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A Study on the Turning Ability of Twin-engine, Twin—propellerz,
and Twin-rudder Ship “KAKUYO MARU”

Hisao KaneHaRA, Jun UcHipa, Takashi Aosumva, Tsukasa Kinosmrta, Akari Smivapa and Hisaaki Takavama

We made the turning trial of "KAKUYO MARU", which was equipped with two engines, two
propellers and two rudders, to find out the steady turning diameter, the turning time and the
turning speed reduction ratio.

The results of trial are stated below.

1) The size of steady turning diameter depended on the rudder angle and was little affected by
the turning speed.

2) The ratio of the steady turning diameter to the ship length between perpendiculars (D/L) was
inversely proportional to the rudder angle, and its regression formula was expressed as y=
20.361x 1%,

3) The turning time was inversely proportional to the rudder angle and the turning speed, and
its regression formula at 10 degrees of rudder angle was expressed as v =453.17x %™,

4) The turning speed reduction ratio changed in proportion to the rudder angle and was almost
constant even though the turning speed changed.

5) In comparing the measured D/L values by turning speed and rudder angle with Sugihara's
nomogram values, the error between measured values and nomogram values was 13.6% at
most. Accordingly, Sugihara's nomogram can be applied to a twin-engine, twin-propeller, and
twin-rudder ship also.

6) As for the effect of ship's bottom fouling on the turning diameter, the steady turning
diameter varied inversely with the period elapsed from the last bottom cleaning in a dock, and

its regression formula at 10 and 20 degrees of rudder angle were expressed as Vi =

—0.6313x%—0.7471 x +394.8 and yax =—0.6529%"+4.2921x +189.4 respectively.
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Table 1. Principal particulars of “KAKUYO MARU”

Particulars ltems
Length over ali 42.79m
Length register 35.43m
Length between perpendiculars 34.50m
Breadth(molded) 7.00m
Depth(molded) 3.19m
Draft designed(molded) 250m
Gross tonnage 155ton

Main engine 1.050Kw(1,428PS) X 2

Propeller Fixed 5 blades X 2

Area of Rudder 1.28m?% 2
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Table 2. Nomogram factors of “KAKUYO MARU”

of Lop

d . «
oo | o | Gm | WO | @ | @ | VL | % [ W [t om K

S/H 85 144 0.162

10 HMH 108 183 0.193 0.88

F/H 143 248 0.241

S/H 85 144 0213
345 58 200 0518 0.033 26
20 H/H 108 183 0274 082

FH 143 243 0.359

S/H 86 146 0.265

0.67

HMH 1.0 187 0360
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Table 3. Time, area, and weather condition of turning
trial and number of trials

Time Area Averavs;;v:!:e::e(::rtvit;r)l & Number of trials
May 2006 Off Walimisak & Mie~ WSW 25 48
shikimi
November 2006 Off Fukuda & Nagasaki South 26 44
April 2007 Off Fukuda & Shikimi NW 87 64
. November 2007 Off Wakimisaki NE 92 38
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Table 4. Steady turning diameter, time of turning and speed
deduction ratio while turning (in May 2006)

Speed
Class of ship | Rudder angle f::::; Time for Initial ship deduction
speed (degree) " turning {sec) | speed (knot) ratio while
diameter (m) turning ()
i0 3781 456.9 5.3 96.4
DS/H
20 184.7 2583 5.5 830
10 3634 2614 8.9 93.7
S/H
20 1799 169.5 9.0 825
10 3758 2474 111 94.6
H/H
20 1893 1421 115 80.2
10 3905 169.0 147 958
F/H
20 2003 94.8 146 85.5
800
- -0.9533
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Fig. 3 Steady turning diameter by ship speed and rudder
angle (in May 2006 when 6 months after docking).
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Table 5. Steady turning diameter, time of turning and speed
deduction ratio while turning (in November 2006)

Class of ship Rudder anglo Steady turning | Time for turning | Initiel ship speed :z’;:;"u‘”;":’;
speed (degreo) diameter (m) (sec) (knot}
10 3154 4295 50 920
DS/H
20 166.1 2493 47 818
10 3177 2615 80 93
SMH 20 1496 1508 80 73
30 1104 1235 80 67.4
10 3169 2118 10.1 910
HH 20 1832 1204 100 75
30 s 1003 10.1 5.6
10 2073 1443 138 920
F/H
20 1673 %5 137 88
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Fig. 4 Steady turning diameter by the ship speed and

rudder angle (in November 2006 when 12 months
after docking)
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Table 6. Steady turning diameter, time of turning and speed
deduction ratio while turning (in April 2007)

Class of ship Ruddor angle | Steady turning | Time for tursing | Inital ship spaq | SPe°d deduction
) ratio while
speed (degree) diameter (m} (sec) (ot "
turning (%)
5 7170 869.0 53 956
DS/H 10 4243 4785 51 99
20 2184 2715 47 893
5 7312 563.0 9. 940
10 381.3 2005 90 938
s/ -
20 1873 166.0 89 827
30 1318 1383 89 694
5 710.7 4365 113 996
10 386.2 2345 13 380
HH

20 193.0 1350 13 810
30 1308 1125 13 683
5 7304 347.7 148 987
F/H 10 4113 1853 147 967
20 2003 1033 148 848
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Fig. 5 Steady turning diameter by ship speed and rudder
angle (in April 2007 when 2 months after docking)
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Table 7. Steady turning diameter, time of turning and speed
deduction ratio while turning (in November 2007)

Class of ship | Rudder engle | Steadytuming |  Time for widat ship [ Seeed
speed (degree) diameter (m) tumning (sec) speed (knot) while mr:i:: (;)
DS/H 30 1208 250 50 - 670

10 3902 2815 84 933
sM 20 1798 1695 83 825
30 ma3 1395 85 679
10 3494 2255 108 919
HH 20 1887 1370 108 528
30 1262 ms 108 665
1 3503 1735 143 541
F/H
20 1883 1033 144 816
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Fig. 6 Steady turnihg diameter by ship speed and rudder
angle (in November 2007 when 9 months after
docking)
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Table 8. Comparison between measured values and nomogram
calculation values over the “KAKUYO MARU™s ratio
of steady turning diameter to ship length (D/L)

Rudder angle (dogree) | Class of ship spesd Measurod D/ | Nomowrem ealeulation Ervor (%)

S/H 10.1 9.0 122

H/H 103 95 B4

F/H 10.5 100 50

S/H 5.9 136

20 H/H 58 103

FH 57 35

S/
30 T
H/H

38 53

36 28
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Table 9. Steady turning diameter, time for turning, and speed deduction ratio
while turning by rudder angle and months elapsed from docking

Class of ship speed DS/MH S/H H/H F/H DAL of
oo el Voo P ] o ] i el i el Il B
(dogree) () | (se0) | ratio () |"5CN] (sec) | ratio () U {sec) | ratio () [0 W™ (sec) | ratio (%)
5 2 |Apr-07| 7170 | 8690 | 956 | 737.2 | 563.0 | 940 | 7107 | 4365 | 996 | 7304 | 3477 | 987 209 | 209
2 | Apr-07] 4243 | 4785 99.1 381.3 [ 2005 | 938 | 3862 | 2345 | 880 | 4113 | 1853 96.7 1.8
10 6 [May-06| 378.1 | 456.9 964 | 3634 | 2674 937 | 3758 | 2474 | 946 390.5 | 169.0 958 109 07
9 | Nov-07 3402 | 2815 | 933 | 3494 | 2265 | 919 350.8 | 1735 941 15
12 | Nov-06| 315.1 | 4285 | 920 | 317.7 | 261.6 | 931 | 3169 | 2118 | 91.0 | 297.3 | 1443 | 920 90
2 Apr-07| 2184 | 277.5 89.3 187.3 | 1660 | 827 1930 | 1350 | 810 2003 | 1033 848 57
2 6 |May-06]| 184.7 | 258.3 83.0 187.7 | 2185 | 825§ 1893 | 1421 80.2 2003 | 948 85.5 55 19
9 [ Nov-07 ‘179.9 | 1605 | 825 1847 | 1370 | 828 188.3 | 103.3 816 40
12 |Nov-06| 156.1 | 2493 | 818 | 1496 | 1508 [ 77.3 | 1632 | 1204 [ 77.5 | 167.3 | 96.5 788 45
2 | Apr-07 131.8 | 1383 | 694 | 1308 | 1125 | 683 38
30 b |May05 35
9 | Nov-07] 1209 | 2250 67.0 1173 | 1395 | €7.9 1242 | 1115 | €65 35
12 [ Nov-06 1104 | 1235 | 674 | 1117 | 1003 | 656 32
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Table 10. Nomogram factors of “KOYO MARU”

Lpp (m) witon) d(m) Cb

a
(degree)

L

Vo Ve (/L)

35 715 2891 5.21 0.53

0.006

18 2.04 38.1 044 0.64

Nomogram calculation

Measured D/L D/L

Ervor (%)

265 3.03

12.56
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