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It is necessary to predict the ship’ s manoeuvrabilities in waves for its safe operations in adverse weather, At the early design
stage, free—running model tests can be performed to estimate the ship’ s manoeuvring performance in irregular wave conditions,
The wave elevations are randomly varied with times in irregular waves, large deviations of the manoeuvring performance indices
are likely to occur depending on the start time of steering scenarios, In this study, a KSUPRAMAX model ship’ s manoeuvres in

long—crested irregular waves are reproduced in the equivalent regular waves, The equivalent regular waves are searched from

the energy flux relations between long—crested irregular and regular waves, But there are differences of forward speeds in the
model tests, regular wave height and period are modified so that both the forward speed and the trajectory drift in regular waves
are similar to those in irregular waves, In addition, low speed course—keeping tests are performed with various wave incident
angles in irregular and regular waves, It is confirmed that check helms, drift angles, and speeds as well as trajectories in

irregular waves are similar to those in equivalent regular waves,

Keywords : KSUPRAMAX bulk carrier(KSUPRAMAX H34M)  Adverse weather condition(&F &71), Forward speed(TIRl &),

Trajectory drift(H& 2, Check helm(ZEEL)
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Table 1 Main dimensions of full-scale and model ship
Dimension Full-scale Model (1/64)
Length between 192.0 3.000
perpendiculars [m]
Breadth [m] 36.0 0.563
Draft (design) [m] 11.2 0.175
Displacement [m’] 65028.2 0.248
Block coefficient [—] 0.840 0.840
Longitudinal center of
buoyancy, LCB [m] 5.713 0.090
Vertical center of gravity,
KG [m] 7.020 0.164
Metacentric height, GM [m] 8.586 0.080
Propeller diameter [m] 6.0 0.094

Fig. 2 Free—running test in KRISO Ocean Engineering Basin

Table 2 Adverse weather conditions (IMO, 2021)

Ship lengthlml Significant Peal.< wave | Mean wind
wave height[m] | period[s] | speed[m/s]
L > 250 6.0 7.0~15.0 22.6
200 < L < 250 Linearly interpglated depending on
ship length
L < 200 45 | 70~150 | 190
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Table 3 Irregular wave condition in the present study

Significant height [m]

Modal period [s]

4.5

12.0

Table 4 Program of 35° port turns in long—crested irregular

head waves (5 repetitions)
Irregular waves
Test RPS Significant Modal period,
height, Hg [m] Ty [s]
35° port turn 19.0 4.5 12.0

Table 5 Program of 35°

port turns in regular head waves

Regular waves

Test RPS No Height, / | Period, 7T’

' [m] [s]

REGOT | 3.182 8.520

REGO2 | 3.182 9.276

REGO3 | 3.182 10.284

. REGO4 | 3.182 12.000
3 pottun | 19.0 ercns T 2,250 10.284
REGO6 | 4.500 10.284

REGO7 | 2878 9.780

REGO8 | 2589 9.076
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Table 6 Program of course—keeping tests in waves

" Target heading
Test RPS Wave condition .
angle [°]
Regular waves (REGO7)
H=2.878m, 7=9.780s | 0, =30, 60,
Course—
. 8.0 -90, —120,
keeping Iregular waves 150, ~180
HF4.5m, T,=12.0s

¢ ¢

XL

Irregular waves

(Hs =45 m, Tp = 12.0 5)

—— IRREG-Repetition1

— IRREG-Repetition2
—— |RREG-Repetition3
——— IRREG-Repetition4
—— |IRREG-Repetition5

|w|=720°

J\.‘(Xno, y7zo)
¥

U D720-360
"fm 8 6 4 -2 0 2 4
YL
- Approach . HD(,llz-gbf (drifting distance)
Repetition No. ) Horzo-ss0 [L] | tprao-s60 [°]
speed [knots] : Distance from ship position with heading of Y1

1 1.5 2.19 30 to ship position with heading of Y2

2 1.1 2.11 37 be E

3 1.2 1.78 19 s

4 111 T o4 57 HDyz-y1 (drifting angle)

5 11.4 1.84 30 : Angle from ship position with heading of Y1
Mean 1.3 1.97 29 to ship position with heading of {2

Standard deviation 0.2 0.18 6

Fig. 3 35° port turns in iregular waves (left) and definition of drifting distance and angle (ITTC, 2021a; SIMMAN, 2023) (right)
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Table 7 Equivalent regular wave condition

= HS/\/§
Ty

e H (Regular wave height)

e T (Regular wave period) =

Table 9 35° port turns in regular waves (REG01~06)

Table 8 Regular wave conditions (REGO1~06)

eriod 1y T, Ty Tp
Height (0.59L) (0.70L) (0.86L) (1.17L)
HS /2 REGO5
H=2.250m
(0.012L) T=10.284s
HS / \/5 REGO1 REG02 REGO3 REG0O4
H=3.182m | H=3.182m | H=3.182m | H=3.182m
(0.017L) | T=g500s | T=9.276s | T=10.284s | T=12.000s
HS REGO6
H=4.500m
(0.023L) T=10.284s
3.2 &L}t & 35° Efsd MSAIE (1)
[TTC (2021b) 2.8%ol| 2|5} F&lx},

9l & G olux] EHA Py, (unit: W/m)

10
10 10
8 . REGO1 - REG02 REG03
™ ’ / - ﬂ-‘.\ 8
6 6 l”’ .--w.,\\\ 6 =
. AV .
< = \ TN >
2 2 ."r,..(.d/ ,! 2
\ L et
0 0 \‘{— L /’ 0
2 2 “\.'__ 2
20 - 4 Y s s 4 2 o 2 4 s PR —
YL Y Y[
Approach Fb720-360 Upr20-360 Approach Hbzz0-360 Uprz0-360 Approach Hbzz0-360 Uprz0-360
speed [kts] [L] [°] speed [kts] (L] [°] speed [kts] (L] [°]
12.1 3.40 21 12.2 2.81 37 10.3 1.83 33
10 10 10
REGO04 REGO05 REG06
8 IS N
| B
6 6 { /—--—:.3 "*.‘ 6 yyY o
- ¢ - ¢ i‘\l / = ¢ / ' i
2 SR OF) e (f'-;
. 0 — 0 o )
. . . v y
1
-4 *o o 4 2 0 2 4 *o s 4 2 0 2 4
-10 8 -4Y [L]-2 0 2 4 v [L] Y [L]
Approach Hbzz0-360 Upr20-360 Approach Hbzz0-360 Uprz20-360 Approach Hbzz0-360 Uprz0-360
speed [kts] (L] [°] speed [kis] (L] [°] speed [kis] (L] [°]
10.4 0.78 53 12.0 1.15 47 8.3 2.91 37
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Wireg) =~ o P9 Ca slope (H/)) is fixed to 0.019.
1 Period 7, (Tp+T,)/2 T,
P _ 2H2 T 2 . M E M E
Wirreg) 647 Py tig Lp @ Height (0.70L) (0.78L) (0.86L)
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T (mean), oAl (energy), 2=Hmodal) Z717F Qick 02 & T s
0.0

504 Table 82} 20| &} Tl Hy/ /2, 55|
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Fig. 4 Drifting distances in regular waves (REGO1~06)

[l

REGO1 REGO2 REGO3 REG04 REGO5 REGO06

= = =
o w o = ]
o o o =] o

Approach speed [ knots]

Fig. 5 Approach speeds in regular waves (REGO1~06)
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Fig. 6 Drifting distances in regular waves (REG0O3 & 07~08)

27l g2 Ay oA 2w
4.0
3.5 13.0
3.0 o
£ 2% |RReG
S 4z TEN REGO3 2
S S g9
g 1.0 <
8.0
I s g
0.0 & 7.0
0.000 0.005 0.010 0.015 0.020 0.025 0.030 < 60
H/A., Wave slope [-] REGO3 REGO7 REGOS

Fig. 7 Approach speeds in regular waves (REGO3 & 07~08)

Table 11 35° port tuns in regular waves (REGO3 & 07~08)
10 10 10
- REGO03 REGO7 REGO08
8 8 8
6 6 6
— 4 - 4 - 4
0 0 0
-2 -2 -2
-4 -4 -4
-10 8 ¥y 4 2 0 2 4 -10 8 6 4 2 0 2 4 -10 8 E 4 2 0 2 4
Y I[L Y (L Y [L]
Approach Fpr20-360 Up720-360 Approach Fb720-360 Up720-360 Approach Fbr20-360 Uprz0-360
speed [kis] (L] [°] speed [kts] L] [°] speed [kis] L] [°]
10.3 1.83 33 11.5 2.00 38 12.2 1.95 24
Table 12 Approach speeds, turning trajectories in irregular waves and equivalent regular waves
Irregular waves Equivalent regular waves, REGO7
(Hg=4.5m, T, =12.09) (H =2.878m, T =9.780s)
10 10
8 8
6 6
— 4 4
= =
x x
2 —~ 2
0 0
-2 -2
-4 4 L L )
-10 8 -6 -4 -2 0 2 4 -10 6 -4 -2 0 2 4
Y [L] Y [L]
Approach speed Hhyzz0-360 Mpr20-360 Approach speed Hbr20-360 Mp720-360
(mean) [kts] (mean) [L] (mean) [°] (kts] L] [°]
11.3 1.97 29 1.5 2.00 38
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Fig. 8 Straight—run trajectories in irregular waves
20
5 Irregular waves
— (Hs=4.5m,Tp=12.0s)
wn 10
Q
=
E
Q
=
=
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Target heading [deg]

-150

-150

-180

-180

Fig. 10 Check helms in irregular waves
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Fig. 12 Drift angles in iregular waves
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Fig. 14 Ship speeds in irregular waves
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Fig. 9 Straight-run trajectories in regular waves (REG07)
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Regular waves
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Fig. 11 Check helms in regular waves (REGO7)
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Regular waves
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E‘n 20
=
o 15
®
S 10
£
‘= 5
[a]
0
0 -30 -60 -90 -120 -150 -180
Target heading [deg]
Fig. 13 Drift angles in regular waves (REGO7)
6
iy 5
2
2 4
=
T 3
Q
Q
a 2
o Regular waves
5 (H=2.878m, T =9.780s)
0
0 -30 -60 -90 -120 -150 -180
Target heading [deg]
Fig. 15 Ship speeds in regular waves (REGO7)
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