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Dynamic Positioning Simulator

About VSTEP

@ VSTEP: Virtual Safety Training & Education Platform;

@ Locations: Rotterdam (headquarters), Oxford;
Development teams in India, China and Eastern Europe;

@ 3 subjects: Scenario Training, Procedure Training and Training
Simulator;

@ Simulator game: Ship Simulator.
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Dynamic Positioning Simulator

|—Dynamic Positioning

Definitions

A means of holding a vessel in relatively fixed position
with respect to the ocean floor, without using anchors
accomplished by two or more propulsive devices
controlled by inputs from sonic instruments on the sea
bottom and on the vessel, by gyrocompass, by satellite
navigation or by other means.
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Dynamic Positioning Simulator

|—Dynamic Positioning

What

is Dynamic Positioning?

Different operational modes:

@ manual/joystick mode

auto-heading mode
auto-position mode
auto area position mode

autopilot mode
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Dynamic Positioning Simulator

|—Dynamic Positioning

Why Dynamic Positioning?

Advantages Dynamic Positioning:
@ No tugboats needed;
@ Offshore set-up is quick;
@ Power saving;
°

Precision situations more easily.
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Dynamic Positioning Simulator

|—Dynamic Positioning

Dynamic Positioning Training

Test cases:
@ Learn the system, joystick steering;
@ Failure of the system;
@ Erroneous input from sensors;
°

Extreme weather situations.
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Dynamic Positioning Simulator
|—Dynamic Po:

ning

Mathematical Model behind Dynamic Positioning
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Dynamic Positioning Simulator

L Hydrodynamics

Forces on Ship: Current Force

S 7~

[ = < l/0V<:2CXC(CVC)AT5 )
‘ 3pVZCy (ac)ALs

1
M. = EprCMC(aC)ALSL

With: p density of water, V. current velocity, ac current direction,
Ats submerged transverse projected area, A;s submerged
longitudinal projected area, L length of ship, C.c(ac) current
coefficient.
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Dynamic Positioning Simulator

L Hydrodynamics

Forces on Ship: Wind Force

F _ < Qpalr CXW( )AT >
v 2pa/r CY ( )AL
1
M, = Epair VrWCMW(arW)ALI—

With: p,j, density of air, V,, relative wind velocity, a,, relative
wind direction, At transverse projected wind area, A; longitudinal
projected wind area, L length of ship, C., (o) wind coefficient.

Vi (2) = Vi (z = 10m) - (120)33

With: Vi, (z = 10m) velocity at 10m. werees fun
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Dynamic Positioning Simulator

L Hydrodynamics

Forces on Ship: Wave Force

E _ Cde(aWda fwd)%ngfBL
wd CYWd(aWda fwd)%ngf/g,L

1
Myg = Cde(awdafwd)gnglz/3L2

With: p density of water, a,,q wave direction, f,4 regular wave
frequency, Ciwd(Qwd, fwd) wave drift coefficient, g gravity
coefficient, Hy /3 significant wave height and L length of ship.

5
VSTER([3] TUDelft

Jalitha Wills Dynamic Positioning Simulator 12 /24



Dynamic Positioning Simulator

L Hydrodynamics

Thrusters
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Dynamic Positioning Simulator

L Hydrodynamics

Thruster Force

Direction of rotation

Thrust
Torque from
drag of blades
Thrust: T = Crpn’D*
Torque: Q = Cgpn®D®
With: p density of water, n rpm, D diameter of propeller, Cr .
thrust coefficient and Cg torque coefficient. FETERE T
Jalitha Wills Dynamic Positioning Simulator

14 /24



Dynamic Positioning Simulator
|—Mou:leling

A First Model

Limitations:

Thruster force defined as x-force and y-force;
No max thruster force;
No moment for external force;

No penalty for reverse thrust;

o
o
o
@ Ship as pointmass;
@ Only force calculation, no sailing yet;
o

Inertia thrusters and ship.
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Dynamic Positioning Simulator
|—Mou:leling

Solution

Algorithm - (1/3)

© Calculate necessary thruster forces:
Force x-direction: F, = — P
Force -y_dlreCtlon: Fy = " Ydemand F}’wind - F}’current - F wave

Moment: M = Mgemand — Mwind — Mcurrent — Mwave

Xdemand - FXcurrent - FXwave
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Dynamic Positioning Simulator
|—Mou:leling

Solution

Algorithm - (1/3)

O Calculate necessary thruster forces:

Force x-direction: F = Fy, — Fx,iv — Fxcurent
Force y_dlreCtlon: Fy = F}/demand - F)/wind - F}’current

—F
—F

Xwave

Ywave

Moment: M = Mgemand — Mwind — Mcurrent — Mwave

@ Now it must hold:
FX Z:%l (FX)i
Fy = Znizl (Fy)i
M =371 (=i - (F)i +xi - (Fy)i)
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Dynamic Positioning Simulator
|—Mou:leling

Solution

Algorithm - (2/3)
© Express F,, and F,, in other variables:
(F)n = Fx — 27:_11 (Fx)i
(Fy)n=Fy — 27;11 (Fy)i
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Dynamic Positioning Simulator
|—Mou:leling

Solution

Algorithm - (2/3)
© Express F,, and F,, in other variables:
(F)n = Fx — 27:_11 (Fx)i
(Fy)n=Fy — 27;11 (Fy)i
@ With this and moment equation:
(Fy)nfl _ MAyn-Fx—xn-Fy + 27;11 ( Yi—Yn (Fx)i> +

Xn—1—Xn Xn—1—Xn

St (e - (A1)
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Dynamic Positioning Simulator
|—Mou:leling

Solution

Algorithm - (3/3)
© Total power:
g((F)1, -5 (Fx)n-1, (Fy)l’ B (Fy)n—2) =
S (FF + (R
O Minimize this total power with Method of Steepest Descent
with Linesearch.
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Dynamic Positioning Simulator
|—Mou:leling

Steepest Descent with Linesearch

Searching for w = wept s.t. f(x° —wVF) is minimal.

Algorithm
@ Start with wmin = 0 and wmax = 1.
Calculate f; = f(x°! — w;V£(x°)) with i = {min, max}.
o IF frax > frin: STOP.
o ELSE: Wmin = Wmax, Wmax = 2- Wmax -
gt = gpenes Uimese = f(XOId - wmafo(XOId))-
REPEAT.

Now: wmin < Wopt < Wmax-
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Dynamic Positioning Simulator
|—Mou:leling

Steepest Descent with Linesearch

Searching for w = wept s.t. f(x° —wVF) is minimal.

Algorithm
@ Start with wmip = 0 and wpax = 1.
Calculate f; = f(x°! — w;V£(x°)) with i = {min, max}.
o IF frax > frin: STOP.
o ELSE: Wnin = Wmax; Wmax = 2 * Wmax-
Uisettn = Uigreses, Urpere = f(XOId - wmafo(XOId))-
REPEAT.
Now: wmin < Wopt < Wmax-
@ Find wept in the interval:
o IF ||wmin — Wmax|| < & STOP
o ELSE: Split interval in two s.t. wep: remains between wp, and

wmax .

REPEAT.
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Dynamic Positioning Simulator
|—Mou:leling

Results

Minimal power is: 58.7518; Positions: (-6,-50); (6,-50)
Forces: (-4.1,-34.167); (-2.9,24.167)

Ship and forces
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Dynamic Positioning Simulator
|—Mou:leling

Results

Minimal power is: 12.3296; Positions: (-6,-50); (6,-50); (0,25)
Forces: (-1,339,-3.325); (-1.16,-1.377); (-4.511,5.298)

Ship and forces

Wyave Force

40 1 Wyind Force
Current Force
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Thruster Forces
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Dynamic Positioning Simulator
|—Modeling

Results

Minimal power is: 12.2234

Ship and forces
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@ More realism;

@ Transition Matlab < C++;
@ Sailing the ship;

© Test cases.
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Dynamic Positioning Simulator
|—Ques':ions?

Questions?

P27, ¢

]

?

Questions?
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