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On the Motions and Accelerations of the
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Masahiko Mori and Toshihiko Saruta

Abstract

Model experiments to predict the ship motions and accelerations induced on the Japanese First
Nuclear Ship in waves were carried out.

The responses of the model ship in regular and irregular waves generated in the model basin
were measured. The test results in regular waves are shown as the amplitude ratio to wave height
or wave slope against the ship length-wave length ratio for the various wave directions and ship
speed. The responses in irregular waves whose energy spectrum was given as a certain standard
type, are shown as the standard deviations of the responses to the significant wave height against
the velocity for the various wave directions and the mean wave period. The test results were
compared with the computed values by the so-called strip theory.

Finally, the short term distribution of the responses in irregular extreme sea condition was
estimated and compared with the values derived from the foregoing researches. Thrust increase in

regular and irregular waves was also measured and the speed loss in rough seas was considered.
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Table 1 Principal Dimensions

Items Ship Model
Length over all Loe (m) | 130.000 —
Length bet. P.P. Lypp (m) | 116.000 4.000
Breadth Mld. B, (m) 19.000 0.655
Depth D, (m) 13.000 0.466
Draft Designed do (m) 6.900 0.238
Trim 0 0
Block Coefft. Cg 0.663 0.663
Midship Coefft. Cyr 0.988 0.988
Displacement Vol.  (m8) [10083 0.413
C.G. from Midship (m) 2.950 aft| 0.079 aft
C.G. Height KG (m) 7.57 0.261
Metacentric Height GM (m) 0.900 0.031
Long. Radius of Gyration 0.23Lpp| 0.231Lypy
Rudder Area Ratio
Ayr|doLypyp 1/45.5 1/45.5
Projected Area above LWL
front view A (m?) | 320 —
profile B (m?) | 1324 —
Propeller Dia. Dy (m) — 0.145
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Fig. 4 Equipments of the Model Ship
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Table 2 Measured Items and Instruments

Rolling Angle Vertical Free-Gyro

Pitching Angle do.
Vertical Acceleration Accelerometer

at F.P. (Strain Gage Type)
Vertical Acc. at C.G. do.
Transverse Acc. at C.G. do.
Longitudinal Acc.

at C.G. do.
Vertical Acc. at 0.05Lyp do

forward A.P. :

Propeller Dynamometer

Thrust of Propeller (Inductance type)

Number of Revolutions

of Propeller Pulse Generator

Ultra-sonic Position

Speed Indicator
Course of Model do.
Wave ‘Wave Probe

(Capacitance Type)
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5> TWhb, EOHSAOREEL T, JRHTIZ
HE H OMAIK T B 525, FEIC I I L2 VL2
<1.0 O#T, MECHDEEOERAEL D, Mt
BHINEEOKRE S LTS L, SEDE— 7 DET
¥1/3Th5,

3.1.2. i#EH

HAlWR DK P ORES), T7cb% Roll, Sway,
Yaw 03 20%~ FOEBIIKSEIGERL TV 5 D
THDHH, T3 Roll & Sway iz E b B,
LrdbsTIER L EBEL CHET LIl
7o

=4, MEBEhOEEHRENE

1,4 Ny + Rop=M, sin(wef—em) (8)
H BV
@+ 2e¢p+nio=my sin(wet —&m) (9)
LEDbT &, BIEROIRIE e LBICHT HRHEE e
i (10) RO XSl b,
vA

_m I
B O Lty =
Z 2T p i magnification factor TH D,
S L) S— 11
VS iR ()
_ 2e _ We
=g A= (12)

we=wo— VKOs ¥, k=—2;£=gé’2— (13)

HEOMIEEET B v RRENOBEEREELL,
MER (1=1) © g Offi (faax) BB Amx=1 &
WOBHRIC X » TRDON 5, (9) ROGLTH B
D DG mo 13, AEIEMREE 7, A

1

BERA% 0w LT 5L, m=busing EEbIhb
23, TZTREEOD r=1 L LT ELR, B
em=0 & L7,
DG, Sway OEE SRR Y
Mij+ Nyy=Fysin(wet—er) (14)
BBV
Y+vy¥ = fysin(weit—er)
LR L, Sway OILEE ¥ OIEIR Yo F XU
KT BATAEE & 13 (15) RO X 51Tk 5,

— Sy
"LEY
ei;:tan—l__..___tan Ef_(%> (15)

1+7‘;”8— tan er
LTy BENE, fuvidikoigil Kb TR
ToH D, B Haskind 12 X U0 {Aae & EEBR(E &>
5, BERWOENEZMAKE LR L TESND
Froude-Krylov 71 LT, k2 FETL 5L T
kdbh 5,

T, MEcErhBEmcnbsEmE 0N %
£z 5L, HELOBEMNA e CXDEHOMRS, R
NOBINEE ¢ X 5d D, Sway OIEECLSH
DODIODHOMELTEbINDS, Tibb Fig.
18 (b) iRt X 51T,

f=mgp—mij—mGG'$ (16)
Thb, LIH-T flmikdoT, FREINERN
XOBRMIEE LT 5 &, TIVIEMRETERICX
o THIE SRR TS T 5. ChE YT 5B L
Y=gp—i—GG'§ 7)
L hn, EBTRDE Yz 66 =0T kb bfoE
LIZIREDPEIPNIHEDHETDH 5.
J=%o s.in(wet—e‘y’) (18)
o= sin(wet—¢&7)
L, Y= (40 cos &5 — g cos &) sin ot
= (o sin &5 —og sin &) cos ol (19)
b, FolEE Yo 2 EHOMKE g ONRTRD
L, #hzpiRiE Co TH - 2fHlid,

E S ]

90\ winer (P9 \psin el
+{<E§> sin €y <70w>ksm er} (20)
LEHLIND,
LOXHRLTRDEN ¢ LT Yo/(gla) %,

FERA L LB L Ie R HBEET b,
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1) #iEh (Fig. A 2.16~A 2.20)

FFEEIIIE CMML L BED D LB bR
DTHY, FERELIFFLDEERNTHED X<
B, 72k, TRHLOEPD, HEOE WA
FOBW CIEEMES VI OREVEATY -7 %
FiolkFn &< 2 pisbh 3,

@) MHIAImEE (Fig. A 2.21~A 2.25)

BMiFh 0BG Rk, FHEE» R D BRI hi
BED D LifTlbhicss, MATIIMREDSE S, &
BIELPED IS —HLTWDEEVWAD, BEDORKH
ELTH, MELORFALSICE—7B1250, £h
LVEW VI OHBECD 5—2REEDD 5200k
E—/%2BLTw5, %72, BETHORDBEFD
LEDPBOREVEIGET S E08bh 5,

A IEE OIS E DR Z X Rbd, Mk
CRFLELDETHWINEE & IR 72 © 28 Fig.
19 Th 3,

Vi
Fig. 19 Comparison of Vertical and Transverse
Acceleration at C.G.

3.2, FHALFFOREE

THRAUNFEHROEEE, FTHEORBo R L F—F
BE(E) » kD ONIAEERE Y FEEE THl - 72/l
(R) iTOWITHEL, DWTIHEDALY + 7 Ao
WITERT 5,
ROEREE, 71—~ FER—-ACELEIND L L
HIT, WIET & TGRSR DISE OFHEE A(w)
L, (1) RTEDLEINDIED=FAF—ALs + T 4
[P 5 (5) Ric X VEHE SN RO & g
hb,

3.2.1. #LEEy

(1) #Eh (Fig. A 3.1~A 3.4)
ERELETEEEARB L, FETHLTD LR
I DEMESE LW, EREPCRHDICT
TWb, x=180° & 150° T\ TR KERER LI T
W5, BEIEESEL - Th ROBEIZELIED LI

(102)

B, BRI, Tr=8B~10B0r &ndkis
WHL L5,

(@) MEMETIEE (Fig. A3.5~A3.8)

AREBPEVHEOERBRENST I T35,
HEE IS —HLTWD, MRKRHIZE, HEDOH
AN X HEMoEIEE LV,

() B|LOETINEE (Fig. A3.9~A3.12)

EREZAFTEELENS L, —RCERASKD T
BB, FETRMPEHOMBKRE > TL 525, K
TP OEPRTH D, & OHEADEETIX
MR THIEOTFEEEE R - TddbE VE(LLK
Vwis, MDE» LRI S konT, Ty OF%
BHELLLY, Ty ONSWIFBEDOHRENEER T,
Ty=10 B 0ERIEDR LI,

(@) RO L ThinEE (Fig. A3.13~A 3.16)

FYE S BT & [k, ERELFEME LT LS
HGoTWb,

E, =, BEROLETMEEZWAWAKIGER
DWTHET 5 E Tr=8 BicxL T Table 30X 5
b, TORIRXDE, REFEHTRE, ELOELTM
HE, MEROLETMEECRN 1/4Tho, MEHd
¥ rOEEIIE, MESMBO ETIEERELWR
ENBRERDITE D T, WEROLETIEED
IS E LIRS, ELOLETIMEERADIEFOK
BEFERLDRER TS,

Table 3 Comparison of R for Vertical
Acceleration at Bow, C.G. and Stern

x .180" 180° | 180° | 150° | 120° | 90°

Fn 0 0.1 |0.2 0.2 |0.2 [0.2

F.P. | 0.015] 0.027| 0.040] 0.040| 0.035| 0.016

C.G. {0.004/ 0.007| 0.011| 0.012] 0.015| 0.012

A.P. |0.015 0.019| 0.028| 0.030| 0.030| 0.019

(65) BLOWIESAMEE (Fig. A 3.17)
FBRAEIZT, 1 CrrbbT—20RKRT, i
T X EE I AR ORTFE, ELo ETImE
EOEMEEITED, £OXE ST Fr=0.2, x=180°
DEE ETHEEDKIL/3THD,

3.2.2. #EH

U #Eh (Fig. A 3.18~A3.21)

Wik, ERELFEBELEIAES, HREd
CELE-Tw5, Hikdh ik Ty=12 PO ITHE
KOBIENTH 525, FOBETEHEROBAITIZS




WREVEBhEZREILTVS,

(@ HELORIMERE (Fig. A 3.22~A 3.25)

BB LTk 2 & S ISERRR D & & AEL
DHEIEEIC T LT3 5, SEWEICKT S8R % &
5 e, HER TR, SR TIEE
EEDBITREAL, MOEHAPTIIEREE & bITHiAL
TW5BD, 3x=30° OEEISITERITE S LR
HSLTw5,

IR DHETOWT, BLOLTINEED ROE L
HRTHDE, Tr=8POLEWMEFEIFIERCAEX
RS, LETIEER Ty 2V <7 h & ROER
KL B2, HILEREE Ty BRE VAT ROHEDS
Kb, zhix Fig. 19 RTHAFOGE DM
BrbEZIUTYERDOZ ETH B,

3.2.3. FHRAWBEOART FF 4

Fig. 11~Fig. 16 CRTARY + 7 A05, E—7
O, HIOEE, TOELOTEZDOERIIRESR
R EMBTED,

Bz, #HEEh, LETAMEE, BinEEL & ot
EHTIREENKITRDITELY, ¥—2 Do DEny
FEHBEL, TOEIBRARLAEL R BERTHb)
b, Efz, BLOEEIZETMEEZIALZ F T A
DWBEITAVEEZTR LT 5,

D.E. Cartwright & M. S. Longuet-Higgins!? |z &
E, A7+ T ADRASRHAGE DGR
BEERE2 5, T8, REGERLSEREHOANY
b7 AT, WEOSAM Rayleigh 5 THHE LT
VE K—ZFDREZPTT aiym ZHEL TV 525,
ZOFRERWITTRT e DIATRL - TL %,

— 2
= THOMU = Wa” (21)
momy

T Mn:S:S (w)omdw.

VWE—D2DHE LT, BLOETMEE (Test No.
1143) &, L OEINEE (Test No. 1374) DA~
} 54 (Fig. 12 3 X0 Fig. 16) Mz oW T e KD
HEENER 0.91 & 0.64 E75, XK 12) ©
Figure 4 756 e DXENLTNOEICXT LT ayw & FHH
L, e=0 OHELEKTHE, 0.86 BXK 0.95
®EB5, Thbb, Ih5OEEIE L Tk Rayleigh
S X BHEL, £NLh 14% & 5% KT ETE
BETH B b5, LirLis s Rayleigh 4
TOWERRLHTH Y, Fio ayn O 7 OEIKT
HHBETIEWNILRBDT, KR TR TART
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Rayleigh Sffiic X BHERITRS 2 &iKT 5,
THRAE P DIEED AT b7 A S(w) BRI
X T, RAEHROIGERR A(e) 251HT T &0

TE 5%,
S(w)
[7 (o))

s ¥ e OBAICOWT, MiBh, e~V v sk
XVBEBLOHIMEED A7 + 5 AhBRDIEER
¥k, FTEMESBANGE P OERIA & B L0 Fig.
20~Fig. 22 Th 5,

INnBERL L, HENTIE VL2>0.6 O T

|A(@)}2= (22)

o0 x=180° — Cal.
e Lt Fn=0 o ExpinRegular Waves
£ *  Exp.inlrregular Waves
Lo
osL
X x
0 L L L
(e} 05 10 15 A
Fig. 20 Amplitude Response of Pitching
7
" %= 90 — Cal.

Fn=0 4 Exp. in Regular Waves
* Exp. in Irregular Waves

o3y
» v [2]
3
K.—J‘—’_J

. n P
0 5 10 :
1 (7N

Fig. 21 Amplitude Response of Rolling

Yhaza x
x=90°  — cal.
oto- LA Fn=0 4 Exp. inRegular Waves
x x  Exp. in Irregular Waves

[s) 05 1o 15 20
V7
Fig. 22 Amplitude Response of Transverse
Acc. at C.G,
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I E-THD, HENTIFAKBTH S, EE{HEMN
RREDTH D, BLOBWIMEETIX, VLA DEV
#HPATANS P 7 A HRDLEBKLS TTVWSH T &
K EBDb» 5,

3.2.4. ERRTARSIIhILBRAEOSH

Fig. A41~A 414 TRINBZERICL DV EEZH
72 0, ayn, amax HREDOERERDZI LTS, £
T o it T % ay B LY dmax D% Rayleigh 4
FirbE5 2 LN AHMEL BT S5 &, BHHE LR
ELTENDOTHCERBENELE 5TV 5, RWT
@10 x5 Gmax ORARIX @max=ayio & Lizk
&, ERAEREL VOSRDTH L, FEHICX
RELFE - THREIGEWE LR3br 5, FOMEY
Ez5HE, WETHNZESIT, e DETC X T aym
BHET DT VE T 5BREBRRL DT,
o x5 ayn X a0 DREFESESIEEEEXD
N5, —F aym T LT aym DV e DRI X »
THLORESENLEVENWZ B, FILEHE 12)
Fig. 4 T y/®[pa/10 2FECH B & e=0 T 0.88
e=0.8 T 0.86, e=09 TO0.85 L VWS L5 KFNhLD
DERNIV, KFEETIE R DfEZ AV, Rayleigh
SAE L TRKEZHEET 505, aynis E OEREE
FWT amax ZHETEHEDELZLND,

3.3. FHABEDBOHNEMEEERT

TR i 351 & PN A kTl L7 %
o% Fig. A56 TR L7,

—%, BRGNP OH M S, FEEREHOHN
BnEHEET AHERA D 5119, Thbb, KE la
ORBBANE AR T D HENEME 4T (w) & T35,
[7(@)F 25 ALY b T AD RBANE T OEEH
N AT KR TEDLINLE IR TV 5,

aTi=2" AT oy pae (23

0 Lad
BBV LT,
tri=— AT (" 40, () " a0 (20)
B, 0 Hy?
PQTHV

[ LT (1) &£ ISSC 27} 5 A%,
dr(w) & L CHAIEH OERIE (Fig. A5.1~A5.4)
AV, dri FHE L7, £ Dff% Fig. A5.5~A5.8
DOFICEMRTRALTH D, EWRIE L FTHEZ LT
5L, EREOHLIZINEVD, —~RICFHTEEDY
B Fo DREVEIATHEWHEERLTVS, 22T
VIR fh oI n & R ERTEREO— LR I
DWTHEE» SERETHHER L 5,

(104)

27, THAE OHNMMEN 2 OBKRE, HE
%R T Fig. AS5~AS58 Lk oTHBE, —RRIC
AR CRADHEME TR L, Mdisr» ko Ts
ETE> TS, ERFHREMTIE Tr=8 RO
WRKEZ T T, MESE T oNTHNMEImIREL
TV %558 OHEF CHIT L OBEmZ R T,

DWT, WHK15) KWRTHER Leh-T, EEk
VCRAZBRICANTBRPTOR ML, FIET
EHET D, COBAWIERETHD, LOETH
MEBRDFEMEFI—FHLTWBETS, BREUEL, A
FhEomicix LT.T.C. ofRig+ 510 Fig 23 off
H#TRB5E LI,

(m)
Hig
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: L I L
o0 10 20 30

U(m/sec)
Fig. 23 Relation between Wind Velocity
and Significant Wave Height

gz Vs, B EFmoLTAZy & T5E,
TR EGE U’ d JOFAAM 0 13 Eh ThiRA D & 5
275 %,

Un=U2+V3i—2UVcosy (25)
f=tan"1 siny (26)
oS

Z LTI EXHRAEERSLE, CHROLS KD
Tha,
Ra:%pa,k,z(ﬁ)CoA U ©n

pa: BROWE
ka(0): JIWRER R
Co: IEMAERE
A: oK E EEER Y ER

ry
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Th, Co DIHELT 0.7 21D, ki6) VX, A
THAEEE 140 p. 601 OIEUERhEEES 13.4 MOt %
& o,

AR DT R OHEEIRPIERERVE, MAEBN TR
AR HEAAE T abhTw 30T, £ THEDL
hizFksho#n To &, (Z#ES DHP Wi LT,
BRBTEO L 5Nt 20255,

iR OHEI P

T=To+4Ti+Ra (28)
TRbLINDLTE, COEEREE AT A-Z—L
L, Tr=8Po L EPHTHHEATLICRLEZD
#5 Fig. A6.1~A6.4 Th5,

FUR R DIZEB N, WIRFD 9p 235FKAD 79 &
FMUTH?EEETHIE

DHP=DHP, X
To

ThROONBE, —RTHIRFTIE 90 PMET T 5137
THoHH, T TR—IGARRERO DHP, X5IiTikk
W5 HEERTOHEEZE 572D EFED X 5 iR
ExkEY, WiRWEH¥ILL, DHPO{E% Fig.
A65~A6.8 ITRT,

SER, ZhbHDE%E S Lic LT, DHP—EDEE,
Bokic X BEERT2HET S & Fig. A6.9~A6.12
DrH5ThkB, Thicks s Tr=8 PBork, x=
180° THRADEERTEZRL, HFDMmE»SEEIC
75 BT WEER T Db, Hr=94m§7g
bbb Us23m/sec ORRFPTHEEOHE, HEKT
i 0.53 L7 DMEIE 16.4 / o 5 8.4/ o b
CAERTT 52 ERHESND, MUEBROENT, H
ST LTHRENE S R B2 R LD Table 4
Thb,

Table 4 Reduced Speed in Wind (Velocity: 23m/sec)
and Waves (Significant Wave Height : 9.4m)
Predicted from the Tests in Regular Waves

(29)

Encounter | Beam Sea‘ Head Sea
Angle 90° 120° 150° 180°

Bl 6se 1317 9.7 7.4 81
=

| 8 13.8 10.9 8.9 8.4

S

2|10 14.6 12.1 10.8 10.1

=}

ég 12 15.1 13.0 12.0 11.2

Speed in calm sea=16.4 kn.

4. BEORKEOHE
4.1. BAHICL DHE
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THAZBEORB =3V —-BELELL, N»r
DEBED 5 bREHLNBEEDRAMED a0 2 %
LWERE f L3 % &, Rayleigh 5fi% (e i,

f=1—exp(Ne=%/E) (30)
Howik a=C(N, )VE LEbwi, CN, f) ik

eL-nfyn( " o

EERDINBD, WEXHG) & ILBT 5EKT, BEF
FIfEAS, ERMIc—EIE T 5 X5 TR EROBT,
7~10 BFREOHMIIT LIT 5 & L TE ORI 5
JSEORKEZ N=5000, f=0.1 & L CHzET D
AT, Xk 6) iIwxiuF C=3.24 L%, 22T
F=1/10 % & 2EWRIE, MAZ0X SR 10 @
EETHH5HICIENE a0 2T 2 5EEE KRBT E
WS Z L T5dH, Fig. A3.1~A3.25 ITRTEDKE
BREZAEEETH - 72 (R) Z v, BREEH
9.4m DFEOBRITIC I 5 EHSHEEET 5,
Z DIFEMEY Fo=0.20 % EIRE Uiz,

Table 5 WA WAOHEEEZRT, REHITITTR
FRIE P OEBIC X 0 IE SN KE ¢/mx dRL
ThbH, THIHITE a0 iITHET B0 EHEXTE
VW,

ThE ROt EE & i+ %, Xk 4), 6) &
CEZBNTWB WA WA DRI 5 #ER AH
ERMOESLHBWE L VL Wit L TE %L Table 6
DX 5D, T, ThLHOHOHHMIZX WV EFN
B—RD LTkt ¥ %5k, AR X 5EHHT
PEHOWHEME & 41z Table 6 KR AL TH 5, Th
wrnk, F.P. 3X00 AP. TAMEOES LT
CEDTH 50, MEpRIOEII—KLTED, it
ROHEEMH L AMEOHEEMMS L LA v Sk
Bohs,

4.2. REASHICLDHE

5P HHEMAT I 5B F OMOISERHNS
brtuE, BROANRNZ Y5 a%25%2, TORORE
DM % Rayleigh S REL, WERH#EET
LT ENTED, —F, TOMBHTT HHEECKT
HWROALY b 7 AOHBMEZERICANT, &
FEOMBEOHBEDOERZ KDL ENTESL, ZDF
Bk, EHEABEPRBOFIRMT €~ 2 v+ OHE
Wt UTIRE LA HHE T d 51019, [JTFNE— ok
RPISEOEMSGFICF LT, ThERUEEEZHV
TRt ERBC T b, ZOREREESHEN, &
O ETIMEE, #iEh, EO0BMmEE T L Txiked)
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Table 5 Maximum Values Predicted by Short Term Distribution

F,=0.2
PITCH | F.P. Acc | Z-Acc A.P. Acc ROLL Y-Acc X-Acc HEAVE
R 0.44 0.04 0.015 0.03 0.70 0.015 0.0035 0.25
vE 5.85° 0.53¢g ‘—wd.20g 0.40g 9.3° 0.20g 0.046 g 3.32m
ai/1o 10.5 0.96 0.36 0.72 71(73.784““” 0.36 0.084 5.98 V
ai/100 13.8 1.25 0.47 0.95 22 o 0.47 0.11 7.9
Qmax 19.0 1.72 0.65 __‘1.30 77777 30 0.65 0.15 W 7710.8
@' max 14.3 1.00 0.45 0.61 15 0.49 0.06 —
X 180° 180° ~150° 120° 150°~120°| 90° 90° 180° 90°
@' max : Maximum value measured by mode! test
Table 6 Comparison of Maximum Values by Various Authors’,6>
Max. Acc AT
4 L Win VL
F.P. o2} A.P.
87.500 ton 245 m 0.064 15.6 0.68¢g 0.135g 0.50¢g
17.400 150 0.082 12.2 1.25 0.40 0.90
19.417 150 (0.082 12.2 1.36 0.45 1.03
3.460 87 1.072 9.3 1.90 0.95 1.35
*this ship (1) 116 0.093 10.8 1.60 0.65 1.25
” (2) 1.72 0.65 1.30
*(1) Predicted by interpolation
(2) Predicted by this paper
Table 7 Maximum Values Predicted by Long Term Distribution
log1o @ (M) PITCH F.P. Acc Z-Acc AP. Acc ROLL Y-Ace
—6.5 14° 1.5¢ 0.55g 1.3g 45° 0.78g
—8.0 18° 1.9g 0.70g 1.6¢g 58° 1.0g
Table 8 Comparison of the Estimated Maximum Values with the Design Standard
Vel Ace T Ao Lol | Pching | Roling
Design Strength i 0.82g 0.65¢ 0.2g (gzt)lgg?ﬁ %g: ig:
Standard Safety ‘ 1.0 1.0 1.0 20° 60°
) 0.65 0.65 0.15 19° 30°
ﬁ:;m‘;t,zciue @) 0.55 0.78 — 14° 45°
(3) 0.70 1.0 - 18° 58°

(1) from short term distribution
(2) from long term distribution (within a year)
(3) from long term distribution (within twenty years)

(106)
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Table 9 Frequency Distribution of Height and Period of the Wave in the
Northern North Pacific Ocean 1954~1963

|

Wave Height (m)

Number of Observation | -0 075~ [L.75~ 2.75~ 375~ [5.75~ 75}7-75“' ‘ CALM ’TOTAL
~5 77815 | 88194 | 7283 | 1164 430 120 46 175052

. 5~7 8590 | 84428 | 30776 | 4651 | 1448 399 99 130391
k3 7~9 2638 | 22654 | 43266 | 8936 | 3229 902 215 80940
g 9~11 577 | 3263 | 15441 | 8969 | 3210 | 1081 442 32983
EE 11~13 215 730 | 2391 | 5005 | 1885 721 352 11299
P 13~15 46 189 352 | 1388 900 423 218 3516
X 15~ 26777 | 4746 | 2021 714 744 | 1450 238 36689
CALM 7682

TOTAL 116658 | 204204 | 100630 | 30827 | 11846 | 5096 | 1610 | 7682 | 478552

percentage

~5 16.26 | 18.43| 1.52| 0.24| 0.01| 0.02| 0.01 36.58

_ 5~7 1.79 | 17.64| 6.43| 0.97| 0.30| 0.08| 0.02 27.25
k) 7~9 0.55| 4.73| 8.85| 1.87| 0.67| 0.19| 0.04 16.91
g 9~11 0.12| 0.68| 3.23] 1.87| 0.67| 0.23| 0.09 6.89
gg 11~13 0.04 0.15 0.50 1.04 0.39 0.15 0.07 2.36
0 13~15 0.01| 0.04] 0.07| 0.29 0.19| 0.09| 0.05 0.74
S 15~ 5.59 | 1.00| 0.44| 0.15| 0.15! 0.30| 0.05 7.66
CALM 1.60

TOTAL 24.38 | 42.69 | 21.07| 6.44| 2.48| 1.06| 0.25| 1.61 | 100.00

WRENTWS, ZRLOFER?D, EFNE—fs

TR 1 E#EBT SR (log@=—-65 L L) kX
B 20 T bbifOFE—4D5bic 1EEET
MR (log=—8 L L7) WWhDISEDHIZ Table 7
DX HCEzBERTWS, i Table 6 iz X 5481
SAH O OHEERKIE &, RRROFGTERERZ & dic
WEELCRT L Table 8 X 5t b,

CDRPLRD X 5T L a5birb,

(1) S&E WY SRR, HiENDSE, &
WS X DHEEER H o3 — LT 5,

@ MHENOEYIDME D OHEMSPIR I KT
2%, Er Fr=015 BEKT5L17° L5, &
OHE, FICHT] 50% FIRIFTE BIRATH DHHE
15° Wi BFERAMEL TH B L, WHk6) © Fig.
14 25, C=2.86 itxfL T N=500, f=1/10 %15
5, bbb, TOXSERTII S0 HAtENTS
5%, 1/10 OEETIRIEN 15° Wi b,

(8) BN > bHE LHENL, #inEEORKK
BRI RTHD Y RLEDOERE N STV DEERLT
W5, ZOEME LT, BWSAORETIEME LM

L DHA AN 0~360° ORI T—IHROMRTHND LK
FELTWERLEFEZLND, HOLEREETOERET
R ZOEREIKILTATHS 52, AFFEEH® 10m
TET S LS I RPN TE, MOEREIRICILTS
LSRR T AMERS KLY, D OHERET
Bo b/ NELBRBEFZTIV,

(@) BW5A e bHEE L7z 20 4R1T 1 E O R KIEN,
RECHET HHREEA MR L T 5,
4.3, JbRBEFELIEKRFHXEOBRBANEO LS

AT Tl e RIS OFHEICIE Walden 0 FEHD
FEASKEETE— AV F OBRMSHIEDRDE
LD FKOE R, JIUITERTEEIC R T BYEEE]
AR OBBEEOBEESTE R TSOTH S, BT HE
—REELTHEELRORL LSRR TCH B EH L
LhH0T, WMiBROWRE T A 0ERD 5, 1t
KON DEENEZ & & Do RN EED— AN
Lo TREINRTWSW, ZoFkh, brEO
—RRARAASS, RREBHER LR - TRETCH AR
HELTWS, Wbl ERREREZEEDLIDOT
BB, TNEWEEEFRAMOEESGORELT, X
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(%)
100

North Atlantic Oczan (Weather Ship)
Norlhern North Atlantic Ocean (V.S.)

50 Northern North Pacific Ocean (V.S )

V.S, Yoluntary Ship

0 1 2 3 4 5 6 7 8 9 10
Observed Wave Height (m)
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(1) Experimentally Measured Values
Fig. A 1.1~Fig. A 1.18
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(2) Response Amplitude in Regular Waves—experimental and theoretical—

Fig. A 2.1~Fig. A2.25
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(3) Standard Deviation of the Responses in Irregular Waves
Fig. A 3.1~Fig. A 3.25
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(4) Maximum Values Measured by the Experiment

Fig. A 4.1~Fig. A 3.14
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(5) Thrust Increase in Regular and Irregular Waves Measured
and Predicted from the Model Experiment

Fig. A5.1~Fig. A5.8
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DHP and Speed of the Ship in Wind and Waves

Fig. A6.1~Fig. A 6.12
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