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Hierarchical Structure of the Totalized Fuel Saving Criterion for the Navigating Ship
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Summary

There exist two outstanding streams of researches on the optimization of ship routing operation : the
optimum solution of ship speed distribution under the weather and the optimum steering control to
reduce the propulsive resistance. Up to now, they have been studied separately each other.

In this paper, the fuel saving criterion for the navigating ship is formulated precisely on the basis of
the propulsive motion equation under the weather condition. It consists of some vital ship operation
variables such as displacement, ship speed (main engine output), course deviation, rudder angle and
many physical characteristics data determined definately for a given ship.

Although it is rather complicated with lots of ship’s paramaters and main engine performance data,
it is proven that this totalized criterion can be hierarchically decomposed to two performance indices
by applying the optimum control theory and the non-dimensionalization technique for the ship
maneuverability parameters. As a result of this hierarchical decomposition, the ship speed distribution
under the weather can be evaluated with the value of performance index for the optimized steering
control in use.

This feature ensures the real optimization of the ship routing operation, justifies approximately the
seperate approach of the above two streams and suggests the possibility of integration of optimum ship

operation control technique.
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Fig.1 Coordinates of ship motion.

XE F168 7
ALKl (2.5)
v=—Usinf= —UB (2.6)
u=UcosB=U 2.7
U= const (2.8)

IIRXBF, BMRENATH D,
2T, HeEES HER (2. DR B Y S HEET R i,

ROBHOXNTEZ 51D,
R;=C;U*6*

Z 2l

(2.9

Ardr

199 (2.10)

C»=3162.7(1 — w%Hﬁ6§5A

o HERRE

Ar | EEE

Ar LRET A7 ML

s TURTAY v
—7, BB R 3RRXTEZ5h 5,
L

o (2.11)

- Re=

L2

V.: BXEE

Caa © 7K 2507 4 REBEVNEELE)
—fRiZ, BRAEHIEROHEIENR & L CREGER 2 (L EN
FaEE, (2.2), 2.)RXR»S5ELNZLUTO 1 XRFREM]
DEEETABHAGONS Z L5350,

T4+ Ap=Ks (2.12)
X5z, EIRNEE 013, MEEE o LA D LIKE
KTEBPT 22D TE, ZORBEI 1 RFAMUDIGEE
FLERIZTHD I LoRansY,

v=a,A¢+ bsd (2.13)
Koy To—T

w—K(1—~T~) (2.14)

bo=K, AT (2.15)

z 2z, T, K 37 uBRE B « eE DK,
Ts 3 IRHEESh & FEELEE 49 O 2 A AR TERDL L
ED S DR TH D, 12, Koy Tso i3, BRHCESIZHE
RNUEE v O 2B AR TEDL LIBORADY A
vE S DEFEETH B,

(2.13)~2.15)RcQ.6)REBEHT 5 Z Lt k0, B
nA Bk, ELEIC

B=apd + bed (2.16)
VY K, T5—T;
ag 0 K(l T ) (2.17)
____L : nv_Ta
b= — K (2.18)

ERbLTIENTES,

3. —iuBRMRETMEEE
3.1 EBRERGOBETETIV

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

D — B EIRE Sl AL YE & £ OREEEE 599

—BIHBCB VLTI, BHRE—EDSHBEHEL TE
EFREENE) L, »IMETHL OHBRICYIEZ TH
CEET 2 £ HEE@0ET, KB ERAER
BETIIMBE DA & LERRICE L T 2 2%, MEOERBZICE
LTI INEFBAELL, BFEEEMEZEVELEZHS
BT 20O8ERETH S,

Lic3> T MBI ANH b —AH ECBOTHBE P>
SE Py CEBIRTRDbEN S,

—7, Fig2 WRTHEY, BERCBIIRR-BRT —
TDOIROELEBREL L UREFRIICSE &N EED
W TEZ2 %, 2OLCHE PPy #Eh, 05 (E#
H) BXUEZOER L DXL 5K 5 55 (P}

{(P}=(Po, Py v vvv ,Py)=0 (3.1)

EERL, A B 2SEIAEL T, ZOROKA%

Py 35k, 85 PP OFERSES L UESR-BRT —

FEHIZ—ET, EMOBERGOBMLRBT ZenT

&3, fib, ZOME—EOHIEAETERT 2 Z £50

“T%% LU, 185 PP RWBEEE do, £IE3,

ZCHEAL RO, BCRETRDbA T,

Rxgﬁ BRT—IV—EAT—RUCHVSNTEBY,
FRZ, THR7 - EIMBOHE I > TERRAE
ThH5,

DLEDRSR, Mo 25I80iEst: LTUTD 2 4
EBFRIELNTE S,

(1)48%3 PP BT, —E DB R D IREHEIH 2 E1T
U, FBEDIT S (TR TD P TlRAEW) TH L LRI
I TEST 2,

(2)48% PP BT, —EOME (THEES) THE
L, RAETHLOWRR BRIEGbE TREBEI2E
BT 3,

ZD 2 ASMERECOERAN R BETH S,

CTLHBOFERCMZ, ROREBLERT 2,
[i . ﬁﬁpipi*}l @Eé
Us 885 PP O Sk (5 8k i)

Fig.2 Discrete sea areas devided on the nav1gatzon
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Fig.3 Main engine Performance curve for fuel con-
sumpition
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