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Table 2.1 Basic size of Japanese purse seine.

Weight of . .
o Length Seine Total weight of purse seine implement
eine type .
xwidth drv cond drv cond wet cond. wet cond.
Ty CONG. 1 QLY CONE- 1 inc by 20%) | (inc. by 40%)
mackerel 1,650mx375m 21.0t 30.0t 36.0t 42.0t
horse mackerel |y 3501 308m | 213t 28.0t 34.0t 39.2t
and mackerel

Table 2.2 Fishing apparatus and these weights.

cond.: condition
inc.: increase

Fishing apparatus weight(kg) Fishing apparatus weight(kg)

winch for raising seine 5,750 derrick 1,200

winch for pursing 2,240 winch for mooring 1,050

davit 2,650 anchor winch 290
power crane 7,130 bow mast 750
power block 1,050 stern mast 1,200
net holler 5,900
side roller 2,500 Total 31,890
Table 2.3 Principal particulars of 135GT Purse Seiner.
Full Scale Model(1/20) Model(1/32) Model(1/35)

Lpp m 37.00 1.850 1.156 1.057
B m 7.90 0.395 0.247 0.266
D m 3.20 0.160 0.101 0.092
d m 2.90 0.145 0.091 0.083
A kg 483.6 58.969 14.378 11.056
\Y m’ 471.8 0.059 0.014 0.011
X m -1.84 -0.092 -0.058 -0.053
W.S m’ 430.0 1.075 0.419 0.351
Dy m 2.77 0.139 0.086 0.079
Dp m 2.90 0.145 0.090 -
Kz/Loa - - 0.25 -
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Table 2.4 Relationship between capsize wave direction
and minimum wave steepness in case of using a sea anchor.

Free-port openinzg Wave direction
area(m”) Beam Bow Head
Fully close 0 0 1/10 1/10 1/9
251 sz 1/10 1/10 1/10
Partially opening 3.25 EE - 1/9 1/9
4.66 £2 - - 1/9
Fully open 5.88 = - - -
-:not capsize
Table 2.5 Relationship between capsize wave direction
and minimum wave steepness in case of not using a sea anchor.
Free-port Openinzg Wave direction
area(m”) Beam Bow Head
Fully close 0 o - - 1/9
251 sz - : 18
Partially opening 3.25 § § - - 1/7.5
4.66 ;g 2 - - -
Fully open 5.88 = - - -

-:not capsize
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Fig.2.1 Suwamaru 58 (135GT Purse Seiner).

Fig.2.2 Free-ports of Suwamaru 58.

e o 3 LR ~Xl

Fig.2.3 An example of welded free-ports of 135GT type purse seiner.
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Fig.2.5 Purse seine implement for 135GT type purse seiner.
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Fig.2.7 Body plan of the 135GT purse seiner.
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Fig.2.8 Photograph of the ship model (1/35) for model experiment in heading seas.

+ Righting Lever GZ{ex)
— Righting Lever GZ (spec)

_ GZ(m)

LR LI B R R T

-
-
L
(=3
&
| =
-
L~
-
-
-
-
o~
e
-
-
i
1
w
-
-
~

10 20 30 40 50
Roll angle(deg)

Fig.2.10 Sea anchor model for the experiment.
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Ship model __—— /\3 /\

/L_E—/ \/ \

Sea anchor

Fig.2.11 Arrangement of the experiment.

Rank of result
(5) Capsize r

(4) Large Heel

(3)Water on Deck

(D)Deck Wetness -

(1)Nil —

2.0 3.0 4.0 5.0
Full-Scale Wave-Height (m)

Fig.2.12 An example of the result of model tests.
(with sea anchor, A/L,,,=0.9)
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Full-Scale Wave-Height (m)

Full-Scale Wave-Height (m)

Scale Wave-Height (m)

Full

0.8 1.0 1.2 1.4 1.6

Deck Wetness [ I C=psize

(free-port: Fully closed)

0.8 1.0 1.2 1.4 1.6

6.0
5.0
4.0
3.0
0.8 1.0 1.2 1.4 1.6
AlLpp

(free-port: Fully open)
Fig.2.13 Result of model tests. (with sea anchor)
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Fig.2.14 Result of model tests. (without sea anchor)
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Fig.2.15 Capsizing wave direction and A/L. (with sea anchor)
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Fig.2.16 Capsizing wave direction and A/L. (without sea anchor)
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0.0s 1.5s

7.5s

#9.0s

Fig.2.17 The example of capsizing case in beam seas.
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i89.0s

Fig.2.18 The example of capsizing case in bow seas.
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6.0s

Fig.2.19 The example of capsizing case in head seas.

Fig.2.20 Stern overhung of the ship model.
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Trough of wave
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20 w40 \&n #
Crest of wave

(Crest of wave)

(Trough of wave)

Fig.2.22 Differences of water plane areas in waves, modified from Ref. (9).
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Fig.2.23 An example of Japanese fishing vessel.

Fig.2.24 Forecastle of Japanese fishing vessel.
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(b)
Fig.2.25 Bulwark and false deck of Japanese fishing vessel.

u
=

T

Fig.2.26 Stern shape of Japanese fishing vessel.

30



FIE B - fhBEF D
EEY I 21—y g BT LORE
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0—F U T RBLGEND D, DL E, BHEARICHD 72T TR, BERIZL > TK
T T RRER 2 P, JEERE - s & OEFSE - IR ORI B D, BTN, mETHAT
THHENL, £, EEMEOE T LW - ERRILE R DB AR WD, ©4a
WEZEZDH LT, 7u—F o EREELETIEITTER,

WY - T u—F U VBRI 2T, R E LSBT h TR Y, U
Oz LB L, UTFOL S RIERE RS TWD, REIIRBZIE, 1960 F180 5, Pk Y
G & FHOITIAE 572, Du cani, EAMIZHWT, B 2T+ 2 BRI %
HZ, ZOREEFM L, 0%, Nicholson™, R 2512 k- T, fAKMNIZENT,
FEERINC &2 BRAMERBRATTDOR, &5 PR, Umedd® bIck->T, HBIEMICES
HHEMERBRPITOND L9220, TEEMckiT s, BRY &7 n—F 0 7 OBFRS,
T u—F T K DR ST,

T u—F T DI D A ORFSEIE, Davidson?” X o TIFHALI-#4E sway-
yaw EF7 L EHWIZBETH 0, PR CHEERRZE A b B PIIIARZE L 2D 2 &
PR SN TS, 20#%, TR PR Renilson®Z k- T, surge-sway-yaw &7 /LT &
HDEAEY R = L— a3 UMThR, BT ORRMRETE— A > NS, BKEE) 2B 2
DT EN, Tu—F T ORASM L RERAT b,

T, HEH - IBADIZE - T, 4 HHE (surge-sway-roll-yaw)iESh > X = L—3 9 U
FANRE VS, BAREBRER L ORBICLY, WRY - Tr—F ST L DEED

HEEMTONTWD, LaL, #EICELTIE, —RkoOBIBIHEE L THRbh, #EEEO
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EHEA 2 M I T TRy, £72, Umeda,Furukawa 512X~ C, 2 il 2 BRI 2 k52
\Z, FEEES OB ZRGHE ATy, W18 D& B, FEEIT S OHEERE O
Al EIZIEo B8 b v EfmfT T TR Y, RIZ, HHNIR> TWRVELD D,

Kim T, AN L 1AM THY, IAZREXTHEMO—>TH D 135 kL JE
MM E RN &5, W FEELZZEB L-KFETALE2UD TR L P, Fu5H#
T REEJED 2RO, WIRY - Ta—F T OREMMEEE X D, IREHIS - B— A
v M, BERREEN O RO DNBGENRZ VN, KT, B 4 ETIEK - LB O
FHRER 2TV, ERELZETMEL TR 2L & L,

¥, EE)IVI 2 L—Ta BTV, BEITBEICANT, 3 B HE (surge-sway-yaw)
LT D, Fiz, B - RLERE PO, EB RIUREE R L e D7, AT,
WEEH LA L, AT D MMG 7 /L (Maneuvering Modeling Group model) & ~<— 2z & 4
b, RETHFTL2EB Y I 2L —va VETAVEREEIREL, 6 5 % CHHBMUERRE
R, ETNVOREMERFNT D,

3.1 JEAFER &) - HEERRST D5 A

}H

311 JERERLET) - HMEMS DM E

N

i CHW D IEIESR, )« HEERSY - AEDIME % Fig3.1 R d, & DI
Oy ZJF A & T D KR LI (O-X0,Yy), DR E EF MDA & 2 22 B EEIE(0-S, N6, £6),
MRELZ RS G & T D IMAIEERE(G-xp, vB, z8), A TEIMAERE(G-x, y, 2) & il G THW
Do 728, MR DU, MkthlEl Y CE 2, [RIEA PEERAA AL, FEET
Do FETo, MEICHAT DG M OEERST ve i, y BIAMOEENAERD L IITERL

Tb\éo
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3.1.2 FmT - REITHRAT D EhL T3 EE

B - BHBE T T, EE N RO L R, BRI DN BV B EEP
TR %, KIS, PRV IREIZBWTIE, BRF28, BGN7T a7 HEICmA LT %
72, TORBEEHMICEa L RinT L2 LITTER,

TR T - FESHAT DWRAEE Upp, Upp DF7181 & T 00T - JEDEFEALE % Fig.3.2
g, EERIE, MED BT - MR 525, K <ix, FRHRIEKF OKEIZ T 7~
T HEPNIE T D &Y, F, WRIFHEEGKRICK o TRRD N, TuT -t
ROIKENLED D OFRE ST ARSI T DKL T HEEZRE L TERX D, UEXY, iR

g, ASFEOMEREE, BEEHWT, TREhOBRF#HEX, 3.1)RE kD,

U,p =—C,we " cosk(&, + x,p COS y)
Uy = =§, 0" coS k(& + xg, COS z)} oY
72721, Upp, Upg : 7037 « REIZHRAT 2 ORI 1 T
Co s WelRIE, o ASHEOMERE, k(=242) : B, A:¥E
zp zp 2 7 ENT - REDIKIENLE D & O SR
xXgp Xgr @ 7 AT FEOHRAE L) D DR FJ7 1 O P

32 EEIVIalL—TarETA

MpaoEEID 5 B, R (surge) «+ £ (sway) * [EIEE(yaw) ST 1E] D 3 BHIZ DWW T, GEB) TR
REB 2D, MWERZT DR OERALE Z AR L U, EEOLEOER 25 2
He, ThEFhoE# HREAE, B2 TETIENTED, 2B, MINEE - HIMEMET

— A ML, TRF¥— MLV KRDE,

(m+m, Jig _(m+my)vGrG =X
(m+my)VG +(m+mx)uGrG =Y
(Izz +JZZ)I;G =N-x;Y

(3.2)
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My, my, Jzz 2 x,y S0, zERE DD OMINEE - BEE—2 2k
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Y EATTANZE< T
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2T D,

X=X, -Rt+(1-1,)T+X,+X,
Y=Y,+Y,+%Y, (3.3
N=N,+N,+N,
72120, Xy, Yu, Ny @ HiitR, 724, WIS EE DY O TMERIET
Rt : WYRIREL, (1-tp) : HEDPA, T 7o XFHT
Xr Yoo Ng : BitR, i, [EEEJTIR OREFIA T
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XH :§LPPdU2{X’ﬁﬂﬂ2 +(X;5’r —m;)ﬂr'+X;rr'2 +X;5’/5’/5’/5’ﬂ4}

p ’ ’ ’ ! ! ’ ’ ! ! ’
Y, =ELPPdU2{Yﬁﬂ+(Yr —m )+ Y B+ Yy BR Y B +Yrrrr3} (34)

p ’ r_! 1 ! 1 1A 1 !
NH=ELPPdU2{Nﬁﬂ+NrV + Ny B + Ny, Br +Nﬁrrﬂr2+N,,,4r3}

2L, p AR, Lep: TR, d: 8K, U: MH
B RULA, v BEROTIEIGE A

3.2.2 MMAEIEHT

AEHEE KPR PEFHR « RAUKBEEFUKAE C, HIEBRE21T o7z, BHlpiERBRIZHW 5,
135 kU FEMEIRAL OHEER 1/32 O/ 2 T2, Fig.3.4 ICHERh D B E 2R, KR
L, WOMHEEHEEETREIMESNLZLEEZBE L, BHMEEIEX, 71— P&
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UGS, 55 5,6 DB - FHEM T O B HpIERBE L HW\WS,

=
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BHUREL, Cp - ERHTURE 27§,

Rt =Ct2 su?
2 (3.5)

Ct=C.Fn°+C,Fn*+C,Fn*+C,Fn*+C, Fn+C,

7272 L, Ct: bR, S R/KFmEE,
Fn: 7/L— R, Cy~Cis : DERIURE O PREL
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kro~krs : HETIREL DU LUREL
on“‘ng o MV ARE DI LR
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(L-wp) = AENPEIREREL
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2k,

(3.10)
J =

AT, (@-tp)lE, MROIBGEIC X > T e _RIFMEREICHT BN RKENEE X
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@—t,)=t, +t,J+1,J (3.11)
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3.25 FEICBETAEEET L

FED T, MMG T V&KL, (3.12):UE L, #EEIES FyZ2 ERMICE 25, HRi1
AL, fEMAEE R OWERAMICEET L EEZ N5, FyviX, (1) TERIIN,
FEWCTRANT Dl « Z2A 71 DRI up. v IZ, W FHEZZDDL L, ZORE

FEFAHE U, ERAMAAZEENDZ L2 D, 22T, REEENAE 1%, Bz
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B L VGO EE VD, #EICET 28577 L THW L SRR O F MR
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X, =—(1-1,)F,sins
Y, =—(1+a, )F,coss (3.12)
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72721, Ag: REIHFE, £, - #SEEIE AR, o @ SE~DOIRAAA, Uy : FETRAHEE
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WZHOWTIE, FBAEICHKRIRT D,

33 F&®

ARETIE, B - FLEETOMMAES Z2HEE ST 572012, 3 BHEEH I 21— 3
YETNERE LT, KimDET VX, REIRARE - fEIRAA ISR DR EEL T D, #E
ELE ) &2 BRI E T 208, WIREH D OEBREREET ML L THW S SRR TH
%, ¥, 3HHBEETT L THLHID, HRNT KD EMERENEDOENS, WWEBRO
ZRITTE TR, REEIET L, B OISEET NV, FEEAEOBEFRRZ A T,
TS OB F R E FRICKEMICH 22T, BEYIav—varTh, ZhbH0

RS NEWR TR L ELODE, DX OIS,
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(1) FF IR EEER & KRR FEAR D BIFR
X, =u, cosy —v, siny
Yy =u,Siny +v. cosy (3.19)
y=rg

(2) ZEMRBEEERE & AP AFEER O BILR
éG = XO —C

_ (3.19)
=u,COSy—v,sin y—c
72720, o WORARRE
(3) AniAIESE)
; :XH—Rt+(1—tP)T+XR+XW+(m+my)vGrG
¢ (m+m,)
; =YH+YR+YW—(m+my)uGrG (3.20)
¢ (m+m,) '
r:A@+wa4&+n+mJ
G
(IZZ+JZZ)

(4) LA & BRI

PREFI7I & BEEIf4 RS2 PD I CIREFREIT B 2 & & L, HUIEMOIE L, 1
R T IOTIRAHEA IS 5 —ENT, @2)RO LD IZRAT 5, LEN-T,
OB FEERIL, BAOR BRI U R EORA L EE L, (322K 425,

5*:C1(V/0_V/)_C2V7} (3.21)

T.6+5=5"
2L, SRR, W BN, Cp BRI A L, o ORI A
5 HRAEHE

sign(6” = 8)8 . [l67 =) T, > 8, 422

{5 ~ )T |6~ 8)IT,| < S
i

2L, 6., : mAKHEE

m
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Table 3.1 Hydrodynamic derivatives based on midship position
of 135GT Purse Seiner.

X'gp
"m'y
X ’rr

X'gppp

-0.2020
-0.1500
-0.0185

1.7139

Y
Y'r-m'x
Y'ppp
Y'Bpr
Y'prr

Y'rrr

0.5166
0.1571
2.2479
-0.4914
0.6203
-0.0147

N'g
N,
N'pgp
N'ppr

»
Ny,

0.0543
-0.0731
0.1233
-0.6650
0.0961
-0.0425

Table 3.2 Approximate coefficients of resistance coefficient and (1-zp).

Cs -10.636 Cu 14.858 Cs -7.403
Cp 1.683 Cy -0.181 Cy 0.015
t -0.765 t 0.030 to 0.937
Table 3.3Coefficients related to rudder forces.
1-tp 0.681 ay 0.240 £ 1.034 Tre+) 0.630
apxy -0.411 K 0.615 TR() 0.547
{'r -0.644
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o] 2

direction of wave travel £

\ 4

O

. 4

wave trough

Yo n

Fig.3.1 Coordinate systems and forces/velocities/angles directions.

Fig.3.2 Wave particle velocity flowing into propeller (left) and rudder (right).
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Fig.3.3 Photograph of the ship model (1/20) for CMT and resistance/self-propulsion test.

Fig.3.4 Photograph of the ship model (1/32) for free-running/captive model test in waves

and resistance/self-propulsion test.

0.02
¢ Ct

—Cf

—Cr

—Ct_fitted

Cw
0.01 [
A 4
— fce
Cs
Fn
0.00
0.0 0.2 0.4 0.6

Fig.3.5 Drag coefficient of model ship (1/32).

45



1.00

=
=
0.75
0.50 @ n=13.57
n=17.13
n=20.17
0.25 n=23.67
o N=27.82
J
0.00
0.0 0.2 0.4 0.6

Fig.3.6 (1-tp) from over/under load self propulsion tests.
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e n=13.57
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° N=27.82
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Fig.3.7 (1-wp) from over/under load self propulsion tests.

/

Fig.3.8 Inflow velocities to propeller and rudder.
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428 TlE, FEIWETHI LI v XIH#)) - Mo, REEIET VO EE KRG
Do ZOBFET ML, W FHELZZE L CWODN, W1 EMEOTHESIX 95 E
LRV, ZORENEYS Th DMK DS, EBRIC, MiH - 61, ik
BT 4T T a RISk 0T, MENEORRTHEEMET LY 5 PLEML TV ST
b, WA HEEZEERICEE L TN ZOTTVOREMEHERTILERD D,
T, B - BB T, a7 Z2PNEO R CTRIER SR O AL ERR A
TV, TaXIHT) - My, REEENZFI LT, £ ORR LT T VIR DEER
RELR L, ETNVOELEERFT 5, 612, B - FHEEFICT a7 - fRlZiiA

T 5 WL IR T A FEBRAVITR Y, £ ORAAIT T 2B 20 6202 T 5,
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41 BE - RBETOPIRES S « E— A FOFRI & ET ML

B - BHBE AW TR DN 21T 2 R IRH ) 2 5HAIT 5 7201247 o 72, P B ER
Br &, FHAREROET MEIZOWTHEZE R~ 5

FF, FHATEICOWTE R D, BORMREIN 2 5H3 2356, EEh 22 CHEE L TEHI
THOR O THD, L, FHERY - Te—F 7%, WEHEHECHITT 2541
AT DI, ZONRWITIT D PIRIERS] ) 2 FH3 2120, BRI 2 EOd A T TR
LDMEEND D, LTeh-> T, MAEENE, KEREOER L 2D, RHEERNNBHIVED
WRBTHEDOZREANRKRE LSBT 5700, EEZEE L TEHIT 200X, EEOHATE 1T
FIp ST BACIRAE - BEETEHMWT DL 720, HONIREY TH D,

Umeda & bt —7 « 'y FIZBLTEFABICLTEHIZIT-THY, ZhBIEEEL
ROOPNHEY LB X Hbivd, v— b REERIC, AARTEIOHY G5 BIERMAICR 57
W, BHRIZLUTEHHT 20036 &BE 2 6ND0, Bt LICETMROR S 72 <, Hls
OV, FIT, WERREE, E—7 - n— - By FEAAEBICLERAE, B—7
'y FOLHEHBE LIEGEO 2RETEFZITY, K00 RRHREBOBRE 21T 9,
I, FHUFRE RO GIEZEZ 2 5, GH S AV BORIREI 1 2 W OB H A £ THHEAR
JEAM e Lie 7 — U o BURBAT 2 2 & C, sin B CERI Lz, 2o E £,
SEEIE - IROE - A2 A MR WEER RS TR L, B0 D, BRI
DETIMMEEAT -T2, AiaTlE, WA, WOMMANE, AfEdREL2ZE%E LTS
DB - RET D,

B2, it T ORIREHI >\, Z—FK 7 Va7 Hick 2 atE 21T
W 812 K D PIRFRE ) DAL OBEM A5, FEER & FHRFERICENEEN D HEREELEL,

KifizE LD,
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4.1.1 PRFAERIEAER
(1) HREERN

iR 1/32 0> 135 b U FEMBIEARETRL 2 VT, GBI« REBI T ORI 217 - 72,
Tu—F70F, PERVIREETEAEL, MRIIRTEST IR IHES T L2, =
DEFOPRGRH S 2 5HT 25613, AR 23S TRMT 2B ERH D, Lizhi-
T, RMUOAKIEEZRNZSGETY, RTEHE - EFEEOE TRE 2 E%2 T 5, £

I, MBI E VT, ThBOHKENS L, £ ORIREICIHIIZ TS 1,
(2) EBRIGiEL EZEBRFM

FEBRIX, Vvl rat ATy R E@EMERAKRE R, KEBRSIIEE & —IKEE

TAFZERT « e L a BRI TTT o 72, Figd.l [RT X918, B E YL -
GNEN e —E T my Rt LTERICHRL, /i - 24 - BEEFmod) - =2
v hEFHIT D, ks, REITEEAE L, REABRIFICEIIL, 2 DR OFHED B RETI Ry
ZELIIWT, MERRZ T2 555, Yook be—bE U ry RiX, ATy A—
ZIZHERE L, MMARREGRIFFICEHI L7, £72, MEOMOAFIALEIL, ARELOKE
DEN Z W et TR L TRked 7z, FFREEIL, e—7 - v—L - By FAHBIZ LY
fE, E=T7 -y TFOREAMRE LTEGAED 2REE LTz,

FERIE, HHREHTITV, (BT A — 2 1 (Uw/g)<0.25 OHLFHZ 00T, FRIAR AR 4
ICHNTBWEE D £ 51T, 3 M CHRM L7z, IRSEMIE, MLw=1.0~15, H/A=1/27~
1/16 & LT, WM y=0°~-60°D rIREZRH & LTz, 72720, &4 T 2ILEICRS VT
WD JERE R & R OBRGRICIERIEME D BN, 5 BEIZB T 5 I a2 b—va URRIC

FET D, TIT, KONGRSR TBIRAN S, LY EfICEEZ RO,

gkli+k2,? )= 0 “n
A=2zxlk '
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(3) EBFRDOEH

4 BT D PIRAHI S - B— A2 ML, Figd.2 OEERIRT X ) ICHMAELTE X,
(4.2) N CTEER LI U TRERIIR AT 9, Fx OERITUED B Z BILDD, RS E7RD
TNh—F 7 a7, MIERCBLEA»RED S, €2 T, dKEEZAWT, ERiob
T2 e L, 22d, RIRFEICOVTIE, FANCHEPRBREZITV, FHEHE R DA
Btz brE, WRMEI 2GS, 2B, BV Ial—Ta UETUIBWT, AT

RPREIY TEZ S0, (43)AT, A REIVICEH L TRATLZ L L%,

X\;v = Xew /(Vpg(H //1))
Yo =Yeu [(Vog(H/2)) (42)
Ny, = Ngy /(Voglee (H /1))
72721, Xew, Yow, Now, : BLOEIY ORI « /24 - BIET W OBIRARH T) « E— A 2 b
Xw, Yw, N'w, : ELEIY O - 24 - [BIEEH O
R OTERARA ) - E— A B
Vo HEKERE, g BEINEE

Y, =Yg, (4.3)

FHll S =7 —2I12i%, FHROBEAREERAEEN D, £ 2T, ERICEZ OB
ODARETHEAREME L7 — ) ol B+ 2 & T, (4.4)=UTRd sinBi% s LT,

EJE Iy A R LTz, Figd 3R I8y, EARBEE Y Z 5 < TETna,
a/2, A, el, TNEIFEEE, RiE, (AHZZR L, AGw CIRBORIRS] ) O PR & 5

Ll b L, MRGUIIRIRE] ) - B AL M, &EEAEHEELT, @4)NTET,

RK%):aM2+A£MK@G+@} (4.4)

k=2z/A4
72721, aof2, A, &: BIRGER] ] « B— A > b OEME, HRIE, (FH 23R PiiREk
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412 WHFEIRBROER L EBE
(1) v—LHFREBOEVIC X 5 IR R~

a—/LHH - BEEIC K BEHIFER OB Z Figdd ITHET 5, 2ok, ST, ok
N A TGN, HERTEER TTIZIRGRE ) « =— A v M ERT, FEBREIEIE, ALpp=1.05,
127,150, y=-30°CTh b, £z, EDOWED 0.17<<0.25 L 2 HWHHETH D, Xw, Y'w
ICERNRD B, v—/LBHOTT BRI ORIED, LR E < RLEMICH Y
MR ORELEZ DN, LrL, FHIMKEZEET 5L, UTORMBERNENAT,
LB LT, RUBETZRMT 256, HEWEREREREr L7225 K HITH
BLLZRWRY, w— ARk 2 D 2 BT 5, Len> T, Figdb [T A D L 9 I
H—U T T, AxA VT REAET DT, foA TR OBIRTRS] T O FHRE R,
Az A VIR DB NP EEN TV DAL D S, £, AxA U 7I28-7T, B
WAGEFE DA U D581, RMARELT 52 Licbomn s, UEoSky, v—LH
HIZ U CEREZITO &, FHARERICHEIREE] LS D T10, NRERBERNEZEND,
WK TR AR AT, BRIV T O EATIMO N 2RO T &, LLED
HEAZLGIK ZENARREBRZBNDD, ENTIERY, L7eh-T, B - FhBEH
DOWRIRGN ) 2 FHF DERI1E, RANROBHE (b—7 - Vv F) OHLEFF L TEHIT
OO0, Xt LB OND, KT, v—/VZEE L CHEl LR E2 o, 3
R ) DOET MMeaEITH 2L & L,
(2) WIRFEH]S) - B— A 2 B~ DOIRMEE (B IRIE) D&
(@1)RZHNT, BRIES) - = A b RGO L, B (BRI O R A fRB
Do JHDIEY, IHEFIBHEIZ L T, WEMELICHEFOIXES2E013H 503, Fig.4.6~4.8
\Z, AlLpp=1.06~1.14,1.27~1.37, 1.49~1.59, »=-30°DFIHiER A kT 5, 72721, Z O

{/H\I”j:, = _/I/%{_z g EE L: L/"C?ji/) f:%‘l‘{ﬁ”%%fj}; D (1)"(‘%3?% Lf;ﬁ;&iﬂb‘s@iﬂfb\ Z)o
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EOWRITBWTY, W X 2 MR GTMIEIRIAE] ) « T— A 2 FOBEWIENTH
0, BRG] - T— A 2 X, PRI GRIE) IR L TRISHRIEIC LT 5 L E 25,
Umeda & & EERMEIAAN 2 X152, RO mRESTEY, HIA=UI0EE E TIX, ZoE

MEAMRT- LD & FER AT T 5 %,
(3) WIRHES - E—A L P ~OREOE

B /8T A — % (Uaelg)<0.25 DHEIPHTIE, HEWWEBOEEIN NS 2D EENT
W5 P, ZORBERRT DI, RNGHE AL X TN AT o7, RATEE IS L 5 A
WIS R OEWE Figd.9 12T, MRERIEOCRBENTZOE, YwOIRETH Y, HEWEE
Bt LT, 2DEG/NESL< D, TOMOREIL, FHAIRIZS SRR 6NTZET T
boltedd, WEBIINIWEEZLND, ZOREDX, MIERICHAT LA FIZX 54857
RO THDEBZHNDHTD, YwOIRNEZ AiEEE CHEA LT,
Fig.4.10 (=, Hilih 2 AT O MR TEME U/ gLy, . HEHIZ YW OIRIEE LT, e 2
LB A RS, 7o, B[/ T A —H1<0.25 FRED BTN EFHISESETH 5 23,
7=-45°, -60°DEAFER BB EMEE LT ey FLTWD, FRNG, YwOIREX, #F
FINCEALT D 2 oD, £ 2T, WAAAIKT HMHE a LU/ b D2 L4 (4.5):UD K

INTHIBELL LT, YW DIRIE Ay I ZEDREEZBET 528 & LTz,

Ay =ayuyglep +by
ay =ay ¥ (4.5)
b, =byx

413 WRHAEHIS « T— AL bDET AL

A2FORREZEE 2T, B - FHEE P OBGIRIBEH]S) - £— A > b OFHAKE R 2 BB
ToHHEEE LD D, R ESOUE - 77—V SR BURHT 22 L T, GEAKET

%(4.3) D sin B CRE L, ZNENOEPURE O AT D5EEE 2 D,
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BRGRE] )« B— A 2 OEPERENT, WERRYRBLE D Table 4.1 0 X 5128k T %,
ZIT, TNENOREIT, y2 2B LT 50 - MK TLHEATET 5, 72721, 4.24

AT L2 X 502, YW OIRIEIE, AEEREE IR L CRIBICZLT 570, Bk, <
DEALOEE ay & EIA by Z A THEELT 5,

B /X7 A — 4 1<0.25 THATT D Z LN TE 72, y=-5°~-30°CaHll L 7= iR /1
— A b ERZEAGTE LR A Fig411~4.13 1077, 72721, L 22 5ikm Ay
frlx, &TIMEE LTHR>TWD

Y'w OIRNE LS O PR S L, 3 RAUHED GG EDOFE 7w v N LT, 7ods, £H
RS DEROFEEZ RS ToI, BOREMEE LT, axe, Ak ano, Awld, 7=-90°TE RO
EERALTWD, £72, & avw, &, anld, =60 CTHHll ENfEARAL TN D,

AR DXL EET D25, (4.6)~(4.8)UZ, WIOCEIRMH ) « TE— AL FOET V& E L

ObH, o, TNENOREERERMEL T L2, Table 4.2~4.4 2777,

Xy =8y/2+ Ay sink(&s +&y)

Ay = Ay, 2" a1 Ty,

Ao = Aol + Aoad” + A

Ex :€X2}(2+€X0

Yo =8y /24 Ay sink(Es + &)

A, =y, +a,x

A, =a.ul/ /gLy, +b 4.7)
a, =ayx,b, =bjy

(4.6)

&y =€Y2}(2+€Y0
Ny =ay /2+ Ay sink(&s +&y)
Ao = Aya X + Ay Y

An = Astls + Aqu X

. 2
ENy =& X téng

(4.8)
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RIZ, axaAwa 78 £ DB R EM R HICKT 5 — b 2ilA %, Fig.4.14~4.16 (7~ T K&
I, ENENOREIE, BEREIC LT, ENICELT S Enbnd, Lian
ST, FHNZAT S CREMEANE T, 22 o, BEMELREERE TS
(4.9)~(417) TKD D Z L TE 5, AR IS L T D BEAREMNIZSW T,
INHORUITE ST, WREH N2 HLBREHETE 2B OND, £z, HEEOME
PRI, [FAEROFHH] « ST 2TV T — 2 _X—=2{bk T 5L, ooy, HBRER L

D2 T A =22 LT, —kILTEHLEZZA6ND,

a,, =0.031x /Lo, +0.107
a,, =-0.113x A/L,, —0.251 (4.9)
a,, =0.100x /L., —0.121

Ay, =0.314x A/L,, +0.279
Ay, =0.073x A/L,p —1.444 (4.10)
Auo =—2.092x /L, +1.862

£y, =0.103x /L, —0.088 @11
£y =—0.086x /Ly, +0.119 '
a,, =0.044x 1/L,, —0.276 @12
a,, =—0.041x A/L,, —0.219 '
a, =-1.119x A/L,, —2.361 013
by =4.380x 4/L,, —1.866 )
&,, =0.148x /L, —0.123 @10
&yo =0.149x 1/L,, —0.119 '
ay; = 0.000x A/L,, —0.008 @.15)
a,, =-0.001x 4/L,, —0.019 '
Ays =0.424% A/L,, —0.076 @.16)
Ao =-1.046x /L., +0.187 '
£y, =—0.152x A/, +0.240 @17
£yo = —0.074x /L, —0.078 '
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4.1.4 BT R OIRMEE] 71 DRSS

R JT 18 OWHRFER 1T, 74— K- 7V a 7 s RnETHY, Umeda 512 K- T
ZEPENTVHAIRENNT, HIEH ORI NZHFTE S, LoL, Hiko

B, EREHEMBICENMEINDIHEERDHY, ZOHRICTHONT, KD TERLZINZ D,

Xy =—p9¢,kcos ;(I:EEQ(x)S(x)e"‘d(X)’2 sink (&, + xcos y )dx

_sin(ksin zB(x)/2) (4.18)
Y Kksin yB(x)/2

72721, S(x), d(x), B(x) : &FIFMNLEIZIIT DEEFI7 M OMRWTEFE, BUK, AbE

Fig.4.14 I BT ME S AT BRI & 3HRASE R 2 i3~ 5, mfihs, SEBRIE, SEfA it HE
R, JATIREO@ Y, FHEMEIE, EBRE LY b RS RMAICH D, FATHFETIEL,
FAERRICEEREENTHZ LT, MIEL, RiRAFMOT 4777 v a Rk D b
DELEINTWVD, FITHWEER - /NS REAADEIC, TOENKEL, RWVIEE - W
ANPRKREL 0D L, ERELFHFEMEOEIT NI RDLI EBbLNDL, TLHDORND, L
TOZENRTRBRIND,

IMES IO T REICH D & &, E 7 LT ESMEO LY REICAE L THT 52 &
2725, WRNBRELS DL, ZVTHEZPED LD REN BTN T2, DR/
S D, Fe, WRABRKREL DL, RIS, 77RO TR 64D
e, WENNShHEEBEZLND, LENRST, BITHIRETHEREINA TS, T4 7
ZrvarRIIA, ME7 VT RRESIEDLIMUEZR > HE1E, ZORELEET

DWMENDH D EEZBND,
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3)
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42 B - FHEERTOTuXTH#HS - LT, REEES O

B I3IETHRELE, EE#YIal—ra BT MUIBWT, R HEZEELE, 7
a_XZHET) - RV Y, REEENORFETNVERG Lz, £, BMERICOVWTY, #
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FHEIC L D222 EZRIICALNICL, BEETVICKDEREMBRELE L, £b5
DfERS, MEPSEO T REICH Y, R FREDMEL ML 71T - fETHRAT
DA, TaXTHS - CAZ I ER L, Tu—Fr IRAT LA LR O BRI
fiy L 1E, REA A oor WA A, BEA  E)ICBWTC, #EEEIFET LW, Ll
FHREAERIL, EEMICORERS KL TWeR, —HTERARD o7, FRZ, FERAHR
EORE, ETNMEROKEND LEL hole, 22T, #—BIEEZHWT, Bk FiE

JE & ERRAICR S, ETFLOBEOKRTORKE Z24 %,

4.2.1 FRFAERIEAER

IKPERAWIFE | o & —IKPE LA FERT O L& ZBI TER ATV, BRI
41 fiL AT, M 132 @ 135 b el A Lz, EEEIL, AT 5,
41 L RO LT, BHEICEARMAMERL, e—7 - EyFoOHARE L, Zhik
AR O E— Y o IS BRAEEEC, BUEE T /VITIEE 07RO EHRIEE ORI AHE
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422 EBRERLHEBEROLLE
(1) BEFOEMESR

B3 ET, VKOOI uNTHEELZEE L ARG R, D, AMEREET VL
L7y, BEPICBVTH IR HEGETE 202 RT 5, £, #HOBL QK)o T
Bz b, BEFORMAIGR TEHU S NIZFIEZRFROT X 1D, 419)RICE->T, (1tp)%
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Table 4.1 Effect of wave direction on approximated.

ap Ax
X'w even even even
Y'w odd odd even
N’w odd odd even

Table 4.2 Approximate coefficients of wave induced force and moment. (4/L,,=1.05)

X w axa 0.148 Axia 0.544 0 0.028
axe -0.361 Axiz -1.208 &0 0.030
axo -0.013 Axio -0.331

Y'w avs -0.265 ay -3.678 &2 0.028
av: -0.249 b’y 2.734 &0 0.030

N'w an -0.006 Anis 0.360 N2 0.092
ant 0.013 Ania -0.887 o -0.150

Table 4.2 Approximate coefficients of wave induced force and moment. (A/L,,=1.27)

X'w axa -0.129 Axie 0.806 0 0.028
axo -0.412 Axiz -1.662 o0 0.006
axo 0.000 Axio -0.804

Yw avs -0.153 ay -3.731 P 0.073
avs -0.295 b’y 3.696 & 0.085

N'w ana -0.014 Anis 0.481 2 0.023
a1 0.034 Ania -1.187 o -0.183

Table 4.2 Approximate coefficients of wave induced force and moment. (1/L,,=1.50)

X'w axa 0.162 Axia 0.688 P 0.074
axo -0.412 Axiz -1.182 &0 -0.009
axo 0.032 Axio -1.273

Y'w avs -0.243 ay -4.209 &2 0.095
av: -0.268 b’y 4.705 & 0.098

N'w ans -0.006 Anis 0.551 2 0.023
a1 0.014 Ania -1.359 0 -0.183
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Heavmg rod

Fig.4.1 Arrangement of the model experiment.

O

direction of wave travel £

\ 4

wave trough

Fig.4.2 Definition of wave-induced forces and moment.
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(a) A/Lpp=1.05, H/A=1/27, y=-30 °, U=1.15m/s
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(b) ALpp=1.27, HIA=1/24, y=-30 °, U=1.36m/s

0.00 0.25 0.50 0.75 1.00
(€) ALpp=1.50, H/A=1/23, 4=-30 °, U=1.47m/s

Fig.4.3 Examples of fitted wave-induced forces and moment.

65



2.0

00 Ree* - .

solid: roll fixed
bold: roll free £/,

-2.0
0.00 0.25 0.50 0.75 1.00
(a) AlLpp=1.05, H/A=1/27, »=-30 °, U=1.23m/s
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(b) ALpp=1.27, HIA=1/24, 4=-30 °, U=1.36m/s
2.0
0.0
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0.00 0.25 0.50 0.75 1.00

(€) A/Lpp=1.50, H/1=1/23, y=-30 °, U=1.47m/s

Fig.4.4 Difference of measured wave-induced forces and moment between roll fixed and free.
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Center of gimbal rotation axis

L teh

Fluid reactive force

Fig.4.5 Swaying force form coupling of rolling and swaying motion.
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(a) Non-dimensional wave-induced surge force.
2.0
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(b) Non-dimensional wave-induced sway force.
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0.0 /
Gl
-2.0 5
0.00 0.25 0.50 0.75 1.00

(c) Non-dimensional wave-induced yaw moment.
Fig.4.6 Effects of wave steepness on wave-induced force.
(A/Lpp=1.06~1.14, y=-30 °, U=1.27m/s)
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(a) Non-dimensional wave-induced surge force.
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(b) Non-dimensional wave-induced sway force.
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(c) Non-dimensional wave-induced yaw moment.
Fig.4.7 Effects of wave steepness on wave-induced force.
(ULpp=1.27~1.37, »=-30 °, U=1.39m/s)
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(b) Non-dimensional wave-induced sway force.
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(c) Non-dimensional wave-induced yaw moment.
Fig.4.8 Effects of wave steepness on wave-induced force.
(A/Lpp=1.49~1.59, »=-30 °, U=1.50m/s)
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(C) A/Lpp=1.50, H/1=1/23, 4=-30 °

Fig.4.9 Effects of encounter frequency on non-dimensional wave-induced force and moment.
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Fig.4.10 Variation of amplitude of Y’y to advance speed.
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Fig.4.11 Comparison of ag, Ay, €and ay, by for wave direction measured and modeled.
(ﬂLpp=105)
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Fig.4.12 Comparison of ag, Ay, ¢and ay, by for wave direction measured and modeled.

(ﬂLpp:127)
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Fig.4.13 Comparison of ag, Ay, ¢and ay, by for wave direction measured and modeled.
(ﬂLpp:150)
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Fig.4.14 Variation of coefficients of X'y, to wave length to ship length ratio.
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Fig.4.15 Variation of coefficients of Y’y to wave length to ship length ratio.
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Fig.4.16 Variation of coefficients of N’y to wave length to ship length ratio.
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Fig.4.14 Comparisons between experimental and calculated values of X’y.
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Fig.4.15 Comparison of (1-tp) between experiment in following seas
and estimated value in still water.
(ULpp=1.27, H/2=1/24, 4=0°, n=25rps)
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Fig.4.16 Comparison of (1-wp) between experiment in following seas
and MPP value in still water.
(AULpp=1.27, HIA=1/24, y=0°, n=25rps)
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(b) y=-30°, n=25rps, 5=+15°
Fig.4.17 Comparison of propeller thrust/tuque and rudder normal force in quartering seas between
experiment and calculation on J=0.43.
(AlLpp=1.27, H/A=1/24)
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(b) y=-30°, n=20rps, 5=+15°
Fig.4.18 Comparison of propeller thrust/tuque and rudder normal force in quartering seas between
experiment and calculation on J=0.54.
(MLpp=1.27, HIA=1/24)
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Fig.4.19 Comparison of propeller thrust/tuque and rudder normal force in quartering seas between

experiment and calculation on J=0.72.
(ULpp=1.27, H/A=1/24)
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Fig.4.20 Comparison of wave particle velocity between experiment and calculation on J=0.43.
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Fig.4.21 Comparison of wave particle velocity between experiment and calculation on J=0.43.
(7=130°, n=20rps, A/Lpp=1.27, H/A=1/24)
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Fig.4.22 Comparison of wave particle velocity between experiment and calculation on J=0.72.
(ULpp=1.27, H/A=1/24)
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Fig.4.23 Comparison of rudder inflow velocity between experiment and calculation
(ALpp=1.27, HIA=1/24)
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Fig.4.24 Comparison of rudder inflow angle between experiment and calculation
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Fig.4.25 Comparison of rudder inflow angle between experiment and calculation
(AULpp=1.27, H/A=1/24, n=20rps)
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Fig.4.26 Comparison of rudder inflow angle between experiment and calculation
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Table 5.1 Classified results of experiments.
(A/Lpp=1.10~1.21)

Fn z-(auto pilot course)

AL H/A
PP (prop.rev.) -30° -15° 5o

0.43
1.10 1/20.7 0.40
0.35

0.43
1.15 1/16.7 0.40
0.35

1.18 1/14.9 0.40
0.35

0.43
1.21 1/13.8 0.40
0.35

w w
PP @ @]k e owle e
R ow N NN NN NN

1
1
1
1
1
1
0.43 1
1
1
1
1
1

Table 5.2 Classified results of experiments.
(ALpp=1.30~1.41)

auto pilot course
AlLep Hi (proz.nrev.) _30):0( ?150 ?50
0.43 1 3 2
1.30 1/21.3 0.40 1 3 3
0.35 1 1 1
0.43 1 3 3
1.36 1/17.2 0.40 1 3 3
0.35 1 1 1
0.43 1 3 4
1.41 1/14.1 0.40 1 3.5 3.5
0.35 1 3
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Table 5.3 Classified results of experiments.
(A/Lpp=1.52~1.66)

auto pilot course
Mep | HIZ (pro';_”rev.) _30’5"( ?150 ?50
0.43 1 3 2
1.52 1/22.1 0.40 1 1 3
0.35 1 1 1
0.43 1 3 3.5
1.58 1/16.9 0.40 1 3 3
0.35 1 1 1
0.43 1 3.5 4
1.66 1/14.6 0.40 1 3.5 4
0.35 1 1
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Table 5.4 Classified results of simulation.
(ALpp=1.10~1.21)

AlLpp

H/A

Fn
(prop.rev.)

Xc(auto pilot course)

-30°
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1
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Table 5.5 Classified results of simulation.
(ALpp=1.30~1.41)

AlLpp

H/A

Fn
(prop.rev.)

zc(auto pilot course)

-30°

-15°

-5e

1.30

1/21.3

0.43
0.40
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1

1.36
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0.35
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Table 5.6 Classified results of simulation.
(ALpp=1.52~1.66)

AlLpp

H/A

Fn

(prop.rev.)

xc(auto pilot course)

-30°

-15°

-5°

1.52
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Table 5.7 Classified results of simulation.
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Table 5.8 Classified results of simulation.
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Table 5.9 Classified results of simulation.
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Table 5.10 Classified results of simulation.
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Table 5.11 Classified results of simulation.
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Table 5.12 Classified results of simulation.
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Table 5.13 Classified results of simulation.
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Fig.5.2 Example of free-running model test in following and quartering seas.
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(a) turning trajectories.
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(b) Time-series of ship motions, propeller thrust/tuque and rudder normal force.

Fig.5.3 Result of turning test in still water.( Fn=0.4, & =+35°)
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Fig.5.4 Measured trajectory of overtaken (result 1).
(/1/Lpp=1.30, H/l=1/21.3, ZC=—30, Fn=0.35)
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Fig.5.5 Measured trajectory of surf-riding (result 2).
(AUILpp=1.30, H/A=1/21.3, z=-5, Fn=0.43)
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Fig.5.6 Measured trajectory of nearly broaching (result 3)
(ALpp=1.36, H/A=1/17.2, y.=-15, Fn=0.40)
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Fig.5.7 Measured trajectory of broaching (result 4).
(AULpp=1.44, HIA=1/14.1, z:=-5, Fn=0.43)
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Fig.5.8 Time-series of ship motions, propeller thrust/tuque and rudder normal force
of overtaken (result 1).
(ALpp=1.30, H/A=1/21.3, 4.=-30, Fn=0.35)
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Fig.5.9 Time-series of ship motions, propeller thrust/tuque and rudder normal force
of surf-riding (result 2).
(MLpp=1.30, H/A=1/21.3, y.=-5, Fn=0.43)
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Fig.5.10 Time-series of ship motions, propeller thrust/tuque and rudder normal force
of nearly broaching (result 3).
(ALpp=1.36, H/A=1/17.2, 4.=-15, Fn=0.40)
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Fig.5.11 Time-series of ship motions, propeller thrust/tuque and rudder normal force
of broaching (result 4).
(MLpp=1.44, H/A=1/14.1, y.=-5, Fn=0.43)
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Fig.5.12 Comparison of rudder inflow angle, rudder inflow velocity, rudder normal force
between experimental and calculation in case of overtaken (result 1).
(AULpp=1.44, HIA=1/14.1, z=-15, Fn=0.35)
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Fig.5.13 Comparison of rudder inflow angle, rudder inflow velocity, rudder normal force
between experimental and calculation in case of surf-riding (result 2).
(AULpp=1.18, H/1=1/14.9, y=-15, Fn=0.43)
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Fig.5.14 Comparison of rudder inflow angle, rudder inflow velocity, rudder normal force
between experimental and calculation in case of nearly broaching (result 3.5).
(ULpp=1.21, HIA=1/13.8, y.=-15, Fn=0.43)

122



0.8

0.6 -———- Egrminal Fn
04 -
0.2

0.0
20 -
10 pitch ang. (deg.)

0 LA N\

ship speed (Fn)

-10
-20
30

o [Rvang (deg) |
30 —\—\/\
-60
-90
45
ol ——rud. ang.(deg.)
12 7 /j\, ‘—att.ang.(deg_)

—att. ang._w/o Uw

-30

10 | FN(N) —
—cal
——cal_w/o Uw

0 A

e (mis)

S
2 7\ /—\/—/‘/\ ﬂ\
0'0 L L

/W

-0.2
-0.4
20

—with Uw

—w/o Uw

0.0

15
———thrust (N)

10 torque (Ncm)

t(s)

0 5 10 15 20

Fig.5.15 Comparison of rudder inflow angle, rudder inflow velocity, rudder normal force
between experimental and calculation in case of broaching (result 4).
(ULpp=1.44, HIA=1/14.1, y.=-5, Fn=0.43)
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Fig.5.16 Comparison of rudder inflow angle, rudder inflow velocity, rudder normal force
between experimental and calculation in case of broaching (result 4).
(ALpp=1.66, H/A=1/14.6, y.=-5, Fn=0.43)
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Fig.5.18 Comparison of rudder normal force between experiment and calculation.

(maximum rudder inflow angle is limited to +30°)
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Fig.5.21 Comparison of trajectories between measured (result 3) and simulated (result 3.5).
(AMLpp=1.18, H/A=1/14.9, y.=-15, Fn=0.43)
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Fig.5.22 Comparison of trajectories between measured (result 3.5) and simulated (result 3.5).
(MLpp=1.21, H/A=1/13.8, y.=-15, Fn=0.43)
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Fig.5.23 Time-series of measured (result 2) and simulated (result 3)

ship motions, rudder normal force and propeller thrust/tuque.

(ALyp=1.10, H/A1=1/20.7, 4=-15, Fn=0.43)
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Fig.5.25 Time-series of measured (result 3) and simulated (result 3.5)

ship motions, rudder normal force and propeller thrust/tuque.

(ULyp=1.18, H/1=1/14.9, y.=-15, Fn=0.43)

130



0.8
0.6
0.4
0.2
0.0

30

-30
-60
-90

60
30

-30
-60
60
30

-30

-60

15
10

-10

0.4
0.2
0.0
-0.2
-0.4
20

15
10

ship speed (Fn)
yaw ang. (deg.) e
N - ~/

rud. ang. (deg)

U, (M/s)

thrust(N)

t(s)

0 5 10 15 20

-exp.

:fGo/ﬂ,:O/?)
. fGo/ﬂ: 1/3
: &0l A=213

Fig.5.26 Time-series of measured (result 3.5) and simulated (result 3.5)

ship motions, rudder normal force and propeller thrust/tuque.
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Fig.5.30 Time-series of measured (result 2) and simulated (result 3)

ship motions, rudder normal force and propeller thrust/tuque.

(A/Lp=1.30, H/A=1/21.3, y.=-15, Fn=0.43)
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Fig.5.31 Time-series of measured (result 3) and simulated (result 3.5)

ship motions, rudder normal force and propeller thrust/tuque.

(ULpp=1.36, HIA=1/17.2, y=-5, Fn=0.43)
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Fig.5.32 Time-series of measured (result 4) and simulated (result 4)

ship motions, rudder normal force and propeller thrust/tuque.

(ALyp=1.44, H/1=1/14.1, z=-5, Fn=0.43)
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Fig.5.34 Comparison of trajectories between measured (result 3.5) and simulated (result 4).
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Fig.5.36 Time-series of measured (result 2) and simulated (result 3)

ship motions, rudder normal force and propeller thrust/tuque.

(ALpp=152, HIA=1/22.1, z=-5, Fn=0.43)
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Fig.5.38 Time-series of measured (result 4) and simulated (result 4)

ship motions, rudder normal force and propeller thrust/tuque.

(ULp=1.66, HIA=1/14.6, y.=-5, Fn=0.43)
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Table 6.1 Dimension of appendage models(1/35)
for model experiment in head seass.

Length Breadth Depth  Weight
La(m) Ba(m)  Da(m)  Wa(9)

App.A 0.12 0.02 003  50.3
App.B 0.12 0.02 005 826
App.C 0.18 0.02 003  79.9
App.D 0.18 0.02 005 1410

Table 6.2 Dimension of appendage models(1/20)
for Resistance and Self-propulsion test.

o T J———
La(m) Ba(m) L'a(m) B'A(M) Da(m)  Wa(kg)
App.1 0.210 0.038 0.140 0.025 0.058 0.158
App.2 0.263 0.047 0.175 0.032 0.074 0.316
App.3 0.315 0.057 0.210 0.038 0.088 0.524

Table 6.3 Dimension of appendage (full scale)
for stability calculation.

Length Breadth Depth  Weight
La(m) Ba(m)  Da(m)  Wa(t)

App.A 4.20 0.70 1.05 221
App.B 4.20 0.70 175  3.63
App.C 6.30 0.70 105 351
App.D 6.30 0.70 175 620
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Table 6.3 Classified results of experiments.
(equipped fish-tail rudder, A/Lpp=1.21)

Fn z-(auto pilot course)
H/A
(prop.rev.) -30° -15° 5°
0.43 - 3 -
1/13.8 0.40 - 3 -
0.35 - - -
Table 6.3 Classified results of experiments.
(equipped fish-tail rudder, A/Lpp=1.44)
/A Fn z-(auto pilot course)
(prop.rev.) -30° -15° _5e
0.43 - -
1/14.1 0.40 - - 2
0.35 - - -
Table 6.4 Classified results of experiments.
(equipped fish-tail rudder, A/Lpp=1.66)
H/A Fn x.(auto pilot course)
(prop.rev.) -30° -15° _5e
0.43 - 3 2
1/14.6 0.40 - 3 3.5
0.35 - - -
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Table 6.5 Classified results of simulation.
(A/Lpp=1.10, equipped fish-tail rudder)
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Table 6.6 Classified results of simulation.
(A/Lpp=1.30, equipped fish-tail rudder)
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Table 6.7 Classified results of simulation.
(A/Lpp=1.50, equipped fish-tail rudder)
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Table 6.8 Classified results of simulation.
(A/Lpp=1.70, equipped fish-tail rudder)
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Fig.6.1 Equipped appendage model.

Ny

Fig.6.2 Water plane of ship and appendage in longitudinal waves.

Fig.6.3 Restoring force induced by appendage.
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Fig.6.2 Shape of appendage model.

Fig.6.3 Appendage models(1/35) for experiment in heading seas.
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Fig.6.4 Results of model experiments in heading seas.
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Fig.6.5 Comparison of GZ curve between with and without appendages in still water.
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Fig.6.6 Comparison of GM between without appendage and equipped appendage
in longitudinal wave.

(ULpy=1.2, HI4=1/18)
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Fig.6.7 Shape of appendage model.

Fig.6.8 Appendage models(1/20) for Resistance and Self-propulsion test.
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Fig.6.9 The comparison of EHP between without appendage and equipped appendage.
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Fig.6.10 Comparisons of increasing rate of EHP between equipped App.1, App.2 and App.3.
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Fig.6.11 Comparisons between frictional and residual resistance coefficient of appendages.
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Fig.6.12 The comparison of EHP between without appendage and equipped appendage.

(ignoring residual resistance)
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Fig.6.13 Comparisons of increasing rate of EHP between equipped App.1, App.2 and App.3.

(ignoring residual resistance)
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Fig.6.14 Self propulsion factor of model ship.
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Fig.6.15 The comparison of EHP between without appendage and equipped appendage.

(ignoring residual resistance)
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Fig.6.16 Comparisons of increasing rate of BHP between equipped App.1, App.2 and App.3.

(ignoring residual resistance)
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Fig. 6.17 Comparison of trajectories between mariner and fish-tail rudder.
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Fig. 6.18 Shape of fish-tail rudder for experiments.
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Fig. 6.19 Comparison of non-dimensional normal rudder force between mariner and fish-tail rudder.
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Fig.6.20 Comparison of non-dimensional rudder normal force of fish-tail rudder in still water

between experiment and calculation.
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Fig.6.21 Comparison of measured ship motion in following and quartering seas
between mariner and fish-tail rudder.
(ALpp=1.21, H/A=1/13.8, y=-15, Fn=0.43)
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Fig.6.22 Comparison of measured ship motion in following and quartering seas
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H HMERBRIL, #BHE - TERED B TR R TH D, HHEMERBRZIT 5 72D,
HERRZ (S0 - BAERE - v A ne L, BRA REHR A BRI R 2 E R H D, ol
0, H HAMUE R EER IR OB KIE R S & 720, ZBREOEM DR 0305 Z
L2 D%, SbIT, WRTOMBRZIT GBI, WRKEEICH T, Sz Pk
TOMENRD DN, RSN KRN 51EE, 29 LIeBiKITRT 2500 & K0 127
Do £IT, KT, MBI E Wz B AERBRIEZ T ICHESL L, B - FHBE T O
HHEMUERBRZ I L, BERY « 7T u—F U THBOBNE AT,

OB A DE T, EE2/NVUET 5 & & bic, ANORERIE - BB IED
PAIE BATVY, W3RV - 7 u—F U 7R ORRES O LR HF, ik, 7u~JH - v
7, MEEDZFHT L2 LR TER,

1. B

R, BEKE2Y 14.3kg, TEMRME 1.16m @ 135 b U BEMBEARERL A2 -5, F5f
WHEOHER - NTAMNT oA MEBET L L, BEMEZREICTOILENDH D, LIZh >
T, MERIX, —J8D FRP TRUEL, 47kg LEEERBAMLE Lz, £z, FlRLicTr 27 )
AREMM)ZED ) ar v —F 0 R TR L TnW 5, SR ZICHRET 2 5ok
R | XTI DB ALZ > /3= AL, B BICEE LT,

2. FERIE
21Ny 7 ) —

ZHVE CTHBMERRIZIE, SHEEBMPAIHNONATE D, EXARICKTTL2EHE
ME L, MBI 22, L LESIE, DU F oLy T ) —NEREE

N, TNEEHATLIZENTES, 20Xy T —%, K& X2 150mmx50mmx50mm,
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58009 & =Xy RTHY NS, 222V, 5800mAh & KE R EEFFS, 12771
ZORy T XEEEENEETHY, £EICL, HEHOLEL=y FEHWDLLEN
D, £z, NuT U —NBEKEICL > THELST W=D, MR EIE & R

TAEREEENNLETH D,
2.2 BLE—4 « /NELE WiBh I E

AL, @7 — RECHIATT 2 2 %<, BAIERICBW TS 2O/ TERT S
oD, Lo T, RERNY—ZFOAME—ZNLEIZRD, EAITNNIOR
ME—ZDERTHLD, BEHOA =N BIEER S A ARFEAELLTVOT, /h
MERE—Z ZHW5, ZOE—XE, #E& 0.7kg (Zx LT 60W &/ MRE T, /T
& D PRI H W G81E, 70— REL 045 (L O T2 AIREIC L TV 5,

TaXZOHET & SV EFHAIT D BB EHE, @ 3m DL OB A kg & LT
B Sz b o, /PMBAIIISER TE R, 22T, Fig AL (RT3 /N E 8 Gt
R L, ZOHEMBINENT, BRANE—F 2RI ER-oTEY, T2
MOLRFHMOI] (FaxXFH#)) 25452 LR TE S, FRIZ, E—Z2&ERND B
N BT A, HEL, B—X%2E0, 13kg LEETHD, £, ERERTESHTS

INID A N LA T IO T BRI T,

1 19g etk Sl
D040 TBRABE 110 xae

Fig.Al Self-propulsion dynamometer and Strain amplifier.
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2.3 BRERE - RERRAIGT - BET T

HEMRAEIC X D OREE 2T O 121E, Y —ARHIE O BACHE NS LB D, £ 2T, Fig.A2 12
Y, ANUOBERE L BT TR BB LIz, £, ZOBMERICIIRIE 2R 4 5
ZENTE, fAOFHIIGHAIRETH D, HALEIT, BDFHAZRT, K 0.7kg, #AET 7
1%, #90.25kg TH D, 7ds, MIJFHE, RN 0.04N LIND & DA Lz, fEAHREMIC

R ERERE O AR ZEIX, 0.1°DAKN, HREEERER Y, 0.1°/sLAINTH D,

Fig.A2 Steering gear and Steering gear control box.

2.4 JEBhFHH

INET, BRI Z 74— KNy 7 UTCREAA Z G 18D v A v 2 EEhEHIC
MWT&7, LaL, ERENTHWZEGAIE, BFEFICLD, HBERKOEAZKREZ
FH0, ZIVTHREHEFEZ1T O LRREDORE W PP L, £2°C, BEEADFHE
1T, MROEBEEZZTRVNT 7 ANy A v [N 2 L L Lz, Mg - Mtk
OFHNCIE, MMEOREER L — e oY REF) 2 2L, ARELZFHIL, Zh
AR T L& L, LnL, BfEh EftENAREERTLHE, 7 EFHITE
BROBELHY, Z07, SRR - HEENAOFHIIZR > TEHEHO 6 flEME Y v 1 v (f

FEDOTHANEE £05) 20T 52 & & Lz,
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24a hr—)LiRy 7 A

ELE — 2 OFIEEE, BRZEH, 4— ey MNEES, FigA3 ILRT—20D=
Y hr— Ry 7 ATH TN D, EEITK 1kg T, FEMERGOM, PDHIEIC X 5 HREH
e e —E L THRERRAR EARGIITH ZENTE S, £, BHME—ZOHIHE
T, ERE—XZ OB FERL EMICEY Yy 7T v 7S 2R EHRT, TuxT7 s

O Z FTEEIC LT,

Fig.A3 Control box.
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ALEFHNE, ZHET, BERICK M - RITERIC K 28872 ZICd > TIThh T
T, KRB RN LETH T, £Z2 T, FigAd IT-TEARHD h—Z VAT —
YarvEERT S, JhuE, EERICERE LN YY) XA EEE CAEBRL, £
DEFREE AEND 3 WOTDONLEFHAZ 20Hz THRERAT) 2N TE 5, FHAKEIX
TV ALEEH L2 — RogE, AEEBRE D(m)IZk LT, 1.5mm+2ppmXD THY, 7t
HIEEREAS 25m DIF, 1.55mm &7e%, 2O X 912, FEIZIET Y XA 0.3kg) % #5487
D12 CTRHAAT A 27280, RIS CTIIA R R RIS 5, LavL, BRI T
RIS 2 EEVE LR E 22 D72, T— X ORMINLEICIR D, AR TIE, §t
HIBAAAE RS, iRz BB S, ZORBOMEOMIENIK L, 7Y XA0 LA

W] DR BFI 7~ B [ & B o 7o,
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Fig.A4 Total station system.

3.1 7 U X LALE DR E LD~ D EAELS

h—=ZNVAT— g CHA SN D DI, FFIEEIE(Op-Xo,Yo,Z)IZ 15 7 U X AHLD

JERENL 1 (Xop,Yop,Zop) CTdo B 728D, T AV Z AR EE L D FEAENL 1 (Xog, Yo, Zoc) AR ZS AT~ 2 4
ERH D, FT, MKRELE U X LH0 0 S & AR E E S (G-Xp,Ys,28) CEFRT D &,

Fig A5 D X 5 ZBfR L 72 %, 7ods, AR ROMIRZEMT, AL Fig3.lLIiZHH> 2 75,

Zgp \ /.\/ P: center of prism

*
XBp

V4]
A 4

Fig.A5 Relationship of G(center of gravity of ship) and P(center of prism).
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Fig.A-5 |2 T 7 U XA L MMAE.LOBIR E, M{AD Roll/Pitch/Yaw angle 2 VT, (al)
KO XD TIELHES D, 72720, ZoRITHEND ML, Yaw-Pitch-Roll DJIHTE £
SNT=HA T—H(f, 0, W) ThHHID, EEPBETHD, Figd.l [TRT, HyHE
EACRAREEIE CRER S NT-AE(D 6, v) &A1 T —AOBERIE, @XEkd, 2ok,
EEHHNC AWz 6 SEME S v A b ) S DAL, Yaw-Pitch-Roll DIE TEFR S 417z

FAT—HTHLHIO, KimTlE, @2XNZHNTETEREL TWD,

Xog
Yoe
0G (@1)

Z
Xop cos@' cosy’ sing'sin@' cosy’'—cosg'siny’  cosg'sin @ cosy’ +sing’siny "\ Xgp
Yo |—| COSE'Siny’ sing'sin@'siny’ +cosg’ cosy’ cosg'sind'siny’ —sing’ cosy’ || Yge

Zop -sing’ sin ¢’ cos &' cos¢' cosé’

ZBP

¢ = tan"*(tan ¢’ cos @')
0=0 (a2)
y=y'

32 MMIEERDBED 7 4 NVH Y v TR
BRI, BRI U722 2 e ORI 8 A BRI L CA DA A, BICEST 57

FTIFHEELEBPRE L 2D, O, WOHEMKT 4 V2 —AH) 2 AWT, /A X%k

Ellee ZOT74NZ =T NTY X L% @)AUITRT,
X (k4t) = AIZX k —i)at W (i4t)

Y (kat) = AtZY k —i)At W (i4t) (@3)

i=—N

U (kat) = /X ?(kat)+Y ?(kt)

2720, X(), Y(): FH S NALET — %, X(@1),Y(t): 7 4V F— I K D E RSy

Ut): BB, W(): 7 4 V2 —DA VRSB, At Y27 v TR
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4. 7a —F o JEROFH R

INFURR 22 FN TTAT - 72 B IUE R R O it 55 & Fig. A6 1§, EEBRGAFIT,
A py=1.44, HIZ=1/14.1, =-5, Fn=0.43 TH YV, ikl - MvAEENZ, AR Fig.5.7, 5.11 3%
JSL, TR—F U IRRELTZIGEDTEREERD, 45 0D, MMADICHE Si, EERY
PREAELTVD, 6~10s (20T TIMVAENRE SREEAL 7 v —F > ZiZli> T b, 11s Tid,

—ERBEWRD I, REEG IS EIERS 528, 128 2B, BER D ICH- TV D,

Fig.A6 Photographs of broaching.
(MLpp=1.44, H/A=1/14.1, 4.=-5, Fn=0.43)
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BARRR D7 o ~THS) - b7 ZFHIT 2120, SREO MBI BLEIZR D, L
L, miROB#ENIEHE, KoM RETEEHTE RV, 22T, HLW
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B MBI EF OIS, HIRO/NEE —iiE HEHCE— X 2 REabELEL L, 20
TG CHlHE ) 2 5 HId 5, Wil by OFHANE, BME—F ZERE L LT, E—XDE
BB o b7 ZFHT 2 FX A2 Lz, BF L7z 60W A MENJEFOEH %

Table AL 2/~ 9, ARIFBEIZ Fig ALIZ/RLT-E BV TH D,

Table Al Specific of Compact size propulsion dynamometer.

Propulsion motor w 60
Thrust (maximum) N 100
Torque (maximum) N-cm 50
revolution rps 50
Length mm 154
Width mm 55
Height mm 107
Total weight kg 1.297
5.1 ¥/ DF RIS E

HeS)OFHANTEE N 28 ORI T 223, BMEIIEHE L THAZ BEF7RET,
MM EOIIEZS 2o/l 25, 0.02N OFFEZ iR L TND Z 2R L, £
7o BRI N Y A (B Tf) L, T—F 25RO E ) M FHIHE 2R
AT HZEITRDN, ZONIFEKHIZY ¥ A v g ECTHHIT 5 U LMD FEZBRO T B

BHEIET 5 Z LR ARETH D,
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5.2 MLV 7 OEFAEE
il ~ L 7 VIR OMMAREE ORI A LR N DD, E—XDOEMFEREZE v 7

Ty T LTND T, T—FREDONT Y X0/ ORFEE, T—FERT T DR
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Z ORI FOREEIIRLR OHEFHI AR5 & FRE Th D, 2 0¥ IC 60W B[ fiE) )
FHEELD ) CERIEF 0GB % Fig. AT 12”7,

TR B LB )T O E CIEEEsih 2 7] S 97, il A B E U CRHIIT 2 BB A i
o TNDHN, ZOREETIIERER L FH UREBTE—XZEE LN ML AME S

ATHRETELDOT, WEKENG D, ZOEEIZL D 60W B A HT#E /EHD L7k

EAE R A Fig. A8 TR 28, RV FHANKSEE X 0.03~0.05N-cm (¥R 722) 3 5% H LTV B,

i

Propulsion dynamometer
E )
) :

‘ Powder clutch

Fig.A7 Torque calibration system for Compact size propulsion dynamometer.
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10
Q output(volt)

y = 0.2508 x + 0.0781
R? = 0.9995 /
6
+ 10.rps
4 = 20.rps
y = 0.247x + 0.0568
R? = 0.9998
2

0 |
0 10 20 3o QN-em) 45

Fig.A8 Torque calibration results of Compact size propulsion dynamometer.

199



	0章表紙・目次
	1章1緒言
	1章3図
	2章1わが国の大中型旋網漁船の転覆事故と解析
	2章2表
	2章3図
	3章1追波・斜追波中の運動シミュレーションモデルの検討
	3章2表
	3章3図
	4章1追波・斜追波中の拘束模型試験
	4章2表
	4章3図
	5章1追波・斜追波中の自由航走試験と運動シミュレーション
	5章2表
	5章3図
	6章1漁船の転覆及びブローチング対策の検討
	6章2表
	6章3図
	7章結言
	8章謝辞
	9章参考文献
	010章付録

