Jasnaoe,5/26/2016,Fukuoka Japan

The new hull form with twin rudders utilizing duct effects
(3rd Report)
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Gate Rudder Concept

Target Position of Gate Rudder

_Gate Rudder

Conventional Flap Rudder Vectwin Rudder
Rudder

Fish Tail Rudder

Better Propulsive Performance

Strong Maneuverability



Pros and Cons
—M

Energy Saving Depends on ship
fullness

Course keeping Normal Better

Ability

Turning Normal Slightly Better

Stopping Ability Normal Better

Maneuvering at Normal Even by Crabbing

low speed Mode

Noise and Normal Superior

Vibration

See Keeping Normal Excellent By active rudder
control

Cargo Space Normal Can be increased E/R can be moved aft

Ship Length Normal Can be reduced AP position can be
moved

Cost Normal Slightly high Plus one rudder

system



Return On Investment

Lpp B d CB/(L/B) M/E Output 70% SFO ton/day days ton/year
CAPE 300 50 18.3 0.145 18000] 12600 180 54 300 16,330
COAL 223 50 13.45 0.173 11760 8232 180 36 300 10,669
PANAMAX 225 32.2 14 0.125 11000 7700 180 33 280 9,314
HANDY 180 30 12.2 0.133 8000 5600 180 24 280 6,774
VLCC 320 60 20.8 0.156 28000] 19600 180 85 300 25402
AFRA 230 42 14 0.150 12000 8400 180 36 300 10,886
CRUDE OIL FPRICGE -
=e.24 UZD/EEL
Additional Contruction 1 MAR "1&
- 1509 £ YEARS
Rudder Area |Rudder Weight Cost of Rudder |St. Gear Capa Cost of St. G "rl"fw""
mk*2 ton k$ ton—m k$ 100,04 'III'"\"M
CAPE 46 35 130 75 50 \
COAL 25 16 58 30 20 coo] 28KS/BBL ¢
PANAMAX 26 17 62 32 22 ol il iy e gl g
HANDY 18 11 40 19 13 oo _Inifolfliye.
VLCC 55 46 171 102 68 1 oT1E o 1E ks e
AFRA 27 17 64 33 22
3.75 /ton 0.67 /ton—m
COST UP
Power Save FO save FO Save |Rudder ST. GEAR System DOCK _[Fotal Cost Ud ROI(year) ||
% ton/year K$/year k$ k$ k$ k$ k$
CAPE 5.3 868 191 130 50 45 0 225 1.18]
COAL 7.4 793 174 58 20 20 0 98 0.56l|
PANAMAX 3.7 349 77 62 22 21 0 104 1.36]
HANDY BC 4.4 300 66 40 13 13 0 66 1.00]
VLCC OIL 6.1 1,557 342 171 68 60 0 299 0.87|l
AFRA OIL 5.7 618 136 64 22 21 0 107 0.79|l




Economy mode

Rough sea mode

Steering mode

Circle mode

Crash Stop mode

Crabbing mode

The most efficient operation at calm sea
condition

The propeller speed can be increased by
accelerated flow

Normal steering (change the course)

Emergency steering
(circle motion)

Emergency steering
(crash stop)

Berthing & de-berthing motion

+3 ~+5deg.
+0 ~+ 2 deg.
Example

-10 &+10dg.
-30 & +35 deg.

-30 & -30 deg.

+110 & +60 deg.



Investigation for Maneuverability
of a Ship with Gate Rudder

Tank Tests Rudder Force Measurements with 6m Large NMRI
Ship Model (without yaw angle)
Hull Force Measurements with 2 m Ship FEL
Model
Captive Tests and Free Running Tests with Kyusyu Uni.

2.5m Ship Model

Simulation Development of Simulation Program based on Newcastle Uni. &
MMG model Kamome Propeller
Rudder Control System Tokyo Keiki

Full Scale Tests Maneuvering Tess at Sea Trial Yamanaka Ship Yards

Monitoring at After Delivery Newcastle Uni.



Rudder Angles

Ship stern

URP URS

Portside Blade Starboard blade




Hull Sway Force and Rudder Angles
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Hull Sway Fore by One Rudder Steering
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Hull Sway Force by Two Rudders Steering

.

-0
o

P

|_.'I.
N

O
O

RS

o(deg.)
B0 =0




Scale Effect on Velocity at Rudder Position
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Fy by Two Rudders Steering
(corrected for Scale Effect)
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Flow Regulation Coefficients

Ship stern

URP URS

Portside Blade Starboard blade




Utilization of CFD Calculation for flow

straightening Coefficients

ﬂ:Odeg |

U = £(8.5,C;,2,)
> Ve = £(8,5,C;,2,)



Mane

Program of

uvering Simulation

a Ship with Gate Rudder

Newcastle - il
University  Gate-Rudder Manoeuvrability Simulator Developed by: Weichao Shi and Alessando Carchen
Simulation Postprocessing calibration
Main Data Open-Water Data SRURGSR NG\ mmm mmm = CONVENTIONAL RUDDER INFLOW
) Poriside Portside Starboar Starboar
(UL BRCRELLER J (& 1014 Initial Ship Speed 0.48 [m/s] :‘;_':::"" 120,00 [s] . tans. dlong. dtrans. c1
Velocity Velocity Velocity Velocity
0.10 0.300 0.450 »P el
ropeller
rate of 66.00 [RPM] Tmestep 401 1s) lope. 100 100 100 100 -1.00
evoluti ooty
Propeller U oo
Length Lpp 2,50 [m] By Dp [m] 030 0200  0.300
| Delivered Output
Ship Controls P [kw] time 0.10 [s] E'NSE( 0.00 0.00 0.00 0.00 I d1
Breadth B 0.44 [m] :::F‘m';d'"al x":"‘" -0.480 050 0080 0130
Shait I
o N ] I -0.40
Draft d 015 [m] "W:;em 1wp 0680 r MODE i
— — XiLpp 500 I I
Gate Rudder - 7
Block Thrust TargetPoint
Coefficient P 0714 deduction 1P | 0830
POC COEFFICIENTS Vitp 500
Long.
Rate of L
Cenreof  LCB | -1810 ! N 1038[RPS]
Buoyancy IEAMETD a s & o . . START p out lateral force increase I
coefficient X
Radus ol wgipp | 0240 Calculate RPS -0.250 -0,400‘ 0.343 -o,zso‘ -o,eso‘ 0518 e = - -
Hull Coefficients Gate Rudder Control
RUDDER Surge Sway Yaw Mass properties
— e o = = = =
SIEEIT Portside Starboard
Rudder  AR/(c"Lpp resistance r I blac blade
Area Ratio ) 0.014 G 1R 0.790 X0 -0.024 YO 0.000 NO 0.000 mx 0.024. le I
factor r
(sl iEs +10 0 [d 10 o
b 2.20 increase  aH | 0.400 Xbb 0020 Yo 0208 Nb 0.081 my 0211 I = [ I’]
atio
factor
Propeler to Position of I . o|fdeg 10/
Rudder DpH 077 addiional  xH | -0.450 Xbr 0110 vr 0037 Nr -0016 a2z 0,020 Iﬂ
span ratio lateral force: Zgzagtest 4
Steering Experimental +20 0 [deg] 20 [ul;]
= 1220[mds] e 0.380 X 0,000 Vbbb 0543 Nobb 0.104
- Wake I 20 0 [deg] 20 [dl;]
o v -100 fractionraio ¢ | 1.000 Xbbbb 0,000 Ybbr 0,000 Nbbr 0,000
osition % L
at rudder =
I 435 35/[deg] 30 [nl;]
Xbbbr 0000 Yorr 0000 Nbrr 0,000
Circli‘es( 4
35 -30 [deg] 35 [ul]
Yrrr 0.000  Nrr 0.000
- s e - .

Developed by NCL & Kamome Prop. Co.




Model Basin of Kyusyu University
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2.5 m model equipped with gate rudder
and measurement instrument s

Steering
Device

Propeller Gate Rudder




Captive Model Tests




X/LPP

Circle Test ( starboard 35 deg.)
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X/LPP

Circle Test ( portside -35 deg.)
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X/LPP

Circle Test ( portside -35 deg.)

Experiments

simulation
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Zig Zag Test (10 deg.)

HEADING ANGLE

TIME [S] Star-board Rudder Only
Experiments

Facility restriction

40 50 60

Simulation



Zig Zag Test (20 deg.)

With Starboard Rudder only

HEADING ANGLE

. TIME [S]
Experiments




W [DEG]

Simulated Zig Zag Tests

HEADING ANGLE

-40

-30

W [DEG]

HEADING ANGLE

TIME[S]

-30

30
PP I S B S
HEADING ANGLE HEADING ANGLE
50 TIME [S] 50 TIME [S]

g oo T
-30
-20

g g'm 0 10 20 30 40 5 60

; ; 0
10
20
30

40




Comparison of turning ability
between Gate Rudder and High Lift Rudder

_ model test
IMO maneuvering standard
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Comparison ship speeds between
Gate Rudder and High Lift Rudder
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Rudder Induced Resistance in a Steering Mode w
(yaw angle=0)

B (HE H+iE) Vs=12.3knot

Gate Rudder
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VIDEO #B4t
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