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An outdoor free—running model test system was designed for assessing ship maneuverability with

model was a surface combatant of

test uncertainty, The test

tumblenhome hull geometry, The straight forward tests were conducted first to obtain the

relationship between the propeller revolution rate and advance speed, During the outdoor tests, the propeller revolution rate to
achieve a certain Froude number condition was higher than that in the indoor free—running model tests, Turning circle and
zigzag tests for evaluating ship maneuverability criteria were carried out at the propeller revolution rate determined by the
straight forward test results, The random and systematic standard uncertainties of maneuvering criteria were obtained by
repeated tests and comparison with the indoor free—running model test results, respectively, The test uncertainty was largely
dominated by the systematic standard uncertainty, while the random standard uncertainty was small with good repeatability.
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Fig. 2 Arrangement of the stren of the test model

Table 1 Principal particulars of the test model

oA Model scale | Full scale
Length (L) 3.147 m 154.0 m
Meximum beam of 0.384m | 1878 m
waterline (B)
Draft (T) 0.112 m 5.494 m
Displacement (A) 72.6 kg 8,507 ton
Propeller diameter (Dp) 0.1066 m 5.216 m
Metacentric height (GM) 0.0422 m 2.07 m
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Table 2 Test condition

Test item Test cases

Speed tests n=25 452, 6.67, 8.8, 10 rps

Turning circle tests Fr=0.2, §=25°, 35°

Zigzag tests Fr=10.2, §=20°/20°
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2017)
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error — No steady state at start| water
of run — Wall effect

— Bottom profile variation
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Systematic | — Draught uncertainty |— Open air facilities
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— Permanent bias in the
initial conditions
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Table 4 Turning circle test results (N = 6, Fr = 0.2)
6§ =25 6 =-25 6§ =35
Mean | RSU | Mean | RSU | Mean | RSU
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Fig. 11 Results of 20°/20° zigzag maneuvering at Fr = 0.2:
trajectory of the model ship (top) and time—-history
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Fig. 13 Comparison of the propeller revolution rate
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Table 7 Comparison of maneuvering criteria by maneuvering
simulation with different rudder rate (Fr = 0.2)

ds/dt | 21°/s | 357/s | Difference (%)
Tuming Ad/L 2.86 2.78 2.8
circle test Tr/lL 1.65 1.65 0.0
(6=235) | TO/L | 395 | 3.94 0.1
Zigzag test | a20 10.23° | 7.62° 34.3
(6=20/20) | @20, 9.59° 7.11° 34.9

Table 8 Comparison of turning circle test results (Fr = 0.2)
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Table 10 Systematic standard uncertainty of maneuvering
criteria (Fr = 0.2)

Present study | o da et al. (2019)
(difference)
§=35 |6=-35| 6=35 | §=-35
2.72 2.73
AdL | (15.79) | (16.79%) | 2390 2.340
1.22 1.21
Tl | Corom | (7 6as) | 1300 1.310
3.16 3.24
TOL | Co'sa) | (1 5o%) | 3180 3.190

Table 9 Comparison of repeated zigzag test results (Fr =

0.2, § = 20°/20°)
Present study Estimated from
(difference) Sanada et al. (2019)
20/-20° =20/20° 20/20°
9.19° 9.28° .
0T\ o7 5%) | (28.7%) 721
8.78 8.88° .
€202 (51 6%) | (22.9%) r.ez

Error source b
Disturbance | Measurement X
Ad/L 0.38 0.018 0.38
Tr/L 0.09 0.018 0.092
TD/L 0.015 0.018 0.023
a201 2.25° 0.65 2.34°
a202 1.56° 0.65 1.69°
4.3 B 25N
ol 2, 1F BFE S S 0851 2| Aed
FoYAIE| =HEt E2tAM S ALSIQICE Table 1101l 22N
= 60l CHEH Al Zxfet 22 g2 LIEHRICE SSUE 7|
Z MEDlo| X0|S Eaff I 2, Student’s t EXE X
ESHA| @2 42 JE ARESISIC

Table 11 Expanded uncertainty of maneuvering criteria at
N =26

X 5% by

Ad/L 2.72 0.019 0.38
Tr/L 1.22 0.041 0.092
TD/L 3.16 0.032 0.023
a201 9.19° | 0.093 | 2.3¢4
0202 8.78" | 0.13% 1.69°

Uz (U3 X)
0.38 (14.1%)
0.14 (11.5%)
0.085 (2.70%)
2.35" (25.6%)
1.72° (19.6%)
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