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Ship’s hydrodynamic coefficients in manoeuvring equations are generally derived by captive model tests or numerical

calculations, Empirical formulas have been also proposed in some previous researches, which were useful for practical
predictions of hydrodynamic coefficients of a ship by using main dimensions only, In this study, ship’s hydrodynamic
coefficients based on empirical formulas were optimized by using its free running test data, Eight manoeuvring performance
indices including steady turning radius, reach in zig—zag as well as well-known IMO criteria indices are selected in order to
compare simulation results with free runs effectively, Sensitivities of hydrodynamic coefficients on manoeuvring performance
indices are analyzed, And hydrodynamic coefficients are tuned within fixed bounds in order of sensitivity so that they are
tuned as little as possible, Linear and nonlinear coefficients are successively tuned by using zig—zag and turning performance
indices, Trajectories and velocity components by simulations with tuned hydrodynamic coefficients are in good agreements with
free running tests, Tuned coefficients are also compared with coefficients by captive model tests or RANS calculations in other

previous researches, and the magnitudes and signs of tunes are discussed,

Keywords : Hydrodynamic coefficient(S 2 O|Z|%), Free running test(AFR.&ZA&), Manoceuvring performance index(Z&AsX|
), Sensitivity analysis(2I1Z= 31Ad), Optimization problem(Z|X st 2X))
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Table 2 Coefficients obtained by empirical formulas

Hull ( x 10°)
X, -95 Y. | -1624| N, -55
X, 142 Y. -139 N. -88
X, +m | 3438 Y, |-1831 N, -980
X, 160 | ¥,—m | -1503 | N, -310
Y, |-3522| N, 71
Y, 13 N, -33
| 2018 | N, | -1537
Y,, |-2708| N, 175
Propeller & rudder
ty 0.306 ay | 0.258 Ty | -0.332
€ 1.307 Cr 8171 | ~vp~p | 0.605
(UP>O) RIR
K 0.400 (US;’O) 4.559 - -

Table 3 Comparison of manoeuvring performance indices
between simulation and free run

Index Free run Simulation Error
EW 7.0 m 2¥Me| AT ZRE FAU|EE 2ot 20°/20° starboard zig-zag
6.893 m 2&M ZIlZ EAFH F AlFZEo|M HB0| &S5t -
o fst maximum | = 33 70« | 3387° | +05%
Act. yaw angle
2nd max'mlum 34.90 ° 35.43° | +15%
Table 1 Principal dimensions of KVLCC2 yaw angie
Full- Model Model Time to 1St 1 4o o4 coc | 20.80 sec | + 12.4 %
scale |(HMRI, PMM)|(MARIN, Free run) maximum yaw
Scale 1 46426 45 714 Reach 35.68 sec | 39.10 sec +96 %
Lop [m] | 3200| 6.893 7.000 35" starboard turn
Sreadth [m] | 58.0 Y 269 Advance 3.25 L 291 L | -104 %
Draft [m] | 20.8 0.448 0.455 Tactical 334 L S71L | -19.0 %
diameter
Propeller .
diameter, D [m] | 288 0.212 0.216 Steady wrning |, o4 100L | -19.0 %
radius
Rudder lateral :
area, Ag [m2] | 1987 | 0.083 0.065 Time Eoy.,aw O 5518 sec | 48.10 sec | - 12.8 %
CHStEMSE =22 K| 572 X6S 20204 12¢
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al Simulation based on Emp.formula
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Fig. 4 35° starboard turn simulation based on empirical formula
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Fig. 5 20°/20° starboard zig—zag simulation based on empirical formula
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Table 4 Manoeuvring performance indices for comparison
between simulation and free run

IMO criteria Selected manoeuvring
Test . )
index performance index
Advance (X090)
Tum Advance Tactical diameter (Y180)
Tactical diameter Steady turning radius (STR)
Time to yaw of 180° (T180)
1st maximum yaw angle (HA1)
Zig- | 1st overshoot angle | 2nd maximum yaw angle (HA2)
zag | (2nd overshoot angle) | Time to 1st maximum yaw (HA1T)
Reach (RCH)

\ Tactical diameter

(Y180)

180 * changa
S
Advance Time to
(X090) Y180 (T180)

j\mm

Fig. 6 Turning performance indices
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Fig. 7 Zig-zag performance indices
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1. Tune of linear coefficient
(Yv, Yr, Nv, Nr)
¥
Reduction of zig-zag index error
between simulation & free run
\ (HA1, HA2, HA1T, RCH) y

\ 4

2. Tune of nonlinear coefficient
(Xwv, Xvr, Xrr,
Yv|v|, Yr|r|, Yvvr Yvrr, Nvlv|, Nrjr|, Nvvr, Nvrr)
¥

Reduction of turn index error
between simulation & free run
Y (X090, Y180, STR, T180) y

Fig. 10 lteration procedure for tune of linear and nonlinear
hydrodynamic coefficients
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Table 5 Feasible minimum errors of individual manoeuvring
performance indices

Error of simulation Minimum error with

Index based on empirical | maximum correction

formula of coefficient

20°/20° starboard zig-zag

HA1 +05% 0.0 %
HA2 +15 % 0.0 %
HA1T +12.4 % + 3.7 %
RCH + 9.6 % +23%

35° starboard turn
X090 -10.4 % -6.3%
Y180 -19.0 % - 6.9 %
STR -19.0 % -38%
T180 -12.8 % -59%
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Table 7 Allowable errors of manoeuvring performance
indices
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Index | Allowable error (Zrr

20°/20° starboard zig-zag

performance indices HA1, HA2, HA1T, RCH | +49 %
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Table 10 Comparisons of tuned linear coefficients with
PMM or CFD results (Sung & Park, 2015)

Table 11 Comparisons of tuned nonlinear coefficients with
PMM or CFD results (Sung & Park, 2015)
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