12 United States Patent

US011981406B2

(10) Patent No.: US 11,981,406 B2

Tsujimoto 45) Date of Patent: May 14, 2024
(54) NON-TRANSITORY COMPUTER READABLE  (52) U.S. CL
STORAGE MEDIUM CONTAINING CPC ..oooec..... B63B 79/30 (2020.01); B63B 79/15

PROGRAM INSTRUCTIONS FOR CAUSING
A COMPUTER TO EXECUTE STEPS FOR AN
EVALUATION PROGRAM OF SHIP
PROPULSIVE PERFORMANCE IN ACTUAL

SEAS

(71) Applicant: National Institute of Maritime, Port
and Aviation Technology, Tokyo (JP)

(72) Inventor: Masaru Tsujimoto, Tokyo (IP)

(73) Assignee: NATIONAL INSTITUTE OF
MARITIME, PORT AND AVIATION
TECHNOLOGY, Tokyo (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by 807 days.
(21) Appl. No.: 17/054,944

(22) PCT Filed:  May 14, 2019

(86) PCT No.: PCT/JP2019/019144
§ 371 (c)(1),
(2) Date: Dec. 17, 2020

(87) PCT Pub. No.: WO02019/221125
PCT Pub. Date: Nov. 21, 2019

(65) Prior Publication Data
US 2021/0214057 Al Jul. 15, 2021

(30) Foreign Application Priority Data

May 14, 2018  (JP) weoveeeoeeeeeeeeereee. 2018-093146
Dec. 5, 2018 (IP) oo 2018-227939

(51) Int. CL
B63B 79/30
B63B 79/15

(2020.01)
(2020.01)

(Continued)

(2020.01); B63H 21/12 (2013.01); B63H
21/21 (2013.01); B63H 2021/216 (2013.01)

(58) Field of Classification Search
CPC ......... B63B 79/30; B63B 79/15; B63B 79/40;
B63B 71/10; B63B 49/00; B63H 21/12;
B63H 21/21; B63H 2021/216; Y02T
70/10

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2009/0048726 Al* 2/2009 Lofall ..................... B63B 79/20
701/21
2012/0259489 Al* 10/2012 Hamamatsu ......... GO1C 21/203
701/21

(Continued)

FOREIGN PATENT DOCUMENTS

CN 104507792 A 4/2015
EP 2669173 Al 12/2013
(Continued)

OTHER PUBLICATTONS

Office Action of corresponding Chinese Patent Application No.
201980031037.1 dated Feb. 9, 2023 (8 sheets).

(Continued)

Primary Examiner — Mussa A Shaawat

(74) Attorney, Agent, or Firm — Kratz, Quintos &
Hanson, LLP

(57) ABSTRACT

Objects of the present invention are provide as evaluation
method of ship propulsive performance in actual seas, an
evaluation program of ship propulsive performance 1n actual
seas and an evaluation. system of ship propulsive perfor-
mance 1n actual seas capable of precisely evaluating ship
propulsive performance 1n actual seas on the same scale also

before the ship sails for example. As solving means of the
(Continued)




US 11,981,406 B2

Page 2

objects, a standard sailing model 2 of the ship in actual seas 2016/0147223 Al* 5/2016 Edwards .......co........ B63B 79/40
is set, a sailing condition of the ship and a ship condition of | | | 701/2
the ship are input to the standard sailing model 2. the 2016/0229500 AL1™ 82016 Ando .......cocoovveveenee. GOOF 3/14
p arc 1np , _ g Lo 2016/0244302 Al* 82016 Martin .....oovvevvn... B66D 1/525

standard sailing model 2 into which the sailing condition and 2016/0251064 Al 0/2016 Ishioka
the ship condition are mput and the ship condition are 2016/0265920 Al* 92016 Yamaguchi ............ B63B 49/00

applied to a previously verified calculating method 1 of shi 2017/0010591 Al 172017 Fujuu

PP P M . 1 P 2017/0369127 ALl* 122017 CUSANO v GO1S 13/956
pel‘formallce 1s actual SCAs, and Shlp pl‘OplllSIVB perfol’mallce 2018/0273144 Al* 9/2018 Skidmore ... B63B 79/30
in actual seas 1s evaluated. 2018/0341729 Al* 11/2018 Kowalyshyn .......... B63B 79/20
2019/0270502 A1* 9/2019 Antola .....oovvvvvvvvinnnn, GO1P 3/00
14 Claims, 9 Drawing Sheets 2020/0363209 Al* 11/2020 Isojarvi .............. GO7C 5/008
’ 2022/0194533 Al1* 6/2022 Stojanovic ........... GO1C 21/203

FOREIGN PATENT DOCUMENTS

(51) Int. CIL JP 4934756 Bl 5/2012
B63H 21/12 (2006.01) JP 2014-119356 A 6/2014
JP 2015-190970 A 11/2015
BosH 21721 (2006.01) JP 2016-078685 A 5/2016
JP 2018-034585 A 3/2018
(56) References Cited
U.S. PATENT DOCUMENTS OTHER PUBLICAITTONS
2014/0336853 Al* 11/2014 Bradenham ............. B63B 49/00 Extended European Search Report for Furopean Patent Application
701/21 No. 19804113.9 dated Feb. 7, 2022 (10 sheets).
2015/0149135 Al*  5/2015 Tervo ..., GO5B 17/02 International Search Report for International Application No. PCT/
703/8 JP2019/019144 dated Jul. 30, 2019 (2 sheets).
2015/0149136 Al* 5/2015 Tervo ...oocovvvvviviinnnnn, B63B 79/10

703/8 * cited by examiner



U.S. Patent May 14, 2024 Sheet 1 of 9 US 11,981,406 B2

by’

L

ko h ok F AP F Dk h kA FFEF Atk T AT

A4+ 4 b+ d A+ hhdFh b+ + 4 b ok h A+ hAdF ARt hA

L
]
'l
-
-
b |
-
-
k]
L]
-
L]
&
-
X
L]
-
-
5
-
-
1
Fl
-
4
F
-
-
b |
-
-
b ]
1
L]
X
L]
L]
L]
F
-
-
Pl
-
-
1
Fl
L]
-
k]
-
-
b ]
-
-
X
L]
-
-
L]
-
]
n
-
-
X
-
-
4
a
L]
-
k]
-
-
b ]
-
-
X
L]
-
-
.
-
L]
X
-
-
4
2
-
-
.
L]
-
Fl
-
L]

# 4 b L dh vk h kF

2 d ko hh ok Ldh

T O e T T T I T T L T T T O e W T e e O T o e L e W R T I TP I O I T T, O N O e W e L T, - e I, T W " "W W

!
;

r
"1-"
r
T,

e
E LI
¥ Yo

" R} R} AR SA R

-1::’
o~
LI

HF
ot

|
"
L]

T AR Y

1
“ ETiE ELTTE R4

A o+ & 4+ A oA

"+
i
.,
*,
1+

*

Y
=
1
L]
[ ]
=
1
[ ]
[
L1
[ ]
=
1
L]
-
1
1
d
=
1
d
[
L]
d
=
1
L]
[
=
L]
[ ]
[
1
[ ]
=
L]
4
=
=
1
d
=
1
[ ]
[
L]
d
=
1
L]
[
=
1
[ ]
[
1
L]
=
L]
L1
[ ]

a2 p B 4 p R L E R L E R LS E LA kLS E R4

a2 m FromoraLap

- oa o



US 11,981,406 B2

Sheet 2 of 9

L
W

911

[
) |
"

by

[ §

May 14, 2024

o ,‘l"':

U.S. Patent

****************************

OSUNE

; ' Pty 40,
“ o U
u_ mu‘ ﬂ_. £ e “__ o e
m 1 i/ R MH\.__._ e L A ) o P _,..,.u.___._._
o d . (==
¥ p 5 n mu- ,u_-u-n mu.__h__- ﬁwu_ . st o
o ’ i ) - =
"y A TV SIS - B s
L : “ 4 ’ XA ﬁw "
: ‘ ‘ ; ¥ o 4
_ : : q . £ )
s : S y v
o : e T j
4 F FQFFFFFrFFrFQFPEFFPF@PFF@PF@PQOPFQPFF@PF@©OPF@©@PF;PEFF§T@©PFFT@PFFFFE@EFF@EEFEEFE@EO@OE@E L—
] M P
-.Ml-.__\ F '
E S preseesen S e e i £
i3 “ 7 ~
- . . “
1L : 1 v._u.
“..M ._n . H #._____._”
: Fs
. d .—-‘ .-
“ ' A
d “ .-
‘. A
4 : 5o
: m »
Q) . :
: . L
e T T TTTTTE PR AsmTTTTTTr I FTTTTTTr T i T Ty cTTsTTT Ty FTTTTTTYYS FTTTT YT T T YIYITIYIYR o
e S M ; &5
Y [
Yo . 4% " P
et e - ¥ ]
u v iy .ﬂ-t_ F - x ...."
) r o d a
.ﬁl....‘.h +-..- ; !
B am . a
ﬂt.l " ...."-
“ lllllllll ¥ i r mm EmEEEEEE®EF®E®E®E =SS ®E®E®E®E == ®=®=®=®E®E®E®E®=F®®EE®EE®E®E®=E®=E®E®E®E®E®=E®=E®E == ® === == === ®=®r&r®wmmmwmom #k
Fo . Y
00 T TR o SN . - T - S S s, L O T
N, - d o ’ ", S
. A - uilank
: ; "
. -
: . o
. -
. H" P
. - —
, . u\\ e,
. / ‘v
....................................... eoreccorecrdeceees
. A
. A
. -
. . _-_._..l_.-.
+ .—..“.I R R " iiiiiiiiii .-I. iiiiiiii - .{J‘.
: ; e
. A
. A
. A
. -
. A
. A
. - \\l
: ; e
; s 7
. A
: wd
adar i urarar
. X
. A
. A
. - el ]
IIIIIIII “l H B E N BN E NN NN N NN NN EGE RN -H.-”
. LA

‘e e s s s e s s e e e e e e e e

Lo m
s ! -
- ; £ £ £ £ S I o v B v B T+ B N B o
Y - e 45 7% £ 55 i o o RN Y
S - 4] 2 ] o] 1 i Lo ey £ w C
- S o N v ' o0 e we Wl A N A
-t i ; A ;
4x ) § !
™ / $ o
" "
% Te o
“..“..Hv ﬁnﬂth _.-___r“_n_._
v

THE By Qv

N

F1g. 2



ii‘{ii‘.ii.1‘.1._-.—.!‘..‘.1.—.‘..—rii‘..&i+‘..l._-.1‘.-.r+‘.-._-iﬁ!.s.r.-.‘.-.li‘.-.r.—.‘..l._-.—.I‘..li.—.'iii!.li.—.l.l.—.iﬁli1‘!11*!11+!l{iﬁli+¥-1iﬁﬁii+!li:-i+‘l1‘!Ti++-iii‘l++‘-ii!-ii!!i+l‘.1.1.—.‘.11.1‘.-.'.1‘.-.-i‘.‘..r.1.—.-.._-..1.1‘.1.1.—.‘..l._.iﬁl.r.—.‘.-1.1!!.l.‘.—.‘..l.si‘.-.ri‘..s._..—.l‘..l.‘.—.‘..lii‘.li+‘111!1i1!!1{iﬁ1i+¥1ii!-i+!-ii!gii!-i+!1ii!!l+¥‘iii!1*+!11i!‘ii‘.‘..—.iﬁ!.l.‘+‘..-r.1il..s.r+‘.‘..l._-ﬁ.l.r.s.—.!.-.—-il.l.r.—.‘.‘..1.1‘.-.-.-.‘.‘..lii‘.li.—.‘.111‘.-#1!.‘.—-.—.!‘.1*.—.‘1*1*

“ .t:“ﬂ. O
.Iu....ll.-..:.! ﬂl. w.!.-\ %.-...l_..“. ﬁh
-

US 11,981,406 B2

W

il il ol i i pa i A il ol i o il i o i ol o s g il sl il o il ' it i il g S

£ 57 7 h.u..hw.u____._.
22 A Ln A,

Ara®

" ._.... “ .l.__....__.. “.......-" 1}.11.._-,.....1“-

*

.‘t..!
A ._f._ ___.q.._ h.__ﬂ_.__. e, £ ¥y WEaCe ..__.-..__.._.t .n..___.._q.-r WA o M WK ¥

i : s s
.“.......___ L2 F s F u oy & i
0

* . o s r o i 1 Yoo Lrm
¥ .‘-..l -t_.

g g T O O O O O Ot O YO Ot O o O O O i

-+ [ M Lo ot T Ll . I.qa__.i L4 L3 oy N
SIS ERIER SIS N
L O o g g e g g g e e p g g e g g g g H‘:‘.“‘.‘.“.‘u‘.‘.‘;‘.u..u‘.‘..u..u‘..‘.“u‘.“‘u‘.“.‘u‘u‘.“.‘.‘u‘.‘;‘“‘u“. F a3 g g g T g g g T g g b .l.u.h.. H.Jﬁ.-n.‘._. .“..1 .llu_“.l. nm. ‘l.‘. ) i Ilk»
el |_T__. .“u_-. _MI. o .ﬂ.-ﬂ - w..uﬂi R wal lhn.l.- .l.“.l ww - .11_1.ﬂ. —r—_ ..."Tul..l "+ Y f.l. POy ..nnl.:-...r. - .H-. .l.u.u_n-.“ [ Spnp— LR .ll_-..m T~ l....Ij. N A NN NN N N A N N N S T S P N e N NN N A N N TN N e S N S N N
K - of 4 * e x o " N S - e r M‘H ¥ ' -
.I..l....__ -H_.I._.ﬁ .MI.I. ﬁi%.ﬂ.“l‘i L -nﬂ Jf.‘.! “. -.r.l* ﬂ.l.. “ ._-..! .1..1 .l.l._w.. “ n“._.” + .1_..r.-.-.\. +-.1.l.”... .“...ﬂ .rl... “\lﬁ ..-‘...l“h H‘ ....“n l..m ..1...-..u..l..._... .f...f.l.-
Y = i & :
| ah e kg g b e
4 cmo rgm - .Ii_...r. - - - - —— - = - r - . .M.I....... 1 . = - x - -, - - P e -
TN TS FPR RS R Lo : T sl UL TY VWL T Y il rre A
t._-..._. L Ay *. Ey w, ...._.u____.._.__ e ._.____. 1) i - _.___.t.‘m. .q..__.._.____. #Iﬁ..t. __riiu_\.1 Made ag “ _-..-n A_..r.h. Iy 1_...__._.. -, uy  Fu" .___.__\ﬁ_ - P g
i ¥ ) %, I ? i + Fa i

m
)
_.“
N
)
¥
]
)
)
3
)
)
H“
n
»
)
)
¥
i
)
N
i
!
)

. ~ i B A A RN LA L R Sl e B R
’. o g F A " $ A
mm v W3 .__n,._.mm&_.,.". h e Lo .
A

-y k

-+ # -
Pl __T__ q_- .l.ﬂ r Tu .v.-i - s = amx g - l‘_-.-_..n . .ldﬂ..-...-l-_ g
r - rw i + 1 i * F)  F
1”_-. h.l.l.ﬂ w._...-i. .-_m_.«.f.V -"._..l..__-m.. - .- e Fa ....1..-_.._.-. ﬂr g -.....:__.ﬂ...._.._ LI 5 H:_..
E ) -

2 h t mmh dmmt A mmh A mmd A mrhhmrhdfrdhhord s mdhhmd s chdmdhh ok hhud bk rd h b ryhhryhhmmchchm ot hmmdhmmhd o mrhhmrdwmrdhpordcd ko ohchomd ok ko md o hohokomd bk omd hhwrdhhorhhhorychhor ek chommch homom h

w

-
h

3

... vy . g o

,__.r.....wubh.v nu___.r.._. ....__._......a.uu__-MVu .....w.ub..-:whw uﬂbﬂ.. e ﬁu‘nﬂu\tu.m.u..“lm\)m!ﬂn r.uttrh.u}w u._.n- 3 rn\rﬂnéhﬂu;.....l...&!“*ul.._iu.nim _.._..ﬂ..._n.u.-ﬂﬂ_“_au._. .....“.m._..;_. i \.Hu.. r...n._, ___.,n?_.._ nﬂn.l.._i“..._.}u u._r.__ws\wvlﬁn....b..wx o

Fom s - .ﬂi....u .v__...,__..-_.._ M ot % ..fm( L o ...r.._.ﬂ. h.,..:.. ﬂ._.-_._..ﬁ .-._..,_._.__._. a__..._._____n. it ___.r . .__{.._.. ......____..;h ._._._._1...__._r ﬂ. K ' }H_.. .__?1 r_i.,rln .__n o n_..______..._#.n{. .{.-_H: . -_.,_...q _._._.{ -_r._.um _._..r_.,......__ iy ._..._.__...____, _n; Tt r o ok _._Hn." ..n__...______-_._r T L }___.T_... ..-.._ﬂ u__. N b h_..__._ .u- s
¢ - » 3

U.S. Patent



US 11,981,406 B2

Sheet 4 of 9

May 14, 2024

U.S. Patent
Fig.4

I.-J.T.- n..‘l.-.
__.r_..__...- .
. _—
._...:_w w”....m
...l.... ._-u.__.
el F ]
W4
Ml e
ﬁ._". o
L
-
)
____..u. —Mtl__.
IR
.-.-..f n‘.lu.-..
Tttt vy
ot
iy
___u..".n -
.1.l a I_—.
CL T
-4 ..
e S
Pl oy )
T
Ty
st LY
d.
e TN
iy WHH._ %u. L,
' 1] ....
o § o o
_ N e o T e N N . . ..‘
¢ o ! [ m , T et :
* * - .. ¥ S [} N
: W LR PO A T 7 : oof
. 4 e Rareiy ¥ 4t
+ * A * m ] bat
] “ ol a “..1 m l_qn.l..'. “ T
.-. r._. ._1 ' . .
H vy “ ,.ﬂ..:_.._, Ay o “
* tean ¥ Mo . ¥
b . ¥ / . | LY .
¢ o : M . .-.._._\..H 1 ¥y
.-. '. ; [ . . 3 .i rr-.
* o K . oy m ) s "......”,..
| h ] +
b u.\._ ¥ ) Lt _-:.._,-.___ ]
] o ¥ ; Aa u - L l.-l..l“
L ¥ 1 ot LB
. * ) = m - L ¥t
& . ¥ . _ ¢ L} W A
" =y ¥ | Lo .ot 3 "
* ! g ¥ s . .y RS [} -
" ol . '. 113 . -J.l.f..- |' ‘l.i-
. .rl.l.. L4 (M r .i .-.....-....
# ¥ e L Lk
b 1 ¥ 1 el et LY -
" .-.-l_l...-. “ r.l.l.J. I..l.w 1k “
H A ¥ ' cwy m —.J_ o, ¥ g
" - ﬂ et -t S “ ._ﬂf...
' . . Tk A
* b “ # fa” L 3 ¥ i
] e ¥ I m r Y LY
" . “ i ¢ - . “ it
* 5 4 w . v Y v vhj
¥ ’ Stk el PR
& - hally Y P P Y Y P Y ] t.lmw.l.__ “llllllllllllllllllll ..r... -y X YY) _1!“!-_. il lllllllllllllll“. XYY YT Y YN Bord
H ap » . . . . . . . . . . . . L '. . . . . . . . . . . 'Y ¥ . . . . . . re .W..r.-.' . . . . . . . .i . Fag
) . e )
P 4 e R~ “
*oeed 10 - ' e ¥ \
¢ 4 A i ¥ L u » 4t
* ¥ L] -y ™ [} L
tlas ! v m N o7 : !
" I.IIM tl,..l__. '. m "..".I” hf....i mhl.ly .i 1_-
H [t '. Falt ) M L] ¥ .“.-
‘& .l- o Ilr..n “ 1.|.l._. hllri ...IJ “ .1I_,.__
S Ly by “!ooan ] o
H .-|‘.-._-._ LT .._W '. q.l..-. [ N LI"LS .'
" L | e “ 1.1I._. .r...ln .-.__l..-..,.l...t_ “ -l “ﬁ
f L »y m L2 : .
# -, ¥ - LY
" I..” .-_-.._..-W “ m .”-.—. m l..._...l.u.“ “ .-..-.W
: - . 1. : L
¥ ol ¥ ] . [ ay,
o O 3 a3 ' o
b e R £y :
¢ Iy e X s m ot [ .red
& . am J il . 1
¢ L “ Yy “ vw
N - o '. - .i .n-...l...l
H ol YT w L. [
¥ .r._ll_ e art [ Bty .'
" l._"-...l- “ - I_IH. “
* ¥ m . [}
¢ ! N T 1
* A ¥ e LY
" 1 i i u..,..f ]
IR ﬂ M Lat E “
) ¥ LY
" } : ;
.__...____.. .
T,
"
- -.!.M.
J
> s
R L .-.._-_r
- V__.J_ 'rﬁ.-__. i ”“”b
' o e i
.-rl 1- * -.! . adthmut -l.l.
o n 4 L
bo aporst i
i.i..l". lm....fw -.”_n.-.”" ...._..“.-_.-f
-w Al - N wt
—‘.l_.-d. .-r._-.w H .I__-. .l.....l‘. “ii.'
P - - o -y
...-.-.lf .ﬁ.“ H‘.. ! ill“H “'r.-.
ed £ gead oy
. L] ok - l...r.“ N
e L e W
¥ *u - - .
gt L 1 B
.r.....-i L —”.."_..--. .l.-.l.._." l..-._-.” m_-. N
ca o v S e .
....u.._,. -_.nip LS - ..-_m u,nu‘ "4ad
g Ll - S 2ot -
e h- t.l.. __t.___l.t .v........; .___u.r.._. ” b L)
- l.__ I.I' _-.r. .-.I_- [ ] |f
.-._.l..._- 4{1 Wl_. -+ ....-r.l -_TI-.- _.-.l...-

e E2 A RS I (O SR G
ey L e RPN S
ek ramd W eed L 3 UTLG
P ST v SEPFS SR« s B ¢
OO S U U R A
L ™= LI ke LT i) L



US 11,981,406 B2

Sheet 5 of 9

May 14, 2024

U.S. Patent

A
i

S R

rf B ¥

oo

P

r¥1

LN I I

4 4 kA d A h Ak h ke hA

-

L

Tl

3

o
A

.l‘ ra

F F
L,

B R L R 8 % § L% R % & & 3 B %

L LB B DL B B BB I L B

R R A
m-ra .1...—_.n1l...:.__ "-.....

-

= e s W oewh

..u.,.._-ﬂ.n.n.....
il I RO F

=
T
\f-*i

-
C MM EREAN R,
- .i.".._. ._._u....._.___u..._...nt.ﬂ.__ .-.ui.l. .I-

oy

.—.Hl.l..lllrll.-_..__i......l..-. .-.1_-1.-.-.._}_1. b A o T u...ll.-...-. e

-.-.-_ e ...-_ .-.n.-_....-....-r...._.‘- A e XYY .w._r._.“_..l__.-.-u.-_-.L.l.
r b r LT +

n LR N L] !____.. .l.k.rllknr.-......-n_r -k .rh_ X ] ..v__._u_ FR T R T

L WA T _'..-_.._..v.__ﬁ.. ..u_.iu. 4 ..Mun.. L ....._'_.
o ¥ * -

Woa e g b FF u._..—_.__.__.."..-... - Foogy M ___.H.'...+.... R s l__f..

L M_ N P _._....-.__...H. et ey H.._ "n "wr T . n‘ H, im

L N N D R L B R R R N

1.

- LW oEE WA

_—

PRLE RN

1 __-._..__.r...-.u.-n._.ql..:1l
LR l.i-M.u..u.m_...ﬁ tra vwrn l....__

R LILIRRE I T 4
......:...__....l ”.1.1.-" !-....I. il ._.___ _-.l...__

4
= - - - Lraigm awmoa - - e, EAME 4 -,
RS- L R L __r_,x-.._.uf..“.:.u by .
] r ] ,
-— - L
_— e LR Nl .-......-...-H-.l-.i..w.}...u-.:...l- ...l_. }ﬂ.u..-.-ll_..ql...rl.l..l Fa ..u.l.hl.l.}ﬂ.j.l.- N
....L..___- ‘-.. #.—u.-.k.ﬁl... q._..u_l...__.__ T 1 i..u._...l.-_.__......._....l B raos A :._. -......L..._..lru Pl .r...___ T " .‘..n.l..u_._.:.l..._._. ,
- L 1 - . " L] . "
.-.__-___.-_.:..._...__.'1..-.____.._ lu._ :ul.:}_.l - ..H..-_.__. AR A .l....__.:. .1._-..._1.‘.___.! - wEd i -_.:...__.__....-.-. *
¥ ' L * T ! P .
¥ HA LS LI g, FHEd I L LTV LR v EN N Y .
4 k|
L]
F N
.-.tu...._._..u_l,..- L ey t.-_ - - A b o e A Lk il N ] g __.._..u .H-.........-...p
A mr ._- .-.ﬂ I P PR . “t.l.....I b L ”-.._H.w_lt.i un._-....... i ﬂ n .-....1..-...-. H
L ]

il e g e e i e el e o e e o o e e o o e P - e e e e R i e e Al e il o i e o e i o o o e e e o e - e e e T - L Al e e e i R A P T P e A e o i - e e e T e A e e i e B P e e o e i o A R e e

R . o R e B L L R L L R G R e L L R e e L L R B L R . R g L L L R ke g R R L

DI ' e i e e S e e e e

e n P N wer oA o - o owmaa
TET ety W TTLR A

‘wowd w1 R X ] By T M y o LI A AT
LI Xt KA S AT Y SR Y R < BN OE Y

[ B N N RN RN N LR NN RN SR RN BN BN R ERENEEEE BN SN BN BB SRR EBEBESENSEESENENEERENENEEEBNENENEENEBEEEBEEEBEEREBNEBNERNE.)

R=r

Ll I
[ 1r...u.

T
-

.-r.-.u._l._l.q.l lt-.;-..l...l....ﬂ..l..-.li.....ﬁ.
_ﬂ_:..w_m,..H_.mn..:...m1 R o
.I

» LRI I o ]
..“.__nqm LR ¥
- +

A g W g g 5 g g g g oS g g G g o e g g g e g g B g g B g g g g g g g g G b s g g W g g i g g W g g S g g o g g g g . 5 g g g g g s g S 8 g g s g g S S o g L M g o R L R

T IO
.ql.-.-..}.ﬂ..l.—.-.

.'l_.:l.I__l.l-l.l.l_-..l.l..l.l.l_..l.‘_l.l-_l.l.I...l.l__l.l..l.l.l...l.l.-l.l.l...l.l....l.l.l.l.l_...l.l._l.l-l.l.l...l.l.l.l.l-..l.lrﬂ..l.l.l.‘

P v ora oan ..s...:_........,.._“. a g P
AT B An BES ks
. - - &

¥

?

¥

SR ]

L B
.-..-.l__..lu. L

Nowlow bk, F

i
Ll PN ..“_r....

1.|..._. re - y
SOLT TN

S

ol P A e o T b m

L) ...._nw.ui__..i.._....__..._..

.
rh FRE 2 -_.-..L...n.:.__._ wors Yt w U .-..l..-
X m x¥.

e g o e e O g e o o 0 g a0 T W ¥ e o g o o g a1 a2 g %

Ll LT
P d A
+* r -

S5

a .
P TA T

e I IFUPEE
AL SN

T TANCY

[ B _...-._.-...-._-..-........._.._....._..I
.—_l.l_ .-_.-.1.& I..-‘.n.i .__1.-. .__.-n..r.l.

R R I S R e B B R R R e S

i -
i T
A -
. :
* T
X -
+ - -
- L
F] .
- “f I 2
r 4
) FELT TR b e m e . ot
: FCRMA R VI L 3 L .
r ¥ - o F -r”.
LI * ! . ﬁ “
+ + au o w O sy
it - , .ﬁ..-.!.u__ln.tk.l. [ ..1 Pl ] '+
. -_ i
- I
wEEEESCT %
: R T ¥
' 4
+ 4
| 15 -
“ yw " uu-._-\.“.r_-r. "] “
=
- 4
- LR A L £
4 .....-..n..-k..__.....t-.._n...ﬂv\u.. 4 q
- L
* hulp...u_..‘...-
r L I i T Wl T Lk B e el 8
- .__..u....-ln._ - ulw. .n..-.-_l._...-u_.-._..__ ek owp ._...___.ll..w. .-y F . M
- ’ "
_ e R e herm Lw Am
H L .n...,_._n:.. - L

FR AL m.m A,
L L .- Li-  dmadfa-
R R L - i .

Forp
artl

LT

o

F F

r

.1-—..—.

(oC8Es

LN N g W I N o g I g R g R N g o g g g R K g N g R g I g R g g I I g N I B g g g ]

= . m L oE R oL

' x
r'"-.l-
he
ram

orta P
F .__..-.. ) uu
L N LI

o rd g e TF ENA R fFA b S,
AT A e T “_‘:_:..___._.."ti gl A .,:__._.u__.._n...

e w e e a e e e R e o e

T T e e T S Ty T T T T e T Tl T T O T Y

HAREARARERRER R TR RATRRER R HFARR AR AR AR AR R RA AR AR AT HARN A RRERF R AR R T AERERA AR A RERERA AR AR REER R AR R R AR R H R R TR AT ERR R R A RR R R TR R T T T T T TR T T T W R m



U.S. Patent May 14, 2024 eet 6 of 9 US 11,981,406 B2

T4y
-
'-\.. {
u H - { :ﬂi
* .
S
Lo 0

Ml g S ML Sark L M Spl b AR VR MW et sHed CADH Gl e wfn R ML W it st M e WY W g e iy Gt ol b sl ol HGeE R R

R I A R T A R I L I B h oWk hmoa a Vi Wk Tae kT ok Tim ke ik e e m e WO h R E m ko mom ok w Ty o T T e A m T m T A m TR kT it T he ek it Cit I i 4 Ry g

=
‘ e
R

R o wh W% b dmcd % rd w hhwh kR d koA kL TR AR d Y E R ke ek dh h e d d R h ) Fh L Ef FE e

A & k- kR ok Fh ok kA d kA Fd kPSS

= PPk Pk kP kP kP A Fd

ralh B iR Ay A A, B R Ay W e B AR B W A B B A R Ay B By A O i R i AT B A A Ay A B

L™
T
Yot

T3

4

1
..}
A

ry
i . *
LY LY
j L] L]
- [
3 " . .
* - .
1 : . 5
. - .
¥ e, 1 : J L
o L - .
Wl - s : ~ :
‘ e : . :
|} + v f o
: Rayb h;} -~ ] T oa R -y
. E el . . 1 1Ny "
y 2 SRR S : - & ;
o ax . . ?."‘J : . L]
T ! ' r“u‘ ""'t S D S O T D - : TR = u’ \n'-n-'I :
r * - wi o -
‘”*" 1 . L . . - . ™ ol »
. - + g i
= . ] ] [ %3
T i . v e, 4 . red » ; :
‘: . ‘3* . L] . Coaw u.h-ﬂ- f*:.i .
. L ] "'|--| A - A 2 =g of T‘i 4 g *
L } Ly o * Noramn "
;.1 : b " - " L LE! by Py .
- .
i - Iy & X : o O :
. ."jh h k £y i
‘}‘{ ﬁ . .ly-g’{ L] : L] L )
. ' n . +. 4 -
. - - L
? . -
' . L - PR ) L »
' gy £ X o . .
""'l;._ . kY L ] : - : :
1‘1_. e L s
‘ i vy K Buooon : :
+ 1 ' t"ﬁ-* & . i 1 -
%‘H T * ( I ; . .
- [ :I- +
' o, Ll - -
’I‘-“ - * I S
*'; h.'q_"‘lh - : - L]
: e VL . y .
. ot L N . .
. - - L]
oy £ -
) - - - :
' Ay - » -
) > L - . - .
: T N . .
Jﬁ:u LT -
- - .
- R x: : :
o - . - »
' - ."'l-i_ E " - F »
- - 5
r" lll\ll- - : - *
: i e 5 ‘ ,
: Sy o : .
oy K N . .
- - . .
- - 4 -
t"l % - [
a a Lk bk kL Ak h hodh hh ok ko Ak . .
2 ] r n
- .
» .
a ™
W T T T o T * gy g g iy Fhgpingih iy M ting Pgpingying gy gt g g g P iy
L] b* - L] i-l

B & F F Fd FF bk F kPP FFFFF kP kA ek PSP kA kL ks F kL kD d F Rk F Rk RSP kA kLA Lk kR FF kP kA Pk kR kP kAT FF kP Yk kP kA A kA kDS Pk F Rkl
Ik r h ko kb kb ok kd kP okd kA ks Dk ke bk bk kRl kb ke kd krk kd kAR kAL ke Fh ok bk ok kb ke kd ke k kd ek kd ks ke Akl kA kch ok kb kb kP kL kK

¢ 3 i 1 ;
¢ 3 3 ¥ !

’ 3 - J
d b 4 d b wm b b dsds ddd Lkl kL kchd s kA hdl bk okl s e d Ll sk kol b hhd s heh e hd s mw LRl b oh ol h Ll kh ol h LA hor b Ak d L s kA ek oh L h A Eh L h o h hhor s o h A h Ll s Lk ew il il d b h L Lkl hd L hhd he skl sl h Ll
-

‘ £ 1‘ ! { "
) o . t i 2 :
&> X . { ¥ . 4 A
\ 1 ] 4 ‘E ¥ :
3 3 ? 3 h 1 "‘
 Soweww . X 1 !- 1 '
LLE : ¢ : ! 3 "
3 : : } A { '
LY E \ ’ i :E b E
- : X ¥ & £ '
. : + A v W 2w J'-'" e et sl Tt owfh S owh e W el S .
h‘i-"h. * : ; % ' L
qi": : : } f- “q :
:“r""*" . . L) 1 L]
thi S " ¥ " i
ST : ' ¢ ' :
A : n 3
1 l{ : . t } " .
* : $ E’ q‘ "
8§ ¢ S
3 3 ¢ g 1 :
: ; ¢ ¥ : |
: : 4 ¢ A
3 3 t $ :
3 ot $ X
' ;
{ ! e
o,
L

Ew ‘.._t Yy
-y L
- *
11} ah
o §
"ﬁ.
B i,
“ oy 5y
"r‘"!f :‘-h\-‘ h.lr
;“-h; .-ql-""t [ E“
Tat 1'? 'll"I L] -
. ¢
- N

w *“H.-Hli t‘ 1 :-.-i-w-.-{ ;:-"\

LELE N i = 4
i - | ] -

T g el

o d F bk d kb bk kd ke kA kb F ok d ks ks bk s kA ks Ak kA kd

o
o N - pi P

M -:"I“"# E-.!"‘F* ‘_:& L ) g "

LN WA :“'{ : " » "'

. L. [ ] r-l -+
el v "k 1 " 1

X T w =9
F R 3 l'\..-} e ;I.".l E ]
a 1

. et “erd <

Vi O ot e Q



U.S. Patent

May 14, 2024 Sheet 7 of 9 US 11,981,406 B2

- n Ay
W ¢k
L | "‘-

o
T
-
F
-

W e arh o W o e A e o e e R T e e edn o, T wely b gl e e we e A e e e e e e e e deie wsl Yk s

b ]
-
a
1
-
it
-
-
4
-
L
{ ;
-
!' 4
-
L
-y .
-
1: 5
L -
a
} L - -
'+ - ]
¢ ; :
'+ - '
-I. ] - ]
+ ]
] - '
't L] *
L - "
] -
' : . .
a w - .
:. * , .
. - '
( . “."' - .
- F\' + -
} ] ]
L] '
'
-t '+ ]
- -
] "
" '+ * . |
" LE. 4
t ] - W
L] - L]
-5 . - .
] - ]
. - 4
-I" ' - "
'y L
-t . - W
'+ - '
} + - ! ’
L - ]
] + .
-t 0 * - '
S '+ + ]
;nﬂl"-., '!: - L
] - '
x '+ - ]
i r ‘ : :
] - ]
-y MK { ] - 'y
‘... . 1 . + "
y . ] -
- - ‘-
" ] - "
oy
[ L] - .
v + ]
] + W
" "*‘J - + >
L
' - "
L] L ]
: E + !
" . -
- - -
,.‘H["'I: . L] .
e + :
- [
L] ¥ : *
I“'lrl" ] ]
| N L T T T N T T T T T T O T P T T O P e T L M L T T T e T L T e T T P TR T O T e T T T e T T T *
- L -
LR e
. '+ W
L] '
'+ W
L | - Ly
. ¥ e =r =
g " L _ "
.!--E" '+ "
. .
g ) g, b aaa
. ] ]
l'lu‘l ] :. ]
L +
r-"‘ ] i ]
LT .
-
W : X : :
"‘hr.‘ L N - »
& 4,,.‘ ] - L W
M ] r L] - .
‘:q‘-‘.i- L - - & .
] - - L]
- T’ mu + +* ’
: : s B : : :
E I
. - a4 .1:111{ i - "
'+ - - L) ]
- 1 ;‘i 1"4!' n N -
] - s - 1 ]
'+ , ﬂ.‘ - - '
L “ + 1‘:;‘ 4 - -
. . - il N < .
* L ’ Ly -
'+ + - L W
i «h
] - ’--.- - - ]
L 4 t i - 4,
] - - L] ]
* - " 'l'l"; L} L]
X X A X : :
+
L + + - ),
'+ - {% - L) '
L] Ll - L] .
- - - ” ]
'+ + - L W
L] + 4 - ’
' - - o "
] LY - L L]
L & & - '
< 4k kd
'+ - - b '
- -+ -y -
] - - L ]
] - - L) ]
- & 4 - '»
'+ - - - ]
L] * LY L]
] - - £ '
T '+ - - 4
A L & 4 ” -
¥ ] + - b W
'y - : : : .
Ti. . v i - L) ]
;,1-'-1' n - - o N
'h " 4 ’ * ’
r =t - - - - .
L] LY - - ]
L ] 4 4 - .1
- ] - - L
* T T L) -
] - - 4 ]
'+ 4 - - ]
L 4 + ol *
._"X + - - L3 ]
* b L L)
t"‘c"f '+ - - L '
il + - - 4 .
nA A " + N .
‘., ] - - 4 ]
'+ Ll L x L]
" - - - "
] Ly - - ]
' + * L
. - o "
'+ - L] L]
L - .
] . '
'
v ]
] ]
0 - - 1 - - 3.
- L] - - - -
' £y -, L] + L - & "
'
1 z o ]
N [ E :-
'y :' i i 5 -
. LY 1: 14 .
X i H .
. ! "
> L]

Miiﬁi+ii11+iiti+1il‘1‘ililiili+ii-|i+ii'l'l'l'ii'I.'l+1'i+iili+iili+iili+iiiiiii‘l.i‘ll‘l‘l"iil‘l‘l‘iili‘l“lili‘l"i“l.'iiii+ii‘|i+iili+iili+iiliiiiliiﬂi1iili+iw

i

2 ' {

% ; ¢

J-\r*ﬂ--“n‘--hﬁ“hlﬁh"-‘}

#a

wih vy it gl by oade My v sl e gl A Tk e ok e L e Wl A e v e R Ay

e Mt e M R umﬁmﬁuﬁyﬁnﬁué

;F,

'..I'll'!.--

K
b
&

T e W' wh W ok A Rt e W o ey owr W e e Bh o aTe e ow e R R -

I",
K
£

f
]

gt

b= A S F F Ak kA

S

5IE F TH X !;
M

vy

L R L B R L T L M o R R e e o

!
{
f
}

-

FJ

*u

. oy T e S e e e s A oy e e e

e dam vl der ke oy ey e s R o e e ek e e

b
r

= AR

£

Fr

”“H“ﬁ”“”uﬂ"%“ﬂuﬁ”*”“ﬂuﬁ”
)
¢
~

= o F kP PP Stk kP Akt kAR kAP R kR - P T Rk F

wm:m&m#m&w%-mrmrm

=" »
L
. T ;
Ly -
- et N : ™
: ':n._... w wwh
. -1 LI | r ooy
: o », v] »
> *I\" LX) '
a N " ¥ [ ]
: = r' 1 - mm ol LA "\.1,"
* i - O :
p e’ pnn N S -
» #_‘:‘ - Y n J . }
: T = L -aw LY ]
& :-""-—::' ri ". ‘: ah i * ;
] o n Lt v P
2 ot vy n-"l||-"lv|~4‘-l-I1 Wi
. L pkm g 1!. l. ' Y
: o, ; : RT
£ LS * "
LY awd w7 ! h - k| *
* o “-f*' R £ !I
3 ‘4“’1‘ ‘?ﬂi *rﬂ-"‘: i
] LN 1
A P el . L] [ ]
" £ - " « T'lr - e
- '\' L] E"r"ll L: :-: :: j.
: S - o . o :':;".: g
+ - - W - -
- t"‘ \ ;"' "":. i - 1 L] b
- = | - 1
. "1ty A" R = - @
. : - e faum %y
t | 3
: e I.-! '|.- t‘;.: :I}lu.l'. L u.:] .‘l..t-l"r
S R . 5O
. Ty y i RN A .
F] - I"!‘Fl‘ '1‘: 1) ‘l": o % W ; ﬂ. .Y =
. * -t £ 1 gy rod "okl
: R A LA = v . ~ ' . 3
: h‘i! ilb".‘h q-'h""'" h ':1;.: "“-i‘ 1 L | ?
: P SR S Y ‘e pot I
. :l:- P s i' N i d
e b % { L] . ‘h‘-t,r
- b '.,,,.*: . '4"’: . " LR R i i ;h
L]
;:h“lr- -I‘th "“"L-q“ :-ih-t,, - l.I.: ?
1 h
L - & q.'
TS T et w2 s i
e ‘e Y s -qn'h'h'h*
‘,I t l:' ﬂ. ﬁl. h 't -.1{ 'l“\.. -
red W v W e
& =t '
E wwm - Eum f. ] . 1 L} L
' é bk St A b
ot v
',......,..,E N Yo N e anh
" o > o "‘
% L] ﬂ\ inty
Ry s Ak [
¥y v _.E A ¥l .
_:'_.l"b"I -i!- 'll"""l _.;; .ll'“"‘
s e P L re
EL S ™~ *I . 1‘. = ;..._ 'u. II.'\
b, &
T, ‘*-: y hat W ::;"'1* Ry
¥
& ¥ * " R



U.S. Patent May 14, 2024 Sheet 8 of 9 US 11,981,406 B2

L |

T E Y my ERE EYE

bk o F FFF F Ak

LT

kN ord o

s

'
F g
"
L
AL
]

L]
-
-
4+
- N
+ [ &
- = K]
T FETLE- "
] 5 L
PR, '\'ﬁm
- n K]
"t .
v + MR
. ::"u'" - 4 H‘i
3 * "
h-l}.\
- ~ B
: W .
. -
] L
- -
. - _,.."I':
. 1 Py |
- - t
- L] ‘#H
] L] . h
- oy [
- : v -i‘ ‘_‘-l ] :..‘!
' L] Pade | 11""-1
o] - +
X : e ,;]";
. - _F'_"I‘ -
- N oy t uu':
o] - -
b - [ .E‘“-ll__
. . 'I.-I.li
"
. -
-

TN P
iy . + %
- L] .|:l._‘l' -
: : :"'_.tt Ak

l‘h.. '
b T L a
. - r“h L] F:

L
L L
N . 'l'_i"ﬁ}
L]
1
-
L]

F
#+
ty

v
Fa

r
s
LB I '

A

5

LI R R E LR LR EERE R EEREE RN EE RN

F
o
- &
.lj
d
sl

x

y

o
AP L WA
L '.1|-_|-’ “Paiaiflﬂr

A~ ko d kb F FF kA d ko Sk d Ak d ek d bk d ke F R dF

-

4 d h *hohh ket

A ch A hd A hh Ak

L I N RN N R R O I B R U BE R B N R BN BN B B R B B BN BN RN B DN OB RO RN B B D B DY NN B N BB R BN N N N NN BB N B BB N NN BN R BN BN BN B N RN B BN R N B B NN RN DR N N RO BN N N RN B B B DN BN O N N B NI B NN N I BN R N RN N B B OB B B O
o Ak d - ko kd ok kA Ak Rk d -k kF Ak d ot r h R AT

ok =k kAP s kA kS k-t ks Rk ko kARt E R Ak Ak kR Ed A kA kA kb EF Rkt kR kR F A kA Ak ks ik F R

<
L
T
4 b & 0 4 LA L4 hd 40 hLddddhd 4R + & 4 4 & 0 4 Ld 44 dd 40 4L

}

-li*ilil.-l-I.-i-l-l-ll-lli{iiiiliiili{iiiilil.iti k4 L4 L4 b4 dhd Ld L4+ 4 404 d 4 + 4 4 kb4 L4 L4 b4 40 43 L4 14 44 n L4 L

Fa w4

3

LB B B ol L L B P WA Y A G B WY R O W T O RR PR Y W O W M O NTT A G W W T

LR

:
i
{

Wk AN A% b W [0 . R SN LR JEL BN T L

: ¢
'

- o
'-lﬂ-d-": b W e M T W B s S W e ety g b b et g e et wt s e T el

- wn

.
1

,
b

"~
r|r-h|l

bl

m A R W EE nql-unal.- oy B R A R .‘l

b M : “yed

o A%

Lok bk b d ok Lk LA h bk rh Lk kb h b hFh L h L d Lk L h hh ok khdlh Lk

L]

L S O i

{

wt
4

4
%

ey W DA A

§
3

b e e ol Sl bRy b g Pl o G Ml

L

-

AW ot W W HHI*I‘H W R }-ﬂ drigh mr W oaw'de Wy iR

»

'\ﬂ"ﬂﬂﬂ#ﬁﬂ?l##‘ﬂf&#*hﬂr‘r‘fhﬂ”*##‘ﬂﬂ

#“""v““r@v'“nh-nhﬁ"“hr‘
%
¥

Tl'
s

Tesly:. G N

=k F kP =k kb k F PPkt F kA P F Ak P

v 3 -

s il

et "r"-f

m=kd oy L
eyt

. s g
! -

:.l.! "

&
LEC U L B O D N

n et by,
e T 4 !‘:';-. g:}
{Hl._ :;1‘.:
~ - 5 »
S ¢
) -s : i Yt ) -
: b Y . bt P ho ®
Y o =5 Mot Y g :I;', 3
‘ e -.r-r"; :I... [ S J*I"'d': 1‘1-'{ ;:":f T i
& L~ el ! ™ Py . v v LY AW A WA N M Y AW #
rq I EL T |1:I:‘il L ﬁ?# o 1r\-‘:

; Y
n - I"l" = A ! lli

S e X X “

oM - ¢

L : 1 *

+-| * ok ™

S 8 A2
*‘-‘!' ™ - e

PSR U S N oo ~
e

Ak n‘\i "
L ¥l
1

o o bk DAk kDA F kA kD Ak DAk kR kA kA kA kAP kA kAP P A AFP

Mty

- k'lr L | Y - L : " »

Lo A0 ey e Ox

r X et

- lﬂ-f .‘u.u; F:"‘-:E - rs-mt

RN N : b

anm 1 % o=y
LE LN " o - T
1 * 1 v
NP IECS N ) I SO
o A¥T o Py ey ;..-...1'
1'-..,_:' el :h_{.: n 3N -:':'lr
ot Y ey ey v
Mo W Voo
o - » » vl



;
{
:

US 11,981,406 B2

Sheet 9 of 9

May 14, 2024

U.S. Patent
Fig.O

m -h_.r... m
&oLa T
" oy 1
s _wel .___._qu_“ w
w- ‘ 1 -.__.._l_. !
AN AL
P (L) m
m _._..__-.._. .-....J.
Y . . o
el ._-.. E .ﬁ..l.-.l..l.“ E. 2 " i m
- 5 : i ’ .
{7 > Es vy ”
o T x £ 47 ' :
Irod oer : 8 : : m
LRl “ . . -
" .-.._.....-“ v :
r. 1 ey “
& ..-. .i ._.“.._... .
|1..I _-.q- ..l“.l_..-_ .m' . ) “
w -i.t.-.‘.__._u l.- ...f.. ._....f...lw "
e . ..-......__. .
S s ' : m
._..l...._. T a4 * ...lf-.q :
m b Ly . :
e an ._..T.:.u : ¥
|.l.ln .ﬂ..-_fl W LY .-..ﬂr“ “
m plipa g . .l_..l.'. _...-..-..l -.. __f .
] nll.‘._-.qn L] [ % l.- .-{‘ “
o - » gy .ﬁ . : :
N. L0y .“_ " B H .
' .-._-.a'I = i a K] ) . .
...l".l..l“ . n- ) -_ . . . w
“ ey T Lan] . ' :
L -l . . . ”
fus L o ' :
- e 4 + H ) m
m [ R I : _
. e .iJ.. 1 . = "
__1._.. bt . ...rt... + . B ”
A L ¢ 3 !
M n._,. Y * ) :
mped * : _ m
m S + : ,
-...._.... r i n. . “| ”
R F '] K : . - m
» aT -“.““ . p . . "
L ) [ "y ¥
w -rl_.-I" o “ ']
. femd ’ :
fouto et * * :
w - " :
t : : m
m 2 : H
1 : m
¥ i M
. )
m : L m

'.' *..- ‘.‘ . - .__ .'._-. '.‘ *.‘ ‘._ .. _. '._ “ . - '.' ._ '_ 'I.‘

wialw,  einle wOeieln  eOein(:

§

#\ﬂﬁ.ﬂﬂﬂﬂﬂﬁ.i'.i.i'.'i.i.i'.i'.i.*.'i.i.i.'i.i.*.i'.i'.i'.'i.i.i'.'i'.i'.*.i'.-'.i'.'i.i.i'.Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂi'.i.i.'i.i.i.'i.i.*.*.

: L
t
¥y & :

l'q."-'l'q.'l.q.ﬂi"-..'- Wl B ok B, oy Gy g RO SR AR, B, OB, B B BGE R N, R, S B B Sl g i e, i B wk

"
l.l..l.M
g
2
.:..£__
L ey
=i
e & ._.__ ._..M
'y rh
WAoo
¥ i
W J r o
-, L__-____._-M
[ ’
,...M“,.
-
...“l
S

JONRT  RRT AR, YRR WSS SRR AR WRRP. WRRT O ORI SRR, WA, R

WRAT AR AR URRR AR AR



US 11,981,406 B2

1

NON-TRANSITORY COMPUTER READABLE
STORAGE MEDIUM CONTAINING
PROGRAM INSTRUCTIONS FOR CAUSING
A COMPUTER TO EXECUTE STEPS FOR AN
EVALUATION PROGRAM OF SHIP

PROPULSIVE PERFORMANCE IN ACTUAL
SEAS

TECHNICAL FIELD

The present invention relates to an evaluation method of
ship propulsive performance 1n actual seas, an evaluation
program of ship propulsive performance 1n actual seas and
an evaluation system ol ship propulsive performance 1n
actual seas for evaluation ship propulsive performance 1n
actual seas.

BACKGROUND TECHNIQUE

Evaluation of propulsive performance of a ship 1s made
by estimation based on a tank test by a model ship, or based
on ascertainment of sea trial 1n a relatively calm weather/
marine weather condition.

However, a ship navigates in actual seas having waves,
wind, ocean current, tidal current and the like. Propulsive
performance of a ship 1s deteriorated by waves and wind,
aging deterioration varied with time (evaluation period).
Hence, a gap 1s observed between evaluated propulsive
performance and the attained performance 1n actual operat-
ing condition.

To reduce the gap between the evaluated propulsive
performance and performance 1n actual operating condition,
it 1s preferable to evaluate propulsive performance 1n actual
seas. However, 1n an actual operating condition, there are
problems that weather/marine weather condition such as
waves and wind are always varied, weather/marine weather
conditions are varied per a ship route, a displacement/a
trim/the main engine revolution are varied per voyage,
property of fuel of marine which 1s mainly used in ships 1s
varied widely (about 20% 1n density), and a driving condi-
tion of the main engine and a ship condition are varied with
time, and there 1s no means for fuel o1l evaluation propulsive
performance 1n actual seas.

Here, patent document 1 discloses a sailing support sys-
tem of a ship which estimates ship performance 1n actual
seas and feeds back the estimated information to an actual
sailling based on data of a sailing monitoring system.

Patent document 2 discloses a performance evaluation
system of a ship for evaluation performance of a ship in each
voyage using sailing data of a voyage information file and
basic information which 1s mherent to a ship.

Patent document 3 discloses a calculator system which
analyzes propulsive performance of a ship based on a data
group recorded when a ship sails 1n actual seas.

Patent document 4 discloses a method for forming a
simulation model 1tself which predicts performance of a ship
to mimmize a fuel consumption and for improving perfor-
mance of the ship using the formed model.

PRIOR ART DOCUMENTS

Patent Documents

| Patent Document 1] Japanese Patent Application Laid-open
No. 2009-286230
| Patent Document 2] Japanese Patent Application Laid-open
No. 2007-296929
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|[Patent Document 3] Japanese Patent Application Laid-open
No. 2018-34385

|[Patent Document 4] Japanese Translation of PCT Interna-
tional Application, Publication No. 2015-526778

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

According to patent document 1, since the ship perfor-
mance 1n actual seas 1s estimated, a sailing condition of an
individual target ship 1s monitored 1n real time by a sailing
monitoring system. Therefore, propulsive performance in
actual seas cannot be evaluated before the ship sails.

According to patent document 2, sailing data of a ship 1s
accumulated, and propulsive performance of the ship 1is
evaluated based on the accumulated sailing data. Therefore,
propulsive performance 1n actual seas cannot be evaluated
betore the ship sails.

According to patent document 3, propulsive performance
ol a ship 1s analyzed based on a data group which 1s recorded
when the ship sails 1n actual seas. Therefore, propulsive
performance 1n actual seas cannot be evaluated before the
ship sails.

According to patent document 4, a new dynamic input
data set which 1s to be used in a model using a measurement
result collected using a shipboard sensor during operation of
a ship. Therefore, propulsive performance in actual seas
cannot be evaluated precisely before the ship sails.

Hence, it 1s an object of the present mnvention to provide
an evaluation method of ship propulsive performance 1n
actual seas, an evaluation program of ship propulsive per-
formance 1n actual seas and an evaluation system of ship
propulsive performance 1n actual seas capable of precisely
evaluating ship propulsive performance in actual seas on the
same scale also belfore the ship sails for example.

Means for Solving the Problem

In an evaluation method of ship propulsive performance
in actual seas, a standard sailing model of the ship 1s set, a
sailing condition of the ship and a ship condition of the ship
are iput to the standard sailing model, the standard sailing
model to which the sailing condition and the ship condition
are mput, and the ship condition are applied to a previously
verified calculating method of ship performance in actual
seas, and ship propulsive performance 1n actual seas 1s
evaluated. According to the invention, ship propulsive per-
formance 1n actual seas can be evaluated also betfore the ship
sails for example. Further, 1t 1s possible to precisely evaluate
the ship propulsive performance in actual seas by using a
previously verified the calculating method of ship perfor-
mance 1n actual seas, and 1t 1s possible to evaluate ships
under the same condition and with the same precision, and
it 1s possible to compare objectively for example.

In an invention, a weather/marine weather condition 1s
input to the standard sailing model as the sailing condition,
and ship propulsive performance 1n actual seas 1s evaluated
using the standard sailing model into which the weather/
marine weather condition 1s 1nput.

According to the mvention, for example, when weather/
marine weather 1n accordance with a ship route as a sailing
condition 1s not mcorporated, or when a target ship has a
sailling policy to navigate while avoiding weather/marine
weather which 1s anticipated to be worse, it 1s possible to
make evaluation which 1s tailored to reality of the situation
by inputting an arbitrary weather/marine weather condition.
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In an invention, the method includes a standard sailing
model setting step for setting the standard sailing model, a
condition inputting step for selecting a ship route, setting a
loading condition, setting an evaluation period as sailing
conditions, and inputting the ship condition, a ship response
calculating step for applying, to the calculating method of
ship performance 1n actual seas, at least one of an external
force condition acting on a ship caused by weather/marine
weather which differs depending upon the ship route, the
external force condition of the ship which differs depending
upon the loading condition, and a driving condition of the
ship, as well as at least one of change of the external force
condition caused by the evaluation period, and change of the
driving condition, thereby calculating ship response, and a
fuel consumption imndex deriving step for deriving an index
concerning fuel consumption of the ship based on a calcu-
lation result of the ship response and an operation mode of
a main engine, wherein ship propulsive performance in
actual seas 1s evaluated.

According to the invention, it 1s possible to evaluate
propulsive performance while taking, into consideration,
weather/marine weather which 1s encountered by the ship in
actual seas, an external force condition and a driving con-
dition of ship which are different depending upon loading
conditions of ships, and change of the external force con-
dition and the driving condition of the ship. Therefore, it 1s
possible to precisely evaluate the ship propulsive perior-
mance 1n actual seas betfore the ship sails for example.
Further, 1t 1s possible to precisely evaluate the ship propul-
s1ive performance 1n actual seas as an index concerning fuel
consumption, and 1t 1s possible to evaluate the fuel con-
sumptions ol ships under the same condition and with the
same precision, and compare objectively for example.

In an 1nvention, the weather/marine weather which differs
depending upon the ship route 1s used by setting occurrence
probability with respect to the weather/marine weather
which corresponds to the selected ship route.

According to the invention, the propulsive performance
can be evaluated under a condition close to the actual
operating condition by setting occurrence probability of the
weather/marine weather.

In an ivention, an aging deterioration rate including
biological fouling of the ship or a propeller which differ
depending upon the evaluation period 1s used as change of
the external force condition and the driving condition caused
by the evaluation period.

According to the mnvention, aging deterioration of a ship’s
hull and a propeller caused by biological fouling 1s 1ncor-
porated into a condition by using an aging deterioration rate
including the biological fouling, and it 1s possible to evaluate
propulsive performance under a condition which is closer to
the actual operating condition.

The aging deterioration rate including the biological foul-
ing includes all of parameter values of aging deterioration
related to aging deterioration including the biological foul-
ing, such as slimes and marine organisms adhered to a ship’s
hull and a propeller, generation of rust and boss, and increase
of friction resistance of the ship’s hull caused by deteriora-
tion of a coating film and reduction of propulsion force and
clliciency of a propeller.

In an mvention, a deterioration rate of a driving system
which drives the ship and which differs depending upon the
evaluation period 1s used as change of the driving condition
caused by the evaluation period.

According to the invention, aging deterioration of the
driving system 1s incorporated into the condition by using a
deterioration rate of the driving system, and 1t 1s possible to
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cvaluate the propulsive performance under a condition
which 1s closer to the actual operating condition.

The deterioration rate of a driving system includes all of
parameter values related to a deterioration rate which 1s
different depending upon an evaluation period such as wear
and damage of a main engine, an air supply and exhaust
system, a fuel supply system, a power transmission system
and a propeller.

In an 1nvention, an operation mode of the main engine 1s
based on the driving condition which 1s set per the loading
condition.

According to the ivention, the operation mode of the
main engine caused by a trim and a draft which 1s different
depending upon a loading condition can be set as the driving
condition. Therefore, the operation mode of the main engine
can be brought into a condition which 1s closer to the actual
operating condition.

In an mvention, operation mode of the main engine and a
governor which relate to an operation mode of the main
engine are set 1 the condition mputting step.

According to the invention, the propulsive performance
can be evaluated under a condition which is closer to the
actual operating condition by setting the operation mode of
the main engine and the governor such as an operating
position of the main engine related to the operation mode of
the main engine 1n actual seas.

In a main engine which burns fuel, the governor corre-
sponds to a mechanical governor or an electronic governor,
and 1n a main engine which uses electricity, the governor
corresponds to an inverter or voltage adjusting means.

In an invention, to derive an index concerning the fuel
consumption of the ship, a standard specific fuel consump-
tion or a specilic fuel consumption which i1s mput 1n the
condition mputting step are used.

According to the invention, since evaluation can be made
under the same condition, a difference caused by fuel quality
does not aflect the evaluation and 1t i1s possible to make
evaluation only by ship propulsive performance. Further, 1t
1s possible to make evaluation also based on an input of
specific fuel consumption which 1s different from a standard
specific Tuel consumption.

In an mvention, life cycle main engine fuel consumption
which 1s based on a total fuel consumption of the main
engine for a long period of the ship 1s derived as the index
concerning the fuel consumption.

According to the mnvention, propulsive performance when
a ship 1s operated for a long period from several years to
several decades can appropriately be evaluated before opera-
tion 1s started for example. A life cycle may be a period from
actual service to docking, a period from docking to next
docking, or a period during which multiple dockings are
assumed.

In an evaluation program of ship propulsive performance
in actual seas, a computer 1s made to read the input of the
condition nputting step in the evaluation method of ship
propulsive performance 1n actual seas, the computer 1s made
to execute the ship response calculating step and the fuel
consumption index deriving step, and the computer 1s made
to execute an index outputting step for outputting the imndex
concerning the fuel consumption.

According to the invention, it 1s possible to evaluate
propulsive performance while taking, into consideration,
weather/marine weather which 1s encountered by the ship in
actual seas, an external force condition and a driving con-
dition of ship which are different depending upon loading
conditions of ships, and change of the external force con-
dition and the driving condition of these ships. Theretfore, 1t
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1s possible to provide a program which precisely evaluates
the ship propulsive performance in actual seas before the
ship sails for example, and which outputs an index concern-
ing the fuel consumption. Further, 1t 1s possible to precisely
evaluate the ship propulsive performance 1n actual seas as an
index concerning fuel consumption, and 1t 1s possible to
cvaluate the fuel consumptions of ships under the same
condition and with the same precision, and compare objec-
tively for example.

In an 1nvention, life cycle main engine fuel consumption
which 1s based on a total fuel consumption of a main engine
for a long period of the ship 1s output as the index concerning
the fuel consumption in the index outputting step.

According to the mnvention, propulsive performance when
a ship 1s operated for a long period from several years to
several decades can appropriately be evaluated before sail-
ing for example.

In an 1nvention, at least a condition which 1s mput in the
condition mputting step 1s output 1n the index outputting step
together with the index concerning the fuel consumption.

According to the mvention, 1t becomes easy to consider
based on what condition the index concerning the fuel
consumption 1s obtained.

In an evaluation system of ship propulsive performance in
actual seas includes standard sailing model setting means for
setting a standard sailing model of the ship 1n actual seas,
condition inputting means for selecting a ship route, setting
a loading condition, setting an evaluation period as sailing
conditions, and mputting a ship condition, ship response
calculating means for applying the calculating method of
ship performance 1n actual seas, at least one of an external
force condition acting on a ship caused by weather/marine
weather which differs depending upon the ship route, the
external force condition of the ship which differs depending
upon a loading condition, and a driving condition of the ship,
as well as at least one of change of the external force
condition caused by the evaluation period, and change of the
driving condition, thereby calculating ship response, a fuel
consumption index deriving means for deriving an index
concerning fuel consumption of the ship based on a calcu-
lation result of the ship response and an operation mode of
a main engine, and fuel consumption index outputting
means for outputting the index concerning the fuel con-
sumption.

According to the invention, 1t 1s possible to provide the
system which evaluates propulsive performance while tak-
ing into consideration, weather/marine weather which 1s
encountered by the ship in actual seas, an external force
condition and a driving condition of ship which are different
depending upon loading conditions of ships, and change of
the external force condition and the driving condition of the
ship. Therefore, 1t 1s possible to precisely evaluate the ship
propulsive performance in actual seas before the ship sails
for example. Further, 1t 1s possible to precisely evaluate the
ship propulsive performance in actual seas as an index
concerning fuel consumption, and 1t 1s possible to evaluate
the fuel consumptions of ships under the same condition and
with the same precision, and compare objectively for
example.

In an invention, the fuel consumption index outputting
means outputs the index concerning the fuel consumption
together with a condition which 1s input by the condition
inputting means.

According to the mvention, 1t becomes easy to consider
based on what condition the index concerning the fuel
consumption 1s obtained.
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Fftect of the Invention

According to an evaluation method of ship propulsive
performance 1n actual seas of the present invention, ship
propulsive performance 1n actual seas can be evaluated also
betore the ship sails for example. Further, 1t 1s possible to
precisely evaluate the ship propulsive performance in actual
seas by using a previously verified calculating method of
ship performance 1n actual seas, and it 1s possible to evaluate
ship propulsive performance under the same condition and
with the same precision, and it 1s possible to compare
objectively for example.

Further, when a weather/marine weather condition i1s
input 1into a standard sailing model as a sailing condition and
ship propulsive performance in actual seas 1s evaluated
using the standard sailing model into which the weather/
marine weather condition 1s input, 1 weather/marine
weather 1n accordance with a ship route as the sailing
condition 1s not incorporated for example, or 1f a target ship
has a sailing policy to navigate while avoiding weather/
marine weather which 1s anticipated to be worse, 1t 1s
possible to make evaluation which 1s tailored to reality of the
situation by inputting an arbitrary weather/marine weather
condition.

Further, the evaluation method of ship propulsive perfor-
mance 1n actual seas includes a standard sailing model
setting step for setting the standard sailing model, a condi-
tion nputting step for selecting a ship route, setting a
loading condition, setting an evaluation period as sailing
conditions, and mputting the ship condition, a ship response
calculating step for applying, to the calculating method of
ship performance 1n actual seas, at least one of an external
force condition acting on a ship caused by weather/marine
weather which differs depending upon the ship route, the
external force condition of the ship which differs depending
upon the loading condition, and a driving condition of the
ship, as well as at least one of change of the external force
condition caused by the evaluation period, and change of the
driving condition, thereby calculating ship response, and a
fuel consumption index deriving step for deriving an index
concerning fuel consumption of the ship based on a calcu-
lation result of the ship response and an operation mode of
a main engine, wherein ship propulsive performance 1in
actual seas 1s evaluated. According to this, 1t 1s possible to
evaluate propulsive performance while taking weather/ma-
rine weather which 1s encountered by the ship in actual seas
into consideration, an external force condition and a driving
condition of ship which are different depending upon load-
ing conditions of ships, and change of the external force
condition and the driving condition of the ship. Therefore, 1t
1s possible to precisely evaluate the ship propulsive perfor-
mance 1n actual seas before the ship sails for example.
Further, 1t 1s possible to precisely evaluate the ship propul-
s1ve performance 1n actual seas as an idex concerning fuel
consumption, and 1t 1s possible to evaluate the fuel con-
sumptions of ships under the same condition and with the
same precision, and compare 1n objectively for example.

The weather/marine weather which differs depending
upon the ship route 1s used by setting occurrence probability
with respect to the weather/marine weather which corre-
sponds to the selected ship route. According to this, the
propulsive performance can be evaluated under a condition
close to the actual operating condition by setting occurrence
probability of the weather/marine weather.

An aging deterioration rate including biological fouling of
the ship’s hull or a propeller which differ depending upon
the evaluation period 1s used as change or the external force
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condition and the driving condition caused by the evaluation
period. According to this, aging deterioration of a ship’s hull
and a propeller caused by biological fouling 1s incorporated
into a condition by using an aging deterioration rate includ-
ing the biological fouling, and it 1s possible to evaluate
propulsive performance under a condition which is closer to
the actual operating condition.

A deterioration rate of a dniving system which drives the
ship and which differs depending upon the evaluation period
1s used as change of the driving condition caused by the
evaluation period. According to this, aging deterioration of
the driving system 1s incorporated into the condition by
using a deterioration rate of the driving system, and it 1s
possible to evaluate the propulsive performance under a
condition which 1s closer to the actual operating condition.

The operation mode of the main engine 1s based on a
driving condition 1s set per a loading condition. According
to this, the operation mode of the main engine caused by a
trim and a draft which 1s diflerent depending upon a loading,
condition can be set as the driving condition. Therefore, the
operation mode of the main engine can be brought into a
condition which 1s closer to the actual operating condition

The operation mode of the main engine and a governor
which relate to an operation mode of the main engine are set
in the condition mmputting step. According to this, the pro-
pulsive performance can be evaluated under the condition
which 1s closer to the actual operating condition by setting,
the operation mode of the main engine and the governor
such as an operating position of the main engine related to
the operation mode of the main engine 1n actual seas.

To dertve an 1index concerning the fuel consumption of the
ship, a standard specific fuel consumption or a specific fuel
consumption which 1s mput 1n the condition inputting step
are used. According to this, since evaluation can be made
under the same condition, a difference caused by fuel quality
does not aflect the evaluation and 1t i1s possible to make
evaluation only by ship propulsive performance. Further, 1t
1s possible to make evaluation also based on an input of
specific fuel consumption which 1s different from a standard
specific Tuel consumption.

Further, life cycle main engine fuel consumption which 1s
based on a total fuel consumption of the main engine for a
long period of the ship 1s derived as the index concerning the
fuel consumption. According to this, propulsive pertor-
mance when the ship 1s operated for a long period from
several years to several decades can appropriately be evalu-
ated before operation 1s started for example.

According to an evaluation program of ship propulsive
performance 1n actual seas of the present invention, it 1s
possible to evaluate propulsive performance while taking
weather/marine weather which 1s encountered by the ship in
actual seas into consideration which 1s encountered by the
ship 1n actual seas, an external force condition and a driving
condition of ship which are different depending upon load-
ing conditions of ships, and change of the external force
condition and the driving condition of the ship. Therefore, 1t
1s possible to provide a program which precisely evaluates
the ship propulsive performance in actual seas before the
ship sails for example, and which outputs an index concern-
ing fuel consumption. Further, 1t 1s possible to precisely
evaluate the ship propulsive performance 1n actual seas as an
index concerning fuel consumption, and 1t 1s possible to
cvaluate the fuel consumptions of ships under the same
condition and with the same precision, and compare 1n
objectively for example.

Further, life cycle main engine fuel consumption which 1s
based on a total fuel consumption of a main engine for a long,
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period of the ship 1s output as the index concerning the fuel
consumption in the index outputting step. According to this,
propulsive performance when the ship 1s operated for a long
period from several years to several decades can appropri-
ately be evaluated before sailing for example.

At least a condition which 1s mput in the condition
inputting step 1s output i the index outputting step together
with the index concerning the fuel consumption. According
to this, 1t becomes easy to consider based on what condition
the index concerning the fuel consumption 1s obtained.

Further, according to an evaluation system of ship pro-
pulsive performance 1n actual seas of the present invention,
it 1s possible to provide the system which evaluates propul-
sive performance while taking weather/marine weather
which 1s encountered by the ship 1n actual seas, into con-
sideration, an external force condition and a driving condi-
tion of ship which are different depending upon loading
conditions of ships, and change of the external force con-
dition and the driving condition of the ship. Therefore, i1t 1s
possible to precisely evaluate the ship propulsive perior-
mance 1n actual seas betfore the ship sails for example.
Further, 1t 1s possible to precisely evaluate the ship propul-
s1ive performance 1n actual seas as an index concerning fuel
consumption, and 1t i1s possible to evaluate the fuel con-
sumptions ol ships under the same condition and with the
same precision, and compare objectively for example.

The fuel consumption index outputting means outputs the
index concerning the fuel consumption together with a
condition which 1s mput by the condition mputting means.
According to this, 1t becomes easy to consider based on what
condition the index concerning the fuel consumption 1is
obtained.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

FIG. 1 1s a conceptual diagram of evaluation of ship
propulsive performance in actual seas according to an
embodiment of the present invention;

FIG. 2 1s a diagram showing an example of characteristics
of main engine output with respect to the main engine
revolution with operation limits;

FIG. 3 1s a block diagram of an evaluation system of ship
propulsive performance in actual seas;

FIG. 4 1s a simplified flow chart of a ship propulsive
performance 1n actual seas evaluation method;

FIG. 5 1s a detailled flow chart of a ship propulsive
performance 1n actual seas evaluation method;

FIG. 6 15 a block diagram showing an example of a ship
propulsive performance 1n actual seas providing system as
another embodiment of the invention;

FIG. 7 1s a block diagram showing another example of the
ship propulsive performance 1n actual seas providing sys-
tem;

FIG. 8 15 a block diagram showing another example of the
ship propulsive performance 1n actual seas providing sys-
tem; and

FIG. 9 1s a usage flow chart of the ship propulsive

performance 1n actual seas providing system shown in FIG.
8.

MOD.

L1

FOR CARRYING OUT THE INVENTION

An evaluation method of ship propulsive performance 1n
actual seas, an evaluation program of ship propulsive per-
formance 1n actual seas and an evaluation system of ship
propulsive performance actual seas according to embodi-
ments of the present mvention will be described below.
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FIG. 1 1s a conceptual diagram of evaluation of ship
propulsive performance 1n actual seas showing a conception
of the evaluation method of ship propulsive performance 1n
actual seas according to the embodiment. FIG. 1 shows a
flow 1 which a previously verified calculating method 1 of
ship performance in actual seas i1s prepared, and a ship
propulsive performance index 3 for evaluating ship propul-
s1ive performance 1n actual seas 1s obtained using a standard
sailling model 2.

The previously verified calculating method 1 of ship
performance 1n actual seas 1s a method 1 which all or a
portion of a basic calculating method of ship performance in
actual seas 1s previously sophisticated and verified as a
calculating method, up to a level at which the ship propul-
sive performance index 3 which evaluates ship propulsive
performance 1n actual seas 1s obtained, based on data
obtained 1n actual seas, a simulation technique which 1is
tallored to actual seas, or propulsive performance ol an
actual ship 1n actual seas.

As the ship propulsive performance index 3, life cycle
main engine fuel consumption 5 can be obtained by applying,
a specific Tuel consumption 4. It 1s also possible to obtain a
result of calculation, as the ship propulsive performance
index 3, which 1s carried out using the calculating method 1
of ship performance in actual seas 1 accordance with a
setting condition as a standard specific fuel consumption of
the standard sailing model 2 without applying the specific
fuel consumption 4.

The calculating method 1 of ship performance 1n actual
seas can apply waves, wind, ocean current, tidal current and
the like as an external force factor which 1s caused by
weather/marine weather encountered 1n actual seas, or an
external force which is varied by drift, rudder and the like of
a ship corresponding to the weather/marine weather to still
water resistance as an external force acting on the ship for
example, the calculating method 1 of ship performance 1n
actual seas can calculate total resistance, and power curves
obtained while taking propeller characteristics into consid-
eration can be used in self-propulsion factors. To enhance
the precision of the calculating method 1 of ship perior-
mance 1n actual seas, 1t 1s possible to use various data
obtained through actual ship monitoring acquired from
actually sailing various kinds of ships, and data obtained
through standard test 1n an actual seas model basin which
emulates actual seas condition. It 1s also possible to reflect
enhancement of precision through a model test technique
and a calculating technique of an element which exerts
influence on operating in actual seas such as added resis-
tance 1n waves, seli-propulsion factors 1n waves and wind
resistance of a superstructure.

As described above, as the previously verified calculating
method 1 of ship performance in actual seas, it 1s possible to
use a calculating method which 1s optimized from various
data obtained 1n actual seas, a calculating method based on
a simulation technique which 1s verified and evaluated by
applying the technique in actual seas, or an evaluated
calculating method while being compared with attained
propulsive performance in actual seas.

By making attempt to enhance the precision of the cal-
culating method 1 of the ship propulsive performance 1n
actual seas, 1t 1s possible to evaluate actual ability of the ship
in actual seas as an objective index (a ruler).

In the standard sailing model 2, 1t 1s applied to the
calculating method 1 of the ship propulsive performance 1n
actual seas, the ship propulsive performance index 3 of
performance 1n actual seas can be obtained while taking, into
consideration, setting of a ship route where the ship sails, an
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external force condition acting on the ship caused by a
difference of the weather/marine weather caused by the set
ship route, an external force condition and a driving condi-
tion caused by trim and drait which differs depending upon
the setting of a loading condition, a driving condition which
1s different depending on the setting of ship’s speed on a
outward voyage and a homeward voyage, the setting of an
operation mode of the main engine which coordinates with
the latter driving condition, variation of the external force
condition and the driving condition caused by aging dete-
rioration which differs depending upon length of an actual
service period caused by the setting of an evaluation period,
and variation of the external force condition and the driving
condition which 1s attributable to biological fouling caused
by adhesion of marine organism which 1s different depend-
ing upon the actual service period and the docking interval.

According to this, concerning the individual ship or a
fleet, 1t 1s possible to evaluate actual ability of the ship 1n
actual seas using the ship performance 1n actual seas when
the ship sails actual seas as the objective index (a ruler), and
it 1s possible to utilize the evaluation for sailing in actual
seas or comparing the actual ability of the ship 1n actual seas.

FIG. 2 1s a diagram showing an example of characteristics
of the main engine output with respect to the main engine
revolution with operation limits.

Usually, 1n ships, main engine operation limits line made
by mean eflective pressure, an overload protection device
are defined as an upper limit of the operation of the main
engine, but there are some ships 1n which 1n addition to this,
an upper limit of a fuel imection 1s designated by an fuel
index. (fuel index, “FI7”, hereinaiter), and 11 the fuel 1njection
exceeds the upper limit, operation to reduce the number of
the engine revolution 1s executed.

The FI 1s the fuel injection, and the value at the maximum
continuous rating (NCR) 1s defined as 100%. By designating
the upper limit of the FI with respect to the main engine
revolution, it 1s possible to obtain an operating position of
the main engine which 1s tailored to the operation limit line
of the main engine made by FI. As an example of this, FIG.
2 shows characteristics of main engine output (BHP) with
respect to the main engine revolution (N5). In FIG. 2, the
abscissa shows the main engine revolution (N.) [rpm], and
the ordinate shows main engine output (BHP) [kW]. This
characteristic diagram can be obtained as power curves of a
ship based on the calculating method 1 of ship performance
in actual seas which assumes a specific ship in actual seas.

Here, BF 1s the Beaufort scale which 1s a scale of wind
speed for classifying strength of wind in actual seas, and
calm means when calm weather condition, and wind speed
becomes higher as BF becomes greater.

FIG. 3 15 a block diagram of the evaluation system of ship
propulsive performance in actual seas according to the
embodiment.

The evaluation system of ship propulsive performance 1n
actual seas includes standard sailing model setting means
10, condition mputting means 20, ship response calculating
means 30, fuel consumption index deriving means 40, fuel
consumption index outputting means 50, storing means 60
and condition calculating means 70.

The standard sailing model 2 1s set using the standard
sailling model setting means 10. Using the condition mput-
ting means 20, a ship route 1s selected, a loading condition
1s set, an evaluation period 1s set as sailing conditions, and
a ship condition 1s 1nput. Using the ship response calculating
means 30, at least one of an external force condition acting
on a ship caused by weather/marine weather which diflers
depending upon the ship route, the external force condition
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of the ship which differs depending upon the loading con-
dition, and a driving condition of the ship, as well as at least
one of change of the external force condition caused by the
evaluation period, and change of the driving condition are
applied to the calculating method 1 of ship performance 1n
actual seas to calculate ship response. Using the fuel con-
sumption index deriving means 40, an index concerning fuel
consumption ol a ship i1s derived as the ship propulsive
performance index 3 based on a calculation result of the ship
response and an operation mode of the main engine. Accord-
ing to this, 1t 1s possible to evaluate propulsive performance
in which weather/marine weather which 1s encountered by
the ship 1n actual seas, the external force condition and the
driving condition of the ship which differs depending upon
the loading condition of the ship, and change of the external
force condition and the driving condition of the ship. There-
fore, 1t 1s possible to precisely evaluation the ship propulsive
performance 1n actual seas before the ship sails for example.
It 1s possible to precisely evaluate the ship propulsive
performance 1n actual seas as an index concerning fuel
consumption, and 1t 1s possible to compared objectively tuel
economies of ships under the same condition and with the
same precision for example.

The evaluation of ship propulsive performance in actual
seas can also be utilized for determination of selection of a
ship course or change fuel not only before the ship sails but
while the ship sails, evaluation of the voyage and evaluation
of the calculating method 1 of ship performance in actual
seas by comparing between an index concerning fuel con-
sumption derived after the ship sails and an index calculated
from an actually consumed fuel amount. It 1s possible to
calculate the ship response using the calculating method 1 of
ship performance 1n actual seas, and only to evaluate the
propulsive performance of the ship in actual seas.

The condition mputting means 20 can commonly be used
for imputting arbitrary weather/marine weather condition by
a user as will be described later, and a biological fouling rate.

Selection of a ship route, setting of the loading condition,
setting an evaluation period, and put of a ship condition
can appropriately change the selection, the setting and the
input.

FIG. 4 1s a simplified flow chart of the evaluation method
of ship propulsive performance 1n actual seas according to
the embodiment.

FI1G. 5 1s a detailed flow chart of the evaluation method of
ship propulsive performance in actual seas according to the
embodiment.

The evaluation system of ship propulsive performance in
actual seas includes a computer in which the evaluation
program of ship propulsive performance 1n actual seas 1s
incorporated, and executes processing 1n the following steps.

First, the standard sailing model 2 of a ship in actual seas
1s read 1n the computer by the standard sailing model setting
means 10, and a model 1s set (standard sailing model setting,
step S1). The standard sailing model 2 1s a standard sailing
model used when ship propulsive performance 1n actual seas
1s evaluated.

After the standard sailing model setting step S1, selection
of the ship route, setting of the loading condition, setting of
the evaluation period, and mput of the ship condition of the
ship as the sailing conditions are received from the user.

As condition inputting step S2, the user mputs the ship
condition using the condition mputting means 20 (ship
condition mputting step S2-1), and selects the ship route,
sets the loading condition and sets the evaluation period
using the condition mputting means 20 (sailing condition
inputting step 32-2) as the sailing condition.
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In the sailing condition inputting step S2-2, ship route
selecting step S2-2-1 for selecting the ship route, and
loading condition setting step S2-2-2 for setting the loading
condition, and evaluation period setting step S2-2-3 for
setting the evaluation period are carried out. According to
this, the ship route, the loading condition and the evaluation
period are set 1n the standard sailing model 2.

It 1s possible to set any one or two of the ship route, the
loading condition and the evaluation period. In this case, the
condition which 1s not set 1s automatically set to a fixed
condition.

In the condition mputting step S2, setting of the operation
mode of the main engine and the governor are received from
the user per the loading condition and the driving condition.
The user sets the operation mode of the main engine and the
governor related to the operating position of the main engine
for each of the outward voyage and the homeward voyage
using the condition mputting means (operation mode setting
step S2-3). The operation mode of the main engine and the
governor are constant of engine revolution, constant output
of the main engine, constant ship speed, fuel index limit and
the like. By setting the operation mode of the main engine
and the governor such as the operating position of the main
engine related to the operation mode of the main engine 1n
actual seas, 1t 1s possible to evaluate the propulsive perfor-
mance under a condition closer to the actual operating
condition.

In the condition putting step S2, mput of the specific
fuel consumption 1s received from the user. The user inputs
an arbitrary specific fuel consumption using the condition
inputting means 20 (specific fuel consumption nputting
step. S2-4).

In the ship route selecting step S2-2-1, the user selects one
or more of ship routes from the ship routes stored in the
storing means 60. Examples of the ship routes are a North
Pacific route, an Australian route and a European route, etc.

I a shup route 1s selected in the ship route selecting step
S2-2-1, selection whether probability standard weather/ma-
rine weather condition 1s used for setting the weather/marine
weather condition and the occurrence probability for the
selected ship route 1s received from the user (standard
weather/marine weather condition selecting step S3). By
setting the occurrence probability of the weather/marine
weather, 1t 1s possible to evaluate the propulsive perior-
mance under a condition which 1s closer to the actual
operating condition. As the occurrence probability of the
weather/marine weather, frequency distribution is set from a
statistical value 1n accordance with a ship route for example.

In the standard weather/marine weather condition select-
ing step S3, when it 1s selected to use the standard weather/
marine weather condition, long-term statistic data corre-
sponding to a ship route selected in the ship route selecting
step S2-2-1 1s extracted from the long-term statistic data of
the standard weather/marine weather condition stored 1n the
storing means 60 (long-term statistic data extracting step
S4).

Based on the long-term statistic data extracted in the
long-term statistic data extracting step S4, the state of the
weather/marine weather and the occurrence probability of
the weather/marine weather condition are set to a ship route
selected 1n the ship route selecting step S2-2-1 (weather/
marine weather and occurrence probability setting step S6).
The user can arbitrarily set the occurrence probability.

On the other hand, 11 it 1s selected not to use the standard
weather/marine weather 1n the standard weather/marine
weather condition selecting step S3, mput of the weather/
marine weather condition 1s recerved from the user. The user
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inputs an arbitrary weather/marine weather condition using
the condition mputting means 20 (weather/marine weather
condition 1nputting step S5). If the arbitrary weather/marine
weather condition 1s 1nput, the procedure 1s shifted to the
weather/marine weather and occurrence probability setting
step 6.

It 1s easier for the user to use the standard weather/marine
weather, but for a ship having a sailing policy to navigate
while avoiding a ship route 1 which weather/marine
weather which 1s anticipated to be worse, there 1s a case
where usage of an arbitrary weather/marine weather condi-
tion 1s more tailored to reality of the situation.

Data concerning the weather/marine weather condition
and the occurrence probability per a ship route which are set
in the weather/marine weather and occurrence probability
setting step S6 are sent to the ship response calculating
means 30.

In the loading condition setting step S2-2-2, the user sets
a loading condition such as a full loaded condition and a
ballast condition for each of the outward voyage and the
homeward voyage. It 1s also possible to set multiple loading,
conditions for the outward voyage and the homeward voy-
age such as changing the loading condition per a discharge
port.

If the loading condition is set 1n the loading condition
setting step S2-2-2, setting of the driving condition per the
loading condition 1s received from the user. If the loading
condition 1s set, draft 1s determined, and an external force
condition of the ship which 1s varied 1n accordance with the
draft 1s set. The user inputs at least one of the main engine
revolution, the main engine output, the main engine torque
and speed using the condition mputting means 20 as a
driving condition (driving condition setting step S7). The
operation mode of the main engine 1s based on the drniving
condition which 1s set per the loading condition. Since the
operation mode of the main engine which 1s attributable to
the trim and the drait which differs depending upon the
loading condition can be set as the driving condition, the
operation mode of the main engine can be brought to a
condition which 1s closer to the actual operating condition.
Based on the assumption that the driving condition 1is
changed 1n some cases 1n accordance with variation of a
status haltfway through voyage, 1t 1s also possible to set
multiple driving conditions with respect to one loading
condition. According to this, 1t 1s possible to evaluate and
compare propulsive performance under various driving con-
ditions. It 1s also possible to even out the loading condition
and change only the driving condition, and even out the
driving condition and change only the loading condition.

Data of the driving condition per the loading condition
which 1s set in the driving condition setting step S7 1s sent
to the ship response calculating means 30.

In the evaluation period setting step S2-2-3, the user sets
a period during which ship propulsive performance 1n actual
seas 1s evaluated. The evaluation period 1s a life cycle of the
ship, and the evaluation period 1s generally set from several
years to several decades, but the life cycle may be a period
from actual service to docking, a period from docking to
next docking, or a period during which multiple dockings
are assumed.

After the actual service, resistance of a ship 1s increased
by attachment of marine organism or rust, and deterioration
of a coating film, and an external force condition acting on
a ship 1s varied. The driving condition 1s changed by wear
and loosening of various portions of the main engine, and
wear and damage of an air supply and exhaust system, a fuel
supply system, a power transmission system and a propeller.
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They can be recovered in some cases by docking and
receiving maintenance, but cannot be recovered in some
cases as aging deterioration. In the evaluation period setting
step S2-3, a setting operation in which these are taken 1nto
consideration 1s carried out.

If the evaluation period i1s set in the evaluation period
setting step S2-2-3, setting of a docking interval, and selec-
tion whether standard aging deterioration rate 1s used are
received from the user.

The user sets the docking interval (docking interval
setting step S8), and selects whether the standard aging
deterioration rate 1s used (standard aging deterioration rate
selecting step S13) using the condition inputting means 20.

In the docking interval setting step S8, the user sets the
interval during which the ship docks for maintenance.

I1 the docking interval 1s set in the docking interval setting,
step S8, selection whether a standard biological fouling rate
1s used for setting a biological fouling rate used when
defacement such as ship’s hull caused by attachment of
slims and marine organisms such as Balanomorpha 1s esti-
mated 1s recerved from the user (standard biological fouling
ratio selecting step S9).

In the standard biological fouling ratio selecting step S9,
if usage of the standard biological fouling ratio 1s selected,
the condition calculating means 70 calculates a standard
biological fouling rate based on the evaluation period and
the like (standard biological fouling rate calculating step
10).

Based on the standard biological fouling rate which 1s
derived by calculation, the biological fouling rate is set for
the respective ship’s hull and propeller (biological fouling
rate setting step S12). By setting the biological fouling rate
as one of variations of the external force condition and the
driving condition 1n the set evaluation period, aging dete-
rioration of the ship’s hull and the propeller caused by the
biological fouling 1s incorporated into the condition, and 1t
1s possible to evaluate the propulsive performance under a
condition which 1s closer to the actual operating condition.
The biological fouling rate includes parameter values of all
of aging deteriorations related to aging deterioration includ-
ing biological fouling, and examples of such parameter
values are biofouling on the ship’s hull and the propeller,
generation of rust and boss, increase of a Iriction resistance
the ship’s hull caused by deterioration of a coating film and
reduction of propulsion efficiency of the propeller.

On the other hand, 1f it 1s selected not to use the standard
biological fouling rate 1n the standard biological fouling
ratio selecting step S9, input of the biological fouling rate 1s
received from the user. The user inputs arbitrary biological
fouling rate using the condition inputting means 20 (bio-
logical fouling rate mputting step S11). If the arbitrary
biological fouling rate 1s input, the procedure is shifted to the
biological fouling rate setting step S12.

It 1s easier for the user to use the standard biological
fouling rate, but degrees of defacement on a ship’s hull and
a propeller and restoration are varied depending upon a
maintenance method and existence or non-existence of
marine organism biofouling preventing means. Therefore, 1T
arbitrary biological fouling rate 1s used, 1t 1s possible to
make evaluation tailored to reality of the situation 1n some
cases. It 1s also possible for the user to correct a standard
biological fouling rate which 1s obtained by calculation.

Data of the biological fouling rates of the ship’s hull and
the propeller which are set in the biological fouling rate
setting step S12 1s sent to the ship response calculating
means 30.
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IT 1t 1s selected to use the standard aging deterioration rate
in the standard aging deterioration rate selecting step S13,
the condition calculating means 70 calculates the standard
aging deterioration rate (standard aging deterioration rate
calculating step S14).

Based on the standard aging deterioration rate which 1s
derived by calculation, aging deterioration rates are set for
the respective ship, the propeller, the main engine and the
governor (aging deterioration rate setting step S16). By
setting the deterioration rates of the ship and the driving
system as one ol variations of the external force condition
and the driving condition 1n a set evaluation period, the
aging deterioration of the driving system 1s incorporated into
the condition, and 1t 1s possible to make evaluation of the
propulsive performance under a condition which 1s closer to

the actual operating condition.

In a main engine which burns fuel, the governor corre-
sponds to a mechanical governor or an electronic governor,
and 1n a main engine which uses electricity, the governor
corresponds to an inverter or voltage adjusting means. A
deterioration rate of the driving system includes all of

parameter values related to deterioration rates which differs
depending upon evaluation periods such as wear and dam-
age ol the main engine, the air supply and exhaust system,
the fuel supply system, the power transmission system and
the propeller.

On the other hand, 1f it 1s selected not to use the standard
aging deterioration rate in the standard aging deterioration
rate selecting step S13, input of the aging deterioration rate
1s received from the user. The user mputs arbitrary aging
deterioration rate using the condition inputting means 20
(aging deterioration rate inputting step S15). If the arbitrary
aging deterioration rate 1s input, the procedure 1s shifted to
the aging deterioration rate setting step S16.

It 1s easier for the user to use the standard aging deterio-
ration rate, but since a degree of the aging deterioration 1s
varied depending upon a maintenance method and perfor-
mance of a device, if arbitrary aging deterioration rate 1s
used, it 1s possible to make evaluation which 1s more tailored
to reality of the situation 1in some cases. The user can also
correct the standard aging deterioration rate which 1s
obtained by calculation.

Among data of the aging deterioration rate which 1s set 1n
the aging deterioration rate setting step S16, data of the
aging deterioration rates of the ship, the propeller and the
main engine 1s sent to the ship response calculating means
30, and the aging deterioration rate of the governor which
exerts influence on the fuel injection 1s sent to the fuel
consumption index deriving means 40.

The ship response calculating means 30 calculates a ship
response of each of the loading condition and the driving
condition, the evaluation period and the weather/marine
weather based on a state and occurrence probability of the
weather/marine weather of the ship route, a driving condi-
tion per the loading condition, the biological fouling rate of
the ship’s hull and the propeller, and data of the aging
deterioration rates of the ship, the propeller and the main
engine (ship response calculating step S17).

In the calculation of the ship response, a relation between
the main engine output, the main engine revolution and
speed through the water 1n actual seas per evaluation period
from external force such as still water resistance, sell-
propulsion factors in still water, open water characteristics
of the propeller, wind forces, steady forces 1n waves, seli-
propulsion factors in waves, drift foces, rudder forces, the

biological fouling rate, and aging deterioration rate.
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In the calculation executed by the ship response calculat-
ing means 30, a fuel consumption of the main engine and
operation mode of the main engine are not put into consid-
eration. Therefore, 1t 1s possible to calculate the ship
response from which influence of the specific fuel consump-
tion of the main engine and the actuation characteristics of
the main engine are removed.

The calculating method 1 of ship performance in actual
seas which 1s applied to the calculation of the ship response
1s a calculating method which 1s previously verified based on
data collected by mounting a monitoring device 1n an actual
ship and data obtained by a test result of a tank test carried
out by a model ship. If the previously verified calculating
method 1 of ship performance 1n actual seas 1s used, 1t 1s
possible to precisely evaluate the ship propulsive perior-
mance in actual seas, and 1t 1s possible to evaluate ships
under the same condition and with the same precision, and
it 1s possible to compare objectively. The previously verified
calculating method 1 of ship performance in actual seas
includes all of a calculating method which 1s optimized from
various data sets obtamned 1n actual seas, a calculating
method based on a simulation technique which 1s verified
and evaluated by applying the same 1n actual seas, and a
calculating method which 1s compared with attained pro-
pulsive performance 1n actual seas and which 1s evaluated
and sophisticated.

After the ship response calculating step S17, selection
whether the amount of standard fuel consumption should be
used for setting the specific fuel consumption 4 1s received
from the user (standard specific fuel consumption selecting
step S18).

If 1t 1s selected to use the standard specific fuel consump-
tion 1n the standard specific fuel consumption selecting step
S18, the condition calculating means 70 calculates the
standard specific fuel consumption (standard specific fuel
consumption calculating step S19).

A specific Tuel consumption (SFC) 4 1s set based on the
standard specific fuel consumption which 1s derived by
calculation (specific fuel consumption setting step S20).

On the other hand, 11 it 1s selected not to use the standard
specific fuel consumption in the standard specific fuel con-
sumption selecting step S18, arbitrary specific fuel con-
sumption which 1s input in the specific fuel consumption
inputting step S2-4 1s read. According to this, 1t 1s possible
to make evaluation also by arbitrary specific fuel consump-
tion which 1s different from the standard specific fuel con-
sumption. If the arbitrary specific fuel consumption 1s read,
the procedure 1s shifted to the specific fuel consumption
setting step S20.

It 1s easier for the user to use the standard specific fuel
consumption, but 1if the arbitrary specific fuel consumption
1s used, 1t 1s possible to make evaluation which 1s more
tailored to reality of the situation in some cases. The user can
also correct a specific fuel consumption which 1s obtained by
calculation. It 1s also possible to set a multiple specific fuel
consumption 4. For example, it 1s also possible to the
specific Tuel consumption 4 according to kinds of fuel such
as Marine Diesel o1l, Marine Fuel o1l and gas fuel, and set
a multiple specific fuel consumption 4 while taking a
difference of property into consideration even 1f the king of
fuel 1s the same.

Data of the specific fuel consumption which 1s set 1n the
specific fuel consumption setting step S20 1s sent to the fuel
consumption index deriving means 40.

The Marine Fuel o1l which 1s mainly used in ships has
variation in property depending upon production area and a
difference of density of about 20% i1s generated. Therelore,
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there 1s a problem that conditions for evaluating the propul-
sive performance are unequal. However, for deriving the
index concerning the fuel consumption of a ship as in this
embodiment, by mputting and setting the specific fuel con-
sumption 4 using the standard specific fuel consumption or
arbitrary specific fuel consumption, it is possible to evaluate
under the same condition. Therefore, a difference caused by
tuel quality does not aflect the evaluation, and 1t 1s possible
to evaluate only by ship propulsive performance. In the
calculation carried out by the ship response calculating
means 30, 1t 1s also possible to calculate ship performance in
actual seas of an individual ship while taking a specific tuel
consumption of the main engine and operation mode of the
main engine into consideration.

The fuel consumption index deriving means 40 calculates
the main engine number of revolution, the main engine
output, the main engine torque, speed, a fuel consumption,
drift angle and a rudder angle as a loading condition, a
driving condition, evaluation period and weather/marine
weather based on the set specific tuel consumption 4 and the
aging deterioration rate of the governor and the like, and the
tuel consumption index deriving means 40 derives an index
concerning the fuel consumption of the ship as the ship
propulsive performance mmdex 3 of performance in actual
seas (fuel consumption index deriving step S21).

The index concerning the fuel consumption can be
derived as the life cycle main engine fuel consumption 3
which shows fuel consumption of the main engine which 1s
calculated from a total fuel consumption of the main engine,
a total transportation distance and a total load capacity for a
long period of the ship which 1s set as the evaluation period.
By deriving the index concerning the fuel consumption as
the life cycle main engine fuel consumption 3, it 1s possible
to approprately evaluate propulsive performance when the
ship 1s operated for a long period from several years to
several decades betfore the operation of the ship 1s started for
example. The index concerning the fuel consumption
includes, 1n addition to the life cycle main engine fuel
consumption 5, fuel consumption of the main engine calcu-
lated from the total fuel consumption of the main engine, the
total transportation distance and the total load capacity for
the evaluation period, and any unit can be selected as a unit
of the fuel consumption. A life cycle may be a period from
actual service to docking, a period from docking to next
docking, or a period during which multiple dockings are
assumed.

The fuel consumption mdex outputting means 30 outputs
the mdex concerning the fuel consumption derived in the
tuel consumption index deriving step S21 to a screen or
paper (index outputting step S22).

The fuel consumption imndex outputting means 30 also
outputs a condition which 1s iput 1n at least the condition
inputting step S2 together with the index concerning the fuel
consumption. According to this, 1t becomes easy for the user
to consider under what condition the index concerning the
fuel consumption 1s derived.

As described above, the standard sailing model 2 of the
ship 1n actual seas 1s set, a sailing condition of the ship and
a ship condition of the ship are input to the standard sailing
model 2, the standard sailing model 2 into which the sailing
condition and the ship condition are put and the ship
condition are applied to the previously verified calculating
method 1 of ship performance in actual seas, and ship
propulsive performance in actual seas 1s evaluated. Accord-
ing to this, it 1s possible to precisely evaluate the ship
propulsive performance in actual seas also, for example,
betore the ship sails.
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Further, a weather/marine weather condition 1s 1nput to
the standard sailing model 2 as a sailing condition, and ship
propulsive performance 1n actual seas 1s evaluated using the
standard sailing model 2 into which the weather/marine
weather condition 1s mput. According to this, when the
weather/marine weather which 1s tailored to the ship route as
the sailing condition 1s not incorporated for example, or
when a ship having the sailing policy such as navigation
while avoiding weather/marine weather which 1s anticipated
to become worse 1s a target, 1t 1s possible to evaluate 1n a
manner more tailored to reality of the situation by nputting
arbitrary weather/marine weather condition.

A providing system of ship performance in actual seas as
another embodiment of the present imvention will be
described next.

Like the evaluation of ship propulsive performance in
actual seas shown i FIG. 1, this system obtains a ship
propulsive performance mdex 3 of performance in actual
seas which evaluates performance of a ship 1n actual seas
using a previously verified calculating method 1 of ship
performance 1n actual seas and a standard sailing model 2 of
the ship.

As the ship propulsive performance index 3, it 1s possible
to obtain a life cycle main engine fuel consumption 3 as the
ship propulsive performance index 3 by applying a specific
fuel consumption 4. It 1s also possible to obtain, together
with the ship propulsive performance index 3 a calculation
result which 1s carried out using the calculating method 1 of
ship performance 1n actual seas which 1s tailored to a setting
condition of the standard sailing model 2 without applying
the specific fuel consumption 4.

The calculating method 1 of ship performance in actual
seas can apply waves, wind, ocean current, tidal current and
the like as an external force factor which 1s caused by
weather/marine weather encountered in actual seas, or an
external force which is varied by drift, rudder and the like of
a ship corresponding to the weather/marine weather to still
water resistance as an external force acting on the ship for
example, the calculating method 1 of ship performance 1n
actual seas can calculate total resistance, and power curves
obtained while taking propeller characteristics 1into consid-
eration can be used 1n a self-propulsion factors.

The precision of the calculating method 1 of ship propul-
sive performance 1n actual seas can be enhanced by using
various data obtained through actual ship monitoring data
acquired from actually sailing various kinds of ships, and
data obtained through standard test in an actual seas model
basin which emulates a real sea condition. It 1s also possible
to precisely obtain an element which exerts influence on
sailling 1n real sea condition such as added resistance 1n
waves, seli-propulsion factors 1n waves and wind resistance
of a superstructure through a model test technique and a
calculating technique, and 1t 1s possible to reflect the same
to the calculating method 1 of ship performance 1n actual
seas to enhance the precision.

As described above, as the previously verified calculating
method 1 of ship performance in actual seas, 1t 1s possible to
use a calculating method which 1s optimized from various
data obtained 1n actual seas, a calculating method based on
a simulation technique which 1s verified and evaluated by
applying the technique in actual seas, or an evaluated and
sophisticated calculating method while being compared with
attained propulsive performance 1n actual seas.

By making attempt to enhance the precision of the cal-
culating method 1 of ship performance 1n actual seas,
reliability of the ship propulsive performance mdex 3 of
performance 1n actual seas which becomes an objective
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index (a ruler) when the actual ability of the ship 1n actual
seas 1s evaluated 1s enhanced.

In the standard sailing model 2, 1t 1s applied to the
calculating method 1 of ship performance 1n actual seas, and
the ship propulsive performance imndex 3 can be obtained
while taking into consideration, the setting of the ship route,
external forces acting on the ship 1 accordance with the
weather/marine weather which differs depending upon the
ship route, external forces condition and a driving condition
tailored to a draft and a trim which differ depending upon the
setting of the loading condition, a dniving condition tailored
to the setting of the ship speed 1n the outward voyage and the
homeward voyage, the setting of the operation mode of the
main engine which 1s associated with the driving condition,
variations of the external force condition and the dniving
condition caused by aging deterioration which diflers
depending upon a length of the actual service period caused
by setting of the evaluation period, and the external force
condition and the driving condition which are attributable to
the biological fouling caused by attachment of slimes and
marine organism which differs depending upon the actual
service period and docking interval.

According to this, it 1s possible to evaluate actual ability
of the ship 1n actual seas using the ship propulsive pertor-
mance index 3 when the ship sails 1in actual seas as the
objective index (a rule), and 1t 1s possible to utilize the
evaluation for sailing of indivisual ship 1n actual seas and for
comparison of the actual ability of ships in actual seas.

FIG. 6 1s a block diagram showing an example of a
providing system of ship propulsive performance in actual
seas as this embodiment.

The providing system of ship propulsive performance in
actual seas of the embodiment includes standard sailing
model setting means 110, condition 1nputting means 120,
calculating means 130 of ship performance in actual seas,
tuel consumption index deriving means 140, and fuel con-
sumption index providing means 150. The providing system
ol ship propulsive performance in actual seas of the embodi-
ment 1s mainly composed a computer and its peripheral
device.

The standard sailing model setting means 110 has a
function for setting the standard sailing model 2. The
standard sailing model setting means 110 includes storing
means 111 and condition calculating means 112. Various
information which 1s necessary for setting the standard
sailing model 2 such as a ship routes and standard weather/
marine weather condition are stored in the storing means
111. The condition calculating means 112 calculates a stan-
dard biological fouling rate and standard aging deterioration
rate as will be described later.

The condition mputting means 120 1s used for mputting a
sailing condition and a ship condition of the ship used by the
standard sailing model 2. The condition inputting means 120
can also be used for inputting an arbitrary specific tuel
consumption 4, the weather/marine weather condition and
the biological fouling rate carried out by the user as will be
described later. The condition inputting means 120 1s an
input device such as a keyboard and a touch panel.

The calculating means 130 of ship performance 1n actual
seas calculates, using the calculating method 1 of ship
performance 1n actual seas, ship performance 1n actual seas
of the ship 1n accordance with conditions of the standard
sailing model 2 and the ship condition into which the sailing
condition 1s 1put.

The fuel consumption index deriving means 140 derives
an index concerning fuel consumption of the ship as the ship
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propulsive performance index 3 based on a calculation result
of the calculating means 130 of ship performance in actual
seas.

The fuel consumption index providing means 150 pro-
vides, to the user, the index concerning the fuel consumption
of the ship derived by the fuel consumption mdex deriving
means 140.

It 1s preferable that the tuel consumption imndex providing
means 150 provides as the index concerning the fuel con-
sumption, to the user, at least one of main engine fuel
consumption, a greenhouse gas exhaust index, a mainte-
nance cost, and transportation efliciency index. According to
this, the user can obtain the main engine fuel consumption,
the greenhouse gas exhaust index, the maintenance cost and
the transportation efliciency index as indexes which shows
ship propulsive performance in actual seas objectively. The

B

greenhouse gas exhaust index may be EEDI (Energy Eili-
ciency Design Index) which 1s related a value showing an
amount ol CO, exhaust when a cargo of 1 ton through 1 mile
at the time of demgmngj or may be EEOI (Energy Efliciency
Operational Indicator) which 1s a value showing an amount
of CO, exhaust by the actual operating condition while using
a fuel usage amount and a voyage distance. The transpor-
tation ethciency mdex may be AER (Annual Efficiency
Ratio) which 1s a value showing energy efliciency calculated
using an actual cargo transportation amount of one year. The
main engine fuel consumption, the greenhouse gas exhaust
index, the maintenance cost and the transportation efliciency
index are characterized 1n that they are indexes 1n which the
evaluation period 1s taken 1nto consideration.

It 1s preferable that the fuel consumption index providing
means 150 provides, to the user, the sailing condition and the
ship condition which are input by the condition inputting
means 120. By providing, to the user, the condition which 1s
input by the condition mputting means 120, the user can
casily cinsiderunder what condition, the mndex concerning
the fuel consumption 1s derived.

Processing tlow of the providing system of ship propul-
sive performance 1n actual seas according to the embodi-
ment will be described based on FIGS. 4 and 5.

The system includes a computer 1n which a providing
program of ship propulsive performance 1n actual seas 1s
incorporated, and the processing 1s executed through the
following steps.

It 1s also possible that the computer reads the providing
program of ship propulsive performance in actual seas 1s as
one of processing, and executes the processing through the
tollowing steps, and this computer integrates arbitrary step
in the following procedure as an individual program
executed by another computer and the former computer
executes the processing.

First, the standard sailing model setting means 110 reads
the standard sailing model 2 of the ship in actual seas and
sets a model (standard sailing model setting step S1). The
standard sailing model 2 1s a standard sailing model which
1s used when performance ship propulsive performance 1n
actual seas 1s evaluated.

After the standard sailing model setting step S1, the
standard sailing model setting means 110 receives, from the
user, mput of the sailing condition and the ship condition
which are used by the standard sailing model 2.

The user mputs the ship condition using the condition
inputting means 120 (ship condition mputting step S2-1),
and 1nputs the sailing condition using the condition mnputting
means 120 (sailing condition mputting step S2-2) as the
condition mputting step S2.




US 11,981,406 B2

21

The ship condition which 1s 1nput in the ship condition
inputting step S2-1 1s an important matter concerning the
ship such as principal dimensions or hull shape.

The sailing condition inputting step S2-2 includes the ship
route selecting step S2-2-1 for selecting a ship route, the
loading condition setting step S2-2-2 for setting the loading
condition, and the evaluation period setting step S2-2-3 for
setting the evaluation period. According to this, the ship
route, the loading condition and the evaluation period are set
in the standard sailing model 2. It 1s preferable that the
sailling condition which i1s input by the user in the sailing
condition 1nputting step S2-2 1s conditions concerning the
ship route, the loading condition and the evaluation period.
According to this, 1t 1s possible to derive the index concern-
ing fuel consumption which 1s tailored to the reality of the
situation under a condition closer to the actual operating
condition. It 1s possible to set one of or a combination of two
of the ship route, the loading condition and the evaluation
period. In this case, for a condition which is not set by the
user, a fixed condition which 1s previously stored in the
storing means 111 i1s automatically set.

In the condition 1mputting step 32, setting of the operation
mode of the main engine and the governor are recerved from
the user per the loading condition and the driving condition.
The user sets the operation mode of the main engine and the
governor related to the operating position of the main engine
as the operation mode of the main engine for each of the
outward voyage and the homeward voyage using the con-
dition inputting means 120 (operation mode setting step
S2-3). The operation mode of the main engine and the
governor are constant of engine revolution, constant output
of the main engine, constant ship speed, and fuel index limat
for example. By setting the operation mode of the main
engine and the governor ol the operating position of the
main engine related to the operation mode of the main
engine 1n actual seas, 1t 1s possible to evaluate ship perfor-
mance 1n actual seas under a condition closer to the actual
operating condition. Data of the operation mode of the main
engine and the governor which are set in the operation mode
setting step S2-3 are sent to the fuel consumption index
deriving means 140.

In the condition 1nputting step S2, mput of the specific
tuel consumption 1s received from the user. The user inputs
arbitrary specific fuel consumption using the condition
iputting means 120 (specific fuel consumption i1nputting
step S2-4).

In the ship route selecting step S2-2-1, the user selects one
or more ship routes from multiple ship routes which are
stored 1n the storing means 111. Examples of the ship routes
are a North Pacific route, an Australian route, and a Furo-
pean route, etc.

If a ship route 1s selected 1n the ship route selecting step
S2-2-1, the standard sailing model setting means 110
recetves, from the user, selection whether the standard
weather/marine weather condition 1s used for setting a
weather/marine weather condition and occurrence probabil-
ity for the selected ship route (standard weather/marine
weather condition selecting step S3). By setting the occur-
rence probability of the weather/marine weather, it 1s pos-
sible to evaluate the propulsive performance under a con-
dition which 1s closer to the actual operating condition. As
the occurrence probability of the weather/marine weather,
frequency distribution 1s set from a statistical value 1n
accordance with a ship route for example.

In the standard weather/marine weather condition select-
ing step S3, when 1t 1s selected to use the standard weather/
marine weather condition which 1s set per a ship route in the
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standard weather/marine weather condition selecting step
S3, the standard sailing model setting means 110 extracts
long-term statistic data corresponding to a ship route
selected 1n the ship route selecting step S2-2-1 from the
long-term statistic data of the standard weather/marine
weather condition stored in the storing means 111 (long-term
statistic data extracting step S4).

Based on the long-term statistic data extracted in the
long-term statistic data extracting step S4, the standard
sailing model setting means 110 sets the state of the weather/
marine weather and the occurrence probability of the
weather/marine weather condition to a ship route selected in
the ship route selecting step S2-2-1 (weather/marine weather
and occurrence probability setting step S6). The user can
arbitrarily set the occurrence probability.

On the other hand, 11 it 1s selected not to use the standard
weather/marine weather 1n the standard weather/marine
weather condition selecting step S3, the standard sailing
model setting means 110 receives mput of the weather/
marine weather condition from the user. The user mputs an
arbitrary weather/marine weather condition using the con-
dition mnputting means 120 (weather/marine weather condi-
tion 1nputting step S3). If the arbitrary weather/marine
weather condition 1s mput, the procedure 1s shifted to the
weather/marine weather and occurrence probability setting,
step S6.

It 1s easier for the user to use the standard weather/marine
weather, but when weather/marine weather which 1s tailored
to a ship route as the sailing condition 1s not incorporated,
or when a target ship has a sailing policy to navigate while
avoilding a ship route 1 which weather/marine weather 1s
anticipated to be worse, there 1s a case where usage of an
arbitrary weather/marine weather condition 1s more tailored
to reality of the situation. To sail while avoiding weather/
marine weather which 1s anticipated to be worse includes
changing a ship course, increasing the ship speed and
passing before the weather/marine weather becomes worse,
reducing the ship speed for preventing the weather/marine
weather from becoming worse, and waiting.

Data concerning the weather/marine weather condition
and the occurrence probability per a ship route which are set
in the weather/marine weather and occurrence probability
setting step S6 are sent to the calculating means 130 of ship
performance 1n actual seas.

In the loading condition setting step S2-2-2, the user sets
a loading condition such as a full loaded condition and a
ballast condition for each of the outward voyage and the
homeward voyage. It 1s also possible to set multiple loading
conditions for the outward voyage and the homeward voy-
age such as changing the loading condition per a discharge
port.

If the loading condition 1s set 1n the loading condition
setting step S2-2-2, the standard sailing model setting means
110 receives setting of the driving condition per the loading,
condition from the user. If the loading condition 1s set, draft
1s determined, and an external force condition of the ship
which 1s varied 1n accordance with the draft 1s set. The user
inputs at least one of the main engine revolution, the main
engine output, the main engine torque and speed using the
condition inputting means 20 as a driving condition (driving
condition setting step S7). The operation mode of the main
engine 1s based on the driving condition which 1s set per the
loading condition. Since the operation mode of the main
engine which 1s attributable to the trim and the drait which
differs depending upon the loading condition can be set as
the driving condition, the operation mode of the main engine
can be brought to a condition which is closer to the actual
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operating condition. Based on the assumption that the driv-
ing condition 1s changed in some cases 1 accordance with
variation of a status halfway through voyage, 1t 1s possible
to set multiple driving conditions with respect to one loading
condition. According to this, 1t 1s possible to evaluate and
compare propulsive performance under various driving con-
ditions. It 1s also possible to even out the loading condition
and change only the driving condition, and even out the
driving condition and change only the loading condition.

Data of the driving condition per the loading condition
which 1s set in the driving condition setting step S7 1s sent
to the calculating means 130 of ship performance 1n actual
seas.

In the evaluation period setting step S2-2-3, the user sets
a period during which ship propulsive performance 1n actual
seas 1s evaluated. The evaluation period 1s a life cycle of the
ship, and the evaluation period 1s set from several years to
several decades, but the life cycle may be a period from
actual service to docking, a period from docking to next
docking, or a period during which multiple dockings are
assumed, and 1t 1s possible to freely set the life cycle.

After the actual service, resistance of a ship 1s increased
by generation of slims and marine organisms, and deterio-
ration of a coating film, and an external force condition
acting on a ship 1s varied. The driving condition and a fuel
injection are changed by wear and loosening of various
portions of the main engine, and wear and damage of an air
supply and exhaust system, a fuel supply system, a power
transmission system and a propeller. They can be recovered
in some cases by docking and recerving maintenance, but
cannot be recovered 1n some cases as aging deterioration. In
the evaluation period setting step S2-2-3, a setting operation
in which these are taken into consideration is carried out.

If the evaluation period 1s set 1 the evaluation period
setting step S2-2-3, the standard sailing model setting means
110 receives, from the user, setting or a docking interval, and
selection whether standard aging deterioration rate 1s used.

The user sets the docking interval (docking interval
setting step S8), and selects whether the standard aging
deterioration rate 1s used (standard aging deterioration rate
selecting step S13) using the condition inputting means 120.

In the docking interval setting step S8, the user sets the
interval during which the ship docks for maintenance.

If the docking interval 1s set 1n the docking interval setting,
step S8, the standard sailing model setting means 110
receives, from the user, selection whether a standard bio-
logical fouling rate 1s used for setting a biological fouling
rate used when defacement such as ship caused by attach-
ment of slims and marine organism such as Balanomorpha
1s estimated (standard biological fouling ratio selecting step
S9).

In the standard biological fouling ratio selecting step S9,
if usage of the standard biological fouling ratio 1s selected,
the condition calculating means 112 calculates a standard
biological fouling rate based on the evaluation period (stan-
dard biological fouling rate calculating step 10).

Based on the standard biological fouling rate which 1s
derived by calculation, the standard sailing model setting
means 110 sets the biological fouling rate for the respective
ship’s hull and propeller (biological fouling rate setting step
S12). By setting the biological fouling rate as one of
variations of the external force condition and the driving
condition 1n the set evaluation period, aging deterioration of
the ship’s hull and the propeller caused by the biological
fouling 1s incorporated into the condition, and it 1s possible
to evaluate the propulsive performance under a condition
which 1s closer to the actual operating condition. The
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biological fouling rate includes parameter values of all of
aging deteriorations related to aging deterioration including
biological fouling, and examples of such parameter values
are biofouling on the ship’s hull and the propeller, genera-
tion of rust and boss, increase of friction resistance of the
ship’s hull caused by deterioration of a coating film and
reduction of propulsion efliciency of the propeller.

On the other hand, 1f it 1s selected not to use the standard
biological fouling rate in the standard biological fouling
ratio selecting step S9, the standard sailing model setting
means 110 recerves mput of the biological fouling rate from
the user. The user mputs arbitrary biological fouling rate
using the condition mputting means 120 (biological fouling
rate inputting step S11). It the arbitrary biological fouling
rate 1s 1input, the procedure 1s shifted to the biological fouling
rate setting step S12.

It 1s easier for the user to use the standard biological
fouling rate, but degrees of fouling an a ship’s hull and a
propeller and restoration are varied depending upon a main-
tenance method and and existence or non-existence of
marine organism biofouling preventing means. Therefore, 1T
arbitrary biological fouling rate 1s used, 1t 1s possible to
make evaluation tailored to reality of the situation 1n some
cases. It 1s also possible for the user to correct a standard
biological fouling rate which 1s obtained by calculation.

Data of the biological fouling rates of the ship’s hull and
the propeller which are set in the biological fouling rate
setting step S12 1s sent to the calculating means 130 of ship
performance 1n actual seas.

I1 1t 15 selected to use the standard aging deterioration rate
in the standard aging deterioration rate selecting step S13,
the condition calculating means 112 calculates the standard
aging deterioration rate (standard aging deterioration rate
calculating step S14).

Based on the standard aging deterioration rate which 1s
derived by calculation, the standard sailing model setting
means 110 sets aging deterioration rates for the respective
ship, the propeller, the main engine and the governor (aging
deterioration rate setting step S16). By setting the deterio-
ration rates of the ship and the driving system as one of
variations of the external force condition and the driving
condition in a set evaluation period, the aging deterioration
of the drniving system 1s incorporated into the condition, and
it 1s possible to make evaluation of the performance under a
condition which 1s closer to the actual operating condition.

In a main engine which burns fuel, the governor corre-
sponds to a mechanical governor or an electronic governor,
and 1 a main engine which uses electricity, the governor
corresponds to an mverter or voltage adjusting means. A
deterioration rate of the driving system includes all of
parameter values related to deterioration rates which differs
depending upon evaluation periods such as wear and dam-
age of the main engine, the power transmission system, the
air supply and exhaust system, the fuel supply system, and
the propeller.

On the other hand, 11 it 1s selected not to use the standard
aging deterioration rate in the standard aging deterioration
rate selecting step S13, the standard sailing model setting
means 110 receives iput of the aging deterioration rate from
the user. The user inputs arbitrary aging deterioration rate
using the condition mnputting means 120 (aging deterioration
rate mputting step S15). If the arbitrary aging deterioration
rate 1s mput, the procedure 1s shifted to the aging deterio-
ration rate setting step S16.

It 1s easier for the user to use the standard aging deterio-
ration rate, but since a degree of the aging deterioration 1s
varied depending upon a maintenance method and perfor-
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mance ol a device, 1l arbitrary aging deterioration rate 1s
used, 1t 1s possible to make evaluation which 1s more tailored
to reality of the situation 1n some cases. The user can also
correct the standard aging deterioration rate which 1s
obtained by calculation.

Among data of the aging deterioration rate which 1s set 1n
the aging deterioration rate setting step S16, data of the
aging deterioration rates of the ship, the propeller and the
main engine 1s sent to the calculating means 130 of ship
performance in actual seas, and the aging deterioration rate
of the governor which exerts intluence on the fuel 1njection
1s sent to the fuel consumption index deriving means 140.

The calculating means 130 of ship performance 1n actual
seas calculates a ship response of each of the loading
condition and the driving condition, the evaluation period
and the weather/marine weather based on a state and occur-
rence probability of the weather/marine weather of the ship
route, a driving condition per the loading condition, the
biological fouling rate of the ship’s hull and the propeller,
and data of the aging deterioration rates of the ship, the
propeller and the main engine (ship response calculating
step S17).

In the calculation of the ship response, a relation between
the main engine output, the main engine revolution and
speed through the water 1n actual seas per evaluation period
from external force such as still water resistance, sell-
propulsion factors in still water, open water characteristics
of the propeller, wind forces, steady force in waves, seli-
propulsion factors in waves, drift forces, rudder forces, the
biological fouling rate, and aging deterioration rate.

In the calculation executed by the calculating means 130
of ship performance in actual seas, a specific fuel consump-
tion of the main engine and actuation characteristics of the
main engine are not put mto consideration. Therefore, 1t 1s
possible to calculate the ship response from, which influence
of the specific fuel consumption of the main engine and the
operation mode of the main engine are removed.

The tuel consumption index deriving means 140 receives,
from the user, selection whether the amount of standard fuel
consumption should be used for setting the specific tuel
consumption 4 (standard specific fuel consumption selecting
step S18).

I 1t 1s selected to use the standard specific fuel consump-
tion 1n the standard specific fuel consumption selecting step
S18, the fuel consumption index deriving means 140 cal-
culates the standard specific fuel consumption (standard
specific Tuel consumption calculating step S19). The condi-
tion calculating means 112 may calculate the standard
specific fuel consumption.

A specific fuel consumption (SFC) 4 1s set based on the
standard specific fuel consumption which 1s derived by
calculation (specific fuel consumption setting step S20).

On the other hand, 1t 1s selected not to use the standard
specific fuel consumption in the standard specific fuel con-
sumption selecting step S18, arbitrary specific fuel con-
sumption which 1s mput 1n the specific fuel consumption
inputting step S2-4 1s read. According to this, 1t 1s possible
to make evaluation also by arbitrary specific fuel consump-
tion which 1s different from the standard specific fuel con-
sumption. If the arbitrary specific fuel consumption 1s read,
the procedure 1s shifted to the specific fuel consumption
setting step S20.

It 1s easier for the user to use the standard specific fuel
consumption, but if the arbitrary specific fuel consumption
1s used, 1t 1s possible to make evaluation which 1s more
tailored to reality of the situation in some cases. The user can
also correct a specific fuel consumption which 1s obtained by

10

15

20

25

30

35

40

45

50

55

60

65

26

calculation. It 1s also possible to set multiple specific tuel
consumption 4. For example, it 1s also possible to the
specific Tuel consumption 4 according to kinds of fuel such
as Marine Diesel o1l, Marine Fuel o1l and gas fuel, and set
multiple specific fuel consumption 4 while taking a differ-
ence of property into consideration even if the king of fuel
1s the same.

The Marine Fuel o1l which 1s mainly used in ships has
variation in property depending upon production area and a
difference of density of about 20% i1s generated. Therelore,
there 1s a problem that conditions for evaluating the ship
propulsive performance in actual seas of the ship are
unequal. However, for deriving an index concerning the fuel
consumption of a ship as in this embodiment, the standard
specific fuel consumption or the arbitrary specific fuel
consumption 1s used, and the specific fuel consumption 4 1s
iput. According to this, since 1t 1s possible to evaluate under
the same condition, a difference caused by fuel quality does
not ailect the evaluation, and it 1s possible to evaluate only
by ship propulsive performance. It 1s also possible to cal-
culate ship performance 1n actual seas of an individual ship
while taking a specific fuel consumption of the main engine
and operation mode of the main engine into consideration.

The fuel consumption index deriving means 140 calcu-
lates the main engine number of revolution, the main engine
output, the main engine torque, speed, a fuel consumption,
a drnift angle and a rudder angle as a loading condition, a
driving condition, evaluation period and weather/marine
weather based on the set specific fuel consumption 4 and the
aging deterioration rate of the governor and the like, and the
fuel consumption index deriving means 140 derives an index
concerning the fuel consumption of the ship as the ship
propulsive performance mdex 3 (fuel consumption index
deriving step S21).

The index concerming the fuel consumption can be
derived as the life cycle main engine fuel consumption 5
which shows fuel consumption of the main engine which 1s
calculated from a total fuel consumption of the main engine,
a total transportation distance and a total load capacity for a
long period of the ship which 1s set as the evaluation period.
By deriving the index concerning the fuel consumption as
the life cycle main engine fuel consumption S, 1t 1s possible
to appropriately evaluate ship propulsive performance in
actual seas when the ship 1s operated for a long period from
several years to several decades before the operation of the
ship 1s started for example. The index concerning the fuel
consumption includes, 1 addition to the life cycle main
engine fuel consumption 5, fuel economy of the main engine
calculated from the total fuel consumption of the main
engine, the total transportation distance and the total load
capacity for the evaluation period, and any umt can be
selected as a unit of the fuel consumption index. A life cycle
may be a period from actual service to docking, a period
from docking to next docking, or a period during which
multiple dockings are assumed.

The fuel consumption index providing means 150 pro-
vides the mndex concerning the fuel consumption derived in
the fuel consumption index deriving step S21 (index pro-
viding step S22).

As described above, this system includes the standard
sailing model setting means 110 which sets a standard
sailing model 2 of a ship 1 actual seas, the condition
inputting means 120 which inputs a sailing condition used
for the standard sailing model 2 and a condition of a ship of
the ship, the calculating means 130 of ship performance in
actual seas which calculates ship propulsive performance 1n
actual seas 1n accordance with the standard sailing model 2
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into the sailing condition 1s input and the ship condition, the
tuel consumption index deriving means 140 which derives
an 1index concerning fuel consumption of the ship based on
a calculation result of the calculating means 130 of ship
performance 1n actual seas, and the fuel consumption index
providing means 150 which provides a derivation result of
the index concerning the fuel consumption. According to
this, also concerning a ship before it sails for example, it 1s
possible to precisely derive an index concerning fuel con-
sumption of the ship in actual seas based on the sailing
condition and the ship condition, and provide the index to
the user.

An evaluation result of the ship propulsive performance in
actual seas can be utilized also during sailing or after sailing
in addition to utilization before sailing. During sailing, the
evaluation result can be utilized for selecting a ship route or
for determiming the change of fuel for example. After the
sailing, the evaluation result can be utilized for evaluation of
vovage by comparing an index concerning fuel consumption
derived before sailing and an index calculated from a fuel
amount which 1s actually consumed or for evaluation of the
calculating method 1 of ship performance 1n actual seas. The
evaluation result need not be utilized for actual sailing, and
the evaluation result can be utilized only for evaluation of
the ship propulsive performance 1n actual seas.

FIG. 7 1s a block diagram showing another example of the
providing system of ship propulsive performance 1n actual
seas according to the embodiment. The same symbols are
allocated to members having the same functions as those 1n
the above described examples, and description thereof waill
be omitted.

The providing system of ship propulsive performance in
actual seas according to this example 1includes the standard
sailing model setting means 110, the condition inputting
means 120, the calculating means 130 of ship performance
in actual seas, the fuel consumption index deriving means
140, the fuel consumption index providing means 1350,
condition obtaining means 160, and performance prediction
result providing means 170. The providing system of ship
propulsive performance in actual seas in the example 1s
mainly composed of a computer, a peripheral device thereot,
and a communication line or a network.

The condition mputting means 120, the standard sailing
model setting means 110, the calculating means 130 of ship
performance 1n actual seas and the fuel consumption index
deriving means 140 are connected to each other through a
specific communication line, and the user iputs the sailing
condition and the ship condition through the communication
line or the network. The fuel consumption mndex providing
means 150 1s connected to a terminal used by the user
through the communication line or the network, and a
derivation result of an index concerning fuel consumption 1s
provided to the user through the communication line or the
network. According to this, even 1 the user exists 1n a distant
place, input of a condition from the user can be received
through the communication line or the network, and provide,
to the user, the index concerning fuel consumption of the
ship 1n actual seas which 1s derived based on the input
condition. Further, even when a plurality of users who
consider to use the same ship exist at a distant location, it 1s
possible to share the condition mput and to commonly have
derivation results of the index concerning fuel consumption
through the communication line or the network. It 1s possible
to concurrently use the communication line and the network.
The meaning that the fuel consumption index providing
means 150 provides the fuel index 1includes a case where the
user goes to check a derivation result stored 1n the storing,
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means or the like of the tuel consumption index providing
means 150. The user may be a ship itself which 1s 1n actual
Service.

The standard sailing model setting means 110 can receive,
from the user, the mput of a planned ship condition which 1s
not in actual service as a ship condition. In this case, the fuel
consumption imndex providing means 150 provides, to the
user, a derivation result of the index concerning fuel con-
sumption of the ship which 1s not 1n actual service.

As described above, this system can receive the input of
the planned ship condition from the user, and can provide,
to the user, the index concerning fuel consumption of the
ship which 1s not 1n actual service in actual seas which 1s
derived based on the 1nput planned ship condition. The user
can review the ship condition of the ship which 1s not 1n
actual service based on the provided index. The ship which
1s not 1 actual service 1s a ship before 1t 1s completed 1n
which 1ts scheme or design 1s considered or the ship as being
constructed. The planned ship condition 1s a ship condition
in which the ship which 1s not 1n actual service 1s scheduled.

When the standard sailing model setting means 110
receives, from the user, input of the planned ship conditions
of ships which are not 1n actual service, the fuel consump-
tion index providing means 150 makes 1t possible to com-
pare derivation results of indexes concerning fuel consump-
tion of the ships which are not 1n actual service, and provides
the derivation results to the user.

As described above, this system receives inputs of
planned ship conditions from the user, and can provide, to
the user, indexes concerning fuel consumption of the ships
which are not 1n actual service in actual seas which are
respectively dertved corresponding to the mput planned ship
conditions 1n a comparable manner. According to this, the
user can easily compare ship propulsive performance in
actual seas which are not in actual service.

When mput of a planned ship condition is received, a
sailling condition and a planned ship condition which are
input by the user using the condition inputting means 120 are
also sent to the condition obtaining means 160 provided 1n
performance predicting means 155. The performance pre-
diction result providing means 170 provides, to the user, a
performance prediction result of a ship which 1s 1n accor-
dance with the sailing condition and the planned ship
condition obtained by the condition obtaining means 160,
and sends the performance prediction result to the calculat-
ing means 130 of ship performance in actual seas. The
performance predicting means 1535 has the condition obtain-
ing means 160 and the performance prediction result pro-
viding means 170. The performance predicting means 1335
may have functions only to obtain a condition and provide
a performance prediction result, or may also have a function
to actually predict performance.

Here, the performance prediction result of a ship 1s a
result 1in which performance of a ship 1s predicted from a
view point which 1s different from an index concerning fuel
consumption derived by the fuel consumption index deriv-
ing means 140 using the calculating method 1 of ship
performance 1n actual seas and the standard sailing model 2,
and the performance prediction result 1s derived by calcu-
lation carried out by computational fluid dynamics (CFD)
which 1s numerical analysis/simulation technique, or a tank
test which simulates real sea condition.

As described above, this system can provide, to the user,
a performance prediction result obtained by the tank test,
numerical analysis/simulation technique executed by the
performance predicting means 155 together with the index
concerning fuel consumption 1 actual seas for the ship
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which 1s not 1n actual service. According to this, the user can
evaluate the ship propulsive performance 1n actual seas of
the ship which 1s not 1n actual service 1n more multifaceted.
manner. It 1s also possible to use a performance prediction
result for the calculating means 130 of ship performance in
actual seas to enmhance the calculation precision of the
calculating means 130 of ship performance 1n actual seas.

The CFD and the tank test which are executed by the
performance predicting means 1355 can be carried out as a
business as a CFD calculation institution or a tank test
institution. When the performance prediction result of a shup
1s derived by the CFD and the tank test, 1t 1s preferable that
a derivation result of an index concerning fuel consumption
1s provided from the fuel consumption index providing
means 150 also to the CFD calculation institution which
carries out the CFD or the tank test istitution having a ship
model basin. According to this, the CFD calculation insti-
tution and the water tank test institution can utilize the
derivation result of the mdex concerning fuel consumption
to enhance the precision of prediction of performance of a
ship.

FIG. 8 1s a block diagram showing another example of the
providing system of ship propulsive performance in actual
seas according to the embodiment. The same symbols are
allocated to members having the same functions as those 1n
the above described examples, and description thereof will
be omitted.

The providing system of ship propulsive performance in
actual seas according to this example includes the standard
sailing model setting means 110, the condition inputting
means 120, the calculating means 130 of ship performance
in actual seas, the fuel consumption index deriving means
140, the fuel consumption index providing means 150, the
condition obtaining means 160, sea trial result providing
means 180, weather/marine weather data obtaining means
191 and sailing data obtaining means 192 as data obtaining
means 190, data accumulating means 200, and standard
sailing model changing means 210. The providing system of
ship propulsive performance 1n actual seas in this example
1s mainly composed of a computer as a server, 1ts peripheral
device, a communication line or a network.

The standard sailing model setting means 110, the calcu-
lating means 130 of ship performance in actual seas and the
fuel consumption index deriving means 140 are possessed,
as a server, by a provider of ship propulsive performance 1n
actual seas which 1s a business operator of the ship propul-
sive performance 1n actual seas. The condition inputting
means 120 and the server are connected to each other
through the communication line or the network. If a sailing
condition and a ship condition are input from the user, the
server derives an index concerning fuel consumption 1in
accordance with a standard sailing model to which a sailing
condition 1s mput and a ship condition.

The fuel consumption index providing means 150 1s
connected to a terminal used by a user or a third party other
than the user through the communication line or the net-
work, and provides, to the user or the third party, a derivation
result of an 1ndex concerning fuel consumption through the
communication line or the network. Information of the
derivation result of the mdex concerning fuel consumption
can be provided to the third party 11 agreement of the user or
the other party of the user 1s gained.

It the provider of ship propulsive performance in actual
seas has the standard sailing model setting means 110 and
the calculating means 130 of ship performance in actual seas
as the server as in this example, the user can obtain the
derivation result of the mndex concerning fuel consumption
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from the outside server. Therefore, it 1s possible to reduce
introduction cost and management cost of a device. Since
the provider of ship propulsive performance 1n actual seas
derives the index concerning fuel consumption 1n an inte-
grated fashion, it becomes easy to constantly keep the
derivation precision of the index irrespective of the user.

The fuel consumption index providing means 150 pro-
vides the index concerning fuel consumption of a target ship
in actual seas also to a third party in addition to the user.
Therefore, the third party also can know and evaluate the
ship propulsive performance 1n actual seas of the ship based
on the 1ndex recerved through the communication line or the
network. The third party 1s a certification institution or a
public institution which certifies an index concerning fuel
consumption for the user, or a business operator of a
chartered ship which charters a ship from a ship owner and
carries out transportation. When the user 1s a business
operator who designs a ship, there can be many cases such
as a case where a ship owner as an ordering party other than
a ship building company as the other party of the user
becomes the third party.

The designing business operator who designs a ship can
receive a request from the shipbuilding company or the ship
owner, can subjectively utilize this system, can commonly
have information together with the business operator itself
or a client, and can design a ship having an excellent index
concerning fuel consumption. When the designing business
operator receives a request from the shipbuilding company
or the ship owner to design a portion of a ship, a sailing
condition and a ship’s hull condition which are not related
to the portion are made the same, an index concerning fuel
consumption when the portion 1s changed 1s obtained and 1t
1s possible to optimize the design of the portion of the ship.

The fuel consumption index providing means 150 pro-
vides a calculation result of the calculating means 130 of
ship performance 1n actual seas to the user or the third party.
By providing the calculation result of the calculating means
130 of ship performance 1n actual seas based on which the
index 1s derived together with the index concerning fuel
consumption, 1t becomes easy for the user to study a sailing
configuration of a ship and review a maintenance period,
make an estimation of the ship, and check an actual power
curves. A calculation result of the ship propulsive perfor-
mance calculating 1n actual seas means 130 can be provided
by separately providing means to provide the calculation
result without through the fuel consumption index providing
means 130.

It 1s preferable that the fuel consumption index providing

means 150 provides, also to the third party, the sailing
condition and the ship condition which are input by the
condition 1nputting means 120. By providing the conditions
which are input by the condition inputting means 120 also to
the third party, the third party can easily consider based
under what condition the index concerning fuel consumption
1s derived.
The standard sailing model setting means 115 can receive,
from the user, the mput of a designed ship condition of an
actual service ship as the ship condition. In this case, the fuel
consumption index providing means 150 provides a deriva-
tion result of the mdex concerning fuel consumption of the
actual service ship to the user.

As described above, this system can receive the input of
the designed ship condition from the user, and provide, to
the user, the index concerning fuel consumption of the actual
service ship in actual seas which i1s derived based on the
input designed ship condition. The user can select a ship
route, and consider the maintenance period based on the
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provided index. The actual service ship 1s a ship whose
construction 1s completed, and also includes a ship which 1s
on the way to inspection before the actual service. The
designed ship condition 1s a ship condition whose design
concerning the actual service ship 1s completed. The actual
service ship may be a ship 1tself as the user, and the system
can be utilized when a ship i1s chartered, when purchase of
a used ship 1s considered, and when a ship which 1s suitable
for a ship route 1s considered.

When the standard sailing model setting means 110
receives inputs of designed ship conditions of multiple
actual service ships from the user, the fuel consumption
index providing means 150 makes it possible to compare
derivation results of indexes concerning fuel consumption of
the multiple actual service ships, and provides the same to
the user.

As described above, this system can receive the mputs of
the multiple designed ship conditions from the user, and can
provide, to the user, the indexes concerning fuel consump-
tion of actual service ships in actual seas respectively
derived corresponding to the mput multiple designed ship
conditions. According to this, the user can easily compare
the ship propulsive performance 1n actual seas of the actual
service ships.

When mput of the designed ship condition 1s recerved, the
sailing condition and the designed ship condition which are
input by the user using the condition inputting means 120 are
sent also to the condition obtaining means 160. The sea trial
result providing means 180 provides, to the user, a sea trial
result of a ship tailored to the sailing condition and the
designed ship condition obtained by the condition obtaining
means 160, and sends the sea trial result to the calculating
means 130 of ship performance 1n actual seas. In this case,
sea trial means 185 1s provided with the condition obtaining
means 160 and the sea trial result providing means 180.

As described above, this system can provide, to the user,
the sea trial result obtained by the sea trial means 185
together with the index concerning fuel consumption in
actual seas for the actual service ship. According to this, the
user can evaluate the ship propulsive performance 1n actual
seas ol the actual service ship 1n more multifaceted manner.
It 1s also possible to use the sea trial result i the calculating
means 130 of ship performance 1n actual seas to enhance the
calculation precision of the calculating means 130 of ship
performance 1n actual seas. The sea trial means 185 may
have only functions for obtaining a condition and providing
a sea trial result, or may also have a function for obtaining
data caused by actual sea trial.

When a sea trial institution other than the user or a third
party carries out sea trial of a ship at sea or shop test of an
engine or shop test of a device as a business, it 1s preferable
that a derivation result of the index concerning fuel con-
sumption 1s provided from the fuel consumption index
providing means 150 also to the sea trial institution which 1s
the sea trial means 185. According to this, the sea trial
institution can utilize the derivation result of the index
concerning fuel consumption for enhancing the sea trial
method.

The weather/marine weather data obtaining means 191
and the sailing data obtaining means 192 are provided 1n a
sailing ship for example. The weather/marine weather data
obtaining means 191 obtains weather/marine weather data 1n
actual seas. The sailing data obtaining means 192 obtains
sailing data of a ship 1n actual seas. The sailing data 1s the
main engine revolution, main engine torque and speed for
example. The obtained weather/marine weather data 1n the
real sea area and the sailing data can be utilized for enhanc-
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ing precision of the calculating method 1 of ship perfor-
mance 1n actual seas. The data obtaining means 190 may be
limited to acquisition of the sailing data and acquisition of
weather/marine weather data, or may also have a sensor
function for actually obtaining data.

The weather/marine weather data obtained by the
weather/marine weather data obtaining means 191 and the
sailing data obtained by the sailing data obtaining means 192
are accumulated in the data accumulating means 200. The
data accumulating means 200 1s a storing device such as a
hard disk for example.

The weather/marine weather data and the sailing data may
be data obtained by a specific ship or data obtained by an
unspecified ship, but 1t 1s preferable that the weather/marine
weather data and the sailing data are obtained as a set. It 1s
also possible that the weather/marine weather data obtained
by the weather/marine weather data obtaining means 191
and the sailing data obtained by the sailing data obtaining
means 192 are mnput as a sailing condition and a weather/
marine weather condition by the condition inputting means
120 per a ship route. A ship operation company which sails
a ship accumulates data, and the data can be put 1nto service
when the weather/marine weather condition corresponding
to a ship route 1s input.

The standard sailing model changing means 210 changes
the standard sailing model 2 based on the weather/marine
weather data and the sailing data accumulated in the data
accumulating means 200. The contents of the changed
standard sailing model 2 1s stored in the storing means 111.
The standard sailing model 2 1s improved based on the
accumulated weather/marine weather data and the sailing
data, and it 1s possible to derive an index concerning fuel
consumption more precisely and provide the index. When
the standard sailing model 2 1s changed, a provider of ship
propulsive performance in actual seas temporarily stops the
provision of service of this system. The provider of ship
propulsive performance 1n actual seas previously informs
the user of stop of the system and then, the provider stops the
provision. The provider of ship propulsive performance in
actual seas previously verifies the change of the standard
sailling model 2 and then, changes the standard sailing model
2. The standard sailing model 2 1s changed based on
determination of the provider of ship propulsive pertor-
mance 1n actual seas, but the fact that the standard sailing
model 2 1s changed 1s informed also to the user and the like
when the standard sailing model 2 1s changed or when next
ship propulsive performance in actual seas 1s provided, and
version mformation 1s always provided to the user together
with provision of an index concerning fuel consumption.

FIG. 9 1s a usage flow chart of an example of the
providing system of ship propulsive performance in actual
seas shown i FIG. 8.

In FIG. 9, a left side shows the user, and a right side shows
the provider of ship propulsive performance 1n actual seas.
A terminal used by the user, a server possessed by the
provider of ship propulsive performance in actual seas
(standard sailing model setting means 110, the calculating
means 130 of ship performance in actual seas and fuel
consumption index dertving means 140), and the fuel con-
sumption index providing means 150 are connected to each
other through the commumnication line or the network.

The server previously produces an access key and man-
ages the same (access key managing step S30).

The user requests to utilize the service of the system from
the terminal (service requesting step S31). If the server
receives the request to utilize the service, the access key 1s
selected (access key selecting step S32), and the access key
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1s 1ssued for the user (access key issuing step S33). The
1ssued access key 1s displayed on the terminal of the user
(access key displaying step S34),

When the user utilizes this system, the obtained access
key sends to the server (access key sending step S35). The
server certificates the user based on the received access key
(certificating step S36). 11 the certification 1s completed, the
user can utilize the system.

After the certificating step S36, the user inputs the sailing
condition and the ship condition used 1n the standard sailing
model 2 using the condition inputting means 120 (1nitial
condition inputting step S37). The server recerve the selec-
tion of a ship route and the setting of the loading condition,
and checks the user whether standard weather/marine
weather condition, a standard biological fouling rate, and a
standard aging deterioration rate are used (additional con-
dition checking step S38). When the user selects not to use
the standard weather/marine weather condition, the standard
biological fouling rate, and the standard aging deterioration
rate, the user iputs arbitrary weather/marine weather con-
dition, a biological fouling rate and a aging deterioration rate
using inputting means 120 (additional condition inputting,
step S39).

In the server, when the user selects to use the standard
biological fouling rate and the standard aging deterioration
rate, the standard sailing model setting means 110 calculates
the standard biological fouling rate and the standard aging
deterioration rate using the condition calculating means 112
(condition calculating step S40). The calculating means 130
of ship performance 1n actual seas calculates the ship
propulsive performance in actual seas in accordance with the
standard sailing model 2 into which the sailing condition 1s
input and the ship condition (calculating step S41 of ship
propulsive performance 1n actual seas). A calculation result
of the calculating means 130 of ship performance in actual
seas 1s sent to the user and the fuel consumption i1ndex
deriving means 140. The fuel consumption index deriving
means 140 calculates an index concerning fuel consumption
of the ship based on the received calculation result (fuel
consumption index calculating step S42).

The index concerning fuel consumption of the ship
derived by the fuel consumption index deriving means 140
1s provided from the fuel consumption index providing
means 150 to the user (fuel consumption imdex providing
step 343).

Various kinds of certification methods can be applied as a
certification method, but 1t 1s preferable that triple certifi-
cation (IEEE802.1X certification, Web certification, MAC
certification) from the viewpoint of realizing strong security
environment and reducing risk of unauthorized access. In
the case of an actual service ship, a ship’s name or an
identification number of a ship can also be used for certifi-
cation of the user, and it 1s also possible to use a ship
condition which 1s associated with the ship’s name and the
identification number of the ship as a ship condition.

The preferable embodiments of the present invention have
been described above, the invention i1s not limited to the
embodiments, the mvention can variously be modified and
carried out within a range of the patent claims, the detailed
description of the mmvention and the accompanying draw-
ings, and needless to say, such modifications belong to the
scope of the mvention.

Lastly, the following additional statements are further
disclosed concerning the above description.

A technical field of the present invention can be a pro-
viding system of ship propulsive performance 1n actual seas.
An object of the invention is to provide a providing system
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of ship propulsive performance in actual seas capable of
precisely evaluating ship propulsive performance in actual
seas on the same scale also before the ship sails for example.

Additional Statement 1

A providing system of ship propulsive performance in
actual seas comprising standard sailing model setting means
for setting a standard sailing model of the ship 1n actual seas,
condition 1mputting means for mnputting a sailing condition
used for the standard sailing, model and a ship condition of
the ship, calculating means of ship performance in actual
seas for calculating ship performance in actual seas in
accordance with the standard sailing model 1into which the

sailing condition 1s input and the ship condition, fuel con-
sumption mdex deriving means for dertving an index con-
cerning fuel consumption of the ship based on a calculation
result of calculating means of ship performance 1n actual
seas, and fuel consumption index providing means for
providing a derivation result of the index concerning the fuel
consumption.

According to the above conﬁguration also concerning a
ship before 1t sails for example it 1s possible to premsely
derive the index concerning the fuel consumption of the ship
in actual seas based on the sailing condition and the ship
condition, and provide the index.

Additional Statement 2

The providing system of ship propulsive performance 1n
actual seas described 1n the additional statement 1, wherein
a weather/marine weather condition 1s 1nput as the sailing
condition by the condition 1mnputting means, and the calcu-
lating means of ship performance 1n actual seas calculates
ship propulsive performance 1n actual seas using the stan-
dard sailing model into which the weather/marine weather
condition 1s 1put.

According to the above configuration, when the weather/
marine weather which 1s tailored to a ship route as a sailing
condition 1s not incorporated for example, or when a ship
having a sailing policy to navigate while avoiding weather/
marine weather which 1s anticipated to become worse 1s a
target, 1t 1s possible to evaluate 1n a manner more tailored to
reality of the situation by mputting arbitrary weather/marine
weather condition.

Additional Statement 3

The providing system of ship propulsive performance 1n
actual seas described in the additional statement 1 or 2,
wherein the condition inputting means allows a user to input
the sailing condition and the ship condition through at least
one of a communication line and a network, and the fuel
consumption index providing means provides, to the user, a
derivation result of the index concerning the fuel consump-
tion through at least one of the communication line and the
network.

According to the above configuration, even if the user
exists 1n a distant place, input of a condition from the user
can be received through the communication line or the
network, and provide, to the user, the index concerning the
tuel consumption of the ship 1n actual seas which 1s derived
based on the iput condition.

Additional Statement 4

The providing system of ship propulsive performance 1n
actual seas described 1n the additional statement 3, wherein
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a plan of ship condition of a ship which 1s not 1n actual
service 1s mput as the ship condition, and a derivation result
of the index concerning the fuel consumption of the ship
which 1s not in actual service 1s provided.

According to the above configuration, iput of the
planned ship condition 1s received from the user, and can
provide, to the user, the index concerming the fuel consump-
tion of the ship which 1s not 1n actual service 1n actual seas
which 1s derived based on the mput planned ship condition.
The ship which 1s not 1n actual service 1s a ship before 1t 1s
completed 1n which 1ts scheme or design 1s considered or the
ship 1s being constructed. The planned ship condition 1s a

ship condition in which a ship which 1s not 1n actual service
1s scheduled.

Additional Statement 3

The providing system of ship propulsive performance in
actual seas described 1n the additional statement 4, wherein
plan of ship conditions of ships which are not 1n actual
service are input, 1t makes 1t possible to compare derivation
results of indexes concerning the fuel consumptions of the
ships which are not 1n actual service and provide the same.

According to this configuration, input of planned ship
conditions 1s received from the user, and can provide, to the
user, mdexes concerning fuel consumption of ships which
are not 1n actual service 1n actual seas which are respectively
derived corresponding to the mput planned ship conditions
in a comparable manner.

Additional Statement 6

The providing system of ship propulsive performance in
actual seas described in the additional statement 4 or 3,
turther including condition obtaining means for obtaining
the plan of ship condition which 1s iput as the sailing
condition and the ship condition, and performance predic-
tion result providing means for providing a performance
prediction result of the ship which 1s tailored to the sailing
condition and the plan of ship condition.

According to the above configuration, 1t 1s possible to
provide, to the user, a performance prediction result obtained
by a tank test, a numerical analysis/simulation technique for
example together with the index concerning the fuel con-
sumption in actual seas concerning the ship which 1s not 1n
actual service. It 1s also possible to use the performance
prediction result for the calculating means of ship perfor-
mance 1n actual seas to enhance the calculation precision of
the calculating means of ship performance 1n actual seas.

Additional Statement 7

The providing system of ship propulsive performance in
actual seas described 1n the additional statement 3, wherein
a designed ship condition of an actual service ship 1s input
as the ship condition, and a denivation result of an index
concerning the fuel consumption of the actual service ship 1s
provided.

According to this configuration, the mnput of the designed
ship condition 1s received from the user, and provide, to the
user, the index concerning the fuel consumption of the actual
service of the ship in actual seas which 1s derived based on
the mput designed ship condition. The actual service of the
ship 1s a ship whose construction 1s completed, and also
includes a ship which 1s on the way to inspected before
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actual service. The designed ship condition 1s a ship condi-
tion whose design concerning the actual service ship 1s

completed.

Additional Statement 8

The providing system of ship propulsive performance 1n
actual seas described 1n the additional statement 7, wherein
the designed ship conditions of the actual service ships, and
derivation results of indexes concerning the fuel consump-
tions of the actual service ships are provided in a comparable
manner.

According to this configuration, inputs of designed ship
conditions are received from the user, and can provide, to the
user, indexes concerning fuel consumptions of actual service
ships 1n actual seas respectively derived corresponding to
the mput designed ship conditions.

Additional Statement 9

The providing system of ship propulsive performance 1n
actual seas described in the additional statement 7 or 8,
including condition obtaiming means for obtaining the
designed ship condition which 1s input as the sailing con-
dition and the ship condition, and sea trial result providing
means for providing a sea trial result of the ship which 1s
tallored to the sailing condition and the designed ship
condition.

According to this configuration, it 1s possible to provide
the sea trial result to the user together with an index
concerning the fuel consumption 1n actual seas for the actual
service ship. It 1s also possible to use the sea trial result 1n
the calculating means of ship performance 1 actual seas to
enhance the calculation precision of the calculating means of
the ship performance 1n actual seas.

Additional Statement 10

The providing system of ship propulsive performance in
actual seas described 1n the additional statement 3, wherein
the fuel consumption index providing means provides, to a
third party other than the user, a dertvation result of an index
concerning the fuel consumption through at least one of the
communication line and the network.

According to this configuration, the index concerning the
fuel consumption of a ship 1n actual seas 1s provided not only
to the user but also to the third party, and the third party also
can know and evaluate ship propulsive performance 1n
actual seas of a ship based on the index received through the
communication line or the network.

Additional Statement 11

The providing system of ship propulsive performance 1n
actual seas described in any one of the additional statements
3 to 10, wherein a provider of ship propulsive performance
in actual seas possesses the standard sailing model setting
means and the calculating means of ship performance in
actual seas as a server, and a derivation result of an index
concerning the fuel consumption utilizing the server is
provided.

According to this configuration, since the user can obtain
a dertvation result of an index concerming the fuel consump-
tion from the outside server, 1t 1s possible to reduce an
introduction cost and a management cost of a device. The
provider of ship propulsive performance in actual seas can
also possess fuel consumption index deriving means as a
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server and provide the derivation result of the index con-
cerning the fuel consumption.

Additional Statement 12

The providing system of ship propulsive performance in
actual seas described 1n any one of the additional statements
1 to 11, wherein multiple sailing conditions which are input
by the condition mmputting means 1s a ship route, a loading
condition, and an evaluation period.

According to this configuration, it 1s possible to derive
and provide an index concerning the fuel consumption
which 1s tailored to reality of a ship under a condition closer
to actual operating condition.

Additional Statement 13

The providing system of ship propulsive performance in
actual seas described in any one of the additional statements
1 to 12, further including at least one of weather/marine
weather data obtaining means for obtaining weather/marine
weather data 1n actual seas and sailing data obtaining means
for obtaining sailing data of the ship 1n actual seas, wherein
the providing system of ship propulsive performance in
actual seas further includes data accumulating means for
accumulating at least one of the obtained weather/marine
weather data and the sailing data, and standard sailing model
changing means for changing the standard sailing model
based on at least one of the accumulated weather/marine
weather data and the sailing data.

According to this configuration, by obtaining the weather/
marine weather data and the sailing data 1n actual seas, 1t 1s
possible to utilize the calculating method of ship perior-
mance 1n actual seas to enhance the precision. Further, 1t 1s
possible to improve the standard sailing model based on the
accumulated weather/marine weather data and sailing data
to more precisely derive and provide the index concerning
the fuel consumption.

Additional Statement 14

The providing system of ship propulsive performance in
actual seas described 1n any one of the additional statements
1 to 13, wherein the fuel consumption index providing
means provides at least one of main engine fuel consump-
tion, a greenhouse gas exhaust index, a maintenance cost, a
transportation efliciency index as an index concerming the
tuel consumption.

According to this configuration, 1t 1s possible to provide
the main engine fuel consumption, the greenhouse gas
exhaust 1ndex, the maintenance cost and the transportation
ciliciency index as an index which objectively indicates
performance of the ship in actual seas.

Additional Statement 15

The providing system of ship propulsive performance in
actual seas described in any one of the additional statements
1 to 14, wherein the fuel consumption index providing
means provides at least one of the calculation result of the
calculating means of ship performance 1n actual seas, the
sailing condition and the ship condition which are mput by
the condition inputting means.

According to this configuration, it 1s possible to provide,
to the user together with the index concerning the fuel
consumption, the calculation result of the calculating means
of ship performance 1n actual seas which becomes a base to
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derive the index. According to this, the user easily study
sailling configuration of the ship and easily reviews a main-
tenance period, and easily check an actual power curves. It
1s possible to provide a condition which 1s input by the
condition mputting means to the user. According to this, the
user can easily consider under what condition the index
concerning the fuel consumption 1s derived.

The above description includes typical embodiments by
the present disclosures. These examples are for description
and the present invention 1s not limited to the examples. The
present disclosures may be carried out 1n a configuration
which 1s different from a configuration described in the
specification expressly, and various corrections, optimiza-
tion and modifications which coincides with the scope of
claims can be realized by a person skilled in the art.

INDUSTRIAL APPLICABILITY

If the evaluation method of ship propulsive propulsive
performance 1n actual seas, the evaluation program of ship
propulsive performance in actual seas and the evaluation
system of ship performance in actual seas of the present

invention are used, 1t 1s possible to appropriately evaluate
propulsive performance in actual seas also before the ship
sails.

Further, 11 the providing system of ship propulsive per-
formance 1n actual seas of the invention 1s used, it 1s possible
to appropriately evaluate performance of the ship in actual
seas also before the ship sails for example.

EXPLANAITION OF SYMBOLS

1 calculating method of ship performance 1n actual seas
2 standard sailing model

4 specific fuel consumption

5 life cycle main. engine fuel consumption
10 standard sailing model setting means

20 condition mnputting means

30 ship response calculating means

40 fuel consumption. index deriving means
50 fuel consumption index outputting means
S1 standard sailing model setting step

S2 condition mputting step

S17 ship response calculating step

S21 fuel consumption mdex deriving step
S22 mdex outputting step

The mvention claimed 1s:
1. An evaluation method of ship propulsive performance
in actual seas, comprising the steps of:

setting a standard sailing model of a ship;

inputting a sailing condition of the ship and a ship
condition of the ship to the standard sailing model;

applying the standard sailing model which has received
the sailing condition and the ship condition therein to a
previously verified calculating method of ship pertor-
mance 1n actual seas; and thereafter,

cvaluating propulsive performance of the ship 1n actual
seas, wherein

the calculating method of ship performance in actual seas
1s a method 1 which all or a portion of a basic
calculating method of ship performance in actual seas
1s previously verified as a calculating method, at which
a ship propulsive performance index which evaluates
ship propulsive performance in the actual seas 1s
obtained, based on data obtained in the actual seas, a
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simulation technique which 1s tailored to the actual
seas, or propulsive performance of an actual ship 1n the
actual seas,

the evaluation method of ship propulsive performance 1n
actual seas, further comprising;:

a standard sailing model setting step for setting the
standard sailing model;

a condition mputting step for selecting a ship route,
setting a loading condition, setting an evaluation period
as sailing conditions, and mnputting the ship condition;

a ship response calculating step for applying, to the
calculating method of ship performance in actual seas,
at least one of an external force condition acting on a
ship caused by weather/marine weather which ditfers
depending upon the ship route, the external force
condition of the ship which differs depending upon the
loading condition; and a driving condition of the ship,
as well as at least one of change of the external force
condition caused by the evaluation period, and change
of the driving condition, thereby calculating ship
response; and

a fuel consumption imndex deriving step for deriving an
index concerning fuel consumption of the ship based on
a calculation result of the ship response and an opera-
tion mode of a main engine.

2. The evaluation method of ship propulsive performance
in actual seas according to claim 1, wherein a weather/
marine weather condition 1s mput to the standard sailing
model as the sailing condition, and ship propulsive perior-
mance 1n actual seas 1s evaluated using the standard sailing
model into which the weather/marine weather condition 1s
input.

3. The evaluation method of ship propulsive performance
in actual seas according to claim 1, wherein the weather/
marine weather which differs depending upon the ship route
1s used by setting occurrence probability with respect to the
weather/marine weather which corresponds to the selected
ship route.

4. The evaluation method of ship propulsive performance
in actual seas according to claim 1, wherein an aging
deterioration rate including biological fouling of the ship’s
hull or a propeller which difler depending upon the evalu-
ation period 1s used as change of the external force condition
and the driving condition caused by the evaluation period.

5. The evaluation method of ship propulsive performance
in actual seas according to claim 1, wherein a deterioration
rate of a driving system which drnives the ship and which
differs depending upon the evaluation period 1s used as
change of the driving condition caused by the evaluation
period.

6. The evaluation method of ship propulsive performance
in actual seas according to claim 1, wherein an operation
mode of the main engine 1s based on the driving condition
which 1s set per the loading condition.

7. The evaluation method of ship propulsive performance
in actual seas according to claim 2, wherein operation mode
of the main engine and a governor which relate to an
operation mode of the main engine are set in the condition
inputting step.

8. The evaluation method of ship propulsive performance
in actual seas according to claim 1, wherein to derive an
index concerning the fuel consumption of the ship, a stan-
dard specific fuel consumption or a specific Tuel consump-
tion which 1s 1mput in the condition mputting step are used.

9. The evaluation method of ship propulsive performance
in actual seas according to claim 1, wherein life cycle main
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engine fuel consumption which 1s based on a total fuel
consumption of the main engine for a long period of the ship
1s derived as the index concerning the fuel consumption.

10. A non-transitory computer readable storage medium
containing program instructions for causing a computer to
execute steps for an evaluation program of ship propulsive
performance 1n actual seas, the steps comprising:

the condition inputting step in the evaluating method of
ship propulsive performance in actual seas according to
claim 1;

the ship response calculating step;

the fuel consumption mdex deriving step; and further-
more, an mdex outputting step for outputting the index
concerning the fuel consumption.

11. The non-transitory computer readable storage medium
according to claim 10, wherein life cycle main engine fuel
consumption which 1s based on a total fuel consumption of
a main engine for a long period of the ship 1s output as the
index concerning the fuel consumption 1n the index output-
ting step.

12. The non-transitory computer readable storage medium
according to claim 10, wherein at least a condition which 1s
input in the condition mputting step 1s output 1n the index
outputting step together with the index concerming the fuel
consumption.

13. An evaluation system of ship propulsive performance
in actual seas, comprising:

a standard sailing model setting means for setting a

standard sailing model of the ship 1n actual seas;

a condition mputting means for selecting a ship route,
setting a loading condition, setting an evaluation period
as sailing conditions, and mputting a ship condition;

a ship response calculating means for applying the cal-
culating method of ship performance 1n actual seas, at
least one of an external force condition acting on a ship
caused by weather/marine weather which diflers
depending upon the ship route, the external force
condition of the ship which differs depending upon the
loading condition, and a driving condition of the ship,
as well as at least one of change of the external force
condition caused by the evaluation period, and change
of the dniving condition, thereby calculating ship
response; a fuel consumption index deriving means for
deriving an 1index concerning fuel consumption of the
ship based on a calculation result of the ship response
and an operation mode of a main engine; and

a Tuel consumption index outputting means for outputting
the index concerning the fuel consumption, wherein

the calculating method of ship performance in actual seas
1s a method 1 which all or a portion of a basic
calculating method of ship performance in actual seas
1s previously verified as a calculating method, at which
a ship propulsive performance index which evaluates
ship propulsive performance in the actual seas 1s
obtained, based on data obtained in the actual seas, a
simulation technique which 1s tailored to the actual

seas, or propulsive performance of an actual ship 1n the
actual seas.

14. The evaluation system of ship propulsive performance
in actual seas according to claim 13, wherein the fuel
consumption index outputting means outputs the index
concerning the fuel consumption together with a condition
which 1s input by the condition inputting means.
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