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Abstract
A bilateral comparison between two National Metrology Institutes, the National Centre of Metrology (NCM) - Bulgaria and the Physikalisch-Technische Bundesanstalt (PTB) - Germany, was organized according to the project BG 0201.12 "Strengthening of the National Conformity Assessment System - Technical Assistance for Standardization and Metrology", EUROPE Aid/116486/D/SV/BG and was accepted as EUROMET AUV Project 908.
Two new LS2P microphones have been purchased for this comparison and calibrated in a frequency range between 31.5 Hz and 20 kHz. They are Brüel & Kjaer type 4180 microphones, serial numbers 2488290 and 2488296. NCM used a Brüel & Kjær PULSE based reciprocity calibration system with two plane-wave couplers. The results of both calibrations showed an equivalence of the results in the entire frequency range and the project was agreed as successfull by NCM and PTB. 

1. INTRODUCTION
In 2006, a new Brüel & Kjær PULSE based reciprocity calibration system was installed at the National Centre of Metrology (NCM) – Bulgaria. In the field of acoustics, a bilateral comparison between NCM and PTB was organized in 2006 to confirm the calibration and measurement capability (CMC) of NCM for the pressure sensitivities of LS2P microphones. The results of the comparison results showed a good agreement between the two laboratories.
2. TECHNICAL PROTOCOL
The two microphones were transported between the two laboratories by hand in the passenger cabin. The microphones were packaged in a suitable box padded with cushioning material to avoid sudden shocks and to minimize changes in temperature. The microphones were calibrated again to monitor their stability after having been returned to NCM.
Each laboratory was to determine the open‑circuit sensitivity level of both microphones at the nominal preferred octave frequencies from 31,5 Hz to 1 kHz and at the nominal preferred third-octave frequencies from 1,25 kHz to 20 kHz using their normal calibration method. The calibration results were reported by using a standard certificate that would be normally issued to a customer. The pressure sensitivities were corrected to the reference environmental conditions (23 ºC and 101.325 kPa) given in IEC 61094-2. 

3. RESULTS

3.1. Pressure sensitivity

Fig. 1 shows the frequency dependence of the difference between NCM and PTB in the pressure sensitivity for each microphone and the average difference for both microphones. 

Fig. 2 shows the frequency dependence of the pressure sensitivity difference measured by NCM before and after transport of the microphones. The microphones were sufficiently stable during this bilateral comparison. 
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Fig. 1    Frequency dependence of the difference between NCM and PTB in the pressure sensitivity for each microphone and the average difference for both microphones
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Fig. 2
Frequency dependence of the pressure sensitivity difference measured by NCM before and after transport of the microphones
3.2. Microphone parameters 
The microphone parameters were reported by NCM and PTB as follows:

NCM  
· The front cavity volume together with the equivalent volume was determined by an acoustical methods according to IEC 61094-2
· For 4180.2488290 - front volume: 34.8 mm3; equivalent volume: 10.9 mm3 (total effective volume: 45.7 mm3)
· For 4180.2488296 - front volume: 34.9 mm3; equivalent volume: 10.9 mm3 (total effective volume: 45.8 mm3)
· The depth of the front cavity was determined by nominal parameters according to IEC 61094-1, (0.5±0.05) mm


· Resonance frequency: 22.0 kHz



· Loss factor: 1.05

· Static pressure correction:  -0.0055 dB/kPa
· Temperature correction: -0.002 dB/(С
· Correction for relative humidity: not applied 
PTB 
	
	  4180.2488290
	4180.2488296

	Acoustic compliance
	8,021 * 10-14 m3/Pa
	7,400 * 10-14 m3/Pa

	Acoustic mass
	689,6 * Pa s2/m3
	747,4 * Pa s2/m3

	Acoustic resistance
	1,020 * 108 Pa s/m3
	1,005 * 108 Pa s/m3


	Total effective volume
	45,6   * 10-9 m3
	45,3   * 10-9 m3

	Cavity depth
	0,507 mm
	0,527 mm


3.3. En-value 

To assess the equivalence of the results, an En value defined as follows was used:
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where MNCM is the pressure sensitivity for each microphone reported by NCM after transport of the microphones, MPTB is that reported by PTB,  uNCM and uPTB are the expanded uncertainties of the pressure sensitivities declared by NCM and PTB, respectively (k = 2). Fig. 3 shows the calculated En value and Table 1 summarizes the uncertainty for uNCM and uPTB. The absolute value of En is less than 0.3 over the whole frequency range of this intercomparison. So, an equivalence of the results by both laboratories can be stated.
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Fig. 3   
 Frequency dependence of the En-value
Table 1   Uncertainty for pressure sensitivity (coverage factor k =2)

	Frequency

(Hz)
	PTB - Uncertainty

uPTB (dB)
	NCM - Uncertainty

uNCM (dB)

	31.50
	0.04
	0.08

	63.00
	0.04
	0.05

	125.00
	0.04
	0.05

	250.00
	0.04
	0.05

	500.00
	0.04
	0.05

	1000.00
	0.04
	0.05

	1250.00
	0.04
	0.05

	1600.00
	0.04
	0.05

	2000.00
	0.04
	0.05

	2500.00
	0.04
	0.05

	3150.00
	0.04
	0.05

	4000.00
	0.04
	0.05

	5000.00
	0.04
	0.05

	6300.00
	0.04
	0.05

	8000.00
	0.04
	0.05

	10000.00
	0.06
	0.06

	12500.00
	0.08
	0.08

	16000.00
	0.12
	0.10

	20000.00
	0.12
	0.16


4. CONCLUSION

A bilateral comparison was organized in order to confirm the calibration and measurement capability of NCM for the pressure sensitivities of LS2P laboratory standard microphones. Calibration results revealed that NCM could provide a reliable calibration service. Experience gained through this comparison will be valuable for both laboratories when participating in future.
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