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Uncertainties in Pressure Calibration of Laboratory Standard
Microphones by Reciprocity Technique
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According to the Mutual Recognition Arrangement (MRA), the calibration and/or test laboratories should satisfy the
management and technical requirements ISO 17025 or equivalent, Chapter 5, Section 5,10 4 of the technical requirement
of ISO 17025 suggests the required informations for calibration certificates, one of them is to state the uncertainty
of measurement, The uncertainties of measurement in reciprocity calibration of standard laboratory microphone were
calculated, The expanded uncertainties for 1 and 1/2 inch microphones were 0,03 dB in the middle frequency range
and they increased up to 0,10 dB and 0.11 dB at 20 Hz, 0.07 dB and 0,08 dB at high frequency, respectively,
Keywords: Standard microphone, Reciprocity calibration, Pressure sensitivity level, Mutual recognition arrangement
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Fig. 1. Block diagram of microphone calibration system.
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Table 1. Uncertainty components.
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Table 2. Uncertainties of capacitor.
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£ [ Measasient Accuracy (pF)! | - Sensitivity Uncertainty (dB)
20 4.7609 0.0105 0.0096
315 4.7609 0.0102 0.0093
63 47609 0.0099 0.0090
126 4.7609 0.0087 0.0088
250 4,7609 0.0049 0.0044
500 47599 0.0029 0.0026
1000 47599 G.0018 0.0017
2000 4.7599 0.0029 0.0026
4000 4.7509 0.0048 0.0044
8000 4.7608 £.0048 0.0044
10000 4.7609 - 0.0048 0.0044
12500 4.7609 0.0048 0.0087
16000 4.7609 0.0048 0.0087
20000 4.7609 0.0048 0.0087

(1) Capacitance measurement accuracy (from manual) Reading x accuracy(%) + [0.01 pF/f (kHZ) + 0.01 pFl.
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Table 3. Uncertainties of voltmeter.

1040 120 20 140 75 158.82
40~100 100 20 120 75 14151
100~ 2k 100 10 1o 75 133.14
2k~ 10k 100 20 120 75 141,51
10k~ 30k 300 40 340 75 348.17

(1) From Calibration Certificate {worst case)

(2) Total Uncertainty = [Sum {ppm}® + Calibration Uncertainty]'”2



E 4 WU 5 2iyx
Table 4. Uncertainties in voltage ratio measurement.

{opm}
10~40 275.08 0.0024
40~ 100 24510 0.0021
100~2k 230.61 0.0020
2k~ 10k 24510 0.0021
10k~ 30k 603.05 0.0052

{1) dB = 20log[1 + Uncertainty in Voltage Ratio/1,000,000]
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Table 5. Uncertainties of coupler length and diameter.
. LS1P LS2P
Coupler 5¢c 0.7 cc 04 cc
Length (m} 15.005x107° 7.497x102 9.396x10°° 4.700x10°°
Uncertainty (m) 0.001x10° 0.001x10°® 0.001x10°® 0.001x10%3
Diameter (m) 18.607x107° 18.606x10 9.313x107° 9.306x107®
Uncertainty {m) 0.0015x10°° 0.00t5x107 0.0015x107 0.0015x10°*
7 6. Y7 M3 B aie
Table 6. Uncertainties of coupler volume and surface area.
o : LSiP LS2P
Coupler Scc Q.7 ¢¢ 04 cc
volume {m?) 4.080x10°® 2.038x10° 0.640x10°° 0.320x10°®
Uncertainty {m®) 0.712x10°® 0.427x10°° 0.297x10°° 0.123x10°°
Surface Area (m% 1.421x107° 0.982¢107 0.411x107° 0.273x10°°
Uncertainty (m® 0.169x10°¢ 0.136x10°® 0.093x10°® 0.072x10°8
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Table 7. Uncertainty of static pressure measurement.
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4.11. HAZF 2ol HX (Front Cavity Depth
and Volume
BE olo|AZEL AFY AH| 35E 7HAL ¢
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Calibration of Barometer 0.0034

Drift and Stability of Barometer 0.0066 Manual
Rounding of Barometer Reading 0.0003
Variation of Static Pressure During Calibration'” 0.0115
Total Uncertainty 0.0137

{1) Orift of ambient pressure during one series of reciprocity measurement: Maximum allowed drift is +0.02 kPa. Therefore, 0.02

kPa is considered as the maximum deviation (box distribution).

H 8§ 2 &3 2845
Table 8. Uncertainty of temperature measurement.

Calibration of Thermometer 0.0500 Certificate
Rounding of Thermometer Reading 00289
Variation of Temperature During Calibration'” 0.1155
Total Uncertainty 0.1733

{1) Drift of temperature during one series of reciprocity measurement: Maximum allowed drift is 0.2 K. Therefore, 02 K s

considered as the maximum deviation {box distribution).

(2) The lemperature applied for the calculation is the average of the temperatures measured on the two micraphanes. This may
be deviate from the gas tem-perature. The temperature uncertainty is set to 0.2 K (box distribution}.

79 4igx £ 4T
Table 9. Uncertainty of relative humidity measurement.

Calibration of Hygrometer 1.000 Certificate
Rounding of Hygrometer Reading 0.289
Variation of Retative Humidity During Calibration™ 1.155
Principle of Determination of Relative Humidity of Enclosed Gas? 1.155 B&K
Total Uncertainty 1.937

{1 Drift of retative humidity during one series of reciprocity measurement: Maximum aliowed drift is +2 %RH. Therefore, 2%RH

is considered as the maximum deviation {box distribution).

(2} The principte applied for the determination of the relative humidity of the endlosed gas might be wrong by 2%RH (maximum).



nlo]32EL HUFF ol et WAL o83}
of BSR40 & 243t WHFF FolE 2
Asted Wl AHMA Folg S7gste] PFghe HR

AHEE AL Aikst7] dire AR3Fe A
A& dofot shtl, AR RS s AS dA
o}, kA AlRALIA Foi WHTF A ALt T
AZ 0| 83HATHS.

S AATE Qol FIUT A2 L o] S £
ExE ¥ 100 FoiFc),

ZEl] BYEE 94| A (9)F o&3ta Akl

412, $7I9%, X0, 4R (Equivalent
Volume, Resonance Frequency, Loss
Factor)

318 JUEAE Zh= AT HABGoIAE A
Fut FYoA ol REL] F7H|H2E ApH (real
part) 2 FolZc}, |22 EL F7IAFHE &%k
dholi= ofg] 7kA)7}F ey ertelie 27171 o
AY7)E o-&3le] Z43t GloJELE fittingdh= WS
A3, o] 3¢ FREE AL 5UAIHE FY
3% AL g3 gholet. 33E vpo|AZEL| T

E 10. 0j0|3 2T HASSY o2t HHY 28l

7180 gt BX gjo|IRE AW BHE 96

A3 BEEE E 17 21,

SIS SRS olgste] Ao BARE 4 @)
g ojgsle] Akt

S L NEER L B E e
A3t AL i ofch, wahy e Ao
AE AL AN FAGE AT A2 A
AR Opo| AR E BEUL FAFTS SUE W 22}
o] B § 129 et

G4 o5 BY=TRY o] BYTE 4 QF |
8310 Akt

413, 238 (Polarizing Voltage)
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Table 10. Uncertainties of microphone front cavily length and volume.

_ NS LS1P Ls2pP
Front Cavity Length (m} [ 1,953x107 0.505%10°
Uncertainty (m} 0.0025x10"? 0.0023x107
Front Cavity Volume (r®) 535.90x107* 35.00x10°°
Uncertainty (m°) 0.686x107° 0.159x190™
E 11, 00[32E SIS 28T
Table 11, Uncertainties of micraphone equivalent volume,
LS1P LS2P
Equivalent Volume {m®) 132,02x10° 9.28x10*
Uncertainty of Measurement (m®) 0.690x10°* 0.075x107°
Uncertainty of Front Cavity Volume (o) 0.686x10°° 0.t59x10°°
Uncertainty of Coupter Vatume (m®) 0.427x10°° 0.123x10™°
Total Uncertainty {m?) 1.062x10°* 0.216x10°°

12 00|32 JSU BTFDicet S4B BHE

Table 12. Uncertainties of resonance frequency and ioss factor of diaphragm.

LS1P LS2P
Resonance Freauency (Hz) Nominal Value 8200 22000
Uncertainty 510 1220

Loss Factor Nominal Value 1.05 1.05
Uncertainty 0.08 0.09
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Table 13. Uncertainty of polarizing voltage.

Calibration of Volimeter 0.0020 Certificate
Rounding of Voltmeter Reading 0.0003
Drift and Stability of Voltmetes™” 0.0059 Manual
Variation of Polarizing Voitage During Calibration 0.0012
Total Uncertainty 0.0064

(1) Orift and stability: 10.2 ppr/year (max.) x 1000 V = 10.2 mV {box distribution).
{2} Drift of polarizing voltage during one series of reciprocity measurement: Maximum drift is £0.002 V. Therefore, 0.002 V is

considered as the maximum deviation {box distribution).
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Table 14, Reference environmental conditions,

Static Pressure 101.325 kPa
Temperature 230¢C
Refative Humidity 50 %AH
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Table 15. Uncertainties in sensitivity corrections for refer-

ence environment conditions.

s= w3
0.0009
0.0009
0.0008
125 0.0032 0.0010 0.0011 0.0008
250 0.0032 0.06010 0.001t 0.0008
500 0.0032 (.0011 0.0012 0.0008
1000 0.0031 0.0014 0.0012 0.0009
2000 0.0027 0.0020 0.0011 0.0012
4000 0.0015 0.0051 0.0009 0.0021
8000 0.0020 0.0093 0.0006 0.0051
10000 0.0141 0.0023 0.0020 0.0083

12500 - - 0.0032 0.0123
16000 - - 0.0004 0.0143
20000 - - 0.0107 00143
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Fig. 2. Differences of calibration resuits using two couplers
with different length.
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Table 16. Uncertainties due to leakage.

B (dB)

e 0 LSte LS2P
20 0.0071 0.0236
25 0.0054 0.0163

35 0.0040 0.0113
40 0.0030 0.0078
50 0.0023 0.0054
63 0.0017 0.0037
80 0.0013 0.0026
100 0.0010 0.0018
125 0.0007 0.0012
160 0.0006 0.0009
200 0.0004 0.0006
250 0.0003 0.0004
315 0.0002 00003
400 0.0002 0.0002
500 0.0001 0.0001
630 0.0001 0.0001
800 £.0001 0.0001
1000 0.0001 0.0000
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