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This study aims to investigate the bow thruster performance of the research vessel “NARA™ by full-scale maneuvering trials,
The thruster test method refers to ITTC' s recommended procedures and guidelines, Turing tests with the bow thruster are
performed at speed conditions of 0, 2, and 4 knots, The test results indicate that the Rate of Turn (ROT) increased when the
ship is in a higher speed condition, Due to the position of the propeller and the housing of the bow thruster, there is difference
in the efficiency of the bow thruster according to the turning direction, Zigzag tests with the bow thruster were conducted at
speed conditions of 2 and 4 knots, At speeds above 4 knots, it seems difficult to change the course only with the bow thruster,

Keywords : Full scale manoeuvring trials(AM A ZEA|S), Research vessel NARAGHUEAIM LIELS), Bow thruster(A4s ABHAE]),
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M EFMIE](metacenter) =017} 22 Zd0| EFO|CKKIm et al., Table 2 Principal dimensions of bow thruster
2017). L2lee| Foxnt 252 212t Table 1, Fig. 12+ 7.5*'1}. ltem Specification
LiZtsoll= 2719 MR FZXI7|(Azimuth propeller)2F 1712 No. of set 1 set
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Cf M= Ag{AEQ| 282 XA 1,250mm0|22 Z[Cl 7ton2| hydraulic power Unit
2disk =22 W o= lrh ABAES| MR Table 20] Hz|5} Propeller diameter 1,250mm
ik No. of propeller blades 4blades
Propeller speed 490rpm
Table 1 Principal dimensions of NARA Reduction ratio 315 : 1
ltem Value . 452kW electronic motor
LOA [m] 70.7 Driven motor gravity tank 50liters
LBP [m] 59.7 Truster power 7tons
Breadth [m] 13.5
Draft [m] 4.7 292 Allgz.“;c[)}uh-l{
Displacement [tons] 1,494
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Fig. 2 Azimuth propeller of NARA
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=2 A2 & 250 2 s>H=ACE 1A A2 20194

3Y 20 HHA| = ERE(RIE: 34.791°, HE: 128.703° 3.1 M3AS
E3)0l|lM FHSIFC) 2, dknotse| MABEZ 33| Zhed )
M3, XTI RS 22 shRl| AMAlsE = dknots XA

Table 30l Y2|El Hiet 20|, MTHE Oknotse| MalAIH2
AldE FIt2 FASIGICE 234 A[R2 20194 38 262 & M3 2 KSME| 242t 23] $MEQICE Fig. 4= MASE
A algh ol cithEollAl T#SICE o 34.923°, Hk Oknotse| MB[AIE ZIts HoiECE 2 AIES $3EH ool
128.874° F20lM MAR| M3|AIRS AlRYSH = 9|= 34.992°, Me| Z5oz Qlisll Z7IEETt Tknots F22= M= o] et
B 126.867" FO0R OS5I01 134} AlES] RSS2 4 apjaeio] 2ewsmt 250| Ax/sks AR(15 28
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TASE2 ot & Bl 23 M3 Ho[H= 24E 2AHZ 3|7} O|20{X| T £EE MAt S5k} M4 AB{AE{Q| =
= AZoolM HMesiict. S50t Fgk2 A Al AS & ksknt Zsko| AbBlEls AQQAL M| 17} FsiME|) =
2 ®7I3ict 22 582 0°, 322 90°, EE22 18002 & MZ0| Zasind Ho| MM M35k 2as golc)
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Table 3 Turning test conditions

Ship Speed Tuming Trial Date Time Initial Heading, | WInd Direction | Relative Wind Direction | Wind Speed

[knots] Direction ¥, [deg.] [deg.] [deg.] [m/s]
0 Starboard | 1st |2019.03.26 | 12:25 260 184 84 4.8
0 Starboard | 2nd | 2019.03.26 | 12:45 92 184 276 4.8
0 Port 1st 12019.03.26 | 12:35 260 184 84 4.8
0 Port 2nd |2019.03.26 | 12:55 121 184 305 4.8
2 Starboard | 1st | 2019.03.20 | 17:10 200 162 2 5
2 Starboard | 3rd |2019.03.26 | 18:57 30 206 236 6.4
2 Port 1st 12019.03.20 | 17:25 200 162 2 6.4
2 Port 2nd |2019.03.26 | 17:10 208 206 54 5
2 Port 3rd |2019.03.26 | 19:08 31 206 237 6.4
4 Starboard | 1st |2019.03.20 | 17:48 200 162 2 6.4
4 Starboard | 2nd | 2019.03.26 | 17:34 210 206 56 5
4 Starboard | 3rd |2019.03.26 | 18:29 31 206 237 6.4
4 Port 1st 12019.03.20 | 17:58 200 162 2 6.4
4 Port 2nd |2019.03.26 | 17:46 210 206 56 5
4 Port 3rd |2019.03.26 | 18:40 30 206 236 6.4

Table 4 Zig-zag test conditions

Ship Speed Trial Date Time Initial Heading, | WInd Direction | Relative Wind Direction | Wind Speed
[knots] ¥, [deg.] [deg.] [deg.] [m/s]
2 1st ]2019.03.20| 17:35 200 162 2 5
2 2nd | 2019.03.26 | 17:21 209 206 55 6.4
2 3rd |2019.03.26 | 18:48 31 206 237 6.4
4 1st ]2019.03.20 | 18:07 200 162 2 5
4 2nd | 2019.03.20 | 18:28 150 162 312
4 3rd |2019.03.26 | 19:18 30 206 236 6.4
54 CHEtEAMEIS=2%] X 572 A& 20201 2%
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Fig. 5 Turning test results at 2knots forward speed (1st trial)
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Fig. 6 Turning test results at 4knots forward speed (1st trial)
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Table 5 Turning test results
Ship ] Time to Change Heading ROT in
Turning .
Speed | oo ion | @[ 15 deg. 30 deg. 45 deg. 60 deg. 75 deg. 90 deg. |Steady State
[knots] [sec] [sec] [sec] [sec] [sec] [sec] [deg./s]
0 Starboard | 1st 10 21.8 33.8 491 58 69.8 0.7739
0 Starboard | 2nd 13.3 17.5 25.3 33 37.8 45.6 1.3211
0 Port 1st 17.3 25.3 33.4 41.3 491 54 -1.231
0 Port 2nd 25.2 41.2 57.8 81.7 105.2 118.1 -0.3716
2 Starboard | 1st 38.2 61.5 86.2 114.5 145.2 175.3 0.4704
2 Starboard | 3rd 21.3 33.1 41.3 49.3 57 61.9 1.1025
2 Port 1st 30.6 451 58.1 69.6 79.6 90.4 -1.1958
2 Port 2nd 17.6 29 34 41.9 45.8 53.3 -0.8411
2 Port 3rd 21.5 - 41.5 49.4 57.2 61.8 -1.2589
4 Starboard | 1st 43.7 64.2 82.1 97.6 111.2 124.8 1.3915
4 Starboard | 2nd 29.1 455 57.7 69.6 81.5 93.7 0.5519
4 Starboard | 3rd 25.4 37.3 45.3 53 57.9 65.6 1.2229
4 Port 1st 33.3 49.9 61.5 721 81.8 91.2 -1.397
4 Port 2nd 25.7 33.5 41.7 49.4 57.1 61.3 -1.3467
4 Port 3rd 25.2 - 451 49.4 53.5 61.2 -1.3575
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Fig. 11 Zigzag test results at 2knots forward speed (1st trial)
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Table 6 Zigzag test results

Ship Speed Trial Overshoot Angle (OA) Time to Reach
ria
[knots] 1st OA [deg.]|2nd OA [deg.] |3rd OA [deg.]| 1st OA [sec] | 2nd OA [sec]| 3rd OA [sec]
2 1st 4.5 14.8 6.3 38 111 220
2 2nd 4.3 16 6.3 26 82 142
2 3rd 6.3 8.7 9.6 30 86 138
4 1st 13.4 - - 67 - -
4 2nd 19.2 65.3 - 99 385 -
4 3rd 24.0 - - 101 - -
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Fig. 12 Zigzag test results at 2knots forward speed (2nd trial, 3rd trial)
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Fig. 13 Zigzag test results at 4knots forward speed (1st trial, 2nd trial)
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