eSS olget TR SOk ARV s ol

e, KBTIk E TS, 7]

V% A58

Analysis of ship powering performance under environmental

disturbances using ship operational data

Byunghyun Yoo, Jinwhan Kim (Department of Mechanical Engineering, KAIST)
Jungjoong Kim, Youngtae Ahn (Samsung Heavy Industries)
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Recently, the regulations and requirements for minimum fuel efficiency of ships have been reinforced in

response to increased interest in environmental pollution and global warming. Thus, there is a growing need

for research toward improving fuel efficiency by analyzing ship’s powering performance under various sea

states and operational conditions. However, it is known that existing analytical methods or empirical formulas

do not give satisfactory results. This study proposes regression models using measured and forecast data.

Because physical knowledge is applied in the modeling procedure, the proposed model is effective and

accurate. The results are compared with the measured data, model test results and ISO15016 to verify the

validity and accuracy of the model.

Keywords: Statistical analysis, Ship performance, Regression model, Measured/forecast data
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Fig. 1 Graphical models for ship powering

performance

el 2 ole] 55

2 Aol 23 TRI0] RS AIKISH PRE)
o] chet 23 2B FaskuAt 5p] thgel, KA
clolefolld RPMo] st §alslm, Efzio] 0= 20l
A 250l oht dlolelee ZEste] RAE) 1)

dolel2 A183P |2 sloic:



3. 3 4 2

3.1 93l of2) =el
WAl vt Al ofefet Zo] A1 4 Slck

-

B =0Qmn= ﬁil?pﬂ = ﬁiI:qudiﬁz_,Iﬁ (7)
AL (7)o Kg= Z708] Jof] tist o2 dogA 9l 2

Ao K s Jol tigt 17} &5 (Kgy | +Kgz) 2

Fil-wf)
nd

7Pgeit. ] = oY, 5, , wf (wake
fraction), p7 WRH Aapetal 7Pdelal meHeio] X174

EF Wit o dopr] theo] A e sz Rosl,

Wl B3 A (B)ah o] Uekd 4 9lrk
Qs = (o + el ®)

AT ES RPM, AH] £he= 2R AS folEd

zstejo] Qlonz, ¢, ¢, 2 HoE 2R 13 4 Qlct

324x oo
A Ale] A9 YRmoR 4ol Afgol] Hlestol,
w7} Rjagle] A9 WKoe 8P A70] AE 2 e
Argol vElditie AR Yeid Aok B dolis
olejit 2a)x xS widsle] TRl Wz A
TdslE] M E0] uige Zelslol el
e wekon Sagl Wwo] Aks ZAINIC, Aol

ra

2 _ 2 2
Ve = hi‘rL - b:iH'rnl.':u's - b!iHh_'-'I'.'Bii

—by 1V © = BsHoave © = BsHompert”
—by W, — bed?
If Hypave Hiowetts Vi = 0
V= bi“: = baaHppyaye - baz Hpmyan :
~BaaViw* = bsHovare = PeHeowers”
—b, Vo ? — Bgd?

If Hiwave  Hrzwerr Ve < 0 )

t; = thrust deduction, Hyyave s Hovare = 9%, 59
HCJ%O]: E]-EQ’] %__;—O]y H'rl:l'.'sii ’ H:‘:ll.'sii % 7%]%‘ é\.. Ho]%c}:
E120) 0], Vi Voo T, 5T 3 Ul AL 5

Ete ool

g
Sl 72t vfeig wlwslick Fig 2t 83 712 A8
0% Bt ClolEl= A3 23] ZuS Yoix] 10%2)
A5 dolelol M8 ARl &Y AuS Ueko,
Table 12 81 tlele] ool W2 A vfeiule] oAl

Uehdct,
5 10?4 Train set
i ! ——Measured power |
\ Estimated power
1.5 } ‘ | Computed power using model test

Engine power(kW)

o
0

e B I W

Y]

O 1 " L L L J
0 2000 4000 6000 8000 10000 12000
Index

%104 Test set

o

(kW)
a

ik
N

Engine power

——Measured power |

0-87/___Estimated power wﬁm
Computed power using model test ol
06 1 1 . n 1 L .l
200 400 600 800 1000 1200 1400
Index

Fig. 2 Comparison of engine power
Table 10] @=% case 3ut Zo] A& HPEE Sk
tolElz ARESE 39, 2 AldS &l 92 45
olgsfo] /et oL 2 Aol AAlske wRiol
AA| 48 O] 7Pk i ERIE 4 QlTk Ee, case |,
29} o] U4F folEz Sk5Z skl s wEoM
ARESHA] k2 HolElE o] 85l QARE Alkteh Axjofi=
AR ¥vgo] o et Auts H¥ole ERIE 4 o

ATt e Tlole] 716ke} 27 71gol’] whzofl Table




10] Ueiisol, sk tolele] 47t Uollas 4e
ojeizle] Qapt ZojsA| Eln, ofejst Aue £4)
HolEle] o] £7RISE O e AT £55P) D A
o33t 4 9l

Table 1 Error of engine power with the number of

training data
Train | Test NRMSE (%)
data data ZRZE | Bd A
Casel | 50% 50% 3.74 4.07
Case? | 90% 10% 3.58 401
Case3 | 100% 0% 2.65 2.96
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Fig. 3 Variation of ship speed according to

environmental conditions
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Table 2 Coefficients of the velocity model

b 00551 | Pz | 10743 | B | -1.2351
bar | 23699 | %2 | 00000 | | -0.0217
bar | 31684 | P2 | 00000 |2 | -0.2527
Bar | 00052 | % | -0.2901
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Table 3 Error comparison with ISO15016

BE Speed Power
ISO15016 | Proposed | ISO15016 | Proposed
1 2.01 0.81 2.02 3.00
2 2.62 1.13 321 6.59
3 2.67 1.13 6.07 7.90
4 3.08 242 3.16 591
5 5.65 3.55 8.76 6.61
6 6.96 2.55 11.39 6.34
7 7.51 1.19 13.23 4.10
Mean 4.36 1.83 6.83 5.78

Error of engine power(%)

157
> 18015016 e
+—Proposed o
10+ .
A —
o) o
0 L
1 2 3 4 5 6 7
Beaufort number
8 Error of ship speed(%)

o 18015016 e °
6 | ——Proposed o

47 .
o (o3 ,(_J',,
5 2
0 i L L L 1
1 2 3 4 5 6 7

Beaufort number
Fig. 6 Comparison with ISO15016

5.2 &

B oeRoit AW e 7122 olgs) AN oY
ioIMel Ol 3 4 BS VEET, 2Y A
dolel 3 1S0150169] Zue} wlmshusick obspiA
Wio) ofxl Qlovt A 93 7122 3t 44 Zupt
§ AI@ 2 1S015016ucH R0z JhE Ang
Ble 55} Aleh ol £87492 selstoict

FaRN

%]

LFYS BHoIH A Aol AE EFUC

Fied

A. M. Arasteh, K. Lari, S. S. Shariati, 2012, Optimizing
voyage plan in way of Persian Gulf and Red Sea using
meteorology and oceanography satellite data,
International Journal of Marine Science and
Engineering, 2(1), pp. 121-128

B. Yoo, J. Kim, 2013, Powering performance analysis
and modeling of a full-scale ship using machine
learning techniques, Proceeding of the society of
naval architects of Korea, 2013.

B. P. Pedersen, ]. Larsen, 2009, Prediction of Full-scale
Propulsion Power using Artificial Neural Networks,
Budapest, Hungary, 537-550, May 2009.

H.O. Kristensen, M, Litzen, 2012, Prediction of
Resistance and Propulsion Power of ships, Project
report, Project no. 2010-56,
Emissionsbeslutningsstattesystem

J. P. Petersen, D. J. Jacobsen, and O. Winther., 2012,
Statistical modelling for ship propulsion efficiency.
Journal of Marine Science and Technology, 17(1), pp.
30-39

K. Sasa, D. Terada, S. Shigeaki Shiotani, N.
Wakabayashi, T. Ikebuchi, C. Chen, A. Takayama, M.
Uchida, 2015, Evaluation of ship performance in
international maritime transportation using an
onboard measurement system -~ in case of a bulk
carrier in international voyages, Ocean engineering,
104, pp. 294-309

N. Sogihara, M. Ueno, K. Hoshino, M. Tsujimoto and N.
Sasaki, 2010 Verification of calculation method on
ship performance by onboard measurement, The
International Society of Offshore and Polar
Engineers 2010.

T. Borkowski, Lech Kasyk, Przemysaaw Kowalak, 2011,
Journal of KONES Powertrain and Transport, 18(2),
pp. 31-39



