies. It is probably the most important
aluminum alloy around, and it is widely used inkafids of industry. The alloy has a great
balance between ductility, strength, corrosionstasice and welding abilities. More than 90%

of all extruded aluminum in Europe comes from th@@series.

The aluminum alloy 6082 is a medium strength allath excellent corrosion resistance. It
has the highest strength of the 6000 series alldys.6082 is known as a structural alloy. Due
to its higher strength, it has replaced the 60&lyah many applications. The aluminum alloy
6082 machines well and is commonly used in produearious parts where medium strength

is required [5].

Aluminum 6082 T6 Properties[5]

Si, 0.7-1.3% Cu, 0.1%
Mg, 0.6-1.2% Ti, 0.1%

Fe, 0.5% Mn, 0.4-1.0%
Zn, 0.2% Cr, 0.25%

Re (0.2%) = 310 MPa
Vickers (HV) = 100

p = 2700 Kg/nd
E-Module = 70000 MPa
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10.3 Stainless 316 steel
Stainless 316 steel will be used as material ferGhiide Beam, both the Gearwheels, the

Guide Plates, the 3 inch Support Pipes and the@uggructure. All parts are shown in
figure 35 A, B, C, D, E and F.

A) Guide Beam B) Bi C) Small Gearwheel
g Gearwheel g
(200 mm x 200 mm x L) (d=1120 mm) (d=80 mm)

D) Guide Plate E) Support Pipe

F) Support Structure

Figure 35 Essential parts made of 316 Stainless steel

Stainless steel grade 316 is the standard molylm@mnade, second in importance to the 304
amongst the austenitic stainless steels. The &4 bntains no molybdenum. The 316
contains about 2.2-2.7% molybdenum. The molybdegives the 316 better overall
corrosion resistance compared to the grade 304.iSlparticularly when it comes to pitting.
The 316 has excellent forming and welding char&ties. Even when welding thin sections,
post-weld annealing is not required. Due to its@sipn resistance, ductility and welding
abilities, stainless 316 steel is highly used irkimlds of industrial fields. The austenitic
structure gives the stainless 316 steel exceltergtiness even at low temperatures. The

stainless 316 steel is often used in offshore coasbns [5].
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Stainless 316 Steel Properties

Fe, <0.03%

C, 16-18.5%
Cr, 10-14%

Ni, 2-3%

Re =210 MPa

Rockwell B (HR-B) = 95
p = 8000 Kg/nf

E-Module = 193000 MPa

Mo, <2%
Mn, <1%
Si, <0.045%
P, <0.03% S
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11. CONCLUSION

The idea behind the thesis was to take a basicdbakeady existing ROV Launch and
Recovery Systems and to design a new and simplfisstem. The improved System was to
be partly guided and designed so that it coulchbtalled offshore on oilrigs with ROV moon
pools. The main focus of the design was to imptbeeROV crewmembers human,

environmental and safety factors during launchracdvery.

During the early stage of the concept study it suaggested that some type of mechanical
guiding of the ROV, through and above the moon paolld satisfy the desired criteria. The
Launch and Recovery concept was then decided lade@ Hydraulic Rotary Table, Guide
Beam and a Guide Pipe Structure guiding the GueknB The Hydraulic Rotary Table was

to be integrated on the Guide Beam.

SolidWorks have been used comprehensively to desthree dimensional model of the

simplified Launch and Recovery System. This hag béen the main part of the thesis.

The thesis substantiates the concept of the sieglROV guiding through and above moon

pool, and explains the benefits and challenges sutih a system.

Remaining work with the design will be to calculéte fit and tolerances of the various
Guide Beam parts, and to decide on who would betbeer manufacturer. Desired quality,

price and lead time will all have an influence ba final result.

If the system is manufactured and installed, it deffiantly improve the ROV crewmembers
works situation substantially. The design permitsas less human involvement during the
ROV launch and recovery. This will to a great exrexluce the potential of injury to

crewmembers and personnel who are working in th& ROon pool area.

The designed Launch and Recovery System can bediaging the SolidWorks software

eDrawings. Two eDrawing files are attached on CD.
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Guide Beam Assembly (eDrawingsfile)

Guide Beam Assembly with ROV Cage (eDrawingsfile)
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