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Foreword

The text of document 29/752/CDV, future edition 1 of IEC 61094-8, prepared by IEC/TC 29
"IEC TC 29, Electroacoustics" was submitted to the IEC-CENELEC parallel vote and approved by
CENELEC as EN 61094-8:2012.

The following dates are fixed:

e latest date by which the document has (dop) 2013-07-24
to be implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2015-10-24
standards conflicting with the
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of

patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 61094-8:2012 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.
Publication Year Title EN/HD Year
IEC 61094-1 - Measurement microphones - EN 61094-1 -

Part 1: Specifications for laboratory standard
microphones

IEC 61094-2 - Electroacoustics - Measurement EN 61094-2 -
microphones -
Part 2: Primary method for the pressure
calibration of laboratory standard
microphones by the reciprocity technique

IEC 61094-3 - Measurement microphones - EN 61094-3 -
Part 3: Primary method for free-field
calibration of laboratory standard
microphones by the reciprocity technique

IEC 61094-4 - Measurement microphones - EN 61094-4 -
Part 4: Specifications for working standard
microphones

IEC 61094-5 - Measurement microphones - EN 61094-5 -
Part 5: Methods for pressure calibration of
working standard microphones by
comparison

IEC 61094-6 - Measurement microphones - EN 61094-6 -
Part 6: Electrostatic actuators for
determination of frequency response

IEC/TS 61094-7

Measurement microphones - - -
Part 7: Values for the difference between

free-field and pressure sensitivity levels of

laboratory standard microphones

ISO/IEC Guide 98-3 - Uncertainty of measurement - - -
Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO 26101 - Acoustics - Test methods for the qualification- -
of free-field environments
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MEASUREMENT MICROPHONES -

Part 8: Methods for determining the free-field sensitivity
of working standard microphones by comparison

1 Scope

This part of the IEC 61094 series is applicable to working standard microphones meeting the
requirements of IEC 61094-4. It describes methods of determining the free-field sensitivity by
comparison with a laboratory standard microphone or working standard microphone (where
applicable) that has been calibrated according to either:

— |IEC 61094-3,

— IEC 61094-2 or IEC 61094-5, and where factors given in IEC/TS 61094-7 have been
applied,

- |IEC 61094-6,

— this part of IEC 61094.

Methods performed in an acoustical environment that is a good approximation to an ideal
free-field (e.g. a high quality free-field chamber), and methods that use post processing of
results to minimise the effect of imperfections in the acoustical environment, to simulate free-
field conditions, are both covered by this part of IEC 61094. Comparison methods based on
the principles described in IEC 61094-3 are also possible but beyond the scope of this part of
IEC 61094.

NOTE 1 This part of IEC 61094 is also applicable to laboratory standard microphones meeting the requirements
of IEC 61094-1, noting that these microphones also meet the electroacoustic specifications for working standard
microphones.

NOTE 2 This part of IEC 61094 is also applicable to combinations of microphone and preamplifier where the
determined sensitivity is referred to the unloaded output voltage of the preamplifier.

NOTE 3 Other devices, for example, sound level meters can be calibrated using the principles of this part of
IEC 61094, but are not within the scope of this standard.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 61094-1, Measurement microphones — Part 1: Specifications for laboratory standard
microphones

IEC 61094-2, Electroacoustics — Measurement microphones — Part 2: Primary method for
pressure calibration of laboratory standard microphones by the reciprocity technique

IEC 61094-3, Measurement microphones — Part 3: Primary method for free-field calibration of
laboratory standard microphones by the reciprocity technique

IEC 61094-4, Measurement microphones — Part 4: Specifications for working standard
microphones
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IEC 61094-5, Measurement microphones — Part 5: Methods for pressure calibration of working
standard microphones by comparison

IEC 61094-6, Measurement microphones — Part 6: Electrostatic actuators for determination of
frequency response

IEC/TS 61094-7, Measurement microphones — Part 7: Values for the difference between free-
field and pressure sensitivity levels of laboratory standard microphones

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO 26101, Acoustics — Test methods for the qualification of free-field environments

3 Terms and definitions

For the purpose of this document, the terms and definitions given in IEC 61094-1 and
IEC 61094-3, as well as the following apply.

3.1

reference microphone

laboratory standard microphone or working standard microphone where the free-field
sensitivity has been previously determined

3.2

microphone under test

device under test

working standard microphone to be calibrated by comparison with a reference microphone

Note 1 to entry: Other devices, for example, sound level meters, can be calibrated using the principles of this part
of IEC 61094, but are not within the scope of this standard.

3.3
monitor microphone
microphone used to detect changes in sound pressure in the test environment

3.4
microphone reference point
point specified on the microphone or close to it, to describe the position of the microphone

Note 1 to entry: The microphone reference point may be at the centre of the diaphragm of the microphone.

3.5

reference direction

inward direction toward the microphone reference point and specified for determining the
acoustical response and directional response

Note 1 to entry: The reference direction may be specified with respect to an axis of symmetry.

3.6

angle of incidence

angle between the reference direction and a line between the acoustic centre of a sound
source and the microphone reference point

Note 1 to entry: Angle of incidence is expressed in degrees.
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4 Reference environmental conditions

The reference environmental conditions are:

temperature 23,0 °C
static pressure 101,325 kPa
relative humidity 50 %

5 Principles of free-field calibration by comparison

5.1 General principle

When a calibrated reference microphone and a microphone under test are exposed to the
same free-field sound pressure, either simultaneously or sequentially, and under the same
environmental conditions, then the ratio of their free-field sensitivities for those conditions is
given by the ratio of their open-circuit output voltages. Then, both the modulus and phase of
the free-field sensitivity of the microphone under test can be calculated from the known free-
field sensitivity of the reference microphone. However, determination of the phase of the free-
field sensitivity requires the definition of consistent reference phases at the acoustic centres
of the microphones.

At some frequencies, the measured free-field sensitivity of a microphone is strongly
dependent on the mounting configuration and results for the microphone cannot be
considered in isolation to the mounting configuration used (see 6.7).

The principle of the method also allows the microphone under test to be attached to
measuring equipment, e.g. a particular preamplifier, and the sensitivity may be referred to the
unloaded output of that measuring equipment.

5.2 General principles using sequential excitation

In order for the two microphones to be sequentially exposed to essentially the same sound
pressure, the output of the sound source and the environment conditions should not change.
Where there is potential for changes in the sound field, this shall be detected and corrected
for, for example by using a monitor microphone. Examples of practical arrangements are
given in Annex A.

NOTE In principle it is possible to substitute a number of microphones under test sequentially into the sound field
once the reference sound field has been established, but this places greater demands on the stability and spatial
uniformity of the sound source and can increase the measurement uncertainty.

5.3 General principles using simultaneous excitation

Simultaneous exposure of the reference and one or more microphones under test to the
sound field overcomes the issue of the sound field changing with time, but requires
identification of different points in the sound field where the sound pressures are the same.
This may be achieved by configuring the test space and sound source to ensure a
symmetrical sound field. If the effects of perturbations in the sound source are to be
eliminated, it is essential that the output voltages from the microphone under test and the
reference microphone be measured simultaneously when determining the open-circuit output
voltage ratio.

In simultaneous comparison calibration, it is important that the presence of the reference
microphone does not disturb the field incident on the microphone under test, and vice versa.

The requirement for the source to provide two or more points in the sound field where the
sound pressure is expected to be the same, places severe demands on the stability of the
source’s directional characteristics. It may only be possible to achieve this by relaxing
uncertainty requirements or by developing a source especially for this purpcse ﬁocuments
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6 General requirements

6.1 The test space

The test space shall be as free as possible of any effects that cause instabilities in the sound
field, for example between measurements with the microphone under test and the reference
microphone. These include changing environment conditions, air flows, thermal gradients and
electro-magnetic disturbances.

The test space shall have a level of background noise and vibration that enables the
measurements to meet the signal-to-noise requirements of the measurement system used. In
practice steps should be taken to reduce the background noise as much as possible.

NOTE Heat sources in the test space can lead to some of the types of disturbance described above.
6.2 Methods of establishing the free-field
6.2.1 General

There are two general approaches that can be taken in making free-field measurements. The
first is to create an environment that attempts to establish a free field by using a test space
with sound absorbing surfaces to prevent reflections of the sound coming directly from the
source. The second is to use signal processing methods that enable the removal of signal
content corresponding to indirectly received sound, thus simulating a free-field environment.
There are many ways to implement both of these approaches. They can also be used in
combination for the most demanding measurements.

6.2.2 Using a test space with sound absorbing surfaces

Options for realising a true free-field environment range from free-field rooms (also known as
anechoic chambers) to smaller scale enclosures and test boxes.

A free-field room typically has its surfaces covered with sound absorbing material, configured
to present a gradually changing acoustic impedance to an incident sound wave. Often this is
in the form of wedges that protrude into the room, though other configurations can be used.
The depth of this absorbent layer, as well as its shape and design, determines the lowest
frequency where sound absorption is effective. A hemi-anechoic room, where one of the room
surfaces is formed by a reflecting plane, can also be used. In this case the sound source
should be mounted flush with the reflecting surface, so that the surface acts as an ‘infinite’
baffle. Secondary sound radiation, from the edges of the sound source or its mounting, are
thus avoided.

NOTE 1 Although edge diffraction from the sound source is eliminated, diffraction from the boundaries of the
reflecting plane will still be present.

The room shall have an identified region where the sound field can be assumed to contain
only plane progressive wave emanating from sound source (i.e. approximates a free sound
field). The sound source and measurement positions shall be located within this region.

For low frequencies long wedges with very high sound absorption are required, leading to the
need for a very large room to enable measurements to be made at a sufficient distance from
the wedge tip. Free-field calibration using a room with sound absorbing surface therefore
becomes impractical and an alternative method may be needed.

One approach is to mount the microphone, complete with its pressure equalisation vent
mechanism, inside a small enclosure, within which a low frequency sound pressure can be
generated. Although there is no acoustic propagation, the sensitivity determined in such a
field will nevertheless be a good approximation to the free-field sensitivity, because diffraction
effects are minimal when the sound wavelength is significantly greater than the dimensions of

the microphone. Documents
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