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Summary
By modeling research ship M/V JERAHO from jeju National University, the test
ships rolling characteristics were analyzed in wind force level 3 and 5 sea
states by the ship’s simulator.

If you look at the analysis of the longitudinal and horizontal forces on wind and
fluid force, by component wave, when there are and when there are not.
Overall, the larger the wind force scale was, the greater the force received in
the winds, the more laterally the power received, and the lesser the force
received in the direction of the longitudinal, the more likely it was to decrease
from the head sea to the follow sea.

On the other hand, in the wind force scale 5 is lowest in the beam sea, largest
in the head sea. longitudinal fluid force was similar to above result.

And lateral forces were shown to be large at both wind force scale 3 and 5,
with the wind and fluid forces having the same tendency to be proportional to
those that would not account for the flow rates at all.

Ship rolling statistical analysis showed small changes in the effects of current
on the whole but big changes in terms of wind force scales.

It was then shown that the mean and significance of the rolling angles were
mostly large for the competitors and for the waves, with the mean values
being equally distributed.

On the other hand, the rolling angle was not large and the dispersion value
was small in the head sea and the follow sea.

In particular, the follow sea showed a tendency to decrease in rolling angles
compared to the head sea and the beam sea.

The analysis of the natural cycles for ship rolling at wind force scale 3 and 5



by component wave revealed that the incident wave pattern variation most
often occurred at wind force scale 3, with no tidal current remaining at all, and
at current speed of 1 and 2 kts. most slow incident wave’s priod was 7.792sec
on the 1kt current speed.

Overall, the longer the period was left to the follow sea, and the faster the
current speed was slow.

And 1 could see that the wind force 5 had the same tendency as in class 3,
and the follow sea had a very slow cycle of more than 12.00sec.

The change in GM according to the incident wave shape and velocity was
decreased by the force of the wind system, resulting in a decrease in the
incident wave (head, bow, beam, quarter, follow), and the rapid change in the
incident wave toward the stern.

In the initial slope test of the m/v jeraho, GM=0.85Im and the experimental
result values are compared to the additional seeding in wind force scale 5, ship
speed 12.0kn'’t.

And with the same ship speed and current speed of 1lkn't, the follow sea and
the beam sea in the wind force scale 5.

In addition, it is found that when sailing with the ship speed and current speed
of 2 kn't, the wind force scale 5 receives the beam sea, the quarter sea, and
the follow sea, GM is lower than before.

Therefore, it is deemed necessary to pay extra attention to the m/v jeraho so
that they do not receive the quarter sea even though they do not conduct or
navigate in general during wind scale 5.

Based on these data, the more detailed data of the vessel were entered and
many ships were modelled to help with the results of the navigation and the

forecast is presented in advance.
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Addke]l & (Lines)E YWEH FHOo =2 viE(Displacement tonnage) +

357.86 Lela WM HAF(Ch: ), FEAFCp ), TLEHAAFCm: )= 7

7}t 0.563, 0.875, 0.669°] T}

Gross Ton. 161 tons
Loa 38.64 m
Lbp 31.00m
Breath(MLD) 7.50m
Depth(MLD) 3.30m
Draft(MLD) 2.50m
Cb 0.563
Cw 0.875
Cp 0.669
Cm 0.843
Displacement 357.86
Lcb -1.96
GM 0.851m

Table 1 Particular of Experimental Jera
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Fig. 2 Present modeling lines data of the Jera research vessel
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Table 2= oldtael Hat dF7]o] 33+ Pierson-Moskowitzt?] (1964)3}
WMO (World Meteological Organization)2] A A 71471 code 11009 27 At

29 Aoz ¥HAF 3 R 5049 fo dam P FF F71%E 06m, 299sec 2
2,0m, 5.46sec Z+ZF H.
Table 2 Period and significant of wave in Beaufort scale.
Beaufort No. o
) m/sec) H 3 (m) T (sec) Description
(wind scale)
1 0.95 0.1 1.22 Light air
2 2.50 0.2 1.73 Light breeze
3 4.45 0.6 2.99 Gentle breeze
4 6.75 1.0 3.86 Moderate breeze
5 9.40 2.0 5.46 Fresh breeze
6 12.35 3.0 6.69 Strong breeze
7 15.55 4.0 7.72 Moderate gale
8 19.00 55 9.05 Fresh gale
9 22.65 7.0 10.21 Strong gale
10 26.50 9.0 11.58 Whole gale
11 30.60 11.5 13.09 Storm
12 34.85 14.0 14.44 Hurricane
= A4=%  (ITTC International Towing Tank)g3|oAle] 2FHEHLS
Pierson-Moskowitzt2] o] f#l¥ Ao & Fig. 55 (13)2o YgaliA =HAF 3

(frel 9ol 0.6m, Bt57] 2.99sec), 5(+2lvtaL 2.0, H57] 546)Ld wf 3} 29

Ed ¥E oA g H AdAlEad did 5S4 47 M SYAF
5o thal A vt A vho] AHAEYS At A3E yEhd Aow FH

A 3 2 54 wo HAYANEHDS wel v Fu4E (wave frequency ‘w) 1.6
rad/sec & 0.9rad/secol A peakE H. .t}

_13_
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Fig. 5 ITTC wave spectrum (Beaufort scale No.3 and No.5)
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Fig. 6 Photos of Motion editor for Hull input data (Beaufort scale No. 3 and
No. 5)

Table 32 A< 120 kn'ts A3 =FE nEsA %S oW FTHAF 3
(4.12m/s) 2 5 (9.77Tm/s) & = =3} (Head sea), &3 (Beam sea), FF %
(Follow sea)¥ 2 <&l F2 (Wind force) ¥ 7F=et &7t A4 w 4
3 AA o] Zg3+= FA42 (Hydrodynamic force)o] Aufe] £ 9 =mulgko g
gl ZAlow - Bo= Av 52 #d £S5 2, 9
9] newton (tf)o]th.
FEAE 39w H , 8, 7% dolAMe F WaF (longitudinal

force), & =w W3k (lateral force)o 2 W& d& 77 —(0.328, -0.149. -0.020

=
ﬁ
ook
o,
iy
i)
s
i

st [e) 2=
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2 0.000, -0.430, 0.000°]A o™, HkAo] ojufe] fFAH-L -7.715 -7.767, -7.849
2 0.002, -0.136, 0.000= YE}E

FTYAE 59 W Hd FAYS e ¥, FF FeA F HE (longitudinal
force) @ = W& (lateral force) o2 W& L& Z+7} -0.629, -0.146, 0.020 2
0.009, -1.331, 0.000°]A o™, wkH o]jwje] FA=L -8128, -7.766, -7.774 X
0.019, -1.710, -0.002°] A T},

ole AuE dvrd FHAH 3 % 54 W FY H FAHS F EIFo

g el WAL 9% o 23 A6 FoR 254% gasha o 47 Aol
e o oo 53, FYAF 59 W F FopelA Bo] M
o® Agsn Yt

Table 3 Mean forces of wind and hydrodynamic of longitudinal, lateral with

Beaufort scale No.3 and No.5

Wind force Hydrodynamic force True wind speed

Longi.(tf)  Lateral(tf) Longi.(tf)  Lateral(tf) (m/s)

Force Head ~0.328 0.000 7715 0.002 412
Beam ~0.149 ~0.430 ~7.767 -0.136 412

No.3 Follow -0.020 0.000 -7.849 0.000 412
Force Head ~0.629 0.009 -8.128 0.019 9.77
Beam -0.146 -1.331 -7.766 -1.710 9.77

No.5  Follow 0.020 0.000 ~7.774 ~0.002 9.77

Table 4= A% 12.0kn’ts ¥ F£ lkn't= 39S w) ZH4F 3 4.12m/s) 2 5

(9.77m/s) & w] A3 (Head sea), 33} (Beam sea), %3 (Follow sea)¥ &

9lg el =¥ (Wind force) ¥ 71&x9t £x71 A2 wf = 3 AA o] =835}
=

© 48 (Hydrodynamic force)e] 4ol & 9 ZHwHwrdko g nx&= 3o 2

N

T 39 W Hd FEHS Ag, &, FF Ao F w3 (longitudinal
force) ¥ =W W3F (lateral force) o2 WS 3. z+zE —(0.360, -0.168. —0.039 2
-0.010, -0.450, 0.000°] o™, wkHe] ojuf o] FAH & -7.756, -7.972, -8.074 %
-0.005, -0.119, 0.004°] %t}

of
O

_15_



% W3k (longitudinal

FEASH 5 W HE fFAELS A5 3
force), B 9 W (lateral force) &2 ¥ & 747} -0.684, -0.155, 0.010 2
-0.030, ~1.360, 0.000°]%t o1, nke] ofujo] A% -8263, -7.850, ~7.965 B

-0.054, -1.695, 0.017¢] A tt.

~
9&
1
o\
o
=
o)

o

Table 4 Mean forces of wind and hydrodynamic of longitudinal, lateral with

Beaufort scale No.3 and No.5 with current 1kn't.

Wind force Hydrodynamic force True wind speed

Longi.(tf)  Lateraltf) Longi.(tf)  Lateral(tf) (m/s)

Force Head  -0.360 -0.010 7756 -0.005 4.12
Beam -0.168 -0.450 -7.972 -0.119 412

No.3 Follow -0.039 0.000 -8.074 0.004 4.12
Force Head  -0.684 -0.030 -8.263 -0.054 9.77
Beam -0.155 -1.360 -7.850 -1.695 9.77

No.5  Follow  0.010 0.000 -7.965 0.017 9.77
Table 5 A4 120kn'ts ¥ < 2kn't=E 39S o =45 3 4.12m/s) 2 5

9.77m/s) & o A3 (Head sea), 33} (Beam sea), &3 (Follow sea) =
918l ¥ (Wind force) ¥ 7HE9t %71 A4 of A 3 AAo #&3)
218 (Hydrodynamic force)e] 41dre] & 9 Zwwtgko 2 njx &= 3o 2

32 e Aot

rr

SHAE 3¢ W HF FEH2 A, &, 75 FAAe T I (longitudinal

force), @ =w W3k (lateral force)o & W& 3o 77}
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Table 5 Mean forces of wind and hydrodynamic of longitudinal, lateral with

Beaufort scale No. 3 and No. 5 with current 2kn’ts.

Wind force Hydrodynamic force True wind speed

Longi.(tf)  Lateraltf) Longi.(tf)  Lateral(tf) (m/s)

Force Head -0.389 -0.010 7718 -0.004 4.12
Beam -0.150 -0.581 -8.011 -0.041 4.12

No.3  Follow  -0.049 0.000 -8.048 0.004 4.12

Force Head  -0726 -0.030 -8.230 -0.060 9.77
Beam -0.172 -1416 -7.818 -1.655 9.77

NO.5  Rollow  0.010 0.000 -7.977 0.021 9.77
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14.37, 1451, 14.87, 15.05, 15.09 % 15.33, 1547, 15.30, 16.01 16.06 kn’'tse] A&
< 747 R

FTEAS 59 W A&y HXHS4 (Head sea), A4~ (Bow sea), 3 (Beam sea),
Au] (Quartering sea), 5% (Follow sea)¥t Hit A4 A #5455 193

A ke W& 10.69, 11.40, 12.79, 13.62, 1381°]3, % 1 # 2 kn'ts¥d W+
11.97, 12,53, 13.79, 14.60, 1493 2 12.90, 13.38, 14.79, 1555, 15.90kn’ts®] A<

_’I7_



)
)
fz
x

5

18.00 i3.00

17.00 17.00

1500 — SR S 1600

O f— E
g5 .’_./.?H g 1300
= =
£ T
o 1
S 1400 7 = H 14.00
@
& ’______‘__...——-—*'-"__ E i
@ 1300 13.00 —
e [ o 2l speed
== orm. speed + 1kn't current
1z.00 =i=Norm_ speed + 1 kn't curret 1200, b
=fr=Norm. speed + Zkn'ts current
11.00 stosn )l orn-spead-+ 2kn'ts cument 1160
i
10:00 - ' - - 1000
HEAD BOW BEAM QUARTER FOLLOW HEAD BOW BEAM QUARTER FOLLOW
Wave directions Wave directions
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Table 6 Average, Significant angles, Encounter periods in Beaufort scale No.3
and No.5 with wave components= 0°, 045° 090°, 135°, 180°in ship speed
12.0kn’ts

Significant angle

Wave Average angle(® ) L) Variance

directions Beaufort scale Beaufort scale Beaufort scale
No.3 No.5 No.3 No.5 No.3 No.5

Head 1.554 1.796 1.732 2.589 0.007 0.136
Bow 5.315 20.436 5.607 22.256 0.017 0.648
Beam 5.482 21.347 5.845 22.743 0.027 0.413
Quater 3.222 9.710 3.539 10.429 0.037 0.594
Follow 1.585 1.891 1.846 2.977 0.014 0.242

FEAE 39 W A A 9 Al A9 1717, 1.894°, 0.007 B 5.546°
5849°, 0.019 gar #, AMv] 3 FFIe A= 1.033°, 1.963°, 0.029, 3.305°,
3.651°, 0.024 2 1.607°, 1.872°, 0.014% Z}z} vepskar, vide] FH A5 54 o
B 2 frel "y & AA 22 g2 g A ® Al 45 26129
3419°, 0.142 % 21.886°, 23.644°, 1.247 3, v 2 FFI oA+ 21.715°
23.176°, 0.422, 9.109°, 10.376°, 9.352 % 1.825°, 2.956°, 0.267= Z}7} By om

& lkn't7} & Avols Ada R Avgeld & 8 s Bol Ttk

Table 7 Average, Significant angles, Encounter periods in Beaufort scale No.3
and No.b with wave components= 0° 045° 090°, 135° 180°in ship speed
12.0kn’ts with 1kn’t current
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Significant angle

Average angle(® ) Variance
Wave ; (0)

directions Beaufort scale Beaufort scale Beaufort scale
No.3 No.5 No.3 No.5 No.3 No.5
Head 1.717 2.612 1.894 3.419 0.007 0.142
Bow 5.546 21.886 5.849 23.644 0.019 1.247
Beam 1.033 21.715 1.963 23.176 0.029 0.422
Quater 3.305 9.109 3.651 10.376 0.024 9.352
Follow 1.607 1.825 1.872 2.956 0.014 0.267

Table 82 FHA = 3

& Soll YA R 3
FTEAS 39 W A A 9 deud A 1.725°, 1.906°, 0.007 2 5.670°
5959°, 0.017 g ¥, AMdw 2@ FFI oA+ 6.553°, 6.940°, 0.029, 3.400°,
3.725°, 0.022 % 1.616°, 1.874°, 0.014% 77} veEbyar, v F9 A5 54 o
B 2 7o Hw 8 AA 2 3 g2 A A d AeTl A9 2648
3453°, 0.136 % 21.812°, 23.806°, 0.787 &, 2dn 2L FFIpA = 22.076°,
23.589°, 0.487, 9.710°, 10.429°, 0.334 % 1.821°, 2.836°, 0.211=2 Z}Z} RF 3 A5

2 Yol e GFE WRAW FEANNE A e

Table 8 Average, Significant angles, Encounter periods in Beaufort scale No.3
and No.5 with wave components= 0°, 045° 090°, 135°, 180°n ship speed
12.0kn’ts with 2kn’t current
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Freqency(rad/sec) Time(sec.) reqencyadsec)

Beaufort ) Perigd (sec.)

Ship speed | Current Directional wave
scale Head Bow Beam Quarter Follow
Nill 3.550 3.410 3.209 2.120 5.941
No. 3 1kn't 3.529 3.550 3.333 7.792 6.250
19Kkn'ts Zkr}'ts 3.750 3.571 6.452 3.093 6.667
Nill 5.455 6.741 4.762 7.229 12.500
No. 5 1kn't 5.357 5.042 8.451 7.792 13.636
2kn'ts 5.217 5.042 8.955 8.219 14.053

Table 9 Variations of period in component waves at Beaufort scale No. 3 and 5
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Fig. 11 GM fluctuations with respect to waves components= 0, 045, 090,

135, 180°at ship speed 1Z2kn’ts, Beaufort scale No. 3 and 5
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Fig. 12 GM fluctuations with respect to waves components= 0, 045, 090,

135, 180°at ship speed 12kn’ts with 1kn’ts current Beaufort scale No. 3 and 5
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Table 10 GM fluctuations with respect to waves components= 0, 045, 090,

135, 180°with ship speed and current at Beaufort scale No. 3 and 5.

GM fluctuations with respect to waves components
Ship Beaufort )
Current (unit : m)
speed Scale
Head Bow Beam Quarter | Follow sea
No. 3 1.302 1.328 1.369 1.684 1.006
No. 5 Okn't 1.050 0.945 1.124 0.912 0.694
Diff. 0.252 VvV 0.384 | v0.245 V0.772 V0.313
No. 3 1.307 1.302 1.343 0.879 0.981
12kn'ts | No. 5 1kn't 1.060 1.092 0.844 0.879 0.664
Diff. Vv 0.247 V0.209 | v0.500 V0.00 Vv 0.317
No. 3 1.266 1.298 0.966 1.395 0.950
No. 5 2kn'ts 1.074 1.092 0.820 0.855 0.654
Diff. V0.193 V0.206 | V0.146 V0.539 Vv 0.296
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