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It is very important for a navigator on bridge to know the maneuverability of his ship sufficiently at
sea. Generally, the data of a turning circle test have long been used to study and evaluate the maneu-
verability of a ship. But referring only the data of the turning circle test method, he can not evaluate
his ship’s maneuvering characteristics sufficiently. )

So nowaday the test method added Z test to turning circle test for more detail references is con-
sidered to be desirable.

In this paper, the authors performed PAL test and Z test together in order to study the maneuver-
ability of M.S. Pusan 403, training ship of the National Fisheries University of Pusan.

According to the results of PAL test, the rudder effect in port rudder angle of the M.S. Pusan 403
was found to be more effective than that in starboard one, because her changing amounts of angular

velocity, turning radius and tangent speed in port rudder angles were found to be larger than those of

them in starboard rudder one in unsymmetry.

The relation between her drift angle(8) and rudder angle (8) was found to be changing with
B=0.64 & in direct proportion., As it appeared that her calculated K’-values were smaller than the stan-
dard K’-values of different kinds of ships in accordance with her Z test, her turning ability was

found to be lower.

The running distance of a turn in her 10° Z test was about 8.3 times her own length and was found

not to be exceeded the standard maneuvering distance, therefore she was considered to have good ma-

neuverabilities synthetically.
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Table 1. Principal particulars of experi-
mental ship

Name of ship
Kind of ship
LOA

B. Md

D. Md

Draft

Gross tonnage
Main engine

Max. speed

M. S. Pusan 403
Training ship

43.15m

7.00m

3.25m

F. 1.90m, A. 3.40m
243.73 ton

1000 ps/665 rpm

11. 8 Kts.

Table 2. Trial condition of experimental
ship and the sea

Trial area

Depth

Wind force

Wind direction

Speed of tide
Direction of tide

Sea state

Distance between PAL
Bearing of PAL
Entry speed of ship
Entry direction of ship

Ship’s Draft
Position of observation
Ship’s displacement

Wando harbor

28m

2 (Beaufort wind scale)
SW

1.5 Kts

SE

2

50m

157°

5.9m/sec (¥pm 665)
+X Entry (PAL test)
300° (Z test)

F. 1.96m, A. 3.80m
Bridge

480 tons
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Table 3. Numerical values measured from PAL test of experimental ship.

+X=4l, B 10°

71 &u}r9 @ 157°

7 8 9 10 11 12 13

i 1 2 3 4 5 6

t 0 9 113 124 226 236
4 247 252 431 459 579 599
a 0 50 50 ¢ 0 50

338 349 453 463 563 573 679
806 824 935 953 1164 1187 1280
5 0 0 50 50 0 0
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i 1 2 3 4 5 6 7 8 9 10 11 12 13
t 0 10 52 67 109 125 168 184 227 242 287 305 348
7] 247 261 428 470 582 612 801 836 936 970 1167 1207 1300
0 50 50 0 0 50 50 0 0 50 50 0 0
+ X A9, el 30°, 7&ukY o 1570
H 1 2 3 4 5 6 7 8 9 10 11 12 13
t 0 11 45 63 96 113 150 166 200 216 252 269 304
g 247 261 420 480 597 619 797 826 936 975 1168 1193 1313
a 0 50 50 0 0 50 50 0 0 50 50 0 0
— X A], b 10°, F1FEuHH 1570
1 1 2 3 4 5 6 7 8 9 10 11 12 13
t 0 9 97 110 200 212 301 313 400 411 502 514 598
67 62 ~102 —119 -—283 —295 -—455 —471 —637 -—661 —8l14 —836 -—987
50 0 0 50 50 0 0 50 50 0 0 50 50
- X A4, g2 20°, 7]&9S] - 157°
1 1 2 3 4 5 6 7 8 9 10 11 12 13
t 0 9 51 64 105 118 163 176 218 232 275 289 333
67 59 ~82 ~121 —268 —290 —440 —473 —-628 —660 -—799 —841 -—993
50 0 0 50 50 0 0 50 50 0 0 50 50
— X A4, At 30°, Z1Es : 157°
H 1 2 3 4 5 6 7 8 9 10 11 12 13
t 0 10 45 61 92 108 142 157 190 204 237 251 286
[/ 67 59 ~-73 —120 —248 -—300 -—450 —461 ~623 -~651 —801 —821 —1001
a 50 0 0 50 50 0 0 50 50 0 0 50 50
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Fig.5. Relation between rudder angle and angular

velocity.

radius.

Fig.6. Relation between rudder angle and turning
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Table 4. Numerical values measured from Z test of experimental ship.

10° Z Test

30 35

~1
(51}

45 50 55 60 65 70 80

s.h 300 295 288

s.h 298 305 313
p.t.p t1 ts ts ta ts ts t?
t.i 4 14 17.5 20 21 32.5 38

283 287 294 304 314
t 85 90 95 100 105 110 115 120
315 311 303 299 298

317 215 307 301 292 284 285 290

to tig tn ti2 ti3 tig tis
45 59 66 70 72 73 86
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20° Z Test
t 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
s.h 298 287 272 261 264 270 289 305 322 335 337 330 318 302 285 268
t 85 90 95 100 105
s.h 259 263 276 288 304
p.t.p t1 ta t3 ts ts te ty ts to tio ti T12 ti3 tis t1s tis
t. i 5 12 17.5 21 23 39 44 50 55 55 71 76 81.5 85 87 104
30° Z Test
t 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
s.h 293 285 265 234 234 238 256 276 300 319 340 356 358 348 330 308
t 85 90 95 100 105 110 115 120 125
s.h 286 260 247 242 250 265 285 306 327
p.t.p t1 ty ts ts ts te tz ts ty tip tiy ti2 tis tie tis tis
t.i 6 13 20.5 25 28 45 53 59 63 65 82 88 95 100 103 120

Table 5. Calculated maneuvering indices K, T and K’, T’ of experimental ship.

10° Z test 20° Z test 30° Z test

K T K, T K T K/ T K T K’ T

0.167 4 1.187 0.563 0.170 6.2 1.208 0.872 0.152 5 1.081 0.703
K'=Kx(L/V), T'=Tx(V/L)
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