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Abstract

The roll response of ships to the narrow band random exciting moment is investigated
based on the multiple time scale technique. The results are compared with those calculat-
ed from statistical equivalent linearization method. The calculation results have shown
that the results calculated from multiple time scale technique give wider range of multiple
values. Numerical simulations of rolling motion of ship are performed to confirm the re-
sults.
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gl Ho} Fig. 19 (a9 (b)e 2+
198 4y Axao ALg wob
o Tdef tEAE YEdE 4 F
S EE HEe g wgkojr ﬁG"ﬂ LhER
& (maximum amplitude)< & Fo4 4
Ao FaE F7HAE wWinh et w33
I deAtele) e Fd g9 By 99 (unsta-
ble range)e] o] ddoz 73 = gl ddoit}.
Fup7h ZA48MH S Al A AZHY A8
Az & 7N AL g9z xofo] Aty &
/H )\ﬁa]ol 7:10 ] _]—-_. #%oﬂ}d =1 oxao&_ T
ool WA Ry Farrt Fobebd ol9f wiole] #4t
o] Ergtci4]. 3 2o &M= F34=F(bandwidth)
of &3] iy FuUd A4 1A 1 288 S

m}md

1
JSL

T T 3o

ox o
rl;t
m

oX
o]o By
o

P

— e o L
ot o

[¢]

B 0 ok N oale &
me
2
i

5‘::.&102:

REENPERTE 31BN IR 10045 2R

103

T, A9 299 AT AY S A 99
o] ekl A A AH35L617].

0y l' ,l 2
i |
L '
o) ’ tb) v

Fig. 1 Jump phenomena for primary resonance
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Hgo] ottt U2 RE G52 ZAE3 3Eo
shift, A4~ B3 (flooded area) 53 22 HZ(bias)
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$+D(¢)+R(¢) = F(t) (1

o37]4, = BFa7ela, DY) e AHEHE &
Foln, R(¢p)= EUEHNE 5o} 48 Fli)=
7H¢A19F #Y 24 (Gaussian random process) 2
2 #2001, 24EY I S(w)E 7HRe Y
9 2® E#f (narrow band spectrum) 22 EHH T}

B dFoA Autel Bea 50 743 2uE 3
F D)) Ui & AP 333tz o] foi
vy 7H BHE §4E A8t

D($) = C1d+ Cap® 2)

A7IM, 3 Cye 42 83 32k 24 Aol
o A& gle 21 B8 BE (9= 0.0)04
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I gt 71Q1gE REate] HyPol T e
WY AHE Eolrly] Y8 Ak o BdgE
e $EAME AED 2 gido] waEt R()
= 943 B4 d42A AlEYE A (time invari-

ant coefficient)& Z+& 7134 thdh (odd-power
polynomial) & AMH-8t9t},

R(9) = 0,(0 + 0507 3)

A7), wp& Addte]l ¥ZEA FFL FF(un-
damped rolling motion)& & 7Z-¢9] nHFa4
YERIY, ag & 33 B4 B9 RlE Agolth

g ael 2ol 71 e AAN M E(inclining
moment) & ¥ aldae] oz ~fEHcR B
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o7 YE8 5 BAHE ZEUY, oue
g gdo} wf-¢ & JE8 +F0| oplHe 2
AT BAE 2712 ) weEbd A FgA) 2e
A ke 2 Fa7ts dodle B 7| dd #
A& 7 A Aok ol g dA4L vjAd g 93l 3
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two terms)& T3E A% A4 (perturbation
expansion) 2] B 719} o ofs) FEE} ¥IE o)y
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FRoz FA HE At UM, dFH(u-
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714, Ta=e"t(n=010°lch & Ao 1
Aol 3 (first order solution) & 223Gt % A
4% C,=£C,,Cy=£Cy ,0g0,” = e F(t) = eF(t)
a2 § =((1)f -u)n)/e 2 gy, Aufjuby AL
th&3 2 et gt

O+, %0 + 8(614) +Cy9° + a¢3)
= o[ (T Joos (0, Ty +8T1)+ (13,
E(T1 )sin(mnT0 +90T, )}

NSk 2wy ale] e mEde nxge %
elstd,

§ =Dy’ + ¢(Dy’¢; + 2DyD9 ) + O(e?)

b = Dobo + £(Dyd; + Dydo) + Ofe?) (14)
$% = (Do) + 3¢(Dyd1 + Dydo (Doto)” +0(?)
6° = 6" +3e0p"¢, + O(e?)

A7\A, D¢t D& o33 2
) 3
D0=ﬁ;’ Dl:ﬁ (15)

ojxtel mE 2 A-E (13)oll thdsted 09 ¢!
of &sf el

D02¢0 + wn2¢0 =0 (16)

D02¢1 + 0O 2¢1 = -DoDyo, - 61Do¢o

- Cy(Doto)” +{Fu(Ty Joos(, T, +5T,)
+F, (Tl)sm(mnT0 + 6T1)} (17

(16)4] 9] Yutah & e Zol Fojshd,
$o = A(Tl)eXP(iwnT0)+ ce (18)

71N cce THE LS (complex conjugate)E 9
olghet, A(T) el et (1749 BE Folsle 23
& (secular term)°|2k B2 T, exp(=in, T, 1 Bl
s BSo] TREnE £, o] & 2 A7 toll R
HE ¢ AWME S Aok AT (1D2e] 82

U, Ae%, o

$& 2A% & UES AgsoAo} sid], 0T %
zsie2 98 (1149 $9d ddskl Fesa,
AT)E 228 + 9% 2240E §58 & A 9
o},

2in DA+ Cjim A +3C,in,° [A‘2 A+

3a|AlA - %(f -iF, Jexp(idT,) =0 ;)

714, amplitude X 29 =& ] Eg 2
(autonomous equation) & F5371 %8l A=1/2
(x-1iz) cxp(lGT) o=% ‘tl:’?i 183]5}1:]- o]% (18)/5]0“
islsted Alela 2AlQ) o g Al Axe S
Fiya

g = xcosw, t +zsinw t (20)

: (x iz)exp (i5T,) & (19)219) Bsistn A+
%t 5" 422 o Rd o 22 4ol vi‘a‘;"

_ (6 3Ce A xZ+*\ F
D1x=~BeZ—L%—1—+ 30 i(SX tr )JX_ZE(::
(T. 8C 2 [x*+z%)\ F
Dlz-—ax-L—Cz—u 20n £x v )Jz—zu:
(21)
_ _ 3—- 2 2
4714, §.= 8 +_?‘_(i‘_+_z_)o1c+. (2129 ¥
B E whH,

(22)
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Dyz = =8-Sy H
2 2w

n

Transactions of SNAK, Vol 31, No. 1, February 1994



O3 Al 2@ A P38 gue] BAH 54 47

714, Cu=Cy + 2Ty, 0,20t

(113 (23)& AFH 0,7 =(x? +27)/2, P=Fz-
Fx, Q=Fx+Fz& A2 ¥WF2 dle 28 W3
2jo] dojzict,

.9 2 P

0‘t = -Ceq()’¢ + 2(1)n (24)

}.)=6 Q—l(Ceq-FY)Pi--—l—afz (25)
T2 w,

Q=-5,p- -%(ceq +7)Q (26)

A7\M, o =(R2+F?2)/2 o)tk metd 4~
26)4& o $- =27 Wslehe o8 YYo= e

s Iowly varying mean square response Oy 2| Z7€
Pefoltt tpgog .9 W 2AHAYUH, L] Ao
e =mn2(1+ 3a0¢2) She GE Fejrt 294,

o?-w?
5, = LJJ Deg? = wn2(1+—2-a3 02) 27
20, 3

(24) ~ (26)21% o] g3t o,°2
AdE Bare ohgt 2o,

¥ % ek

o AZRE 3 A3} vlwaty) S8 oI E
& ol &ald e ottt o WHS HuEd
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4. =X AlgdoiMd

FA A BHolMAHAM e thge] 7HEE A%
{pseudorandom signal) & AMH-3he Aol HS He
st 16].

~ 2 N
20;

f(t)= N2

COS((D/: + 4)1:) (29)

Ay Fae o (1Y 2dEHozRE P
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population)dllX EdH oz Mg, dgedzt
(random phase}® W Fuige} o] EfFoz
Al 27 (0. 2090 YFREEHS Ao} Shi-
nozuka¥ f(t)E 7Hd 2159 A9 Neoj *‘:r"i’}‘iﬂi'-
Zol) uet 7lAlSh A 0.2 FE B Roi16]. o
Ae AEHolAS T Bohal Tﬂ?‘%%
W37l A felsleh Al gg ol teats B
9 ~dEHS A8 U E F3) Al B3I E noise
2 vjmge 2 Pt Rajane B} A3 of
E9 Aol@e AFSAHLIT]. A71A, ©d SdE
3 # (ensemble average)o] Fo)Athd

[fz] (20; );EE[COS w,t+ ¢, )cos(w t+¢’)]

J

);E cos® w,,t+¢k)] 5;° (30)

23

E[ ] ( 25;° ) Z ; EEE[ cos(J)cos(k)cos(l)]

(31

Hol et oM ALEH FEL i=j=k=lT
Zre NS golo, (=) (k=1) 9 Hele g =
gl A, 3N, Z&(combination)elth. & 3 Nol
e, E[f*] = 36," & &7] H8lxe, 23} 74$
A 9] S40] 2t AL gAsT}. Algeod
o4 Lo = &AIZH B (short time averaglng)t
low-pass filteringe 2 T8} d& &
f* o] smooth¥t g2 (29)9) o8] AE & LE
e 2o g dojAr},

z, +nz, = nt* (32)

71A 2,2 @At BE 2 Jehla, ne ¥y <<
<< VFEE At
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N4 AHEEE 6.2 AN THong time) &
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Fig. 2 Roll response curve by multiple time scales
(C;=0.1,C4=0.0, 03=4.0, w,=10)
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Fig. 3 Roll response curve by multiple time scales
(Cl = 0.1, C3=0.01, (13=4.0, Wy =1.0)
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Fig. 4 Roll response curve by multiple time scales
(C; =0.5,C3=0.05, 03 =1.0,20, w, =1.0)
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Fig.5 Time history of roll exciting moment
(y=02, w, =175, 5 2=0.8)

Fig.6 The simulated roll response
(C;=0.5,C3=0.05, 03=10, w, =1.0)

Fig.7 The non-stationary theoretical result for variance
(Cl = 0'5, C3=0.05, Cl3=l.0, Wy =10)
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