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Development of Evaluation Method for Ship Performance in Actual Seas
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Abstract

To accurately evaluate the fuel consumption of a ship operating in actual seas, a method of evaluating ship performance in

actual seas has been developed. The objectives of the research are to enhance the function of the ship performance simulator

VESTA, improve the accuracy of tank tests in waves, and evaluate onboard monitoring data. The results are summarized as

below.

To respond to industry needs, VESTA has been enhanced through the improvement of the estimation method for the

added resistance in waves by taking into account the roll motion effect. Functions have also been added to VESTA to

evaluate wind-assisted ships, seakeeping performance, and the effects of winds and waves in speed trials.

To improve tank test accuracy, an automated sequential measurement system which includes analysis has been developed,

and an uncertainty analysis for tests in regular waves with different wave lengths has been conducted.

A model for evaluating ship performance by analyzing onboard monitoring data in consideration with the displacement

effect has been developed. The results demonstrated that the model can evaluate fuel consumption within a 3% error for

a +20% different displacement range.
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1. F¥ALE

[EBREE D & DOIREZNFE A A (GHG: Greenhouse Gas) DFEHHEIRO 72612, EESHEEFER (IMO: International
Maritime Organization) (ZJ& Y, 2013 75 FNEAIIKTT 5 =3V X —2h L% EHEME Y (EEDL Energy Efficiency
Design Index) Hiffil, AT /L —2h=EFEF HE 2 (SEEMP: Ship Energy Efficiency Management Plan) D{RFFs%
B3bAkh S L7z, EEDLMHNC DWW T, BlsaTE, 2015 4, 2020 4R, 2025 4 & HHl b STV 5. £72, 2018
£F, 2023 4R1213 IMO GHG A4 TR K O 2023 B 973 5E S 41, [EBREED 5 D CO, HEHR> GHG HEHIC
B4 % HEEARHE R SN72. 2023 4ED B IZEMAN O = % /L ¥ —42h=451% 5 (EEXI: Energy Efficiency Existing Ships
Index) BIfICBAE 5EHE © (CIL: Carbon Intensity Indicator) #&A1F23BA4a S 41, [EFRMEHF R OBRERGNE, B
P72 Cldre SEMIBPE bR G L e o TR Y, FHENUIRIED IEMEZRFFMANLEL L 72 5> TN .

ZOEBEEIMICE DY, METCIEEAMIEIC T, ERE TN O 72 O FRHICEEMERER M B O BRFS I I #H A
72, HFERNRIZOWT, LUFICHsE 5.

2. RMREFTEEIMDORAR

2.1 VESTA mO#gEsR1b

FEEHMERE Y R = L—& VESTA I, #rdfn, BEEmicx L, Ao 25508550258 L, KD
FVERE & BERIRFE A M SR, EREICRENEE &, MK T RAHET S5O TH L. MEIIFHEEE LT
. ZAVE THRIE U CE o OR P IRGUE IO MRS EHEE T, IR BB RFHIEA VT, EEES O
24T 5. FERERE & Ui, EHEREOM, TR S —I2 X 2 BRI E—EHIE, =D —ERIfE o,
T a—T)A Ty 7 A, M EREO TEFEISE A B A D 2 ENTE DL, IO OKREE Ny r—
fbL, BENEE R, MEREOMREZRETE S0 s T L%, FEEMMEEY I = L—% VESTA & L CT—#%m
TICIRE LT D, BEEEEEIC O W T OREMZR N AL, BB ¥ LT A7), 2 2 TIRBIEREIC W TR
7

(1) ERPEHEMOEEZER D

VESTA OB FHEGTHINGHR A SR L, IR 2 BIET 5. BEREERS OFHEIZIE, OCTARVIA 7
nYxs FYTHESH, ABSh TS FREZRY ANn5.

PERDOPIR PRGN OFEE T, MREENC SOV T, E T, fHRE2ZE L CHELIT-o W72,
MR ORI E B SN TR, L L72RA B, S P HTHIN O K RRBRE 72 E BB RS T D 2.
Gerritsuma ¥EIZ X 2371 & FHXHEE CHRIRTIRFUEIND T T 4 =A v a VI EHE T E 2 2MA L, T
S Ry ron %2 QDRUC K W EGENCHKIT D, Z 2T, kIZAFHEOWE, o 1 ZAFHE O HE 8 E L,
By VIREFEIRR I IARER, oo (IARIEEN AR, o [ IRRFRIRIR, 413K, L, I 3BmREETHS.
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PR AP EH TN OFHE X, FERFHEE L EH S QO IR B R 2 N2 5 Z ik v iTH. 22T,
R \ I BT ASEENC X 2 LR OBRFRIC & 0 5 S D IR AP HGETEN,  Rapr (ZEHE R HFTHEINTH 5.

R, _.=R +R

AW AWM +R

AWR AW Roll (22)

KAz 7y (DTC VL0 R 355m, 18 S1m, M2/K 14.5m) 12%F3 % VESTA O RS B4 Al sk
FER L HOYET, BREARD 7,2 L2 2-1, K 220w, BRI HESHE IO R TR K 132(2.3): 0 TF
I I T, plIIRERE, g IFESMEE, SITIAFEORREE, MIBEETHD.
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2-1, 22 X0, BB OB XY, BRI OHEEREEA M L, BHEEA N L 5E
WERBTETWDZ ENb5.

F2-1 R THEG FC, FEEHMREY I 2 L— 3 V2TV, SRS OB E B~ D58 % 5 L 7= 45 51
X 23IRY. 22T, FPD X, —H47-0 OMENEER ETH 5. SREREN Y & N2 720G L D71, BF6

CEEGE 12.6m/s, A1 E 3m, FEIIEEH 6.7s) OFRLERFLEET (135deg.) IZBWTRI 2% & 720, HifRE
BRSr ORIMEDHER TE 5.

Ky K swron Tp=16.28 a=90deg. KywKiwron Te=19.6s 0=90deg.
3 3
O exp.(Tp=16.25) ®  exp.(Te=19.65)
25 =+ = without roll component 2.5 =+ = without roll component
with roll compenent with roll component
2 ===+ 1ol component 2 «---+ roll component
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BF Mean wind speed Significant wave height Mean wave period
Uwind [m/S] Hw [m] T [S]
3 44 0.6 3.0
4 6.9 1.0 39
5 9.8 2.0 5.5
6 12.6 3.0 6.7
FPDlton/day] FPD[ton/day]
150 —--—w/oRoll_0Odeg. 150 —--—w/oRoll_0deg.
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- -
- v/ - v/
120 ///; = w/oRoll_180deg. 120 ///; A w/oRoll_180deg.
2 = = 2 = =
e = — -+ withRoll_0deg. e = — - - withRoll_Odeg.
Mt = et -
110 = e — - —withRoll_45deg 110 e o — - - withRoll_45deg
L= —_— > ——
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(b) HHIZEIAEH : 19.6 7
(BREHEEDLLE)

(a) HHIZEIAEH : 16. 27
X 2-3 BT E NS ORBEITRETE~DFE

2) FMFREAETILORR

VESTA T, #HIAS OFHBRICKNER T A—=ZIZONTIE, MMG E7/UZHEV, KRR S L ITE S
SIC X HMVREE 2 VW CEIFRIC K HEET 5 515 D D CHET . HEE T A— 2 2RV DA, BT
TR D ORBUNT AT OB EEF AN L7 ik W CHET 5. KRB RN DT A —F 2L
BAIE, ZNETEWIAD 2 ROEOHZRTEIL TV, 1 IROEZMNZTZQAHXROEIUCKB L. 22T,
Xp VIRHIRIE S5k, BBHILA, Cups, CAT/KIERER SR D 28R, Xp lIBHIRTETT, da 1T BK, v idm
HWTHD.

BT DT= O DIRHEENUIZ LV, WIRP CORMWIA OIS T B2, 7r—7H% A X — (JBC i
A9 TR 280m, ME 45m, FHENHEHEMREE K 16.5m, /3T A RERACHREE : thRiUK 8.6m, AVE U A 2.8m)
J O DTC fivB % #4202 L 0 BB IEORH A S CRIIRIA D 2 88 L7/ R A 24 1R+ 9. Z2C, Yay
b U7sUESERR AR L, FII7 00— FECHDH. £7-, Fitting 1TFEBRFERZ2Q4HXTELEMETHD. X 2-
4005, QAHNUITL HRETKEARBRAERZ LR LWL Z Ebns.

v ' a2
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OFHIEAT > %f, X 2-6 (T BUE IR Z DR 2 MRS 5. £z, MO IITHEILT 5 FE xR
(EFRREOVFER), k@M (ERERONFIR) &8T5, a—X—moLalE, n—4¥—0ar ba—/LE— K
(VR —E, m—X—[lif—&), v—¥—0OFEH (B, EHEEE, EEEEEEcoES, TRERR)
B L, BREA 15 19 D FEE EUR O b RIRMENE, AR Z & ICRET S, VRIZQO)AXTEREND. 2T,
olI v — % —[AEAEEE, Dy ldn—& —OEE, U IR T 5.

w0.5D
rot

I3

n—X =% L= L7 v U7 (I 217m, 18 32.26m, BK 14.0m : X 2-5 BR) Zxf812, FEEERT o
RO —H—T %Ml Uiz, FHERICEER U7z BUE 8 EE X 2-6 1283, 2 2 CHull I3v —4 —D 7\ 40 T
TEETH Y, m—F —& 4 LS8 O RTEEHEICOWTIL, VR ZEIRLTWA, X 2-6 XV, VR, F8xt
RN X0 JBRERHER B 7280, v— X —IZ X 2R L IO OREEZITL 2 ERbD. T RGE
15.7m/s, A = 5.5m, I EH 9.1s OFFRA R, LB FLEEH T, VESTA 1T & 0 FERF O/ T —T1—
TERELHZEXK2-7TIRT S, R—E CHlEET 2 &, a—2—MOEEHIH 10% ~ 30%KE 92 2h A
RENTND. 2O LI, FEOWEASMOREFT, BAT A MIOMRETHMIZIT > Z L NARETH D.
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— —Hull —VR: 0.0 — —Hull —VR: 0.0 — —Hull —VR: 0.0
4 ——VR: 2.0 —VR: 4.0 ) —VR: 2.0 ——VR: 4.0 04 —VR:20 ——VR:4.0
2 1 — 0.2
el —X
o 0 / \ =

“ %£¢/’, © \\ g o \‘*i
2 -1 -0.2
T

-4 2 0.4
0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180
Relative wind angle [deg.] Relative wind angle [deg.] Relative wind angle [deg.]
(a) BEERIEARE (b) RIEAE A RE (c) BEREEE—4 > b

X 2-6 O—%—fDEENFEFE

(98)



e bl iz Ao

—— w/o Rotor, Calm Seas
BHP [kW] —— w/o Rotor, 90deg.
——with Rotor, 90deg.

16000
14000 -
12000 -
10000 -
8000 -
6000 -

4000 +

2000 +

0

9 10 11 12 13 14 15 16
Ship speed [knot]

(a) HERIERH

SETH

$23% W2 (FHMSHER) BEHE

—— w/o Rotor, Calm Seas
BHP [kW] —— w/o Rotor, 150deg.
—— with Rotor, 150deg.

16000
14000 -
12000 -
10000 -
8000 -
6000 -
4000 -

2000 -

0

9 10 11 12 13 14 15 16
Ship speed [knot]

(b) FhEKMERH

B 2-1 O—42—f0/AT—h—T (EHRE15.Tn/s, HEKm 5. 5m FIREH 9. 1s)

(4) M tEETHELAE D B0

VESTA TiE, A MV v 7Y TEE Lo 2 O CHEIR TN O E 21T 5 . iAEBI O B2 AU
TEMET D IFPERERFATARAE 04 BN L7=. L IR O "3 R, AT 7, 113 7 uXJ 8%,
WK HiAZ, st (MSD, WEM-SRICBT DMl A S S D, £72, 1S02631/3(1985)I2 KL 23 V) [

AHIERER b END. FEROIZOICLERBMAE A, AaHbEE 2 5H5E T 25T ORE,

ETHD. TOMIZHONWTIL, RO ATIEHE 2 AW TEEZTT .

R 22 2-8 (2R

Z 2T, Ko No.i(a), (b), () TR F DUFRLMF T E2 R,
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(6) B LEEGRR R R ERHEREEDEM

Mg FRGEEE GBI ([2RWTIE, KT & EMECREME T 25 720, BGEIRRF OGS U ORI RE 3
DEBOEENRSND. ZOTEIZONTIE, EEEERE (1S0) 15016:2015° <0, [EESRB/KEAE ITTC) @
HELEE (ITTC/RP.7.5-04-01-01.1) VIR ENTE Y, EIEICIE, ERIED 2V, sHREICE 2HEEIMERSND.
WIRFEFMIEE LTEEN TS NMRI IE 2, BEERHEE L TEEN TV AEFROR Ico0n i,
VESTA T L TWATFIEL R L TH Y, 2014 4E, 2017 20 ITTC-PSS D E 2 2 TR B HEN SN &
DR ENTWD. £ 2T, AFEIZHOWT Microsoft EXCEL 277 v b7 4+ — ARk~ 1 7 2L L,
VESTA-ST & L CIENAMIAR L7- . VESTA-ST & [Al URREIX, VESTA ICBWCHHT7- 23t EIEH & L CiBn
SENTBVMEATSZ ENTE S, VESTA-ST (2 L A BB AREH 2K 2-9 (TR T, A, Y
JEGHIZDOUWNTIE, ITTC/RP7.5-04-01-01.1 IZHEV, @ /TEERGAE AL L T D 0 OHER R B R L TV 5.

FIEIAAENT TIEZ 7797 1S015016:2015, ITTC HELHETIE, MIREIEIED 1 2L L TIRWAEEINIZIE /20 IRRET
AT 2 L BAE L5 FENMEET S, ZOFEE, ANEHZRIKR &35 720w AR 25 L RiE
7 TFETH L0, EARBRICEH T IO L TIMEENZE SN T RN L0, BEmiERSREN
TWRWZ ER EOMBENRDH S, £ ZC, NMRI JEIC X 2R PEPEEINE EEEZ R— AL, MASEENIEIE
U NIRBE i 9 2 72 60 O 5 IR rP S H T NG5 1% Simple-NMRI 2422 L TRV, HEROMNEEEZ BE L2
85 THECEE, NMRIJEO B &2 S — R CEEA TR ED JOGHEA TEETH D 2 L 2GR LT D %,

- >
— —

weather condition

lterm Value Unit Remarks

H,, 1.00 m significant wave height of wind waves; H ,

Tw 75 s mean wave period of wind waves; T,

B 0 deg. |primary wave direction of wind waves (0 deg. means head waves.), &,
H, 0.40 m significant wave height of swells; H_

T. 10.0 s mean wave period of swells; T,

8, 20 deg. |primary wave direction of swells (0 deg. means head waves.), &,

H 1.08 m total significant wave height, H

U ying 8 m/s |mean wind speed; U ,ny

¥ 26| deg. [mean wind direction (0 deg. means head winds.) ; »

external forces for the

analysis of sea trial data

lterm Unit Value Remarks

Vs knot 132 14.2 152 16.2 17.2|ship speed

R awow kN 2302 2352 2399 2449 24 90|added resistance in short crested irregular waves due to wind waves; R juc,,
R awes kM 430 4.46 462 477 4 91|added resistance in short crested irregular waves due to swells; R e,

R auc kN 27.32 27.98 2861 29.26 29.80|added resistance in short crested irregular waves; R 44

R ving kN 36.96 39.02 41.08 4308 45 08|resistance due to winds; R ;ng

Trial boundary condition

A

waves
B

winds

satisfied  satisfied

satisfied

Condition for the calculation of added resistance due to waves
A |ca|cu|ation with measured wave spectrum |
| B |ca|cu|ati0n with the wave height from visual observations |

Rawe: Ruing [KN]

50.00
45.00
40.00 —
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00

10 18

Vs [knot]

—wind waves ——swells ——total waves ——winds

2-9 VESTA-ST 2 & iREAEHERR (33, 000DWT 7 2 A2 2 h—)

(101)



10

2.2 BRHKEHREROEEL

FEUHEMERER OMIFEIY, ARERBRIC TERESND Z ENE =0, KIERER O [H) I3 S RE O SRS
ZA T2 ECHERETHS. AMERBREBEEOR EOw, EHHREIUKEORIRFRER S 2T AZFHA - it B
Wb AT LD, IR OWTORFENSMITIC K 29 217> 7. FHA - T Bk 27 Ao
WL, TIPS THRREE 2 L TCWAD T8, T2 TlE, THED ST ORI HOWTHRET 5.

YATO =SS 2 fAaEER AR (400m KHE) 12T, 33,000DWT 47 2 HvZ v — (FHRER 170.5m, 0§ 27.7m,
27K 10.0m) ORFEFEFL (R 6.2m) % FAVL T ITTC #E53E PICity, B2 2 EORIRF TR0 K Uik %
1TV, RHENS DT 24T 72 2. 3HME2.3)2U R~ U7z iR P i N O MR STAAR S Kaw (S CHEM L 72, =
TG, WIRHEHUEI R 12Q2.7)UT K 0 AKERER COFHAEN SRk H7-. 22T, R ITHIRFILPEHANE, Ry
PR IRPEHIIECTH 5.

R,,=R-R, 2.7)

RHESFRNT ATV, BHROH LIRER 2K 2-10 (R d. 2 2T, ftdhX ITTC HESEE 2 e Eg S b 8
T AR T OEERENGHA SN A RN S R T BRI GHETHH. Z20h, BERICBWTIARED
BEENERERTHY, ZOMOEETIE, BRFEIIOLENKE S, WKFIEFLOF GRS N &
WD, ZOX IR HENSOERSH 21T Z 212XV, FIRPRBROWESOMEERSE O B> 0,
BRI IR 72 AR FEUMHTERER I~k 5 Z L 3 T& 5.

Expanded Uncertainty of K,
0.12

0.10 +
0.08 +
0.06 +
0.04 +
0.02 +
0.00

NML=0.4 ML=1.2 ML=2.0

O Resistance in regular waves @ Resistance in still water
O Incident wave height W others

2-10 FHEMNESDESR (33,000DWT 7= HILE 2 H—)

2.3 EEME=4 T T—32 D

VESTA |12 & 2 FEEHIMHREY R 2 L— 3 VTl KR RT—H—TE2_X—RF7 1 & LTANTH. Pk
R =T —TZONT, EME=H U 7T =205 KPS I 2 5K E, Tndss & B 7 2 fh
L, TNOEDT—FEN—T7 4 v T 47 L TR, TR E B ORR, #E & BB oBERE
KRBT D FEEZBEE L . &5, RIS 2 FHIRAZED DANE & EHH 7 O BIRIC W Cido@E bl 72
T AT A TMTRRNGERDD L, @R T7 4T 14 7 L7 555 13 /E & EREIRERES BT
BIRICH D Z L2 5B L, 28X, QOMTTFTEHRAER LY. Z 2T, BHP 1T/, Ne T BHERER%L,
Vs IIXIKAEE,  an, b, Cn, dn IFENENTERLTH D,

BHP=a N+ ¢ 2.8)

N,=d V, 2.9)

nv 8
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.8, QOXDOEHEZ AN, WS LT 4 v T 4 T EITH L, HHEEDEE a,(v), buv), ci(v), du(V)H3KD
BID. TOFRERDD, /RTA—=H by ey ITONT, RIIFIME HKEIESRN—EE) b, ¢, ZRDD. b,
e, EAWTHETZ 4 T 4 T HITH) ZEICED, aw), da(v)E S LW, HIKED 1 RATHEIT 5. LLEOE
BzQR10)X~ 213, K 2-111RT. 22T, AIFHEKE, Disp 13 = & OPKEZ K EICRH 54
fERTELIEATA—HThHD.

AFIEICE Y, VESTA THEEMMERES R 2 Lb— 3 U EIToERAK 2-12 FIRY. 22T, FPD Ty
2 lb—a kD RS- ORFREREE RICOWT, =X V0T =2 DL LTESRTEL
ToRTGA—=2ThD. K2-12 15, £20%EEOIRAWVPIKER T, £3%0FEE CRENEE &4 HEErie/2 2 &
WD, FERAVLINTWD T K TUT 4RI L DIEIET, BRENEE B % +3%DFEEE CHEE rIRE /e &I X
+5%FEE OHEKEZEITAY 045 Z LD, 2100~ Q2.13)RUTR LB ETT L OE A L kRN E2 %
BITETWBHZ ENbnb.

an( A)r'=a|A+a0 (2.10)
[7”:]7_” (2.11)
c =c, (2.12)
dnv( A)'=51A+50 (2.13)
a, o an(v)r' - an(A)’ bn ° bn(v) - b_n
o
o o © o
O o-O—0—0-

-30.0 -20.0 -10.0 0.0 10.0 20.0 30.0 -30 -20 -10 0 10 20 30

ODISP. ODISP.
C, © Cn(V) - CT,, dnv o dnv(v)' - dnv(A)I

O
== /
= i}
) 5| B
o o ~ o
o S o

-30 -20 -10 0 10 20 30 -30.0 -20.0 -10.0 0.0 10.0 20.0 30.0

ODISP. ODISP.

K 2-11 /85 A —2 DHKEETIL
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O FPD
10
5
3 __________ —ceeetoeoaneanelecacecadeeeed
° [
0 0
L4 ‘ °
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