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Validity analysis of speed, wave height, and wind speed
for the operational performance of a bulk carrier
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Abstract: There is a growing interest of ship builders and shipping companies in energy efficiency, and efforts to estimate ship
performance are having been realized by monitoring the operational data. An estimation of higher accuracy requires the vali-
dation of the speed through water and the ocean weather. In this paper, the validity of speed, wave height, and wind speed
were investigated using the obtained operational data of a sea-going bulk carrier. The SOG(speed over ground) from GPS(glob-
al positioning system) and STW(speed through water) from speed log were compared and analyzed. And the weather fore-
cast(hindcast) and the data from wave radar and anemometer were compared and discussed. As a result, the validity of the
speed log with which the subject ship was equipped was confirmed. The data from the weather forecast were sufficient for the
estimation of the ship performance. After performing certain sample calculations of the speed-power curves, reasonable results
were obtained. And it is expected to analyze the methodology for the estimating the standard speed-power curve using the op-
erational data which are being currently filed for the subject ship.
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Table 1: Principal particulars of the subject ship

DEADWEIGHT
L%CSH 291.80 m| (AT SCANT. 175,800 t
' DRAFT)
LENGTH CAPACITY OF ,
B 28220 M| Cir6o HoLps| 195000 m
MAN B&W
Bg\;IESDT)H 45.00 m | MAIN ENGINE | 6S70MC Mark
VI 1SET
DEPTH 16,860 kW x
24, M.CR. ’

(MLD) 75 m c 91.0 RPM
DESIGNED| C.SR. 14,331 kW x
DRAFT : (NCR) 86.2 RPM

14.9 knot

SCANTLIN (AT CSR.,
G DRAFT | 1825 m [SERVICE SPEED| [\ "

15% S.M.)

i AR = &= Figure 1, Figure 29} 2t}

Figure 1: Photograph of the subject ship

Figure 2: Main route of the subject ship
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Figure 3: Model test result of the subject ship (speed-power

curve)
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Figure 4: Analysis Screen of the Wave Radar (Wave Finder)
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Figure 5: The location of the antenna of wave radar

Figure 6: The location of the anemometer
Eiged s 9 Eipd &
=, SPMSE =] guy 27
H sudold, F&A A%, 717 HAREE F718
= ]’4At5+=  NOAA(National — Oceanic
Atmospheric  Administration)ol| /] A Fsl= o HEA
(Hindcast) A& AREsESlon, 234 1% <49 2w
E5 o]83t] HPHoR A QXA ] A5FE T3}
= S ARSI olEA st T SFAEES
& Table 20 533t

Are] ANNAL A g

1

}_

= ‘]-%

- ©

2

4 P
HZ

ofr
gis
ol

b F

&

Mo
Mo
I

i

fo i

v

2
- Ooh
o

4
4 % o

oo

K

i
o
(e

N

and

)
i
o
>
op
(o0
o
Aui
L
o
ooy 3

)
lo
f
Ir
[\o)
M
)
I
1o
2

s

i

Y O Y
>

koo FE
QL
N
21[]
2
£

%0

fr

~

5

)

>

Ir

N

N
!

o

4 o

o o,

aeot], 7)1 E, HZe ©gt 331E Figure 7, Figure 8
of =3tk 71 e BAts et sargolt] Atne HkE
2

o QAT Q= AL & 5 Uk Haeleld A 2

B AFARE Foel folnd AgsnE /) de)n A

s wabe] A% A o 5 glek. o] Aol UE £
7} gk}

Aarel Wk thet

ol A Yol et # 2438 A|35(2019.3)

L 74

- A%

r

4732} Ballast 23

- Departure Port : Pohang, Republic of Korea

- Departure Data : 2016.11.26. 15:24 (+9)

- Arrival Port : Dalrymple Bay, AUS

- Arrival Date : 2016.12.08. 15:00 (+10)
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- Accuracy : (717¢l X/ skago]r]) x 100 = 92.9%
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- Departure Port :
- Departure Data :

Dalrymple Bay, AUS

2016.12.18. 12:15 (+10)

- Arrival Port : Kwangyang, Republic of Korea

- Arrival Date : 2017.01.04. 06:30 (+9)
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Table 2: Lists of the finally selected operational data
No. Item No. Item No. Item
1 No. of Data 21 N/S 41 L swell period M
2 time UTC 22 long_Position 42 H_sea_height M
3 time UTC+9 23 E/W 43 H sea direction M
4 speed VG 24 Voyage Distance 44 H sea period M
5 speed VG x 25 heading_Gyro 45 T wave height W
6 Speed_ VG y 26 heading GPS 46 T wave direction W
7 speed VS 27 rudder_angle 47 T wave period W
8 speed VS x 28 seawater Temp M 48 L swell height W
9 speed VS y 29 seawater_Temp W 49 L swell direction W
10 rel current speed Zonel M 30 seawater Density M (OPTION) 50 L swell period W
11 rel current dir Zonel M 31 rel wind speed M 51 H sea height W
12 rel current speed Zone2 M 32 rel wind direction M 52 H sea direction W
13 rel current dir Zone2 M 33 abs_wind speed W 53 H sea period W
14 abs current speed W 34 abs wind_ direction W 54 sea Depth M
15 abs_current_dir W 35 wave height eye M 55 sea_depth W
16 propeller rpm 36 T wave height M 56 fp_drft
17 shaft torque KNM 37 T wave_direction M 57 ap_drft
18 shaft Power 38 T wave period M 58 mid ps drft
19 brake Power 39 L swell height M 59 mid_ss drft
20 lat_Position 40 L _swell direction M 60 Air Temp M
61 Air Temp W
Figure 7: Comparison of wave radar, weather forecast, and visual observation in voyage 47-1 (Ballast)
Figure 8: Comparison of wave radar, weather forecast, and visual observation in voyage 47-2 (Laden)
bl A o] g 8k 5] 2] Al43¢ A35(2019.3) 187
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Table 3: Comparisons of speed data in the Korea-Australia route (SOG: speed over ground, STW: speed through water, unit
of speed - knot, unit of distance - km)
Voyage 47-1 47-2 45-1 45-2 43-1 43-2
Route KR->AU AU->KR KR->AU AU->KR KR->AU AU->KR
SOG(mean) (knot) 13.0444 13.1373 15.1561 14.0104 13.9758 13.0573
STW(mean) (knot) 12.9422 13.3333 14.7102 14.0248 13.5329 13.1710
Correlation Coeff. 0.856 0.9425 0.8845 0.8032 0.8282 0.7509
Error(RMS) (knot) 0.555084 0.536019 0.891564 0.668386 0.807553 0.666328
Dist. Ground (km) 6621.71 7102.03 7377.52 7190.86 7006.58 7174.03
Dist. Water (km) 6569.87 7207.96 7160.46 7198.23 6784.57 7236.48
Ratio of Distances 1.00789 0.9853 1.0303 0.9989 1.0327 0.9914
Ratio of Return Route 0.996 1.0146 1.0114
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Figure 11: Comparisons of the speed over ground and

through water in the voyage of Korea and Canada
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Table 4: Correlation coefficients of speeds and the ratio of
distance in the voyage of Korea and Canada

Ratio of Distance
(VG/VS)

Speed

Voyage No. Correlation Coeff.

48-1 (KR->CA) 0.390331 1.054385

48-2 (CA->KR) 0.186522 1.055355

49-2 (KR->CA) 0.813863 1.007049

49-3 (CA->KR) 0.564142 0.984969

50-1 (KR->CA) 0.843820 1.013650

50-2 (CA->KR) 0.888225 0.957891
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Figure 12: Wave height and direction from wave radar and weather hindcast
Table 5: Comparisons of significant wave height from wave radar and weather hindcast
Wave Radar Weather Hindcast Comparison
Voyage I\ZIESH Variance N([;a)n Variance Ratlo(};)/fwl\)/[eans Cogi&;?on Error(RMS) (m)
47-1 1.805659 0.539481 1.769345 0.507388 1.020524 0.857809 0.388067
47-2 1.818344 0.671127 1.532670 0.446557 1.186390 0.645218 0.702033
48-1 3.134909 1.993028 2.956395 2.085231 1.060382 0.711870 1.098944
48-2 3.476467 1.212745 3.010648 2.128454 1.154724 0.714880 1.122981
49-2 2.745800 0.800299 2.576028 1.233371 1.065905 0.461258 1.070496
49-3 2.647203 1.012627 1.836272 0.902172 1.441618 0.717132 1.096143
50-1 2.660220 1.377536 2.051846 2.046106 1.296501 0.151881 1.812122
50-2 2.013097 0.984018 1.444535 0.652815 1.393595 0.471828 1.097163
51-2 2.067037 0.723744 1.798265 0.592457 1.149462 0.840168 0.536772
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Figure 13: Wind speed and direction from anemometer and weather hindcast
Table 6: Comparisons of wind speed from anemometer and weather hindcast (Corrected: values at reference height 10m)
Anemometer Weather Hindcast Comparison
Mean . Corrected Mean . Ratio of Ratio of Correlation | Error(RMS)
Voyage (m/s) Variance Mean (m/s) (m/s) Variance Means Corrected Coeff (m/s)
(A/W) |Mean (A/W) ’
47-1 9.351740 | 15.093904 7.977 7.913236 | 6.707984 1.181784 1.008 0.663792 3.242322
47-2 7.450247 | 12.064039 6.750 6.633824 | 4.935545 1.123070 1.018 0.742561 2.491255
48-1 10.575239 | 23.318426 9.021 8.380676 | 11.413941 | 1.261860 1.076 0.771329 | 3.792248
48-2 | 11.184220 | 21.329025 10.133 9.228602 | 11.671483 | 1.211908 1.098 0.839050 | 3.216847
49-2 | 12.350116 | 17.417075 10.535 10.675550 | 9.366571 1.156860 0.987 0.653058 3.592404
49-3 9.316731 | 14.802283 8.441 7.526787 | 8.665861 1.237810 1.121 0.786695 2.975248
50-1 10.890934 | 24.438032 9.290 7.802033 | 18.520219 | 1.395910 1.191 0.734020 | 4.611721
50-2 9.333907 | 13.450108 8.457 7.421441 7.005932 1.257695 1.140 0.546877 3.673721
51-2 9.655958 | 15.250790 8.237 7.471672 | 8.811335 1.292342 1.102 0.820219 3.133194
oA Aol P 3hs] A A439 A35(2019.3) 192
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Figure 15: Measured DHP (Non-dimensionalized, Laden Condition)
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