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A Study on the Turning Ability of Twin-engine, Twin-propeller, and
Twin-rudder ship "KAKUYO MARU™ - II

Masako SHIMODA, Hisao KANEHARA, Tsukasa KINOSHITA,
Yasuhiro MORI and Hisaaki TAKAYAMA

We made a turning trial of a twin-engine, twin-propeller, and twin-rudder ship “KAKUYO MARU" |
that has equipped the two sets of main engines and rudders, and a comparison was made between two
engines and one engine as well as between two rudders and one rudder about the factors of turning. The
trial results are stated below.

1) Comparing to the operation of two engines, the ratio of steady turning diameter (D/L), the speed
reduction rate (RATE), and the time for turning (TIME) were large when the position of engine
and the turning direction was the same. And, these decreased when rudder angle was large. Also,
the drift angle (ANGLE) was small and increased when rudder angle was large.

2) In comparison with using two engines, D/L and TIME when using one engine and turning to the
opposite direction of engine position were small and increased when rudder angle was large. Also.
the RATE and ANGLE were large and decreased when rudder angle was large.

3) When using one engine, D/L and TIME of turning by one rudder were 1.1 to 1.6 times larger than
these of turning by two rudders at both turning directions and decreased when rudder angle was
large. Also, RATE and ANGLE were as small as 0.7 to 1.0 times and increased when rudder angle
was large.

Key Words : 58 HE[A#E L Ratio of the steady turning diameter, FEHEBIMHL - F4% Two engines and one
engine, #E#E) - F8) Two rudders and one rudder
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Fig.1 Arrangement of "KAKUYO MARU"

Table 1  Principal particulars of "“KAKUYO MARU”
Particulars Items
Length over all 42.79m
Length register 35.43m
Length between perpendiculars (Lpp) 34.50m
Breadth{molded) 7.00m
Depth{molded) 3.18m
Draft designed{melded) 2.50m
Gross tonnage 155ton

Main engine 1,050Kw(1,428PS)x2

Propeller Fixed 5 bladesx2

Area of Rudder 1.28m?x2
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Fig.2 Turning circle of “KAKUYO MARU" at S/H
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Table2 Time, area and weather conditions of turning
trial, and kind and number of trials

Average Kind of trials
wind
’ . ; Number of
Time Area direction N
d speed trials
and sp Main Engine  Rudder
{m/s)
October 8, Off Fukuda
2009 & Nagasaki WSW 5.6 One Two 22
October 29, Off Fukuda
2009 & Nagasaki WSW 2.3 One One 12
November 13, Off Fukuda NE 43 Two Two 12

2008 & Shikimi
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Table3 Trial results of trial I (on 9, Oct. 2009)

Speed idle
deduction Drift rotary
rate while angle motion D/L

turning ) rate

Steady Time for Initial
Turning turning turning ship
direction diameter sec

{m) {knot)

Class Rudder
of ship angle
speed (degree)

(%) (%}
10 Port 570 876 5 8 5 33 17
Starboard 242 417 4 10 11 48 7
Port 249 423 4 13 13 30 7
DS/H 20
Starboard 145 293 4 29 17 29 4
20 Port 163 336 5 33 16 29 5
Starboard 101 246 4 40 21 8 3
10 Port 581 513 8 ! 9 52 16
Starboard 248 248 8 20 16 42 7
Port 230 235 7 20 17 47 7
S/H 20
Starboard 155 177 7 27 24 34 5
30 Port 151 149 7 28 22 37 4
Starboard 105 189 7 41 26 28 3
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Fig.4 Steady turning diameter by ship speed and rudder angle
using one engine and two rudders (on 9. Oct. 2009)
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Fig.5 Speed deduction rate while turning by ship speed and rudder
angle using one engine and two rudders (on 9. Oct. 2009)
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Fig.6 Time for turning 360 degrees by ship speed and rudder
angle using one engine and two rudders (on 9, Oct. 2009)
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Fig.7 Drift angle while turning by ship speed and rudder angle
using one engine and two rudders (on 9, Oct. 2009)
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Table4 Trial results of trial I (on 29, Oct. 2009)

Initial Speed Idle
deduction Drift rotary
rate while angle motion DIL

Steady Time for
Turning turning turning

direction diameter

Class Rudder
of ship angle

speed (degree) sec) turning (°} rate
{m) {knot} ) (%)
Port 868 802 7 9 [ 51 25
10
Starboard 302 294 7 15 13 41 9
Port 297 306 7 20 14 46 8
SiH 20
Starboard 188 203 8 25 20 36 5
Port 225 282 7 27 17 41 7
30
Starboard 131 169 8 36 25 32 4
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Fig.8 Steady turning diameter by rudder angle using one engine
and one rudder (on 29, Oct. 2009)
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Fig.9 Speed deduction rate while turning by rudder angle using
one engine and one rudder (on 29, Oct. 2009)

’C )r?ﬁ B ATs, MEROZEGEER R R L, BRI A AN
& B M O2METH Do HEMPRE LD L
=2 %) } <Y, B AloMyeiL, #8M10° T15%
30°T36%, RO G, #E6/10° TI%.
20° “C“ZO% 30" T27% T h, FURHEEEENIZ K L CR 7‘)le”
DFFHA0.6~083fF LS <, REMITHT 2 EHOF ST
[l T ‘(&)O?L_o Fig. 9 V2R3 hElnl A i sk 72 i HM»};
RO Lyl o7z,
Bt M[Hl YOpposite= 222413031‘1
[ 4% B 8] ¢ Vsame=0.7552x" "%
(2) Wl W‘i
BE TN B30T 2 A8 & he T S O B 4R 2 Fig 101R
R
900
gm * T Ysame=1430.7x09%°
gwo T T T Yopposie=946.51x05"
jgaeoo
2 500
E’M}O
5300 :
‘2200 +Same
= 100
0 ) ) # Opposite
] 10 20 30

Rudder angle (degree)
Fig.10 Time for turning 360 degrees by rudder angle using one
engine and one rudder (on 29, Oct. 2009)
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Fig.11  Drift angle while turning by rudder angle using one

engine and one rudder (on 29, Oct. 2009)
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Table5 Trial results of triatlll (on 13, Nov. 2009)

Stead initiat_, SPeed
Class Rudder Turnin turnmy Time for shi deduction Drift
of ship angle 9 g turning P rate while angle D/L

direction diameter peed

speed (degree) (m) (sec) {knot)

turning (]

(%)
10 Starboard 378 470 5 2 10 11
DSH 20 Starboard 183 259 5 16 17 5
30 Starboard 127 210 5 28 22 4
10 Starboard 364 276 9 6 12 11
SiH 20 Starboard 181 156 9 19 22 5
30 Starboard 128 129 9 32 28 4
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Fig.12 Steady turning diameter by ship speed and rudder angle
using two engines and two rudders (on 13, Nov. 2009)
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Fig.13 Speed deduction rate while turning by ship speed
and rudder angle using two engines and two
rudders (on 13, Nov. 2009)
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Fig.14 Time for turning 360 degrees by ship speed and rudder

angle using two engines and two rudders (on-13, Nov.
2009)
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Fig.15 Drift angle while turning by ship speed and rudder angle

using two engines and two rudders (on 13, Nov. 2009)
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Table6 Ratio between one engine and two engines

Rudder . Speed :
Class of angle Turning direction DL Time for deduction Drift
ship speed (de gree) 9 turning  rate while angle
g turning
10 Same side 1.51 1.87 4.53 0.53
Opposite side 0.64 0.89 5.10 1.1
Same side 1.37 1.63 0.83 0.75
DS/H 20 Oppositeside  0.78  1.13 187 099
30 Same side 1.28 1.60 1.16 0.73
Opposite side 0.80 1.17 1.41 0.97
10 Same side 1.54 1.86 177 0.72
Opposite side 0.68 0.80 3.18 1.34
Same side 1.27 1.51 1.07 0.78
S 20 Oppositeside  0.86  1.14 143 110
30 Same side 1.18 1.47 0.89 0.78
Opposite side 0.82 1.16 1.28 0.83
(1) DL
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Fig.16 Ratio of D/L between one engine and two engines
by ship speed and rudder angle
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Fig.17 Ratio of speed deduction rate while turning between one
engine and two engines by ship speed and rudder angle
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Fig.19 Ratio of drift angle while turning between one engine
and two engines by ship speed and rudder angle
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Table7 Ratio between one rudder and two rudders

Rudder Speed
angle Turning DL Timefor deduction Drift angle
9 direction turning rate while 9
{degree) turning
Same side 1.55 1.56 0.77 0.65
10
Opposite side 1.21 1.18 0.72 0.80
2 Same side 1.30 1.30 1.00 0.81
Opposite side 1.21 1.14 0.92 0.82
a0 Same side 1.49 1.49 0.98 0.81
Opposite side 1.25 1.13 0.89 0.87
(1) b/L
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Fig.20 Ratio of D/L between one rudder and two rudders
by rudder angle
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Fig.21 Ratio of speed deduction rate while turning between one

rudder and two rudders by rudder angle
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Fig.22 Ratio of time for turning 360 degrees between one
rudder and two rudders by rudder angle
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Fig.23 Ratio of drift angle while turning between one
rudder and two rudders by rudder angle
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