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Abstract

A performance index is very important and indispensable to the evaluation of
automatic steering system of ships in open sea from the viewpoint of energy saving.

In this paper, we derive the performance index of automatic steering system from the
concept of energy loss of propulsive power. The index is found to consist of three
terms ; energy loss due to elongation of sailing distance, energy loss due to steering,
and energy loss due to yawing motion. We also provide two kinds of calculation
method on the performance index ; frequency response analysis and digital simulation.
The numerical calculations are carried out for an ore carrier and a fishing boat by both
methods. The frequency response analysis is found to be useful if the system is linear
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and the disturbance on ship is not large. If the system is nonlinear or the disturbance is
excessive, the method of digital simulation has to be applied for the accurate evaluation

of the performance index.

Further investigations into the effects of nonlinear elements such as weather adjuster,
power unit etc. on the performance index, will be dealt with in another paper.

239 4R AT 89 Q0 £ 3
FSE Aol RAQ sloink
Aol et A o
wow—% IS dee A =E495e FES
olfoizol 3, 1 A% IMOY) 234 71Fe) A
deyle sl 2en 9 gRFIs B8
o QN 245 HEF o FoiHel & Hol
o @, oY FAFels e W) s
BEA FBE s, ool Qe 26,
AAZE A7 ol ARE Ao] A2YE o)FR
SIth. Nomotol2lE AHEZEN Faalols M5ER
g 9% + ga, o2 A% 3 A 4L 3
%% AN 33 A ok 2~3%, ARl
20901 Getin AHstgrh Y FIAY A5
B 29 2% FAE BHAN gBHe B,
487 A LEFARS Aels) FRAE)
g BOY 5 Y= A5FAS Basl Uk
2 ATANE Agze Axde) FH %),
AN A 3 ouix A9 BN 453
M5E EESGom, Bty desln AFxe
2 gashs Avel YsgsiAse AEE A
ST, 2R B LU ojo] thg Al
Aol sl s

oot
e
2
rE:
01’1
.L..

2. 4s8IKN%
gsBINIRC &5

LENASY XS Y P Advte] 43 I
FAFEE = o o gEA cERYF
& &3 AAA BHolA Muke] F2 oyA]
&A% ol ZHs daiuEoesn Hrishe
Aol B otk AHEZEl] 9)F FA oz
&A% Byl B84 Nomoto[2], Koyamal3],
Hasegawal4] %9 <971 itk Nomotox &3

NAR] &S e A M3 Y4E Al ¢
8] Hrlstgdon, Koyama: 32 939 e A
gloll o9& Hrlslgch. $9H, Hasegawas 45937}
g "“AsZE RN 59T KJ‘B"H 0] Hg
g dliAle], HaeF A9 F3 duz|zRE]
TR 7‘4-43}5’- o) Z&dglon, 1 A7 §
g A%, xEF A3, M3 449 AP 2 HE
PR E FAEIY B Ao M= Hasegawa?)
Aeolo} W} Mube] 2FL¥E Ushle AFESL
*%B‘X*é].j—‘?—lii F7 oA &) B
A EHNATE =23

Aute] 2F8¥S Jeh:= #HEAY &% 8
Fig. 13} o] Aelgh wl & wake] 32
o33 Zoi5].

flo wn

m{ u— v)=—m, u+(m,+ X,,) vr+ X v

+ X, ”+ X(u)+ (1 — HT — Fysiné
6y
A7 o MA A
my, my: x, yE Wk BopAS
Xows Xy Xop: oA n]AS
X(a) : A3 A%
b FEIALE
T: xzde 34
Fy: 8 A4

SEAAZS  ZepgdEd wepd BAF
(course-keeping)ql Aute] £%8 AZAsH g
2ARE A8 = Utk

u=V, uxV

szo, erzo;
X(w) = X =XV, v=~1r 2

Transactions of SNAK, Vol. 32, No. 4. November 1995



Hut AFSZEF AR S5 7K s 1F

v
FNsinaz%pARﬁ,(—V‘?—)2 V25 = Xy

A71A Xy A A AAS
Lo Ax FAFHD uEy IQE
Atole) & A
p: frHe A=
Apg: B F83H
£y RIS AlF 71871
Ve: B9 £ #USE
Xas = 2 pArf( =+ )2
A2)E Al dsta =23FQ Mute] A
W SEWANL o o] EAE:

(m +m)V + Xy V2 + (m+ cumy) 7

(3)
+ XV = (1—-0T
4714 ¢,, = (my, + X,,) [ m,
! (' T
!>/
|
S
u
Yo
Fig. 1 Coordinate system
2(3)& th&7 o] & 4 Qloh
V + anwV? + a7 + a&;V2 &
(4)
_ (1-8T
m+ m,

KEBEAEERTE B 32 & F 4 9 19954 118

29
X :
01]7]&1 ayy = % . Tﬁn_) — —}‘— s ayy
_ (m+cmm)l,,_ o
a,, = L Cm +mx) =L-a,
-1 _)Lss__ AR
-+ -
G = va
w (m + m,)
. S
Xw = (73)Cr
: (m + c,m)l,
@ (m + m,)
e = __—T)i@_—,—(_.-)
e = T +m,) Ld
= f— )2

a0

4 AFEEH, Cr @ AXNYAF
L : 2834, d @ B¢ &5
I, =1,/ L

m, me, m,=m, m,, m,/ % oL%a

Wl Aol AExeEA RAZY dls
3 - Hgol g BUSlel B WA €k o
4 e %ﬁ‘i‘l AFERE dor A ¥

4 HEELE FRE 7Y 4% YHoz 13
% 910‘3_& 24 4] 2919 4 szl 4
4 A5FRE §3 Uckn AHgse YsuAs
£ ©3Y F ol Tlxw ¥id 44 %—aoﬂ e
H5YrtAse Pk

T - ART ATzEEH PPN Hdess F

Bt @ )5 YeAw A9 Ade AR,
43 A3 g9 ABE dsd Y AR
g 42 3

AB = folchos¢:dt= fO'"V,,dz

5)
= V,t,

A7 Vo= F - BRE dessle 3 A



30

%ogd UAsitL A Jeln gt P95
(A2 B, V& B5F 4049 450l 1)

31 ABZ #heisle 9 4aFE FzalE(thrust
horse power)8] A7ZHHE & F3 A=
t
E = fo T75V“ dt
, 6)
T, V,
E, = [ 55
714 Ex ¥ - 333 AFE8Ae F3
yz], E & B5F ZAA 9 332 odyxjeln), 2z

2 Ve=Q0-w)V, Vo= (1-w)V otk
@ w,E FENFAFEA St RIALF
o) Walx] oty s gt

Hasegawa®] oo uwie} 7374 M¢F3A A

SRS T, = oe o] & 4 gleH4).
_ “TVat
5. E . E, f? -1 @
o fo T,V,dt

A R AFF8Ael 8 gl g vt
Hata, =z ¢ T, TE A=A HEd
W ANE o gk

i
fo(awV + a7 + agViod) Vdr
]o —1
fode:;dt

®)

¢ = ¢,sinw!
r.sin({wt+ &) (9)
= §,sin{wt+ &)

S
|

0471)“, &1, &7 =
cos¢E ¢,9 &
F7] B HEstH

s Jepit a8z
Helol A Taylor A3 3

&83E, 0lg®

cos¢ = cos(¢,sinwt) =1 — % ¢ sin’wt +
t.
fo cos (¢, sin wf) dt

f

== fo{l - 7{-;&,2,(1 — cosZa)t)} di
= a-+de

oA ], € o o] Az

te
I, = [{aWVstc+ a,,Vfo sin 2wt + €,)dt
tc
+ aMVafo &2sin?(wt + ez)dt}

/{awVﬁLtchos¢dt}] -1

aVVV2 + -%—a,,f'f,*i‘ %‘d&;Vz(ﬁ
= —1
a1 = )
aWV2+—1-a,,7%+‘La&;V26?,
~ 2 2 (1+_1_¢z)~1
aWVﬁ 4 7°
- (V2,1 2
= (P S
1, 8% 2
+ 5 G0 ) 32
1 5 czWV2 a,,rz+ auV?el
+4 ¢a aWV
P8 bt g ggH- - o) RRe

L 2 A9s 03 vxgez #

T;L 22 J,€ &3 2] & 4 3ok

0

=1 2 42 _1_0_’;7 2
]a_4 )¢+(V){2 ayy Yo
1 _as —
+ 3 a'w82]+( ¥ -1 o
A4 7 = 7, (L)
410N V= Ve 7HE v e
kdg =

Transactions of SNAK. Vol. 32, No. 4, November 1995



det AIHESEEH AR H5Erix sl B 1

]o:i—¢f,+—al(%rnz)+ﬁﬁ(%3%) (an
ayy ayy

HUDe MFELF Aol Aol =
28 A5HAATIAY, A5Ee0t 27HEHA A
e @2 el RE AR U ge) WF

o AFE BHT I & T 4, o= ENY %

ek W, 3 4, e ¢ o AFEA(P)2
BN At (F=1 2 &, ) s, 89 A
Sol% whbbxlelh  mebd BRHNA A4EaN
o AsHAE & vhest gol BAlE

J= §F+ I S 2Ry
avy ayy

A7N ¢ A e A g v, 89 A
FY#Ajoltt 2(12)& Hasegawa’} 2358 A%y
4ot 298 gRow FAsY Qo g,
ayy, ag 9 e Hutel fAF ARy 7@
I glon, MPWEEDS whelrd o] gk ke
o7} ek Al 3olA AlAL] o]l&® F AMulbg]
2% )9 &4 AsE 73 dye o3y 2o

Ore carrier :
J=05¢+29.35 7 +4.66 &
Fishing boat :
J=05¢+13.61 r +6.64 &

A7) F Addloia j o] Alg A}olzb = ol
, A% o] de] AL FANHH] vE] ddHez
o]i1 Elg o] :7] wiFolck gHH, Koyama(3]
= JE A312) $¥ A 133 A 33te2 BASH
o, A3 BAGle] A 382 AFE A 180 A
o] gull& 3tk 1e)m Hasegawaldly 3}&
31363 B8 MY 239 YAy Aoz
ddedl, o dals A duel galst

Rl
I

I

“U

a8 x4 jor
X
i oft

Ha2)el o) 7 el ool ke Bk 9
A 1ge B2 Frhl W o Euze v

£ (E

KEEWB@AH LR F 32 & F 4 9% 1995 11H

31

o Al 282 T4 o YA g o
& AR VUske AdA EA%E JERiG oy
A BFEEE Bl Bgo] % AFLEE 4R
2he ojmain, F - ek ofde] A MAe #7)s5}
= YFAEE A2 ALdstdof gk dutstA
-t el AH MAe {rishe FAERE
LESAR L = sl Adgle] L] WE
of AFEZEF Al2ge] AeErle TFANAME ¢
g7] gEoltk. F A12Me JFAEE r &
Ao 248 HFASEIRE e o 3
FAEE JES W 3 o) A 352 Zelo)
ol elzigtaie] A4 whak ARl s1ske ol
A EL4FS veha

[

——

o o

2.2 s8I+ HArY

YEHon A gz A2Pe Fig 29 2
ol Uehd 4 gtk 2 229 92 BAE PRy
4ol YelE AT F vk

+

1 compcss_r"
+ { disturbonce
: re

Fig. 2 Block diagram of automatic
steering system

Zefol g MAS] SF5EHL, ezt A
BHLETE 9F7] wio] ot 2ol ol @ A
g iR JYerd F AoH2]

TN, 7+ (Ty+ T)r+vr= K&+ KTs6

(13)
AW K, Ty, Ty, T3e 234 A58 1
Epic).
A3 2(compass)oll HajrE=
t
¢ = fo(r+ ra) dt (14)



32

A7 =
ol gt

£ - shel 9% BT JuL o

ZE}7(steering gear)ol tsiA =

Ted+6=26" (161 = | Omax |) (15)
8= sign(8* —~ )| Smax | (181> | Sy | ) (16)

A7 T ZEIS AAS, | S |E A
BAEEE Uit A5 FF $42) ZEp)
o b #% Bzl fdol AACEH A A4
ol 2(16)= FEe] frio] TaPYele] ol
T | Smax H FAE Z= AFYE Aol
slsiy Ao

QENAR] PANE HHY 84 BFZH7]
T(weather adjuster)®] 43S FAJ3PH PID(v]=
L HE - wR) Aojo] Be(filter) SHE F7H A
¥ aa2H Ul 5 goh 2 ATME 1w
PD(B)E - o) Alo] E4vhe AZspriR shA

6. = ~Kp{(¢—~¢1)+ TD¢} 17

A7\ ¢ B A=2Z, Kp, T 24 ezt
A, oldAe] AAS-E e
A(13), (14), (15), (1NE FANHE AFzE A
2=dfle] Ao]AE Laplace GARAH s)E AA Ad§
o] gejz Yehi¥ Fig. 33 gk
_/——7

s
! :
|

AP WL ¢ % Fe
Fig. 3 Transfer functions of automatic
steering system

AgzE A2de) HEPANE ] & SAAN
e gew 2o o A A wEe Aa9),
(14), (15), (16), ADE AEHIA 7IHE o|&3}
o AF ¢, 7 89 AAGE Pae oEel AEH
FAE Fae Aotk ojmel sjge] AALS vl

1%

o

A5, oA
® g3 gojor Yok ABHlE J1EE olgsiw
Al2dle] 7} @47t WM E?:}?Sb_ olx A
Abo) shzsiT), Alvﬂlom 718l ola A AdsEt
A58 ANgY ¢ ;P = gen gol =
oI}

T [
.—'2 _ 1 L

- _l_

= I f 8% d

A71N Tyt 28 A7 Sulsin), 2 A7elA
Ty 1NZeR ARG $W A wdEe
Fig. 35 @] Al2de) 4 40} AYHSE ol4
st Fae gwHel g8 ¢, 7, 09 2HUEAS
TR 2A2e) 2MEGe] WAL W Fud G
N Agsel AFHFANE Foke HoltHel. olgje

= e AMEYS vl gx Yojo} Bt F}
F SEYE Al2de 7 247 v Y-S x3E]
1 glem AMel BErlgsitt. Fakg 2w o3
N BEAAALE ANE @ ¢ /7, fe g
3 7ol Fojzit),
fmS¢(w) dw
7—( )fS(w)dw 19
fo Ss(w) dw

A7 SWe) S{@), SiwE A% BT,
NS4S Ezte AMEYS onjah, olge F
S5 $@gel oaf thed o) Foju,

S(w) = | GyGw) | * Spu(w)

- Kp(l + TDjCU)
(1 + TEj(l))

K(l + ngco)
(1 + lefl)) (]. -+ sza))

Ss((u) = I lzs,,,(w) 20)

Slw) = | | 2Sy(w)

A71M j = V=lee 4F3F, Sdo)e 9

Transactions of SNAK, Yol. 32, No. 4. November 1995



Mut RS EREN AlIAE O J5 B IR0 AT 1F

@ 2fegolt 281 G,jo)e I rls)el
e A5 fs) e AIEE Gy stAl ju
g oA@ Felth Gyu(9)t Fig 302¥E thew
Zo] FajT

Gi(s) = {(1+ Tes(1+ Ty s)(1+ Tys)}

/ { s+ Te)(1+ Ty + Tys) 21)
+ KpK(1+ Tps)(1+ T39) }

3. Aoyl ¢ oE

Aezet AR FeBrHAFe] AlAe] o8
€ Aue oy MU 133 28 oA 139
t}. o]E9] FREE Tablelol, A=t H5v] §
& Fig. 4, 59 vebdct aelm o ekl #A
g Al 234 A 2 2] 54 A5E Table
29 Jepdtt. o]ge] FARC] #AdME Fd7]
A8 AEE ot

Table 1 Principal particulars of ships

Ore Fishing
ltems .

carrier boat
HULL
Length B.P. L (m) |247.0 27.90
Breadth B (m)| 40.6 6.30
Mean draft d (m){ 16.0 2.25
Trim t(m)} 0.0 0.0
Block coefficient Cs

0.8243 | 0.6868
Midship section coefficient

Cwum 0.9975 | 0.9695

RUDDER

Height H (m) 9.94 2.0
Area ratio Ar/Ld 1/60 1/26
Aspect ratio A 1.5 1.7
PROPELLER

Diameter D (m) 6.5 1.9
Pitch ratio P/D 0.65 1.0
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Table 2 Coefficients of manoeuvring
characteristics of ships

Items Ore carrer Fishing boat
avy 0.0282 0.0453
a, 0.8290 0.6166
ass 0.1316 0.3008
T, 6.86 2.45
T, 0.35 0.29
T, 0.78 0.72
K 2.48 2.05
Te 25 sec 25 sec
|8 max | 30 deg/sec | 3.0 deg/sec
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Fig. 4 Body plan and hull end profiles

(ore carrier)

Fig. 5 Body plan and hull end profiles
(fishing boat)
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