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Variation of the Turning Circle by the Rudder Angle
and the Ship’s Speed

- Mainly on the Training Ship KAYA -

Min-Seok KiM', Hyeon-Ok SHIN, Kyoung-Mi KANG and Min-Seon KM
Pukyong National University

The size of the ship's turning circle is influenced by various factors, such as block coefficient,
underwater side shape, rudder area ratio, draft, trim and Froude's number. Most of them are
already fixed on departure from a port. However, the ship's speed and the rudder angle are
controllable factors which operators are able to change optionally during sailing. The DGPS
measured the turning circles according to the ship's speed and the rudder angle. The maximum
advances by slow and full ahead were 302m and 311m, and the maximum transfers were 460m
and 452m, respectively. There occurs almost no difference in size of the turning circle by
variation of the ship's speeds. When the rudder angles were changed to 10°, 20° and 30°, the
maximum advances were 447m, 271m and 202m, and then also the maximum transfers 657m,
426m and 285m, respectively. The diameter of the tuning circle was decreased exponentially
when the rudder angle was increased. The maneuverability was better when the direction of
turning and propulsion of propeller are in the opposite direction rather than in the same one
together. The distance of the maximum transfer was always bigger than that of the maximum
advance.

Key words : block coefficient (&P AA)5), underwater side shape(F%5 AAZHEY), rudder area
ratio (BFAAH]), Froude's number (Froude %), maneuverability (£%4%), maximum

transfer (Bt A3 8 A), maximum advance (A 38]EA)
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Table 1. Specifications of the GPS receiver and -

antenna . v aeamm
Item Specifications - 1
GPS receiver Model RT-20 r ® A 7
Frequency L1, 1575.42 MHz (C/A Code) 22250 _n
Channels 12 independent tracking channel i
Computed data updata rate up to 10 solutions per second Aot AR NI AP el e
Measured data updata rate up to 20 data records per second Fig. 2. The trial sea area.
Position accuracy
Standalone 15m CEP (SA off) GBOP < 2 . .
RTK mode 90cm CEP nomial Table 3. Principal particulars of M.S KAYA
Static mode 10cm RMS, 3 minutes, no multipath Item Specifications
GPS antenna for rover Model 521 LOA 81.7m
(Gain and size 2613dB and 5.6cm diameter LBP 72.5m
B.Md 13.2m
o ) Draft F. 3.6m A. 5.6m
Table 2. Specifications of the beacon receiver Gross tonnage 1,737tons
with antenna Displacement tonnage 2,821.7tons
Ttem Specifications Rudder area 2.50%3.80m’
Main Engine 2,960ps X 250rpm

B iver with Model SBA-1 R
cacon receiver Wit antema - Model SBA Turning direction of propeller C.C.W

Receiver channels 2 independent channels
Frequency range 283.5 to 325.0 kHz No. of blades 4
Channel spacing 500 Hz Max. Speed 14.8kts
Cold/Warm start time <} mi/2 sec
Sensitivity 1.0 #V/m for 6 dB SNR at 200 bps ) .
Dynamic range 100 4B Table 4. Trial condition of the sea
Correction output protocol  RTCM SC-104 Items Conditions
Communications RS-232C, 4800 bps
Dimensions 128 mm square X 84 mm high Depth 100m
Wind direction 190~205°
——— Wind force . 4 m/s
neeR Current direction 20°~30°
MY 2o RAgsty AsH ok E o] Current speed 0.3-0.4kts
gate] 2004d 69 209 AFE Fyg ppm _Weather Cloudy
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Fig. 3. The size of the turning circle by the rudder angle 10" with slow ahead.
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Table 5. Variation of maximum advance and transfer according to rudder angle
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Rudder

Max.Advance

Max. Transfer

Speed  TurningSid
Angle pe urningide Trial 1 Trial 2 Average Trial 1 Trial 2 Average
Slow Port 517 454 485.5 780 577 078.5
10" Stb'd 653 280 466.5 646 593 619.5
Full Port 453 481 467.0 904 601 752.5
Stb'd 407 336 371.5 593 563 578.0
Slow Port 372 231 301.5 568 401 484.5
20° Stb'd 181 214 1975 364 437 400.5
Full Port 281 344 312.5 561 406 483.5
Stb'd 284 261 272.5 331 343 337.0
Slow Port 259 174 216.5 366 247 306.5
30 Stbh'd 125 167 146.0 227 323 275.0
Full Port 222 244 233.0 376 266 321.0
Stb'd 231 194 212.5 224 256 240.0
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