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A Study on the Maneuverability Evaluation of

the 1900 ton class Marine Research Vessel

Kim, Gu-Jong

Department of Navigation Science,

Graduate School of Korea Maritime University

Abstract

The Marine Research Vessel performing the role of mothership such as marine
environment protection, sea trials control, transporting equipment and personnel,
maritime joint test etc. needs excellent maneuverability and propulsion
performance to fulfill the given mission regardless of the rough sea state. Thus,
the Marine Research Vessel is required simulation analysis to estimate the
maneuverability from the very start of the ship design and after the design it
needs to be tested whether it meets the IMO maneuverability criteria and
comparison analysis on estimated maneuverability and propulsion performance.
This ship’s maneuverability is estimated by using MMG equations of motion
considering the effect of the mutual interference on the unique characteristics
of the hull, rudder, propeller acting on the hull and accredited simulation
program was used to analyze the forces and moments. In Sea trial phase after
the construction Initial turning test, Turning circle test, Zig-zag test, Crash
astern test and Spiral test is conducted and comparative analysis to the
simulation result is conducted to whether it satisfies the IMO maneuvering
criteria.

Maneuverability that is needed for collision avoidance and altering course for



maneuvering is checked by analysing on new course distance, turning
performance & maneuvering indices K’ and T’ .

And analysing characteristics of Inward rotation screw which is equipped in
the Marine Research Vessel, suggested the chance to facilitating hull posture
and state of activation which is required for unique mission or special
operations.

These results will predict the possibility and the risk of working at various sea
states, contribute to efficient vessels for safe navigation, also it can be utilized
in ship design which is similar the Marine Research Vessel and estimation &

evaluation for maneuverability.

KEY WORDS : IMO maneuvering criteria IMO ZF4%s 7|5, Maneuverability ZF4;
maneuvering indices K’ and T® ZFA A4 K’ ¢ T’ ; Distance of New Course 4l
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Table 2.1 General Particulars(Simulation)

ITEMS DIMENSIONS
Condition Full Loaded
Displacement (ton) 1749.0
Length O. A (m) 66.4
Length B. P (m) 58.6
Breadth (m) 12.5
Depth (m) 7.1
Draft (m) 43
Speed (kt) 16.0
No. of Blade 5
Propeller Diameter (m) 2.7
Block coefficient 0.5599
Water Plane Area (m’) 606.2
L.C.G from AP (m) 29.3
V.C.G (m) 4.7
GM (m) 1.01 / 1.32(AFEH B35 AH3HA = A)
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Table 2.2 General Particulars of Marine Research Vessel

ITEMS DIMENSIONS
Displacement (Full Loaded Condition) 1930 ton
Gross Tonnage 1899 ton
Length Overall (LOA) (m) 67.5
Length Between Perpendiculars (LBP) (m)| 59.6
Breadth (m) 13.4
Mean Draft (Full Loaded Condition) (m)| 4.5
Maximum Speed (kt) 17.0
Service Speed (kt) 14.0
Propulsion Motor 4000 kW X 233 RPM
No. of Blade 5
Screw turning direction Inward
Block Coefficient (Cb) 0.5719 at 4.5 m
L.C.G (Full Loaded Condition) (m) 28.35
V.C.G (Full Loaded Condition) (m) 5.374
GoM (Full Loaded Condition)(m) 0.912




Table 2.3 Propulsion system(Generator & Motor)

= Main Diesel Generator Propulsion Motor

43974, g7 73, 171 154,
g 2 AR ARF 34 A2 AeAr]o,

s ygAZ| @ HORIZONTAL OFFSET

& & 1,320kW x 900 RPM 2000kW x 233 RPM
T = 4 2

Table 2.4 Propulsion system(Propeller & Shaft)
S Propeller Shaft

&= % COUPLING RD 214 GA
8 2 Fixed Pitch Bolt eer =
5 2 ixed Pitch Bolted EN-CA5(1 2)
g Inward direction
T 5 (Blade, 2700mm) 2 (Twin screw Propeller)
22 i Huke] 4

221 Oi4 Adte] 8 4 £4

th7d A8 Twin screw propeller®] 3%k o] Inward rotation®! ©]fr+ Z

238 22314 A3} Outward rotationE. T Inward rotatione] 22| A7] uj

284 1.6 dB Zto|7F UH, A1

=2 Lozllo]o]'oﬂ/ql_.?)dB
2ol 7F T

FolHE 22

T v -1

% $7FA Q] URN(Underwater Radiated
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Noise, T3 HAoTS5A)S FH87] s L5450 189 Inward
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(m'+m, ')(é)(%cos,b’—ﬁsinﬂ)+(m'+ m,)r'sin f=X,"+X,+ X'
—(m'+m, ')(é)(%sinﬂ—ﬂcosﬂ)+ (m'+m "r'cosf=Y,'+7,'

. LL,U ,U.,
(I, +iy, )(E)z(f”"‘z’”):NH + N, (3.1)

1
mv, m, ', my':m, m,, my /(Epde)
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[ZZ s lzz _]zz’ lzz

1

/[ (=pL'd
(2p )

X',Y':X,Y/(%pLdUz)

1
N'=N/(=pl*dU?
(2,0 ) (3_2)

r'=rL/U

el A 3.1)F B32)00A ol&H WFE
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m, m,, m,:mass, added mass of x axis and y axis
L : ship's length

P : drift angle

d : draft

U : Ship speed

r : angular velocity

X, Y, N : external force of x, y axis and yaw moment



X'=X",+ X', + X',
Y'=Y' +Y'",
N'=N'_+N, (3.3)

2} (3.3)°ll A st A = Hullell 2H8-38t= 9, p= Propellerdl] 2H8-3t= 9, RS
Rudderol] 2Hg3t= < om| gt

Hulle] 2t-&3t= 3 w5 Ga3 2ol 24 5 o

2 34)9 TR Ae FAE AT T AZAE AFE AT U A

FAE vAFES 4P4E ol&ste] FA45AT

: 2
X,'=X,'sinf+X,, "cos”

YV, '=Y, ' B+Y r'+ Yy, Bl BI+Y, v ' [+, B Bl r'+ Y, Bri|r'|
Ny'=Ng'B+N, T Ny BIBI+N, 1|1 [+N g B Bl 1+ Ny, fr' 1] (3.4)
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VI fAE vASE FHse AP A 359 2

Yﬂ':%ﬂk+1.4C3B/L
Y.'—(m+m_ 'y=—15C,B/L
Yﬁﬂ':2.5d(1—CB)/B+O.5
'=0.343dC,, / B—0.07
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N.'=-0.54k + k’°

Ny, '=-0.96d(1-C,)/ B+0.066
N,'=-0.5C,/B-0.09

Ny, '=—(0.5dC, / B—0.05)

N, '=={57.5(CyB/ L)’ =19.4C,B/ L +1.6}

where, k=2d /L
2] (3.7) Propellerol] o3+ 9¥€3& 3
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g 0.5x LTU> (3.7)
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HES T
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w2 2 (3.10)3 %ol .
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Y, =(L,cos B, +D,sinf,)
Ny =Yx, (3.10)

: oL . .
(Yy),=L;sinf, - (%)f cos B, =D, cos B, - (%)f sin 3, (3.11)

21 B11)N A AdARAC] 0%1 A5 ABAstd, 4 (3.11)2 4 (3.12)¢ Zo] A

2 5 St

oL

(Yﬂ)f = _[(%)f +Df]

(3.12)

2] (3.13)°ll A Skegoll 2F-&3}l= Lifte} DragZlt EH = ATt Lift coefficient?} &
o] "%, Skeg®| W3, Anute] 33 Sxo me} Gt 4 (3.13)3 A

o,
L, = (CL)EAfV2

D, = (CD)gA_,.VZ (3.13)

=

2 (3.13)9] Lifts Aol st WS Fsto
z},

d3 AH= 2 (3.14)9
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, 8C,
op

(_); f ( )/ (3.14)

8,82

o, ARz ol W& Lift coefficientE

H

sk

2 AT A o] &% SkegE HHolgtal
4 (315)9F o] 7HE T <+ A

=

, Drag coefficient= A 9] Zerottil &  loE=z, 2

.
)V[ Al hf(;)[’;A]
LT
(3.16)

3.1.3 Stability Criterion

Stability Criterion< 4149He] AP S Hrlele T3 JAAREA, 2T
To weA FAY vAFE

Al
Al o
2 dE R AE 4 (3.17)Y HA S wEkA Stability Criterions 7%

o} o] EdofA 3zl Stability Criterion(]c)% 2 (3.17)3 2.



C=Y'N' -N'(Y''—m") >0

Y'N' =N'"(Y'=m")>0
Y'N' >N' (Y' —m)

Yv '

er<N!v (...(Y!r_m1)<o)
er_mv
Yer>Nv (...va<0)
Y'-m' Y

\ \ (3.17)

I = N, —NV>O

Y'-m' Y'

Auke] Drift angleol wet #A18 wAlFE Zdst= 2ol = 4 (3.18)9
A& wWetA] Stability Criterions 7€ = St o] EHoA Fai%] Stability

Criterion({c )& 2] (3.18)3 2t}
C=Y',N'-N',(Y'-m') >0

Y',N' =N',(Y' —=m')>0
Y',N' >N, (Y' —m)

N'VY'/? N' ( (Y' v) 0)
< —-—m)<
Yvr_mv B r
' N'
NV < ﬂ (---Y'ﬁ>0)
Y'—m' Y,
. 3.18)
' N (
I = N, Yo
Y -m' Y
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B AT A= 4 (3.18)9 Stability Criterions o] 83l 3l FFARA 9] 2F<t
A= FEskATh =3 7| 2AA DA A 9 kAT FAAEA A A Y <
A= vago A, A dAC wet 254450l oA "I A=A T

245 <S Blskes ARY TR= 49t B, ofs AlA A=o] 47 =
Ao 2 2F4eS B7kete AT S 1Y) dEolnt 18y =FAIY
= Tyt AHl A AR TLH VES SRE FaT) o] A= AIFA
d(Turning Test), A 1A 1A 3 (Zig-zag Test), WAl A (Spiral Test), HAIAH
(Crash astern Test) & 47FA ZFA o] & ZFTAFSE AHAZHIU
AF Adube] B, 2FH TR A% A4 W&ol s Al H 2 F S WA

F8= JMAdstaa IMO= ARFe] =FA 5ol st IMO Resolution A,
MSC. 137(76) .2 A3ttt o] gt

= n
EE A ot Avte] 2F4%0l dotE A, LU} £F 7L U

speed) 3 Elf o] A 2
IMOONA] A S f3te] 873t Y= 2T 7|+ Table 3.1 211, o] &
F Ao A, BrtesE, 234530 BA O tiste] A R gkt

£ AF A= IMO Maneuverability CriteriaE 7| 2.2 3] FRA 9 2FA4

5% WA

N
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Table 3.1 IMO Maneuverability Criteria

Ability Test Item IMO Standards
Max.(+35°) Advance 4.5L
Rudder Angle Tactical Diameter 5.0L
Turning ability
Max.(=35°) Advance 4.5L
Rudder Angle Tactical Diameter 5.0L
First o
190/ 10° overshoot angle 100
Yaw checking & Zig-zag Second
Course keeping maneuvering overshoot angle 25.0°
ability
20°/20° First 95 0°
Zig-zag overshoot angle '
. . +10 Path Length 2.5L
Initial Turning rudder angle
ability -10°
ruddér=angle Path Length 2.5L
Stopplng Crash astern Track reach 15.0L
ability

= Xviii —




A2 H7A el Az A" DGPS FAl71 & o] &8t Al &4,
+@AZ, 2559 Sol dd A% HIHE AASA I oS Ae HIME
HelM = DGPset &€ ABt 235 A5 Az"S ol &slof A%t An
e B AARE SR AFAlFoa B AleXe] ZHesiAl EH.

s A @+ ASTEP-1LT(Akasaka Tec Inc.)2t= DGPS

el 225 AlZS Al 2" o] ALLE T
% E

3
| & &3l &43t= Alz=®olth B9 A& A5 (Results of Sea trial) & ©| &
olgst] APHUL, I WELEE AIAE(Turning Test), AILAIANH
(Zig-zag Test), A (Spiral Test), HA| A ¥ (Crash astern Test) 5ol At

Figure 32 ~ 34+ A¥ 25485 AS A=E<S Yehia Utk

» MERE

Sitio | HIINEET)

Fals  AKASAKA

Fahi 100 m

Faora 20 m

GPSF7 T RN
YRS T T ¢ RRGRE TOICRE 10 m
Bl =54 L TNIERE 5 m

HLIT S GH ML) (TR

e BT O 0 m
s EES 1)
[ On: Cancel |

-60 _1-30 10 30 60

Figure 3.2 Data of Ship’ s Particulars & Condition
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Figure 3.3 Main Screen of Ship’ s Maneuverability Measuring System
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Figure 3.4 Turning Test of Ship’ s Maneuverability Measuring System



slgzAae] Aed F AAF ASAFL 201249 59 38 AASG O,
FA E17} 35, 10°9) M)A P ANFAT AEHCIA Ak AR B ol
0] 2=

Agstel @ 7bA MBS dA5

Table 3.2 Ship’s Conditions on Turning Test

Date 2010. 12. 01 2012. 5. 03

[tem Simulation Sea trial
Displacement (ton) 1,749.0 1,915.3
Draft(F/M/A) (m) 4.3 [ 4.3 | 4.3 4.45 [ 4.51 | 4.56
Trim (m) 0 0.11

Co 0.5599 0.5237
Beaufort Scale 0 SE [ 3
Depth (m) 20 21 ~ 56
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33.1 gAEre] 7] XA3A 5

33.11 A &AL 7] A8AH 5

5o 29 AAAA 2 AA Y Initial Turning TestE Al &d ol 3 4
HE BoFa . IHo A YElG AY vR7FR] 2 Initial track reach+ 1.76
LZ IMO maneuverability criteriaql 2.5 LAt = 2A YEIG S S0 F 3

o}, Aulo] &&= 16 knotsE Al E#H oA FHUTH

Initial Turning Test

Initial Speed = 16.00kts PORT STBD Criteria
Track Reach(Lpp) 1.762 1.762 2.50
Advance(Lpp)

- 2.0

-0.06 -0.04 -0.02 -0.00 0.02 0.04 0.06
Transfer(Lpp)

Figure 3.5 “¢AAA A¥}te] Initial Turning Test Al E# oA 23}
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3312 Al Ao =71 A

Table 3.3 ~ 3.5+ 3 ¥ZAFA1 9] Initial Turning TestE Al 3 A3 =

3]

o)

-
[¢]

1 o} Figure 3.6014 e A=

IMO Maneuverability Criterias T3-S &21%

d

v}zk7} A 2 Initial track reach+ 2.5 LZ

T ST

Table 3.3 Sea trial Test results (PORT 10°)

INITIAL TURNING TRIAL (PORT 10°)
Speed 16.00 kts | udder PORT 10°
Angle
Advance 319 m Tactlcal 355 m
Results D1;rirrlger
Transfer 154 m ; 340 m
Diameter
Time Heading Speed Time Heading Speed
(sec) (deg) (knots) (sec) (deg) (knots)
0 50.7 16.00 140 116.2 14.10
10 49.6 16.00 150 94.5 13.98
20 36.8 15.98 160 71.1 14.12
30 16.2 15.98 170 48.9 14.22
40 354.5 14.98 180 26.5 14.11
50 330.3 14.34 190 4.1 13.99
60 306.0 13.88 200 342.0 13.66
70 279.7 13.61 210 317.7 13.55
80 255.3 13.53 220 294.0 13.37
90 232.1 13.52 230 270.1 13.28
100 209.1 13.53 240 245.8 13.27
110 185.1 13.63 247 228.7 13.39
120 162.1 13.86
130 140.4 14.00
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Table 3.4 Sea trial Test results (STBD 10°)

INITIAL TURNING TRIAL (STBD 10°)

Speed 16.00 kts | rudder STBD 10°
Angle
Advance | 312 m | Lacticdl 341 m
Results Dlgg?l:er
Transfer 150 m . 330 m
Diameter
Time Heading Speed Time Heading Speed
(sec) (deg) (knots) (sec) (deg) (knots)
0 30.2 16.00 140 340.0 13.10
10 31.0 15.90 150 5.0 13.31
20 44.5 15.80 160 27.7 13.53
30 65.5 14.84 170 51.2 13.58
40 90.9 14.29 180 73.8 13.64
50 115.9 13.87 190 96.6 13.62
60 143.3 13.58 200 120.0 13.35
70 167.2 13.22 210 143.7 13.26
80 192.0 13.21 220 167.1 12.98
90 216.7 12.78 230 192.2 12.84
100 242.4 12.69 238 211.1 12.76
110 267.6 12.65
120 292.7 12.66
130 316.9 13.04

- XXiv —




Table 3.5 Sea trial Test results

INITIAL TURNING TRIAL (A3 Al &4 7|+ 2 A3}
3 = 8=
Path Length A& 16kts ©]%, EFZH0°
(10° W3} (A A3)zE 10° HEA]) - 2.5L o]s)
Rudder Path Length A g
Speed Angle A= 3 o 4%
Port
P =
16.0 kts 10° 146 m 145 m T =
16.0 kis Starlgfard 143 m (2.5L) =
PORT STARBOARD
DT 355.0 M [6.0LPP] DT 341.0 M [5.7LPP]
TR 154.0|M [2.6L.PP] > E ~ TR 150.0 M|[2.5LPP]
o 300 § 300 = u\
: NE AR
é f \ 200 Zi: 200 [ ? le‘
g ) 100 100 ©) ;
5 \& f/ //) a
\s‘_/g/ 0 0 6/

o
Y
=3
t=3
o
=3
o

600 500 400 300 200 100 100 200 300 400

TRANSFER IN METER
—

(10° =] Al> (53 16kts))

500

600

Figure 3.6 A&7 Aule] %x7] X345 Test 23}

Table 3.6 %7] A3AZFES thorst X3AFHLS Este] &olslh

Table 3.1°14 & 4 AXxel IMO ZFA 7ZIFdAX= 1 71Fe]
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length) 0.2 FAIH o] 3, T & 10° 8-S FAE A5, Aol AA= &+
g Ags Adrbdole] 254 ojfo]ojol itk B S FE:AMILS 10° Bl A

25L< HA &oF IMO 7&Es & TEta las & o AT

Table 3.6 Initial Turning Time of Marine Research Vessel

Rudder Angle(®) o
10
[tem
Time to arrive PORT STBD
Rudder Angle (sec) 3
nitial Turning Time 16.0 kts 143 14.0
(sec)
Path Length 16.0 kts 146 143
(m)
Average 145 (2.43L)
3313 &7] A3 G s AEFG A 2 AlFH 239 vlu HI}

A AA Sl F2ARA 9 Initial Turning TestE Al E# o)A 3 23 Initial track
reacht= 1.76 L(103.2 m)Z IMO Maneuverability Criteria®l 2.5 LRt ZHA
Bitee ST ¢ AR Al 3k A3 Path length= 243 L

Maneuverability Criteriaq! 2.5 L& ©4 %°} IMO 7|&< & st de<=

Hgadute] 27 A8 glolA, ARHCIA 8 Agde] AF ol
ZEAT G BT Yo, S5 AMY ALH AR gho] AE
dold Axbel gtk A UEde & 5 ATk oA AerAe] A 2

A&l 2l go] AEHo|AMNETY A AEsor] ez ATET

il
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332 i Adute] A3A=

A3 A (Turning Test)S €4 £E(EF AALEE)E AZsitrt o g2t
(35°) o2 =il AL AlojshA] ar
S wW7AA] e Aol AlFET Al whet Weke A&, A, A
ko] AlA S 7|53 o7]A A3 F A (Advance)9t Al 3] 3 A (Transfer)= EFES

253k & Aol 90° A wi7bA] ol -t AT FEde] o FAYUE U

N

d

B} M, Tactical diameter= A4¥Fo] 180° 3]3S w71A] o] yaF A
o XA Aol UEld FolES 3]st 3ad W ag HA4A
A= 2% gholth

IMO %A 7|5 W53 H Table 3.1614 ®HXo] 35° E}Zf 52 A bz
oA 3t M3AE Ao Ao Advance’} AEF Aol 451 ©]3}, Tactical
Diameter”} A8} o] o] 5uf o]&}7} FHojof 7,

r
2
2
X
X
tote
off
J5
filo
o,
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3321 A EH|AHY AIHF

uli

09 2" A= 35° Turning TestE Al=#lolAd 3 AAE HAFa o)
Mutel £dEEE 160 knotsE  AlEH A HUTh Advance: 3.6L°]1l,
Transfer= 1.75L, Tactical diameter= 3.85L= Z}7F IMO Maneuverability

Criteria 2 0= 2 e &< S0 5 Sloh

Turning Test

PORT STBD
Initial Speed (kts) 16.00 16.00
Advance  (Lpp) 3.60 (1.14) 3.60 (1.14)
Transfer (Lpp) 1.75 (0.55) 1.75 (0.55)
Tactical Dia. (Lpp) 3.85 (1.22) 3.85 (1.22)
Heading Time Speed Time Speed
(deq) (sec) (kts) (sec) (kts)
90 35 12.72 35 12.72
180 62 11.98 62 11.98
270 89 11.88 89 11.88
360 117 11.87 117 11.87
Advance(Lpp)
— 4.5

45 38 30 23 15 -08 0.0 0.8 1.5 2.3 3.0 3.8 45
Transfer(Lpp)

Figure 3.7 AAAA A¥te] 35° Turning Test Al E#olAd A}
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3322 A& Ao A3A

or

Table 3.7 ~ 3.9& 3l FZAHI 9 Tuming TestE Al

Y
ot
iy,
i)
uli
T
2
_\

k1
%0,

o}, Figure 3.891 4 YEbd A# ml7FA| & Tactical diameters= 2.6 L, Advance
+ 3.2 L= IMO Maneuverability Criteriaql 5.0 L, 45 LS T3-S 203 &

AT

Table 3.7 Turning Time of Marine Research Vessel (PORT 35°)

TURNING TRIAL (PORT 35°)
Speed 16.0 kis | udder PORT 35°
Angle
Advance 191 m Tactlcal 153 m
Results Dlgri?ger
Transfer 60 m . 141 m
Diameter

Time Heading Speed Time Heading Speed
(sec) (deg) (knots) (sec) (deg) (knots)

0 59.2 16.00 140 331.0 8.48

10 58.1 15.00 150 297.8 8.29

20 26.9 14.28 160 263.7 8.06

30 345.1 10.89 167 238.2 8.18

40 309.0 8.90

50 272.4 8.37

60 232.1 8.13

70 1974 8.13

80 165.5 8.57

90 133.9 8.88

100 99.5 9.18

110 68.2 9.19

120 37.2 9.17

130 4.0 8.79
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Table 3.8 Turning Time of Marine Research Vessel (STBD 35°)

TURNING TRIAL (STBD 35°)

Speed 16.0 kts | udder STBD 35°
Angle
Advance 190 m TacUcal 155m
Diameter
Results Final
Transfer 60 m ) 140m
Diameter

Time Heading Speed Time Heading Speed
(sec) (deg) (knots) (sec) (deg) (knots)
0 199.0 16.00 140 302.8 7.49
10 201.7 15.34 150 336.3 7.83
20 238.4 12.45 160 9.0 8.15
30 283.3 9.15 167 19.0 8.11
40 320.2 8.05

50 357.5 8.00

60 31.7 8.08

70 63.7 8.41

80 97.0 8.28

90 128.0 8.08

100 160.2 7.95

110 194.0 7.64

120 230.4 7.31

130 267.8 7.27
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Table 3.9 Sea trial Test results

TURNING TRIAL (A3 A&

24 JF 2 A

5 = 7=
Tactical Diameter Speed 16.0 kts o]/, E}FZ; 35% : 5.0L ©]3}
Advance Speed 16.0 kts ©]7%, BF4 35% : 4.5L |3}
R/A | Tactical Diameter Advance
Speed = = . o 4 3
(B+7) AS B+t AZ H
16.0 POROT 153 m 191 m =
kts 35 154 m 191 m
16.0 STBD (2.6L) (3.2L) -
Kt 450 155 m 190 m =
Speed Rudder N Tactical Final Max.
(kt) Angle Diameter | Diameter | Heeling
16.0 kts | PORT 10° | 319 m 154 m 355 m 340 m 11.0°
16.0 kts | STBD 10° | 312 m 150 m 341 m 330 m 11.0°
16.0 kts | PORT 35° | 191 m 60 m 153 m 141 m 17.0°
16.0 kts | STBD 35° | 190 m 60 m 155 m 140 m 16.5°
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TURNING TRIAL PLOT

PORT STARBOARD
400 400
DT-152.5-M[2.6LEP] 300 300 DT-154.9-M-[2.61-PP]
TR 59.8 M [1.0LPP] e TR 60.4 M [1.0UPP]
) i —
200 = 200
o z o
o
w o
N 3] N
E 100 E 100 g
= =
® \5\5 9( » ot
> 2
= i
a 0 0 a
-100 -100

400 300 200

100 -100 -100 100 200 300 400

TRANSFER IN METER
—

(35°M3| Al”E(£3 16 KTS))

Table 3.10 20123 5€ 3¢ A A

o
93\'5_‘

MO A & F31=

98 2 BEHI

Figure 3.8 Al&4 Aute] HA3) A5 Test 43

s A

T

34 AN A=A g7 35° 2 A3

7d-%-, Advance”} 2.9Lo¢]a1, Tactical Diameter’} 3.5L= =&# HQATh o]l&

ZF4 71%29] Advance(4.5L) @ Tactical Diameter(5.0L)2]

At

Table 3.10 Turning Ability of Marine Research Vessel

Rudder Angle(®) 10° 35°
ltem PORT STBD PORT STBD
Speed(Initial/End) (kts) 16.0/14.21 | 16.0/13.54 | 16.0/9.18 16.0/7.61
Time of Turning (sec) 169 161 113 111
Advance (m) 319 (5.4L) | 312 (5.3L) | 191 (38.2L) | 190 (3.2L)
Transfer (m) 154 (2.6L) | 150 (2.5L) | 60 (1.0L) 60 (1.0L)
Tactical Diameter (m) 355 (6.0L) | 341 (5.7L) | 153 (2.6L) | 155 (2.6L)
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3323 A3 %%l tig Al EHOIA E AR Ao vlu Hrt

{

AEke] &S 16knotsE Al EH o] 3+ A= Advance 3.6L, Transfer

0.

1.75L, Tactical diameter= 3.85L% Z}Z} IMO Maneuverability Criteria®th+= 2}
A YeEgsS AT F A A+F Testdt Z3}=Z+= Advance= 33 L,
Tactical diameter+= 2.6 L= IMO Maneuverability Criteria?l 4.5 L, 5.0 L& T

tdAdnte] A3 dsol dodX s, AlEdEeld B Al A3 grol IMO

A% e BEIIL YUoH, 53] Aol AR Ade gol AgdelA

A TS AF37] A AFO R Zig-zag Test’t At} Zig-zag Test= HZ
T A 2FEAH &, LW 7E A3 2 (Overshoot yaw Angle) 2
(Overshoot width of path)= €7] #la AAgT 44 £5(HF dASE)=E
Zs7F Bk 10° 8ol A3sks Ak Adzbo] 10°0] =Estd
W o ® 10° Ut A E vt e g Adezbo] 10°7F HH oAl Wi v
2 g5E =dA4 He=d, o

Sk

o

o529 OfeAE 10°/10° Zig-zag TestE AlE#E oA g AAE BAFI 9
o Adute] 355+ 16 knotsE Al &8 oA HATH 10°/10° Zig-zag Teste]| Al
E# ol A3 1st Overshoot angle 8.98°, 2nd Overshoot angle 10.74°Z 7|
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2]t o] IMO Maneuverability Criteria 2t 255 ¢ 4 AT} 10°/10°
Zig-zag Test2] 1st Overshoot angle®] Criteriags 24 AMOo= FASIL )
t}. ©, 2nd Overshoot angle®] criteriax= 25°% Al&# o]l Ao} v of, 1

zpol 7} A7) wEell FEAISHA FUTh

10°/10° Zig-zag Test

10°/10° PORT STBD
Overshoot Angle Time Angle Time
(deg) (sec) (deg) (sec)
8.98 10 8.98 10
2 10.74 10 10.74 10
3 10.74 10 10.74 10
Angle(deg)

30 T

10 4 Time(sec)

-30 1

Angle(degq)
30 T

0 /}ﬁ(}\ : |
/ 30 60 90 120

Time(sec)

10 4

-30 1

Figure 3.9 A2 A d¥e] 10° / 10° Zig-zag Test Al Ed# ol A3}
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o229 I8 HE 207/20° Zig-zag TestS Al E# oA
ot Adte] & E

A3 1st

ol

Overshoot angle

2331°=  AFH A
Maneuverability Criteria 2t 255 & & JTh 20°/20° Zig-zag Test] 1st

Overshoot angle®] Criterias A4 AH0E F A Yot

g AyE HAFA Q)
+ 16knots= Al&EH | EH ATt 20°/20° Zig-zag Teste] A

o]= IMO

20°/ 20° Zig-zag Test
20°/ 20° PORT STBD
Overshoot Angle Time Angle Time
(deg) (sec) (deg) (sec)
23.31 15 23.31 15
23.01 15 23.01 15
23.12 15 23.12 15
Angle(degq)
60 T
30 E
0 i |
\ 160
-30 T Time(sec)
-60 _
Angle(deg)
60 -
0 |
160
-30 4 ime(sec)
-60 .

Figure 3.10 A4 A Adke] 20° / 20° Zig-zag Test Al &# oA
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3.3.3.2 Al#+A A9 HAAF

=9 Figure 3.113 3.12014 Zig-zag Test® & o] ASH 43 d-2s
A Em, A3t e Aol Wit e BhgE Thetol = Aduke EukE
o W&o w F2o|A 4 Azt ¢ AgsHA . BE Wi dFe s As3l
Fo= © Eol7t= ZFE=E Overshoot angle|2kal 3lH, 3 WA 2 F WA
Overshoot angles W34 5< FATEst= ASE AFE-StE &, Overshoot angle
o] AW FE WA o] U Arte] Hn
T3 10°/10° Zig-zag testoll A Aol BFE &L A52bo] 1070 =23 Al
e 27 ﬁﬁ/\]ﬁ(lnitial turning time)°|2}al st 7] A3 sE S UERY
HozHEH EBE =9 F driy 8y dete= A

2
AL F YEAS & £ Atk IMO ZFA 7|ES w=sEHE 10°/10°

e
}‘1_44
il
>
o
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Table 3.11 Ship’s Conditions on Zig-zag Test

Date
2012. 5. 03 Sea trial

Item
Displacement (ton) 1915.3
Draft(F/M/A) (m) 4.45 [ 451 | 4.56
Wind dir / speed SE 4~5 m/s
Wave height (m) 0.7
Depth (m) 21
RPM (No.1/2) 225 [ 225

Generator(No.1/2/3/4)kW

984 / 983 / 984 [ 981

Table 3.12 10° / 10° Zig-zag Test of Marine Research Vessel

Sea trial of Zig-zag Test

(1) 10° / 10° Zig-zag Test

Order [tem Tﬁipisgc) Order [tem Ti]?rllaepiéjc)
(1) STBD | R/ACE}ZDH % (3) STBD R/A 4
10° Heading 12 10° Heading 38
(2) PORT R/A 4 (4) PORT R/A 4
10° Heading 38 10° Heading 41
Time Heading Speed Time Heading Speed
(sec) (deg) (knots) (sec) (deg) (knots)
0 230.3 16.5 70 207.1 15.3
10 237.7 16.3 80 222.3 15.3
20 247.6 16.4 90 244.7 15.1
30 248.5 16.2 100 262.7 14.9
40 237.7 16.0 110 257.8 14.9
50 220.3 15.8 120 246.3 14.9
60 203.4 15.6
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Table 3.13 20° / 20° Zig-zag test of Marine Research Vessel

Sea trial of Zig-zag Test

(2) 20° / 20° Zig-zag Test

Order [tem Elapsed Order [tem Elapsed
Time (sec) Time (sec)
(1) STBD | R/AGEH) 4 (3) STBD R/A 8
20° Heading 16 20° Heading 38
(2) PORT R/A 9 (4) PORT R/A 8
20° Heading 47 20° Heading 41
Time Heading Speed Time Heading Speed
(sec) (deg) (knots) (sec) (deg) (knots)
0 239.9 16.3 80 205.6 13.0
10 247.7 ", 90 228.6 13.1
20 274.8 14.4 100 261.4 12.3
30 284.0 13.6 110 291.8 11.7
40 274.6 14.4 120 293.2 12.7
50 253.6 14.0 130 273.4 13.6
60 226.5 12.8 140 244.2 13.4
70 202.5 12.9
(3) Zig-zag Test &4 7]+ % A3}
&= A7 = SA8% | A
10°/10° 16kts ©] : 10 ©]3H1st Overshoot) 9.0 T
16kts ©] : 25 ©]3K2nd Overshoot) 17.7 | o=
20°/20° 16kts o]/ : 25 ©]3H1st Overshoot) 24.0 qH<
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CRASH STOP TEST PLOT
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Table 3.14 Ship’s Conditions on Crash stop Test

Date
2012. 5. 03 Sea trial

Item
Displacement (ton) 1916.1
Draft(F/M/A) (m) 4.50 [ 4.51 | 4.50
Wind dir / speed SE 4~6 m/s
Wave height (m) 1.5
Depth (m) 65
RPM (No.1/2) 233 [ 233
Generator(No.1/2/3/HkW 1100 / 1103 / 1104 / 1101

Table 3.15 Crash Astern Test Results of Marine Research Vessel

CRASH ASTERN TEST

() FHEre, AAEE A9 Az

FAEY kN ]
olsAd : 381 0y ol A 134 iz
Time Heading Speed Time Heading Speed
(sec) () (knots) (sec) ) (knots)
0 58.8 NV 0 310.1 7.6
10 58.5 16.2 10 300.5 7.2
20 57.7 13.9 20 290.6 6.2
30 56.0 10.7 30 283.4 4.3
40 52.4 9.3 40 277.4 2.9
50 48.3 7.1 50 273.5 1.7
60 42.4 5.0 55 271.5 0.0
70 37.0 2.4
80 30.6 0.7
84 28.0 0.0
(@ FAEE AY By 7% 2 Az
TH7= o] A ¢ A7
15 L o] 3} 381m (6.5L) T
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3.35.1 Al EY ol HAZAAF

o029 O FAAA dEe Spiral Test AlE# ol A3E Bo 3 T
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3.35.2 A2AA A=A E

B APe Aube] vk <k A (Directional Stability)S &7] 9shed A AT},
AP e REE A JARE FASHI AEAZT 3 BE o E ]
Ed 3 Aezte] sl dAsHA i AT AlSe] ¢5FW BE E 15
TolA ¢ 1052 21 A2 fsrt dAsHA Hd ASSo 3rieh 2

o T ¥ 5%, 10%, 16% 183 105, 5%, 0%, 9 o %,
X

0
105, 155717 &40 2 AAZH. Table 3.162 I E A5 AI@A A3

Table 3.16 Ship’s Conditions on Spiral Test

Date

2012. 5. 03 Sea trial
Item
Displacement (ton) 1915.3
Draft(F/M/A) (m) 4.45 | 451 | 4.56
Wind dir / speed SE 2~4 m/s
Wave height (m) 0.5
Depth (m) 19
RPM (No.1/2) 225 | 225
Generator (No.1/2/3/4) kW 943 [ 943 [ 939 /| 946
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Table 3.17 Spiral Test of Sea trial 1

SPIRAL TEST (Y4 =& A3

D A =5 A 243

Rudder Angle :

Rudder Angle

No. 1 STBD 15° No. 2 . STBD 10°

N0 crngng | |0 cungr

Degree( ° ) Degree( ° )
0 286.2 - 0 163.0 -
10 319.6 33.4 10 189.5 26.5
20 351.9 32.3 20 216.7 27.2
30 25.4 33.5 30 244.2 27.5
40 52.9 27.5 40 271.7 27.5
50 81.3 28.4 50 299.3 27.6
60 107.8 26.6 60 326.2 26.9
Heading Changing 20 Heading Changing 97

Rate(® /sec)

Rate(® /sec)

Rudder Angle :

Rudder Angle

No. 3 STBD 5° No. 4 . o°
| MEANG | gy | TR HEADNG | Changn
Degree( ° ) Degree( ° )
0 16.4 - 0 134.1 -
10 30.1 13.7 10 137.0 2.8
20 45.9 15.8 20 138.7 1.7
30 61.2 15.3 30 140.1 1.4
40 78.5 174 40 141.4 1.3
50 95.1 16.6 50 142.9 1.6
60 108.8 13.7 60 144.0 1.0
Heading Changing 15 Heading Changing 0.2

Rate(® /sec)

Rate(® /sec)
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Table 3.18 Spiral Test of Sea trial 2

SPIRAL TEST (YAl =F A9

Rudder Angle :

Rudder Angle :

No. 5 PORT 5° No. 6 PORT 10°

| RPN congne | (|0 crngr

Degree( ° ) Degree( ° )

0 138.7 -9.7 0 11.5 -

10 128.9 -11.9 10 346.9 -24.7
20 117.1 -13.7 20 322.6 -24.3
30 103.3 -16.0 30 299.7 -22.8
40 87.4 -16.5 40 277.8 -21.9
50 70.9 -16.4 50 254.9 -22.9
60 54.6 -16.4 60 232.8 -22.1
Heading Changing 14 Heading Changing 93

Rate(® /sec)

Rate(® /sec)

Rudder Angle :

Rudder Angle :

No. 7 PORT 15° ' PORT 10°

| AN congne | |0 crng

Degree( ° ) Degree( ° )

0 175.8 - 0 328.7 -

10 147.1 -28.7 10 307.8 -20.9
20 118.3 -28.8 20 286.9 -20.9
30 91.1 -27.2 30 265.3 -21.7
40 63.9 -27.2 40 243.1 -22.2
50 37.9 -26.0 50 219.6 -23.5
60 11.6 -26.2 60 197.3 -22.2
Heading Changing 97 Heading Changing 99

Rate(® /sec)

Rate(® /sec)
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Table 3.19 Spiral Test of Sea trial 3

SPIRAL TEST (Y4 =& A3

No. 9

Rudder Angle :

No. 10

Rudder Angle :

PORT 5° 0°
M NG gy | T AN Grangn
Degree( ° ) Degree( ° )
0 156.3 - 0 47.3 -
10 140.7 -15.6 10 46.1 -1.2
20 124.8 -15.9 20 46.3 0.2
30 109.5 -15.3 30 46.9 0.6
40 94.5 -15.0 40 48.1 1.2
50 79.7 -14.8 50 49.6 1.5
60 66.1 -13.6 60 51.6 1.9
Heading Changing 15 Heading Changing 0.1

Rate(® /sec)

Rate(® /sec)

Rudder Angle :

Rudder Angle :

No. 11 STBD 5° s R STBD 10°

| EANG | chngi | (M HEAONG | g

Degree( ° ) Degree( ° )
0 74.5 - 0 248.1 -
10 90.6 16.2 10 274.7 26.7
20 109.6 19.0 20 299.0 24.3
30 128.8 19.2 30 323.3 24.3
40 147.5 18.8 40 350.6 27.3
50 166.8 19.3 50 11.8 21.2
60 184.9 18.1 60 36.3 24.5
Heading Changing 13 Heading Changing 95

Rate(° /sec)

Rate(°® /sec)
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Table 3.20 Spiral Test of Sea trial 4

SPIRAL TEST (U4 =& A9

No. 13 Rudder Angle : STBD 15°
TIME(sec) HEADING( ° ) Heading Changing Degree( ° )
0 112.9 -
10 144.1 31.3
20 172.2 28.0
30 200.3 28.2
40 227.6 27.2
50 253.9 26.4
60 278.6 24.7
Heading Changing Rate(® /sec) 2.8
Rudder Heading Rudder Heading
No. Angle Changing Rate | No. Angle Changing Rate
(deg) (deg/sec) (deg) (deg/sec)
1 | STBD 15° 3.0 8 | PORT 10° -2.2
2 | STBD 10° 2.7 9 PORT 5° -1.5
3 STBD 5° 1.5 10 0° 0.1
4 0° 0.2 11 STBD 5° 1.8
5 | PORT 5° -1.4 12 | STBD 10° 2.5
6 | PORT 10° -2.3 13 | STBD 15° 2.8
7 | PORT 15° -.27
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Figure 3.17 Spiral Test of Marine Research Vessel
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34 Twin screw A8 EAI XA X+ 4 AF=ZE AF
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H Screw propellerS %1F AHEE o X RPM 50 8-% ¢F 3.70 knots,
S X RPM 50 & ¢ -1.52 knots, &% RPM 1009 74-%- -3.83 knotsE &
UTH o} o] Table 3.22 ~ 3.25+ EFE ARESHA| @4l A F317|& W2
HS DAAA AAA 180% A3)e A3E Yehid,

X

Table 3.22 Test for Maneuvering Performance Index 1

Time Heading Speed ROT RPM RPM
(sec) (deg) (knots) (PORT) (STBD)
0 040.3 0 +8° +50 -100

4’ =27 “ 130.7 -1.3 +16° +49 -102
2’ -10 220.6 -1.7 +20° +52 -103

Table 3.23 Test for Maneuvering Performance Index 2

Time Heading Speed ROT RPM RPM
(sec) (deg) (knots) (PORT) (STBD)
0 237.3 0 Ml +50 -50
6’ -15 “ 327.4 +2.2 +16° +52 -48
3’ -51 “ 056.9 +2.6 +23° +52 -51

Table 3.24 Test for Maneuvering Performance Index 3

Time Heading Speed ROT RPM RPM
(sec) (deg) (knots) (PORT) (STBD)
0 150.7 0 +8° -100 +52
4’ 41 “ 060.1 -1.3 +16° -102 +54
2’ =23 “ 331.6 -1.7 +20° -103 +53




Table 3.25 Test for Maneuvering Performance Index 4

Time Heading Speed ROT RPM RPM
(sec) (deg) (knots) (PORT) (STBD)
0 300.4 0 -11° -50 +50
6 -03 “ 210.7 +2.1 -17° -51 +49
3’ -5l « 120.9 +2.4 -21° -52 +50

Inward®¥2]©] Outward WA ET FX A gg HoA= FF 8 sHA Hl

Outward®2l-& 3 FAS50] =t} InwardW2l& AR =0 Elgo] JojA] x=F

Inward$ 42 Ao Ago] $=2 Agsty & HA A9 wj/77E A

TGS $HOE = SYAES 8] ol Twin screwell o3 35282
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Table 3.26 Test for Maneuvering Performance Index (STBD 35°)

@0 | () | Qoo |angel )| ROT | Heeing | REM
0 031.4 16.0 0 0 0 119
2 032.2 16.0 8 -5 0 119
4 033.6 15.82 18 -17 3.5° 119
6 035.0 15.40 30 -28 9.5° 119
8 038.1 15.18 35 -30(imit) | 5.5° 119
10 044.6 14.99 35 -30(limit) | 5.5° 119
12 052.8 14.27 35 -30(imit) | 7.0° 119
14 061.0 13.50 35 -30(imit) | 7.0° 120
16 069.1 12.80 35 -30(imit) | 7.0° 121
18 077.9 12.35 35 -30(imit) | 7.0° 121
20 086.1 11.91 35 -30(imit) | 7.4° 120
22 094.8 11.30 35 -30(imit) | 8.7° 119
24 103.5 10.75 35 -30(limit) | 8.7° 119
26 112.2 10.00 35 -30(imit) | 8.7° 119
28 120.9 9.40 35 -30(imit) |  9.5° 117
30 129.5 8.84 39 -30(imit) | 10.7° 117
32 137.0 8.65 35 -30(limit) | 10.7° 117
34 144.6 8.36 35 -30(imit) | 11.5° 117
36 152.1 8.10 35 -30(limit) | 11.5° 117
38 159.6 7.93 35 -30(limit) | 11.5° 117
40 167 7.79 35 -30(imit) | 11.5° 117
42 173.8 7.60 35 -30(limit) | 11.5° 116
44 180.6 7.43 35 -30(limit) | 11.5° 117
46 187.5 7.25 35 -30(imit) | 11.5° 116
48 194.3 7.1 35 -30(imit) | 11.5° 116
o0 200.7 7.0 35 -30(limit) | 11.5° 118
92 206.8 7.0 35 -30(imit) | 11.5° 116
o4 213.0 7.0 35 -30(imit) | 11.5° 116
o6 219.2 7.0 35 -30(limit) | 11.5° 116
98 225.4 7.0 35 -30(limit) | 11.5° 116
60 2314 7.0 35 -30(limit) | 11.5° 115
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Figure 3.18 Maneuvering Performance Index (STBD 10°)
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Figure 3.19 Maneuvering Performance Index (STBD 20°)
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Figure 3.20 Maneuvering Performance Index (STBD 35°)
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Table 3.27 Maneuvering Performance Index of Marine Research Vessel

B D) om0 @ag 20| & . o - é.“—eﬁ‘é.](liot)
STBD 10° 0.26 12 0.97 3.22 16.0
STBD 20° 0.16 5 0.60 1.34 16.0
STBD 35° 0.11 3 0.41 0.81 16.0
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Table 3.28 Comparison of Maneuvering Performance Index

4~

oaF (l?n(;) K T K’ T |EF ZHo)
b= WY 2E | 172 0.04 11.0 0.69 0.64 15°
=4 WY 2E | 157 0.05 6.9 0.71 0.49 15°
d=d=ghd wkA | 15.0 0.03 7.0 0.44 0.48 15°
AeAgd vbA | 145 0.1 22.5 1.49 1.51 15°
&l 10.0 0.05 13.6 0.89 0.76 20°
AEA 10.0 0.04 12.0 0.72 0.67 30°
Rl pes 13.0 0.10 20.0 1.56 1.28 10°
Rl ke 13.0 0.06 17.0 0.93 1.09 20°
Bl 1= aes 13.0 0.05 13.0 0.78 0.83 35°
3 AR 16.0 0.26 12 0.97 3.22 10°
3l FZARA 16.0 0.16 5 0.60 1.34 20°
3 FZARA 16.0 0.11 3 0.41 0.81 35°

* SOURCE : Alulz%9] o237 A%
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Table 3.29 Distance of New Course (STBD)

Rudder New Course
Remark
Angle 30° 60° 90°
10° 122 178 279 '
Unit : m
20° 106 143 205
(Speed : 16Kts)
35° 92 131 178
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Table 3.30 Comparison of Maneuvering Abilities

o MO Ability of R/V
sl Wet Criteria Simulation Sea trial
-35° Advance 4.5L 3.60L 3.20L
rudder Tactical
, angle actica 5.0L 3.85L 2.57L
Turning Diameter
ability
+35° Advance 4.5L 3.60L 3.19L
rudder Tactical
angle actica 5.0L, 3.85L 2.60L
Diameter
First
Overshoot 10.0° 8.98° 9.0°
0/109° angle
Yaw lQ /10
checking & Zig-Zag Second
Course Overshoot )N 10.74° 17.7°
keeping angle
ability
o 1ono First
2.0 /20 Overshoot 25.0° 23.31° 24.0°
Zig-7ag
angle
-10°
rudder 1.76L 2.44L
Initial angle
Turning Path Length 2.5L
ability +10°
rudder 1.76L 2.40L
angle
stopping | Crash | o each | 15.0L 7.21L 6.30L
ability astern
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