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Abstract - 7he precise prediction of ships propulsion performance is very important to find out the ships optimum route. This paper
describes the development of computer program to generate the database of propulsion perlormance or the ships optimum routing system.
The propulsion performance of ship in the sea is caused by not only ships conditions such as drift and hull roughness, but also various
sea conditions such as wave and wind. These prediction methods of added resistance are based on the ships speed trial analysis methods
of the 150 15016:2002 standard, and a w prediction methods of the wind and hull roughness are supplemented. These prediction methods
have been applied to the comprehensive computer program. And the database calculation for the research ice breaker the Araon has been
carried out, which shall be used for the calculation of optimum route. Furthermore, this program shall be used for the route optimization
In global shipping routes.
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Az oA && AMAASF (EEDI, Energy Efficiency
Design Index) HA5S 913 71404 A& AAA&-A 4
HF2RY doA= s AREshed, o] AES HFYARA
ABRE 1SO 15016:2002 31249 (ISO, 2002)o.2 AlLlst=&
Stk (IMO, 2009, IMO, 2012). o= @A A AAHe=z v
we Asle] A% sAEske AL IS0 15016 14 o]

7 Agsidn A3k Azl B 4 Ao 2 IS0
15016 a2 2015139 A E A3 (ISO 2015, IMO 2015),
o] MAFEL I F Wil J& 5 IF WAl dslon,

E2 20029 % aAES aE fAst ok ARE 3

gl [ere] = = i= [e]
A7t gl A9 3 ABEE vels Aow pudr,
dutel A4 FEB AR AAAE BER e P2
S} FRel Ug 2 flee AV Aol gk ol w
& Agtol £85E W P Aeolth Mk B R
A bsd @ AUEE FASAAE meh e A7k e
FAT 5 YRS 7] AN, Aol AR W gl o)
A% W F7 AFE AWl dolHulo] 2R wEe] Fe
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FAHT F4S AF 2E DAY AL Table 13 2
ko she] AXkebi, 1O
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i A= Al FZHE ZE 9] JgS |
Ak A5E 712 ARE FAN] AP PPoRA, 2 =
Fo| A tRax s Aatys wdje] ol vy, &
2 oA S wFEs BolAEre B HA oa A
AAE HalFs AowA, EAd HAHMS AJLHE As
727} glvka sk
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Ry =Ry, + AR 1)

(Kim et al, 2001, Kim & Kang, 2001).
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AR =R,y + Ry, + Rss + Ry (2)

7t B7AA ] At W2 Table 13} 2t}

Table 1 Analysis methods for added resistance

Analysis Method
External Force ISO 15016 Additional
Method Method
Resistance Increase due to Maruo
waves
Faltinsen
Diffraction of incident waves in Kwon
short waves Fujii -
Takahashi
Added resistance due to wind | JTTC Curve Blengﬁ;nr't\ann
Effect of drifting SR208
Effect of hull roughness - ITTC '78

shapel ol@ RAAT Ry, £ ISO 15016:2002 3140
upet 7 AR ASHA ek WA AP Abe 2= A 3] w9t
T H7HAEY SEEFE ALdE £ F, & AdelAE olE
o] g35te] Aadel T el dig B gl KA
&5 ALEA "ok sl og AA Fel w2 FrrA
< , dubell ok whAbml o gke

1} Kwon #H o]y Fujii-Takahashi Y =

of Bstw=E sttt o] mgel o% Rt Axke 97

< ¥ (wind wave)$t U& (swelD2 T3to] &% =
71zt Allbete] kst EE k).

AA7 9 BFZAE 7ML 3= 4 F, SR208 WU

0w RARRE AEE St (SO, 2002).

A

ISO 15016 & A|&A A Ho A &= vhgol] o3 714
R,y & AN o F5AF A3E AF ol&stAY JTTC
EF FAE AFEIIEE FHo| Stk JTTC F412 of2] 714
Auke] F5AIE ARE ol &ste] sl AW wiEAE Ag
FA 7} shve] FFFEFAGT FAS e Zojth 1y o]
2o vz T o] Moz BE 3o AMuld sl ulkA
g ALslor str R Age s Al 4A grka 2k
meta] B m=ioAE FEAE A% dEgkely JTTC 4
<Jell, Blendermann ©] 33 ofe] 7H¢] AE 9 573 H

g nitA gAE Oy
2 (3)3 ol ALte =S <

of Adutell sl Z4zte] FEAY AHE Oy & kA Al
t} (Blendermann, 1990-1991).
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she Avbe] A9 o] JFol FAY 5 Qe
ST, meh B Rl A4 wW ALY
A% Ry, & 19784 ITTC #2045 S48 S ol gate] 4
@t 2ol ANF 5 Y= stk (TTC, 1978

2 (DAA kg & 2 F
ke © AA BEW AT AFAE
0.15mmE 7|22 A p =
L & AA Aol& ofm| g}

Aubo]l &2 F oA T uf TAstE AFIEeE A
(5)9} 7ol Lackenbyd W o=z A
Z7P7F olyar A9 AR YE= Aelt) (ISO, 2002).
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SROE RISk Fel e, o

% Z7bH) e Zee 2 AL 43S 19
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(ITTC, 1978).
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TEP 1:
Resistance Coefficients in
Calm Water, Drafts, Speeds

Resistance Coefficients
for Various Drafts
Propulsive Coefficients
for Various Drafts

TEP 2:

|

|
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| Propulsive Coefficients for

i I&s[)rafts, Speeds
__
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|

|

|
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|

Hu W
Offsets Offsets

Pre Calculation of Resistance Resistance 2
Response Function Increase due | |Increase due -
in Regular Waves to Waves to Waves TEP 3: q
for Various Drafts for Ship for Wave Added Resistance for
Motion Diffraction Various Wave Conditions
d
Sea & Swell

Resistance Increase due to
Wind, Drifting, Hull
Roughness

TEP 4 :
Added Resistance for Other|
i |Various Weather Conditions
I

Other External Conditions

Ship & Route

Conditions

Propeller Roughness Power |
' i

STEP5: |
- Correction of Speed !

Changing Propeller Open- | STEP5: |
Water Curves due to i Prediction of Delivered

Correction of Speed Loss for
Shallow Water

.............. ) A —
i Voyage Planning }

Fig. 1 Flowchart of the prediction of propulsion
performance for optimum routing system
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Table 2 Variables for added resistance due to various

external forces

Variable|
3rd
Variable

2nd
Variable

1 st
IAdded Variable

Resistance

Incident Angle
0-180 deg. (19)

Incident Angle
0-180 deg. (19)
Incident Angle
0-180 deg. (19)
Incident Angle
0-180 deg. (19)
Relative Direction
0-180 deg. (19)
Drift Angle

0-180 deg. (19)

Hull Roughness
0-0.002 m (21)

Significant Height
0-30.48 m (13)
Significant Height
0-30.48 m (13)
Significant Height
0-30.48 m (13)
Significant Height
0-30.48 m (13)

Relative Velocity
0-30 m/s (11)

Wave Ship Speed
Wave

Motion

Swell Ship Speed

Wave Ship Speed

Wave
Diffract
ion

Swell Ship Speed

Wind

Drifting Ship Speed

Hull

Roughness Ship Speed
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Table 3 Database of propulsion performance for optimum
routing system

Resistance and Propulsive Coefficient
Resistance | Residual Resistance Coef. (or)
Coefficient for )
Calm Water | Wave Making Res. Coef. & Form factor
Wave Motion, Wave
Resist Added Wave Motion, Swell
ance Resistance | Vave Diffraction, Wave
Due to Wave Diffraction, Swell
External ;
Forces Wind
Drifting
Hull Roughness
Thrust Deduction Fraction
Propul | Propulsive Wake Fraction
sion | Coefficient | Relative Rotative Efficiency
Qusi-Propulsive Efficiency
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Table 4 Principal dimension of the research ice
breaker the Araon

95.0
19.0
6.8
71
6.3
2
3.5

Length between perpendicular
Breadth, moulded

Design Condition
Service Condition
Ballast Condition
Number of propeller

Diameter of Propeller

Mean Draft,
molded

3/3|3|3|3

WEATHER SPEED PREDICTION FOR YOYAGE PLANMING = W3114

FROGRAMMED BY KRISO

TRIAL DATE = 2006-07-07
CONDIT10H - DESIGH
COURSE © N.RACIFIC
+ SEA DEFTH - 100.0

01,9600 + ROUGH.HULL = 0.000180 M
0. 7865 + ROUGH.PROP.= 0.000036 M

0.5310
AR TEMP, 20.00  DEG
DEHSI 1.225 KG/M3
WATER TEMP 10.00 DEG:=S
DEH 1024.00 KG/M3
K.¥I5.= 1.3653 EEMZ/S

FILE HAME -
SH\P NAME -

= LPP
+ EHEADTH

KRAONTD,
BAAON
ujuin}

IHS ARAON1TD, AHM

W
—n
w

MEAN=

.
D
-
& Fp=
-
&
-
.

m -

AP=
MID=

=
=

+ h 16,00 M2
+ HEIGHT

+ AAEA R,
ENGINE

M3« MCR BHP
. M3+ MCR REY.
= ETAT

O

o
m
=5
=
=
=

o ALLAMASTER

000, Pa
170, DORPH
0,3709

"
=

=5

W T

MODEL TEST RESLLTS
FREDICT METHOD: 2-D, KRIS0-2D
= WS(KNOT): 2,00 4.00 6.00 G.00 10.00 1

i
+ CAM+1000: 1,520 1,320 1.324 1,352 1.543 1.67
+ TH 0135 0,135 0135 0,135 0,135 0. Wg

2!

DELCF = 0.000210
12,00 13,00 14,00 15,00 16,00 17,00

849 2.078 2.403 2.880 3.507 4.015
1350135 0,135 0,135 0,135 0135
29 0.029 0.029 0.029 0.029 0,029
29 D 029 0. 029 D 029 0,029 0.029

21, 042 1.042 1.042
TD D 474 0. ATT D 481 0,486 0.483

+ WM © 0.029 0,029 0.029 0,029 0.029 0.0

+ ¥5 © 0,029 0,029 D 029 0,029 0. 029 D o

+ ETARM - 1,042 1.042 1 042 1. 04

« ETRDS  © 0.480 0.450 O ABD 0,450 0. 484 D A5

WAYE AND SHELL DaTh

= WAYE W3 - 0,00 3.00 5001000

+WWEH - 0001 0.10 015 0.6

= WYEPE - 010 060 1.50 3.00 4 o0 560 7650 9.00
5 0.6

= SWELL HI: 0.001 0,10 0.1 JB11,37 2,44 427 6.0 4,
+ SWELL PE: 0.20 1.00 3.00 6.00 S.0011.0015.00 18.00 22

BRAKE POWER[KW] =(( ( {CFS+DELCF )+ (5+5BK) /5+CR)+0, S+RHOS 5+ (V5+0, 51 44)++2)
+DELMOTH+DELMOT S+ DELD| Fi+DELD| FS+DEL4 | R+DELDR +DELHUL )+ (¥S+0. 5]44)/ETADSFETAT

WODED RESISTANCE[KN

MOTION WAYE [DELMOTH]
2.00

0.0

0
6 1.
5 0.
9 0.
9 0.
2

5

bDDD

o

0 18 ] 21 00 27,00 33,00 4

1 0,
11,37 2,44 4,27 B.10 ?

0-160(19) DEG 0-30.48(13) W 2-17(16) KNOTS
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Fig. 2 Propulsion performance database for the Araon
generated by the present computer program
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ARAON Design AR Motion Waves 15kts
250
WS 0
200 X i i —te=WS 3
X X —=WS 5

= X —=WS 10

£ 150 WS 16

g WS 21

§ 100 ==WS 27

e WS 33

—4—WS 40

50 WS 46

WS 54

o X-=WS 61

X WS 73

Incident Angle (deg.)
ARAON Design AR Air

200
150

om/s

—te=3m/s

=>=6m/s

_ “H=9m/s

.E, 12m/s

g e 15m/s.

a8 -—18m/s

——21m/s
——24m/s
27m/s
30m/s
150 Relative Wind Direction (deg.)
Fig. 3 Example of the propulsion performance database for
the Araon
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RO R PPN S
( Safe Voyage ) ( \ Basic
Support System ) plan Weather/
(Client) Basicplan | OPtimum Route Sea/Ice
Planning System Forecast D/B
+ GUI (Server) data
+ Input of basic .
route plan + Integration of Forecast ()
- Display of . :;;z’;:em data Ship Transit
optimum Oegmgm Powering Model D/B
route + Management of per:g;ma ~—
+ Display of D/B ) N
Environment | __ ____ |
Data Environment Management of Other D/B
L Data communication
+ Communicati —
\_ on with shore/
Optimization
Module
Fig. 4 Architecture of voyage planning system
oleg F WA wgo] de=A, Fig. 5= ofgh2 o] A
Ageiel it gt vk 5 4% 92 2] me 4z
A=) & = = 2~ = =
NG F4 Av, 24F FAAF F4 49 2eln AFA
o7 FAYE A& wE ALy 2y 55 B
23 gtk Fig. 5% 2& W8& Fe8e o o] of
Yar, H4 g2 ARt Al A s B Wb AlLshE A
Axe) FrE Foprp] s AL shtel dolm, o5
AL Aol HE5S 9l delel =300 digt A dE &4
@ Aot}
SHIP AND WEATHER CONDITIONS
RUNN [ MG DIHECTIUN ©180.0_ 180.0 180.0 180.0 180.0 180.0 180.0 180.0
SHIP SPEED (KNOTj = 15,000 15.000 15.000 15.000 15,000 15.000 15,000 15.000
WIND DIRECTION (DEG): 0.0P OOP OOP O.OP O.OP O0.0P 0.0P 0.0
WIND VELOCITY (M/S): 0.000 2.000 4.000 6.000 B.000 10.000 12,000 14.000
CURRENT SPEED (KNOT): 0.000 0,020 0.040 0.060 0.080 0.100 0,120 0,140
WAYE  PERIOD (SEC): 050 1.50 3.00 4.00 G550 7.50 9.00 11.00
WAYE  HEIGHT (M): 0.0 0,15 0.6] 1.37 2,44 4,27 6,10 9.14
WAYE INCD.ANG. (DEG): 180.0 1B0.0 180.0 1B80.0 180.0 180.0 180.0 1B0.0
SWELL PERIOD (SEC)- 1,00 3.00 6.00 B8.00 11,00 15.00 18.00 22.00
SWELL HEIGHT (M): 0.10 0,15 0.6] 1.37 2,44 4,27 6,10 9.14
SWELL INCD.ANG. (DEG): 180.0 18B0.0 180.0 1B80.0 180.0 180.0 180.0 1B0.0
RUDDER AMGLE (DEG) - 0.0 1.0 2.0 .0 4.0 5.0 6.0 7.0
DRIFT  ANGLE (DEG) 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
STEP | - BASIC &ND YARIOUS INCREASED RESISTANCE
SHIP SPEED (KNOT): 15.000 15.000 15.000 15.000 15.000 15.000 15,000 15.000
SHIP 8., CURRENT(KNOT) = 15,000 14,980 14,960 14,940 14,920 14,900 14,880 14,880
SHIP RESISTANCE (KN): 335.8 334.1 332.5 330.8 323.2 327.6 326.0 324.4
HOTIOM, SEA WAVE (KN)i 0.0 0.0 0.0 0.7 183 7.7 111.4 147
HOT 1 ON, SWELL (KN 0.0 0.0 1.9 9.0 9.7 1041 0.4 10,7
DIFFRACT, SEA WAYECKN) : 0.0 0.4 36 14,9 33.2 b50.8 588 61.9
DIFFRACTTON, SWELLCKN) - 0.0 0.2 1.4 2.7 2.5 1.5 0.7 0.3
DIFECT.C. FOR WIND : 0,53 0.532 0,532 0.532 0.532 0.532 0,532 0.532
WIND EFFECT [OE 0.0 0.5 2.2 4.9 8.7 13.6 19.6 26.6
STEERING EFFECT  (KNJ: 0.0 0.3 0.7 1.0 1.4 1.9 2.3 2.8
DRIFTING EFFECT (KN): 0.0 0.0 00 0.1 0.1 0.2 0.2 0.3
HULL ROUGHNESS (KN : 5.3 5.3 5.3 5.3 5.3 5.2 5.2 5.2
D1 SPLACEME] (KNJ = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MP DENS. K=Y ISC. (KN = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL RES. INCR. (KNJ: 5.3 6.7 150 38.6 772 1550 208.6 255.0
STEP |1 : PROPULSIVE COEFFICIENTS
THRUST DEDUCT | ON - 0.1350 0.1350 0.1350 0,1350 0,1350 0.1350 0.1350 0.1350
WAKE FRACTION © 0.0290 0.0290 0.0290 0.0290 0.0290 0.0290 0.0250 0.0290
HULL EFFICIENCY © 0.8908 0.8908 0.8908 0.6308 0 0.8908 0.8908 0.8908
RELATIYE ROTATIYE EFF: 1.0420 1.0420 1.0420 1.0420 1.0420 1.0420 1.0420 1.0420
PROPELLER O.W. EFF - 0.5202 0.5201 0.5196 0.5179 0.5121 0.5028 0.4949 0. 4881
QUSI-PROPULSIYE EFF - 0.4828 0.4826 0.4823 0.4808 0.4753 0.4667 0.4594 0. 4531

STEP |11 - PREDICTED SPEED-POWER

SHIP 5., CURRENT(KNOT): 15.000 14.980 14.960 14.940 14,520 14.900 14,860 14.660
DELIYERED POWER (PS): 5451, 5440, 5545, 5906, 65681, 7925, B906. 9775,
PROPELLER REY. (APM): 183.44 183.29 184.12 187.04 192,10 201,70 207.94 213,08
SHIP 5., SHALLOW(KNOT): 15.000 14.980 14.960 14.940 14.520 14.900 14,880 14.880

Fig. 5 An example of prediction result of propulsion
performance for the Araon
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