Aalto-yliopisto
Insindoritieteiden
kkkkkkkkkkk

Marine ffechnology
at Aalto University

Orientationaweek 2023



Importance of seas on earth and society

@)
b LT

environment
programme

« We live on a blue planet, with oceans and seas covering
more than 70 percent of the Earth’s surface.

* Oceans feed us, regulate our climate, and generate most of
the oxygen we breathe.

« QOcean serves as the foundation for much of the world’s
economy, supporting sectors from international shipping to
fisheries to tourism

* We must ensure a sustainable consumption and

production patterns to fulfill the SDGs vz, [ coal 13 g coal 14
Sustainable Climate Action Life Below Water
. Consum ption and
9 Aalto-yliopisto Production
Aalto-universitetet
B Aalto University



M.Sc. Programme in Mechanical Engineering
Different topic groups

Engineering Production
, Enai )
Common Materials ngineering =

Advanced
studies

Topic groups
based on
Research activities

Marine
Technology Arctic Mechanics
w Technology

Electives
(30cr.)

M.Sc. Thesis

(30 cr.)
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Marine Technology Education focus

* In-depth understanding of maritime engineering; principles for
design and construction

* Hydrodynamics, loads, structural analyses, stability, risk of marine
traffic and winter navigation

 Problem-based learning; theory is supported by experimental
work, computer simulations, and project works

« Study path examples:
« Naval Architecture
* Arctic Marine Technology
«  Ship Project Engineer
«  Structural Expert
« Hydrodynamic Expert
* Smart Maritime Operation

The selected study path can be focused based on student interest by specialization
courses from another Master programme, e.g. cross-disciplinary minor

Aalto University
School of Engineering



Teaching in Marine Technology

Marine Major Study path: Naval Architecture

Target Group and Learning Objectives: Naval e

Naval architect
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Marine Major study paths

RECOMMENDED
FOR ALL

SELECTED ACCORDING
TO STUDY PATH

Autumn 1 (Period I -11) Spring 1 (period I11-V) Autumn 2 Spring 2
Initial concept and hull form Methods for analysis Synthesis and reflection
| Principles of Naval Architecture| — | Ship design portfolio |
Ship buoyancy and stabilit | — | Ship Dynamics | = L
| P yancy y it Marine risks and
. . safety
| Ship hydrodynamics | Ship structures and —
. . . . i 0
Marine and ship Systems Engineering S e 'g
PN PN *-C—'
e _ _ [ _ - -
Model | 2
i H i oael-scale ()
Wln.ter ' o et .Sh!p operation Ice loads on et e a
navigation inice structures s =
Hydro- Computational fluid | Computational fluid modelling |
. Fluid Dynamics .
dynamics dynamics | Computational marine hydrodynamics |
Structural Rermdte lerek and Hirfie dlEmEm Thin-walled Fatigue of
design processes analysis structures structures
Other... Passenger ships or any other specialization courses according to aimed expertise such as ICT

Common studies and other supportive courses are selected based on the study path and student’s interest

>
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Teaching staff at Marine Technology
Professors

Lecturer

Heikki Remes Jani Romanoff Spyros Hirdaris

Tommi Mikkola

Osiris Valdez Banda Mashrura Musharraf Marjo Keiramo Pekka Ruponen

(POP) (POP)
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Study at Aalto Research & Art People Collaboration Aalto University Services

Department of Mechanical Engineering

Study marine technology at Aalto University

Future marine technologies can solve environmental challenges for shipping and logistics, improve
operational efficiency and assist in the sustainable exploitation of ocean space - there is no
shortage of challenges and opportunities in the maritime sector.

-
- =]

https://www.aalto.fi/en/department-of-mechanical-engineering/study-marine-technolo



https://www.aalto.fi/en/department-of-mechanical-engineering/study-marine-technology-at-aalto-university

Research areas

Risksiand - - JATCticIManiness

Intelligencelinis : R Artil m—— A TENgIneenng

VETHNE SySitsms : ~ Polojarvi

“Marine StructureSycs Ll
.and Production ™% e Marihe Hydro Meghanics

Arctic Ocean Engineering

Marjo Keiramo N EWI 2024

(POP)
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Arctic Marine Engineering (1)

To support safe, sustainable, and efficient ice navigation, the Arctic marine technology
group is pursuing research on multiple fronts related to the design and operation of
ice-going ships.
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Arctic Marine Engineering (2)

* Holistic treatment of the design relevant features of ships and
shipping and their identification to ensure safe arctic operations
and transport

* Updated definition of the limit states to be used in the structural
design of Arctic ships

+ Validation of the new Polar Code risk index approach:
establishment of the link between the risk index and level of
safety of Arctic shipping

+  Simulation model for winter navigation system of Finland, funded d! Vo
by LVM, Vaylavirasto, TRAFICOM, Research question: How Loyds i s
many icebreakers we need on 2030 ?

* INFUTURE , Future potential of Inland Waterways, 2018-2021,
The South-eastern Finland — Russia CBC 2014-2020

« SIMREC, Simulators for improving cross-border oil spill response
in extreme conditions, 2019-2022. South-East Finland-Russia
CBC program.
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Marine Structures and Production (1)

Advanced marine structures and materials research focuses on the mechanical behavior of high-
performance materials, material systems, and structures under load effects caused by the interaction of
ships and offshore structures within the maritime environment. To meet the increasingly stricter societal
requirements for energy efficiency, we develop high-performing structures that utilize direct load
analysis and modeling, new materials, and manufacturing methods for the maritime industry.

Full-scale Macro-scale Micro-scale

( N\ N\ [

Structural engineering Mechanics of structures Strength of materials
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Marine Structures and Production (2)

Research impact examples

Competitive cruise ships
Thin-deck structure

. 30% thickness reduction

MEYERTURKU

SHIPYARD 1737

Contents lists available at ScienceDirect

International Journal of Fatigue

journal homepage: www.elsevier.com/lacate/ijfatigue -

Fatigue strength of thin laser-hybrid welded full-scale deck structure @Cm,m

Ingrit Lillemde®*, Sami Liinalampi®, Heikki Remes®, Antti Itivuo®, Ari Niemeld®

*Aalto University Schoal of Engineering, Department
“Meyer Turku Shipyard, Telokkakaru 1. F1-20101 Turku, Finkang

jcal Engineering. P.0 Box 14300, FIN-00076 Aafte, Finland

- Hull girder of a
PES SRR - passenger ship

Stiffened
deck panel

Design curve
(FAT100, m=3)

Small-scale 100

welded specimen

1:To=1:1.13 best-fit
@ Full-scale tests R=0.1, m=4.7,

1:To=1:1.22 — bestit

Hot spot stress range, MPa

10

© Small-scale tests R=0, m=4.9, FATS0%=240, FAT97.7%=217,

best-fit minus 2 standard deviations.

| FAT50%=239, FAT97.7%=206,

- best-fit minus 2 standard deviations.

10000 100000

1000000

Number of cycles to failure
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Marine Structures and Production (3)

Research impact examples
Competitive cruise ship

A concept based on scientific evidence

* New structural topology with two additional decks

» Passenger capacity increase 19%

YLE News, May 2018

Thin decks
(4mm)

High strength

steel (S690)

[ojafoloiololo

ACCRRRNRRERRERN]

LTI

d

Waterline

Interlock
Cabin
module

L

iC

A cross-section of next generation Cruise Liner

Kivela et al. Marine Tech Gala, May 2018
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Marine Hydro Mechanics (1)

35 200
: 2 | o e,
We develop cutting-edge methods Z 30 it operies |7 It oS E
: ) s SeOE 7 e e | NS
to model the influence of ‘s & S |
. . .. E %C-a;imuq _— ; % 120 with resistance forc »I by
accidental loads on ship collisions 20 e L -
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- E without resistance force
on ship stability. £ Z
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Our new methods bring together £~ o o
- . - 0 27 ; ; 0
structural dynamics, ship dynamics S S S A SR R R AL S
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Damage length and Width "_XI-I
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g —

Struck ship (Floodstand B) ==

Y !

XL """"" Sway

C yX-axis
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Ghalib Taimuri, Pekka Ruponen, Spyros Hirdaris (2023), A novel method for the probabilistic assessment of ship grounding damages and their impact on damage
stability, Structural Safety, 100, 102281, doi : 10.1016/j.strusafe.2022.102281.
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Marine Hydro Mechanics (2)

We develop hydroelastic methods for the -
prediction of wave loads including ship
slamming.

Screw focatiom
al dof constrant

X, iranatation constraint

Our research brings together structural
dynamics with CFD based marine
hydrodynamics

Entry velocity 0.519m/s Sensor P1

0005 001 0015 002
Time (s)

o

Pressare Fu
o0e s
'u—sl

sea0e 8
e
10000 ¢

printerest.com

D. Yan, T. Mikkola, P. Kujala & S. Hirdaris (2023) Hydroelastic analysis of slamming induced impact on stiff and flexible structures by two-way CFD-FEA coupling,
Ships and Offshore Structures, 18:9, 1300-1312, doi: 10.1080/17445302.2022.2116231
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Marine Hydro Mechanics (3)

We predict ship motions by Al methods. Our research brings together principles of ship theory, safety

and predictive big data science and may help with ship safety and environmental sustainability
assessment in real operational conditions.

Data integration for the development Ship motion trajectories prediction
of the ship motion database

- : : l Multi-Output Gaussian | Ship position distribution at t,,
. Process Regression
Port A ’ training data set /
Temporaldomain | Spatial doman g _e=sSmEETTIESSSLL,
AlS data — A . T T~

/9,\9\5 Wind Vi * Gaussian Process shiptajectory | =" fP () (), 2t)) L TTeeel
» . - Regression flow model _ o~
% Wave Ship position at t
XXX Current |‘| * l Grounding risk area
ol o o Ship position
Shlp distributions

Shallow water area

i . ] Ukc=20% dratt

Safety contour
<«——  Shallow water

Bathymetric Chart ports @ Probabilistic grounding risk evaluation Schematic diagram of probabilistic grounding risk evaluation.

Zhang, M., Kujala, P., Musharraf, M., Zhang, J., Hirdaris, S. (2023). A machine learning method for the prediction of ship motion trajectories in real operational
conditions, Ocean Engineering, 283, 114905, doi : 10.1016/j.oceaneng.2023.114905.
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Risks and intelligence in marine systems (1)

SEMSS Research group: ; _
) System Marine and Ship
Our research focuses on risk and understanding Systems

reliability analysis and safety science

principles with application to ship design Risks and [ Risk and Safety [ Accident prevention
and marine and ship systems. Safety ~_Management ~_and response
a
Context: Ship collisions, autonomous - — . ¥
o . o Sustainable | Efficient/reliable design »| Resilient Svst
maritime technologies, smart shipping, ecosystem > and operation »| Resilient Systems

accidental oil spills, and winter navigation.

ePilotage
‘ePiotage and support functions

Surface navigation aids
Intelligent lighthouse. Uidors and oy techookogies sed i nevgalion
Part of sensot network

8=
Bridt

ige
Enviched view of the fairway

2
Intelligent safety equipment
By feadng eforaton abordthe suTourngs

Risk analysis of Finnish fairways and smart fairway Autonomous Ship Scale Model Collision risk estimation in encounter ships
concept (Du et al. 2021).

- N — SMART CITY ECAMARIS
S DIMECC '@' GYROSCOPE @ F E R R | E S IMers and Concepts for Automated Maritime Solutions/

SEA4VALUE - Fairway

Pilot assists
Tradtional ships wil be

21



Risks and intelligence in marine systems (2)

Human-centered intelligent ships for winter navigation

Multipurpose winter | ML for intelligent & fransparent
navigation database | decision making
/" Expertknowledge
AlS Vessel | I = Funded by
Data Info ' I f\?,:}-'] A A
lce Abnormal Human «a AKATEMIA  Aalto University
N Data Events .cenf_ered
__________________________ mfglhgen’r Collaborators
ships for
Reality check and winter Human-in-the-loop m (SN S e

nOVigOﬁOﬂ UNIVERSITY

crossing the gap Testing using the winter

navigation simulator
* Measure gap bw

simulation and reality I
- Propose measures to ;

cross the gap

Aalto University
School of Engineering
|
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Risks and intelligence in marine systems (3)
JAASIMU & DECoding Icebreaker DEcision (DECIDE)

Visualizing traffic i Ship ice interaction
Continuation of: . A 4 i ckn
MERLOG, P
WinterSim, SIMNAV e ;
Funded by Finnish _____
A N A Swedish == -
Mooy VAYLA  SCSH0A wWinter |
navigation

™
i “ﬁ Merenkulun saatio \WNRB

Collaborators 3 E S
(@) crawvers SR 7w : I |
TIESSY
e  ophmisafiona
aturalistic
AP i Decision making decarbontzation
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Main Research Facilities

Aalto Ice and Wave Tank
* Sijze: 40m x 40m x 2.8m

 Ice, wave, and open water test

* Reduced-scale tests with ships, marine
and offshore structures

* S 3

Autonomous Ship-Scale Model=

Aalto-yliopisto
Aalto-universitetet
B Aalto University



Main Research Facilities

Solid Mechanics laboratory

ue test of thirl decks g
“ - T

9 Aalto-yliopisto
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Aalto University

Material characterisation

Membrane stretch Bending Curvature

e
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a
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Finnish Maritime Cluster

Competitiveness through Competence

SMART MARITIME
TECHNOLOGY
SOLUTIONS

AN UPDATE: A STRATEGIC RESEARCH AGENDA FOR THE FINNISH MARITIME CLUSTER 2017-2025

SHIPPING COMPANY
ASSOCIATED
COMPANIES

SHIPYARD
SUBCONTRACTORS

MARITIME
CLUSTER

PORT OPERATORS
and PORT-RELATED
INDUSTRY

ASSOCIATED FIELDS
L.e. finance, incurance,
classification

PUBLIC SECTOR
i.e. administration
education, research,
development

INTEREST GROUPS
and ASSOCIATIONS

I Meriteollisuus
Finnish Marine Industries § »

Vaasall

Aalto University
School of Engineering
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Marine Technology Research at Aalto University

Shanghai ranking?! in subject fields 2022

ShanghaiRanking: Aalto University ranks in top 100
worldwide in nine academic subjects

Published: 22.7.2022

Marine/Ocean Engineering, Business Administration, Management and Library & Information
Science were the best performers among Aalto’s subjects

Ranking: ShanghaiRankings by Subjects 2022
Field: Marine/Ocean Engineering

21.

in the world

Top 50 research subject Fields in Finnish
Universities in Shanghai Ranking 2022

Aalto-yliopisto
Aalto-universitetet
B Aalto University

Subject University Ranking
Marine/Qcean Engineering Aalto 21
Business Administration Aalto 24
Ecology Helsinki 26
Dentistry & Oral Sciences Helsinki 31
Geography Helsinki 35
Athmospheric Science Helsinki 35
Management Aalto 38
Communication Helsinki 41
Education Jyvaskyla 44
Public Health Helsinki 44
Telecommunication Engineering Tampere 45
Library & Information Science Aalto 46
Agricultural Sciences Helsinki 46
Remote Sensing Helsinki 47
29

1 Shanghai ranking is one of the most appreciated academic rankings of world

universities.
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Professors to other universities
1941

m Claude Daley (1996) ® NTNU

N ~ Norwegian University of
UG ERE TN Brian Veicht (1998)

Science and Technology
Soren, Ehlers (2011)
TUHH s

Hamburg University of Technology

Y
.
-
>

Jakub Montewka (2015)

PYNIA
b -6
=
N
ISyaN

«

AALBORG UNIVERSITY
DENMARK

1

Halid Yildirim (2015)
Jasmin Jelovica (2017)

Weibin Zhang (2017)

Mihkel Koérgesaar (2018) |H=H| TALLINN UNIVERSITY OF
10 TECHNOLOGY
Floris Goerlandt (2018)
Sihouiis Jairan Nafar Dastgerdi (2019) ( !
University

19))(58

Miguel Calles (2019)

Universidade Federal do ABC

Amirkabir University of Technology
(Tehran Polytechnic)

Youjiang Wang (2021)

Sang Jin Kim (2022)
'IHHI TALLINN UNIVERSITY OF
Kristjan Tabri (2022) i TECHNOLOGY
Aalto-yliopisto
A Aalto-universitetet
n

Li Fang (2022)
Aalto University
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Alumni Excellences, Examples of Industry Leaders

Harri Kulovaara

Executive Vice President ——
T LolCaboen MEYER WERFT Afcarnival  Helsinki shipyard
INTERNATIONAL . . . . .
Ari Niemel4, Bo-Erik Blomgvist Kim Salmi
Mika Heiskanen Janne Lietzen Dr,H.,C., Head of Department Senior Vice President Managing director

VP, Newbuildings AVP, Newbuilding

amm Aker Arctic

G,
e Q eELOMATlc MW Reko-Antti Suojanen
‘~" CONSULTING & ENGINEERING Sakar Sorsimo Managing director

Patrik Rautaheimo Director of ABB Marine
Head of the Board

Mikko Kuosa
President
N\ SEE=EEE= " L-—'
FORESHIPAN T TV
AT THE SHARP END . j - -
Markus Aarnio Anti Metsa Mikki Koskinen Timo Suistio
SVP Managing director Managing director VP: Senior Advisor

Aalto-yliopisto
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