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Abstract

Full-scale ship trials at actual seas are carried out using a training ship Seiun-maru. The training ship is
equipped with a data processing system using local area network with which many kinds of data such as ship
speed, rudder angle, propeller revolution, wind, current, and waves etc. can be collected and stored as a set of
data file easily.

Collected data are analyzed from viewpoints of ship manoeuvrability under external forces, long-term ship
propulsion performance quality, crews work efficiency and comfortableness and maneouvring motion in harbor.

On manoeuvring motion under external forces, validity of wind and current data are confirmed and
manoeuvring motion in wind and current can be estimated by simulation under consideration of the effects of
these external forces. On long-term ship performance quality, relations between external effects and
propulsive quality are demonstrated by analysis of long-term global voyage data. Moreover, present evaluation
procedure for long-tem ship performance quality introduced by authors is confirmed to be effective and new
estimation technique is also proposed. On crews work efficiency and comfortableness, subjective evaluation is
carried out through questionnaires. The results of questionnaire are compared with measured acceleration
data and relations between them are investigated. On manoeuvring motion in harbor, simulation model used in
this paper is confirmed to be effective to estimate the motion in harbor.

All reported here in this paper indicate that data collected through the training ships information processing
system using local area network is very useful and effective for researches on operational performances of
ships at actual seas.
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Table 2.1 Principal dimensions of

a training ship
Item Ship Model
Length: L(m) 105.00 4.2900
Breadth: B(m) 17.90 0.7313
Draft: d(m) 5.96 0.2435
trim(m) 0.0 0.0
leb(%L aft from midship) 2.14 2.14
Displacement(ton) 5827.0 0.3870
Prop. diameter: D(m) 470 0.1859
Prop. pitch: P(m) 494 0.2060
F’/Dp 1.05 1.1079
Prop. ex. area ratio 0.65 061
Prop. brade number 4 4
Rudder area: Ag(m2) 10.03 0.0223
Ag/Ld 1/65.9 1/46.8
Rudder aspect ratio: A 1.8650 1.4694
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Fig. 3.a Automatically measured wind
direcitons and interpolated wave
directions using obeserved data
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Table 4.1 Effective number of data

measured in T.S. Seiunmaru voyage.

Kind of voyage Effective number of data
round-the-world; 1998 4867
round-the-world; 1999 2110
around Japan 1812
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Fig. 4.1 Effective measurement
positions through the round-
the-world voyage in 1998.



# LRI K EMAREE HE B35 (FRIE) REEE 43

WA = L Sy S i s s e H\; [m]
-1 v‘——wml 5 P - C.‘r\B"‘"‘ {'5—\ B A
i ﬁ; iy P: ~r€\“"'"' i 1 o
< =L PSR R T
<3 g@i T~ L&
¥ B o 8 P
}.( R i g ISR
e T 2
Rt EEE SERIAE R S R o A G St o S A e e e i B e A 1
=5 = Ea
Fig. 4.2 Effective measurement V, [m/s]
positions through the round- 20
the-world voyage in 1999.

7 P H J
i Yo O, - y_‘\/’
g 3’5’:’
VL‘
F [I/hr] 10
i 1500 hv'“'ﬁ'NO
\
. . 1000 o
Fig. 4.3 Effective measurement : ]
positions of the voyages around 500 _ P g [PS]
from 1998 to 1999. 0 gt e 1310000
Japan from 0 w% \ ':~
. 5000
ST NN B S S
0 500 1000 1500
Time [hr]

Fig. 4.4 Effective measurement data
through the round-the-world voyage
in 1998:(top to bottom)
significant wave height H,;,
encounter mean wave period 7%,
true wind speed V', true wind
direction Dy, currents speed to the
aft V', ship speed V, fuel oil
consumption F and main engine
power in BHP Ps.
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Fig. 4.5 Effective measurement data
through the round-the-world voyage
in 1999:(top to bottom)
significant wave height H 3,
encounter mean wave period 7,
true wind speed 1y, true wind
direction Dy, currents speed to the
aft Vo, ship speed V, fuel oil
consumption F and main engine
power in BHP Ps.

(192)

H,/; [m]

To (s]
120

| 110
V, [m/s]

c

v [knot]

F [l/hr] 10

1500
1000
500

4 .

aaaliesg

Py [PS]
PEEE U B S R U S W ST Y :10000

Ww
o

Hs000

[T Y VI g_ET T T
-
-

P

..l....l..l.fo
5000 10000 15000
Time [hr]

o

Fig. 4.6 Effective measurement data
of the voyages around Japan from
1998 to 1999:(top to hottom)
significant wave height H,,
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consumption F/ and main engine
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Fig. 4.11 P.D.F. of ship speed
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voyage in 1999.
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Fig. 4.12 P.D.F. of ship speed
in actual seas;voyages around
Japan from 1998 to 1999.
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Fig. 4.13 P.D.F. of fuel oil
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Fig. 4.15 P.D.F. of fuel oil
consumption in actual seas;

voyages around Japan from
1998 to 1999.
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Fig. 4.16 P.D.F. of main engine
power in actual seas;round-

the-world voyage in 1998.

(196)

P(Paxp) [1/PS]
0.002

0.001

0 ”..L.ﬁ‘q
4000 6000 10000

---#-- P.D.F. (voyage data) Poue [PS]
P.D.F. (estimated)
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DTH D,

Table 5.1 Questionnaire(1/2)

[ D BB RTB7 >~ M ER (1/2

oA, HREFIBICRALTLAESAER /2 & 4% ®h
BRELESRBEHOHDOTT,

—EETTRALEE Y,

BANMIE. MER (/) ERMLHOTHAL. 122y IV THZy I F—L4
THRMBTT.

TEHMTTAIHOEBRVELET.

BBAET ( ) B-x ( ) &
w1 OME L, ¥E)
wnM2 BEEORKE

( ) %A

BM3 BUBESTRIRVICRNHLLBCET,,
Q&Y Q#\HE  OBE  @PeHL OHL
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7oy — FREIR. EEP2~3mbl Eick o 7k
WOEEEMT 2 L) ICHEEANICHKEL 72, ZDHRE.
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EOHFE, {7iE. BEBRG I Table 53108 T EE
D TH5, REDINIMICHNT 2HOtHEATHY .
145 1 ARSI 0B Z . 60 XA RM O A% .
230 R EERDBEZ ZNFNET, kB, 3RE
ELARE IR DA —EL T,

Table 5.2 Questionnaire(1/2)
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I [ ]
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Table 5.3 Data and time (SMT),
position and wave conditions

wind wave swell

ship [ encoun

position speed | height | period | height | period | *°F

® | @ | Ged | m | (sed *(’;‘js

date | time

1st | 6.27 . off California 17.5 1 4 4 12 145
-30 [L

13:00 | the Caribbean 4 5
-30 Sea

13:00 the Indian -
‘30 Ocenn 195 1 4 4 8 20

2nd | 7.11 16.5 1 4 60

8rd | 8.13

5.3 BEEEDERELUVHER

Tryr—tRAIEZEDEE IO ZOBBEOBES
Table 5.4 IZ78 T, FHEMITLAET262K. FHE
DATIBIKTH B, #HEI1Z% 232008, —FA310
RTHH, ZOFEHIZ208ETH o7, BEDEM
FEIZ, BHEBIZ0~40FEICDH L, FHTI65ET
Hotz, FEIZ, IFEAEDI~NW0HTHH -,

5.4 FEMLEY LM
5.4.1 BEEBROEFEF

(1) &

7 v — b EE R OB T X 2 3 £ (Table 5.2
1) DIFHE % Table 551289, 1. 3EHIZHTEMA
BORHEEIHARBHREDIB G EEU T7205, 2[H
HBIZETTIEH 208 DEMTH -7, Friz, 20
HoRZE T3, 40U EOBRMAE D S £52% 28 1@
HEHNRLS RV i3 "OE W, ZEZEL T,
%R 9 Table 510 TR 2 &, 2B 77—+ 3
BRONMEEI ML D b RE VLD, 2D Lah
FORBEOGRIHELrEZLbDEEIZ OGNS,

Table 5.5 Average ranking of physical condition

Table 5.4 Number of answers for the questionnaire

male | female total

crew 59 0 59
students 116 24 140
total 175 24 199

total crew students
1st 2.54 2.36 2.61
2nd 2.88 2.96 2.85
3rd 2.75 2.40 2.89
(2) HBEHR

fE LS S o $ % B 28Rz, Table 5.1 DF%
F3Icx T 20~BDEEZZDE EF1H~5HE L
THEE L7z, ZO&EEHEIL, %IRRT Table 5.2 D
B OVTHHAKTH D, REIFVIFEEL
(RWEG, FEMPE2H) I L2ERL T3,
Z DR, ML S S OFSHEIFEHEH32.86,
FED296(BREHIZIFA—) LD, BEREIZ
EHinlkdot, FEL, BHEIZ 'O, 12%<
AL TODICRL, 2E1E TOfv ~ T@P
PO, FTRERICOA L TOEmBEL ST
Wh, BE. AL HHE v HAFHGith. E
MEEPETRZOREICENH S EEZONBH,
BEZIHETH L o, SHEIzEOHRGIC
frzZ kit
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BEHR 1< f 37 % ZFAfi 4 (Table 5.2 %[5 2) O F %
Table 5.6 (2R, 1[EHDAEME DS HFHHED
INE o ledi 2 NBRRIZFEE O FIEHEIN
ots, FHEREMHEVSZERZIZOoNT, KB
HNd kI iIchksEAPHBICHE TS, 2,
HOAVBRBEIMEC LR T wizdtEZoN 3,

Table 5.6 Average ranking of sleep

total crew students
1st 2.10 2.03 2.13
2nd 2.06 2.13 2.04
3rd 1.99 2.02 1.99
@ BrolkoX

o (k@ 3K (Table 5.2 3 3) 12Tt IRA#H
DB GV BN Aol FHE EEE R
T2E FEDAVRHAL COREAVE» /-
QHEE : FEHEB1.7%. FH43% 2 ). B
TAHDLE, THEDOHAPRAL T3 E A E»-o 1
CHHE @ ZEBHE17%. FEZHE16.7% % &),
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5.4.2 fFEMEFY.LH

(1) Hf7

$47 O W (Table 5.2 3% 4A) D F il % Table
57T, 2R LTwARLY, Biiloh
RTHBE, BHEOAW OFTHHELTTE S
WRE»-oQHE @ EABME226%. FAHELM
83% 7% &), NI NPHEEENOAERIILS D
DEEZOND,

Table 5.7 Average ranking of difficulty in walking

total crew students
1st 1.18 1.19 1.17
2nd 1.99 2.02 1.98
3rd 1.41 1.20 1.49

(2) i

50 O F#EFE (Table 5.2 8% 4C) O ¥l % Table
580K T, EMMICEEDOHTEME X b EILRE
ha@EetEaTh oz, BLITHRS L, DK
PRI NDE T E o 7o, HUSIRE) L CTFasE Y
HwioaxXxy b —FIcHomZ Lo, BATIC
L BHENKREDPHLIENEIOND,

Table 5.8 Average ranking of difficulty in writing

total crew students
1st 1.21 1.23 1.21
2nd 1.68 1.85 1.62
3rd 1.33 1.41 1.30

3) f1EXEM
EEEERIZOVTIE, BRI TENALCS
WEEBSHZ L EERU SN ED) EwIHTETORE
filfi % 3 A 7z (Table 5.2 3%f14B), AL & - THEEN
KRB DL -ORMAHEZT T L i, fIFIC
% A HfEHIZ, 1FH  10~30%. 2[H © 30
~50%. 3laH 1 30~50% £ %> T3,

4 =

57 DX (Table 5.2 3% 4D) O-F-¥ffi % Table 5.9
WA, 2HEHO 7y r— T3 FAE LD HEHE D
HOBUEDS K E vy, Z4id Table 551278 L 72 {4 #H
OB AFHI B LT3, Bz, 40D Lo A
DR TIE64% DS (DELAMEREIZTE S, (dftH

WTERG), TBOMEEL 7 ZEEL ok, 7.

LAEEITOWTIE, 2. 3EET T@PRE,,
DEL% < QEH: 45.8%. 3EH : 50.0%). R
BWEMmol-Z s, BAZENKEVLITH S,

Table 5.9 Average ranking of motion sickness

total crew students
1st 1.55 1.50 1.58
2nd 2.33 2.39 2.31
3rd 1.92 1.58 2.05

nE, BolkoEERALEZ. & (O
o TOEMH L IO BEREBIIZH 5T
(FEFi133:1), B LR TWL(EEREL Tw3)HES
ErRAT2b0TH 225, BRANLHREL &,
EOMBOEEIZ L > THERIT»PNILLDEEZ
55,

(5) EXMPMBrVICHELE 2 2HF
EEEPHBCICEE R 5 Z 2R I2O0 T,
DITo &S ZBHESET N,
- FEE 154
- BEIRT 2 174
- BERH 54
c BEOBT 34
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- KERRE 74
CRER 74
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MU AT T OB RN T OBRE 2 57 ED3d > 72,
L EDPSEBELI aX Y b hdotz, -,
401V LT E X, IBNL W LR - JaH
Bl R2EAEE» >, LA L, BRIZ 2 CE
NTwB LI TH-7,

5.5 MREOFRER

RRRFICE 27 7 — bRBHETD> S 3HEOE)
EOREE 230 L 72, v 7Y v VR 20Hz
T, 17— ORI 2000 TH 5, TR
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ICEEDRL 72, AUl CHMIL 2T =2 32T
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Acceleration(G)

2234 5:48 1337 21:22 539 13:57
71 2 7ma

Time(JST)

Fig. 5.1 RMS of acceleration (7/11-13)

FHll R b FidL 7 7 A O ERhE (RMS) OB
FH% Fig. 5.1ISR T, KPR TR T 28551
Al cE Rl L E2RT, T, MEEDOHHA
XD AE., yHIEAAE, 225 E R AR (T RT
B EEER)THD, kB, LT MEEIZBosn
Store(Fr. No.138). §i#% - 72 A & L |3 Elect. Equip. Room
(Training Bridge # % (Fr. No.99) D# 5 Cat#l L 7=,
F 7. BINEEE ERNE O T E% Table 5.10 12779,

Table 5.10 RMS of acceleration

date z-comp. | X-comp. | y-comp.

6/28 0.036 0.011 0.026
7/11-12 0.125 0.036 0.033
8/13-15 0.056 0.016 0.024

5.6 MEERMELTS - KFLDOBIFR

AIfT ISR U 72 IR EE RN E O T E & 5o - 3
EDBRICOWT, KIERMOBAY L FARIC %
fT> 7, Fig. 5.2 & Fig. 5.3 (3 MEEFEMNMAE L A,
K[ADOVFHELE OBFREZNZFNR L. Fig. 54 &
Fig. 5.5 (3N EERHE & (A, [ooE E ol%
FZNEFNRL TS, B, 2 THWMEE
FEIE. FHBE S 7 vy — FAEEEE TO
F¥T. EVAROARER G, F I SER
D EFHEE F Vi,

F—=Y RV OB ZNZFNOHBEZ RO TR S &
#, [ROOFHETHIIGE, BEHEEOEFHE D
FB913 0.823(Fig. 5.2). X% & DAHEIZ 0.905(Fig. 5.3)
LD, PRDEWEER LY, kB, BEHEBEOATIE
R, Ao SHHED000E o 7-hs, T DFRIZFRER
BERZEHBORUAVPLEL TwE b LEb 3,
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RESHEBV NSO (RADPD ETHRESCRV),

BEOBMBZEITEFTALZHAVTVLARMS, I 2
TIRZFDETFNLICODOTUTFICHRR 3,

Mokt ES) H . Fig 6.1 DEESR% & bR
TET,

mu—-vry=X
m(v+ur)=Y (6.1)
I.F=N

Xo

Fig. 6.1 Coordinate System

2T, midMhoHR, [ 3moEte— x>
by us v rIZROBELOEEHEZERLTWVLS, %
Too FHOIEMAEICEBCRENZRLTED. XD &
ILRING,

X=X+ X, + X, +X,
Y=Y,+Y,+Y, +1, (6.2)
N=N,+N,+N, +N,

SICHRAFH. R, P.W., TxfFLE
FENZFNEMEICE CTE N, SEHE L OEEIC
L0 EMAFICEREINIA, 7T, K
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R ICER SN MENELL TS,
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THERTL S N D% EU THREELEE R
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LHERTREL TWw5, 8. X 3MmvEHHEE
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Xy=Xy,—mu

Y,=Y,,—-my—mur

N, =Ny =YXy —J o7

X, =(p/2)LdU* -
{X(; + X‘,,VVIMZ +(m, + X, )V, 7y
+ X5+ X

Yo =(p/2)LdU? -
GRS /RS SRS (R
+1n
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