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Abstract : The ship motion of large LNG ships aflects ships’ satety. The purpose of this study was to estimate the transter finction ot
roll motion among the hull motion of 153,000 m3 class LNG vessels. The ship motion transer finction was modeled using a Linear
Time-Invarient system with single input, single output, and transter function. The transter finction of the ship motion was estimated by
the system identification method using single ocean wave as input of the model, and using the roll motion of the LNG ship obtained
through ANSYS as the output of the model. The usefiliness of the experimental results was evaluated using the precision and estimation
rate of the model or cases wherein the diflerent transter finction dimensions. Results of the experiment showed a precision at 99% and
98%, with estimation rate at 78% and 50%. From these results, we found the proposed method of estimating the transfer finction of ship
motion in this study reasonable. In the future, data of ship motion in actual sea conditions will be acquired and it will be applied to make
the construction of models with multiple inputs and multiple outputs or practical use.

Key words - Ship's Safety, Ship Motion, Transter Function, System Identification, Estimation Model

1.M =2 e gIEAE, stel o) WAE AAle F Holy 85
of Aasla, ol ¥5 ANE o] &7 A4 £F F4 2

ool A A iy LNGA Y] 52 Autel obde] o Fdo] Fasi)
o TS v 1 ol E, At 5L AFEUE AAe] &% HolE+= ANSYS CFX 17.2% o] &3k A4k
e DAAA AA A4S AA7IL, S5AY F27 A AlEwHeldS Fd g53dn, A &5 4 =4
< Fusy] wiolth ol el g MAE] FAH 0 2 AAFTsNA FHE A~" 2H(System Identification)
S Bt FalE ARAZL 5 ArhLee et al. 2015). 53] of BRS04 tH(Viberg, M, 1995; Kim, B. H. & Park, T.
w ek vpafe] Ao AAY 5 FAY 4 Ae AL 2007). 53] A" AYP-A|E ¥ (Linear-Time Invariant) 4
I

2y mAe TES T FAA Aan NE

<= = o]
FA87] A7k Aotk ojgd A HA 2 &3 dAtHE FAsAY. F4 A HE o] 88t F

t Corresponding author : %4139, jbyim@kmou.ackr 051)410-4246
* 39l jysong@kmou.ackr 051)410-4270

wx 21389 leeck@kmou.ac.kr 051)410-4270

(F) o] =72 “ANzd A o] &3 AALE e B3 AF"H AFoz “2019 FATEWNE st wa ] =FH(H

BPEX, 2019.11.20-21, p.271)"el Zx = A5

- 145 -



el AA 5 FAHIIATCH

st AAE AT ES S st 5o Utk ARt =
AT E XS &5 & HAP o] At & 59 A
Asto] LTI Al=gle] EAS o] &3t HAA &5 F49 24
7S AESIA

2. o1

2.1 AFHEX}

ATE O 22 494 FAE 5k Aesk

(motion)

e Step 1! WA, IH(wave)e} AA(hull) 123 &

Aol T S 99 A 5 =4 wae Agtey

[o=

(3

. Step 2 AA £F F4 wES FEE] A ALEF

124 al—m S 233]. }\1:]..

s Step 30 A& FHol A& AF velHE

il

2.2 x2S F8 22

Aojge ZwHol A, d(wave)ol <3+ A A hull)2l
(motion)> 34 7hegh A|~Rlo R BALE & gl

B AT A= AolF el A G v °‘E'ﬂ, wd-
(single-input  single-output, SISO) <]
(Linear-Time Invariant, LTI) A]2¥S o] &
FA4 2dEs s

Fig. 1= z-%(domain)ell A a41% LTI Al=H"l9] &
g s veid 3oz X, ()E 3 25E YEid

28(F, AAD] ALTFF, V0 (2) & A

Mo
offt

F

EER

atof AdA

Mo ML ﬂHN'
oft rE I

Fig. 19 vhebal ukst gol, A €% ¥, ()& LTI A
259 FgH 552 o gate] Y AE X, (x)% AL
A

% 9}, opebA

=
d
>
[
@,
rlo
N
2 X
)
r>4
gl
ot
&
9
o
o
>
o,
)
B=)
i
)
ﬁ):‘
o

u} A,
2| gl 13 29 % e Aolol A Bt o
AEof Qdrh o]yt 7t A BAE v AR AEE &
A3, Hyy(2) = Ygion (2) Xy (2) 718 BAE 0] 831 A

Ymotion(z) = Xw(we(z) H;lull(z) (1)
047]}\‘]’ Ymotion(z)’ Xwave(z)’ }[hull(z)}‘_: O_C}Oﬂ/ﬂ L]—E}
W EYA0E, JYAE eln ASEeE 247 e,

Input System Output
signal signal
Xwave > “hull Ymotion

Fig. 1 Conceptual block diagram of linear-time
invariant(L'TI) system for the ship—motion estimation
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Table 1 Data for calculation of incident wave

Item Value

Amplitude(m) 2.75

Wave length(m) 283.0

Wave number(rad/m) 7/144

Frequency(rad/s) 0.4626

Phase velocity(117/5) 21.2

Phase function (7/144) —0.4626¢

Sea level difference(m) 2.75 X sin[(7/144 — 1) wt]

3

Fig. 2 Incident wave used as input signal

Table 2 Particular of Model Ship

400

Type of Ship LNG Carrier
Type of Cargo Tank Membrane Tank
Gross Tonnage(fon) 100,216
LOA(m) / LBP(mn) 288.0 / 276.0
Breath(m) 44.0
Full Loaded Draft(m) 12.4
Displacement at Full Loaded

116634.3
Draft(zon)
Light Weight(ton) 29856.3
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Fig. 3 Fluid domain (Isometric view)

Table 3 Loading condition of model ship

Item Value
Draft Fore(im) 9.320
Draft Aft(m) 9.320
KG(m) 12.329
GM(m) 9.400
Displacement( fon) 84901.300
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Fig. 4 Ship motion used as output signal which is
calculated by ANSYS-CFX
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Table 4 Coefficient of transfer function in case of High

order
n or m b, Ay,
1 + 1.505e07 + 1.000
2 - 9.750e07 - 7534
3 + 2.849e08 + 25.710
4 - 4.965e08 - 52.660
5 + 5.780e08 + 72.420
6 - 4.797e08 - 71.210
7 + 2.946e08 + 52.040
8 - 1.330e08 - 28670
9 + 3.998e07 + 11.560
10 - 5.930e06 - 3.0530
11 - + (0.3908

Table 5 Coefficient of transfer function in case of Low

order

n or m b, a,
1 -0.01847 1
2 0.0103 -6.287
3 0.02422 17.3
4 0.03104 -271.02
5 0.02295 25.87
6 0.009324 15.17
7 0.001633 5.05
8 - -0.7355
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Fig. 5 Verification between measured and simulated output

in case of high order
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Fig. 6 Verification between measured and simulated output
in case of low order
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Table 6 Result of experimental

Item High order Low order
Percentage  of
. 795 % 50.0%
Estimation
Stability stable unstable
; Poles (x) and Zeros (o)
1. : ‘ : :
)
0.5 3 @O ]
@
0 o -
&
H x
05¢ e : g” 1
; o .
ER: g
A5 | | |
15 | 05 0 05 1 15
Fig. 7 Pole-zero analysis in case of high order
Poles (x) and Zeros (o)
157 1
N S S S E_——, j
05} 3 f o' I
- . X
¥
0 i B o
._2
a5tk Ou |
A'E Bl
5T .
2 -5 1 45 0 05 1 15 2

Fig. 8 Pole-zero analysis in case of low order
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