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Fig. 3 Shematic diagram of coupler reciprocity calibration facility
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Fig. 5 Schematic diagram of free-field reciprocity calibration facility
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Table 1 Calibrated results of RHC14 standard hydrophone
at 10 MPa hydrostatic pressure

f/(Hz) M/ (dB) f/(Hz) M/ (dB) f/(Hz) M/ (dB)
20 —197. 46 160 —197.48 1000 —197. 49
25 —197.50 200 —197.48 1250 —197. 56
31.5 —197. 50 250 —197. 47 1600 —197. 66
40 —197.50 315 —197.47 2000 —197. 15
63 —197. 49 400 —197. 46 2500 —197.70
80 —197.49 500 —197. 47 3000 —198.08
100 —197. 48 630 —197.47 3150 —198.18
125 —197. 48 800 —197. 48

A RHCLA bREK UF 28 B AR GF PR . 76 20 Hz—~1. 25 kHz $ B¢, RHC14 47 E K 107 5 0 7 80
2R P38 7E 1. 60~3. 15 kHz $B: . R I AT R IR . 15 8 A% I 2 P 28 (292 — 197, 54 dB) (9
FELE—0. 64~-+0.39 dB Z ],
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TE 10 MPa #/K R T % H A W% E 5l RHS30 FrAEK 287 3. 15~200 kHz B B 3%
REE, HAREG W3 2,

%2 10 MPa #7KE T RHS30 #R/EKITR/ K EL R
Table 2 Calibrated results of RHS30 standard hydrophone
at 10 MPa hydrostatic pressure

f/(kHz) M/ (dB) f/(kHz) M/ (dB) f/(kHz) M/ (dB)
3.15 —191.11 16 —193. 27 80 —205. 21
4 —191.19 20 —194. 22 100 —211.32
5 —191.43 25 —194.51 125 —215.91
6.3 —191. 37 31.5 —194. 65 160 —219.35
8 —191.93 40 —193.73 200 —225.26
10 —192. 47 50 —192.35
12.5 —192.92 63 —195. 86

m# 2 Al 0L, 7 3. 15~50 kHz #i B, RHS30 #nuEK W 8% 09 R 808 th & L& 1, 5z Bt & 1
(2R —192.70 dB) IR 2EAE— 1. 95~-+1. 59 dB Z A s 7E 63~200 kHz 55 Bt . R 4 & th &% I7 45 T [%
A% —225. 26 dB, 2kt 30 dB.
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Table 3 Uncertainty estimation of coupler reciprocity method calibration

Source of uncertainty Value/ (dB)

Asymmetry of sound field in coupler assumed (Type B) 0.15
Reciprocal deviation of reciprocal transducer measured (Type B) 0. 06
Voltage incorrectly measured (Type B) 0.03
Incorrect sensitivity of current transformer assumed (Type B) 0.05
Incorrect liquid volume of coupler measured (Type B) 0.02
Incorrect velocity of sound in coupler assumed (B) 0. 09
Incorrect density of liquid assumed (Type B) 0. 06
Incorrect frequency of generator assumed (Type B) 0

Standard uncertainty of measurement of sensitivity (Type A) 0.13
Expanded uncertainty(Coverage factor £=2) 0. 50

A SN E AN EE FERFEINE 4 frn, B 6 WEE & 7 bR 25 41E 8 A 2585
WA E B, e 5 1 B A5 2 A RHS30 ARiEKT#s B H B 5 B K ENT R AT EE (k=2)K 0.7 dB
(/NTF 100 kHz) 8% 0.9 dB(100~200 kHz),
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Table 4 Uncertainty estimation of free-field reciprocity method calibration

Source of uncertainty Value/ (dB)
Deficiency of input impedance of Preamplifier assumed (Type B) 0. 06
Incorrect sensitivity of current transformer assumed (Type B) 0. 05
Quantization error of digital oscilloscope assumed (Type B) 0.03

Reciprocal deviation of reciprocal transducer measured (Type B)

Nonlinearity of transducer and power amplifier measured (Type B)

Deviation of directivity of transducer assumed (Type B)

Deviation of vertical position of transducer assumed (Type B)

Incorrect distance measured (Type B)

Incorrect density of water assumed (Type B)
Incorrect frequency of generator assumed (Type B)
Incorrect steady state of tone-burst assumed (Type B)
Interfere of irregular noise assumed (Type B)

Interfere of electromagnetism assumed (Type B)

Standard uncertainty of measurement of sensitivity (Type A)

Expanded uncertainty (Coverage factor k=2)

0.17(<C100 kHz)
0.29(=100 kHz)
0.12(<<100 kHz)
0.23(=100 kHz)

0.10(<<100 kHz)
0.20(=100 kHz)
0.10(<C100 kHz)
0.20(=100 kHz)
0.05
0.06
0.00
0.09
0.06
0.05

0.12(<C100 kHz2)
0.09(=100 kHz)

0.7(<100 kHz2)
0.9(=100 kHz)
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Calibration of Standard Hydrophones in the Frequency Range of
20 Hz to 200 kHz at 10 MPa Hydrostatic Pressure

CHEN Yi,HUANG Yong-Jun,FEI Teng
(Hangzhou Applied Acoustics Research Institute . Hangzhou 310012,China)

Abstract; This paper describes the coupler reciprocity method and free-field reciprocity method used for
standard hydrophones calibration in the frequency range of 20 Hz to 200 kHz at 10 MPa hydrostatic
pressure,and the coupler reciprocity calibration facility working in the frequency from 20 Hz to 3. 15 kHz and
free-field reciprocity calibration facility working in the frequency from 3. 15 kHz to 200 kHz was
established on these methods. Standard hydrophones RHC14 and RHS30 were calibrated separately
using these facilities,and their sensitivities at 10 MPa hydrostatic pressure was presented. Analyze of
measurement uncertainties proved that the expand uncertainty (at #=2) of coupler reciprocity calibra-
tion facility was 0.5 dB,and free-field reciprocity calibration facility was 0.7 dB (below 100 kHz) or
0.9 dB (100 kHz to 200 kHz). The construction of these facilities and capabilities sets the test founda-
tion for deep-diving underwater sound devices.

Key words: calibration; standard hydrophone;high hydrostatic pressure;sensitivity
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