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uncertainty of any assumptions about the acoustic field, e.g. that the field is a spherical-
wave field (this can be checked by varying the separation distance between transducers
and checking that the product of electrical transfer impedance and distance is invariant,
see 8.2.9.2);

non-reciprocal behaviour by transducers which can be evaluated by checking the
equivalence of the Zp; and Z; electrical transfer impedances (see 8.2.9.1);

uncertainties in the measurement of the separation distance;

uncertainties in the values for acoustic frequency (required to calculate the reciprocity
p:

.- Uncertainty

ur

IEC 6056

uncertainty caused by polential instability of the reference hydrophone in comparison
calibrations (i.e. variation in the sensitivity of the reference device since the previous
absolute calibration);

differences in environmental conditions for the comparison calibration compared with those
that existed during the absolute calibration of the reference hydrophone, which would
cause a change in sensitivity for the reference hydrophone (e.g. temperature, depth,
mounting/rigging, etc.).

Sources of uncertainty specific to hydrophone calibration by calibrated projector method:

10) uncertainty of any assumptions about the acoustic field produced by the projector, e.g. that

the field is a spherical-wave (the calibrated projector method is more sensitive to lack of

free-field conditions than comparison with a calibrated hydrophone, for example, due to
interference from boundary reflections);

11) uncertainties in the measurement of the separation distance;

Calibration at the U.S. Navy Underwater Sound Reference Division (USRD) and

considerations for in-situ calibration of hydrophones deployed at sea

Sources of uncertainty specific to free-field reciprocity calibrations [40] to [43]:

1)

12) lack of stability in the projector electrical drive conditions, including lack of linearity if the
projector is driven with a signal different than that used in its own absolute calibration;

13) instability of the calibrated projector (i.e. variation in sensitivity of reference device since
previous absolute calibration);

14) differences in environmental conditions for the calibration compared with those that existed
during the absolute calibration of the reference projector which would cause a change in
sensitivity for the reference hydrophone (e.g. temperature, depth, mounting/rigging, etc.).

Sources of uncertainty common to all above methods [4], [40] to [43]:

15) lack of steady-state conditions, especially where bursts of single-frequency scund waves

he recanance rand O-fartare of the tranedurcare and the ercrha-freas

ources from
-1 (2020)

21) uncertainty in measurement of the receive voltage (including uncertainty due to the
measuring instrumentation (voltmeter, digitizers, etc.);

11eesel

22) uncertainty of the gains of any amplifiers, filters, and digitizers used;
23) uncertainties in the measurement of the drive current or voltage;

24) uncertainties due to the lack of linearity in the measurement system (the use of a calibrated
attenuator to equalize the measured signals can significantly reduce this contribution);

25) uncertainty of any electrical signal attenuators used;
26) electrical noise including RF pick-up;

27) uncertainty of any electrical loading corrections made to account for loading by extension
cables and preamplifiers;

28) bubbles or air clinging to transducers (this should be minimized by adequate wetting and
soaking of transducers);

29) environmental conditions, such as water temperature and depth of immer?sgn (corrections
need not be included for these if the calibration results specify the conditionis and state that
the calibration is only valid for the conditions stated).
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Additional Uncertainty metrology

IEC 60565 uncertainty sources made more difficult:
separation distance measurement, transmission loss, isolating direct path signals

New sources of uncertainty, characterizable through statistics:
How close must the unknown and reference hydrophone be? What if an array
of references are used?

Design and characterization of a new device:
How stable are the in-situ boundary conditions and what transducers could
support such a calibration?
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Mean sensitivity change from ambient to pressure at depth from calibrations of  metrology
seven IMS Hydrophones in 2016 SE01-06

William Slater
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