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On Measurements of Transfer Functions Related to the
Fishing Training Ship ‘‘ Hokusei Maru”’

Teruo SATO and Noritatsu SANO

Abstract

Many research works concerned with the steering characteristics of ships have
been published already from the point of view of naval architectural engineering.
Transfer functions method denoting steering characteristics of ships have been
widely adopted in the above works, too, because steering characteristics can be
determined by measuring the transfer function of ships as if the individual coef-
ficients of the differential equation expressing the dynamic of ship were not clear.
By the use of this transfer functions method this work was undertaken
to measure the steering characteristies of the fishing training ship ‘‘Hokusei Maru®
whose excellent steering characteristics are required by reason of her quick and
complicational steering operation in the fishing grounds. Main results obtained
are as follows.
1) The value of dynamic stability on course ‘‘ 7'’ is better for steering angle
10° than other angles.
2) The value of quick responsibility ‘K" is better for steering angle 15° than
other angles. )
3) The steering quality is given optimum with steering angle 15°.
4) Wind force and wave foree have no effect on steering quality indices K and 7.
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Table 1. Particular sheet of ‘‘Hokusei Maru’’

Length overall (1..0.A) 37.6m
Length (registered) 33.0m
Breadth (mld) 6.8m
Depth (mld) 34m
Draft (mld) 2.6m
Gross tonnage 22161 T
Net tonnage 95.87T
Designed max. speed 11.09Kts
Sea speed 9.4 Kts

Main engine

Diesel engine T-6V single motion 450 BHP, 350 R/Min. 6 cylinder

Steering engine

Kawasaki Hele-Shaw pump 1.5 HP

Rudder Balanced side plate rudder
Rudder area 2.523 m*

Serew Variable pitch propeller
Compass Sperry Gyro Compass MK.E 1

ET3EERLIIES o0, BREFOEZEERIZOWTIE, B89 OMENH DAIARE CIXERELT 57
HEFEE D EEREBIIRA T—F L KE L1

REA TS Z-EMRBRITIE, BEA 5°, 10°, 16°, 20° k1T 2REETL FHICE L 2or
ORERER %Y Table 2 1277, HFEMAIE rudder head angle indiecator & & L 7> helm indicator
DHEETE2, REEHEES gyro compass DML stop watch TREE 2 HIE LR, KL EEL
helm indicator TRENBEALEZ, FTOHFMA telemotor R F LT steering motor »#eBiX
F 50 OFRMERFEMAENEZEL, steering motor H1/E8) L T rudder head angle indicator
HENRL, EOAEL RO rudder angle indicator TIHRRXNL5 ¥ TR/ BhAH B, D
R E T 2R EM U FEE% Table 8 RO L7z, Z OMBICITREHII BT 5 AEES
¥HeSh, telemotor R¥EET AR TRVAXAVERTH S, REFZEESA DA NIBIRE
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Ship’s motion due to Kempf's zig-zag test at various helm angles
Ordered helm angle 5°, co. 160°, speed 9.4 knot (blade angle
13.8°, 305rpm), wind speed NE 10 m/s, Nov. 3, 1963

Ordered helm angle 10°, co. 170°, speed 9.4 knot (blade angle
18.8°, 300 rpm), wind speed ENE 2m/s, Nov. 12, 1963

Ordered helm angle 15°, co. 170°, speed 9.4 knot (blade angle
13.8°, 8300rpm), wind speed ENE 2m/s, Nov. 12, 1963
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Table 2. Measured ship motion data on Kempf’s zig-zag test
1) Ordered helm angle 5°

& X

K E & #®

XV, 8

Date Nov. 3 ’63 Nov. 4 63 Nov. 12 ’63 Nov. 18 ’63 Nov. 14 ’63
Position | 130, G5 R 5w 151 94 B 150 00K 153 40E
tndex | Tm | e | Time | coume | Time | Gt | Time | o | Time | coume
(deg) (deg) (deg) (deg) (deg)
t 2.5 1.5 2.1 1.5 1.4
ts 11.0 8.2 8.5 12.4 11.0
ts 13.8 11.8 11.2 14.8 14.1
tie, 01 | 19.5| +8 13.8| +8 195, +10 | 19.8| +8 17.8| +7
two | 39.0 32.0 41.5 36.5 34.4
t 45.5 4.7 65.5 47.6 42.3
ts 49.0 15.5 69.0 51.8 45.0
tuer Ors | 55.0 | —9 485 —9 72.1| —6 5.2 —7 a7 -7
two | 67.5 59.4 7.0 62.4 58.2
o 73.5 63.5 83.1 69.0 65.6
t; 76.5 66.4 88°0 72.4 69.3
tser Ore | 82.5| +9 73.4| +9 93.0| +11 | 76.3| +8 78.1| +9
two | 100.5 88.5 119.2 91.8 88.6
ts 108.5 96.0 132.0 105.0 95.4
to 112.5 98.8 136.5 108.5 98.8
te,Oic | 116.5| —7 | 105.5| —6 | 189.4| —6 | 111.4| —7 | 108.2| —T
too | 126.5 112.5 144.3 116.8 112.8
to | 133.8 117.4 149.0 123.2 121.1
ty | 136.8 120.0 151.8 126.2 124.5
te, Ose | 142.6| +9 | 128.5| +10 | 161.1| +11.5 128.8 | +9.5| 120.4 | -+9.5
two | 165.0 147.0 189.3 152.0 145.0
te | 175.0 156.5 207.6 162.6 156.2
ammd | NE ENE ENE NNW NW
Wind
speed 10 10 2 1 5
(m/s)
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Table 2. Measured ship motion data on Kempf’s zig-zag test
2) Ordered helm angle 10°
Date Nov. 4 ’63 Nov. 12 ’63 Nov. 13 ’63
Position Ve 15124 B 153°-09'E
mdex | 1M coume | Tme | gomo | Tme | O
(deg) (deg) (deg)
t; 2.0 2.8 2.8
te - 15.0 11.4 12.2
3 19.0 16.4 16.0
ties Ore -21.4 +21 20.8 +18 20.2 +17.5
ti00 40.0 40.5 36.5
ts 47.2 50.3 44.3
ts 51.2 54.3 47.5
tes Oze 53.7 ~14 57.2 —15 51.3 ~15
t200 68.5 68.4 61.9
ts 74.7 73.5 67.4
t 78.5 77.4 71.5
taes Oae 83.2 +17 81.9 +17 75.2 +17.5
ta00 100.0 "102.8 92.7
ts 107.6 111.0 101.5
s 111.5 114.9 106.0
taes Oie 113.8 ~-19 118.8 —-16 109.0 —15.5
ts00 128 .4 129.0 119.8
t1o 134.8 134.2 125.8
281 138.9 137.9 130.0
tses Ose 142.2 +18 141:8 +18 134.3 +17
500 162.0 163.0 150.0
t12 169.0 170.9 158.4
diveind ) ENE ENE ENE
Wind
speed \ 10 2 1
(m/s)
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Table 2. Measured ship motion data on Kempf’'s zig-zag test

3) Ordered helm angle 15°

Date Nov. 8 63 Nov. 12 63 Nov. 13 ’63 Nov. 14 ’63
Position 12321?{:1}3 152008 155° 00 R 155° 408
dex | TS | G | Time | oume | Tms | ol | Tme | Cond
(deg) (deg) (deg) (deg)
t 2.8 3.6 3.4 2.8
t 15.5 1.2 12.3 12.0
ts 20.5 16.4 17.9 17.4
tres O1o 23.2 | +2 2.6 | +27 2.8 | +25 20.4 | +24
tioo 39.0 87.8 88.0 85.8
t 47.7 45.4 46.4 43.0
s 53.8 51.1 51.7 48.5
tae, Ose 57.2 —25 53.0 —23 54.6 | -—23 52.6 —23
tano 70.3 64.4 66.8 63.5
ts 71.1 71.0 73.0 71.5
t: 83.0 76.5 79.2 76.5
taes Ose 8.2 | +25 80.8 | +26 82.4 | +25 80.2 | +23
ta00 101.8 98.4 97.6 94.9
ts 111.0 107.2 104.9 102.8
to 116.4 112.4 110.4 108.6
tus Ose | 119.6 | —22 15.2 | —22 112.8 | —22 11.3 | -—28
ts00 130.0 126.4 124.3 124.8
to 137.8 133.2 130.9 182.1
ty 145.2 138.4 186.5 137.6
te) Ose | 145.5 | +24 1485 | +27 139.8 | +26 139.8 | +24
tsoo 162.8 160.6 156.7 156.3
tre 171.0 167.9 165.2 164.0
gimnd NW ENE NNW NW
Wind
speed 5 2 1 5
(m/s)
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Table 2. Measured ship motion data on Kempf’s zig-zag test
4) Ordered helm angle 20°

Date Nov. 9 63 Date Nov. 9 ’63
sps 15°-52'N . 15°-62'N
Position 147°-50E Position 147°-E0' E
: Actual . Actual
Index %‘;’;‘3 course Index ?5;25 course
(deg) (deg)
t 2.9 . taoo 94.0
te - 11.0 ts 112.5
ts 18.0 1 120.3
tu, 016 22.0 +35 tle, Bu 120.5 "31
t100 38.3 tco 133.8
e 46.3 t10 141.5
ts 52.5 ti 149.5
tae, Oze 58.3 —31 tse, Ose 153.0 +35
t200 68.0 tsao 167.8
ts 76.8 tz 176.0
b 84.0 Wind direction ENE
tae, Ose 89.8 +35
Wind speed (m/s) 6

Table 8. Time lag data due to transmit the ordered helm angle between helm
indicator, rudder head angle indicator and rudder angle indicator

Ordered helm Helm indicator Rudder head angle Rudder angle

angle (deg) (sec) indicator (sec) | indicator (sec)
' Time lag (sec) Time lag (sec)

5 1.8 1.4 3.2 0.6 3.8
10 2.5 0.8 3.3 0.5 3.8
15 3.2 0.6 3.8 1.4 5.2
20 3.7 0.8 4.5 1.3 5.8

—- External force
v by sea
.
__.,9‘ IQuarter 8o Steer € ) soxuse e dyro _.GL_.
Master Engine Maru » Conpass

Fig. 8. Block diagram for measure to transfer function of the steering maneuvering system
0:: desired course; J.: ordered helm angle; 4: actual helm angle; A;: helm indicator;
Ag: rudder head angle indicator; Ai: rudder angle indicator; 4: turning angular velo-
city of ship; &: actual course; 6,-0: deviation from ship course of zig-zag test
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Kempf’s zig-zag test
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