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KONGSBERG

Poll Questions

Before we start please let me know if you have any
questions to me or about the Kongsberg Maritime.

There will be a Q&A at the end of the presentation to cover
the slides and the specific of this presentation.

Poll Question

What is your area of work related to AUV/USV?
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What is your job title?

Who is your employer?

How many years of experience do you have?




Eelume

Eelume

What geographic region are you from?
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Kongsberg Maritime and Eelume AS is developing a new type of Autonomous
Underwater Vehicle for residency on subsea structures, USV and even on
moored Power buoys.

Thi new AUV can be used as a resident AUV on subsea structures. Todays talk is
an introduction of how this vehicle came together and where we are now and
the plans for further development.

Who is Kongsberg Maritime.

Autonomous Vehicles

Eelume partners. Statoil pilot project.
How the Snake / Eeel concept came to life.
The first Prototype

Tools and plans.

The Statoil project. Morin field

Why use Eelume and what can it do.

Oo0oo0O0oo00oDo

) Years of Innovation

From Deep Sea to Outer Space




10/24/2017

Kongsberg Group Industrie!

Modern product portfolio with world g
Niche products and solutions to the
leading positions in defence and aerospace 12 iche productsand solutions to the entire
e o value chain; from launch to data download
g > i

Scalable automation and control, safety,

Marine robotics and underwater sensor
management, navigation and car or naval applications, fishery, offshore

operations and underwat

§ A global supplier of integrated
automation and control systems and Staying ahead of the curve on industrial
engineering services : ftware solutions for efficient operations

Global market leader within ~ Modern product portfolio in
offshore, merchant marine growing defence and
and subsea applications aeros|

Unrivalled global market Developing the next
leader in remote weapon generation of digitalized
e niches stations. products and services

59 offices in 20 countries

KM systems installed on more than 17,000 vessels

Dynamic positioning, navigation, automation, simulation, Subsea
and seismic instrumentation and fisheries
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Maritime Today

Connecting the Ocean Through Data

A brief history of Marine Robotics

* Nikola Tesla demonstrated a
remote controlled boat during
an exhibition at Madison
Square Gardens in 1898
In typical Tesla style, he
convinced the audience they
could control it with their
thoughts!




Universities led the
way: Special Purpose
Underwater Research
Vehicle (SPURV)

Research gave way to

defence applications in
the early 1980s

First AUV developed by
a commercial company
1983 (ARCS)

1957 University of Washington SPURV 1980 Ifremer Epaulard
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Eelume

PARTNERS

. Industrialisation and
a operation
manufacture
Supply chain

oil's partners.
P g and sales

Dedicated team

Innovation

BNTNU AMOS
of Norway e Siems Norway

World cl h

(') The Research Council

orith
MSc, PhD and Post Doc
and people




Eelume

E
W

A self-propelled fire hose where
water is used as:

!
Several major city fires in 0 Ahydraulic medium (for enabling the
Trondheim hose to move).
L) Afire extinguishing medium (for fighting
the fire).
() Acooling mediuf /h environments with

extreme tempeyf fres).

o
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M2

(@ SINTEF ®NTNU

M5 () SINTEF

AIKO
A onda) Obstacle-aided
locomotion

RIS e ot of)

Pipe Inspection Konda

M4

WheeKo KulKo

@ SINTEF BNTNU

Media?




FROM 2011: SUBSEA APPLICATIONS OF SNAKE ROBOTS

+ World's first swimming snake robot with thrusters. i

Media 8
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EELUME AS

2015

THE EELUME CONCEPT

- A

RANGE ACCESS INTERVENTION
(AUV) (SmallROV) (wROV)

B




FEATURES OF EELUME

q ' Subsea resident
Inspection and E

. P —no need for
intervention in

. [ surface vessel
confined spaces
to operate

Modular,
Valve and torque scalable and

tool operation easy to

configure

Less affected by

LOﬂg range ocean currents

(transit mode) due to slender
body
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THE EELUME CONCEPT Large ROVs

Intervention
Subsea residence

s e

AUVs

Survey & range

<
~
~e.

PROTOTYPE 1

2016
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CAMERA SWIVEL
MODULE

* Diameter: #180 mm
* Depthrating: 150 m

TETHER
MODULE

FORWARD
THRUSTER
MODULE

LATERAL
THRUSTER
MODULE

JOINT
MODULE

Eelume

FRONT MODULE
* HDcamera
and LEDs

 Testing by underwater structures

Front camera
view

* Extensive sea testing

10



Eelume

Mediad
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¢ Eelume is currently developing a custom class 3 tool to be demonstrated with
P2in 2017

Media 10

Eelume

11



10/24/2017

* Diameter: 200 mm
* Depthrating:

THRUSTER MODULE
+ 2or4thrusters (350
W each)

JOINT MODULE
+  Yaw+pitch TETHER MODULE
motion « Tether entry (30
+  Maxangle: 80 +2 fibers)
+  Max torque:
20 Nm

SENSOR MODULE
IMU (AHRS)

*  Depth sensor
*  Altimeter

«  Powerful PC

(autonomy
FRONT MODULE sw)

+  HD Camera and
LEDs
Connectors for
external cameras,
tools, sensors, etc.

Camera and LEDs in
both ends
Tools in both ends
(optional)
Torque tool
Gripper
Cleaning tool
Etc.
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* Purpose: Test user interface, control strategies, vehicle configurations, camera
views, etc.

CONTRO
L
SYSTEM
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DOCKING

Charging
Shore

Tool rack

TooLs /
PAYLOAD:

‘

Torque tool
Gripper
Cleaning tool
CP probe
Visual insp.
tools

Transit
battery pack

'WIRELESS DOCKING
AND PAYLOAD

INTERFACE
(Under development)

BATTERY MODULE

(Under development)

Diameter: $200 mm
Length: 200 - 300 mm
Max load: 1-2 kW
Capacity: 1-2 kWh
Neutral water weight
Stand-alone and
stackable module

FLEXIBLE AND EASILY SCALABLE

SOLUTION
m B
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« Docked in skid of WROV
« Tethered or untethered
« Cameras

« Lights

« Tools

10/24/2017
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interace 1o Operation
plamning

2010 2017 210 T II;J%('
Singie | —==7
a

| Resident
autonomous

Intutve HAL T intervention
based

AUV

ravigation

Robust hovering
in strong ocean
urens

warss apisdo)

siion, ~
orientaion and | _—
Ao depth ormonanl

contol

orertation

Manual posiion and

postioring

20
39

a3

25 hape control / 1 monih subsea S

Bk nce ca oo

B E Subses Lo Batteries
Ek Crargig

2 days subsea
500 m depth residence

Torgue tool

/|

Grpper

Fiber through
Design of
— 0200 mm Hydrophone.
dameter | /' charging
souion

Nuliple cameras
and ghts

150 m depth ating #S s e

Carera and Power though
ght tether

Moduar vehicie —
o o 0180 mn diameter

Core vehicle functionality Tools, sensors and payload exchange] Power and docking
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charging.

Target field: Morvin (2 templates, 4

production wells)

« Location: 20 km west of the Asgard B
platform

« Depth:350 m

« Power and fiber available through stab

connectors.
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Mobilization
Transit

Wait on Weather
Standby

Resident on template
Conduct routine inspection
Respond to anomalies

Can be operated from platform,
FPSO or shore

Service it from a small
inexpensive vessel of opportunity
Being available instantly is more
cost effective

Designed to remain resident subsea
No need for an ROV ship for routine
tasks

Able to respond immediately
Can remain resident on a template
Dock has tool carousel for flexibility

Conduct inspection tasks
Operate valves
Conduct CP assessment
Clean structures
Support ROV operations
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Why Use Eelume: Current and Future
Requirements

CapEx and OpEx reductions are driving everything
There is a growing demand for IMR services

The number of new subsea installations are increasing
An ageing subsea infrastructure requiring more
inspection

Regulators are imposing strict requirements

CapEx-and OpEx restrictions will continue
Subsea infrastructure will become more complex

Immediate access to data will be required, not just in the
field but at the office

2l
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@ Eelume

Eelume
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