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Development of Ship Performance Index (10 mode at Sea) 
 

by 
 

Noriyuki SASAKI, Masaru TSUJIMOTO, Mariko KURODA, Naoto SOGIHARA,  
Yasuo ICHINOSE, Noriaki USUI, Michio UENO, Toshifumi FUJIWARA,  

Kunihiro HOSHINO, Yasutaka KAWANAMI, Shigeo OHMATSU, Kazuya SHIBATA 
 

Abstract 
 
In the face of a growing need for reduced emission of CO2 from ships, which is equivalent to better fuel economy in 

ship operation, a simple and user-friendly index for ship performance evaluation alongside the technique has been 
developed. 
This newly developed technique results from a practical and brand new approach in combing a numerical 

calculation with a simplified tank test, striking the balance between the costs to be incurred for the tests and 
expected accuracy. 
The technique has been validated through tank tests conducted by major tank organizations and the numerical 

calculation by major shipbuilders. The data obtained through the measurement taking place onboard the 
commercially operational ships were also used to verify the evaluation technique. It is concluded that the evaluation 
technique developed is deemed as robust and valid.     
It is strongly hoped that the index as well as the evaluation technique will contribute to the increased construction of 

ships with better performance in actual sea and to the promotion of ship operation resulting in less CO2 emission.  
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Fig.3.1  
 

Table 3.1 Weather Conditions. 

 
 
 

Uwind [m/s] 

 
 

H [m] 

 
  

T [s] 
BF3  4.4 0.6 3.0 
BF4  6.9 1.0 3.9 
BF5  9.8 2.0 5.5 
BF6 12.6 3.0 6.7 
BF7 15.7 4.0 7.7 

 

2
 

3

Table 3.2
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Fig.3.1 Beaufort Scales and Weather Conditions3) 
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Table 3.2 Principal Dimensions of the Three 
Vessels 

Kind of Ship 
Container 

ship 
PCC 

Bulk 
Carrier

Length between 
perpendiculars Lpp 

(m) 
300.0 190.0 217.0

Breadth B (m) 40.0 32.26 32.26

Depth D (m) 24.0 32.0 19.2 

Draft d (m) 14.0 9.00 14.0 

Block coefficient Cb 0.65 0.55 0.85 

Lpp/B 7.50 5.80 6.73 

Bluntness 
coefficient Bf 

0.056 0.077 0.39 

Engine output NOR 
(kW) 

50,610 13,530 8,160

 

4)

5)

6)
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Table 3.2 3

Previous Cal.
( AWR )

Exp. Fig.3.3
Fig3.3

PCC

 
 

Fig.3.2 Studied Vessels of 10 mode Index Project 
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(a) Container ship 
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(b) PCC 
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Fig.3.3 Comparison of Calculations and Experi- 
ments for the Three Vessels 
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Fig.3.4 Flow Chart for Decrease of Ship 
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Fig.3.5 Relation between Main Engine Output 

and Ship Speed 
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Fig.3.6 Coordinate System 

 
4)

 
twR

tR windR

waveR hR

rR  

 

NORPB refV

wref VVV  

NORPBw wV

  

7海上技術安全研究所報告　第 9巻　第 4号　特集号（平成 21 年度）基調論文



rhwavewindttw RRRRRR   3-2  

 

Ytw Ntw

windY , windN

hY , hN

rY , rN  
 

              3-3  

            3-4  
 

PN  
 

           3-5  

          3-6  

                       3-7  
 

 
 

Ptwtw XtRX )1(              3-8  

 
( t1 ): 

PX :  
( t1 ) V

 
 

VCCt thth 101                 3-9  

 
5)

 
 

S

PPQNBHP 2
               3-10  

PN : PQ : 
S :  

PQ

QK  
 

)(
52

JK
DN

Q Q
R

PP
P           3-11  

 
: PD : R

J  
R V

 
 

VCC eeR 10                 3-12  

 
QK

3
J  
 

    3
3

2
210)( JKJKJKKJK QQQQQ     3-13  

PP DN
Vw

J
)e1(

20.4
0                  3-14  

 
0w :  

01 w V
 

 

VCCw ww 1001              3-15  

 
6)

V

BP

refV BwP

wV
 

 

wref VVV                  3-16  

 
)()( refBwBw VPVP

 
averageV

45
 

 

)180()135(2

)90(2)45(2)0(
8
1

VV

VVVVaverage

 

3-17  

rhwindtw YYYY

rhwindtw NNNN

0sincos twtw YX

0cossin twtw YX
0twN

8



 

 
1)

tR

tC
 

 

)(
2
1 VdCLR tppt              3-18  

 
: ppL : d : 

 
tC 2

4
V

 
 

4
4

3
3

2
210)( VCVCVCVCCVC tttttt 3-19  

 
2)

PX

TK  
 

)(42 JKDNX TPPP            3-20  

 
TK

3
J  
 

3
3

2
210)( JKJKJKKJK TTTTT  3-21  

PPDN
VwJ )e1(

20.4
0

             3-22  

 
01 w (3-15)  

VCCw ww 1001              3-23  

 
3)

windX , windY , windN

XwindC , YwindC , NwindC
7)

 
 

2

2
1

rXwindTawind UCAX                3-24  
2

2
1

rYwindLawind UCAY               3-25  

windGrNwindOALawind YUCLAN 2

2
1

     3-26  
 

a : TA : 
LA : 

XwindC : YwindC : 
NwindC : rU : 

OAL : Gx : 
 

rU r

 
 

  )cos(2222
windwindr VUUVU    3-27  

  coscos
sinsin

tan 1

VU
VU

wind

wind
r          3-28  

 
windU : :  

windR  
 

),,,( windwwindwind UVXR 3-29  

)90()90()90(
)90(cossincossin

cossin
2
1sincos

3

2

rrALFrXLI

rrrALFrr

rrrXLIrLF

Xwind

FF
C

CC
C

 
3-30

 

rrrrrYLI

rCFYwind

C

CC

cossincossin
2
1cos

sin

2

2

3-31  

YwindNNwind CLC                      3-32  

 
 

 

9海上技術安全研究所報告　第 9巻　第 4号　特集号（平成 21 年度）基調論文



)90(

)90(

224223

222120

121110

r
T

OA

OD

OA

C

OA

r
OAOA

L

LF

B
A

L
A

L
H

L
B

L
C

BL
A

C  

                         3-33  

)90(

)90(

2423

222120

121110

r

BR

T

OA

L

T

BROA

L

r
BR

T

BROA

L

XLI

BH
A

L
B

A
A

HL
A

BH
A

HL
A

C

 

        3-34  

)90(

)90(

2120

121110

r
L

OD

r
OAL

OD

ALF

A
A

L
B

A
A

C

 3-35  

2
)100()80(

)90( rXLIrXLI
rXLI

FF
F

 3-36  

2
)100()80(

)90( rALFrALF
rALF

FF
F 3-37  

rrrrrXLIrXLI CF cossincossin
2
1sin)( 2

 
3-38

 

rrALFrALF CF 3cossin)(               3-39  

OA

BR

BR

T
CF L

H
BH

AC 210 3-40  

YM
OA

L
YLI C

L
AC 2                      3-41  

)90(

)90(

22120

1110

r
OA

OD

r
OA

T

YM

L
A

BL
A

C            3-42

 

2
149.0927.0 r

OA
N L

CL             3-43  

 
B : C : 

LA

ODA : 

BRH : 
CH : 

LA  

Table 3.3 Coefficients for the Calculation of 
Wind Forces 

 
i j  

0 1 2 3 4 
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Fig.3.10 Propeller Open Characteristics 
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Fig.3.13 Added Resistance in Regular Waves 
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Fig.3.14 Added Resistance in Short Crested 
Irregular Waves (Upper; variation of 
speed, Lower; variation of wave 
direction) 
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Fig.3.36 Added Resistance in Regular Waves 
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Table 3.7 Engine Output ( NOR ) 
ppL [m] NOR [kW] 
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200 15,000 
225 20,000 
300 50,610 
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Fig.3.40-a Power Curves (Lpp=150m    
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Fig.3.40-b Power Curves (Lpp=200m  
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Fig.3.40-c Power Curves (Lpp=225m  
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Fig.3.40-d Power Curves (Lpp=300m  
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Fig.3.41-a Decrease of Ship Speed (Lpp=150m  
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Fig.3.41-b Decrease of Ship Speed (Lpp=200m  
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Fig.3.41-c Decrease of Ship Speed (Lpp=225m  
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Fig.3.41-d Decrease of Ship Speed (Lpp=300m  

 
 

Table 3.8-a Decrease of Ship Speed (Lpp=150m  

BF V [knot] 
refV
V  

BF3 0.00 0.0% 
BF4 0.00 0.0% 
BF5 0.02 0.1% 
BF6 0.12 0.5% 
BF7 0.58 2.6% 

 
 
Table 3.8-b Decrease of Ship Speed (Lpp=200m  

BF V [knot] 
refV
V  

BF3 0.00 0.0% 
BF4 0.00 0.0% 
BF5 0.01 0.0% 
BF6 0.04 0.2% 
BF7 0.15 0.7% 

 
 
Table 3.8-c Decrease of Ship Speed (Lpp=225m) 

BF V [knot] 
refV
V  

BF3 0.00 0.0% 
BF4 0.00 0.0% 
BF5 0.00 0.0% 
BF6 0.01 0.0% 
BF7 0.04 0.2% 
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Table 3.8-d Decrease of Ship Speed (Lpp=300m) 

BF V [knot] 
refV
V  

BF3 0.00 0.0% 
BF4 0.00 0.0% 
BF5 0.00 0.0% 
BF6 0.02 0.1% 
BF7 0.10 0.4% 

 

(10%) BF6

Table 3.9  
150m 0.5%

150m
 

 
Table 3.9 Effect of Accuracy of RAWm on 

 Decrease of Ship Speed (BF6, heading  
weather) 

 
 

300m
(Wind) (Wave)

100% Fig.3.42 26)  
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Fig.3.42 Components of External Forces  

(heading weather) 
 

25)  
 

 
SPICA

22) No correction

Fig.3.43,Fig.3.44  
 

SPICA

 
Table 3.10  

 
 

 

BF6
refVV 1%

 
 

BF6
refVV 0.5%

 
 

ppL [m] V [knot] 
refV
V  

300 0.01 0.0% 
225 0.02 0.1% 
200 0.04 0.2% 
150 0.12 0.5% 
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Fig.3.44 Difference of Calculation Method on 

Ship Speed in Actual Seas 

 

 

 
Table 3.10 Comparison of Computation Code for Decrease of Ship Speed (BF6, heading weather  

 SPICA I II III IV V No 
correction

ppL/  

 
0.3 0.5 0.3 0.3 0.5 0.3 0.3, 0.5 

( ) - 

refV [knot] 25.88 25.88 25.88 25.88 25.88 25.88 25.86 25.88 

wV [knot] 24.57 24.58 24.56 24.59 24.66 24.57  24.58 24.84 

wref VVV [knot] 1.31 1.30 1.31 1.29 1.22 1.31 1.28 1.03 

SPICAVV [knot] - 0.01 0.01 0.02 0.09 0.00 0.03 0.28 

SPICA

SPICA

ref
V

VV
 - 0.0% 0.0 % 0.1 % 0.4% 0.0% 0.1% 1.1% 

refV BF0 SPICA
ref

V SPICA BF0  
wV BF6  
V SPICAV SPICA  
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Fig.3.45

 
 

 
 

Fig.3.45 Measurement System for Resistance  
          Test in Still Water 
 

 
 

Fig.3.46 Measurement System for Resistance 
Test in Waves 

 

 
 

Fig.3.47 Application of Measurement System 
for Resistance Test in Still Water to 
Resistance Test in Waves 
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Fig.3.48 Effect of Different Measurement 
System on Added Resistance in Short 
Regular Waves ( ppL/ =0.3, H =0.06m) 
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Fig.3.49 Relation between Effect of Advance 

Speed and Froude Number 
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Fig.3.50 Decrease of Ship Speed; Calculation 

data are obtained by different ship 
model basins (heading weather 
condition; a container ship) 

 
 

 
Fig.3.51 Scale Model of Container Ship 
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10
10

10
( SPICA)

25)  

Microsoft Excel
Excel

 
Table.3.11  

 
Table 3.11 System Requirement for SPICA 

Excel  2003 / 2007 

 
Windows XP / Vista / 7
(32 bits / 64 bits) 

 10MB 
 

SPICA Fig.3.52
4

 
 

(1)  
(2)  
(3)  
(4)  

 

 

(1)

(4)

 
SPICA 10

Fig.3.53  
 

 
Fig.3.52 Top Menu of SPICA 

 

 weather ship speed
[knot] weather direction

[deg.]
decrease of

ship speed [knot] weather direction
[deg.]

decrease of
ship speed [knot]

BF0 25.88 BF3 0 0.20 BF3 average 0.07

BF4 0 0.36 BF4 average 0.13

BF5 0 0.73 BF5 average 0.28

BF6 0 1.31 BF6 average 0.53

BF7 0 2.36 BF7 average 0.99  
Fig.3.53 Output of 10 mode Index for Ships 

(e.g. Container Ship) 
 

32

， ， ． ． ， ， ． 
’ IO 
11 

19 
19 

" 19 

19 

1 9 
19 
19 ,. 
91 

22 
23 

“ ” 

｀ 
.·. .，直”•'

;;c•パ',•-m • ・ 中

DEFOHIJ.LMUOPORSTU V  

CALCULATION IT日“

口“'..，．"“訂n9●In...n9『H1..，"●,.,配w.."

口 Wln09099●“`mom"＂”“'kりn9●

ロ 邸ヽCり匹m1cc四 919臼n9曇

ロ”'”...,mIp.....

-----v..,., 

三

•I 



1) World Meteorological Organization: Manual 
on Codes International Codes, Volume I.1, 
Part A-Alphanumeric Codes, WMO-No. 306 
(1995 edition). 

2) W. G. Price and R. E. D. Bishop: Probabilistic 
Theory of Ship Dynamics, Chapman and 
Hall, London, pp.157-163, 1974. 

3)http://www.crh.noaa.gov/greatlakes/safety/?s
=bea 

4) H. Maruo: Resistance in Waves, Researches 
on Seakeeping Qualities of Ships in Japan, 
the Society of Naval Architects of Japan, 
Vol.8, pp.67-102, 1963. 

5)  ,  : 
, , Vo.4, No.6, pp.86-92, 

1967. 
6)  ,  : 

, , 
137 , pp.132-137 , 1975. 

7)    : 
, 

, 2 , pp. 243-255, 
2005. 

8) M. Kuroda, M. Tsujimoto, T. Fujiwara, S. 
Ohmatsu and K. Takagi: Investigation on 
Components of Added Resistance in Short 
Waves, Journal of the Japan Society of Naval 
Architects and Ocean Engineers, Vol.8, 
pp.141-146, 2008. 

9) M. Tsujimoto, K. Shibata, M. Kuroda and K. 
Takagi: A Practical Correction Method for 
Added Resistance in Waves, Journal of the 
Japan Society of Naval Architects and Ocean 
Engineers, Vol.8, pp.147-154, 2008. 

10)   : 
, , 

105 , pp.21-31, 2002. 
11)     

 : 
, , 6

, pp.13-14, 2008. 
12)  ,  : 

(2), , 110 , pp.31-42, 
1961. 

13) K. Kijima, T. Katsuno, Y. Nakiri and Y. 
Furukawa: On the Manoeuvring 
Performance of a Ship with the Parameter of 
Loading Condition, Journal of the Society of 

Naval Architects of Japan, Vol.168, 
pp.141-148-77, 1990. 

14)   : 
, , 

98 , pp.67-77, 1999. 
15) R. M. Isherwood: Wind Resistance of 

Merchant Ships, The Royal Institution of 
Naval Architects, Vol.115, pp.327-338, 1972. 

16)   : 
, 228

pp.91-100 1997(1971 ). 
17)    : 

, 83 , pp.185-192, 1990. 
18)    : 

, 
, 86 , pp.169-177, 1992. 

19)    : 
, , 183 , 

pp.77-90, 1998. 
20)  ,  ,  ,  , 

 : 
, , 

8 , pp.321-324, 2009. 
21) F. Ursell: The Effect of a Fixed Vertical 

Barrier on Surface Waves in Deep Water, 
Proc. Camb. Phil. Soc., Vol.42, pp.374-382 , 
1947. 

22)  : 
, , 75

,  pp.75-95, 1988. 
23) O. M. Faltinsen, K. J. Minsaas, N. Liapis 

and S. O. Skjørdal: Prediction of Resistance 
and Propulsion of a Ship in a Seaway, Proc. 
of 13th Symp. on Naval Hydrodynamics, 
pp.505-529 , 1980. 

24)  ,  : 
, , 

217 , pp.103-113, 1992. 
25)  ,  ,  ,  

,  ,  ,  ,  
: 10 , 

, 10 , 2009. 
26) M. Tsujimoto, M. Kuroda, K. Shibata, N. 

Sogihara and K. Takagi: On a Calculation of 
Decrease of Ship Speed in Actual Seas, Journal of 
the Japan Society of Naval Architects and Ocean 
Engineers, Vol.9, pp.79-85, 2009. 

 
 

33海上技術安全研究所報告　第 9巻　第 4号　特集号（平成 21 年度）基調論文



3 10

3

Table 4.1 PCC

BF5 BF6
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Hw_error Vw_error

Vs_error

2

Table 4.1

 
 

Table 4.1 Required Accuracy for  
Measurement Items 
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1)  

3
6

R. M. Young 1
No.1 Gill Instruments 2

2 No.2&3 Fig. 4.1
Table 4.2

Fig. 4.2 No.1
No.2 2m

No.3
2m  

     
Fig. 4.1  Anemometers used in the Experiments 

(Left: Vane type, Right: Supersonic  
 type) 

Table 4.2  Anemometer Specifications 

Vane Supersonic

UA Range 1 50 m/s 0 30 m/s

Accuracy
&Resolution

0.5 m/s in UA<10m/s
5 % in UA>=10m/s

±2 %
0.01 m/s

A Accuracy ±5 deg. ±3 deg.

Min.
Velocity 1 m/s 0.01 m/s

 

 

 
Fig. 4.2  Arrangement of the Three Anemometers 
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Fig. 4.3  Wind Velocities and Standard Deviations at 
         Each Anemometer Potion. 
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Fig. 4.4  Wind Directions and its Standard 

             Deviations at Each Anemometer  
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Fig. 4.5  Increasing Ratio of Wind Velocity obtained 
         from Sea Trial Tests on the Large Tanker 
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Fig. 4.6  PCC Experimental Model 
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Table 4.3  Principal Particulars of the Target PCC 
Unit Ship Model

LOA m abt. 200 1.4
B m abt. 32 abt. 0.23
HB m abt. 30 abt. 0.21  

 

 
Fig. 4.7  Experimental Setting of Hot Wire Prove 

(Left:Bridge top (BT) setting  Right: 
 Fore top (FT) setting) 

 

 
Fig. 4.8  Experimental setting in the wind tunnel 
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Fig. 4.9  Increased Wind Velocity Measured at 

 Bridge Top and Fore Top Position 
           (Re=1.76 106 UA=18m/s) 
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Fig. 4.10 Wind Velocity Profile at the Bridge Top  
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Fig. 4.11  Different Wind Velocity Camparing the 

   Results of Sea Trial Tests with Ones of  
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Fig.4.12 PCC for Full-Scale Measurement 
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Fig.4.13 Time History of Significant Wave 

           Height (During voyage from  
           Tadotsu to Nagoya) 
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Fig.4.14 Time History of Wave Period (During 

    voyage from Tadotsu to Nagoya) 
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Fig.4.15 Time History of Significant Wave 

           Height (During voyage from Greece 
           to Italy) 
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Fig.4.16 Time History of Wave Period (During 

 voyage from Greece to Italy) 
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Fig.4.19 Modification of Ship Speed with 

            Regard to Braking Horse Power 
            and Displacement 
 
2)

Table 3.1

Table 3.1 (7
) (8 ) (7 ) (5

)

Fig.4.20

39海上技術安全研究所報告　第 9巻　第 4号　特集号（平成 21 年度）基調論文

ベf

゜..;.,,:;r,' Cl)''I 
ミ9 9 

｀ 
O‘  
Cr;jl 

ヽ
---------,―------

ヽ
ヽ

J (“  ------/4 
-4--／------i-

マ：：：マ色ーク1'
I / ; / 
＇ •- -—· ••• ---

：：：..;;; 0 



U H
T M BF

2m
2m

 
 

BF(N) BF(N+1)

HM,UM,TM

HBF,UBF,TBF

BF(x)
Sig. Wave Height

Calculation

Decrease of Ship Speed

HM=HBF

 
Fig.4.20 Modification of Ship Speed with  

            Regard to Weather Condition 
 

3)

 
Fig.4.21~4.22

 

 
10

 
 

-2

0

2

4

6

8

V
[k

no
t]

Sig. Wave Height (m)

Measured Calculated
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Fig.4.22 Decrease of Ship Speed in Heading  
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Table 5.1  Studied Vessels 

Kind of 
Ship 

Container 
Ship 

Panamax 
Bulk 
Carrier 

Twin 
skeg Bulk 
Carrier 

Lpp(m) 300.0 217.0 300.0 
B(m) 40.0 32.26 65.0 
D(m) 24.0 19.2 24.0 
d(m) 14.0 14.0 17.9 
Cb 0.65 0.84 0.81 
Lpp/B 7.50 6.73 4.61 
Dp 8.8 7.1 8.5 
Bfcp 0.034 0.422 0.311 
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Fig.5.1 Resistance Increase of Three Kind Vessels in 
Regular Wave 
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Table 5.2 Percentage of Occurrence of Weather ;  
         in The North Pacific Route, the North  

           Atlantic Route and the Japan-Australia  
           Route 
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BF3 20% 25% 30% 
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BF5 24% 25% 22% 
BF6 13% 17% 10% 
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Fig.5.3 Bluntness of Studied Vessels 
 

 
Fig.5.4 Sea Margin Calculated by Eq.(5-12) 

 
Fig.5.4 (5-12)
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Takagi: A Practical Correction Method for Added 
Resistance in Waves, Journal of the Japan Society 
of Naval Architects and Ocean Engineers, Vol.8, 
pp.147-154, 2008. 

Fig.5.5 Effect of Navigation Route on
       Sea Margin 
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Table 6.1 Weather Conditions 

 
 
 

[m/s] 

 
 

[m] 
 

[s] 
 

BF3 4.4 0.6 3.0 
 
 

 

BF4 6.9 1.0 3.9 
BF5 9.8 2.0 5.5 
BF6 12.6 3.0 6.7 
BF7 15.7 4.0 7.7 
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