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Services & Products
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Context
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Feedback on NRL project.

Challenging Shallow Water DP Jacking Operations –
Design & Operational Feedback,
Kerkeni et. Al.
MTS DP Conference 2017

(c) Gwenolé de Kermenguy

Project Feedback (1/2)

Example of Piles Installations (2/2)

Drift between initial plans & operational
feedback

 Increased Risks
 Lessons learned ?
 Several numerical tools used at different stages of the lifecycle
 Black-box & expensive softwares

https://youtu.be/OvHOmt2eGoI?t=37s
https://youtu.be/OvHOmt2eGoI?t=2m48s


Context
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Planification

ProceduresSimulations

Modeling

Operations
Lessons 

learned

Analyzis

Engineering

Objectives

✓ Improve global processes
✓ Optimize CAPEX / OPEX
✓ Framework for the full lifecycle
✓ Improve Scientific knowledge (open-

source)
✓ Develop & assess new technologies

(c) Gwenolé de Kermenguy
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Flexible and Rigid body Dynamic modeling for Marine operations

• 2 years project launched in 2016
• Versatile Simulation tool for design of 

marine operations
• Open-source code to be released in 2018

https://youtu.be/Ul4eqOIIk6c?t=2m17s
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A long journey littered with pluridisciplinary tasks

• Physics
• Mechanics
• Hydrodynamics
• Mathematics
• Control Engineering
• Optimization
• Software Engineering
• Visualisation

Flexible and Rigid body Dynamic modeling for Marine operations



Multibody dynamics
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https://vimeo.com/239276635
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Assumptions under Potential Flow Theory
• Inviscid Fluid 𝜈 = 0

• Incompressible & irrotational flow  ቊ 𝑉. 𝑉 = 0

𝑉 × 𝑉 = 0
• Velocity derives from a potential 𝑉 = ∇𝜙

• Pressures follows Bernouilli formula 𝑝 + 𝜌𝑔𝑧 +
1

2
∇𝜙

2
+ 𝜌

𝜕𝜙

𝜕𝑡
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

• From 3D to 2D !

Navier-Stokes Equation

𝜌
𝐷𝑣

𝐷𝑡
𝜈 = −∇𝑝 + 𝜇∇2𝑣 + 𝜌𝑔

Hydrodynamics

Linear

Body 
Exact

Weak 
Scatterer

Fully
Nonlinear

…

…

…

Lattice
Boltzman

RANSE

Calculation time

Accuracy

Potential Flow Theory

CFD



Environment modelling
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• Sea States
• Linear Sea States
• Nonlinear

• High Order Spectrum (HOS)

• Wind
• Spectral Decomposition (Harris)
• Full field Stochastic - Turbsim (NREL)

• Current
• Tides model
• Copernicus / Mercator Ocean

https://github.com/LHEEA/HOS-ocean/wiki


Propeller Forces Modelling
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II I

III IV

Thrusting Ahead

Thrusting Astern

HeadwaySternway

Four Quadrant Model



Propeller Forces Modelling
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Source : Propulsion Control - Øyvind N. Smogeli, Asgeir J. Sørensen – TMR4240 Spring 2009



Software Engineering
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Software Architecture

Cable modellingVisualisation & First POC

• 1,000,000+ lines of code



Control Engineering
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DP MODU Simulation

• Estimator
o Linear Kalman filter
o Nonlinear Kalman Filters
o High Gain Observers
o Sliding Modes

• Controllers
o PID
o Feedforward
o H2 / LQR
o Hinfinity

• Control Modes
o Joystick Modes
o Station Keeping Mode
o Track Keeping
o Heading Keeping

• Thrust allocation
o Linear Optimization
o Nonlinear Optimization

Control HMI



Validation
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Validation Process
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Validation of Hydrodynamics Module
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Hull model DTMB5512 

IIHR Facility

Geometrical parameter

Parameter Value

Froude Number 0 ; 0.19 ; 0.28 ; 0.34 ; 0.41

Steepness (A.k) 0.025 ; 0.05 ; 0.075

Frequencies (Hz) 0.3 Hz -> 1.4 Hz

source : M. Irvine, Jr., J. Longo and F. Stern “Pitch and heave tests and uncertainty assessment for a 
surface combatant in regular head waves” Journal of Ship Research, June 2008.

Test conditions

Benchmark : DTMB5512 presentation



Benchmark : DTMB5512 captive tests

Surge Heave Pitch

Validation of Hydrodynamics Module

18



Head Wave 
A.k = 0.025

Benchmark : DTMB5512 free floating tests

Validation of Hydrodynamics Module

19



Applications & Perspectives
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Perspectives
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Videos Example

DP Assisted Offloading Operations in Brazilian Water in MTS DP Conference, Houston, 2009. 

DP & Tug Operation

Automated Hardware-In-the-Loop Testing – Experience from Onboard Remote Testing with CyberSea
Signature," L. Pivano, N. Husteli, J. Mikalsen and P. Liset, MTS DP Conference, Houston, 2015. 

HIL Testing

https://www.youtube.com/watch?v=1CfZT50UHHE&list=PLQVwWVPcYAIC5S9LIb8gCuG9EYymmN5YL
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Frydom mailling list
<frydom@d-ice.fr>

Strong ongoing
roadmap
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