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In this study, uncertainty analysis based on ITTC(International Towing Tank Conference) Recommended Procedures is carried out in the
towing—tank experiment for motion responses and added resistance, The experiment was conducted for KVLCC2 model in head sea
condition, The heave, pitch and added resistance were measured in different wave conditions, and the measurement was repeated up
to maximum 15 times in each wave condition in order to observe the uncertainty of measured data, The uncertainty analysis was carried
out by adopting the 1ISO—GUM(International Organization for Standardization, Guide to the Expression of Uncertainty in Measurements)
method recommended by ITTC. This paper describes the details about the analysis method, uncertainty and the measured uncertainty
for each source, The uncertainty analysis results are summarized as a tabular form, To validate the accuracy of the present
measurement, the experimental results are compared with the results of numerical computation and other experiment, From the present
uncertainty analysis, the main sources of uncertainty are identified, which can be very useful to improve the accuracy for added
resistance experiment,
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Fig. 1 Model ship: KVLCC2

Table 1 Principal dimensions of test model

Model (1/100 Type B

[tem Full Scale .
scale) uncertainty
Lpp (m) 320.0 3.200 1.600E-03
Breadth (m) 58.0 0.580 1.000E-03
Depth (m) 29.0 0.290 1.000E-03
Draft (m) 20.8 0.208 1.000E-03
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Table 2 Test conditions

S(‘)Fi'e)d AL | ML | H L | T(seo) erf:]ff:rd
0.3 0.0333 | 0.784 4
0.5 0.0200 | 1.012 16
0.75 | 0.0133 | 1.240 4
1.0 0.0100 | 1.432 5

0.142 0.005 1.1 0.0091 1.502 15
1.2 0.0083 | 1.568 4
1.4 0.0071 1.694 2
1.6 0.0063 1.811 2
2.0 0.0050 | 2.025 18
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Table 3 Estimate of uncertainty for measurement devices

Instrument Type B
Load cell(N) 3.063E-02
Heave potentiometer(m) 1.947E-04
Pitch potentiometer(rad) 4. 667E-04
Sonar wave probe(m) 2.443E-04
Capacitance wave probe(m) 3.861E-04
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Fig. 5 View of swing device and model in swing table
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Table 5 Estimate of uncertainty for KG
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Table 4 Error of model setup for KG and 4,

ltem Target Result Error(%)

KG(m) 1.860E-01 1.850E-01 -0.53%

ky(m) 8.000E-01 | 8.033E-01 0.42%
ZMo| FAESAT SN viAHo| SN M ZoiE A
HEM, 95% AE|ToM FAZSAE 8.86%, M HiA2

1.82%2| 2=l 77k 7Rl Ag 2elg =
2 w2 7KI=dl o] 2yl
Al 71eletet 6,2 At Hlolso 2
TS T2 HElolM ZAH2Z 2deg 0[512] ofF E2 g2
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£
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Sourcel of Nominal Type .A Type .B Stan(jard Sen.si.tivity (UB/u.)(%)
uncertainty Value uncertainty uncertainty uncertainty(u) coefficient(0)
ya(m) 1.950E+00 1.000E-03 1.000E-03 | 1.000E+00 1.49%
Wi(kg) 3.120E+02 1.000E-01 1.000E-01 5.657E-03 m/kg 0.48%
Wi (kg) 1.000E+01 2.000E-03 2.000E-03 1.765E-01 m/kg 0.19%
x(m) 1.475E+00 1.000E-03 1.000E-03 | 1.197E+00 2.13%
f;(rad) 9.792E-02 4.585E-05 7.937E-05 9.166E-05 4.947E+00 m/rad 0.31%
0,(rad) 2.104E-02 5.207E-05 5.391E-05 7.495E-05 1.068E+02 m/rad | 95.41%
Combined uncertainty (uc) 8.193E-03
Expanded uncertainty (U) 1.639E-02 Y 1.850E-01 ‘U/Y(%) 8.86%
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Table 6 Estimate of uncertainty for Gy

Source of Nominal Type A Type B Standard Sensitivity (UB/UL)2(%)
uncertainty Value uncertainty uncertainty uncertainty(u) coefficient() ol
W4 (m) 1.000E+01 2.000E-03 2.000E-03 1.774E-01 m/kg 1.16%
Wq(kg) 7.370E+01 1.000E-01 1.000E-01 2.407E-02 m/kg 53.29%
x(m) 1.475E+00 1.000E-03 1.000E-03 1.118E+00 11.49%
9:(rad) 2.104E-02 4.858E-05 7.937E-05 9.166E-05 2.094E+01 m/rad 33.89%
y1(m) 1.943E+00 1.000E-03 1.000E-03 1.357E-01 0.17%
Combined uncertainty (uc) 3.297E-03
Expanded uncertainty (U) 6.504E-03 Y 17745400 | UMY(%) | 0.37%
Table 7 Estimate of uncertainty for 4,
Source of Nominal Type A Type B Standard Sensitivity (UB/UL)2(%)
uncertainty Value uncertainty uncertainty uncertainty(u) coefficient() ol
Ti(sec) 2.956E+00 1.293E-04 1.000E-03 1.008E-03 1.997E+00 m/sec 7.66%
Wy(kg) 7.370E+01 1.000E-01 1.000E-01 6.143E-04 m/kg 0.01%
Win(kg) 3.120E+02 1.000E-01 1.000E-01 1.451E-04 m/kg 0.00%
Gy(m) 1.774E+00 9.600E-04 3.151E-03 3.294E-03 2.553E-02 0.01%
Gn(m) 1.765E+00 5.664E-03 6.096E-03 8.254E-03 8.453E-01 91.98%
Ty(sec) 3.073E+00 3.457E-04 1.000E-03 1.058E-03 3.982E-01 m/sec 0.34%
Combined uncertainty (uc) 7.274E-03
Expanded uncertainty (U) 1.455E-02 Y 8.000E-01 \ U/Y(%) | 1.82%
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ZEE o= A (16)2F 20| FAMHEL =|fend, TR Al(17)24 V= A 2mg (17)
20| FARRISE et TER AN NS 2 24 2 LWL
(dispersion relation)2 0&3l0{ me| F7|2FE FHSINCE
et miEe EQV‘“}J FH2 et e 22y (18), (19) oA’
e w24 = ulap( 24| (18
Z22EH 98 F Uch A
, A N 2( N )2 of ON )2 2( N )2
A= A, (16) u?(\') =ulg) o +u(w) p” (L) oL (19)
Table 8 Estimate of uncertainty for wave amplitude
Source of Nominal Value Type A Type B Standard Sensitivity coefficient(8) | (uf/u.)*(%)
uncertainty uncertainty uncertainty uncertainty(u)
\/L=05
Alm) 1.600E-02 | 468305 2696-04 | 2.7326-04 | 6.250E+01 /m | 100.00%
Combined uncertainty (Uc) 1.708E-02
Expanded uncertainty (U) 34502 | Y | 1.000E+00 | U/V(%) | 3.42%
A L=1.1
A(m) | 1.600E-02 | 4.910E-05 2709604 | 2.753E-04 | 6.250E+01 /m | 100.00%
Combined uncertainty (Uc) 1.721E-02
Expanded uncertainty (U) 3.441E-02 ‘ Y ‘ 1.000E+00 ‘ U/Y(%) ‘ 3.44%
N/ L=2.0
Alm) 1.600E-02 | 3.813E-05 260304 | 2.719E-04 | 6.250E401 m | 100.00%
Combined uncertainty (Uc) 1.700E-02
Expanded uncertainty (U) 3.399E-02 | Y | 1.0006400 | U/v(%) | 3.40%
Table 9 Estimate of uncertainty for wave length
Source of ! Type A Type B Standard " - o
uncertainty Nominal Value uncertainty uncertainty uncertainty(u) Sensitivity coefficient(6) (UQ/ Ue ) (%)
A/ L=05
a(m/ ) 9.799E+00 5.000E-03 5.000E-03 5.097E-02 ?/m 0.26%
w (rad/sec) 6.207E+00 1.062E-03 3.066E-02 3.068E-02 1.611E-01 sec/rad 99.48%
L(m) 3.200E+00 1.600E-03 1.600E-03 1.563E-01 /m 0.25%
Combined uncertainty (Uc) 4.955E-03
Expanded uncertainty (U) 9.910E-03 Y 5.000E-01 ‘ U/Y(%) ‘ 1.98%
A/ L=1.1
a(m/ ) 9.799E+00 5.000E-03 5.000E-03 1.121E-01 §/m 0.58%
w (rad/sec) 4.185E+00 5.901E-04 1.393E-02 1.395E-02 5.527E-01 sec/rad 98.87%
L(m) 3.200E+00 1.600E-03 1.600E-03 3.438E-01 /m 0.56%
Combined uncertainty (Uc) 7.375E-03
Expanded uncertainty (U) 1475602 | Y 1.100E400 | U/Y(%) | 1.34%
A/ L=2.0
a(m/s?) 9.799E+00 5.000E-03 5.000E-03 2.039E-01 ?/m 1.04%
w (rad/sec) 3.103E+00 3.488E-04 7.672E-03 7.672E-03 1.289E+00 sec/rad 97.96%
L(m) 3.200E+00 1.600E-03 1.600E-03 6.250E-01 /m 1.00%
Combined uncertainty (Uc) 9.991E-03
Expanded uncertainty (U) 1.998E-02 Y 2.000E+00 | UN(%) | 1.00%
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Table 10 Estimate of uncertainty for heave motion
iocirizirify Nominal Value urggfaﬁty urjggtaaiity uni}eargrftrj(u) coi(fe;zilz;/waG) (u9/ uc) 2(%)
A/ L=0.5
&5 (m) 2.892E-04 4.033E-06 1.947E-04 1.947E-04 6.250E+01  /m 9.94%
A(m) 1.600E-02 4.683E-05 2.692E-04 2.692E-04 1.130E+00  /m 0.06%
Combined uncertainty (Uc) 1.218E-02
Expanded uncertainty (U) 2.436E-02 | Y 1.786E-02 | UPY(%) | 136.40%
A/ L=1.1
&(m) 1.225E-02 5.029E-05 2.041E-04 2.102E-04 6.250E+01  /m 50.19%
A(m) 1.600E-02 4.910E-05 2.692E-04 2.736E-04 4.785E+01 /m 49.81%
Combined uncertainty (Uc) 1.855E-02
Expanded uncertainty (U) 3710602 | % 7.300E-01 | UN(%) | 5.06%
A L=2.0
&(m) 1.422E-02 4.828E-05 2.073E-04 2.129E-04 6.250E+01 /m 43.71%
Alm) 1.600E-02 3.813E-05 2.692E-04 2.718E-04 5.553E+01 /m 56.29%
Combined uncertainty (Uc) 2.012E-02
Expanded uncertainty (U) 4.024E-02 Y 8.799E-01 ‘ U/Y(%) ‘ 4.57%
Table 11 Estimate of uncertainty for pitch motion
ey | o vae | B iy | o) | cotaente) | (06/0:009
A/ L=05
&;(rad) 7.474E-05 2.129E-05 4.667E-04 4.672E-04 1.592E+01 /rad 100.00%
Alm) 1.600E-02 3.813E-05 2.692E-04 2.718E-04 7.435E-02 /m 0.00%
k(rad/m) 3.927E+00 1.344E-03 3.879E-02 3.882E-02 3.029e-04 m/rad 0.00%
Combined uncertainty (Uc) 7.435E-03
Expanded uncertainty (U) 1.487E-02 | Y 1.178E-03 | UNV(%) | 1262.55%
A L=1.1
&;(rad) 1.647E-02 1.272E-04 4.949E-04 5.100E-04 3.501E+01 /rad 74.04%
Alm) 1.600E-02 4.910E-05 2.692E-04 2.736E-04 3.604E+01 /m 22.51%
k(rad/m) 1.785E+00 5.034E-04 1.189E-02 1.190E-02 3.321E-01 3.41&
Combined uncertainty (Uc) 2.079E-02
Expanded uncertainty (U) 4.158E-02 | Y 5521E-01 | UY(e) | 7.53%
A\ L=2.0
&;(rad) 1.544E-02 1.317E-04 4.916E-04 5.089E-04 6.366E+01  /rad 77.62%
A(m) 1.600E-02 3.813E-05 2.692E-04 2.718E-04 6.144E+01 /m 20.63%
k(rad/m) 9.817E-01 2.207E-04 4.849E-03 4.854E-03 1.001E+00  m/rad 1.75%
Combined uncertainty (Uc) 3.677E-02
Expanded uncertainty (U) 7.355E-02 % 9.735E-01 | UV | 7.56%
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M sIAMe Asislcio st A=2 olslo] k=0 o oR "7\ oR,
M sliAlE TSI, olof| CHEH A& 2lslod RIEH2 ) ) )
HEZ3 L RS} dEEns umsRic wNEel B (o ) P A)z( 3@%)
II%EIE_ ﬁl(2;4)9} Zo| silen, BrixEe| S5 88 1o 2 e 6% e
Qe Aek S M2 A|(25)nt 2ot U(B)Z( 5 ) +u(L)2( T )
Table 12 Estimate of uncertainty for added resistance
semay | Ve | uvmany | uewerty | ety | St oosfioen(®) | (u0/u0’9
A/ L=05
pka/m’) 9.978E+02 4.837E-02 4.837E-02 3.014E-03 mP/kg 0.00%
o(m/s?) 9.799E+00 5.000E-03 5.000E-03 3.069E+02  s?/m 0.00%
A(m) 1.600E-02 4.683E-05 2.692E-04 2.7132E-04 3.760E+02  s?/m 19.58%
B(m) 5.800E-01 1.000E-03 1.000E-03 1.037E+01  /m 0.20%
L(m) 3.200E+00 1.600E-03 1.600E-03 9.399E-01 /m 0.00%
Ro(N) 3.966E+00 4.251E-03 3.649E-02 3.674E-02 3.800E+00 /N 36.17%
R(N) 4.758E+00 1.182E-02 3.878E-02 43.054E-02 3.800E+00 /N 44.05%
Combined uncertainty (Uc) 2.323E-01
Expanded uncertainty (U) 4.643E-01 ‘ Y 2.932E+00 U/Y(%) 15.83%
A/ L=1.1
plka/ m’) 9.978E+02 4.837E-02 4.837E-02 7.867E-03 nmi/kg 0.00%
g(m/s?) 9.799E+00 5.000E-03 5.000E-03 8.011E-01 &/m 0.01%
Alm) 1.600E-02 4.910E-05 2.709E-04 2.763E-04 9.812E+02  s?/m 58.36%
B(m) 5.800E-01 1.000E-03 1.000E-03 2.707E+01 /m 0.59%
L(m) 3.200E+00 1.600E-03 1.600E-03 2.453E+00 /m 0.01%
Ro(N) 3.966E+00 4.251E-03 3.649E-02 3.674E-02 3.800E+00 /N 15.59%
R(N) 6.032E+00 1.881E-02 4.299E-02 4.692E-02 3.800E+00 /N 25.43%
Combined uncertainty (Uc) 3.536E-01
Expanded uncertainty (U) 7.072E-01 ‘ Y 7.195E+00 U/Y(%) 9.83%
A/ L=2.0
pka/m’) 9.978E+02 4.837E-02 4.837E-02 8.296E-04 m’/kg 0.00%
g(m/s?) 9.799E+00 5.000E-03 5.000E-03 8.447E-02 &*/m 0.00%
Alm) 1.600E-02 3.813E-05 2.693E-04 2.719e-04 1.035E+02  s*/m 1.31%
B(m) 5.800E-01 1.000E-03 1.000E-03 2.854E+00 /m 0.01%
L(m) 3.200E+00 1.600E-03 1.600E-03 2.587E-01 /m 0.00%
Ro(N) 3.966E+00 4.251E-03 3.649E-02 3.674E-02 3.800E+00 /N 32.19%
R(N) 4.184E+00 9.937E-03 5.185E-02 5.280E-02 3.800E+00 /N 66.49%
Combined uncertainty (Uc) 2.461E-01
Expanded uncertainty (U) 4.922E-01 Y 8.099E-01 ‘ U/Y(%) 60.76%
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