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A STUDY OF THE INFLUENCE OF
BOW THRUSTER ON TURNING ABILITY

Jeong—hun Yang

Department of marine production
Graduate school of Industry

Cheju National University

Supervised by Professor Young—-Hwa Ahn

Summary

There are several ways to test the manoeuvrability of a ship.
However, turning ability or traceability is mostly tested based on rudder.
In case of rudder, the turning moment could occur if a decent speed is
kept. On the country, the ship could be turned even when the ship stands
still in case of thruster. Therefore, the side thrusters which are grafted
on the fore and aft of the ship are used along with rudder in order to

minimize the turn of the ship in a small port, which could in turn enhance



the manoeuvrability of a ship. This paper has used bow thruster—grafted
A-RA (G/T, 990t) which was launched on Aug. 31, 1993 to investigate
the impact of thruster on turning ability of a ship. On May 20 and 21,
2004, the turning ability and turning angular velocity are tested in the
offshore of South Sea, using rudder and bow thruster. Then, the influence
of bow thruster on the turing ability of a ship was examined. When the
test was conducted while the tide was calm and wind was weak to

minimize the outer impact, its result has turned out as follows:

1. It seemed that the reason why the turning circle was larger at 10°
and 20° than at 20° and 30° in terms of rudder angle was because the
rudder became inefficient in case the angle was wider. Furthermore, it
has turned out that the turning circle was larger when the ship turned to
starboard than when it turned to port even though the rudder angle

remained the same.

2. It has turned out while thruster was more effective when the ship
speed was low and the rudder angle was narrow, the impact of thruster
on the turning ability became weaker as the ship speed got higher and

the rudder angle became wider.

3. In case the rudder and bow thruster were used at the same time,
it has turned out that the turning effect on the reduction of turning circle
and the growth of angular velocity was higher when the rudder angle was

high than when the output of thruster was high.

In sum, it has turned out that as the test line got faster, rudder angle

wider, and thruster stronger, the advance and the turning circle became

_Vi_



shorter. Besides, the advance and the transfer were short when the ship
has turned to port rather than to starboard. Therefore, it can be
concluded that the ship should be maneuvered to port rather than
starboard as much as possible to minimize the loss and damage of

collision.

- vii -
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Table 1. Principal particulars of the experimental ship M.S A-RA

Kind of ship Fishing vessel
Name of ship M.S A-RA
L.O.A 68.50m

Lpp 60.00m

M.LD 12.40m

Depth 7.30m

Full load draft 4.76m

Gross tonnage 990ton

Main engine 2,600ps
RPM/pitch 730/36

Ship’s draft fore 3.2m after 4.6m




Fig. 1. Side view and upper deck plan of the experimental
ship M.S A-RA

1.2 E1(Rudder) ¥ X4 22 2¥ (Bow thruster)

1.2.1 E-(Rudder)

Al Abggt AFA ofgtae] AvEl= ¥ P ER(Balanced Rudder) =41, 71 A
A& Table 29+ 2t}

Table 2. Principal particulars of the rudder

Rudder area(A) 7.92M°
Area ratio(A/L - d) 1/34.1
Balance ratio(Af/A) 0.236
Thickness ratio(t/c) 0.18
Aspect ratio(h/c) 1.55
Steering gear capacity 85T-M




1.2.2 A4 27 2¥ (Bow thruster)

Ao Tube] AAE UAME z2 e (Screw Propeller)s F

3 sldstA I, ZRAYE FHUES ¢ Thrust) S TAAA Aeks A - 3
tEE wo] rt.

B Ao AFEFE AlolE A aHE T o) AAE FUgor 3T
A7 Ae 2 2EE olgstglon, I AlYS Table 33 ow M9l 3
T 9= Fig. 29 2

Table 3. Principal particulars of the bow thruster

No. of set 1 set
Model Ulstein 45 TV
TYPE Electric motor driven, control

pitch propeller complete with
hydraulic power unit.

Propeller diameter 1,000mm

No. of propeller blades 4 blades

Propeller speed 566rpm

Reduction ratio 315 :1

Driven motor 200kw electronic motor
gravity tank 100Ltrs

Thruster power 3 Tons

Maker ULSTEIN PROPELLER A/S
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Fig. 3. Side view of the bow thruster
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2. 4339 # H¥¢=A

2 AdFdAE AFgsta AEAQd ol E(G/T 990ton)E ©] 83k 2004d 5

4 2093} 21 el oAM= el A AAAE S AAs

Fig. 45 A3ANES AN flgdo=z AA(33°54 "N, 127°00 ' E) 7 BA A
(34°09 " N, 127°46 " E)oll A 7]1#& 217} 720rpmell A1 €] A 3] A1 & 7} 550rpmel] 4] €]
M AYS AAstgom, AFA e A=A Table 49 LEFH HE9} ko] %

F7h kel W Edo] B AEAE dalel AN

36° 7
7
A
|7 s |
i
s &3
.

125° 126 127 128" 1297 130°
Fig. 4. Location for measurement turning circle test of
experimental ship of M.S A-RA



Table 4. Trial condition of the sea in the testing area

o —Date 20th May 21th May
Trial area 33°54 "N 127°00 "E  34°09 " N 127°46 " E
Wind direction WSW ENE
Wind speed 2.8~3.1m/s 2.2m/s
Tide Direction ESE NNW
Tide Speed 0.3knot 0.2knot
Visibility Fair Fair

24 g

w
A
ol
et

31 54 ZA9 AL £ WA

Hol7 ZPels AsAVS SRS RS ol WY F ol A 57

4 AAE PG AHoRRY FuE Aue 98 2y FAT F A= @

= Al (Samyung, Navis—3700D) DGPS (Differential Global Positioning System)
W OAFHR S 9SS 4 9l Gyro compass (C. PLATH)® Bz FA2AE F
FaEA, BAA, F5A Sl o3 FalE ARE HAeR JHEAY T 4

5

A= AL HFHE ol&stder, dEEA AW Table 59+ 2o, Fig.



Table 5. Specification of the experimental devices

Species

Item

Specification

DGPS

Gyro
compass

PC

Antenna

Antenna size

Receiving frequency
Receiving type
Receiving channel

Receiving code

Maximum No. of
tracked satellites

Sensitivity

tracing speed

Updating signal and Tracking
Accuracy of Position
Accuracy of speed

Fix update rate

Freedom of roll and pitch

Accuracy

SONY PCG-GRX52G/B

L1, Flat type

170x170x163mm
(+159mm mounting bar)1.2Kg

1575.42+1MHz
12channel Multiple tracking type
12channel

C/A code(1.023 MHz chip rate)
12 simultaneous satellite vehicles

more than -130dBm

Velocity ; 1000Knots(514m/s)
Acceleration ; 4g

Full automatic(Tracked by micro computer)
3m RMS, HDOP<2.0
0.1 Knots RMS, HDOP<2.0(without SA)

Every 1 second

+35°

Static error < 0.1° sec lat (1 sigma)
Dynamic error < 0.7° sec lat (1 sigma)
Linear mean settle point error

< 0.2° sec lat (3 sigma)
Lag error at tuming rate 6°/s

< 0.1° (3 sigma)
Threshold of follow-up system

< 0.1° (3 sigma)

Pentium4 1.8GHz

_‘IO_
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4. Bt A5 2@ zge 9% MW FE

Aol B B A 22t A s mAs S gotstr] st
A3 AE AT AAE Fig 59 2ol X, Y&x HA3AE A= on, e
Aol AA FAAAEOZE)ANA 90° 3] F3td S W] AAFA L) o
AAZAANA Fols(tEm e Aes A3]FA (Advance : Ar), 932 g0l A
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A E

Fig. 7. Turning circle
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4.1 €, A5 2H2HE o[ &3 X3AE A
3 A3l 4L 733 d4 550rpm 3} 720rpmel]

&
A & T Bzbe] WskE # - $EeRm 7427 10° 20° 30° 2EFHE wek A
84kW, 90%¢1 146kWel A = - ¢ ow 7t

Brsh A5 2EsEE BAG SRS we] HEYES sersy] gl 7]
E7e W

#3545 550pma 720mpmel A B F Brte]l WaE 3 - $dow 7z
10°, 20°, 30° = 3F}S weo}, A4 22 Ht FHo] 50%<2 84kW, 90%
 BKWOlH # - Sdow zHzte] B W A4 ~YsHE B A4

= we] A3dS FAsASH, Fig. 82 A3AFAHAY &4 vekd Aol

Fig. 8. Turning circle measurement scenery
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1. €, A4 28 2HE o] &3 X34 =F
1.1 & o] &3 X3 F

Fig. 9+ A1@d¢ A<o] 100 ~ 10.5knot, 7]1#3] A 550rpmeol Al 331 5

O o T
El7te] Wats # - 3o 10° 20° 30°%E S ul DGPSY 91A BHREZ o]

=

&3 A3)de) 278 JeEbd RorA, 2 AgeMe Bzt 252 M3

d Ao, =3 & - 9 AIAIE Blaste] Boks u A

—+&—port 10

—&—st'd 10

—o—port 20

500 —&—st'd 20

——6—port 30

—e—st'd 30

-800 800

Distance(m)

-200

Fig. 9 DGPS information-based turning circle while maneuvering the ship to
port and starboard, 550rpm

Table 6= A& MdEo] 100 ~ 10.5knot, 71 #3] A4 550rpmel A 33 5

o -
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Table 6. Result of turn based on the positioning data while maneuvering the
ship to port and starboard, 550rpm

Rudder 10° Rudder 20° Rudder 30°
ITE Port Starboard Port Starboard Port Starboard
Ad(m) 451.9 544.5 244.5 281.5 170.4 211.1
Tr(m) 368.9 391.1 213.4 226.7 190.8 174.8
Td(m) 603.0 656.4 309.7 340.8 219.3 229.7
Fd(m) 483.0 577.8 368.9 253.4 296.3 1645
Ad/Lpp 7.5 9.1 41 4.7 2.8 3.5
Td/Lpp 10.1 10.9 5.2 5.7 3.7 3.8

Ad : Advance, Tr : Transfer, Td : Tactical diameter, Fd : Final diameter

Fig. 102 AlgAe Hd&o] 130 ~ 135knot, 71#H 3 A 720rpmoll A &3 &
Elzte] WslE & - ¥o R 10° 20° 30°Z ;S wl DGPSe A HRE o]
3 AslAel 2718 Y oA, 28 AkdAE Ezo 245 157
A NHAE vaste] RS ) A

o
o
A A5 #EAA] ARG @kt
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—&—port 10
—&—st'd 10
—o—port 20
—e—st'd 20
—=e—port 30
—e—st'd 30

@
o
o

F Distance(m)
I
3
=

IN & e WP 1 .
-600 N % I e ¥ 800

Distance(m)

Fig. 10. DGPS information-based turning circle while maneuvering the ship
to port and starboard, 720rpm

Table 7& A1 &gxe A4S 130 ~ 135knot, 7] ¥3] A4 720rpmoll A &2 ZF
Btzte] WistE & - 3o 10° 20° 30°% WS u MIFA, A3FA, A3
A 2 HEAIAS vud Aow 1 ARES A¥Rd Bz 1009 W H3EA

& } 387.1mEA $x7Hg9) 658, $H M A= 472.3mZA
FAZEe] 79w, M3 FAAE FAAIA 3334mEA FAEe] 560, ¢AXA
S| Al 305.6m=EA] el 590, A3 A FAMIA 517.1m=EA] A7
86Hl, AN 555.6mEA  FAZEFe] 93u], HEFHIFE HAAEA
4282m= A SR 719, SAMI A 5112m= A7) 8502 LERRL
omn B}7Z 2009 wWe] M3FA] AVE HAXIA 164.8mEA S
28], SHMIAE 1945mEA FAFe 324, AIFAE HHAMIA
192.6m=A] M 7bde] 320, @S A] 216.3m=EA FA7E] 364, 37
& HHMIA] 2504mEA] FATHEe] 4.2v], SHM B A] 283.0mEA] FA7HE 9
47, HAERAIEE FEAINA 2074mEA FAZGe] 35H), @A A
2874m= AzGe] 48wolw, e Bzt 30°Y W AT AvE #dE
AB)AI7F 1333m=EA] A7 22v, SRS AlE 1429m=EA FA7HE9
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24, A3 A= FAMI]A 1408m=EA] FATHEe] 248, XS A 164.5m
2A FAzgY 27, A8 A FAMIA 1645mEA FAZGe] 274, $F
M3BA 195.6mEA FA7Hge] 330, HEAE A HHAAA7F 137.8mEA
MAzbael 23w, $-AAE A= 186./m=E FA7HEe] 31Wl = YERyk

T3 APMe H&EE 130 ~ 135knotoll A A3 54 Bz 10°, 20°, 30°Y u)
M3EA 2 AAS vaste] Beks W Aol 100 ~ 10.5knotol A ]
=3 AFgS JEhdden, AsEA A HAIAZE 247 385m, 32.6m,
3l.lmolH, A3 74L& FA X3 A7} 385m, 32.6m, 31.1m=EA, L3 EfZoM= A
E M3ATol Fage & 5 Ak

= AN AR

Table 7. Result of turn based on the positioning data while maneuvering the
ship to port and starboard, 720rpm

Rudder 10° Rudder 20° Rudder 30°
ITEM Port Starboard Port Starboard Port Starboard
Ad(m) 387.1 472.3 164.8 194.5 133.3 142.9
Tr(m) 333.4 355.6 192.6 216.3 140.8 164.5
Td(m) 5171 555.6 250.4 283.0 164.5 195.6
Fd(m) 428.2 511.2 207.4 287.4 137.8 186.7
Ad/Lpp 6.5 7.89 2.8 3.2 2.2 2.4
Td/Lpp 8.6 9.3 4.2 4.7 2.7 3.3

Ad @ Advance, Tr : Transfer, Td : Tactical diameter, Fd : Final diameter

1.2 A 2 2go g% AT

AEAE 718 A BEeA A 2zEe] FHE 0 50%(84kW),
90%(146kW)= star, = - $Fow 77p 3FAZS W A3des Fetd 4
7, 9 50%(B4kW)ol A= F2 90%(146kW) BTt 3] T4 5o # - 8 BT

SELTICh
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1.3 & A5 28 2HE FA AL S W] M35
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A7 vk adA sd
50%(84kW), 902 (146kW)= staL, Bfe} A 2 2HE FA ol AHE3

A8 A s,

rob

gl =24 2 A2 Y= Bek A 22" E FA ARSEoF He
2

B 2 Aseld A5 xezadHe F

S
o
2
o

1.3.1 ets} A 28289 FHE 50%2 A9 AHES wo M3A%
Fig. 11& A @A A4& 100 ~ 105knot, 71 #3 A 550rpmel A &3 %
Efzte] W3 E 2 - $FOR 10° 20° 30°2 dto] ZEFA] A4 AEaE S
50%(84kW)Z S uwl, DGPS YA 4R E o183 H3lde A7|E Yegd A

oA, e Axel A Hre] 245 HFAo] AolAe & F Yon, ®
W H - 9@ AHAES vaee] nw APAA A9 A@45 40 @3

GRS e
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—+H8—nport 10 thruster50%
—&—st'd 10 thruster50%
—o—port 20 thruster50%
——st'd 20 thruster50%
—e6e—port 30 thruster50%
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Fig. 11. DGPS information-based turning circle while maneuvering the ship
to port and starboard with rudder and 50% power of bow thruster,
550rpm

Table 8& Al&Ae H&S 100 ~ 105knot, 713 A4 550rpmell A BF24H&
10°, 20°, 30°= ZERe} FAlol] A 2ef=v o FHE5 50%(84kW) & AFE-sho
A3 w) A3 A, A3 A, HA3H L HEZHINAE vud Aoew 1 A
& Ay B 100 W A3FA 2re FAAIAIZF 340.8mEA] FATE
&) 57, $@AMIA = 3B574AmEA T 6.00, A3HAAE FAAMAI]A
3BAIm=EA FA7HFe] 598, $HAS| Al 3B7TImEA A7 6.00, 437
& FHAXHM A 5586mEA FATEE 9.3u, A I A 563.0mEA A 7HF
944, HEA3 A FAMINA 4504mEA  FAZEE 758, A F A
=

el 33u, A= HALIA 2074mEA FAEY] 358, A3 A
216.3m=A Tl 36u, A4S FAMIA 2934mEA FA7HE] 49
v, A3 A 311Im=EA A s2d, HFAHAEE e HAAIA 254.8m
22X A 438 $ALAIA 264.8mE TR 43R SAHHJAL, B
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7b 30°d we] M EAL AVl HHMIAE 140.8mEA ST 240,
SAMI A= 1482m=EA A7 250, A3 A= FHAS A 1585m=E A
TR 26w, A A 155.6m=EA AT 26w, A3]ES HAAI
Al 2104AmEA 70 e] 358, A3 A 2104mEA A7 358, HF
M54 HHAZN A 1541m=EA T 264, $HAS A 1674m=E FH7E
Fe] 282 SA A

olel  AzolA AFMe A& 550rpmeld AFE AP AEE F9&
50%(84kW) = aFlS wf A3 542 EbZF 10° 20°, 30°d weo] M3FA= F
#F A3 A7} 166m, 185m, 74m #Zskow, A3Ae A HANI A7 7zt
44m, 17.8m, #il, 30°%0 A% LT AFS Bom ANPHL A AL
SN R A3 5] FEsirta deEh

%3, BH(Rudden) WS o] &8 As|AeF vustilS uf AJgMe] daEA H A
374e Avrd, Bz 10°, 20°, 3009wl HIFAA A$E HIAAIA
111.1m, 66.7m, 29.6m= & X3 A 187.1m, 85.2m, 629mKc} ZUdc} =3 A
374 o9 o], HAMI A= 444m, 163m, SIm= A I Al 93.4m,
29.7m, 19.2mx.t}t ZA vERS:

Mg~ 2E 9t B E Al AHEdS Wb kS AR S WRt A3 EA

9 M3 e A7) #ATE 4 F At
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Table 8. Result of turn based on the positioning data while maneuvering the
ship to port and starboard with rudder and 509 power of bow
thruster, 550rpm

Rudder 10° Rudder 20° Rudder 30°
ITEM Port Starboard Port Starboard Port Starboard
Ad(m) 340.8 357.4 177.8 196.3 140.8 148.2
Tr(m) 354.1 357.1 207.4 216.3 158.5 155.6
Td(m) 558.6 563.0 293.4 311.1 2104 2104
Fd(m) 450.4 505.2 254.8 254.8 154.1 167.4
Ad/Lpp 5.7 6.0 3.0 3.3 2.4 2.5
Td/Lpp 9.3 9.4 4.9 5.2 3.5 3.5

Ad @ Advance, Tr : Transfer, Td : Tactical diameter, Fd : Final diameter

Fig. 125 A @49 H<&S 130 ~ 135knot, 7] &3] A4 720rpmoll A 32 =
E}Ze] Wals 747h & pf @02 100 2003072 Fak A s 28 2He F¥
50%(84kW)E & wl, DGPS| AAARE o]-&e A3A9 A7]E vERA A

oA, FE A& AL Hro 248 Aol Folde & & Agew, ®

’

g, = +d AIAE Haste] BekE w, AFA oltEes HAAAI ] §
A8 wo g vehds o ¢ o
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—H8&—port 10 thruster50%
—&—st'd 10 thruster50%
—o—port 20 thruster50%
——st'd 20 thruster50%
—©6—port 30 thruster50%
—e—st'd 30 thruster50%

A Distance(m)

-600 A Seeoeoll A2 600
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Fig. 12. DGPS information-based turning circle while maneuvering the ship
to port and starboard with rudder and 50% power of bow thruster,
720rpm

Table 9% A3 e M4S 130 ~ 135knot, 713 H4 720rpmell A EHzHS
10°, 20°, 30°% ZERS} TAlol A5 2 ~HY F2HS 50%(84kW)E AL}l
A3l gs we M3leA, A3FA, A5)7H 9 HAFAIAE S vagk RoRA g
ZF 10°d W A3l FAL] AV FAMIAZE 3334mEA] FAEE] 560, §
AA3 A= 3482m=EA T 580, A3 A= AAAIAI7F 303.7TmEA
S 518, A AE 343 TmEA ST 574, w3 M3 Fe F
5

AN 7F 447 Am=EA FAEe] 750, A A= 514 1m=EA FAHE

lo

oMz SAHAY. HFAHAE2 AFNEA 571.9m=zA FAEEe] 954, -
A3 A B06.TmZEA] FAzEE el 85 R SH A oH, EFZF 200U wo] X3]F

)
Lo

A7)1E HHAMSAE 166.TmEA FA7E] 289, A A= 1889m=E
A A 32w, A8 AE FAMI A 1882mEA FAE] 31w, $-F
A3 Al 2193mEA Az 37v), A8 AL HHMI A 2430mEA A
o 41w, FAMIAl 283.0mEA FHAIG] A7}, HFTHIAE LS FAAIA
186.Tm= A1, FA7bde] 31 S| A] 2751m=E FAPEe] 46w 2 S 5
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AL, Btz 30°d o] M3 A Avie FAMIAIE 1206m=EA FA 7
220, SHAMI| A= 1333mEA]  FAZEAe] 22u), A3 I AL FH A A
139.3m=zA F=Azbge] 23, $AAF A 177.8mEA FA7He] 3,08, 4387

< FA3 A 1615m=EA FA7ge] 279, A3 Al 211.9mEA] T4 3179
351, HEAIAE HAAIA 1719m=A  FARe] 298], A A

1689m= FAzFge] 28w = S = At

gk AlEde] MEE 720rpmol A Ag 2l ~E Y] F9S 50%(84kW)E 33
S o AP M3 EAL EbZF 10° 20° 30°Y we] NI FAE HAA3I A
7F 14.8m, 222m, 37m= #HA YvEpon, A3Ae Av= HAS|ATE 27
86m, 4.7m, 35m= ZA UElYA AlFA olgtEe HHMIAF A AR
0 A3 ol FEstta detE

3 ERhS o] 83 A HwEHSs ul, AlgAe AEA 2 435749
712 vaske] B, EzE 10°, 20°, 30°2 wl A3 FA] Ag #HAAIA g
zbo]l 10°9 W) 53.7m &skom, 20°d w 19m= A vEhgon, 30°d FE
37mz Z&A Jetsth $E M AE 124.1m, 56m, 9.6m= ZFUrh A AL u]
o Fe w, FAMIAE 69.7m, 74m, 3.0m= BA UEbgon M3 A=
10°d w7F 415m= #@toew, 2004 we= 1 A7|7F A9 Hl=stdiew, 30°d
9= 163m=E 2 A ekt

oje} o] APy ~y~EE FAl AR Wyt BYE AMEE RS W B

g A5EA 2 A9 2re pads 43S L 5 AN
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Table 9. Result of turn based on the positioning data while maneuvering the
ship to port and starboard with rudder and 50% power of bow
thruster, 720rpm

Rudder 10° Rudder 20° Rudder 30°
ITEM Port | Starboard | Port | Starboard| Port | Starboard
Ad(m) 333.4 348.2 166.7 188.9 129.6 133.3
Tr(m) 303.7 343.7 188.2 219.3 139.3 177.8
Td(m) 447 .4 514.1 243.0 283.0 1615 211.9
Fd(m) 571.9 506.7 186.7 275.1 1719 168.9
Ad/Lpp 5.6 5.8 2.8 3.2 2.2 2.2
Td/Lpp 7.5 8.6 4.1 4.7 2.7 35

Ad @ Advance, Tr : Transfer, Td : Tactical diameter, Fd : Final diameter

1.3.2 gt} AF 2FH2EH FHE 90%Z FA AL S o] HAIAS
Fig. 13& A @A A%< 100 ~ 105knot, 7]¥3] A3 550rpmeol A &3l
Efzte] WstE - ¥ 100 20°, 30°% XESAS W A5 2= aH
3 90%(146kW)Al DGPS®9] A AHHE o] g3 A5Ae A7]E YEH 32

o
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—+&—port 10 thruster90%
—&—st'd 10 thruster90%
—6—port 20 thruster90%
—&—st'd 20 thruster90%
—©—port 30 thruster90%
—=8—st'd 30 thruster90%
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Fig. 13. DGPS information-based turning circle while maneuvering the ship
to port and starboard with rudder and 90% power of bow thruster,

550rpm
Table 102> AgAe] A4S 100 ~ 105knot, 7138 A4 550rpmeoll A EFZ S
10°, 20°, 30°= ZERe} FAlol M 2o 2E o F¥S 90%(146kW) = Al-§-3}o]

’

S Adurd Bz 100w A3FA9 A= HAASAZF 2889m=A A7t
Fol 48w, @3N = 320TmEA FAbEe] 550, A= HAAAI A

A3d o A3, A7, 374 2 HSAHIEE Hlud Aew o A

R
=

337.8m=EA FHAF] 568, ¢HMAIAl 320.0m=EA TG 53w, &
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& HEAA3A 536.3m=A ATl 89u), FHAAEA] 496.3m=A A

o
o
10,

83H], HEN3NAL HIANIA 4074mEA  FHAFY 684, &
431.2m=A ARGl 7202 S Eon, gzt 200U we] H3|EAL] AV
= ZAAAIAIL 177.8mEA AR 308, SAMI A= 196.3mEA FA7E

o
o
>

Aol 33u), AFIAE F@HIA 2089mEA FAA 358, A A

v, A3 A 296.3mEA T 498, HEAI AL FFAMIA 2222m

_26_



7} 30°9) wel WFAL A/E A@NTA} 1370mEA FALFE] 230,
A48 A 1426mEA] AL 240, A PAE A@NA 1704m= A

o
o
FAzbEel 289, FEAA3A] 1645mE2A Al 270, dEAE LS A

A3 7L FHAS A 1289m=EA] Tz 228, SHEASA] 146.7Tm=E A%
Aol 242 =45 At

AE M A& 550rpmel A A 22 S 90%(146kW) & 3t S o)
AgAe] A3 5L B 100, 20°, 30°¢ we] MIFEAE FHA3|A7E 40.8m,
185m, 55m #kaL, A3 o] A3 A7F 2442 89m, 49m, 3.7m FobA Al A
2 HEAIA L AN BT A o] FEsitta deE

o 7] A, EFRES o] &k A3 Al vlaEtls W AP H3FA B A3
A71E Alaste] By ek 10°, 20°, 30°9 w A3 EFAe A FFAI A}
163.0m, 66.7m, 33.4mo|H, &AM 3| A= 214.8m, 85.2m, 68.5m= ZUTh S
M37 2715 vl P& W, FAAI A7 10°Y o 66.7m FHkow, 200 W=
17.8m Zokvh 3 30°d ASE= 1 =V Al 2tk 1y S@EAIAE
160.1m, 44.5m, 13.3m= ZFA e

olo} & Aol M&¥ ElZhS FUSA dta Ag 2#sEHe FHE W
SRS w A3TA - A3FA - AFAL FHo| =g FF AA JESS
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Table 10. Result of turn based on the positioning data while maneuvering the
ship to port and starboard with rudder and 90% power of bow
thruster, 550rpm

Rudder 10° Rudder 20° Rudder 30°
ITEM Port |Starboard| Port |Starboard| Port |Starboard

Ad(m) 288.9 329.7 177.8 196.3 137.1 142.6
Tr(m) 337.8 320.0 208.9 204.5 170.4 164.5
Td(m) 536.3 496.3 291.9 296.3 219.3 216.3
Fd(m) 407.4 431.2 222.2 232.6 128.9 146.7
Ad/Lpp 4.8 5.5 3.0 3.3 2.3 2.4

Td/Lpp 8.9 8.3 4.9 4.9 3.7 3.6
Ad : Advance, Tr : Transfer, Td : Tactical diameter, Fd : Final diameter

Fig. 14= A @d4¢ A4S 130 ~ 135knot, 71 #3| A5 720rpmol A &3zl &
Elzho]l WEE - doR 10° 20° 30°2 FEA] A 2y xEHe F9
90%(146kW)E &S w DGPSe] AAARE o] &3 AdgAe] A& YElA A
0 F2A, 2L AFdAE BFol 255 A8A0 FopFes & F dden, =

@ o - $@ AFAE sl nw, AP A9 FANE Pl $AR
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—+8&— port 10 thruster90%
——st'd 10 thruster90%
—o— port 20 thruster90%
—&— st'd 20 thruster90%
—6— port 30 thruster90%
—@— st'd 30 thruster90%
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Fig. 14. DGPS information-based turning circle while maneuvering the ship
to port and starboard with rudder and 90% power of bow thruster,
720rpm
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S 450, SAANB A= 2834mEA FAZEE] 47w, A3 AE FHE
A3 A 280.0m=zA AT 47w, S-@ S Al 3289mE A A 554,
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Table 11. Result of turn based on the positioning data while maneuvering the
ship to port and starboard with rudder and 90% power of bow
thruster, 720rpm

Rudder 10° Rudder 20° Rudder 30°
[TEM Port Starboard Port Starboard Port Starboard

Ad(m) 268.5 283.4 151.9 183.4 120.4 133.3

Tr(m) 280.0 328.9 179.3 229.7 134.8 185.2
Td(m) 408.9 475.6 226.7 302.3 151.1 216.3
Fd(m) 568.9 463.7 152.6 248.9 109.6 145.2
Ad/Lpp 4.5 4.7 2.5 3.1 2.0 2.2

Td/Lpp 6.8 7.9 3.8 5.0 2.5 3.6
Ad : Advance, Tr : Transfer, Td : Tactical diameter, Fd : Final diameter

3, BFRhS ALS3S e} Elo} MF 2 AHE A AFEHS W] 3]
F7 92 A4S Avad, A $BARTE B4 Jegen, 7]
B3 A4 550rpmell A A4S 100 ~ 105knote] @A oz M3 A Ele} Mg 2~
dzEe 82 7h7 50%, 0% FS we] MsFA de A FI
A3 Fig. 159 #a, 1 AL Bke ol&d AS, A3FA a7
y= —14.0752 +570.43 (R*=0.93)2 eyt o714 y= A3 EA9)
Azlelm RS AdAsolnt. & Bl A 28 2HY FEE5 50%E IS
wo] M3EA 27|, y= —7.592 +353.07 (R?=0.93)0]c}.
Ebo} A4 zezEHe FES 90%E e oo HIFA Ay,
y= —10x +419.8 (R*=0.88) o|t}.
2

o, #1 A& ol&3 AlEHelds 3 Ay, AT AVE 280m= JFA R
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>

o, Bbzbel A7) 13° ~ 14° Ao BS Folof dhA|
2B F7 50%, 90%0] 4= El7to] 9
Aoty #gHETh gy Mg A2y aEHE ggEe

Ao m Bl o FE= A & UM
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—— Rudder y=-14075x+57043
——o— Rudder+thrusterb0% y=-759x+35307

—6— Rudder+thruster90% y=-10x+4198
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Fig. 15. Regression-based correlation between
rudder 'angle and transfer
2. &8 Ag 28 2=HE o]&S WY A3 &= W
dubel M3l Ee Hgshe PHelA, dAe) 2/ W o}, HIA A

Fig. 162 Alg@de] d%E 100 ~ 10.5knot, 71 &3] Hd5 550rpmeol Al a3
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Fig. 16. Turning angular velocity port and starboard, 550rpm

Table 12 Ag@A9] A4S 100 ~ 10.5knot, 7133 A4 550rpmol Al &3 &
Elzto]l Wals 2 - $do® 10° 20° 30°%2 S ul HAIFA, AAA, A3
e 7ol & AAe 3F7El 90°, 180°, 360°2 =Eel7]|7hA S A8 AIZHS
=gk Aot

o714, Ebzte]l 10°YU w 90° 3 T8/ 7R AQAFE HEAE I 1412 &

)\

Zolw, Epzto]l 20°d wl 90° 3|FVI7hA Al AEE HAAI I 89x ¢FHA
317F 92z0lw, 180° 3]Fal7|7bA o] AQ AR JAAAE A 155%, A
160zx0]aL, 360° A 3]at7|7hA] A2~QAIZHS HAAS|A 274%, T3] A] 288%0]



a1, Bpzbo] 30°Y w 90° 3| TSl zbAl AQAZke AAdsS|F 772 SdEA 3}
78% 01, 180° 3] F&t7|7FA o] AQAFe HEAMB A 129%, $HAMB| A 132%
o], 360° A&7 74 A2 QAIZFE FHEA XM A] 233%, FAMAIA 272 LE

Z+En = 09%sec, FAAIA 0.8°/secolw, EHZF 20°¢ A HIAAM 3 A
1.3°/sec, A3 A] 1.3%/sec?] B}t 30°90 A FAHAIA 15%/sec, +HA

al,
1Al 1.6%/secz SAHEAY Htdom HAAIJANERY A 9] F4EHET}

ols} e Ash= A7} 360°0 3371 AA e 2o Aghe] HANEA

H
HAMSAIZE 28 A7kl O Aea A8A e A= ¥ ARE & 5 AT

Table 12. Turning time according to rudder angle, 550rpm

ITEM rudder. 10° rudder 20° rudder 30°
Headin Port | Starboard || Port | Starboard | Port | Starboard
angle (sec) (sec) (sec) (sec) (sec) (sec)
0° 0 0 0 0 0 0
90° 141 156 89 92 i 78
180° 243 269 155 160 129 132
360° 422 479 274 288 233 227
Average of
Angular  0.9°/sec  0.8°/sec  1.3°/sec  1.3°/sec  15°%sec  1.6°/sec
velocity

Fig. 17 A @A¢] A4S 130 ~ 135knot, 71 %3] A5 720rpmol A &zl &
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Fig. 17. Turning angular velocity port and starboard, 720rpm
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Table 13. Turning time according to rudder angle, 720rpm

ITEM rudder 10° rudder 20° rudder 30°
Headin Port | Starboard | Port | Starboard | Port | Starboard
angle (sec) (sec) (sec) (sec) (sec) (sec)
0° 0 0 0 0 0 0
90° 100 113 59 63 52 52
180° 173 189 103 108 87 89
360° 317 333 195 194 156 166
Average of
Angular  1.1°/sec  1.1°%sec  1.8°/sec  19°/sec  2.3°/sec  2.2°/sec
velocity
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Table 14. Turning time according to Bow thruster 90%

‘ITEM 1st 2nd 3rd 4th
Head: Port || Starbolid | R0t 1| SEbardP Port— | Starboard| Port | Starboard
angle (sec) (sec) (sec) (sec) (sec) (sec) (sec) (sec)
0 0 0 o o 0 o 0 0

90° 1323 3167 7307 213" 10157 2267 1897 435"
180° 1532 5417 1109”4257 12307 408" 3547 632"
270° 1805 15267 13117 12207 1452”7 1246”7 10237 823"
360° 20217 1811”7 157117 14207 1720° 15197 12317 1047

Average of

Angular  0.3°/sec 0.3°/sec 0.4°/sec 0.4°/sec 0.3°/sec 0.4°/sec 0.5°/sec 0.6°/sec

velocity

2.3 Bs} Mg 28289 FHE 50%E A& W A3 &= W3

Fig. 18& Al@Ae] MdEo] 100 ~ 10.5knot, 71334 550rpmell A 3zl
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Fig. 18. Turning angular velocity port and starboard, thruster 50%, 550rpm

Table 15 AlgAlel A%S 100 ~ 105knot, 7]1¥3] "4 550rpmoll A &3l
% Etzte] W3 E F - $FOoZ 10° 20° 30°Z FERS} FAlOl A AP aH
o] F¥& 50%(84kW)E ALES w M3FA, M3 YA, M3 A 7Fe] HeE
A A e 3 T2l 90°, 180°, 360°% et 7| 71X 9] AL 7S =A e Ao},
o] 71 A, Ebzte] 10°Y w] 90° 3TV 7FA] AQAZFSe HEAE 7 1132 3
A 37 120% 019, 180° 3] F3l717hA1 9] &2 QAhe FAXMAS A 207% 1

Al 218z 0131, 360° A 3|87 74 A8 AR A 375%,

Zolm, Efzto] 20°d wf 90° 3|7 7hA] AL AR FAAd 37
3| 7F 79z 0]H, 180° 3|73l 7bA 9] AL AIREE HAMS A 139%, A
143%0] a1, 360° 43871744 2L A7 HAM A 259%, $-H 8] A 264%0]

N BL
12
j&(—(o
N
=)
a3

i, Bpzhe] 30°d W 90° BTt A 28 ARk AN 64%, AT}



a
N
o
1
[u—
(09)
<
oty
4
ol
N
i
X
1o
B>
ko
>
o
rlo
ﬂ
e
2
So
>,
[u—
—_
[@))
B
o
o
-
tob
>
—
—
0%
B

1}
2R

Tk 360°7hA] A3e A9 Wi AEHEE AEEW e 1002 Fd A3 A
&= 1.0%sec, $AAIA 09°%/secold, ERZE 20091 AS HAAF A
14°/sec, &AM 3) A 1.4°/seco] L, -

1Al 1.7°/sec® ZA AT o Aoz FAASNA KT SHA3| A9 &7}
{F uksk

M <o noty S| T AE FH& 9 6 3| Melet 4
A &0o] 10knotd w A4 22 2=H 9 S oF 50%(R4kW) = 3te] A3 sk 7

(

42

-, EbRES o] &%k A 9-9F vjuste] 90°71X] AAIF 3Tl 7A] Al E AIEE
EFZHS 100, 20°, 30°% &S ul FHABA 28%, 14%, 13% TEHJL, A3
Al 36%, 13%, 132 H¢=HASS & & Ik

Table 15. Turning time according to rudder angle with bow thruster 509,

550rpm
ITEM rudder 10° rudder 20° rudder 30°
Headin Port | Starboard | Port | Starboard | Port | Starboard
angle (sec) (sec) (sec) (sec) (sec) (sec)
0° 0 0 0 0 0 0
90° 113 120 75 79 64 65
180° 207 218 139 143 116 118
360° 375 405 259 264 209 215
Average of
Angular 1.0%/sec  09°/sec  14°sec 14°/sec 1.7°/sec  1.7°/sec
velocity

Fig. 195 A @49 H<&S 130 ~ 135knot, 7] &3 A4 720rpmoll A 32 =

ElZto] W3ElE z - Sdoz 10° 20° 30°Z XEFS} FAlol A4 AP a9
28 50%(84kW) = AL&3S wo] ZtE5EE A 7F 10%vt A3 Ao

_39_



—H—port 10 thruster50% —€&—port 20 thruster50% —l—st'd 10 thruster50% —4—st'd 20 thruster50%
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Fig. 19. Turning angular velocity port and starboard, thruster 5096, 720rpm
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Table. 16. Turning time according to rudder angle with Bow thruster 509,
720rpm
ITEM rudder 10° rudder 20° rudder 30°
Headin Port | Starboard | Port | Staboard | Port | Starboard
angle (sec) (sec) (sec) (sec) (sec) (sec)
0° 0 0 0 0 0 0
90° 91 91 59 62 51 52
180° 156 159 102 108 85 88
360° 290 291 191 194 159 167
Average of
Angular  1.2°/sec  12°sec  1.9°/sec  19°/sec  2.3°/sec  2.2°/sec
velocity
2.4 B9 A5 28 2H FHE 0%Z S W A3 Z&4&x A
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Fig. 20. Turning angular velocity port and starboard, thruster 909, 550rpm
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= 1.0%sec, +@A3IA 1.0°%/secol™, B2} 20°91 B¢ HAD3 A 1.5%sec, +3
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Table 17. Turning time according to rudder angle with bow thruster 9096,

550rpm
ITEM rudder 10° rudder 20° rudder 30°
Headin Port | Starboard | Port | Starboard | Port | Starboard
angle (sec) (sec) (sec) (sec) (sec) (sec)
0° 0 0 0 0 0 0
90° 104 112 74 78 65 65
180° 195 201 136 142 116 111
360° 350 366 244 253 203 201
Average of
Angular  1.0%sec  1.0°/sec  1.5%sec  14°sec  1.8°/sec  1.8°/sec
velocity

Fig. 21& A gAe AHZo] 130 ~ 135knot, 71¥3 A5 720rpmell A & F
Eztel WglE # - o= 10° 20° 30°2 FEFS}E FAlY A4 2w sE
2 90%(146kW) = AHE S we] ZHEes d9AIRE 102vit S43 Ao

o
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Fig. 21. Turning angular velocity port and starboard, thruster 90%, 720rpm
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Table 18. Turning time according to rudder angle with bow thruster 909,

720rpm
ITEM rudder 10° rudder 20° rudder 30°
Headin Port | Starboard | Port | Starboard | Port | Starboard
angle (sec) (sec) (sec) (sec) (sec) (sec)
0° 0 0 0 0 0 0
90° 83 82 57 60 50 53
180° 145 145 98 106 32 90
360° 278 267 185 184 158 156
Average of
Angular  1.3°/sec  1.3°/sec  1.9°/sec  1.9°/sec  2.3°/sec  2.3°/sec
velocity
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