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Abstract

Recently, an interest in the uncertainty analysis on measurement and prediction
has been growing. An uncertainty analysis method is applied to the P.O.W test where
error sources, estimated errors, their propagation route and their sensitivities to the
uncertainty items are clearly illustrated. The uncertainty range for the results ob-
tained from the HMRI Propeller Open Water test is within +1% which is assumed to
be lower than an usual measurement error range of +2%. It has been noticed that
the uncertainty analysis can be used quite usefully for detecting dominant error
sources and hence improving the experimental measurement accuracy.
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Table 2 Principal Particulars of Model Propeller(HP227)

Measurement

D Propeller Diameter
Tem Temperature

T Thrust

Q Torque

n Propeller Revolution
\ Carriage Speed

Analysis

4 Density

v Kinematic Viscosity

A Propeller Advance speed
Kr Thrust Constant

Kq Torque Constant

J Advance Constant

1o Propeller Open Efficiency

Model setting
Setting of measurement

devices
j
Calibration
J
[
Measurement Step 1
Analysis Step 2

Fig. 3 General flow of test procedure
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Table 3 Bias limit for Measuring Equipments

P.O.W Test

Error Sources Errors Remarks | Bias limit

Dynamometer(thrust)

1 Linearity 1.00E-03/FS | FS.=200N | 20E-0IN

2.Hysteresis error 1.00E-03/FS 2.0E-0IN

3.0 point drift 3.00E~04/FS./C. | 0.5 degree | 3.0E-02N

4. Mutual interference | 3.00E-03/FS 6.0E-0IN
6.64E-0IN

Dynamometer(torque)

{ 1Linearity 1.00E-03/FS  |FS.=10N.m| 1.00E-02N.m
2 Hysteresis error 1.00E-03/FS 1.00E-02N.m
3.0 point drift 3.00E-04/FS./C. | G5 degree | 1.50E-03N.m
4. Idle torque 1.00E-03/FS 1.00E-02N.m

1.74E-02N.m

}-Ai-D Converter
1 Linearity 2.44E-04/F S 10volt | 2.44E-03 volt

2.off set error 1.22E-04/Fs 10volt | 1.22E-03 volt

3 Digital error 244E-0dvolt/bit | 1wolt | 2.44E-04 volt
2.T4E-03volt
DC Amplifier
1.Linearity 1.00B-04/F S
2.0 point drift 5.00E-04/F.S
5.10B-04/F.S
Low pass filter
1. Linearity 5.00E-05/FS | 1.00E+00 | 5.00E-04/FS
Propeller model
i Sensor
,‘Carriage j DC Ampliﬁ@ F-V
{ i

Low pass filter

A-D
Converter
) ;

Digital Counter

Fig. 4 Block diagram of measuring equipment for PO.W test
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time base error = 1.0E-06
gate time = 1.0 sec
trigger error = 1.05E-06
LSD(Least Significant Digit)
= 1.0E-01 pulses/sec
f(nominal frequency, ie V=1.0m/s)
= 5000 V/r D = 10000 pulses/sec

Y2xfx trigger error
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gate time
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1

=+0.1+
= (.11485 pulses/sec
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Table 4 Uncertainty analysis for measurements of P.O.W test at V=1.0m/s

PO.W Test Error Sources Errors Sensitivity Error Components Uncertainty
Bias limit Precision limit
Temperature(21.6C)
1} Thermormeter accuracy | 3.00E-03 F.S F.8S=8.00E+01 2.40E-01C
2) Reading error 2.00E-03FS FS$=8.00E+01 1.60E-01 C
i 3 240E-01C | 1.60E-01C 4.00E-01 C
Veiocity(1.0m/s)
1) Rotary Encoder 1.25E-01 pulse/s | 1.00E-04 m/pluse 1.25E-05
2) Wheel diameter 2.00E-04 m 6.28E+00/sec 1.26E-03
3) F-C digitizing error 1.50E+01 pulse/s| 1.00E-0.4 m/pulse 1.50E-03
1.26E-03 m/s| 1.50E-03 m/s | 3.25E-03 m/s(0.33%)
Te(48.63N) 4.86E+01
1) Dynamometer 3.32E-03 F.S 2.00E+02 N 6.64E-01
2) A-D Converter 2.7T4E-03 Volt 2.30E+01 N/Volt 6.29E-02
3) Amplifier 5.10E-04 Volt 2.30E+01 N/Volt 1.17E-02
4) Lowpassfilter [ 5.00E-05FS 4 86E+01 N 243803
5) Calibration 1.95E-04 Volt 2.30E+01 N/Volt 4 48E-03
6) Messurement 6.02E-0.2N 1.00E+00 6.02E-02
6.67E-01N | 6.02E-02N 6.73E-01 N (1.38%)
T(40.12 N) 4.01E+01
1) Total bias i 1.59E-02 N 1.00E+00 1.59E-02
2) Total random 9.76E-02 N 1.00E+00 9.76E-02
159E-02N | 9.76E-02N 1.96E-01 N (0.48%)
Q{1.996 Nm) 2.00E+00
1) Dynamometer 1.74E-03 F.8 1.00E+01 Nm 1.74E-02
2) A-D Converter 274E-03 Volt | 1.73E+00 Nm/Volt | 4.75E-03
3) Amplifier 5.10E-04 Volt L.73E+00 Nm/Volt | 8.84E-04
4) Low pass filter 5.00E-05 F.S. 2.00E+00 Nm 9.98E-05
5) Calibration 1.47E-04 Volt 1.73E+00 Nm/Volt |  2.55E-04
6) Messurement 1.15E-03 Nm 1.00E+00 1.15E-03
1.81E-02 Nm | 1.51E-03 Nm | 1.81E-02 Nm{0.91%)
Q(1.243 Nm) 1.24E+00
1) Total bias 3.48E-03 Nm 1.00E+00 3.48E-03
2) Total random 2.17TE-03 Nm 1.00E+00 2.17E-03
: 348E-03Nm | 2.17E-03Nm | 5.56E-03 Nm(0.45%)
n(8.71 rps) 8.71E+00 (
1) F-V Converter 2.50E-04 F3 5.00E+01 rps 1.25E-02 |
2} A-D Converter 1.37E-03 Volt 1.00E+01 rps/Volt 137602 |
3) Meassurement 1.27E-03 rps 1.00E+00 1.27E-03
1.85E-02rps | 1.276-03rps | 1.86E-02 rps(0.21%)

Be(accuracy)

= *resolution * f X time bare error
= ().12485 pulses/sec
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Table 5 Uncertainty analysis for P.O.W test results at V=1.0m/s

PO.W Test Error Sources Errors Sensitivity Error Components Uncertainty
Bias limit Precision limit

Density(997.83679 Kg/m?)

1) Tem (bias) 2.40E-01 C -2.22E-01 -5.33E-02

2} Tem (random) 1.60E-01C -2.22Ee-01 -3.56E-02

5.33E-02 3.66E-02 8.89E-02Kg/m"

Kim. vis(9.66E-07m?/sec)

1)_Tem (bias) 2.40E-01C -2.29E-08 m¥/sec.c| -5.50E-09
2) Tem (random) 1.60E-01C -2.29E-08 -3.66E-~09
5.50E-09 3.66E-09 9.16E-09 m*/sec
V (1.0m/s)
1} V (bias) 1.26E-03 m/s 1.00E+03 1.26E-03 1.50E-03
2) V (random) 1.50E-03 m/s 1.00E+00
3) Other (seiche, residual flow)] 1.00E-03 m/s 1.00E+00 1.00E-03

1.61E-03m/s| 1.50E-03m/s | 3.40E-03m/s (0.34%)

Kp(1.676-01)

1) Density (bias) 5.33E-02 kg/m? | -1.67E-04 -8.93E-06
2) Density (random) 3.56E-02 -1.67E-04 -5.95E-06
3) T (bias) 1.59E-02 C 4.16E-03 6.63E-05
4) T (random) 9.76E-02 4.16E-03 4.06E-04
5) n (bias) 1.85E-02 rps -3.83E-02 -T.11E-04
6) n (random) 1.27E-03 -3.83E-02 -4 87E-~05
nD 1.00E-04 m -2.82E+00 -2.82E-04
7.68E-04 4.09E-04 1.12E-03(0.67%)
Kq(2.19E-02)
1) Density (bias) 5.33E-02 kg/m* | -2.19E-05kg/m’® -1.17E-06
2) Density (random) 3.56E-02 -2.19E-6 -7.80E~07
3) T (bias) 3.48E-03 Nm 1.76E-02/Nm, 6.12E-05
4) T (random) 2.17E-03 1.76E-02 3.82E-05
5) n (bias) 1.86E-02 rps -5.03E-03/Nm -9.33E-05
6) n (random) 1.27E-03 -5.03E-03 -6.39E-05
D 1.00E-04 m -4.62E-01/m -4.62E-05
1.21E-04 3.87E-05 1.43E-04 (0.65%)
J{(4.84E-01)
1) V (bias) 1.61E-03 m/s 4.84E-01m/s 7.77E-04
2) V (random) 1.50E-03 4.84E-01 7.26E-04
3) n (bias) 1.86E-02 rps -5.56E-02/rps -1.03E-03
4) n (random) 1.27E-03 -5.56e-02 -7.06E-05
5/ D 1.00E-04 m -2.04E+00/m -2.04E-04
1.31E-03 7.29E-04 1.96E-03(0.40%)
7(5.90E-01)
1) J (bias) 1.31E-03 1.22E+00 1.59E-03
2) J (random) 7.29E-04 1.22E+00 8.89E-04
3) Kp{bias) 7.68E-04 3.53E+00 2.T1E-03
4) Kp{random) 4.09E-04 3.53E+00 1.46E-03
5) Kq (bias) 1.21E-04 -2.69E+01 -3.25E-03
6) Kq (random) 3.87E-06 -2.69E+01 ~1.04E-03
4 53E-03 1.99E-03 6.03E-03(1.02%)
9 a7t oA, drht HF AR FEE vA Kr, Kq. JE2RE 78 n 9 247t & +1.0%%
A ZAEA &+ o 24 aRlo] F B¢ ol & Fadon ol B4 AHY o3 +2% B A g
AASAY 2L F e WEE AAE Fa ok olt}, EF o] F F o3} 9912 AN T Yo B
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Table 6 The t distribution

’ Cl 0.900 0.950 0.990 [ 0.99 0.999
1 | 6314 | 12706 | 63.657 | 127.321 | 636.619
2 ] 2920 4.303 9.925 | 14.089 | 31.598
3 | 2.353 3.182 5841 | 7453 | 12.924
4 | 2132 2.776 4604 | 5598 8.610
5 12015 2571 4032 | 4773 6.869
6 | 1943 2477 3.707 | 4.317 5.959
7 | 1.8% 2.365 3499 | 4.029 5.408
8 | 1.860 2.306 3.355 | 3.833 5.041
9 | 1.833 2.262 3.250 | 3.690 4.781
10 | 1.812 2.228 3.169 | 3.581 4.587
11 | 1.796 2.201 3.106 | 3497 4.437
12 ] 1.782 2.179 3.065 | 3.428 4.318
13 1 11711 | 2.160 3.012 | 3.372 4.221
14 4 1761 2.145 2977 | 3.326 4.140
15 | 1.753 2131 2.947 | 3.286 4.073
16 | 1.746 2.120 2.921 3.252 4.015
17 | 1740 2110 2898 | 3223 3.965
18 | 1.734 2101 2878 | 3197 3.922
19} 1729 2.093 2.861 3.174 3.883
20§ 1725 2.086 2.845 | 3.153 3.850
21 | 1121 2.080 2.831 3.136 3.819
22 ] 1M7 2.074 2.819 | 3.119 3.792
23 11704 2.069 2.807 | 3.104 3.768
24 | 1.1 2.064 2797 | 3.090 3.745
25 ) 1.708 2.060 2187 | 3.078 3.725
26 | 1.706 2.056 2179 | 30.67 3.707
27 | 1703 2.052 2.711 3.057 3.690
28 ] 1.701 2.048 2763 | 3.047 3.674
29 | 1.699 2.045 2,756 | 3.038 3.659
30 ) 1.697 2.042 2750 | 3.030 3.646
40 | 1.684 2.021 27704 | 297 3.551
60 | 1.671 2.000 2660 | 2915 3.460
120 | 1.658 1.980 2617 | 2.850 3.373
o | 1.645 1.960 2576 | 2.807 3.291

* Given are the values of t for a confined level C and number of
degree of freedom ¥ =N-1
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