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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(22tald aHAd), Monte Carlo simulation(Z2H|ZIS2 AlE2|014), 1ISO 15016:2015, Sea trial( A2H), Speed—power
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1. M & M AZE RZo| M2|zoll wet ¥4F xR BYE
: =
S-53450l 25Ut 2 X018 2Y F Uck(nsel, 2008).

Ao Mi2-S24 Al Algloll ASslof & Balgke Al

z|2 ZHISHA | FH(International Maritime Organization, IMO) 3| ptony, 74|_|§ Z;% 2izto| Al2|E 20| w2} M _._224 Zh
OllM= sHARH WIS fI5 M S SH-t=, AATHAHS HI K| o| E=iTrt AYECE ML= Hulel 22T E 7| fleiM
20| Melofl4X| &8 MAX|4(Energy Efficiency Design Index, = A1Z7|9] @Xt2 F0|1, O|AMO| A|HERA(H4 F)of IA‘I HE
EEDI)2t 2t el EIiXK|52l olHiX|EE 2&X|E(Energy Sh= Z40] XL} AIM| sl Alol| A O|RX|= Al2M2| Z<2 o|AF
Efficiency Operational Indicator, EEQI), 418t of|L4X| 822 || xo| A|HSIATHOIAM 315177} ¢=]7q oiCt MR BE Al
£|(Ship Energy Efficiency Management Plan, SEEMP)S2 ZHA| M AZZaol= AZ A7} 7Kl Bt} A|—i—7( SIATHO|
St SiICt ofof| w2} Mutel M&—F3 AIRME2 MF, =ML, Jlolsk=s BEIDT| BE EEEO Q zrv st 4 9lc}
M3 S ZE 7|TolH S2E 2AEO| E[9lon], =M EEst AlsiAl cielof|A O|20{X|= A|Eo|| uHow :T#Kﬂ%‘— 55|
7|7HISO)dIM = ME—a2 AlRMel shAH S EFEsIsI0] A (ITTC)oIM = ME e, =28 tis MSAIE S Clekst 74
gkt ACKISO 15016, 2015). odst Alslo| 23RN A X|ElS Mokl QUCKITTC 2002,
A2 Al Aol HISE ME-S28 M SollMel M 2005). O|& HIZSZ Park et al.(2003, 2015), Han et al.(2017)
& MO Retslo] Wtk | fleiMe Al siatzzel 25 o x5k 2 Kfsh DEAIS| ChEH 2SI iAlS 43} QI
£ HM5F= 2ol %ROFEP olzfet el I™o| HiZ I1SO 0{, Park et al.(2012), Seo et al.(2016)2 2= 2 A&} sfiAof|
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Input true values of
variables

.

Input s and elemental by’s
for each variable

Run simulation
i=1to M iterations

"

Assume the s's and bs are the standard
deviations of their error distributions and
select an error from each source

L Ly AL L L

XU1) = Xiruo + €xli) + Br(i) + Boli) + Ba(i) YU) = Yirwe + Bali) + Bali) + Bs(i) + €li)

|

Calculate result(s) from data
reduction equation(s):

(i) = f[X(i), Yi)), etc
)

i=M?

No

/.’(X' Y) 95% Expanded

Yes l Uncertainty
Uz=2u,
Calculate standard )

deviation (sycum = u,) for each result equation

Fig. 1 Schematic of Monte Calo Method for uncertainty
propagation (Coleman & Steele, 2009)
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EHFIEZ AlZ20IME 0|88t AN M52 Maof tist 28I 5|4
EHFIEZ AlZ2lolde| THRE S Fig. 10l ZAISID, 0f (Ryw), ThToll oI5 87 s BH(Ry), T2 2 UTol| ot HH
£ 3A of2fe| 4eH = & & 5 Qck (Rg), = Gl 2 ME 2 (he) S S22 FA=(0{, 2t
(1) $EH A Ho| Zlofl CHEH MR 28T 245 5TIM AME| Musict
(2) Zt ideizpol| SERES £0] = 522 TEP| 25l M ZzueiXol| Mx|E Az
(3) Y5 mHAlo]| 2510 HHE=EAHA =34 eIAoIx|E B3l & E3E EFsI, Y5t MM 58 0|85
(4) 21t 24 Zo| SINEEE EX5H 7 0|5 & SHOZ AN ESHAZ
= £33 2ol oIft Feks MAHEP| 2fsH 1SO 15016 AlRM
3. AIRA Al 2 Esr o4 s Aol w2t ZIE B sks AlMSlo] MG Eick w2l
Zh e FETT| A BNl ME-52 Mol ks o|x7
Zch

3.1 Al2H A=

CHaMMEER2 170K LNG A10|8d(Kim et al., 2017), & 371X =
HollM Aol S Ut ol AFE B 35, uty,

upy, mkek2 Table 22+ ZCt

2E M AFE SHES2 1.9~16.7m/s 0|0, 7<|m}
D= 1.2~1.4m2 AN siAZEAR 236t J2 R LIEIRICH
AEE XI2= MCR2| 50%, 75%, 90%2| Al2H Znjo|H, Hs
=l Xp2E Zb 2= A1 run, 2™ run)ol| CHEE A5 Aldlol
aiek £ B, Z2EY MEE, MANES, 2 bk, 7|2,
T2 59 Bodolch 5 2S5 2T (Al 3 2
=og sigoz MAEsP| JHdsIict
Table 2 Measured environmental condition
Vinr Yur Hy Tw Dy
(m/s) | (deg) | (m) (s) | (deg)
50%—1%run | 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

Kwr © 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

Hy - Significant wave height

7w - Mean wave period

0O, © Incident angle of wave

3.2

ISO 15016011A HA|=!
Jhsst B3l @4 Fig.
Q2te| ofet HA QAR FH £ 7
A2EOME & EF(QY), &
5io, ZizZiof| st M2 25

2ich ot ofglof oo YRR E

DPM

(ISO 15016)

s - Delivered power in the trial condition

Mg - Delivered power in the ideal condition

G  Measured torque at the propeller shaft

l& : 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

Nuater - Water depth

V . Displacement volume

Fig. 2 Uncertainty sources at sea trial
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=2|gh ZSUSE ZHo= shitsio{ LIER{o] FCHSong,

Torque transducer

Intermediate shaft

Signal cable

Strain gauge,
i i Display unit

Processing unit

Fig. 3 Shaft power measurement system(Song, 2008)

= AISA A A A2l H[0|X| MX|
Al S 4= Qe QAMEDE o2} Al ME BRY,
Sl 27 EMs Eck = 32 A
A|ABIO| E8IE (P 24F Fig. 421 20| IAH ET AS
A28l y(Total Q)2 EEITR} & £T AHS AlAH 23T
uTotal N) MEo= FEE=ICH
E3 7:”’<A|AE4IO| g!— E AER |o|7-||o|7(|o| A|-|:H|:| 0|§
A= Ael| et EQ MAME 22 o (Q2F AO|Xof w2
2T wlgauge), 2E8IQ1 HOIX| W™ Al W 1S Y &
T (g, 2B FEIHOIM wAE 4= Q=
(@2 TMECH
07 |M E3 MAFEE Al (3)1} 20| AER QI Hlo|X|e] Al
(92 = A(a)2l Hoz Edixlnd, AE2l Ho|x]2] Al
el 22T g, T A S| ist 225 UD), S| M

ol thiet ==t (G SOl EMsPA Elct

o Z9|

= MX| 2=k v

Q=age (3)
74GJ(__ 77rD4)
Y~ "p 7T T

e . Relative strain of the strain gauge

G : Shear modulus

D : Shaft diameter

J: Moment of inertia for solid shaft
AEgQl Alo[X|of| w2 ==

x| 22X 255 UR), 5]

== =% UV, AD THE 2T (1)) 2 TMEICE st

ZI0IX1E wHe i Y=z 25T yld= AE9I AHolX|9|

wEXNE 2= UR), AOIX| M7t 7Kl ST u(k), 2E

2ol Holx| Y Al ALBEe #F MEV|I7t 7Kl 285

URL)Z TMED, ofx|atez AEz||Ql Ho|X|E Zof £

o 2Mel= S5t (@7t AUCE

w(gaugeoll= AE&l2! AHlo|
ST U), BE7|oM Ly

—

b I3
=

Holx|2| %%F uAgauge)
E ylinst)2 FM=ICt

UC(P Dms)
u9
uD - | |
wo | | | uflotal Q) | | ufTotal N |
| ulgauge |

Flg. 4 Uncertainty sources in measurement of shaft power

Fig. 40ilM Zt2te| 7|57t 7KK 2lpl= ck32t 2ok

UL Poms) . Uncertainty of the power measurement system

u{Total Q.9 : Combined uncertainty of the total torque

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

WA > 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

a) . Uncertainty due to strain gauge installation

ue . Standard uncertainty of the relative strain of
the gauge

) . 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

U Vo) : 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

= 53 HEA|ARIO| & SINEZESIT

SIMEZEET (4 Total Q= A
(4) & Sdll Yozt

=

(TotalQ,m \/u )+ u*(gauge) +u*(e)+u* (@) (4
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2AE2|2l Ho|X|E S5l & EIE ASSHF & S| ZAHE
E5lf z2oz sl £ 3 AEAH[Q| 4 thEE 35002
AEg|2l HO|X|E ARRSH= A2 Z ZAIE[ISH, ITTC (2002)
£ ZH05104 Table 32 20| AO[X[o]| w2 E&T ygauge)=
0.462, E3 A E3t% Q= 1.211, AE&|2l AHo|X| W™
Al 2H TESSHIE 28T ule)= 0.370, 2E8|Ql HOIX| AX|
E3Ty{aE 0.31622 7FH35I%CE of7|M ET RAY E5tT
7} cj2 BEirof dis AR oz 04, 0l= =9 Mk ERMAH %
9| BElT ((GE 1.15%=E 71H3 Z4oz 7|QI=Ict

ol

Table 3 Uncertainty of shaft power measurement system

= Table 49 Z2 MEE ZAIEQICE ZF MCREZA0IAM
o =

H
Slgt RiRgle] ZETE HMSP| 25t 9 KiRo| HEEE
S
Thsiol 2EI7IEE AlgEl0IS SHSRIC

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| 23T siMAE LIEKY

w0 ule : 0.370 1 9Uck MCR2] 50%—1% run, 50%-2" run iA1Zizlol| chsl Zst
1o uD : 0.029 ORIl kIt 20 SHEBH= 95%AIZTZIONN ZiZh +4.4%,
' UG : 1.15 +14.0%%1 A2 LIER}OD] 75% MCR Z742} 90% MCROfIA
UR) 1 0.231 = Z|H 12%, 18.1% 2 LIEFTE
udgauge) UAh = 0.294
u{Total Qns) _ : . . . .
UL Prg) . 1 385 : 0.462 U Vomp) = 0.183 Table 5 Uncertainty of resistance increase due to wind
: 1.385 o UV 0.200 R U (95%, K=2) | U (95%, K=2)
0 UR) : 0.231 (kN) (kN) (%)
, g;o u(k) : 0.289 50%-1% run -63.2 128 +4.4
' URe4)  0.00005 50%—2" run 109.1 +15.2 £14.0
ula) : 0.316 75%-1" n | -86.3 2.9 +3.3
wN) - 0.06 75%-2" run | 146.4 +17.6 +12.0
%1% -81. +4. 5.
T3 & HHAT AZAAHO & BHE y(Tow M= oo W | OO 49 >
C oo o 90%2" run | 116.7 +21.2 +18.1

+0.1% & BN BETE o 0.06%E PAIELS oz 715
Q El S 3

7 UCH TRt £33 ASALEL & BEET ylAd)E
1

5. <t 20| izt =& iy
5.1 Hizoll o3t £7bNE 2HE SEIM SY

ISO 1501601Af= HiZlol| ofet FIpete LPgsh| flol S5t
TS S3AE, UEE SSISASHI0[E, 27|42 37|
o]l Cio A=t ALH, = AFoIME MEE Skl

HOEIE HIZ2R 4(6)2 Sdll LEsIACt

_ 2
Ryy= O‘SPACAA(w\NVRef)AXVK\VRef )
—0.5p,C44(0) Ay VZ
Mule] ZsLELo2E ZujAl ZRA| ZST0| ALRE
Aend, HM7IX| LHEE ZXHA0| ARSE1D ACE Melof| ARZE|
= F R SSESHE AR 2}, SRR ASE|o| Met

Fig. 5= MCR 75% 1% A<l tist vi2iol| chst foix&oz,
EH7IEZ AlZ2f0M siMZnlel E4E=E LIERHD Ut
2ol ofst £ A ste| TWo| -86.3kNO |0y, 95%A12|TL7IollA] HE
2lof| ofst Bylxgte| StEFE ST = 42 OkNE HAUS 7|FE2
2 2k £3.3%= LIEPGTE S ZZHAM AHZZ0| 2.5m/s2
2| 2ol 22T E I L2 W22 LIERICH

Probability

Ve
-90.00 -89.00 -88.00 -87.00 86.00 -85.00 -84.00 -83.00

Raa [kN]
Fig. 5 Uncertainty of wind resistance (MCR 75%-1% run)
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5.2 L}TOl| o5k Bk E HASE 25N A

ISO 150160liAt= mh=ol| oI5t £7

ek BMERHS STAWAVE-T,
STAWAVE-2, Theoretical method 2iH S & 37X| 2HE KA|SEH
1 Ryt Insel(2008)2] 2 STAWAVE -1} 22 ck=st HH

A2 AKES10] mizof ofg F7 K EE 74I’.‘_F6F3“XEF. et o2t
F Ao 230l 7|2lsk= F7 K Eol FAIE w2t Fulz=zdol
2t AKZ0| Zkssicks BHEol Ief ofol| w2t = HAollM =
Hto| 2301l 2fet £ ekt iitmlol ofeh £k etg XA
2{8 STAWAVE-22HH Al(7)2 HME3ICt.

ZT U.ler (1)05 V)
Ryy= 2/ / " Fw,a)dwda 7

Rwave RA WML + RA WRL
2

B _
Rapnag = 4PSQCE1L—PP T (W)

= 2 oY 1>

Fd

Rywrr = %PSQQZBOH (w)
047|M, Ry THOll o5 £
Meto| 20| 7(Qlsk= MERET 1 (Rame /2t BhARTIOl
712K Ranm 2l 22 S5l
5k ABHIE2{S o|n|5iC}
utof ot f7IMEe Teb| flefMe uhl, mtek mEr (ot
Z4Mo|od, A[RM SHY=Z0IM L S(swell)Ol ZME A2, F
IR HEel mn, ufey mFr|7h Eesich st
STAWAVE-2E M E%H < £45°0|Lf{2| mjof| CHsHAMTH naiste
2, £45°F Y= 1ol tisiM= oheof 2fft B ER 022

E

ZTZolM, mhol ofst HYo| 2SS HE
2lsl 7ks31H 7&7‘._@ si{dollM A2 g TEiskE 20|
Ch J2{ut & w2} ZEst sidolM AlRNME & & 39
ol SEMMET| Meks| HIE =[ofok Bt sS4
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SE J|0lE= EHAEE 7K1 QUCk w2t 2 Aol M=
OlH FH|E AREsIo] g &Y ASsh= A= 75t
I A Fof| ARREl= allo|He| ZH| HETE Table 624 7FO|
7FgsIict.

o N

+ Jo

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°

o ASEHe| SERE 2 Al ufuof theiME Y=

2 7t™stn, 37| 9 uteol| tishMe dYE22 71Ysio] =
7IEZ AlEeoldE FE5IRICE
Table 72 Tt HZAH|2| HETof| Chgh 2= 0|235101
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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 1+15.0
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Table 8 Uncertainty on measurement system of water
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Table 9 Uncertainty for the effects of water temperature
and density
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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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Fig. 7 Sensitivity of corrected shaft power on ~,s and
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Fig. 8 Sensitivity of corrected shaft power on basic input
parameters (MCR 75%)
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