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The speed and power performance of a ship is not only a guarantee issue between the ship owner and the ship—yard, but also
is related with the Energy Efficiency Design Index (EEDI) regulation, Recently, International Organization for Standardization (1ISO)
published the procedure of the measurement and assessment for ship speed and power at sea trial, The results of speed and
power performance measured in actual sea condition must inevitably include various uncertainty factors, In this study, the
influence for systematic error of shaft power measurement system was examined using the Monte Carlo simulation, It is found
that the expanded uncertainty of speed and power performance is approximately +1.2% at the 95% confidence level(k=2) and
most of the uncertainty factor is attributed to shaft torque measurement system

Keywords : Uncertainty analysis(2&tal aH4d), Monte Carlo simulation(Z2H|ZIS2 AlE2|014), 1ISO 15016:2015, Sea trial( A2H), Speed—power
performance(M&-33 +5)
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Table 2 Measured environmental condition

Vivr Ywr Hy Tw Dy

(m/s) | (deg) (m) (s) (deg)
50%-1%trun | 1.9 342 1.3 5 177
50%-2" run | 14.1 346 1.2 5 357
75%—-1% run 2.5 40 1.4 6 177
75%-2" run | 16.4 346 1.4 6 357
90%-1% run 4.3 47 1.3 5 177
90%-2" run| 15.9 347 1.4 6 357

Kr © Mean value of the measured relative wind velocity atthe
vertical position of the anemometer

wr - Mean value of the measured relative wind direction at the
vertical position of the anemometer

H,  Significant wave height

7w © Mean wave period

0O, © Incident angle of wave
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/Tms

DPM

(ISO 15016)

s - Delivered power in the trial condition
Mg - Delivered power in the ideal condition
G  Measured torque at the propeller shaft

& 1 Measured ship’s speed over ground

R - Resistance increase due to wind

Raw - Resistance increase due to wave

Ris : Resistance increase due to deviation of water temperature
and density

Auater - Water depth

V . Displacement volume

Fig. 2 Uncertainty sources at sea trial
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Fig. 3 Shaft power measurement system(Song, 2008)
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Fig. 4 Uncertainty sources in measurement of shaft power

Fig. 40llM Zt2te| 7|27t 7KK 2lvlE cf32t 2ot

UL Poms) : Uncertainty of the power measurement system

u{Total @) : Combined uncertainty of the total torque

u{Total A) : Combined uncertainty of the total shaft speed

e . Uncertainty due to recalculation of the torque

ul gauge)  Uncertainty due to the gauge of shaft speed

tinst) : Uncertainty due to installation on a shaft

uld . Uncertainty due to calibration

Ua) . Uncertainty due to strain gauge installation

ue . Standard uncertainty of the relative strain of
the gauge

uD : Standard uncertainty of the diameter

UG . Standard uncertainty of the shear module

URy) : Standard uncertainty of the strain gauge bridge

uan . Standard uncertainty of the transmitter and
receiver

U Vamp) : Standard uncertainty of the Amplifier plug—in
module

UVow) : Standard uncertainty of the digital voltage meter

UR) : Standard uncertainty of the strain gauge effective
resistance

u(ky) . Standard uncertainty of the gauge factor at 75

UR.) . Standard uncertainty of the resistance of

standard resistor

= EJ ASAIAEe| & s EFEEET

(4)E Saff HoZlek

u{ Total Q)= A

=

u,(Total Q) = VuX( Q)+ u(gauge) +u*(e)+u*(a) (4
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Table 4 Standard uncertainty of the wind anemometer

ltem Type B
, 10m/s or less: with in £0.5m/s
Wind speed —
10m/s or more : with in 5%
Wind direction +5°

Table 5 = HIZlol| 2fet FIpete| 3T siMAE LIEKY

wa ule) - 0.370 T 3lek MCRe] 50%-1 run, 509%-2" run sA1Zinjol] i =3t
o1 D :0.029 QIXlel kb 20f GHEEHE 95%AZITZIONM ZHZE +4.4%,
UG :1.15 +14.0%2! 222 LIEIten, 75% MCR =742} 90% MCROIIA
UR,) : 0.231 = Z|tf 12%, 18.1% = LIEISCE
ud gauge) uAah : 0.294
u{Total Q) ] - . ) . .
Ul Prs) - 1385 . 0.462 U Vomp)  0.183 Table 5 Uncertainty of resistance increase due to wind
© 1.385 UVod: 0.200 Rus U (95%, K=2) | U (95%, K=2)
UR) : 0.231 (kN) (kN) (%)
| g(;; . u(k) © 0.289 50%-1% run | -63.2 +2.8 +4.4
UURz) * 0.00005 50%-2" run 109.1 +15.2 +14.0
ta) : 0.316 75%-1% un | -86.3 +2.9 +3.3
W) - 0.06 75%—2" run 146.4 +17.6 £12.0
£5 = HHAT HEAAHO £ SEET (Tl e 90%—1% run -81.0 4.3 153
Lo o 90%—2" run 116.7 +21.2 +18.1

u(Pp,.) = \/uf( Total Q,,,)+u’( Total N) (5)
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l = 20
0.00

Ve
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Raa [kN]
Fig. 5 Uncertainty of wind resistance (MCR 75%-1% run)
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Table 6 Uncertainty on wave measurement system

[tem Uncertainty of Type B
Wave height +10% or £0.5m
Wave period + 0.5s

Wave direction + 5°
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Table 7
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Table 7 Uncertainty of resistance increase due to wave

Raw U (95%, K=2) | U (95%, K=2)

(kN) (kN) (%)
50%—1% run - - -
50%—2"™ run 56.9 +8.7 +15.2
75%—1% run - - -
75%2™ run 76.1 +11.9 +15.7
90%—1% run - - -
90%-2" run 86.1 +12.9 +15.0
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Table 8 Uncertainty on measurement system of water

temperature
[tem Uncertainty of Type B
Precision +0.1C
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Table 9 Uncertainty for the effects of water temperature

and density
Ras U (95%, K=2) | U (95%, K=2)
(kN) (kN) (%)
50%—1% run | -36.4 +1.2 3.3
50%2" run | —36.1 +1.2 3.3
75%1% run | —47.5 1.5 +3.2
75%2" run | —46.7 1.5 +3.2
90%—1% run | —51.1 1.6 +3.2
90%2" run | —51.1 1.7 3.2
6. FES(Poc)oll CHEH SEHIN 5i4
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Table 10 Uncertainty for corrected ideal power

U (95%, K=2) U (95%, K=2)
(kw) (%)
MCR-50% + 164 +1.2
MCR-75% + 227 +1.2
MCR-90% + 265 +1.2
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Fig. 6 Uncertainty for corrected power (MCR 75%)
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