PRODUCT DATA

Sound Intensity Calibrator Type 3541-A

Type 3541-A enables calibration of sound intensity measuring
instruments by using a coupler designed especially for sound
intensity calibrations. Intensity-probe microphones are
positioned in the coupler, which in conjunction with a
pistonphone simulates a plane sound wave propagating along
the axis of the probe. The instrument’s sensitivity to both
sound intensity and particle velocity can then be calibrated.
The pistonphone can also be used for sound pressure
calibrations. In addition to calibration, Type 3541-A can be
used to measure the pressure-residual intensity index of
instruments used for measuring sound intensity at 250 Hz.

The main components of the calibrator are the intensity
coupler and pistonphone. Other components include:

e Correction barometer

* Dummy microphone (1/4")

e 2 x Microphone adapters

* Microphone adapters forthe pistonphone (1/2",1/4" and 1/8")
e Calibration charts

Uses and Features
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Uses

¢ Sound intensity and particle velocity calibrations

¢ Sound pressure calibration

e Measurement of pressure-residual intensity index at 250 Hz

Features

¢ Intensity coupler for simulating a plane sound wave in a free
field (US. pat. No. 4715219)

¢ Pistonphone for sound intensity, particle velocity and sound
pressure calibrations
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Description

Calibration Procedure

Sound Intensity Calibrator Type 3541-A enables instruments
that measure sound intensity to be calibrated against simulated
sound intensity and particle velocity levels. Instruments and
microphones cannot be considered fully calibrated if only the
sound pressure sensitivities of the individual microphone
channels are calibrated. Calibration with the simulated sound
intensity and particle velocity levels of Type 3541-A ensure that
these parameters can be measured correctly.

Type 3541-A is intended for use with Briiel & Kjeer sound
intensity probes with a sound intensity microphone pair. Other
microphone pairs have much higher vent sensitivities and this
restricts their use. See “Microphones and Vent Sensitivity”.

Fig. 1 Simplified cross-section of intensity coupler
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Asimplified cross-section of the intensity coupleris shownin Fig. 1.
The coupler consists of two chambers connected by a coupling
element. When the pistonphoneis attached to the coupler thereis
a phase difference between the sound pressures in the upper and
lower chambers. The amplitude of the sound pressure is the same
inboth chambers, soa plane sound wave propagatingin afreefield
issimulated. If one microphoneis positionedinthe upperchamber
andthe otherinthelowerchamber, the simulated sound wave can
be used for calibrating the sensitivity of the measuring instrument
to sound intensity and particle velocity.

The coupler and pistonphone can also be used for sound
pressure sensitivity calibration. For this, the microphones are
both positioned in the upper chamber. Then they are exposed
to exactly the same sound pressure (amplitude and phase).

The supplied calibration chart states the levels that should be
detected during calibration. The chart also gives information
about corrections to the calibration levels for use when
conditions are different from the stated reference conditions. A
correction barometer determines correction terms to the sound
pressure and particle velocity calibration levels due to changesin
atmospheric pressure. The sound intensity calibration level is
independent of any change in atmospheric pressure.

Full calibration of an intensity measuring instrument and its

microphones includes:

e Sound pressure calibration of the individual microphone
channels

¢ Sound intensity and particle velocity calibration

e Measurement of the pressure-residual intensity
spectrum of the system

index

Sound Pressure Calibration

Fig. 2 shows Pistonphone Type 4228 fitted to the coupler, with
both microphones positioned in the upper chamber of the
coupler. With this arrangement, the pistonphone produces the
same sound pressure level at each microphone. The
microphone channels are calibrated against this known sound
pressure level.

Fig. 2 Arrangement for sound pressure calibration. It can also be used
to measure residual intensity and pressure-residual intensity
index at 250 Hz
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Sound Intensity and Particle Velocity Calibration

Fig. 3 is a simplified block diagram showing how sound intensity
is measured. The particle velocity signal is obtained by
integrating, with respect to time, the instantaneous difference
in sound pressure between the two microphones. This signal is
zero during a sound pressure calibration, so the correct
functioning of the instrument is not confirmed.
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Fig. 3 Simplified block diagram of an intensity measuring instrument.
The signals from two pressure microphones, p, and pg, are used
to determine the pressure at the midpoint on the probe axis, p,
and the particle velocity along the probe axis, u,. Multiplying p
and u, gives the intensity reading I,. Ar is the microphone spacing
and r the density of air
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Fig.4 shows the pistonphone fitted to the coupler, and the
microphones positioned in different chambers of the coupler.
With this arrangement, the coupler causes a phase change
between the sound pressures at the microphones,
corresponding to a nominal spacing of 50 mm with no
reflections. The phase change between the sound pressures
simulates the sound intensity and particle velocity levels so that
the pressure-difference signal for the integrator is not zero.
Only now is the correct functioning of the instrument
confirmed.

Fig. 4 Arrangement for sound intensity and particle velocity
calibrations
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Pressure-Residual Intensity Index Measurement

Fig.5 shows an arrangement for measuring pressure-residual
intensity index over a wide range of frequencies using Sound
Intensity Calibrator Type 4297. The intensity probe is fitted in
the calibrator, which delivers broad-band pink noise, so the
sound pressure spectrum measured in the coupler is constant
(in octave bands) over a wide frequency range. Both
microphones are exposed to the same sound pressure, so any
intensity detected is residual intensity.

Fig. 5 Arrangement for measuring residual intensity and pressure-
residual intensity index over a wide range of frequencies using
Sound Intensity Calibrator Type 4297
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The residual energy explains how small differences in the phase
responses of the microphones and input channels result in the
detection of ‘residual intensity’. Residual intensity is a
parameter that should be taken into account when interpreting
measured intensity data. It is worth noting that the residual
intensity spectrum is not a fixed one; it is tied to (rises and falls
with) the measured sound pressure level.

It can be shown that, for a given measurement system and
frequency, the difference between measured sound pressure level
and detected residual intensity level will be a constant. This
constant difference is called the pressure-residual intensity index.

The pressure-residual intensity index spectrum can be
measured with the arrangement shown in Fig. 5 by subtracting
the detected intensity spectrum from the sound pressure
spectrum. An example of this is shown in Fig. 6.

Type 3541-A, by means of the Pistonphone Type 4228 and
Coupler UA-0914, can be used to measure the pressure-residual
intensity index in the 250Hz 1/3-octave band. For
measurements of pressure-residual intensity index over a wide
frequency range, it is recommended to use Sound Intensity
Calibrator Type 4297



Fig. 6 Intensity and sound pressure levels measured with the arrangement shown in Fig. 5. The pressure-residual intensity index spectrum is
characteristic of the measurement system and is obtained by subtracting these two spectra
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If a pressure-residual intensity index spectrum is to be used to
assess the accuracy of sound intensity measurements, the
mean sound pressure spectrum in the field must also be
measured. The residual intensity level is then quickly
established by subtracting the pressure-residual intensity index
spectrum from the measured mean sound pressure spectrum.
An example of this is shown in Fig. 7.

The residual intensity level is then compared to the measured
sound intensity level. It can be shown that, for a certain
frequency, the residual intensity level must be at least 7 dB
lower to ensure a measurement error of less than 1 dB.

The residual intensity level shown in Fig. 7 is dependent on the
sound pressure level measured in the field and should not be
confused with the intensity level, which is measured with the
arrangement shown in Fig. 5.

Fig. 7 Sound intensity and mean sound pressure spectra measured in the field with an instrument calibrated using Type 4297. The residual
intensity spectrum is obtained by subtracting the pressure-residual intensity index spectrum in Fig. 6 from the measured SPL spectrum
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Microphones and Vent Sensitivity

Coupler UA-0914 has been designed to work with Microphone
Pair Types 4181 and 4197, which have an extremely low
sensitivity to sound pressure at their pressure-equalization
vents. When microphones are inserted into the coupler, their
diaphragms are exposed to the sound pressure in the coupler
but their pressure-equalization vents are not. Coupler UA-0914

Residual Intensity

cannot be used to measure the pressure-residual intensity
index with conventional microphone pairs as they have vent
sensitivities several orders of magnitude higher than that of
Types 4181 and 4197. The coupler can, however, be used with
conventional microphone pairs for calibration of sound
pressure, sound intensity, and particle velocity.

Even under controlled laboratory conditions, it is very difficult
to create a free-field situation where the angle between the
propagation of the sound wave and the probe axis is exactly 90

Fig. 8 A sound wave is incident on a probe axis at 90°. There is no flow
of acoustic energy along the probe axis. The signals from the
microphones are in phase and no intensity is detected
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Fig. 10 In practice, if a sound wave is incident at 90°, small differences
between the phase responses of the microphones cause a small phase
difference between the microphone signals. There now appears to be
a flow of acoustic energy along the probe axis
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degrees (as shown in Fig. 8 and Fig. 10). However, for practical
applications this situation can easily be simulated using the
setup shown in Fig. 5.

Fig. 9 If a sound wave is incident at an angle other than 90°, then
acoustic energy flows along the probe axis. The microphone signals
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Fig. 11 It is this apparent flow of acoustic energy that is detected and
called “residual intensity”
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Compliance with Standards

C € The CE marking is the manufacturer's declaration that the product meets the requirements of the applicable EU
(@5 directives.
E RCM mark indicates compliance with applicable ACMA technical standards — that is, for telecommunications, radio
— communications, EMC and EME.
China RoHS mark indicates compliance with administrative measures on the control of pollution caused by
electronic information products according to the Ministry of Information Industries of the People’s Republic of
China.
WEEE mark indicates compliance with the EU WEEE Directive
Safety EN/IEC 61010- 1, ANSI/UL 61010-1: Safety requirements for electrical equipment for measurement, control and
laboratory use
EMC Emission EN/IEC 61000-6-3: Generic emission standard for residential, commercial and light industrial environments.
EN/IEC 61000-6-4: Generic emission standard for industrial environments.
CISPR 22: Radio disturbance characteristics of information technology equipment. Class B Limits.
FCC Rules, Part 15: Complies with the limits for a Class B digital device.
This ISM device complies with Canadian ICES-001 (interference causing equipment standard)
EMC Immunity EN/IEC 61000-6-1: Generic standards — Immunity for residential, commercial and light industrial environments.
EN/IEC 61000-6-2: Generic standards — Immunity for industrial environments.
EN/IEC 61326: Electrical equipment for measurement, control and laboratory use — EMC requirements.
Note: The above is only guaranteed using accessories listed in this document.

Specifications - Sound Intensity Calibrator Type 3541-A

Note: All values are typical at 20 °C (77 °F), unless measurement Calibration Using Pistonphone Type 4228
uncertainty or tolerance field is specified. All uncertainty values are

specified at 2 ¢ (that is, expanded uncertainty using a coverage factor of 2) PORTS 1 AND 2

Intensity Coupler UA-0914 Sound Pressure Level 118.0+0.4 dB re 20 uPa
Calibration Tolerance +0.2 dB
First Chamber Ports 1and 2 Ambient Pressure Coefficient 8.4 x 1073 dB/hPa
Second Chamber Port3 Temperature Coefficient < +0.002 dB/°C
3
Chamber Volume 10 cm* each Humidity Coefficient Negligible
Equivalent Load for Each Port 250 mm?3
PORTS10R 2, AND 3
Precision Barometer UZ-0004 >
Simulated Sound Intensity Level |117.85+0.5dBre 1 pW/m
MEASURING RANGE . .
Calibration Tolerance +0.25dB
Air Pressure 300.0 to 1100.0 hPa abs. (= mbar Nominal Microphone Spacing 50 mm
abs.); Resolution: 0.1 hPa =
Ambient Pressure Coefficient 1.25 x 10~* dB/hPa
dB —5.00 to 0.71 dB; Resolution:
0.01 dB Temperature Coefficient 0.024 dB/°C
Humidity Coefficient Negligible
ACCURACY
SIMULATED PARTICLE VELOCITY
Accuracy (+1 digit) +2.0 hPa, typ. at 0 to 50 °C (32 to
122 °F) Level 117.7 +0.6 dB re 50 nm/s
Signal Levels Obtained in Intensity Coupler UA-0914 Calibration Tolerance 0.3 dB
REFERENCE CONDITIONS Nominal Microphone Spacing 50 mm
Temperature Coefficient 0.05 dB/°C
Pressure 1013 hP
u @ Ambient Pressure Coefficient -8.3x1073 dB/hPa
Temperature 20°C
P Humidity Coefficient Negligible
Relative Humidity 65%

PRESSURE-RESIDUAL INTENSITY INDEX OF SOUND FIELD IN UA-0914

Measured with:

50 mm Nominal Microphone >30 dB
Spacing
12 mm Nominal Microphone 524 dB
Spacing:




Ordering Information

Type 3541-A Sound Intensity Calibrator OPTIONAL ACCESSORIES
includes the following accessories: Type 4297 Sound Intensity Calibrator
« UA-0914: Intensity Coupler
« Type 4228: Pistonphone
« UZ-0004: Precision Barometer
o 2 x UA-1314: Two 1/4" Microphone Adapters
« DB-3111: Intensity Coupler Baseplate
« 6 x QB-0013: 1.5V Alkaline Battery IEC Type LR 6
« QB-0016: 9 V Alkaline Battery IEC Type 6 LF 22
« UC-5298: Dummy Microphone
« Microphone Adapters for Pistonphone:
— DP-0776: 1/2" Adapter
— DP-0775: 1/4" Adapter
— DP-0774: 1/8" Adapter
« Calibration Charts



© Briel & Kjeer. All rights reserved.

2020-02

BP2325-14

Briiel & Kjaer and all other trademarks, service marks, trade names, logos and product names are the property of Briiel & Kjaer or a third-party company.

Briiel & Kjaer Sound & Vibration Measurement A/S
DK-2850 Nzaerum - Denmark - Telephone: +45 77 41 20 00 - Fax: +45 45 80 14 05

. um [ /@\
www.bksv.com - info@bksv.com L . B K
Local representatives and service organizations worldwide S
Although reasonable care has been taken to ensure the information in this document is accurate, nothing
herein can be construed to imply representation or warranty as to its accuracy, currency or completeness, nor

is it intended to form the basis of any contract. Content is subject to change without notice — contact
Briel & Kjeer for the latest version of this document.



	Sound Intensity Calibrator Type 3541-A
	Uses and Features
	Description
	Calibration Procedure
	Residual Intensity Level
	Microphones and Vent Sensitivity
	Residual Intensity
	Compliance with Standards
	Specifications – Sound Intensity Calibrator Type 3541-A
	Ordering Information




