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Feedback on NRL project.

(c) Gwenolé de Kermenguy

Challenging Shallow Water DP Jacking Operations —
Design & Operational Feedback,

Kerkeni et. Al.

MTS DP Conference 2017

Context

Project Feedback (1/2)

Example of Piles Installations (2/2)

Drift between initial plans & operational
feedback

X X X X

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
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Simulations Procedures

Context

Lessons

\ 4

Planification

learned

Operations

A

(c) Gwenolé de Kermenguy

Objectives

Improve global processes

Optimize CAPEX / OPEX

Framework for the full lifecycle
Improve Scientific knowledge (open-
source)

Develop & assess new technologies
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Flexible and Rigid body Dynamic modeling for Marine operations
FRyDoM

e 2 years project launched in 2016

* Versatile Simulation tool for design of
marine operations

* Open-source code to be released in 2018

Funded by
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FRyDoM
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THE ENERGY OF THE FUTURE


https://youtu.be/Ul4eqOIIk6c?t=2m17s

Flexible and Rigid body Dynamic modeling for Marine operations

A long journey littered with pluridisciplinary tasks

* Physics

* Mechanics
 Hydrodynamics
 Mathematics

* Control Engineering
* Optimization

* Software Engineering
* Visualisation

Ocean thermal g
energy conversion

®

Wave energy

FRyDoM is a multiphysics simulation software
based on solid scientific foundations and
produced with state of the art of software
developments. The numerical models have been
validated and benchmarked with numerous
cases. Released open-source, with strong
ongoing developments, FRyDoM is a key for
decision-making processes or risk assessments,
useful at all stage of the lifecyle of your projects;
from design optimization up to operation
planning and monitoring.
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Flexible and Rigid body Dynamic
modelling for Marine operations

Control HMI

FRyDoM




At the initial time t

Increment time: tyyq =ty +h
Define the initial guess for g and A to be the values
from the previous time step

3

Calculate the generalized
accelerations and Lagrange
multipliers

& -5

NO
Need to further improve
accelerations and Lagrange

v

Update positions and velocities at ty using the
Newmark formulas using the current accelerations and

Lagrange multipliers

Calculate the Jacobian matrix, using the current values

of q,q,4,andA at ty,y

Evaluate the EOM and scaled constraints, using the
current values of q, g, §, and A at t,. The resulting
vector is called the residual vector.

!

Compute the correction vector by solving a linear
system with the Jacobian as the system coefficient
matrix and the residual as the RHS vector.

)

Correct the accelerations and Lagrange multipliers to
obtain a better approximation for their values at time

tass
¥

H

Compute the infinity norm of the correction vector (the
largest entry in absolute value) which will be used in
the convergence test

multipliers
Is error less than
tolerance?
YES

At each integration time step

-1~ G+ hé + "7' (1 = 24)& + 208,41

Ut = &+ B [(1 = )8 + 1]

R
@, 0

w4 G+ 0L (QA - 4, q.t)
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A rw (old)
-1
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Store § and A at t,,. Use the final acceleration values to calculate positions and velocities q and q at ty . Use
the final Lagrange multiplier values to calculate reaction forces. Store all this information.

Multibody dynamics
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Cone Complementarity

Alming at mere compast farmulation, follawing vectors were defined

boa = {ha00 0 00, b0}

Differential nrahlam itk

From NCP to Cone Complementary Problem (CCP)

Non-Linear Complementarity Problem (NCP) Resolution
A measure differential inclusion solution can be obtained by time-stepping (Stewart, 1998, Anitescu, 2006)
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COMPLEMENTARITY!

FRyDoM

® The resulting cone complementarity problem

(Nye+r)€ =T L g €T =min, Sy Ny +r'Y;

= One method; use a fixed-point iteration
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Andescy of of ICCP 20145 Talk

From Antesca ef afl I0GP 20145 Talk


https://vimeo.com/239276635

Hydrodynamics

Navier-Stokes Equation

Dv 5
pD—tv=—Vp+uV v+ pg

CFD

RANSE

Lattice

Potential Flow Theory Boltzman

Fully
Weak Nonlinear
Body Scatterer
Linear Exact
Assumptions under Potential Flow Theory

* Inviscid Fluidv =0 ¢

* Incompressible & irrotational flow {_,V' V_,: 0_,

VxV =0

* Velocity derives from a potential V = V¢

- 1,2 ,\2 d

* Pressures follows Bernouilli formula p + pgz + = (qu) + pa—(f = constant

* From3Dto2D!

FRyDoM



Environment modelling

FRyDoM
" 3 o * SeaStates
-1.00 -0.80 -0.60 -0.40 -0.20 0.00 020 040 060 080 1.00 ° Linear Sea States
n/H,

* Nonlinear
* High Order Spectrum (HOS)

2

5 g

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

* Current
* Tides model
* Copernicus / Mercator Ocean



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

Propeller Forces Modelling

Four Quadrant Model Thrusting Ahead
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Thrusting Astern
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Headway

Model equation

1
T=-puCr (B)(vE + vi)mR?
1
-Q.= - pyCo (B)(vé + vi)mR*d
Non-dimensional thrust and torque coeff. :

cr(B), ¢ (B) function of the propeller blade
advance angle § = m — atan2(v,, vp)

Data : - van Lammeren et al / Oosterveld
- Healey et al’s approximation
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Propeller Forces Modelling

FRyDoM

Waves
wind
, Current Vessel Motion Meas. Vessel
Environment . Sensors
dynamics observer
 §
Thrust Motion Filtered &
forces Desired reconstructed signals
Waves A Thrust thrust A
Current f Thruster setpoints Thrust vector Vessel
L dynamics allocation control
A
/Inline / transverse\
Motion velou'ty Ta
> fluctuations Q,
A
Local
Ventilation Propeller n Shaft Qm_ Motor Q thruster |« Thrust
Waves model dynamics dynamics setpoints
Current Water exit Loss control
> effects X X
Other losses Motor torque
\ / Shaft speed

Source : Propulsion Control - @yvind N. Smogeli, Asgeir J. Serensen — TMR4240 Spring 2009



Software Engineering

FRyDoM

FRyDoM

ENHIRA "7 2o = FRyDoM
// |P‘\\\\“\ \ //
o AR i ‘.‘\ "'_\I‘\ ’/’
iR _f \L 5 /"_ }/\4\“\ jaas
-/ A\ s RN
— J_,f‘f,/ f
— 1',_/—“"| E—
= | Il B L N
ik SeEmne S i
it % B S e N a "" Visualisation & First POC Cable modelling
I LA _// \\ A By £
- 7,
e — . A == P
s eI ) PP TR TR NG
5615 Gl .
s e R / s * 1,000,000+ lines of code A CMake
B _‘)—\3\:; L oo & python {} git i:
e | e '

P
Software Architecture a




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 Engineering

DP MODU Simulation

Control HMI
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Validation Process




Validation of Hydrodynamics Module

Geometrical parameter

Benchmark : DTMB5512 presentation Parameter Units 5512 Full Scale
Linear scale ratio — 46.6 1
? Length (L ) m 3.048 142.04
. Beam (B) m 0.405 18.87
Draft (T) m 0.132 6.15
_ W etted surface area (S) m? 1371 2,977
- Block coefficient (C,) — 0.506 0.506
LCG m 1536 71.58
Hull model DTMB5512 VCG m 0.162 7.55
Pitch radius of gyration ks = 0.25L, m 0.762 3551
L IIHR Facility
Test conditions - —
S camera module ig;\fgage
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 e

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.
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Validation of Hydrodynamics Module

Benchmark : DTMB5512 captive tests

Surge

Cto

0,28

0,34

Froude Number

[

Ch,0
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Heave
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Heave /A

Validation of Hydrodynamics Module

Benchmark : DTMB5512 free floating tests

Fr=0
1,20E+00

1,00E+00
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0,00E+0D0
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Encounter Frequency (Hz)

LAUETUY
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Head Wave
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Perspectives
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HIL Testing

: : : : T : Automated Hardware-In-the-Loop Testing — Experience from Onboard Remote Testing with CyberSea
DP Assisted Offloading Operations in Brazilian Water in MTS DP Conference, Houston, 2009.
ssist gop Signature,” L. Pivano, N. Husteli, J. Mikalsen and P. Liset, MTS DP Conference, Houston, 2015.

Videos Example

DP & Tug Operation


https://www.youtube.com/watch?v=1CfZT50UHHE&list=PLQVwWVPcYAIC5S9LIb8gCuG9EYymmN5YL

Context

Marine operations are omnipresent during full
MRE’s life cycle. All technologies are concerned;
from floating wind or offshore wind up to tidal &
wave energies. The missions are various,
complex, expensive and can present high
human, material and economical risks. The
mastering and the assessment of complex
marine operations are important levers to
optimize and reduce CAPEX, OPEX or LCOE.

Numerical framework for the development of

innovative products or tailored tools (training,
virtual reality, embedded system...)

Solution

FRyDoM is based on solid scientific disruptive
approaches:

« Multibody dynamics modelling and tight
coupling with hydrodynamics interactions and
large deformation cable models.

- Native integration of control modules inclu-
ding dynamic positioning systems.

Fast and complete
modelling of
installation
operations
including transients

Both Open-sources
(GPLV3)
and commercial
licensing

A multibody solver based software

FRyDoM allows complex multibody systems
modelling, integrating rigid and flexible bodies,
kinematic joints, actuators and thrusters in a
marine environment.

Service offer

Tailored studies or products are enabled such as
tug assist in harsh environment, installation of
wind turbines, etc.

FRyDoM API
AR e
0 —)
E Catenary model ‘
Modellinp it DyramicHe Propulsion systems
parameters | (FEM IS PMS
database

(HDF5, YAML)

Wind Waves

Thrusters config.

Diesel/Electric engines

« Real Challenges. True Solutions. »

Python/C++

(

Multiphysics
simulation solver

[ Multibody engine J

[Rigid and flexible bodies]

Current Tidal

Waves forces 1st order

2nd order (wave drift)

Current & Wind forces

Vessel
control systems

Manual control
Autopilot

DP

Winches/Cranes

—~2

h

[ Finite element solver ]

[ Kinematic joint library J

Actuators J
I: Constraint solver j

[ Time steppers ]

[j Contact detection ]

nnnnn
aaaaa
csscescsce

Control HMI

[ =20

Logging

Data
broadcasting

Vizualisation

Frydom mailling list
<frydom@d-ice.fr>

Strong ongoing
roadmap
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