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Our role

Contract research

R&D-partner to industry
and government

New ventures

Create new products
and spin-offs

Laboratories and software

Testing, development and
verification

b

Sustainable development

Deliver environmentally
friendly solutions

Innovation

Develop new technology
and knowledge

Social mission

Knowledge to social debate
and politics

SINTEF



Offshore
Processing industry wind Aquaculture Oil and gas

Maritime

g i
g I !i‘-“‘:]‘:'—-’ 3

Environmental New marine

Fisheries Subsea
technology resources

SINTEF



World leading laboratories

Ocean laboratory Plankton centre Towing tank Oil laboratory

Full scale aquaculture site Flume tank
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Model-Centric Desigh, Why? — Challenges ahead

Operational 002 emissions
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Operation
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Model-Centric Desigh, Why? - Real Challenges

* Complexity
* Combinations of the options
* Operational profiles: mode, route and weather, speed

 Market Scenarios

What ship design to order structure ,
— e Regulatigns

Technology
Fuel price

20 25
} =

Erikstad et al. (2015)  Z>"'="



Model-Centric Design, Why?

* Testing and Verification Challenges

10 Propulsion/Power 500 cases
System Variants
5 Automation / Control 250 000 cases
System Variants
500 Operational Test 3 750 000 cases x 0.5 hours
Cases
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Model-Centric Design, What is it?

Coupling of
System
Behavior and —_ _
Structure
®
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Tools for Analysis and Decision Support

* Design Thinking and Systems Perspective Analysis

Business Model

<

The

Operation Scenario (Profile)

Problem

Definition 4L
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Development with X-in-the-Loop Testing

Requirements
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Domain-specific design

Product

Field testing
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) Rapid control prototyping (RCP)

Modeling and analysis

Application Effort

Transfer of Knowledge

(Co-)Simulation
Configuration

Knowledge from
Model in the Loop

Knowledge from
MiL & SiL to HiL

Shift of interface
definition to prior phase
in the development

process = system
design
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Status Quo
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development
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http://www.acosar.eu/overview.php

13 https://www.iem.fraunhofer.de/en/kompetenzen/unsereforschungsabteilungen/regelungstech
nik/leistungsangebot/X-in-the-LoopEntwicklungs-undTestumgebungen.html

SINTEF

r



Co-simulation -+ . fmj
— Co

FUNCTIONAL

CCCCC

e ommme INTERFACE
’ = ' : MU B FMU ™t
/o) mm

=]

=

/N v,
B A N sZ> @ ="

* Simulation of heterogeneous systems

Partitioning and parallelization of large systems

* Multirate integration

* Hardware-in-the-loop simulation

14
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Real-time Testing with Hardware

e Hybrid Testing e Standard Interface

Total System

Smart Functions
(e.g. adaptive coupling)

iFunctional Framework

ACI Communication Layer

1 1 Simulation Simulation e
Numerical Interface Physical Simulaion | | simulation o0 o0 00 My
simultion Actuator Model o0 40 4§ Wireloss wired ]| mtorprocess testbench)

Communication| | Communication| | Communication
(e.g. BlueTooth®) (e.g. CAN) (e.g. shared mem.)
Non-RT PC or Computing Cluster Communication Systems RT System

ﬁ G Proprietary Interface " & Functional Mockup Interface (FMI) ﬁ @ Advanced Co-Simulation Interface

http://www.acosar.eu/overview.php
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RELATED RESEARCH
ACTIVITIES IN SINTEF
OCEAN



* Main goals

* |n brief

'l AR a\Aéﬁ:ll_ME - Center of Research Based Innovation

Strengthen the competitiveness of the
Norwegian maritime industry

. Al @
Improve energy efficiency and reduce —/@\— E:@\:I ny)}
emissions b
FEASIBILITY

STUDIES

NN

SHIP SYSTEM y
INTEGRATION & |
VALIDATION

POWER ENVIRONMENTAL &4
SYSTEMS & & ECONOMIC DUE
FUELS  / DILIGENCE

17 Industry Partners PROPELLER

OPTIMIZATION /

30 Research Scientists / 10 Laboratories
Budget: 24 MNOK / year (~3 MUSD)
Period: 2015 - 2023

Hosted by SINTEF Ocean



Open Simulation Platform
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Open Ship Simulator Platform Project
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== (- -=1
Ir r“l_,(_ ) ]I
Toimbll Teinl il
| ”;—K_' q

=

Digital Twin
components

Co-simulation

_ Standardized co-simulation interface — FMI
Master Algorithm

[ ]
Monitoring

& Control
Test tools system

Scenario

——

Remote
interface

1
management ______ ————————-:I : lr'__;-l_",_—_—_\—:_—]\
Automated testing v = O — == |
J

T
H
)]
H
[F—

Il

|\£|=

T
|

|

|L}

1

1

o

() SINTEF




Longterm Ship Performance Simulator - GYMIR

Simulation set up

Routes

Period
Metocean data
Speed policy

Input => Hull and propulsion information
Performance analysis in calm sea and seaway by ShipX

Result

Speed
Power
Propeller speed

Fuel consumption *
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55K Bulk Carrier Case

B\ . - - -

need polic s target speed, limited by power
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Result
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Average power (kW)
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0-1 1-2 2- 3-4 4-5 5

Wave height Hs (m)

6

6<

10

F 90(

80
7O
60(
50(
40
30(
20(
10(

Energy consumption (kWh)

Hours

12000

10000

8000

6000

4000

2000

=

Wave height Hs (m)

01 12 23 34 45 56

6<

SINTEF



Case studies — Hybrid propulsion system for a VLCC

Battery & PTO & PTI Main Swithboard
Aux. Engines

Frequency « —— — — G OO OO

converter

_ ;l Hzy/Hz, =— — — — ] -~ T T T T T
:_| VIV - o Battery
v 2-strok Slow speed
Cp-Propeller s(';:;d& B Main Engine — — — — : )—8 Thrusters

)
b cooool| | [

Waste heat
Gear with

PTO and PTI

— — Electric connection
— [Mechanical connection

SG — Shaft Generator
G — Generator

M = Electric motor

CP - Controllable-Pitch
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Global time step Simulation speed (times) Real-time vs Soft time Engine Power [MW]

go1 & ... S KVCLL Hybric Propulsion Simulation

Parameters
Water level above the propeller shaft [m]
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Case studies — Hybrid propulsion system for a VLCC

Long-term Voyage simulation o )
Operational profile IFM@"/EmHSSU@m] @@ﬂ@&ﬂﬂ@ﬁﬂ@ﬁ]

Power system modeling
Machine learning
Data analysis
Design of experiments
Surrogate modeling
Optimization

20

15

10

Percentage of operational time

Vessel speed

H12 m13 mi14

Design of Experiment
Dynamic Performance
Simulation

Surrogate Modeling
Optimization
Verification of the result

Configuration
Constraints

Objectives
Models
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Case studies — Hybrid propulsion system for a VLCC

Speed [kts] Frequency Speed
o)
191 ;(5)0//2 Base Optimum If/IMVEV If/IP\T/IV :/f\j\r} ':ZC\'X/
1 0% ke/m] | [ke/m] | MW | [MW] [ [MW] | [MW)
(o)
15 15% 0.1641 (\1(3016825;) 24.93 1.884 1.802 1.079
. (0]
Hs | Scenario | Scenario | Scenario 0.1497
1 2 3 0.1500 ' 24.41 2.375 1.641 1.266
Om 5% 5% 5% (10.5%)
1m | 10% 10% | 12% 0.1352 | 01339 1 5393 | 3554 | 1.239 | 2.606
2m | 10% 20% 45% (\,0.96%)
3m 55% 55% 28%
4 m 20% 10% 10%
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Real-Time Hybrid Testing of A Marine Power Plant

Low Medium High
Controllability O O O
Numerical si,rf\ulatiorzll(real-time) Observability _ I -
[ 1/O Interface | High - Fullicale
J Test
(R
Control System 3’
) = : Laborat
’I‘ \1/ = Medlum-Re‘A® AbOratoty
) = Test
Actuators >
lation
Low - dy
L(I)W Mecllium High
Cost
28 @ SINTEF

Hardware Model



Hybrid Power Laboratory

* Application
e Testing and Verification of Power and Energy
Management System (Hybrid DC)
* Prototyping of controllers for the power system

* Real-time Hybrid Testing (ReaTHM) for a marine power
system

e X-in-the-Loop simulation and testing

* Future development

 Marine fuel-cell test bed

59 * Regenerative braking on the shaft
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Test set up

Open / Closed Loop Hybrid Testing with Models

Model-in-the-loop

Actuator Study

Actuator Control and interface

Simulation and

Operator Interface

Development Platform

ws
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Conclusion

* Challenges ahead are immense in terms of its complexity and
uncertainty.

* Design thinking and system perspective are crucial to overcome the
challenges.

e X-in-the-Loop platform will be a central tool for the development of
new vessels.
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QUESTIONS?
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