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A Study on the modelling of ship motion transfer model
using Linear Time Invariant system

Jaeyoung Song

Department of Navigation Science
Graduate School of Korea Maritime & Ocean University

Abstract

The estimation of ship motion is a essential element for safety of vessels.
Therefore, the assumption of it is bit difficult.

In this study, ‘Ship Motion Transfer’ model has been set up using
Linear-Time Invariant(LTI) system which is defined in discrete signal
processing area. A roll motion of 153,000m® class LNG vessel has been
secured by applying certain ocean wave using ship motion simulation and
applied to ‘Ship Motion Transfer’ model as input/output. Transfer function
is represented by the characteristic of ‘Ship Motion Transfer’ model. It has
been estimated using state space model which is one of the system
identification method. The effectiveness of model and stability of transfer
function which is built through comparison of apparent motion in regard to
the estimated result, pole-zero interpretation, and frequency reply analysis
has been examined.

As a result, the percental of estimation between ship motion
characteristic secured through the simulation and another one estimated
through the model as 79.5%.
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Also, the model’ s accuracy has been differed by order of state variables.

This study has ended in estimation of transfer fraction of Linear-Time
Invariant(LTI) system which is under single input single output(SISO)
condition, using vessel’ s roll motion acquired under certain ocean wave
environment. The next study about assumption of system transfer function
under multiple input multiple output(MIMO) condition which enables multiple
output of six degrees of freedom has been left as another assignment and
hoped to be conducted under a ocean wave environment of various
conditions.

KEY WORDS: ship motion, system identification, transfer function, pole-zero

interpretation, frequency response
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Table 1 Data for calculation of wave
Item Calculation Result Formula
wave height (2A) 5.5[m]
wave amplitude (A) 2.75[m]
wave length (\) 288.0 [m]
wave number (k) —— [rad/m] 2—7T
144
angular freq. (w) 0.4626 [rad/s] ~ Vak
phase speed (c) 21.2051 [m/s] 9. \/>
w
phase function (©) TLSU 0.4626t k(x—ct) = (kx—wt)
2. 75><51n(mx 0.4626t) [m] Asin (ke —wt)
wave surface 7n(x,t)
A sin(k—1)wt
275><51n[(m 1)wt] [m]
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Table 2 Ship’ s kinematic mode

Item Axis | Motion | Stability | Displacement | Velocity | Mode
X Surge X X u 1
Translational y Sway X y v 2
z Heave O z W 3
X Roll O ¢ p 4
Rotational y Pitch O 6 q 5
Z Yaw X ¢ r 6
HIAY m@3gao=s 384 38 842 ACNd 2o
(I, +Jy )+ Nyo+ Cpo = F, 2.7
A7IA, [, of 2243 =EWE, J,& JaFUdAd BYWE, N,

e | = 5}
=9 CANSYS CFX 17.2° & o]&stith AAfA Z=a3e o] &3
Addoly g5AAHLS AEHOIA dHZAA, ALY ZEIaHEA 9
Aoz BRI WA AEHIA S 153,000 m*Fe] LNG AMuto g
AAsET. AEdHelA  oide  dxE FulDelft  University — of

Technology)oll A 7Rsr A&/ 2 gl AZE  4(Delft-Ship marine
software)S o]&3ta] AYA A THDelftship, 2019). o] w AFE3E oA Auke]

O_u
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Table 33 i, AA49d Aol F4S Fg 648 Fig 83 o
o] thate] F8 AY-e Hydrostatic-Tablex} General Arrangementol] A]
g Adol(L), AEB), @ ¥ TAIESF T2 AYMHHIC, 20097 Kim,
B.-N. et al®] H72009)A o]8H K-LNGKRISO Liquified Natural Gas
carrier) AP o] AAE A LS ALSATH EZF AlEHlAS 93 AR

Condition2 Table 4 ¢+ £t}

Table 3 Particular of model ship

Type of ship LNG carrier

Type of cargo tank membrane tank (No.1 ~ No.4)
Cargo compartment capacity 153,000 m*

Gross tonnage 100,216 ton

L.O.A / LBP 288.600 m / 276.000 m
Breadth (moulded) 44.000 m

Full loaded draft 12.4205 m

Displacement at full loaded draft 116,634.3 ton

Lightship weight 29,856.3 ton

Table 4 Loading condition of model ship

Draft Fore 9.319 m KG 12.329 m
Draft Midship 9.321 m GM 9.400 m
Draft Aft 9.324 m Displacement 84,901.3 ton

_’]7_
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Fig. 6 Drawing of model ship (2D)

Fig. 7 Drawing of model ship (3D)
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. Problem Ildentification

set a goal
set a domain

. Pre-Processing

set geometrys
set appropriate mesh

set physics
set solver

. Solver

start simulation

. Post-processing

verify result
visualization

Fig. 9 CFD Analysis sequence
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Fig. 10 Fluid domain (Side view)

Fig. 11 Fluid domain (Front view)
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Fig. 12 Fluid domain (Isometric view)

2) AR

ICEM CFDE ©]-&3to] Fig. 13 #¥ Fig. 16 % o] A frsd ol Tetra
meshE AJAeta, AAel #do|= Prism A4S A4t Fig. 16 3 7o)
Prism meshE ®jA|sto] ZFAI1 Ak F&%8 Abole] AAAHES FHA
HFHom AR F543 AAY F4S Fg 173 21, o w AR&3H
AA Ao = oF 2429,9597/] 2 Table 5 9 2t}

Fig. 13 Mesh generation on hull using ICEM CFD (Side view)
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Fig. 17 Mesh generation using ICEM CFD (Isometric view)

Table 5 Mesh information of fluid domain

Fluid domain Mesh number
Total elements 13,793,489
Total nodes 2,429,959
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Fig. 18 Opening wall boundary condition which is visualized by
ANSYS-CFX (inlet & outlet)
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Outline | Rigid Body: Rigid Body 1
Details of Rigid Body 1 in Flow Analysis 1

Basic Settings | Dynamics | Initial Conditions: |

%]

v

Mass 84901300 [kg]
Location SHIP
Coordinate Frame {Coord 1 v]

Mass Moment Of Inertia

XX Component 13950000000 (kg m~2)
¥ Component 0 [kg m~2]
ZZ Component 0 [kg m~2]
XY Companent 0 [kg m~2]
¥Z Cornponent 0 [kg m~2]
YZ Component 0 [kg m~2]

B

| outiine | Rigid Body: Rigid Body 1 |—E!

Details of Rigid Body 1 in Flow Analysis 1

[ pasic Settings | Dynarics | Initial Conditions |

External Force Definitions...

Xum

External Torgue Definitions. ..

Xum

Degrees Of Freedom =]
Translational Degrees Of Freedom =]
opten
Rotational Degrees Of Freadom =}

[+ Grawity =]

cpien

Gravity X Dirn, 0[ms™2]

Gravity Y Dirn. 0 [ms™-2]

Gravity Z Dirn. -g

Fig. 19 Details of rigid body setting on ANSYS-CFX
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4. Import Data = O Pt

Data Format for Signals

Time-Domain Signals ot

Workspace Variable

Input: sinewave

Output: shipmotion

Data Information

Data name: —,3311
Starting time: 1
Sample time: 0.s
More
Import Re=zet
Close Help

4\ State Space Models
Model name: ss1 &
Model Order

O Specity value: 4

®3ick st val
(O continuous-time ~ ® Discrete-time (Ts = 03)

» Model Structure Configuration

¥ Estimation Options

Estimation Method: | Subspace (NASID)
N4Weight: Auto v N4Horizon: Auto
Focus: Prediction i

Allow unstable models
Estimate covariance
Display progress

Inital states; Auto A

Estimate Close Help

Fig. 21 Snap shot of data input

window

Fig. 22 Snap shot of model

setting window

Import models

e g |

ss3 ss12 ss13 ss14
" e
N
ss15 5516

Model Views

Fig. 23 Snap shot of candidate model
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Expression = 100 [ s ] ANSYS
Water.Superficial Velocity R17.2
5.76|
5.19
4.61
4.04
3.46
2.88
2.31
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1.15
0.58
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[m sr-1]

[ 40.00 80.00 (m)
1

20,000 60.00

Fig. 26 Snap shot of ship’ s roll motion at time t=100.0 sec which is
visualized by ANSYS-CFX
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=)= b2 +b,2° +by2 b2 + 02" b2 + b2t b2 + byt bzt by, G.D
Table 6 Coefficient of transfer function H,(z)
n a, b,
1 + 1.505e07 + 1.000
2 - 9.750e07 - 7.534
3 + 2.849¢e08 + 25.710
4 - 4.965e08 - 52.660
) + 5.780e08 + 72.420
6 - 4.797e08 - 71.210
7 + 2.946e08 + 52.040
8 - 1.330e08 - 28.670
9 + 3.998e07 + 11.560
10 - 5.930e06 - 3.0530
11 - + 0.3908
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Table 8 Grid of poles and zeros H, (z)

Poles Zeros
Real Parts Imaginary parts Real Parts Imaginary parts
0.0356 + 0.6573i 0.0356 + 0.6574i
0.0356 - 0.6573i 0.0356 - 0.6574i
0.8275 + 0.4948i 0.8315 + 0.4871i
0.8275 - 0.4948i 0.8315 - 0.4871i
0.9396 + 0.3314i 0.8971 + 0.4418i
0.9396 - 0.3314i 0.8971 - 0.4418i
0.9834 + 0.1801i 0.9920 + 0.0000i
0.9834 - 0.1801i 0.9794 + 0.1666i
0.9806 + 0.1262i 0.9794 - 0.16661
0.9806 - 0.1262i X
L X108 ___Step Response
3
05
0
p L
Time

Fig. 28 Step response of H,(z)
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Fig. 29 Pole - zero plot of H,(z)
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Table 9 Grid of poles and zeros H,(z)

Poles Zeros
Real Parts Imaginary parts Real Parts Imaginary parts
0.8026 + 0.49271 1.5407 + 0.0000i
0.8026 - 0.4927i 0.8860 + 0.4572i
0.9390 + 0.3324i 0.8860 - 0.45721
0.9390 - 0.3324i 0.7329 + (0.43251
0.9814 + 0.17571 0.7329 - 0.43251
0.9814 - 0.17571 0.7971 + 0.0000i
0.8408 + 0.0000i
Step Response
1.5
1}
05
5 [ u’vv‘ T o
0.5
-1
1.5 . 2
0 500 1000 1500
Time

Fig. 30 Step response of H,(z)
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Fig. 31 Power spectrum of estimated transfer function H,(z)
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Table 10 Comparison of experimental case

Item High order state space | Low order state space
Stability stable unstable
Unit response feature long term response short term response
Convergency converged converged
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Validation between simulation data and estimated data
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state space)

_42_




Table 11 Result of experimental

[tem High order state space | Low order state space
Percental of estimation 79.5 % 50.0 %
Stability stable unstable

Unit response feature

long term response

short term response

Convergency

converged

converged
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Fig. 36 Snap shot of Ship motion(100.0 sec)
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Fig. 37 Snap shot of Ship motion(100.5 sec)
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Expression = 104 [s ] ANSYS
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Fig. 50 Snap shot of Ship motion(107.0 sec)
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Fig. 51 Snap shot of Ship motion(107.5 sec)
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Fig. 52 Snap shot of Ship motion(108.0 sec)
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Fig. 53 Snap shot of Ship motion(108.5 sec)
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Fig. 54 Snap shot of Ship motion(109.0 sec)
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Fig. 55 Snap shot of Ship motion(109.5 sec)
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Water.Superficial Velocity
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