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A Study on the Development of Navigational Safety
Evaluation System in Rough Sea
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Abstract

It is of great importance for any vessel under way, especially in rough sea, to be maneuvered safely
with proper seakeeping performance.
In this paper, the author aims to develope a navigational safety evaluation system in rough sea by analy-

zing ship’s motion with the theory of wave spectrum using random process analysis and the theory of eva-
luating the seakeeping performance.

The scope and the method of this study are as follows &
(1) Modelized typhoon mathematically to represent the sea condition in rough sea.
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(2) Estimated sea condition by getting wave spectrum, supposing that the wave by typhoon is fully deve-

loped short crest irregular wave.

(3) Defined evaluation factor of vessel's seakeeping performance and obtained response amplitude opera-

tors thereby.

(4) Obtained the response spectrum of factors on seakeeping performance.

(5) Defined and obtained evaluation index, dangerousness, relative and maximum dangerousness of fac-

tors on seakeeping performance.
(6) Analyzed the calculated dangerousness of evaluation index and picked the vertical acceleration out

of 7 factors as the representative factor on seakeeping performance.

(7) Carried out the judgement of danger by obtaining dangerousness value according to steaming hour,

course alteration and speed change.
By synthesizing the above items, the author suggests a computer model of navigational safety evaluation

system and examined the validity of the model by computer simulation.
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..................... eeeneenensneenseenenieis (44)

W, S,= (/v F/L)—sink - 1, * cos)

~H, *sing,+k I« Hy * sin o}
2((0./\/?1:) * S
Su=(—we/ v 8/L){cos(k * 1, * cosy)

—H, " cose,+k* 1 Hy* cos el
=(we/\/. g{L) S,
e;=tan(Sy/S)=tan(—S,/Sy)

o) Bk SO Foks $UUFE Hiwoe s
S 2HEY Sie)E,

S600=[" IH@) - vFDI *+ Sfwn a)da
=[" o Hs)! ** Sfwn a)da - 45)
o1, SO TAA o,
B PP )
7} st

3.4 Lgds Yot

Autel WIS Hrte 2 dds 820t 2
YAAE 2otste HYHEZ Y6 Yosle 9
7H, SIMEE A 4dte e AR

3.4.1 WEAF Hriase] ¢4 EEHQA
Watds Hrbaae] 844 Xie Gauss¥
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22, I IFALEE Rayleigh X7 2apgt 4
e}

delel WS Frha o) Baba go] T
A, FE3A Xinel 7 oW YA X, &
25 35 Pitz ohg3} zro] FajAlchm

Pi:j; (x/6?) exp(— x>/ 26)dx
1

=exp(— X12/2 0i2) ........................... 47
o] AE EFHA ool Iale] Ew
:\/—":;(W' IN Pi) seeeerermmeinicnnnns (48)
(48) Al zH Wd s ol se) A A Xic,
Xick & &8 &A48% Pick: 2eishu, 9y
A7 Se BEAG 0% A 4 ek
o :\/ _x“_2 (Z II'I PIC) ..................... (49)
3.4.2 LHF“J s WrkR4e] oz
delol wE Wrhase FAEAY 2
WA ES QiR E} ojmj, XF A4 =
A AR o5 1949 Wobx Eiel
e}
Ei:l/'\/—Z - In {Q(;(.)}zci/)(i ............... 50)
3.4.3 WA Hrls e s1ge

Yoo ifde) Folxl gAMA sFol
A7 E Eic? 8b3, A7) Eicoll ojgh

A7 Eiol vl% 0] 4% yeb Ae)aign

Ry

ey

Ty

= Ei _ /o O
W™ Eic — J()u/o} T o (Y
714, otz Xivk 9188 sa= 59 5o}

AHE pi= F312h), A& (Vs) 2 A (Vi)ol
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Fig. 4= & Q43 sl 4 Ae)ste) 23] 7o) o gt
=S Pl AR 2ol
I 2 109 A, 1847} 99eT, e 10
A4 At 74e deyc,

Ly

[
pis
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12 LS
>\~ ‘\\\
N h I D A el
10 - \\ \‘\ N . ot
B N S e?-\’/
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L """ '\<
06— s < ~— AN e
s -~ \ - ~
04 .
R \
/
02 t—— - RV
’ x
180° 150° 120° 90° 60" X 0*
Z 4 188mfsec(= B.F.8) H,: Dock wetness
M4 16.1knot (= FN 0.2) W,: Propeller mxing
H,: Rolling
U FPel #stras
W SSBI29] HeIes
B dMZers $3yeds
H,: Stamming
Fig. 4 237} it 2)gw

3.4.4 FH 93w
WA Hrta N

A HE paole} 3 ojgiel,

2:9]

pell Al Heg A ¥

BV, Vs, 1) =Maximum{ p(Vy, Vs, 01 (52)

Fig 5 A1% wsts} 917 S Ao sy
shetalz) §1Q Abele] A% g EAIG 1o

t}.
3.4.5 A 9=
a1 i j 340 AYES} el AS 84

F 71E2z slo] el jg 4 A= vE
iR 20 3t jeAe) AN w ye}b Yelgieln
W= - xi./.ci O, O . (53)

Hi ai[Xj/o0;] G O

1714, aij=Ejc/Eic=[Xi/0.1/[Xj/0,]0]}.

YAAAERE 2317, A2(Vs), A4l (Vi)
o wha} w3y},

B, > 100 A isael s jaast 9
HabA =57 f43, < 109 e ) 3 S

O .
o‘r“i:’
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4% Wrhasel elveh
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Aagysel ¥, & AdgYEE o Aoz
74 4 aleh,

,pm-—_%':‘_ (;1) ................................. (54)

o714, peol AR sEviele 232 A%
(Vs), shaAel(Vwel 370 e]ch,

KBRS MBEE FRAILY AR ¥ B3R

11

o522, 63)4e JuHges} NEAYET
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d4& 7 s
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A7y 2 10 A HYHE, p <19
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T
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4.1 7IF2HEY 24

7709 WA HrlaaF, oY 84
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71, 7 SAae FAXE HFI Advte
HHol o8] o]8Hog AAsle Falxul, Ant
of BAALYE AFshed UM A Fo] &
olg 84 F Adwstedo} ghch

A7l ZHEEA L) AR o FAd A
o2 3w, FP.o] Asrh4=X)st SS. 8 1/29
#3745 E(X) A So] s3I, FP.o] 43
IHEEX)E CIEWEA asE Adid,

upebA, S1gBHE AT G5AAM AP

AE
aE

71&

MoS THEAl 2 32 4 <l
pe(Ve, Voo 0
dn(Ve, Vy poimre 2 X 56
bl 0=V Vo ) 6

AAHHE a2 A7 HepolelE 22 AA
o, A&g dAEA st g3 7ok
tn(Ver 00

4 Vw =
Hol¥er 0 w(Ve, 0 -

..................... (57)
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gy A AR A At ol A3 el FAH e}
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[ivas] 7D
al

A, %97 A

Moy O3 o
i

ulzl 84172 &l
A Al 3
............................................................ ’
I &z A 3

AE2 dlole}
k|
EET]
WES #2)

ulzf §AI7kHe]
714 9 Autke

A E =4

1) HEY A (Txo, Tyo)
{km]

2) HNEFE4Vm) [m/sec]

3) elg&Eeh 1 WKV,
Ds) [km/h, deg]

4) A& 279 3(Vs, Ds)
[km/h, deg]

5 Ds& FAlSR2 +60%
7HA) 10% A2, 8
AZHE 168 3o
A Ak

6) 7k ol A &N F 7}
Al 9% @ 152 9
A A ,

7) 7t Aol sloA Aluh]
Ao Mol Fast T4

8) 7+ A zkell slefA] Alwt
o] Ae

9) 7k g Alwt dlojelel
olate] wrEg Rt
sl g & o YES.

(2) zas)e] A4t
D AIZE telf A2 el 2 4 A(Tx, Ty)

Tx(t)=Txo+t - Vt -
Ty(t)=Tyo+1t - Vt -

cos Dt [km]
sin Dt [km]

2) A7} tell A 9] Alvbe] $1X|(Sx, Sy)

3

4)

5)

6)

7

N

Sx()=t * Vt - cos Ds [km]

Sy(t)=t * Vt - sin Ds {km]

A1 ZE toll QloiA, e ES UHoZ 3 A
uho] 9]2)(Sxt, Syt)

Sxt(t) = Sx(t)— Tx(t) [km]
Syt(t)=Sy(t) — Ty(t) [km]

3)e] F3}iE FI(R, Dst)

R() = { Sxt(t)*-+ Syt(t))} ' * [km]
Dst(t)=tan ' {Syt(t),/Sxt(t)}

B Fo g BE el RYejal 2 Gl e
%3 (Vr)

Rm=0.247 - Vm®

E =0.391+]ogi(Vm/8)

Rn=10R/Rm

Vr(R)= “‘”sn LRy - (ViR)>Vm) [m/sec]

- (ViR)=Vm)lm/sec]

: (ViR<8) lm/sec]

el Al R dejAl Al A
ol F L (Vhell A’ JF}F 5

Vr(R)=Vm
Vr(R)=6

Fog
o, 839
(Vtr)
Po=1010—(Vm/7)* [mb]
P =1010—Po [mb]
Ro=Rm * In{(1010— Po)/(1000— Po)}

{kmJ
Co=2X7.292X107° -
v =122 [kg/m’]
C =0.65
F(R)=—05+ Co* R+ (P - Ro/(y")
- exp(—Ro/R)+0.25(Co * R)*}**

F(Ro)=—0.5+C - Ro+{P - Ro/(y")

- exp(—Ro/R)+0.25(Co - R)*}'?
Vtr(R)=C - Vt - F(R)/F(Ro) [m/sec]
A7 td e, Bl F o2 YE] A=l R "ol
23 2] F3(D.)

Du(t)=Dst(t)+ (20— 90) * n/180 [rad]

sin20° [rad/sec]



3)

gl 5-9f o] %-& me g, Al ol Ao el F
o8 Fel Az R AHY FHEVHIN
%%(DWR)
V()= {VuR)+ViRY—2 - VtrR) * VI(R)
« cos(m+Dt—D.(t)}"?
TVUD78) [m/sec]
Vu)=6 © (V()<8) [m/sec]

VIR) * sinDu(t) + VirR) * sinDt) |
VIR) * cos(Dwslt)) + Vir(R) - cos(Dx)

Dwx(t) =tan*{

FERES MRS FREAAY BAREA B BT 13

F& A&AsE nddlA] gL YoF
842 Fn=0(0kt), Fn=0.2(16.1kt), Fn
0.275(22.1kt)ell cH3ted ztzh F-3hc}, o]
AHA S &332 A (Vs)oll o 3ol
Zrge ey YRS 43 B
Bunt)E 2wt

Buni(t)=Buny(V.{t), Vs, x(1)

(e ohi-Alol o8 3

)=t | Dw—nl —nl (rad]

ot o

il

ke e

11) 88 #3437 A4 AU Y7 (Eval)
FAA & o} &-3le] ZF MBI F Hrla s
9 A¥=E P, A (um)E
F-gc}, 71 e A 8o BAka] Alvt
ol o] A Zof 27t ghelejef 3pf, o7
A AAtel] % g AFEFc}

Bunu(t) ] '

Bun,
Bun,& Bun(t)?t H¥sA se gog,
o)A g FoAc),
Bun,=4.455

(3) ZEde] chdvr Ay
FRA A ALER WY SR1089

[rad]
At gel] tf3t F3HD.)F ol Aol A&
< ¥ AN F 2 Dwsw)
Dyws(t) =D () —Ds

>

9

V() * sin(Dus(t)) }

Vul) * cos(D.0)—(Vs/36) .

[rad] Eval=q, * [

10) o} g FRA Aol o] &5l o

A 4138 SR 10848l Lpp=175mm & o]
viAle]ct,

Dwse(t)=tan! {

[n%/sec']

Table 1. Principal particular of ship

ITEMS DIMENSIONS

Length P.P Lpp(m) 175.00 Lpp=175m Containerde]t} 1 F8E&-
Breadth B(m) 25.40 Table 1l HEA]ghc}
Depth D(m) 1540 @ A A Al A o] gA R, A 85
Mean Draft du(m) 950 VAT Hris ke x5 A g9
Displacement volume (m?) 24,742 2] 7zt 40 A 9 gALELE o5
Block coefficient Cn 0.572 el 3 apdch?
Length-breadth ratio L/B 6.89 1) F.P.¢] Deck weétness |
Breadth-draf tratio B/D 2.67 oAR L HrF BFAY FUANSE
Center of buoyancy  lch(% Lpp) 1417 22¥ FP.o fFaRde AR 3
Height of C.G. KG(m) 9.52 At

o . -2
Metacentric height GM(m) 1.00 O¥A E 1 2X10
Rolling period Tr(sec) 18.00 2) Propeller =%
Radius of gyration Kyy/Lpp 0.24 oAHFF HFAY ¢35 ety
Propeller diameter Dp(m) 6.50 Propeller 4 <tz 48 A2 gt
Propeller pitch ratio P 1.055 oA & | 2X107

3) Rolling
oA M Fe} Weather side®] bulwark
topell F7F HlEe RS QAT
2 Aqzsld, A FaaldiA b

WS AL BAABune 5
4o} s Eol atol, 282
Heaz e 05 BHOE R,
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o}
o¥AEE 10 .
4) F.P.o Asrigx O N
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0 @7 % : 0.6g----Container % JIS(Z w0 00
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O gHAl g 11070
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- odAA s gakgelEE 70,000 ton—
m&E F ki)
o¥HAl#HE L 107
7) Slamming
O Threshold velocity<= V,=0.09 /gL &
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gz FEH 7ol
oA #HE 11077

M 5 & Eafiord HIAIAHo|
ol5t AlZalolM.

Vs= 16.1 knot
Fig. 7-1 1854 7}A
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FAA R 985 [mb]
i F4% - 35 [m/sec]
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o]} et 45 [deg]
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