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xeDOBEEBEELE TR O HAXN(LGX)DARKICERERT E 2,

(3 - 4 )Xk

| Bxje(w 52 )12 = Sx;xj(wsx) / Se(w;x) (3 -56)
rEEmzazons, ZOBMBRALS Hxe(o;x )DORBHED K X
%o

AEREEER Ixje (032)E. A1 YNV XAREBEBE hx;e(r ;x)
Z27-Y1EBITBZIELREIDRDENZ, Rl AN NVARE
il %?E%ﬁ[&”él%ﬁ%ﬁ7?')1£m?5:2:&:4:'35}'2&)6#1.

%o

1
ijE(w;x)=———- Joohxje(r;x)-EXP(—iwz') dr (3 - 7))
2 -
i@‘?¥?7§b:i’ﬂ"9"%ﬂ'ﬁ‘ﬁ?'ﬁifl%wﬁjj}m%@ﬁi*ﬁﬁﬁdxjs(w;x)bi\
78 RXRANRY b)l/ijE(w;x)%ﬁib\Z)Zc‘:‘C“*&Df‘ohéo

Sxje(w; ). KXO &> KRS 3,
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1 co
S xje(w;x)=—— J Rx;e(tsx ) EXP(-iw 7) d7
2m - oo

n

Hxje (w2 ) Se(w;sx) (3 -8)

2T

Hxje(w ;2) =1 Hxje(w 52 ) | « EXP(ioxje(w@; x))

Sx;e(w;2x) / Se(wi;x) (3-9)
Rxje(732)0 . —BICBEKZO TS e(w;x )l —RICEHEK
ik zbod. EREE LT 5,

ZLT. RO 20XHBCoxe (0 52). Quye (0 x)THRI R
ek

Sxje(ws;x) = Coxje(ew;2) - iQuxje(w;x) (3 -10 )

Z I T. Coij(w;x) 32 ARZ +I ( Co-Spectrum ).

qujs(w;x.) 23— FLVA4AF» AT+ ( Quadrature Spec-

trum )Y, KAD LD TR EN B,

'al

1 oo
Coxje (@ 5x) = — Rx;e(7 sx)cos(w 7)dT (3 -11)
2nr J -
1 [ e
quiE(w;X)zé_— Rxje (7 ;x)sin(w 7)d7 (3 -12 )
T J -

CO_ODEEEERAWR LT, EERBERTFMAMEEES KK

D&ISITKD BN B,
1/2

{ Coxje (w3x) *+ Quye (w;x)]
S E (&7; .4 )

| Hxje Cw 52 ) | =
(3 -13 )
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cx;e(w;x) = tan "' { Quxje(w;2) / Coxje(w ;2 )1}
o I (3 -14 )
X, BAEOSEHEEHOERSDBONY — XY MV, 70O
ZAARTZ PV EERKLDLSISRRRIh 3,
1 oo
SXij (w :x ) =—I ijxk(’[;x)- E¥P(-iw 7)) d7T
2 ~-co

(3 -15)
Rxjxk(zs32) = E[ Xj(t;x) » Xk(t+7 52 )] (3 -16 )

T2 T. i=l,2,- .80 k=1,2, BTHAEOCEHEEHOR RS
HE T 5, i= k ®r & Sxjxk(wix) BN -7 b2
BL. Rxjxx(73 2 )REBECHBEAMEZERYT. j# k O & &,

S xjxk(w ; x)F 70 RAARZ PV EERL. Rxjxu(zx)R@MEHM
BB & %= & 7T

AEONT YRAROED Ya(t52)DNT =27 ML

Svavn(wsx) BOCHBEEE Ry,vo (z52)3d. (8 - 3),

(8 -5)H)XNEHEBREEREI R %,

1 oo
SYnYn(w;x)="—J4 Rynyn(7 52 ) EXP(-iw 7 ) d<
2 -0 ‘ .
(3 -17)
Ryavn (T 352) = Ef Yalt;x ) Yal(t+T 521 (3 -18)

T. n=1,2,-,6C. AEONS Y RAZRBITFH5HHDE 20

4
i

S N b (I (5 I T B
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AMONT Y22 E. KABAOEEHEEBHZANETIZIZANY
AT ALEULUTHBULULTEEY., AMMONTY ZROH HYa(t; x )ik
BEADEBRBLEART 285 Youl(t; 2 ) #E (ﬁﬁ?&ﬁéﬁ:%%é
ZW) ua(t) COfME LTRETESZ EE X SN 5,

TZT. un(t) BRAEGEHORSXI(; x))EEMHMETE 2 &9 3,
Yalt; 2) = You(tsx ) + un(t) (3 -19)
O3B, AHABMOIB X ZART PV Syxk(wix) AHks
LEBERECHEEIT 2RI EDBZNT —ART PN Svyo, Yo (w35 x)

. RXDOEIcRA TN B,

, ]
SYnXk(w;x)=J_Z_lenxj(w;x)~ijxk(w;x) (3 -20)
6 6 *
S Yo Yoo (@ 5 x ) =j_21 kZ_Ianx,-(w;x%H YnXk (w5 x )

- S xjxk (@ 52 ) (3 -21)
2TT. MREBEERERT. AMONRNI Y IROABKEE
B2 Hvxk(w:x)id, (3 -7) XELABLAKXOLS RN 5,

_ ! -
Hyoxe (@ 5 x )=— J hvaxk (7 ;x )+ EXP(-iw 7)dt (3 -22 )
2 - o

MEl, Fig. 3-10o7 uy 7RICETE YRXATFTLANOEHDOA

he L 2BHREPOSAEONT VAR OBHET. —EOAHbD#@

B2, AREERDEREZAVWTHHAL &
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3 -2 FTHEEoOLEELHIWMIN

3 -2 -1 MEMmW

MEEFHIZ LTI ERBZINZ2AFODELOREADS B, ET
FamzR L Y EFHROBIRE., 73 —X7V—F (BEa4E) 2
BRESNEU-FENDOEEBDLPBL, 73 —XT V—FLEAsgxh
LFELMNEELTEHRHIRS, ARFHEHGEIRAE 73227 L
—FO IS MOBEBORGIN L. HAWMD BHEMEEAL=0.10
secT A/D ( analog / digital ) E#MME2fFT W, F—F%DF 4 I ¥%
Wiz fiok, EHlz. X YHAFHEZBUI2HRBEOELMES
EREHFAL BRINT -5 %28 7%

Fig. 8-l BWTHBULAEALOIK., AFMOBILRBEREZEDOD
ARETH-—HEOBEROBEHhEEZBLBN B, > T, AEOEL
@?%h%ﬁﬁﬁtié’é?ﬁkﬁ&&ﬁ%é@ﬁﬁ%%‘0:2:2»’%26%6., Z
:?\$ﬂﬂ&§ﬁ%%?:%ﬁ@ib@%ﬁﬁﬁ%ﬁm?ét@
. EH 4L H ( normal distribution Y)OBE % 7 - 7,

FAE, BEREBEEREDTI A —ATV—FETOEOMBEE. NI
VAZHBILIIOATARELRREZRETCENEZ bR 2, # -

T, BIBFALBWIREBRZOMEONM AP OBRED LI L 2T
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DOEME. EEFHATRHRERARHBICIA T 22 FROELOFH OS

HOH G253 EL. HBEONST YZOREHR 2R T %,

3 -2 -2 HBEHMEN
(1) N —XRT BN
REEHFRUUERZONEEEZEHORBERF MEHF iz L A/D
Z#EGTGW, BRATFT —F L UTEHELEZT> 2, A/DEBIZSE
FA2RAABDERHMBERE AtR. RABACREITLIBREOFERE OH
o, AEHBSOIOUBARBIF ST —% TiX0.20 sec. HEMRILE
HIEB T AT —% T 0.50sec LA, BB, EHE LU ZBKRI ()
% AtT A/D’%S‘%bf’:%ﬁﬁkﬂ@&ﬂ%?ﬁ?ﬂ%\‘é}féx(S)é:%’é‘o
¥ — FZH N 500~ 1000, 7% (ARZ7 A gEHE) hix 100
EUke NT—RRZ MVOFBRE 7Ty 795 —%4
( Blackman-Tukey )EZH WA, AR IFPLVOEBILLOEZDAWE
DAYy RNy Y - 94 Y Fo ( Hanning window )T H D. £

DAEE a(0)=0.50, a(1)=0.25, BT a(2)=0.00 & % 3,

() IVFT7NAL—-VIYY—RUENT—-FEX
fMUAELCRELEACEHEEHZ AN, AETRELZNEEZ H

HEULEAABRORBERERE LR, TODZEANY AT LORKEOHE
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B4, YHhHFINIL -V Y —RUNY—FEREZHWTHEL
o

CALHRHEOESERCHERE TRER T

(a) v W F TNV ak—Vbry¥y—( nultiple coheren.cy )

Mk EE x;(s). j=1,2,,62 AN, AEOMEEIRE V.(s).
n=1,2,-, 62 HheL2ABBERICBT 22—V 2y a4 —HEIR
tﬂi‘}Yn(S)O)Eh‘C‘; AR REBHEBRTRE IR 2B 0H G 2%
£ 7T,

(3 -20), (3 -21) XOBEBID. Svopve, (032 )EKAD

XSl I R B,

(=2}

S YopYon (@ ;X ) =k2=1 SYnXk(C'JZX)’H‘YnXk(C'JZX)
| (3 -23)
HAHYa(s)DNT —ZXARTZ PN Sypvan(wsx)e 0GB W
FrN cak =LYy =7, 31,200,686 (o). KXD L D>iERE
YO
72yn 11,2, ,6 (w) =S YopYon (@ 352) / Svyn¥n(w;x)
(3 -24)
YA, 31,2,,6 (o) . BAN—HAYRAFALBT 28 B H

HFomIERLTED, ¥ i, 51,2, ,6 (0) OEPREVEAEH
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BB W T, ﬁﬁﬁvx?lazﬁiﬁf:énz)o

(b) “}"{"ﬁ’"_%%% ‘( power contribution )

?ﬁﬂ’é'ﬁ#fihszh%i%ﬁ;ﬁ@)&flﬂ:%é?%%ﬂt& ko6 B H
EEHEADLETHDABONT VAZOHDE L TERIM 2, B
ROBMUIPNIVWEBE AMEREULEABLEIHAAEHRZROA L
mbd, Z20HIMEEEZRET, ok, FHMLZEREZMHE-T
AMEDONRS Y ZROASTcMbD., COROHNLEBERE TH
R s, ttotT. ~HOBEBEHEKRE. AMONT Y IREHHEE

RO OO T YRATLAPHBEDUDT A —FNY IJYRTF AL

\U

LTRETZZIENTED, BB, COYATFrlE. BEHFHZ
FOoBNVN—-—TORERTETFNVIT B ES T & B, Fig. 3-212,
MBALALAT 4 — N 7Y XFAO70y 7R %2mR7,

Z I T. X.(S)b:k)k%@n‘%‘/x%\@]\jj'("?é D. Y(s)izkﬁ'éﬁﬁiﬁ
ROADTH %, u(®), V()R ENFIRY T XFLDOHES .Yo(S)\
$0(s) Wb TWILHEETHD., YATLE2E»PITESHNT H 3.
Mﬂmﬁ#ﬁ&gwﬁﬁtﬁﬁﬁ%ﬁ\Mwmm&E@A%Egi
ZERBILEST S, 2 t+toXKELST B EIED. Y. X(s)ik.

RADELSIZHEBMEXRHRTE 2,

-29-



Y(s) = Zm hex(m)X(s-m) + u(s)
m=1 _
X(s) = nilhm(m)Y(s-m) + v(s) ( 3 -25 )

22T hex(m), hxv(m) . ZRHEFARY TV RATLOAL NI R
BEBEETS %

(3-25 )R TCEXIhEEF N E, RAOCEHHEEHZ AN LT
Z2E2RTEHE I A —FKNw 7Y XFAREHHRT S L. KADL IR

RHRTE %,

(= p]

Yn(s) ’= > Zm hyyxk(m)Xx(s-m) + un(s) ( 3 -26 )
k m=1

CCoT . hvaxk(mMix, MEESH (2P ABFONT Y XROH
H Ya(S)AND AL Y NNV ABREBEBEETD %,

X Bz, HAY(s)., ua(s)DOKH nZEEL T, X7(s). vi(s)E
Baxzrzst, KXDEISIKLERRT DI EHTE L,

7 n ~
£i(s) = 2, E_lhu(M)Xk(s-m) £+ v;(s) j=si,2,-,7 (3 -27)

22T, hivMiE. )P B, GIANDLI YNV ABEHRETS
2, L,(H)p. BEHEBUAORS X(m) (izk)eHFvVv, ()P
EHEBEINTWEOT h;i(n)=0 TH 2., - ZTOHBERLEHN

EH O (e)iF. WX EDXRkDosh 2,

1 n
H,jk(&)) =§'; mZ:lhjk(m)EXP(-iw m) ( 3 -28 )
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ErR. i Vi) 7 -V ZEHBRLEDOZE ZAENRL (0),

Vi(wd)e L., TRERTIFAEZHCET, T HBELTHNEE ST,

X(w) =

:(w)
l f2(w)

X7.(w )

Hii(w ) Hiz(w )« Hiz(w)
H(w) =l Hei(w ) Hzz(w ) H27(w)'

H.'Yl(w) H;‘e(w Y eee H.’?T(O))

( 3 -29 )

Vi(w)
I Volw )

V?o(w)

(121 VR ERTBEY R 5 o lk. REXOE> 5% bR 5.
(I-H (o)X (0)=V (o) | (3 -30)
X (@)=(I-H (0)) V(o) (3 -31)
TZTT. vk(s) 5 X,(s) ~ORFABEHELBEREE bijv(w)E L.
ZTORBHUBEERANEB ()2 F 3, bu(w) B, ML —70
AHEEEBEETS 5.

B(w)=(I-H(w)) Tha0T., (3-31) XBAXD &> &
SR 3,

X (@)=B (0)V (w) (3 -32)

o T. AFEPSOEFTV IR TEIHIDI(S)DNRNT —ZA R
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M @m0y (D AT =R kA S ve(o)s Al HEE
MM br(0)E AT, KXOLSLEFC &NTE B,
dr(w) = Ibre(w)l - Svilw) (3 -33)
g 7. X%&:%i?%?—%h 24 (S)DONT —ZART A, ve(s)
DEBRDIRESDTRELENT —ZARIT ML an(w0)DFE R D,

KATRIH %,

7
Se7(w) =k_21 g r«(w) (3 -34 )

KA ARTrww(o)iF. BEEoIBITF 2., vw(s)?»o D X:(s)D
N — AR M INIANDEFEEZTEERT,

gk (w) )
r7k(a))-—-—-—-—-s77(w) | ( 3 -35 )

rre(w) e B ESSFS5ELREAZETS 3. &2 T
ANEODNRT Y ZREBHIHNORBEDRD ~OERBEEERL T

BD. NU—-FERLEET ..

3 -2 -3 Z2XRATBEBCEBE TN ( Hultiple Auto Regressive
model )
TA4—FNRNw 7Yy XAFL08FRIE. TEHRIOBCHBEER
EFAT L. ERAMNTH 2, o7, ZOSAHROEE I,

ZXRABCHBETNVEERT %
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A oI ‘JZ%#G@&H?}HY"(S), n=1,2, 6B EE LK R
THBE TR MELOED. (3 -20) REABEHD V009,
U ()OO M A nEEEL T, Xe(). Ne(s)LBEHEE B0 Xr(s) M.
RUEDRAOZEE LDEES H(NDHESOBED 1A MO
BN (s-1), ) LG DOBRBEAI., BEN (FMb o> EH T

XRXOBICEEH X 3,

Xﬂﬂ=jim§AH@ﬂMVM+NNU (3 -36)
Z 2T, hri(n), m=l,2, 0. ABONIYAROAH I;(s)
RECZOHN ()P b, W LANOREERTERKM TS
Bo §=1,2, .6 NPKOEHHEABOER S K HIB L. =712 A
KON VAROEHKHEBT 5o Ne(s) BHRT AR J 4 XTH 5,
$7. (3-36) R BPIEREY A (e (3 -27)Rk ks

524 ANV ABREREN, (DO RR., ®AD LS REh %,

hr; (1) = A7 (1)
m-1
he;(m) = Ar;(m) + E;l A7v (L) h7i(m-L) ( 3 -37)

 ZRAECHRBETVOXRE nd., RKARKINDEEINIZIZAR
B F A ¥ E MFPE( Multiple Final Prediction Error )D& /N{E
»HRELU E,.

MFPE(m)=(1+ (nk+1) /1" - (1- ks 1) /0 5 ol | (3 -38)
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22T, NIRRT -—FYOH. kKREFNVOKIT. om & FTH#§

MEOHRIBGIHNZEER I,

ME, ANMORBRFRHEOHRERTREBEYRATLOAEICHW 28
mFEICODWTHERL A
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WAVE SHIP MOTION COMPONENT SUBJECT COMPONENT COMBINED SUBJECT
EXCITATION SUB-SYSTEM RESPONSE  SUB-SYSTEM RESPONSE RESPONSE EAOT.I%(I:\J

"'>H‘|(,t) >X1(t)‘ '51(t) >Y1(t)
Ho (1) t> X2 (t) Sa (1) >Y o (1)
Hs(t) > X3(t) S 3 (t) > Y3 (1)
E(t;v .X) | M(t)
Hs (1) = X4(t) Sy (t) >Y (1)
>Hg (1) H> X5 (t) Ssg (t) > Y5 (t)
>Hg (t) > Xe(t) > Se (1) >Ye (1)
INPUT OUTPUT INPUT OUTPUT

Subscript 1;SURGE, 2;SWAY, 3;HEAVE, 4;ROLL, 5;PITCH, 6;YAW

Fig. 3-1 Block diagram of the input-output representations
from the wave excitation to the subject's motion.



u(s)

Yo(s)
| SUBJECT
(s) | v(s)
X(s
r oS g p —

V(s)

. .
. . p
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4B AMONS VYARILHET IER &R
AE LB WTE. S3ETRLABRKED  ABOELOH K
rHEEE. EMEBOLGEEDLILH DI T 5, BIBETHBL
ERWERL E-T. BHEBILHTE2AKONT VAROBERH
PHEL. BEYAFAOAEZM S Xbk. AEOBLHED

KEBAEH NG Y AOREREIEOWTH T 5o
4 - 1 HERRTCHEERI & 5 £58

AMBELCBWIEALAEBRBRCAHNREOBREZ U T LT,
4-1 -1 £BK
%i¢®%%t%i?é%%ﬁﬁa$ﬁ£t£ﬁéﬁ%%@§@
NEOEBLCEMEEREORABESH W ER 01k, LEE X ¥
FEHR S LBAEEA LA AMECBWIERLEAEROARS
AR L 2, 7. BELRETAIMUDECARRERS O
kxmzsro, LHEEXELHERLEAZERLT. AROER
EEWLE, ABLS P AEBIS W Tk, W MEO6 8 EE
R AKONMEERSOABEEHMET o2, AL ERRO

M % Photo 4-1~2ic. MERBEIEFig. 4 -1~2lcm ¥, R X
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, -

BHEOZBEBROTEB RV ERE Z Table 4-1 ~2 TR T,

4 -1 -2 BMUEHRTCHBBOELMNEIBBT 2
mEERE O HE

(a) HUEESH

1 . MENRCREELROH B R HETAEE (BEAME
Er®) 2EALE BREBE. BAOBBELA #HMELAZ BRH
AN —F 4 BN Y v 10 (Full scalex 50 deg) RUMERBE L O
ﬁﬁ%%fﬁﬂj?%lx—}yvfn ( Full scalex 50 deg/sec) » 5
b, LpL. >LBERATERLAZIGIEIIADERK S W T iE.
BEBREREET o T W

M Eh, EHEBEARUCETEROHBIZE. OFay —Y RN
EET e (#£MESR. Full scalex26) 2H WA, WMEAELXLBRE
., BEBREZEORDEREVWVEHRELICEEBEUEZ 7o &

N OB AR, BBCERINLIEBOOMEZ AW

(b)) WBEOMEELH
HEBRECRETLIRAOFAICIR., VFAY-—VRANMEELHSR
( # f1 & 5. Full scalex2G) 2 Wi, ZOFHEHBIE. HEED

OHIBRBERZOHMIEAWEDDEEUL TH %, Photo 4 -3iT TR Y
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BlrrmEEdofBaiszhanio ¥F60L % VYRC 103 &8A
MAEMETCE2 L5 LEALEES, AN ICAKOELS X XN
B BB S BEEL0.55/1.0L EESLWHBILREL T, HH

%143‘.0 75'-0

4 -1-3 BBEOELHNEOEH OGN

HR ECBUA2HBREOCELMNBEOCEHE. 74+ —-RXAT - F
(%0 | K EFP-3864) ZAWTHMEL A, 2O 7 3 — A7 b — bR,
. YRU IoREAERMIiERETFRLAODDODU—~FELZEZREL

TEDND., ThoANbIr2rEHBOE»S 72 —RAT V—DFLI

5 #

[

LEAGBOBELMESSEM AN DLboZHhOREZTZFHAT %,
73— A7 V- rPOHBRFBEIRATWS U~ FEILORE%.
Fig. 4-3i2 % 9o

g0 —FElEeBWIHEILhEAEE»H, 74 —-—RA7 V—FLE
CEE LUE K. Y@ EmICBTA2AKROELAE( L, Yc‘ YA

i DEESI N S

. _ (Z1+Z24) - (Z2+714) % g ( ) ¢ 4 L)
C T T (Z1+12+73+18) ‘ nn
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(Z1+Z22) - (Z3+17Z4)

= X -
re (Z1+Z2+473+24) " (o) (4 2)

2Ty 11,12,13,74%. FhEF h Zifkﬁﬁﬂwmék%z)ﬂzfsm*c
REUVLEEBRBTDH 5, K. Y[iE. FNEF N L Yé# FEicB T %57
F—RT L — L OELP S IMEAOT—F ¥ ETOKYEEE
£F, 0AH 73R 7L bOHRREERE L. EWERES L

THREIDZE, Y#HARIZBEWTIRAERMPIEL UL A,

4 - 1 -4 FEEHOEFM

KBk, LEARERCBBESNEY S JUBR BB (8RR
-2, +14.5m ) 2 HWTEHHL 2,

LEOHHWEBEZFALC. MAEFH L AGCONMEERBERCE
LDHMEBEBOEH O Z T- |

AERMSOSLBAZEALEZHRMERZBR IZBW IR, BEx2REEH
DREZDFABRRTEZ2BI2ED. BOCERFSBEOET TR EAEEH
Be QMM AL, W Head sea). £% @ # DA Wi (Bow sea
). # ¥ ( Beam sea ). #HDE WK ( Quartering sea ) R T B W
# ( Follﬁwing sea ) D8HKEERELE. HoHEaLwaRE E b

TR TCERULEABHMEEZERIEIBWT, BEo#fTHAmMEBEOMEMNF
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e DOBEKREFig., 4-4i2 3R T
CZREROBEFHKE AL TA> A HEEROSFAMBEIEZ3 ~ 5
FOBETS %, HEHANOREZERICB VW IRELAMBED
LRBEDT 4 —AT V- b ERT - TWAHBREOMEESE O
SAEEEFEBHMES L A,

EBRIG O MK ES Photo 4-4 KR T, WREFNMELEH 2 WD
B, 74 —X 7 b—F bl o THMER> TWAREERL T
W3, EBBEOEBEOEFA LB Y. HREAENCCHKRES
T74—RAT b—bEbiesok, WhOLEKEDORETS o .

BLIBUs2BBOBBERAE. AFERICL> THEL W
tEHZ2RELCERLE. £BBOBRO—BLKEFO0ED 2
BRABEBRT2ORBOB OS> =N, BE AL OENRIXEBER 3
~AODBEETH k. RBETREEBRLEBLERET RS O K
%, Table 4 -3ic & 9,

EREBOMEIL. L EMEKRBIBREL, 8.5~ 10.5 knots o
BTHhork, £k EBREHIE. Fig. d-SEm v BEMRA R &
WA TH B,

HEMLEEALZEALAER TR, 74— X7 L— MR €T,
BE. RAIHRCEBREOMAEBELZOHBL2ABFMES L

2o
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EBid. TEAORMOEEMKABIB W, RE+H. HAEX
Y FPERART RO — N BEEBREORBIEB W TERL 2. %
BERBOBRE. REMBETI~40HE TS 2. £HZ2 EMH
UEBE R BB EFig. 4-6107 o

%Méﬁotwﬁzuixr%ﬁfao§mﬁﬁxﬁmﬁﬁﬁm
MEREHSEABE RABEEOAFKEE. PERCOIULBARHE
DhpPLEHLE. ERLSNULABEREOS A, FBE®RS .

Table 4-4}cC % j‘o

4 -2 BHBRECBIIABOELHNE DR

T4 —AT b—biEoTHBEEIAhAE IBHFfRMOU—-FEILORE
Ere. (4-1) (4-2)RE&h. 74 -7 b—DbLEIH
LA YHAREBUL2BHEREOELME X, Yo Z2HHE L
Fig. 4-Tlc. BB EZ O X, Yc ORMZEHO 1 §lx R T, Ko Ve
ODLEEHN EEFLELTWEWOR., FHABLBICBTIHRE
DT 3 —RATV—FETOMBXFLETATWELZDTES . N
R LA %, Yo OBMEH LD, HBREIFHARBERE AHD
BHEINS YVIEBRLT, 74 —X7 b—brEPBTTLEL 22
PR ERD, FA. OFHABRKO X, Yo OBHEHDEER

BLC. BBEXNS Y AZ2EET2REE2RBIcS 22 L%
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~ LT W3,

Fig. 4--8-{2.- 7 3 — A7 b—brLEEBIFZ X, Yc OBFHZEEF
NS VRAOREROEBREIDOEHEMBAICL D THRT. BB W T,
B EBREOHMBOMNELPS>BAEZDOPPE FTOEBE LMD EE
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Photo 4-1 Research ship USHIO-MARU.

Photo 4-2 Training ship HOKUSEI-MARU.
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USHIO - MARU
ITtem Dimension
L (m) 24.70
B (m) 5.60
D {(m) 2.50
Disp. (ton) 188.19
Df (m) 1.62
Da (m) 2.43
Dm (m) 2.03
Trim(m) 0.81
GM (m) 0.51
Tr (sec) 6.80

Main particulars and experimental conditions

Table 4-1

of USHIO-MARU.
HOKUSEI - MARU

Item Dimension
L (m) 56.00
B {m) 11.10
D {(m) 4.60
Disp. (ton) 1600.44
Df (m) 2.88
Da (m) 5.02
Dm (m) 3.95
Trim(m) 2.14
GM (m) 0.92
Tr (sec) 7.14

Table 4-2

Main particulars and experimental conditions

of HOKUSEI-MARU.
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Photo 4-3 View of acceleration measurement divice on the subject.
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Fig. 4-3 A general view and arrangement of load cell
of FORCE-PLATE.
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Wave

Direction
Head
A
R-Bow L-Bow
60° |
\( Ship Course
[o]
R-Beam-=- 60 > [-Beam
' A 30°
60 °
R-Quartering '/ L-Quartering

Following

Fig. 4-4 Relative direction of the ship's course for the wave.
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SUBJECT

3 - —

NE ACCEL.
}- S TRANSDUCER
] _j"l
F

Photo 4-4 View of measuring condition.

Wave scale Wave height H

Rank Name Range ( m )

Calm (grassy) 0
Calm (rippled) 0
Smooth o
Slight 0
Moderate 1
Rough 2

Ul W= o
faxfifaciaciiasiie s

A IA A TA TIA

Table 4-3 Relationship between wave scale and wave height.
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Fig. 4-5 Experimental area of USHIO-MARU.
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Fig. 4-6 Experimental area of HOKUSEI-MARU.
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~Date Ship No. Age Station

1982. 8. 3 Ushio-maru 1 21 Student

1983. 6. 7 Ushio-maru 1 21 Student
~ 6. 8 2 22 "

3 56 Teacher

4 29 Student

1983.11.29 Ushio-maru 1 22 Student
~11.30 2 23 "

3 52 Teacher
4 56 "

5 26 Student

1983.12.27 19.9GT fishing vessel 1 52 Sailor
Marunaka-maru

1984.11.12 Ushio-maru 1 57 Teacher

~11.14 2 22 Student
3 23 "

4 47 Sailor

5 53 Teacher

1987. 4. 1 Hokusei-maru 1 55 Teacher

~ 4.10 2 29 Teacher
Table 4-4 Classification of subjects participated

in the experiments.
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1983-11-30 USHIO-MARU SUB.5

29-Q'X—DIRECTION (R-BOW)
(cm) | OVER BOARD
10.0 |
0.0
_.29_9 | | ] |
g. 20. 40. _. 60. (sec ) 80.
_ - Time
Y-DIRECTION
- 40.0 0.0 (cm) 40.0
0.0 ——
20.0 =
<>
Time [_ ?:_,_s_
40.0 g
60.0 i*’z’-
<&_
=
(sec ). ‘E
80.0 :

Fig. 4-7 The record of the movement of C.G. of
human body in X, Y-direction.
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Fig. 4-8 The state of the subject's balance on the FORCE-PLATE.
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1983-11-38 USHIO-MARU SUB. 5

-66—

of human body on the FORCE-PLATE.

FORCE PLATE FOR. HEAD
+1Bcm -
LEFT FIRSET S INE RIGHT
.\' _’j:\. 1,) -
-18cm Y 7. -
SNOPEEE
. . - .:.V -‘.“.. S ;_5\-
~10cm @ +1Bcm
MEAN X = -5.7010 X-VARI = 42.4119
MEAN Y = 6.9042 Y-YARI = 52.4421
Fig. 4-9(a) Head sea
1983-11-38 USHIO-MARU SUB. 5
FORCE PLATE FOR. R-BOW
+18Bcm ]
LEFT : RIGHT
- oA}
18cm ¥
"\
[ PR
“Them B +1Bcm
MEAN X = -13.4292 X-VARI = 54.2473
MEAN Y = 10.6371 Y-VYARI = 96.2979
Fig. 4-9(b) R-Bow sea
1983-11-3@ USHIO-MARU SUB. 5
FORCE PLATE FOR. R-BEAM
+18cm
LEFT ﬂ\g--fezi’} RIGHT
-1P0cm : \%, 338
N iy r
-18em B +1@cm
MEAN X = -4.7328 X-VARI = 10.7462
MEAN Y = 5.4624 T~-VARI = 63.3529
Fig. 4-9(c) R-Beam sea
Fig. 4-9 Examples of the distribution of C.G.



1883-11-308 USHIO-MARU SUB. 5

"FORCE PLATE FOR. R-QUARTER
+10cm
LEFT (’\ P RIGHT
-1Bem V! ¥/
\ = R4
\J C/
~1Becm B +10cm
MEAN X = -6.6346 X-VARI = 5.4966
MERAN Y = 1.2957 Y-VARI = 16.1898

Fig. 4-9(d) R-Quartering sea

1983-11-3@ USHIO-MARU SUB. 5

FORCE PLATE FOR. FOLLOW
+18cem
LEFT AN FNEAN RIGHT
~1Bcm Ly s 2
o o
\\/ st
-1Bcm 8 +1Bcm
MEBN X = -6.2859 X-VARI = 9.1125
MEAN Y = -1.6271 Y-VARI = 35.4916
Fig. 4-9(e) Following sea
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SUBJECT No | X-MEAN | o x Lx/2 o, % X2(0.05) Y-MEAN | oy Ly/20y, % X2(0.05)
1 -3.04 | 5.820 5.39 | 100.00 } 19.675 > 19.575 |]-3.44 | 11.660 6.88 | 1060.00 }27.587 > 24.494
2 -2.85 | 8.372 4.49 | 100.00 | 23.685 > 16.835 |-1.46 |[17.1&4 5,67 | 100.00 | 30.144 > 21.540
Sub. 1 {3 -3.74 | 8.142 4.55 1100.00 } 23.685 > 11.289 }-0.57 |22.689 4.93 | 100.00 | 35.172-> 18.641 -
4 -3.99 | 3.269 7.19 1100.00 { 16.919 > 10.843 ]-1.74 [13.174 6.47 | 100.00 | 23.685 < 40.013
5 -3.66 | 1.805 9.67 | 100.00 | 14.067 > 10.377 {-1.37 5.982 5.52 | 100.00 } 21.026 > 5.573
1 -3.04 | 5.820 4.80 §100.00 | 23.685 > 10.056 |-0.44 8.173 8.22 1100.00 | 21.026 < 53.650
2 -4.99 | 8.372 4.75 {100.00 | 22.362 < 27.549 }-1.01 9.755 7.52 | 100.00 | 24.996 > 13.054
Sub. 23 ~-5.59 | 4.992 5.82 1100.00 { 18.307 > 12.021 |-1.77 |43.470 3.56 | 99.96 §35.652 < 95.041
4 -4.42 | 7.331 7.47 1100.00 } 16.919 < 23.858 |-2.00 9.115 7.78 1100.00 §23.685 < 29.832
5 -6.44 | 1.817 9,64 [100.00 §14.067 > 8.152 |-2.43 }10.878 7.13 1100.00 | 24.996 < 52.012
1 100.00
2 HI9V4E i
Sub. 3 |3 99.98 138.885 > 31.338
4 100.00 | 24.996 > 12.590
5 100.00 | 28.868 < 47.649
1 100.00
2 100.::00
Sub., 4|3 99.96
4 100.00
5 100.00
1
2 % ;883
Sub. 5|3 63.353 < 49,890
4 -6.63 | 5.497 5.33 1100.00 | 21.026 < 23.157 16.190 27.586 > 22.415
5 -6.23 | 9.113 4,14 §1100.00 | 24.996 < 28.385 35.492 36.415 < 57.184

NO.1:HEAD,N0.2:R-BOW,NO.3:R-BEAN,NO.4:R-QUARTER, NO.5:FOLLOV

Table 4-5 The properties of the distribution for the C.G.
of the subject in the X, Y-direction.
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T+ 200 ‘ . + 200

' _ ) . L HEAD Sub.5 HEAD Sub.5
® Nomal distribution . . . .
: X-direction Y-direction
— 1 r___. |
’ [_. . .

1 1 - I I~ 1 1 1 MR
0 cm 10 FOR. LEFT 20 10 0 10 em 20 30 RIGHT

Fig. 4-10(a) Head sea

. . 7200
R-BOW Sub.5 R-BOW Sub.5

X-direction Y-direction

® Nomal distribution T 200

' ' r ! 1 A
0 cm 10 RIGHT LEFT 20 10 ‘0 . 10cm 20 30 RIGHT

Fig. 4-10(b) R-Bow sea

o Nomal distribution -(300

+ 200 ' . 200
* R-BEAM Sub.5 . R-BEAM Sub.5
B X~djrection Y-direction
T e Normal distribution
* + 100 ] ee . 1T100

IHIEN

- T 1 r T ] 1 '
AFT. 20 10 0 cm 10 FOR. LEFT30 20 10 0 10 cm 20 RIGHT

Fig. 4-10(c) R-Beam sea

Fig. 4-10 Histgram of the distribution of C.G. of human body
on the FORCE PLATE in the X, Y-direction.
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® Nomal distribution

, +300
[
+ 200
. R-Quarter
B X-dijrection
+100
r L. T 1
AFT. _20 10 0 cm 10 FOR.
Fig. 4-10(4d)
® Nomal distribution
T+ 300
+ 200
N FOLLOW Sub.5
X-direction
100
[ . (e T 1
AFT. 20 10 0 ¢cm 10. FOR.
Fig. 4-10(e)
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, SUBJE‘CT'S RESPONSE SYSTEM

X,Y,Z-direction

r—F— - I
| |
| |
INPUT OUTPUT ! INPUT TPUT e |
WAVE > SHIP > : | SUBJECT ou 5 SUBJECTS:
WIND : MOVEMENT i
' : ROLL ACCELERATION
i PITCH XY, Z-direction
:
|
]

[
|
i
|
ACCELERATION !
[
!

Fig. 4-11 The relationship between input and output to the
response system of the human body.
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Fig. 4-12 Recorded data of ship motions and human response
accelerations.
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1983-11-380 EXP.3-2 R-BOW 1983-11-30 EXP,L3-2 R-BOW

. 1 a 1
SPECTRA B SPECTRA
S{wl |- SUB ACCEL. S{w)h SHIP ACCEL.
1 é' EXP.3-2 ‘ EXP.3-2
= SUB. ~X[T] 1.8 = SHIP-X{T
_____ e ——. SUB.-Y - ——. SHIP-Y
- ———_ SUB.-Z L . ——— SHIP-Z
— o S(w) unit -~ ’ S{w) unit
= . m?- sec’ — m?. sec’
8.1 HENANY g.1
/A -
- \ b
~ ! =
o u | —
e 1 .
\ N
T\ A/ ‘\\ | A~ B
\
p.01 | , / \\,\ 8.01
= . 1 on
m \\ o PURVAR —
- - JQVP\\ .
2.891 0.001
%] 1.57 3.18LU 4,714 6.31 (4] 6.31

Fig. 4-13(a) Accelerations occurred Fig. 4-13(b) Ship accelerations.
on the human body. :

1983~-11-3@ EXP.3-2 R-BOW

- T
SPECTRA
S(w) SHIP MGTION
EXP.3-~2
18. = ROLL
- — . PITCH
- S(w) unit
B degz-‘sec
1.0
L A
- I/ \\
\
8.1 } : |
=\ ] \
[ / -
Y]
_\\ ’ \\ 7
/ MY
2 g1 L\ NATAW

2 < 1.57 3.16 4.74 6.31
W

Fig. 4-13(c) Rolling and pitching.

Fig. 4-13 Power spectra of the accelerations occurred on the.
human body and ship motions.
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1983-11-38 EXP.3-2 R-BOW '1983-11-38 EXP.3-2 R-BOW
I

1 | L
MULTIPLE COHERENCY MULTIPLE COHERENCY
X~-DIRECTION Y-DIRECTION

Lo MA/W[V /
V

B Vo

-

8 1.57 3.186 4.74 6.31 (3] 1.57 3.16 4.74 6.31
w w

Fig. 4-14(a) In the X-direction. Fig. 4-14(b) In the Y-direction.

1983~11-30 EXP.3-2 R-BOW
I 1
MULTIPLE COHERENCY

Z-DIRECTION

1.8 ,\/V\/\
A
E..S \/ \/

) 1.57  3.16 4.74 6.31
. w .

Fig. 4-14(c) In the Z-direction.

Fig. 4-14 Multiple coherency of the response of a human body
for the ship motions.
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EXP 3-2 R-BOW X DIRECTIDN EXP. 3 2 R BUW T DIRECTIUN

T I
(k) DIFFERENTIHL RELRTIVE (%) (DIFFERENTIAL RELATIVE
‘| { POWER CONTRIBUTION POWER CONTRIBUTION
100 108 :
b, - SuB.-Y
BaN iﬁj_ e L—
L \., 7 . pd
i SHIP-X A i //
o~ . ;
50 e 50 |— £
I ¥ N RN
b 4 < 1 \/ .
,/ \ \s /" \\\\
|~ d ~o . [~ / \\\
= __z.:_/"\c\'?(\\P'TC” T~- = SH,P - N SHIPE ]
T A e e e — i DN i e
] .1.57 3‘181u 4.74 6.31 7] 1.57 ~3.lSuJ 4,724 6.31

Fig. 4-15(a) In the X-direction. Fig. 4-15(b) In the Y-direction.

EXP.3-2 R-BOW Z~BDIRECTION

T l
(%) DIFFERENTIAL RELATIVE
POWER CONTRIBUTION
189
_\\ SUB.-Z
. : yd
- . "_//
50 . \ ~ ”
B v
\SHIP-Y, y
- v N sHIP-Z,
i NPT
B //.f X, S
/ AN N
kool ol N e — s |

] -1.57 3.16 4,74 6.31
w

Fig. 4-15(c) In the Z-direction.

Fig. 4-15 pPower contribution of the response of a human body
for the ship motions.
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1987-4-1 EXP.1~9 R-BOW 1987~4-1 EXP.1-3 R-BOW

[ I L I
— SPECTRA — SPECTRA
Swl A\ suB. -X S(w) {\\ SHIP-X
—— . SUB.-Y — . SHIP-Y
1.0 | / \\ e SuB.-ZH 1.9 = / y ——— . SHIP-Z}-
- S(w) unlt — \ S{w) unlt
- Il \r m?.sac’ - ,, \_ m?.sac?
/ - o —
, — ,1 \ \
L R A
l l“ \ “
8 , 2.1 i !
. 1 i -
g = |
: [ : \ “
S\ = I !
- f !
. \ [l, \ \\‘
8.01 | 8.1 K i Al
= =\ /7. ™
- R\ !
[ _\s\(/ o
- \’ (',}_‘
L — \\
\
2.001 g.801 N
g .63 1.26  1.89 2.51 i B.63 1.26,, 1.89  2.51

Fig. 4-16(a) Accelerations occurred Fig. 4-16(b) Ship accelerations.
on the human body. 4 :

1987-4-1 EXP.1~-8 R-BOW

[ |

— SPECTRR
S(w)i~ ROLL

——e——u. PITCH

19. = ——w—- YRW |~

— R, P:deglseec

— Taw :c'lagz.un‘:I
1.0
2.1 57

-

Ly \

Iy I\
B.81 N

g B.63 1.26 ,, 1.88 2.51

Fig. 4-16(c) Rolling, pitching
and yawing.

Fig. 4-16 ©Power spectra of the accelerations occurred on the
human body and ship motions.
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1987-4-1 EXP.1-9 R~-BOW
| 1
MULTIPLE COHERENCY

X-DIRECTION

1.8

gls \/
p.o
2 8.63 1.26 1.889 2.51

w

Fig. 4-17(a) In the X-direction.

1987-4-1 EXP.1~-9 R-BOW

I 1
RVat

MULTIPLE COHERENCY
Z-DIRECTION -

.5
B.8
2 B#.63 1.26 UJ1.89 2.51
Fig. 4-17(c) In the Z-direction.

Fig. 4-17
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Fig. 4-17(b) In the Y-direction.

Multiple coherency of the response of a human body
for the ship motions.



1987-4-1 EXP.1-9 R-BOW 1887-4-1 EXP.1-9 R~-BOW

I I
DIFFERENTIAL RELATIVE DIFFER[[-ZNTIHL RéLHTIVE
| POWER CONTRIBUTION : POWER CONTRIBUTION
180 100
| Sub.-X ’ |
(%) | S () Sub-Y
- ROLL /,/’//////

58

o . 1.88 2.51 P 0.63  1.26 , 1.89 2.51.

Fig. 4-18(a) In the X-direction. Fig. 4-18(b) In the Y-direction.

1987-4-1 EXP.1-3 R-BOW
I |
DIFFERENTIAL RELRTIVE

POWER CONTRIBUTION

100

(%)

2 B8.63 1.26 ,1.89 2.51

Fig. 4-18(c) In the Z-direction.

Fig. 4-18 Power contribution of the response of a human body
for the ship motions.
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® 3] Ship acc.X | Ship acc.Y | Ship acc.Z { Sub acc.Z

-0.121215 0.258380 | -
-0.024401 0.429332

1.209555 | -0.746477 | -0.027439
1.139948 0.989950 0.093765
-0.068369 | -1.343782 0.022694 |-0.515210 |-0.011530
¢ -0.138481 1.258331 | -1.310462 { -0.906457 | -0.026929
-0.074070 | -0.209121 0.240208 0.621699 0.061695
-0.003888 | -0.373735 0.086754 |} -0.453200 0.015935
-0.091751 0.825419 0.194493 | -0.032782 | -0.043069

-0.008935 -1.308071 | -1.463598 0.331934 0.044227
-0.002226 0.891283 1.051331 | -0.359459 0.097761
0.063231 0.778088 | -0.352069 6.672076 | -0.095060

C] -0.121190 0.486130 | -0.136541 | -0.890083 | -0.094871
-0.013489 -0.284089 | -0.688933 0.618423 | -0.085759
-0.038152 1.086306 0.430681 | -0.320616 | -0.033276
-0.030199 0.488418 | -0.091009 0.598076 0.004308
0.000526 | -0.025013 -0.061606 0.123816 0.007036

Ship 0.001381 | -0.049233 0.192866 | -0.025938 0.016640
accel. | -0.000012 | -0.053077 -0.007193 | -0.020368 0.023748
0.004659 | -0.032073 -0.050636 | -0.102891 0.023166

X ' 0.003666 {-0.010122 -0.068051 |} -0.122568 0.009371
0.002806 0.009003 0.000262 0.056997 | -0.017457
-0.003037 0.025870 0.019197 0.055597 | -0.035120
-0.014226 | -0.000175 0.115397 -0.328690 0.000746

Ship -0.033531 0.003698 | -0.001652 0.163142 0.003593
accel. | -0.050932 0.006906 | -0.032811 0.017085 0.003804
-0.065071 0.000069 | -0.045285 -0.121558 0.005613

Y -0.058307 | -0.008801 0.050308 -0.055936 0.006472
-0.039937 | -0.003102 0.045472 -0.001544 0.006881
-0.015984 0.009323 0.051461 -0.013152 | -0.002310
0.012149 | -0.017136 [ -0.052509 | -0.289869 0.002145

Ship 0.025814 1-0.040112 0.138176 0.134787 0.005600
accel. [ 0.033641 | -0.054465 0.066811 0.084667 0.012979
0.034691 | -0.045431 0.127744 0.053055 0.019999

z 0.027407 | -0.022202 | -0.033880 0.096242 0.021530
0.013077 | -0.008064 | -0.290117 0.293074 -0.005831
-0.001923 | -0.006301 | -0.258208 0.190804 -0.022697

0.061278 | -0.034981 | -0.173513 0.754889 1.300125
Sub. -0.028856 0.023766 | -1.446794 | -0.822191 | -0.038593
accel. | -0.029091 | -0.144187 1.769572 0.025495 | -1.670871
0.005747 0.001593 | -1.211500 1.370404 3.083944
z 0.031406 0.018898 0.190886 | -1.297041 | -2.983283
0.005917 | -0.008127 0.131536 0.448996 1.129278
-0.011731 0.031472 | -0.085551 {-0.031238 0.054490

Table 4-6 Impulse response functions of the response of human body
used multiple auto regressive model ( model order 7 ).
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1983-11-30 EXP.3-2 R-BOW X-DIRECTION
— FORECASTSTART ( 1-STEP AHEAD)

Fig. 4-19(a)

In the X—direction;

~2.08
-4.0
" 508 600 780 80P 21| 1009
1982-11-308 EXP.3-2 R-BOW Y-DIRECTION
FORECAST START ( 1-STEP AHEAD)

4.9 -

-2
.88¢C
2.0

Fig. 4-19(b)

2.0 In the Y-direction.
-2.08
-4.0

500 6008 700 800 ag0 ‘lﬂﬂﬂ

1883-11-380 EXP.3-2 R-BOW Z-DIRECTION
— FORECAST START ( 1-STEP AHEAD)

4.9 ‘

-2
secC
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Fig. 4-19(c)
In the Z-direction.

p.D
-2.8
-4.8 -
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Fig. 4-19 Comparision between the forcasting values used the
multiple auto regressive model and measured values.
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Bo5H AMOREHE MY 586 NEE O FIE%

FA4BEICBEBWTWR, Figd4-8cmRm 974+ —XA7V—FrLEixHEEZL
EAKOELKME . Yo 0HHE L. Ly QBB LD, AMO X
5 v R M Very stable IR BE H» S StableZ RBEAELZEHLL TW B
?Eé\ B icHE PR LE, FEIZBW TR, ¥blc. HHEFHE
PRERULLLAEBZIZOoNR T, AMONT v X H Stable K BEH»H Off
balanceZ KA B L TWSEBEZ. REEHORTZ D LI

HprlclL., T0HEELRZIT S,

5 -1 AMONT v RKRBIZHE T 2855

BB 2. AMBONRTI UAROBRBEREICHET 28K 0% R
mEEFHRHTE XL YRU zimﬁrm:fswz{xw@mﬁﬁm*éc:
RBLWEEAENRAA, SRATHCEHREFLERAWTZIOY X7
LEREETAIENTCEZEVWSZEPHBELE KBEESHZ AN
LT ARKODELNMNERCB2NEABEEETEZRETE S 2 & 5.
BRHRiCAEONI Y XOHKRED, BB EHEHWITHETES 2 L
HFBEIND, RUEEBHH LABGENI YR EZHBET L T &
2HEFEREHEEITSCEPTELLIE. BRECBRAETZIHER

Bo@E» S, BEFEORERERZRIA T LI LNHETE %,
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5-1-1 REHNMNEE & 5T M

BUEEB e v >SRBNER DS, AMBAS Y REHETE 5
EPEVWSERRNRBRZ2HNTAFERLUTCHNSHF ( discrimi-
natory analysis )% B W 3,

ABONZ Y2ARKRBE., HAEHZILIRA2EEZRTTSH
D, REEDOEAORHNOMBENEREY» 5. AMONT v 2
REEZHNEBLECTFEIIILEHEETHD 2, BB 2EABERBEN
KED, AMMMOMEERER. B AFOOoMENEERSOELEE
—~BRLZTHIEBPE»E 2ok, Fig., 5-1(a)~(c)iz. ML O
L YRU Zﬁﬂiﬁrﬂwﬂﬂiﬁ}%&:ﬁbkl’aﬁlﬁfi\“.ﬁ‘/%%{%%tﬂﬂéf:#
ErE., FOMEEODOr.m.s.( root mean square )f@t}ﬁi)ﬁﬁd)ﬁé
BEDARLE, BEH., (O) BEBENK 7+ —-—X7V—METNT
YAERBTE R, Stablez KRBT H o2z ER L. (X)) BN
5 Y ZAEBFE TP . 0ff balance ZRBTH >~ Ar2 R T,

BAEREMEE RS O peak-to-peakM O FHFERZEHL T W 3,

il

BB, AMBAS Y REHULAPE» OB 2. %850 G
., 73 X7 V- PLEEZEKBERETEEZPES>SPDZHHEEL
LTw3, ¥ 7. li*i‘?ﬂﬂﬁffﬁﬁbi‘lﬁf'aﬂ&bf:o

BEEH N T 2ABONTI Y XROBEBFICE > T, B

RELVZEANMEZEERAFAONEERBZLCLHWZEZRET LV HAY



UEe L L. Fig. 5- 1&D. MO L. YRU IMEwo &
HE M OMBEEX T, BBREDNS Y 2 R B2 B ERH K TS
Bwz Eah Db,

ABONT YVARE~AFEZ2RETRAEHO RS 2 HEEE L
LT 1lo0BAMERIcE e, WHEREL KB T 22210 &1
KoY ARBEHEST 5, cOBAHNERR. KX ARTHEH

BB % ( linear discriminate function )& L T &EH 3 33,

T =’ ?I=ICJ-XJ = 01Xt + C2%2 + <+ +C,X,p (5 -1)
coT. TRESHMER IREUFEEOM. PRUE IR
PEBZLT CREFHIBMBROKKEZHh T hET,
COBRBHAEE IR, HFHEMEANS VX E2HFETCEBENS VX
EHLABRLOBMEBHE XS L. BAZBEASCT S50
B CARETACLILENDRES 3£ COBBHAMKEA
WBT El&ED, BAEDICHTIABONT YARBEHET 3
#i| Bl Bt # ( discriminatory standard ) 2 ¥ E T A2 LB EE &L
5, HMEEMEE. (5-1) R BSHOPHELERAL, ThEh
OB B IHAMBOWAEERD 2, Ko, HAMBK L 2B
AHMEFHTELL, SHOFBFEOTRMELA AL R U THRE

L %,
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5-1-2 AMONRNI YAREZ2EHEI2-D0HETEHORE

BEEBP S, BERWIABMONI Y ARBEERCEET 5
‘f:&)bz&i\ BREHNEEZ2ERIINEEEOEKEZTELZETE
BL. MAMMEBMELT 5 HEN B 5,

REOSEHHEEH » LU FTEREERTIZIFEELT. B4 E
bbzﬁ&i%lfv—%ﬁ-%%fiﬁﬁbf:o Fig. 4-15, Fig. 4-18 TR L
e NEONI YV AROHBALCEDE2ADRTZONT —FEEXTLEE
W T b, ﬁ’&%@ﬂui@if&Jﬂiﬁ}ﬁ)\{*@m‘ﬁﬁzﬁﬁgv\éﬁh%’;%%&ﬁ"g“
CEFHBLIWS, #oT. HAOMBERSBEAFEONT ¥ R
KBEFET 2 LCEBO TEERERTH), TOKESDHBH
%m)\ﬁaﬂ@/\’fy‘/XJ\EE#J%Z%E%&@?&?EEE'C‘%z)o

Fig. 5-2(a)~(e)lc. MMrEeoH2AEEZMWE» B W HERK
BN T IVHEEBREToAR., EHERRELE L YRU
IHFHOMEEDONT — AT P S(w0)ERTe ST 0o}
MERBRTD 3.

CheoDBREER-SERUEMEBEEORERRIEBT 2. AEOMEE
BEICEDLIBEMEEONY —F 5 EE£, Fig. 5-3~ 5(a)~ (¢)
EWM A M T iR T, Fig. 5-3(a). Fig. s—é(b) E U Fig. 5-5
(¢) b HBTEZ LD, AFOZEHFRMITBEBTI2NEERER

LT, ABAMIZB T 2REMEERS O NYT —F5Ep5 %<
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BoTwd, L YRU IMEMORKMEEDONT —F 5% 2 B
T HU. RENEEOIRAFNHEAECED I N T —F5=E% Fig. 5-
6(a)~ (c)licR" ¥, Fig. 5-6 B, WIFThOHMEEBROE AT b,
AONRS YVAZROAHMPHEBILBEWTR. BHENMEED 3 KRS 2
FELBVWESEL EDL-LFBATERE, HABRE W T R
LEd>ik. BFEEAWEREMEER. REERICEIZHERLD
HERhOBEEEATWS, 202D, ANMEOMEERBZIZLED 3
HERORBEROBES A2, RANBED ST —FEE LM
Pho THEN, BRELLIHBASHKBEAONY —FF =2 h 2
Bk EE A BB, HoT. SHAMOREMEE RS CHRE
OMEEREE*RIERLBLLHE L %,

CORE. Ko HHEEHOSIL X, YRUC IBEFRICHB
H%%@MEE@S&%%WE%E&LT\Aﬁ@ﬁﬁyxﬁ%%

#:E L =

5 -2 HHEEL AGDONS ¥ AT
BURELIERELE L YRU IHFMOMBEEZHEERE L
U CH B S & o

EH AR B RBMEEOXS I ZOABER N, A ON

SUYUARBRLARELZEZBEEZEZITWS2O0T. BREHINEBOHRBEE
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BKItW o DEENEZETRATWLIRENMNE 3 161, 0171

o T, BEHIBEREERLDODESIZFE NI %,
T=Cx-+- Ax+ Fx+Cy+- Ay- Fy+Cz-+- Az Fz (5 -2 )

ZT. Cx,Cy,Cz: B BEHNEEOKBHE

£y
f

Ax,Ay,Az: iAW EEODOr.m.s.{#
Fx,Fy,Fz: B HAMEE O R E K
LU, COHMBEERE., S@FmonNEREHICKENEE O

r.n.s. fEE ZDORBMABEROBHELE WIS 2ERZEAFHEBLE & o

~
<

2, HHEBEOLIDHEBELLOADEL., ChbDERLHET 2
HbODELTITNT —AIRIMIZRAEBBTEANL TR LEARY ML

q& ——.X D' F %E Fﬁ b\ 7&0

5 -2 -1 HMUBEMEBEONT —ARTZIMIVDLIRE—-RAVPLE
& % gFF i
HANBEREULIRENREONY —ZRZ7PLVS (0) 1 KT
— XAy MHNIEHAWE, B, CThAETOEHRERIZLINDE L
. BEBEENIIA, 256 lOFHBF—% 2 AW~

S(w)Dl&XE—AF ¥l B KDL SEmIh 3,
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o0 . . .
M1=J0w°8(w)dw (5 -3)

Mo HEBRBONS Y ARKBEOHEBKREFig., 5-TIcFR7 T, HH
B, TATRhOSFAKBFANIOES2 R T, -, () ks
AEHFEREORBEBIEELTCVWEZEAEARL., (X) BB E
BNG VRAERLEZ EER T,

Fig. 5-7T0 3o HAkBWVWTH., BEBEREINT VI E2HBFETE
FPERLTERP 2 EEREPICEN SR, HDHO LD 5 E AR
AVPBEDTH RV, #oT. FMFRMECBT2HOEN S 2 HFE
Br@irl BHBEONT VAHBIrERICR I EXFRIA
2, CORR. HRENAREOHNINABMONS Y AKEE2EMEYT 5 £
THEHLUBHEEETS 5L HEL A,

Mz HzFsEReLULZSEBHNBEEEZ (5-4 )X IcmE 9,
T=Cx-+MI1lx+ Cy- Mly+ Cz+ Mlz (5 - 4)

S TC. BF X VRU ziF. FhFhodFma2 xR T,
HHMF — Y AR BB ANEEOBEEAEMIIREL 2, D &

D NS VY RAEZEBRTCEBHENS VAZHELULEBEOBEROHFMED
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232 BEHAAE —DRRLESBHTH - 2ZEEZ2REXAELL Tw 3, BB,
ERZFTROBEBRHEHMTZ2OT. Cx=lcR2 3 &5 RBFEELTEHEDO

GFEE2HELE SohrHBHAELEE (-5 )XEFT,
T=M1lx+ 0.1659M 1y +.0.1133M 1z (5 -5)

NS VAEZHRBTE L2 ErOHPLEEY. BLHHORELH
CCBELIRDAEER 0.22000% o %,

(5-5 )X & A MERE Fig. 5-8 R 7.
Hd. HHESRANERC L 5EH 12EbT. £ EHER
MY S AR HHEEEEBREONT Y XBRE TS 22 L &R L,
BEDOLR MY IARNTVAEHRLEREES T,
MAMORENEC AL EORBEL TS S 2. H B HHEE
J:’7@\:\1@&3#‘50\’(%2@”&81\“—7‘/X’&B‘ﬁbf:@@ﬂ?bfaéﬂ%o
INANTIJCRAONER (BHOER) 22, TRAPTELIDHE
LS A MOBERS.ZLEC. 2HUMERBE RS AESI A TY
BLHBTE B, C OB, WIS E AW SRR KK MEED
BABONS YAREZHB T2 L TCHEDCHESD TS 52 & HB
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Fig. 5-1(c) In the Z-direction.

X-DIRECTION

Z-DIRECTION

Y-DIRECTION

T O STABLE
— X OFF BALANCE
T
Ay E 2
ACCEL.L Q%"x
m&rmsd_ og o ¥
o 8o N
B e 9
B 8L8 x -
B.1p _ggago | x
i 38§200§g§<
P X
o $81
: QO% 008 %%
o X
o c B )
g @8)(0 SXXO p
1[0 08 T8 xo.
EoTox kg,
o> ¢ Txo
- o p
- 8,8 F
>—. [0’ (o)
o © o
.081 o
p.1 p.2 8.3 8.5 (Hz)11.8
FREQUENCY

Fig. 5-1(b) In the Y-direction.

Fig. 5-1 The balance of the subject based on the frequency and
r.m.s value of ship acceleration.
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Fig. 5-2(d) R-quartering sea. Fig. 5-2(e) Following sea.

Fig. 5-2 Power spectra of ship acceleration.
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Fig. 5-3 Power contribution of components of ship accelerations for
the acceleration occurred on the subject in the X-direction.
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the acceleration occurred on the subject in the Y-direction.

-93-



(%)
100

5P

Fig.

- (%)

160

50

g
4]

1983-11-38 EXP.3

OUTPUT:
COMPONENT :

Subject Z-accel.

Ship X-accgl.‘__

—

[\\
- / :T’////—_>\\\\\\\\\\\»
i N~ —
k! ~N
N NN

4.74 6.31

5-5(a) Component;
ship acceleration
in the X-direction.

1983~-11-38 EXP.3

|

I

OoUTPUT:
COMPONENT:

Subject Z-accel.'

Ship Z-accel.

Fig. 5—5(6) Component;

ship acceleration
in the Z-direction.

(%)

100

5P

1983-11-38 EXP.3

I

OUTPUT:

Subject z-accel.

COMPONENT: Ship Y-accel.

AN

R

\\

-\ N

esen e s s,

i

B O TTITTT v |

g k=

Fig.

g

1.57

5-5(b) Component;
ship acceleration
in the Y-direction.

3.16 , 4.74

6.3
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19.9 GT type 96 GT type 124 GT type 349 GT type
Item
Model Full Model Full Model Full Model Full
L 2.000m 15.20 m | 2.000m 28.30 m| 2.000m 30.00 m| 2.000m 43.00 m
B 0.500m 3.80 m| 0.429m 6.07 m 0.474m 7.16 m| 0.378m 9.25 m
D 0.195m 1.48 m| 0.187m 2.65 n 0.i75m 2.65 m} 0.229m 5.60 m
Disp. 137.1kg 59.8ton | 86.4 kg | 246.6ton | 115.3kg | 406.6ton | 66.3 kg | 975.7ton
df 0.112m 0.68 m| 0.066m 0.94 m| 0.108m 1.63 m| 0.052m 1.27 b
da 0.245m 1.72 m| 0.255m 3.61 m 0.245m 3.7 m| 0.219=m 5.36 m
dm 0.179m 1.20 m| 0.161lm 2.27 m| 0.176m 2.08 m| 0.135m 3.32 m
G 0.066m 0.51 m| 0.041lm 0.58 m 0.685m 1.28 m}{ 0.021p 0.52
K& 0.177n 1.3 n{| 0.173m 2.45 m| 0.107m 1.62 m| 0.150m 3.67 m
®G 0.174m 1.32 m§ 0.173m 2.45 m 0.080m 3.48 m
Kyy/L 0.277 | ~=----- 0.275 | =e----1 | -=-e-- 0.249 | ------
.Scale 1/7.8 1/14.15 1/15.1 1/24.5

Table 6-1 Principal dimensions and conditions of the model

ships.
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Fig. 6-5 Schematic diagram of a towing tank.
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Photo 6-1 View of wave making flap.

Photo 6-2 View of wave making motor.
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Photo 6-3 View of measurement apparatus.

Photo 6-4 View of capacitance wave gages for wave height
set on carriage.
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Multicorder
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Fig. 6-6(a) Towing test.
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Fig. 6-6(b) Self-propulsion test.

Fig.

6-6
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.\ y-
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AR ¥ F.P.

Fig. 6-7(a) 19.9 GT small salmon fishing vessel.

Fig. 6-7(b) 96 GT salmon fishing vessel.

S .
IR B.L.
5 6 7 8 9 FP
14

Fig. 6-7(c) 124 GT trawler.

ss =1 2 3 4 5 6 7 8 9 Fp
- AP B
Fig. 6-7(d) 349 GT big offshore trawler.

Fig. 6-7 Arrangement of the accelerometers on the deck and positions
on which response functions were estimated by OSM.
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Model Full scale (knot)
Fn m/sec 19.9GT 96GT 124GT 349GT
0.0 0.0 0.0 0.0 0.0 0.0
0.08 0.35 1.90 2.59 2.68 3.41
0.15 0.66 3.56 4.86 5.02 6.39
0.30 1.33 7.12 9.71 10.03 12.78

Table 6-2

Correspondence of the towing speed of model ship
to the full scale ships.
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ACCEL. RESPONSE FUNCTION (1) ACCEL. RESPONSE FUNCTION

Zaccel. 1.0
18.8-GT 5a* 9 96-GT
Zaceel} Fn=0.00 Zaccel. ] Fn=0.00 EG%C;E
115 0.8
20.0 20.0
—~0.6
n —1.0 |
VL/A 0.4
10.0 100 /
L/A 0.91
! dos A f
g% 0.78
| 0.64 L oss K\ —0.2
1.05 1.42
i R |
T o5 & _e____o_,¢rf”/A
O . 1 1 | ll Oo O 'O 1] ! 1 1 I 1 ) 1 1 1 1 L ! OO
0 P R.P H F.p
Fig. 6-8(a) 19.9 GT small salmon Fig. 6-8(b) 96 GT salmon fishing
fishing vessel. vessel.
ACCEL. RESPONSE FUNCTION (1) 4 ACCEL. RESPONSE, FUNCTION (1)
Zaccel. Z accel.
124-GT | 5a" 9 343-GT -9
Zaceel. | Fn=0.00 Zaccel. Fn=0.00
5a9/L = 0.8 TeasL| -1 0.5
20.0 20.0 404
0.6
B B 0.3
—10.4
10.0 — 10.0
(W) p Vi/A 0.2
o ' 3
|§7§§ 0.2 130
— ?.Zg N\ — 1,44 0.1
5 B i
0.64 § .
0,51 & 0.52
0.0l el | U | R S | 1 0.0 0.0ttt 1 0
R.P i F.P 0
Fig. 6-8(c) 124 GT trawler. Fig. 6-8(d) 349 GT off—shore trawler,

Fig. 6-8 Acceleration response function in the Z-direction,
ship speed; Fn. 0.00.
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ACCEL. RESPONSE FUNCTION (2) ACCEL. RESPONSE FUNCTION

Zaccel. —11.0
18.9-GT Sa-g 36-CT Zaccel
Zaccel.| Fn=0.08 Zaceel.| Fn=0,08 -ﬁ—'
5q9/L 50 /L
1.5 0.8
20.0 20.0
—0.6
| —41.0 -
VL/A
IWEY o 0.89 \ - 0.4
10.0 0.90 f )
0.78 dos 078
: 0.63 é\
0.64 0.2
104 «\\ 1.6
szﬁk\ 1.41 §§
1.41 ng
}%673 % 1.'28 *J
0 . Qtembmdimnal 1 ] 0.0 .0.0 Ll 1 T T | 0.0
A. P | . R.P
Fig. 6-9(a) 19.9 GT small salmon Fig. 6-9(b) 96 GT salmon fishing
fishing vessel. ~vessel.
ACCEL. RESPONSE FUNCTION (2) RCCEL. RESPONSE FUNCTION (2)
Zaccel. _ ] Zaceel,
124-GT 5a- 8 348-GT %a- 9
Zaceel.| Fn=0.08 ' Zaceel | Fn=0.08
Sq9/L 0.8  BqasL 0.5
20.0 20.0 0.4
—0.6
- | - - VI 0.3
_;04  0.90
10.0/——== 10.0 578 = 0.2
0.90 1.03
1.43
0.77 -0.2 0.64
AN\ G4/~ i -5 0.1
0.64 1.16
1.39 - 0.52
0.52
0.0+—— 0.0 0.0kt -l 0.0
_ _ | | ~ A.P K F.P
Fig. 6-9(c) 124 GT trawler. Fig. 6-9(d) 349 GT off-shore trawler.

Fig. 6-9 Acceleration response function in the Z-direction,
ship speed; Fn. 0.08.
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ACCEL. RESPONSE FUNCTION ACCEL. RESPONSE FUNCTION

J1.0 1.0
86-GT . 896-GT
— Qccet, _ Z l.
Zaccel. | Fn=0.15 —5:5 ) Zaccel.] Fn=0.30 BQ:c.eg
Sa'g/L 5a9/L
0.8 ~0.8
20.0 20.0 /
L/A
- 0.6 -0.6
YL/ 3 0.77 .
B - 0.90
078 \
o N o \ T e
10.0 10.0p—— [\ \J/
1.04
1.03
[ 129\\ by 0.2 | ‘\ 0.2
08¢ & / 053 4
1.40 1.28 )
N 14
% o) = 14 % e
0.0 ] 1 '| ]G\ i) 1 1 1 1 1 1 o'o O'O 1 1 1 L. 1 1 1 ] 1 L K O'O
A.P R F.P R.P § F.P

Fig. 6-10(a) Ship speed; Fn. 0.15. Fig. 6-10(b) Ship speed; Fn. 0.30.

Fig. 6-10 Acceleration response function with 96 GT
salmon fishing vessel in the Z-direction.
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Fig. 7-1(a) Ship speed; Fn. 0.00. Fig. 7-1(b) Ship speed; Fn. 0.08.
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Fig. 7-1(c) Ship speed; Fn. 0.15. Fig. 7-1(d) Ship speed; Fn. 0.30.

Fig. 7-1

value by OSM with 96GT fishing vessel.
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Fig. 7-2(a) ' In the X-direction.
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Fig. 7-2(b) 1In the Y-direction.

Fig. 7-2 Acceleration response function with 19.9 GT small

salmon fishing vessel, ship speed; Fn. 0.08.
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Fig. 7-2(¢c) In the Z-direction.
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Fig. 7-3(a) 1In the X-direction. Fig. 7-3(b) 1In the Y-direction.

Fig. 7-3 Acceleration response function with 96 GT salmon
fishing vessel, ship speed; Fn. 0.08.
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Fig. 7-4(a) 1In the X-direction. Fig. 7-4(b) 1In the Y-direction.

Acceleration response function with 124 GT trawler,
ship speed; Fn. 0.08.

Fig. 7-4
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Fig. 7-5(a) 1In the X-direction. Fig. 7-5(b) In the Y-direction.

Fig. 7-5 Acceleration response function with 349 GT
big offshore trawler, ship speed; Fn. 0.08.
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19.9-GT Discriminatory standard

Fig. 7-7(c) Beam sea

Fig. 7-7 The distribution of the range where the crew is not able
to maintain his balance, 19.9 GT small salmon fishing
vessel, wave height 2.0 m, ship speed; Fn. 0.08.
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Fig. 7-8(c) Beam sea

Fig. 7-8 The distribution of the range where the crew is not able
to maintain his balance, 96 GT salmon fishing vessel,
wave height 2.0 m, ship speed; Fn. 0.08.

-140-



124-GT Discriminatory standard 124 ~GT Discriminatory standard

Fn=0.08
X=450°
NG
1.32
- 1.14
0.97
L 0.79
0.82 /i
A O N Y T 2. O 9 L/A
AP 1 F.P
Fig. 7-9(a) Head sea Fig. 7-9(d) Quartering sea
124 - GT Discriminatory standard 124-GT Discriminatory standard
Fn=0.08
X=0.1°
0¢@
(R
i
AP
Fig. 7-9(b) Bow sea Fig. 7-9(e) Following sea

124 -GT Discriminatory standard

Fig. 7-9(c) Beam sea

Fig. 7-9 The distribution of the range where the crew is not able
to maintain his balance, 124 GT trawler,
wave height 2.0 m, ship speed; Fn. 0.08.
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Fig. 7-10 The distribution of the range where the crew is not able
to maintain his balance, 349 GT big offshore trawler,
wave height 2.0 m, ship speed; Fn. 0.08.
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A characteristic type of a scallop vessel.
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Item Dimension .
L 16.00 m
B 4.18 m
D 1.20 m
Disp. 52.873 ton -
af 1.080° m
- da 17.029 m
dm 1.055 m
GM 0.953 m
KG 1.367 m
NG . 0.572 m
Kyy/L 0.290

Table 8-1 Principal characteristics of scallop vessel.

Fig. 8-3 An arrangement plan of the fore bridge scallop vessel.
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Fig.

to maintain his balance,
wave height 0.5 m, ship speed; Fn. 0.082.
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8-4 The distribution of the range where the crew is not able

fore bridge type scallop vessel,



Discriminatory standard

Fn=0.082 f
X=179.9°
o
T 0}1.
0.3 0.39
0.48
0.2 0.84
14]4'08
0.1 3&ﬂ2
0.0 e 575°° ML
AP # F.P
Fig. 8-5(a) Head sea
Discriminatory standard
Fn=0082
X =135.0°
0
T of‘—rl'
0.3 0.39
0.46
/ 0.55
0.2 < 0.68
: 0.84
i
0.1 3&92
0.0 A U O T B &éfa AL
AP 4 F.P.
Fig. 8-5(b) Bow sea
Discriminatory standard
Fn=0.082
X=90.1°
T pr
0.3 0.39
/ 0.46
oé)s.ss
0.2 i~ 1ogjl
1.44°
0.1 |- 3&92
1 /L
0.0 T R 5708 A
AP ® F.P

Fig. 8-5(c) Beam sea

Fig. 8-5 The distribution of the

to maintain his balance,

wave height 1.0 m,
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ship speed; Fn.
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fore bridge type scallop vessel,
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Fig. 8-6 The distribution of the range where the crew is not able
to maintain his balance, fore bridge type scallop vessel,

wave height 0.5 m,
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