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On an Experimental Studies on the Sea Keeping Qualities of Ship (1)
Three dimensional expression of power spectra for ship’s motions

Rihei KawasHiMa, Kiyoshi AMacat and Kiyoshi MAsupa

Abstract

This is an experimental study on the sea keeping qualities of fishing boat.
The main objective is to determine the statistical properties of the movements of
a ship due to ocean waves by measuring the movements of a full scale ship and
processing of the data. -

To measure the movements of a full scale ship, a special device which allows
5 degrees of freedom was devised by one of the authors.

For analysing the data, the method of statistical estimation of ship’s motions
was applied. This procedure is shown in Appendix I.

The results of the computations including the statistical distributions and
power spectra are shown in Figs. 6 and 7.

When the experiments were performed, the sea was in “State 3”.

The computations for power spectra were performed at the computor center
of Hokkaido Univemity, progremed by R. Kawashima. These are shown in
Appendix II. ’
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Table 1 Oshoro Maru (GT 1180, 64 tons)
Principal Dimension & Ship’s Condition in Experiment

Lpp 60.00m Draft F 2.50m
B 11.00m A 4.44m
D 5.40m M 3.47m
Displacement | 1378.85 tons Trim Moment 1559.19m-t
KMt 5.2800m | Water Plane Area | 524.00m?
KGt 4.2413m . | KM, . 84.50m
GMt ' 1.0387m GM, 80.26m
GGo 0.1260m | T, ' 5.20sec
GoM ) 0.9127m (0.1923 ¢/s)
Tt ‘ 9.3200sec | ’
(0.1073 ¢/s)
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Fig. 1. Oshoro Maru’s lines of the ship body

2. %ﬁ?ﬁh&&(}'ﬁﬂe}

A Ef4 4£1 816 H {7fE : 20.5°N, 142.0°E

ERUHOKRKR, W, KEB/y, EA NE, EH 7.5m/s, JEiR NE3, v49 NE1 Th-
7o

3. Emigm

FHAlizit Vertical Gyro (EIHZE AR 5 L OEED O— ADHRIC L 3 % — FHEOKFELE
BIRIFFEER 3 HRMEER 2B 0 2T, Yawing 2 <{ M0 5 2OE % RrFicfiEL, ~ &
$Avus S 7REGTE 55 BHERFES KR 2EAL:. EEO2E% Photo, 1 ITRT,

BLIIATOERERZIE, CORERS ERHEBIZY « 4 nZicE ., ZOELD S OMLEIR
Fig. 20@H Th 5,

— 346 —



1968] Miss @ WARDEHIEC ST (1)

Photo. 1. The apparatus for measuring the movements of the ship vertical gyro,
servo amplifier, stabilized plate, 3 elements acceleration pick-up, electric
wire strain gage, integrator and power amplifier 6 elements pen recorder.
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Fig. 2. Position of measuring apparatus Fig. 3. Relative angles of the ship’s head
and wave direction

4. GhmsE

4-(1) PR DR ()

WIRTOMEERDORRIL T X~ 4 ~OBEHILL > THVOMESS B LEZLNDD, AL
T AHAGE D P O—FRBUE & U TS FET 5 IO TR D Fim & My & Ot fa% % 4,
FNZE N0 U TR ES 2 G U foe U ERSIZIE, TR IO FR 2 RE T 5 2 ki IR
RS, RERTREMSIIES WP b, WEEMEHIN LD Fig 3105 T X
972 13 FIANC 22 BARATHE 0 2 1 % 30 BEfEAESE 3 B, K H M0z 2 X 5 M-S 28EL T5 HIED
R U7z, COHEEI A FHAM R Fig, 4 12557,

4-(2) R

TR IEDFH T 22 B A S X OF WL TR OO E RN & FIEEOBIMiz X 2 b DA LI,
FERDBLAD 5 K4 T 2 TOFATER IR SHEOLIE, B ISR OME 2 ORI A 120

— 347 —



K ok EE & IR

[XVIII, 4

Tig. 4. Typical short sections of the record of the movement of the ship
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Table 2 Maximum Value of Each Motion

| Rolling

Exp. No | Surging Swayving Heaving Pitching
1 0.0575g 0.0219¢g 0.0975g 4.30deg  6.20deg
2 0.0375 0.0244 0.0735 2.60 4.20
3 0.0419 0.0225 0.0831 3.40 5.60
4 0.0343 0.0262 0.0700 490 | 10.80
5 0.0406 0.1088 0.0637 2.90 5.50
6 0.0413 0.1094 0.0450 2.50 8.40
7 0.0381 0.0213 0.0382 2.70 8.50
8 0.0331 0.0200 0.0425 2.20 7.70
9 0.0425 0.0225 0.0512 2.40 6.30
10 0.0374 0.0294 0.0662 3.10 5.10
11 0.0363 0.0231 0.0563 3.10 5.50
12 0.0369 0.0208 0.0831 4.40 5.60
13 0.0475 0.1074 0.0681 3.50 6.50
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Fig. 5. Statistical distributions of the movement of the ship -
(Direction 1~86)
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Fig. 5. Statistical distributions of the movement of the ship
(Direction 7~13)
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Fig. 6. Three dimentional expression of power spectra
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Fig. 7. Maxima of power
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5. 3,: p"(}: 2—:”)=At{C”(O)+2§IC,,(lAt)cos(21t~2%‘-l)+(—l)'Cx,,(hAt)}

(r=0,1,2, ----h)
EWHT 5,

6. p,: TTHEILILD {a,) TAVT

h 24t 2, r 241
-r 1\ 3 y 1 h+v 1 h—v 1

By ﬁx( 7 m) Pz( 7 24t)’ ﬁx( P 2‘“) ﬁx( 7 2‘”) L35,

2o b (- E%) # b (- Z—L—t) DR TH S,
7. {a,): ®O#EEA3,

1) ay=a_, Ay=a_3 Ay=0a_y
W, (05132 02434 0 o )
W, (0.6398 0.2401 —0.0600 0 )

W, (0.7029  0.2228 —0.0891 0.0149)

Appendix (II)

PROGRAM FOR POWER SPECTRUM
M=300, H=45
ARRAY CPX (3, 46), A (3, 4)
DIMENSION X (300), CXX (46), SUM (46), BPX (46)
HEKIN—(MEAN OF X mDELTA)), X (I)=X (nDELTA), CXX (J)=CXX (L),
LAG=H, NI=M-L, LI=0.
READ 1, (A (I, ), J=3, 4), I=1, 3)
1000 READ O, M
READ 1, (X (), I=1, M)
LAG=45
TOTAL=O.
DO 10 I=1, M
10 TOTAL=TOTAL+X (I)
R=FLOATF (M)
HEKIN=TOTAL/R
DO 11 J=1, LAG
11  CXX (J)=0.
DO 15 I=1, M
15 X (I)=X (I)-HEKIN
DO 37 J=1, LAG
NI-M-J
DO 16 I=1, NI
I1=I+J
16  CXX (J)=CXX (J)+X (ID*X (I)
37  OXX (J)=CXX (J)/R
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L 1=LAG+1

O0XX (L 1)=0.

DO17I=1, M

CXX (L 1)=CXX (L 1)+X (I)*X (I)

CXX (L 1)=CXX (L 1)/R

L 2=LAG-1

DO 20 L=1, LAG

SUM (L)=0.

DO 21 L=1, LAG

U=FLOATF (L)

DO 22 J=1, L 22

V=FLOATF (J)

P=3.14159

S=P/45. ¥U*V

T=COSF (S)

SUM (L)=SUM (L)+CXX (J)*T

BPX (L)=CXX (L 1)+2. *SUM (L)+(—1.) 1 L*CXX (LAG)

SUM (L1)=0.

DO 23 J=1, L2

SUM (L 1)=SUM (L 1)+CXX (J)

BPX (L 1)=CXX (L 1)+2. *SUM (L 1)+ CXX (LAG)

DO 100 I=1, 3

CPX (I, L 1)=A (I, 1)*BPX (L 1)+2. A (I, 2)*BPX (1)+A (I, 3)*BPX (2)|
+A (I, 4)*BPX (3))

CPX (I, 1)=A (I, 1)*BPX (1)+A (I, 2)¥BPX (L 1)+ BPX (2)) + A (I, 3)%B
PX (1)+BPX (3))+A (I, 4)BPX (1)+BPX (1)+BPX (4))

CPX (1, 2) =A (I, 1)*BPX (2) + A (I, 2)*BPX (1)+BPX (3)) + A (I, 3)%(BP
X (L 1)+BPX (4))+A (I, 4)%BPX (1)+BPX (5))

CPX (I, 3)=A (I, 1)*BPX (3) + A (I, 2)*(BPX (2) + BPX (4)) +A (I, 3)%BP
X (1)+BPX (5))+A (I, 4)%BPX (L 1)+BPX (6))

LI=LAG-3

DO 34 L=4, LI

L3=L-1

L4=L-2

L5=L-3

Lé=L+1

L7=L+2

L8=L+3

CPX (I, L)=A (I, 1)*BPX (L)+A (I, 2)¥BPX (L 3)+BPX (L 6))+ A (I, 3)*}
(BPX (L 4)+BPX (L 7))+A (I, 4)%BPX (L8))

LJ=LI-2

LK=LI-1

IM=LI+1

CPX (I, LM)=A (I, 1)*BPX (LM)-+A (I, 2)*BPX (LI)+BPX (L 2))+A(1,3) |
*BPX (LK)+BPX (LAG))+A (I, 4)%BPX (LJ)+BPX (L2))
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CPX (I, L 2)=A (T, 1) *BPX (L 2) + A (I, 2) XBPX (LM)+BPX (LAG))+A}
(1, 3)%(BPX (LI)+BPX(L 2))+A (I, 4)*BPX (LK)+BPX (LM))

CPX (I, LAG)=A (I, 1)*BPX (LAG)+2. ¥(A (I, 2)*BPX (L 2)+A (I, 3)*BPX |
(LM)+A (I, 4*BPX (LI))

TYPE 2000

FORMAT (///2X, 3HLAG, 6X, 6 HCXX (L), 6 X, 6 HBPX (L), 4X, 10}
HCPX (L) A (1), 4X, 10HCPX (L) A (2), 4X, 10 HCOPX (L) A (3)

TYPE 2500, (L, CXX (L), BPX (L), (CPX (I, L), I=1, 3) L=1, 46)
FORMAT (I5, 5 F 12. 4)

TYPE 200

FORMAT (//4 X, 4 HDATA, 2 X, 6 HX (300)//)

TYPE 1, (X (I), I=1, 300)

PAUSE

GO TO 1000

END
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