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ABSTRACT

Many studies of ship motions in a regular sea wave had been investigated theoretically and
experimentally, and examined closely since W. Froude at mid-19th century. But the real surface

of the sea is extremely irregular, so that wave length, period and others are not uniform but
obscure.

Thus in 1953 St. Denis and Pierson adopted Probability Theor); and Fourier Transformation

Theory of random process on the study of sea waves, which opened a new age of studying ship
motions theory.

In this paper the author regarded sea wave as long crested irregular signal namely, normal
distributional random variable and took 1400 samples of amplitudes.

The author investigated the following two points out of numerical analysis.

1) method of estimating the ship roll responses at a given sea state, using spectral analysis

2) probability distribution of maxima(peaks) of ship rolls which have directly an influence
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on the ship’s stability

For 1), the author showed that the roll spectrum could be evaluated by multiplying the sea wave
spectrum by response amplitude operator (RAQ) calculated by frequency response characteristics,

The theory and computation method developed in thlS case makes an efficient use for
estimating the roll responses at a given sea state.

For 2), the author showed that the probability density function of max1ma(peaks) of ship rolls
could be calculated by spectral bandwidth parameter ¢ and the distribution of maxima followed
almost Rayleigh distribution as ¢=0. 103.
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Fig3—1 Definition of {X7(f) : —Tst=T)
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y 51_.’?1 21T (X)) dt—?_’ﬁ, 21T S-T{X(t)}zdt ........................ (3+4)
Parseval®] sEfe] ffs] A
P.=lim 21T {LS“’ IXr.(_w)i?da;} .......................................... (3-5)
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Rxx(z) = -;— I‘;Sxx(o))e"mdw ..................................................... (3+10)
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iV) Rxx(ioo) =0 ................................................................................ (3-14)
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ol gl 7el X (3-17)ll k8 F1#= 2 & Raw spectrum o] 83 31, of 7] ol Hanning, Hamming,
W,s} 2 Windowel fK8]A F#E{L3t Smooth Spectrum-
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SRR S

Fig3-2 Flow chart
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(2) Programming S(w) : Raw Spectrum
D AHT FES #:7 SW1 : Window 1
DSP  : Coefficient of non-linear term SW2 : Window 2
ZLEVE: Zero level SW3 : Window 3
CFACT: Factor of variable ampltude SHW : Hamming
N : Sampling numbers TAU : Time interval
IX : Digitalized analog data R1 . Auto-correlation
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h(t, t)oll KA o eJ 2 =},
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X (5:1), (5:2), (5:-3) o & F-H {EEF:R tol A o) Fikfie MAHERKE
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=,7{. ° IX(t) 1f{&0, X(t)} .......................................... (5-4)
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Lol A =k X(t)ﬂ X(E 1B HHE Mte WE Spectrum Tl WHET 2& HAMe Mas.
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w2hA AT Te
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0% 7] Oﬂ k‘ Mn= jja)"Sxx(w) ) roseereresasanerniiiiiiianitnitaittiiiiiitititetieisersacres (5.6)
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(X, X X)% ®sd
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_—Z—A—(m4X2+2m2XX+m.X'2)} ....................................... (5.7

A7 A A=mm, —m
X (6:2), 572
1 X!
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1 T .
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| 'S@)do
=—27?‘/m4/m2 =7{[%m]% ..................... (5+8)

A (5+4), (5:7), (5-8) = H-H :Ltﬂil-"% SER Rt f(O=
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VMo
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et m?m =1- m’?i;. ............................................................ (5+10)
$(u) = SLT/%?(W"Z ............................................................ (5-11)
%, (5°10)9) e& Spectrum® #IiRIE-S 1}l &= Parametetero] =},

W i =rE By HAHEEEE K0
1 7
f(v)—‘]é [eexp{ -y "62“}

+pv2r(1—cb) e («/_11;2_0 ) ] ............................ (5:12)

+ VA =€) ey ﬁ,—:¢<@—e ] ..................... (5+9)
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TN T A9 =07 H9 FEUE Fd3E
LTt .
f(n) = [89 D20 e (5+13)

ol ==,
Z- Rayleigh 21§ &=t
ii) Spectrumsl F ¢ HLAER @, 0,7h YT Power?] KiBsrol w BEA FERD 0>

w8l AeelE e=1 olgn FEUELIE f() = 1/12_7:‘,_7:*/2 ..................... (5-14)
& R XS & ERMME B

6. HEEE HEN

—gE o WERol A9 AEe EEIEZAS Fig 6-13 Aol e MO FEo s 48
gprsiol Bo EGHMe R FTA $Hol e el fistel FmEch olFl obE wiek 2
o) Hilfel WY HREHABAE 2% 4k 2o

JO B K =My woeereeeessonsissosiunnsiisisnestinies s (6+1)

sway heave

Fiq 6-1 Coordinate system

(6+1)R+# damping H& FHRREHRAA 133 =4 249

fig'l‘Bsg +,3f(9) F R G =My cocerreerrseanmsiiritiatanioiiistinioiittitiisiaiicnians (6.2)
& (62004 f)& 6 BEAAG Bitqd ERLSR
& +bsob + B + 0=, rBw teeereeriescasitaasesetertneteeresttotiestetotiittaeenns (6-3)

AANA 7 = FEFFAET
w = e EATsE

6.= e 7127
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7. EE 9 B

& (6:3)ol A shze] =& Sine wavest 4 FAAFAATE 1L ABF s K
BAE A 34 24

O 40520 + LI + 0.0 = @1 EHSINWL ++vveerrrrreocrioiinii . (7:1)
A7} A A @ PES] F 7] -&7]

} hEe] Fupa
14 o] ﬂoiﬁ 0.0, 0.05, 0.10,0.1591 FEARA & Rushed $E /RS “IBM 1130 A=A 4
Ao FolM 2 EES ZAS wgth
BRI %L Runge—Kutta Method & FIAste] wfikftomA (=04 = 0=4=§=0
2 ¥ 0.5% AR e 9o AnAE A44H (F 1002 A% AR #)el FPE o
8 69 & EHId HEtg = ‘
Fig 7-1& JEiRMA §l& f=0-02 A -folx Fig 7-2& 8=0.05, Fig 7-3& $=0.10. Fig
7-4% $=0.159 A $Z s}78 47 (2) 1°,2°, 3%, & Parameter & 3} 3. 03 base® 3+ W HIE

RS0l o}
= Fig 7-5, Fig 7-6, Fig 7-7% B% Parameter® 3t 23 A w43 o gko] LB
el At 25 Ve Eoleh ol HAEFEIY HEBR A muﬁ& BE ZHe #
o] JEfRBIEE A fletE FHE (Froude No. 0.10]9 =013 %) A5 & —Kr},
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i d &%
Power spectrum program list

// FOR
* I0CS(DISK, 2501 READER, 1403 PRINTER)
* ONE WORD INTEGERS
* LIST ALL
* EXTENDED PRECISION
c POWER SPECTRUM
DIMENSION IX(1400), X(1400), R1(401), R2(401), R(401), TAU(401)
DIMENSION §(100), DSP(4)
NR=3
NRR=0
1 NRR=NRR +1
IF(NRR-NR)2, 2,55
2 READ(8, 1000) (DSP(I),1=1,4)
1000 FORMAT(4A4)
READ(8,1001) ZLEVE, CFACT
1001 FORMAT(F5. 1, 7X,F4. 2)
READ(8,1002) N
1002 FORMAT(I14)
READ(8, 1003) (IX(D), I=1, N)
1003 FORMAT(10(4X, 13))
H=0.10
WMAX=16.0
DO 100 I=1,N
100 X(I)=(FLOAT(IX(I))-ZLEVE)*CFACT
MM=N/10+1
KKK=MM+1
DO 200 J=1, KKK
SUM1=0.0
SUM2=0. 0
M=N-J+1
DO201 I=1,M
K=I+J-1
SUM1=SUMI +X(I)*X(K)
SUM2=SUM2+X(I)
201 CONTINUE
T=M
R1(}))=SUM1/T
SR=0.0
DO 202 I=1,M



(22)

202

200

20

33

1

13

301

302

300

14

19774 3H WHBBERBAE Fi1o6

K=I+J-1
SR=SR+X(K)";SUM2
CONTINUE

R2(J) =SR/T**2

R =R1())—R2(D)
TAU(J)=FLOAT(J—1)*H
CONTINUE

I=1

PAI=3. 14159265
II=I1I+1

IF(111-2) 33,33,50

GO TO (11,12),111
MM=N/10+1
DW=PAI/(FLOAT(MM)*H)
L=WMAX/DW
KK=(—1)**MM
IF(KK)13,13, 14

KKK=L+1

DO 300 J=1, KKK
OM=FLOAT(J—1)*DW
SR4=0.0

SR2=0. 0

LLL=MM-1

DO 301 I=2,LLL, 2

SR4=S5R4+R(I)*COS(OM*TAU(D))

NNN=MM--2

DO 302 I=3,NNN, 2

SR2=5R2+R(I)*COS(OM*TAU(L))

ZODD=R(MM)*COS(OM*TAU(MM)) .

SRZ=(—R(MM—1)*COS(OM*TAU(MM—1)) +8. 0*R(MM) *COS(OM*TAU(MM)) +
15. O*R(MM+1)*COS(OM*TAU (MM +1)))*H/12. 0

SN =((R(I) +4. O*SR4+2. 0*SR2+Z0DD)*H/3. 0+ SRZ)/PAI

CONTINUE

GO TO 15

KKK=L+1

DO 400 J=1, KKK

OM=FLOAT(J-1)*DW

SR4=0.0
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SR2=0.0

DO 401 1=2, MM, 2

SR4=SR4+RI)*COS(OM*TAU())

LLL=MM--1

DO 402 1=3,LLL, 2

SR2=SR2+R(I)*COS(OM*TAU(I))

ZEVEN=R(MM +1)*COS(OM*TAU(MM +1))

S(I = (R) +4. O*SR4+2. 0*SR2+ ZEVEN) *H/ (3. O*PAI)

CONTINUE

PAUSE 5555

IF(III—2) 44, 30,44

WRITE(5, 2001) (DSP(1),1=1,4)

FORMAT (1H1, 27H***** POWER SPECTRUM™**** | 4A4//

114, 34HMAXIMUM LAG, TAU=(NUMBER OB DATA)/6,//,1H,
20X, 1THW, 11X, 4HS(W), 3X, 12HS(W) — WINDOW1, 3X, 12HS(W) —~ WINDOW2,
33X, 12HS(W) — WINDOW3, 2X, 15HS(W) ~HAMMING. W. )

GO T040

WRITE(5,2002) (DSP(D,1=1,4)

_FORMAT(1HI, 27H***** POWER SPECTRUM***** , 4A4//1H, '
135HMAXIMUM LAG, TAU=(NUMBER OF DATA)/10//1H,9X, 1HW,
211X, 4HS(W), 3X, 12HS(W) — WINDOW]1, 3X, 12HS(W) — WINDOW2, 3X
3, 12HS(W)W—WINDOW3, 2X, 15HS W)~HAMMING. W.)

J=1

W=FLOAT(J—1)*DW

IF(J—3) 77.77,99

GO T0(91,92,93), ]

IF(J—(L—2)) 79,79, 94
SW1=0.5132*S(]) +0. 243*(S(J~1)+S(J+1))

SW2=0. 6398*S(J) +0. 2401*(S(J—1)+S(J+1))—0. 06*(S(J—2) +S(J+2))
SW3=0.7029*S(J) +0. 2228*(S(J—1) +S(J+1)) —0 0891*(S(J—2) +5(J+2))
1+0. 0149%(S(J—3) +S(J +3))
SHW=0.54*S(J) +0. 23*(S(J—1) +S(J+1))

GO TO 90

SW1=0.5132*S(]) +0. 4368*S(J+1)

SW2=0. 6398*S(J) +0. 4802*S(J+1) ~0. 12*S(J +2)

SW3=0. 7029*S(J) +0. 4456*S(J+1) —0. 1782*S(J+2) +0. 0298*S(J+3)
SHW=0. 54*S(J) +0. 46*S(J+1)

GO TO 90

SW1=0.5132*S(J) +0. 2434*(S (J—1)+S(J+1))

SW2=0.6398*S(J) +0.2401*(S (J—1) +S(J+1))—0. 12*S(J+2)
SW3=0.7029*S(J) +0. 2228*(S(J—1) +S(J+ 1)) —0. 1782*S(J +2) +0. 0298*S(J+ 3)
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SHW=0. 54*S(J) +0. 23*(S(J—1) +S(J+1))
GO TO 90
93 SW1=0.5132*S(J) +0. 2434*(S(J—1) +SU+1))
SW2=06398%*S(J) +0. 2401*(S(J—1) +S(J+1)) —0. 06*(S(J—2) +S(J+2))
SW3=0. 7029*S(J) +0. 2228*(S(J—1) +S(J+1)) —0. 0891*(S(J—2) +S(J+2)) +
10. 0298*S(J+3)
SHW=0. 54xS(J) +0. 23%(S(J—1) +S(J+1)
GO TO 90
94 LL=L—J+2
GO TO (97,96, 95), LL
95 SW1=0.5132*S(])+0. 2434*(S(J~1) +S(J+1))
SW2=0.6398*S(J) +0. 2401*(S(J—1) +S(J+1)) —0. 06*(S(J—2) +S(J+2))
SW3 11 0. 7029*S(J) +0. 2228*(S(J—1) +S(J+1)) —0. 089*(S(J—2) +S(J+2)) ~
10. 0298*S(J—3)
SHW=0. 54*S(J) +0. 23*(S(J~1) +S(J+1))
GO TO 90
96 SW1=0.5132*5(]) +0. 2434*(S(J—1) +S(J+1))
SW2=0. 6398*S(J) +0. 2401*(S(J—1) +S(J+1)) - 0. 12*S(J—2)
SW3=0. 7029*S(J) +0. 2228*(S(J—1) +S(J+1)) — 0. 1782*S(J—2) +
10. 0298*S(J—3)
SHW=0. 54*S(J) +0. 23*(S(J—1) +S(J+1))
GO To 90
97 SW1=0.5132*S(]) +0. 4868*S(J—1)
SW2=0. 6398*S(J) +0. 4802*S(J—1) —0. 12*S(J—~2)
SW3=0. 7029*S(J) +0. 4456*S(J—~1) ~0. 1782*S(1-2) +0. 0298*S(J—3)
SHW—0. 54*S(J) +0. 46*S(J~1)
90 WRITE(S5, 2003)W, S(J), SW1, SW2, SW3, SHW
2003 FORMAT(1H, F10. 3, 5E15. 7)
I=]+1
IF(J—(L+1)) 88,8820
88 GO TO 80
50 WRITE(5,2004) (DSP(I),I1=I,4)
2004 FORMAT(1HI, 37H***** AUTO~CORRELATION FUNCTION***** 4A4//1H,
18X, SHTAU, 4X, THRI(TAU), 8X, THR2(TAU), 8X, 6HR(TAU))
MM=N/10+1
DO 60 J=1, MM
WRITE(5, 2005) TAU(J), R1([), R2(J), R(])
2005 FORMAT(1H , F10.2, 3E15.7)
90 CONTINUE

2006 FORMAT(1H1, 49***+** TIME SERIES OF THE IRREGULAR SIGNAL*****
13A5//1H, 10X, 22HSAMPLING TIME, 0. 10 SEC//)

WRITE(5, 2006) DSP
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WRITE(S5, 2007) (X(D),I=1,N)

2007 FORMAT(1H , I0F10. 2)
WRITE(5, 200S) DSP

2008 FORMAT(1H1, 36H***** DIGITALIZED ANALOG DATA***** 3A5//)
WRITE(5, 2009) (IX(I), 1=1,N)

2009 FORMAT(1H, 1017)
GO TO 1

55 CALL EXI

END
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