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ABSTRACT

This paper analyzes the results of the estimated uncertainties of air-borne noise and structure-borne

noise. The test results include the measurement uncertainties, which are used for validation. A mathe-

matical model with various measurement uncertainty factors is required to provide more accurate test

results. The contribution of each element to the measurement uncertainty was analyzed and the char-

acteristics of the measurement uncertainty with frequency variation were investigated.
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Table 1 Airborne noise uncertainty at 31.5 Hz
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Table 3 Airborne noise uncertainty at 125 Hz

Type| Ve |uncerisinty |soeticien | Contribution | Ratio  Type|FERCEd) TTE, | cetfeions| Contribution | Ratio
AP,.s| 0.000 0.003 1.000 0.003dB | 0.0% APyes| 0.000 0.003 1.000 0.003dB | 0.0%
Vi | 0.687 0.009 12.635 0.114dB | 63.7% Vi | 2266 0.071 3.833 0.273dB | 93.3%
Vea | 45.306 0.022 0.192 0.004dB | 0.1% Vea | 45.306 0.022 0.192 0.004dB | 0.0%
Sy | 44.005 0.306 0.197 0.060dB | 18.0 % Sy | 44.875 0.208 0.194 0.040dB | 2.0%
Sear | 45.290 0.210 0.192 0.040dB | 8.0% Sear | 45.290 0.210 0.192 0.040dB | 2.0%
P 0.997 0.005 8.715 0.045dB | 10.1% P 0.997 0.005 8.715 0.045dB | 2.6 %
Confidence level 95 % Confidence level 95 %
Coverage factor k=2 Coverage factor k=2
Combined standard uncertainty 0.14 dB Combined standard uncertainty 0.28 dB
Degree of freedom 27 Degree of freedom 12
Test result 57.6 dB Test result 67.9dB
Expanded uncertainty 0.3dB Expanded uncertainty 0.6 dB

Table 2 Airborne noise uncertainty at 63 Hz

Table 4 Airborne noise uncertainty at 500 Hz

Type| Ve |uncerisity |socticien Contribution | Ratio  Type|PRRCEd) TATEtt, | cefeions| Contrbution | Ratio
AP,.s| 0.000 0.003 1.000 0.003dB | 0.0% AP,.| 0.000 0.003 1.000 0.003dB | 0.0%
Vi | 1.403 0.055 6.192 0.341dB 953 % Vi | 3277 0.087 2.651 0.272dB |91.0%
Vea | 45.306 0.022 0.192 0.004dB | 0.0% Vea | 45.306 0.022 0.192 0.004dB | 0.0%
Sy | 44.514 0.232 0.195 0.045dB | 1.7% Sy | 45290 0.2108 0.192 0.040dB | 2.7%
Seal | 45.290 0.210 0.192 0.040dB | 1.3% Seca | 45.290 0.210 0.192 0.040dB | 2.7%
P | 0997 0.005 8.715 0.045dB | 1.7% P | 0997 0.005 8.715 0.045dB | 3.5%
Confidence level 95 % Confidence level 95 %
Coverage factor k=2 Coverage factor k=2
Combined standard uncertainty 0.35dB Combined standard uncertainty 0.24 dB
Degree of freedom 12 Degree of freedom 14
Test result 63.7dB Test result 71.1dB
Expanded uncertainty 0.7 dB Expanded uncertainty 0.5dB

Trans. Korean Soc. Noise Vib. Eng., 29(3) : 396~402, 2019 | 399
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Table 5 Airborne noise uncertainty at 2000 Hz

Table 7 Structureborne noise uncertainty at 10 Hz

Estimated| Standard |Sensitivity

et value |uncertainty |coefficient Cleictinlonritont | 100

AA,.| 0.000 0.003 1.000 0.003dB | 0.0%

Vi | 0.010 0.001 872.206 | 0.542dB |96.9 %

Vea | 10.134 0.014 0.857 0.012dB | 0.0%

Sy 0.992 0.006 8.756 0.006dB | 0.0 %

Sear | 1.004 0.007 8.651 0.056dB | 1.0%

A 10.040 0.090 0.865

0.078dB | 2.0%

Confidence level 95 %
Coverage factor k=2
Combined standard uncertainty 0.55dB
Degree of freedom 11
Test result 59.7dB
Expanded uncertainty 1.2dB

Table 8 Structureborne noise uncertainty at 31.5 Hz

Estimated| Standard |Sensitivity

Estimated| Standard |Sensitivity

Type| ™ Value uncertainty |coefficient Comiribuiion | R Type| ™ alue uncertainty | coefficient Comialion) [
AP,.s| 0.000 0.003 1.000 0.003dB | 0.0% AA,.| 0.000 0.003 1.000 0.003dB | 0.0%
Ve | 1.103 0.023 8.572 0.196 dB | 87.8% Vi | 0.459 0.009 18.923 0.170dB | 753 %

Vear | 45.306 0.022 0.192 0.004dB | 0.0%

Vea | 10.134 0.014 0.857 0.012dB | 0.4%

Sy | 44.310 0.205 0.196 0.040dB | 3.7%

Sy 1.011 0.007 8.591 0.007dB | 0.1 %

Sear | 45.290 0.210 0.192 0.040dB | 3.7%

Sea | 1.004 0.007 8.651 0.056dB | 83%

P 0.997 0.005 8.715 0.045dB | 4.7% A 10.040 0.090 0.865 0.078dB | 15.9%
Confidence level 95 % Confidence level 95 %
Coverage factor k=2 Coverage factor k=2

Combined standard uncertainty 0.21 dB Combined standard uncertainty 0.20 dB
Degree of freedom 14 Degree of freedom 22

Test result 60.9 dB Test result 93.2dB

Expanded uncertainty 0.5dB Expanded uncertainty 0.5dB

Table 6 Airborne noise uncertainty at 8000 Hz

Table 9 Structureborne noise uncertainty at 63 Hz

Estimated| Standard |Sensitivity

Uy value |uncertainty |coefficient Comndbuiion | R

Estimated| Standard |Sensitivity

Type value |uncertainty |coefficient Contribution | Ratio

AP,.| 0.000 0.003 1.000 0.003dB | 0.0%

AA,.| 0.000 0.003 1.000 0.003dB | 0.0%

Vi | 0931 0.028 9.328 0.259dB | 92.6 %

Vi | 0335 0.016 25.909 0.409dB | 94.6 %

Vear | 45.306 0.022 0.192 0.004dB | 0.0 %

Vea | 10.134 0.014 0.857 0.012dB | 0.1 %

Sr | 32.659 0.151 0.194 0.040dB | 2.2%

Sy 1.010 0.007 8.600 0.007dB | 0.0%

Seal | 45.290 0.210 0.192 0.040dB | 2.2% Sea | 1.004 0.007 8.651 0.056dB | 1.8%
P 0.997 0.005 8.715 0.045dB | 2.8% 4 | 10.040 0.090 0.865 0.078dB | 2.6 %
Confidence level 95 % Confidence level 95 %
Coverage factor k=2 Coverage factor k=2
Combined standard uncertainty 0.27 dB Combined standard uncertainty 0.28 dB
Degree of freedom 12 Degree of freedom 12
Test result 60.2 dB Test result 67.9dB
Expanded uncertainty 0.6 dB Expanded uncertainty 0.6 dB
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Table 10 Structureborne noise uncertainty at 125 Hz

Type|™Vahue | uncenainty |sooMiieny| Conribution | Ratio
AA,| 0.000 0.003 1.000 0.003 dB | 0.0%
Vi | 4.518 0.075 1.922 0.145 dB | 68.8%
Vea | 10.134 0.014 0.857 0.012 dB | 0.5%
Sy 1.004 0.007 8.651 0.007 dB | 0.1 %
Sea | 1.004 0.007 8.651 0.056 dB | 10.5%
A | 10.040 0.090 0.865 0.078 dB |20.1 %
Confidence level 95 %
Coverage factor k=2
Combined standard uncertainty 0.18dB
Degree of freedom 28
Test result 113.1dB
Expanded uncertainty 0.4 dB

Table 11 Structureborne noise uncertainty at 500 Hz

Type| Vit unceriinty |soeMiieny| CoMtributon | Rao
AA,| 0.000 0.003 1.000 0.003dB | 0.0%
Vi | 0.419 0.025 20.743 0.509dB | 96.5 %
Vea | 10.134 0.014 0.857 0.012dB | 0.1%
Sr | 0.989 0.006 8.783 0.006dB | 0.0 %
Sear | 1.004 0.007 8.651 0.056dB | 1.2%
A | 10.040 0.090 0.865 0.078dB | 2.3 %
Confidence level 95 %
Coverage factor k=2
Combined standard uncertainty 0.52 dB
Degree of freedom 12
Test result 92.2dB
Expanded uncertainty 1.1dB

Table 12 Structureborne noise uncertainty at 2000 Hz

Type| Vil |unceriinty |soeMiieny| CoMtributon | Raio
AAe| 0.000 0.003 1.000 0.003dB | 0.0%
Vi | 0.160 0.016 54.290 0.849dB | 98.7 %
Vear | 10.134 0.014 0.857 0.012dB | 0.0%
Sr | 0.981 0.009 8.855 0.009dB | 0.0%
Sear | 1.004 0.007 8.651 0.056dB | 0.4 %
4 | 10.040 0.090 0.865 0.078dB | 0.8%
Confidence level 95 %
Coverage factor k=2
Combined standard uncertainty 0.86 dB
Degree of freedom 11
Test result 83.6 dB
Expanded uncertainty 1.8dB

315 Hz 63 He 125 He 250 He 500Hz  1000H  2000Hz  4000H:  BOODHz

S Airborne Noise [dB] W Uncertainty of Airborne Noise [dB]

Fig. 1 Uncertainty of airborne noise
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Fig. 2 Uncertainty of structureborne noise
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Fig. 3 Voltage uncertainty of airborne noise
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Fig. 4 Voltage uncertainty of structureborne noise
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