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Health and Safety Considerations

This apparatus has been designed and tested in accordance
with IEC/EN 61010 – 1 and ANSI/UL 61010 – 1 Safety

Electrical Hazards
Warning: Any adjustment, maintenance and
repair of the open apparatus under voltage must
be avoided as far as possible and, if unavoidable,
must be carried out only by trained service

Requirements for Electrical Equipment for Measurement,
Control and Laboratory Use . This manual contains

information and warnings which must be followed to ensure
safe operation and to retain the apparatus in safe condition.

Caution:

Safety Symbols and Signal Words Used
The apparatus will be marked with this symbol
when it is important that you refer to the
associated danger or warning statement given in
this manual
The manual uses this symbol when a danger or
warning statement is applicable
Hazardous Voltage/Electricity. Both the apparatus
and manual use this symbol when there is a risk for
shock or electrocution
Hot Surface. This manual will use this symbol when
there is a risk for burning or scolding
Earth (Ground) Terminal. The apparatus will be
marked with this symbol when applicable
Protective Conductor Terminal. The apparatus will
be marked with this symbol when applicable
Alternating Current. The apparatus will be marked
with this symbol when applicable
Danger

Signals an imminent hazardous situation, which, if
not avoided, will result in death or serious injury

Warning

Signals a possibly hazardous situation, which, if
not avoided, will result in death or serious injury

Caution

Signals a hazardous situation, which, if not
avoided, could result in minor or moderate injury
or damage to the apparatus

Notice

Signals a situation or practice that requires
attention, but does not directly result in personal
injury if ignored

Risks and Hazards
Explosion Hazards
Danger: The apparatus is not designed to be used
in potentially explosive environments. It should
not be operated in the presence of flammable
liquids or gases

Switch off all power to equipment before
connecting or disconnecting their digital
interface. Failure to do so could damage the
equipment

Mechanical Hazards
Caution:

Whenever it is likely that the correct function or
operating safety of the apparatus has been
impaired, it must be made inoperative and be
secured against unintended operation

Waste Handling

Brüel & Kjær complies with the EU’s Waste Electrical
and Electronic Equipment (WEEE) Directive, which issues
the following waste handling instructions:
• Do not dispose of electronic equipment or
batteries as unsorted municipal waste
• It is your responsibility to contribute to a clean
and healthy environment by using the
appropriate local return and collection systems
• Hazardous substances in electronic equipment or
batteries may have detrimental effects on the
environment and human health
• The symbol shown to the left indicates that
separate collection systems must be used for any
discarded equipment or batteries marked with
that symbol
• Waste electrical and electronic equipment or
batteries may be returned to your local
Brüel & Kjær representative or to Brüel & Kjær
Headquarters for disposal

Brüel & Kjær has made every effort to ensure the accuracy of
the information contained in this document. No responsibility
is accepted for any errors or omissions herein. It is the
responsibility of the user to ensure compliance with any legal
or statutory requirements in the country of use. Data may
change, as well as legislation, therefore you are advised to
obtain copies of the most recently issued applicable
regulations, standards and guidelines.
All descriptions, illustrations and any other information relating
to the product are made by way of general description, are
approximate only and for the general guidance and information
of the user. They cannot be construed to imply representation or
warranty as to their accuracy, currency or completeness and are
not intended to form the basis of any contract.
The information in this document does not constitute a
warranty, representation or guarantee concerning the
suitability or performance of the product.
Brüel & Kjær shall not be liable for any loss whether direct,
indirect, incidental or consequential arising from the use of or
reliance upon any of the content of this document, regardless
of whether such content has been accurate or complete.
Brüel & Kjær will not pay any damages whether for loss or
injury, punitive or otherwise, because of use of or reliance upon
any of the content in this document.

Brüel & Kjær and all other trademarks, service marks, trade
names, logos and product names are the property of
Brüel & Kjær or a third-party company. Nothing in this
document may be construed as granting, by implication, or
otherwise any license or right to use any of the trademarks
without a prior written permission of Brüel & Kjær or the owner
of such trademark.
© Brüel & Kjær. All rights reserved.
Brüel & Kjær Sound & Vibration Measurement A/S
DK-2850 Nærum · Denmark
For service and support, contact your nearest Brüel & Kjær
Customer Care support team:
Headquarters: info@bksv.com, +45 7741 2000
China (Beijing): +86 10 59935811
France: service.fr@bksv.com, +33 1 69 90 71 02
Germany: bkservice.de@bksv.com, +49 421 17 87 0
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Chapter 1
Introduction
Portable Impedance Meter System Type 9737 (Fig.1.1) represents the state of the art in normal
incidence impedance measurement for the aerospace industry. Increasingly stringent aerospace
environmental regulations are demanding acoustic lining attenuation improvements, which are
driving ever-improved installed acoustic liner impedances. As a result, fully bonded curved panels
must now be assessed for their true effective acoustic behaviour in their final condition, and
acoustic measurements are now superseding the traditional geometric and DC flow methods.
The system hardware components are shown in Fig.1.1.
Fig.1.1

Portable impedance meter system (PC not included)

Type 9737 is a lightweight, compact, robust and user-friendly system, suitable for both research and
production quality control impedance measurements, at in situ sound pressure levels up to 150 dB.
It allows immediate extraction of key acoustic parameters, such as absorption coefficient, impedance
spectra at varying overall sound pressure levels (OASPL), and the acoustic resistance variation with
acoustic velocity for a pure tone, broadband or a user-defined or recorded spectral content.
This manual provides a set of instructions for the setup and use of the meter. The instructions
serve to complement the notes supplied with the project template in PULSE™ LabShop
(see Chapter 2).
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Chapter 2
System Overview and Setup
2.1

System Layout
Fig.1.1 and Fig.2.1 show the system hardware components and connections.
Portable impedance meter system – LAN-XI front end Type 3160-A-042, with Front Panel UA-2104 (left) and
Power Amplifier WB-3592 in double LAN-XI casing (right)

Microphone Signal 1

Microphone Signal 2

Output to Impedance Meter

erc
on

ne

ct

No connection

Int

Fig.2.1

Auxilliary Cable
(Note: The LAN-XI Module
must be powered off before
attaching this connector)

The Impedance Meter system consists of LAN-XI Generator Module Type 3160-A-042 and Power
Amplifier WB-3592. The module provides both the input channels and a generator for the
impedance meter sound source. It also functions as the interface for environmental signals
coming from the meter handle to the module. The Power Amplifier is conveniently housed in a
double LAN-XI casing, and provides amplification of the generator signal.
Connect Type 3160-A-042 and WB-3592 as shown in Fig.2.1 and Fig.2.2.
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Fig.2.2

Rear connectors of LAN-XI combination

PC LAN

Mains Voltage Selector

⚠ WARNING:
CAUTION:

2.2

Make sure the correct voltage is set on the Mains Voltage Selector BEFORE you connect
the module to mains power (either 115 or 230 V), see Fig.2.2. Failure to do this will cause
damage to the equipment.
The LAN-XI module must be powered off before connecting the Auxilliary Cable D-Sub
connector to the front panel.

Software Installation
In order to get started, the following software must be installed on your computer/laptop:
•

PULSE FFT & CPB Analysis software Type 7700 (or PULSE FFT Analysis Type 7770)

•

PULSE Material Testing Type 7758

•

PULSE Impedance Meter Program WT-9888

The procedure is as follows:
1) Install the software and click on PULSE LabShop in the auto-run window and follow the
instructions on screen. A ‘Complete’ installation of PULSE is recommended.
2) Download the relevant licenses, as required.
3) Install PULSE Impedance Meter Program WT-9888 from the USB Key.

CHAPTER 2
System Overview and Setup

4) Set the IP address – from the Start menu, click Settings and Control Panel (or just Control
Panel depending on your setup) >Network Connections >Local Area Connection
>Properties > Internet Protocol (TCP/IP). Click Properties. Select the Use the following IP
address radio button, set the IP address to 10 10 10 60 and Subnet mask to 255 0 0 0, and
click OK.
5) Run WT-9888 by double-clicking the WT9888 icon on the desktop.
6) With the Project Setup task selected, click Connect Signals on the Front-end tab. Click OK
when you see the Signals Connected message.

5
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Chapter 3
User Interface for Impedence Testing
3.1

Graphical User Interface (GUI)
After connecting all the cables and powering up the LAN-XI data acquisition unit and the power
amplifier, the next step is to go through the Measurement task on the GUI in sequential order.
The sequence follows a natural progression, starting with the task at the top of the Measurement
task bar (left of the display), then filling in details in the window(s) to the right of that task, and
then moving down to the next task, and so on. Chapters 4 to 7 describe the setup, calibration,
measurement and data export tasks, respectively.

3.2

Impedance Meter Control
Buttons on the meter’s handle (Fig. 3.1) provide the loudspeaker start/stop controls and the
meter control unit allows measurements to be made remotely.

Fig.3.1

Impedance meter controls
Used for (repetitive) quality
control measurements

Stops a measurement

Repeat the last
measurement
Continue to next
measurement

Starts a measurement

Hold this button in to
activate the loudspeaker

3.2.1

Loudspeaker Start/Stop Button
Once a measurement has been started, hold down the larger button below the control panel to
activate the loudspeaker.
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⚠ WARNING:

3.2.2

This equipment can generate intense sound pressure levels that could seriously damage
or destroy a person’s hearing. It is recommended that the speaker is not powered on
unless the meter is placed on a sample. Under no circumstances should the meter be
pointed towards individuals.

Start/Cancel Buttons
These buttons start and stop a measurement. They provide the same functionality as the software
start/stop buttons in the Measurement task. This allows use of the meter remote from the PC –
after setting up a measurement you can start and stop it directly from the meter.

3.2.3

QC Re-do/Continue
Used mainly for quality control (QC) measurements. These push-buttons typically allow you to
step through a number of identical measurements at different locations.
The Re-do button allows you to repeat (and overwrite) an existing measurement.
The Continue button allows you to proceed to the next measurement.

3.2.4

Meter Control Unit
The functionality of the various buttons/LEDs of the meter control unit is shown in Table 3.1.

Table 3.1

Meter Control Unit – functionality of push-button/LEDs

Function
Start
Measurement

Action
Meter ready for test/not ready

Button
Start

LED Colour
Blinking yellow/
off

Test in progress

Yellow

Test completed

Green

Stop/Reject
Measurement

Test stopped and cancelled
(during a measurement)

Cancel

Red

QC Re-do Test Point

Delete and repeat a test point

Re-do

Red

QC - Continue

Quality control pass

Continue

Green

Quality control fail

Red

Quality control running/not running

Yellow/off
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Chapter 4
Project Setup
4.1

Project Setup
The Project Setup task allows input of all information describing the tube, the acquisition
parameters, the initial test broadband OASPL, and the reference ambient conditions.
Click the Project Setup task button. The Material Testing Control window appears to the right of
the task bar, together with the associated task note (if displayed).

Fig.4.1
Tube (geometry) tab

The sub-sections that follow describe the tabs in the Material Testing Control window from left
to right (as you would use them).

4.1.1

Tube Tab: Tube Geometry Selection
The Tube tab (Fig.4.1) allows you to select the tube type from the various Brüel & Kjær options,
for example, the User-defined 1 option selects the 29 mm inner diameter portable tube
geometry.
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✐Please note:

4.1.2

The default distances for the microphone closest to the sample (9.9 cm), and the distance
between the microphones (2 cm), will be updated following the Acoustic Center task
(see section 5.5).

Measurement Tab: Setting Frequency Resolution and FFT Averaging
The Measurement tab (Fig 4.2) allows you to select the frequency resolution, the number of
averages, and the span of the FFT analyzer used for calibration tasks and measurements.

Fig.4.2
Measurement tab

✐Please note:

The frequency resolution of the analyzer used for the Acoustic Center task is set separately,
(typically to the minimum of 1 Hz), see section 5.5.

The following default settings are recognised as being a combination that provides good
frequency resolution and short measurement time:
•

Frequency Resolution of 8 Hz

•

Frequency Span of 6.4 kHz

•

(Number of) Averages set to 40

The impact of changes to these settings is calculated and displayed as Measurement Time.

4.1.3

Generator Tab: Setting the Initial Waveform Type and Filter
The Generator tab (Fig 4.3) is used to set up the initial waveform type and filter. The default signal
type is set to Random, with the Pink Filter set to Off. A pseudo-random signal can also be used.

CHAPTER 4
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Fig.4.3
Generator tab

The Generator Active checkbox is checked as default.

4.1.4

Environment Tab: Recording the Ambient Conditions
The Environment tab allows you to input the ambient temperature, pressure and relative
humidity (Fig 4.4). Using these inputs, the speed of sound, density and the characteristic
impedance of the air are calculated. As these values are used to provide normalised impedance,
they should be updated in line with any variations seen during a measurement period. On later
models of the impedance meter the option exists to automatically read in the measurements
from an electronic meter (if that is the case, check the Automatic update checkbox).

11
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Fig.4.4
Environment tab

4.1.5

Options Tab: Units, Warning Tolerances, and Transfer Function Type
The Options tab (Fig 4.5) allows you to set warnings for signal-to-noise ratio, the dynamic range
and the transfer function calibration factors (amplitude and phase) of a measurement. The
default values are 10 dB, 60 dB, and 2 dB/2 degrees, respectively.
If any of the measured values exceed these user-defined values, a warning is given. You can then
decide whether or not to proceed with the measurement. In general, for aerospace engine duct
acoustic panel testing, the signal-to-noise ratio and dynamic range defaults should not be
exceeded.

✐Please note:

Warnings can only be avoided by entering artificially high trigger values.

The Options tab also lets you select the measurement units for pressure and temperature, the
type of transfer function estimate (H1 preferred), and the timeout limit for waiting for a response
from the LAN-XI front end. User-defined Y-axis scales may also be entered for absorption
coefficient, impedance, and resistance-acoustic velocity plots.
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Fig.4.5
Options tab

4.1.6

Front-end Tab: Setting the Microphone and Channel Inputs
The Front-end tab (Fig 4.6) provides information on the microphones used, along with their slot,
channel and serial numbers.

✐Please note:

The Slot Number values will always be set to ‘1’.

This tab also provides a button for activation of the signal connections and a drop-down list for
selecting different generator signals, if required.
Click the Connect Signals button to connect the signals when the front-end configuration has
been changed. It is also a useful double-check on system configuration and setup.

13
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Front-end tab
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Chapter 5
Calibration
5.1

General
This chapter describes the calibration procedures available for both the complete system and the
individual microphones. The calculation of the microphone acoustic centre is also described.
Brüel & Kjær Type 4187 microphones, which are used in Type 9737, are highly stable. As such,
they do not require individual sensitivity calibration unless there appears to be a problem with
them. If the sensitivities need to be calibrated, the microphone calibration task is performed.
Standard impedance tube signal-to-noise ratio (SNR) checks and microphone switching transfer
function (TF) procedures are described in this section. Note that these two tasks need only be
performed once, as tests with a reference sample provide a calibration check of the entire system
chain. Once the SNR and TF tasks are performed, the PULSE project can be saved, and they need
only be repeated if there is a problem with the reference panel measurements.
The recommended day-to-day system calibration procedure is to test a reference panel. First
with a broadband source to determine the impedance characteristic, and then to determine the
resistance/velocity characteristic at the resonance frequency. These tests provide an accurate
check on impedance meter performance. Any system errors will be clearly distinguishable by
differences in the measured versus recorded reference panel resonance frequency and nonlinearity with SPL.
Finally, as the meter may be used for many types of surface curvature, the meter adapter
thickness, rubber gasket thickness and compressibility may change between applications. The
microphone acoustic centre calibration task allows this variation to be compensated for.

5.2

Signal-to-Noise Ratio Check
The SNR check will determine whether there is sufficient signal-to-noise margin to ensure
accurate measurements. The default level is +10 dB, below which you will be alerted by a warning.
The SNR for aerospace engine duct acoustic panel testing is always high (typical signal levels
> 120 dB OASPL). The SNR check also provides a check on the system sound output. A typical
130 dB OASPL spectrum at 8 Hz resolution for each microphone is shown in Fig 5.1. Should there
be a problem with either microphone channel, level differences between the microphones will
quickly become noticeable.
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Fig.5.1
Typical microphone
autospectra (noise
< 60 dB)

In order to perform an SNR test, position the meter on an acoustic sample (preferably the
‘Reference’ sample), and select the Signal Measurement radio button. Click Start and
immediately hold down the button on the tube handle to measure the signal. Release the button
when the Measurement done message appears on screen. Then select the Background Noise
Measurement radio button and click Start again to acquire the background levels in a similar
manner. You will be alerted if any SNR falls below the level set in the Options tab.

5.3

Transfer Function Calibration
The Transfer Function Calibration task is performed to correct the two measurement
microphones for any phase or amplitude mismatches. Place the meter on an acoustic sample
(preferably the ‘Reference’ sample), and select the Interchanged Microphone Positions radio
button. Then place the microphones in their interchanged positions (Mic.2 in Channel 1, Mic.1 in
Channel 2), and click Start. Immediately after, hold down the button on the tube handle until the
signal finishes and the Measurement done message appears on screen. The software will then
automatically display the transfer function amplitude and phase between the microphones,
along with the associated coherence function. You will be asked whether to replace the existing
measurements. If you enter Yes, the Interchanged Microphone Positions statement will be ticked
on screen. The next step is to put the microphones back in their original positions, select the
Normal Microphone Positions radio button and click Start again. Immediately after, hold down
the button on the tube handle until the signal finishes. If you say Yes when asked whether you
want to replace the existing measurements, the Normal Microphone Positions statement will be
ticked on screen.
Fig 5.2 shows a typical example of the transfer function calibration screen output. You should look
for a mirror image between the two transfer function amplitude plots centred around 0.
Depending on the standing wave generated by the termination impedance of the reference
sample, some drop-outs may be present near the frequencies where pressure minima are

CHAPTER 5
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recorded by the wall microphones. When using the fixed reference sample, any changes to the
coherence spectrum may be a sign of some leakage in the microphone bedding in the tube,
whereupon the microphones should be removed and re-inserted.
Fig.5.2
Transfer Function
Calibration task –
Calibration Control tab

5.4

Reference Panel – Recommended for Overall System Calibration
Procedures
It is suggested that you identify a suitable Reference Panel. If possible, this should be a wire meshon-perforate type, with a core depth between 20 mm and 30 mm, but it can be any type of panel
with a stable construction. Upon initial manufacture, and after performance of the relevant
individual SNR and microphone transfer function calibration tasks (see section 5.2 and section
5.3), the impedance of this reference panel should be measured (see section 7.2) at a clearly
indicated test position (use a marker pen to trace around the flange onto the sample surface) and
recorded. A test on the panel resistance versus acoustic velocity characteristic (at the resonance
frequency) is also recommended (see section 7.2). The sample should then be stored in a clean
environment. It is also a good idea to measure the reference panel initially at two locations, so that
it may be cut in half, in order to have a back-up reference panel. The panels should be stored in
a clean, dry, environment.
Tests on the reference panel impedance can subsequently be performed at the start and finish of
each set of daily tests. If the panel impedance and non-linearity is shown to be constant with time,
then the full system is calibrated quickly, and individual calibration tasks need no longer be
performed.

17
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Acoustic Center Measurement
This task (Fig 5.3) is used to calculate the acoustic centre of the 1/4 microphones. It is very
important to know this distance accurately, as the measurement error in impedance is very
sensitive to the accuracy in the measurement of the distance to the sample, and the distance
between the microphones. Typically, an error of < 0.2 mm is desired. This is, therefore, a critical
calibration task.

Fig.5.3
Acoustic center task

Furthermore, as different flange geometries and rubber types are generally used to achieve the
best sealing of the meter onto parts with complex curvature, the distance to the microphones will
vary accordingly. Hence, the Acoustic Center task must be performed for each flange change.
You are advised to construct a female hard-wall sample to accompany each male flange, with the
complementary curvature. The meter can then be calibrated with maximum accuracy (minimum
sound leakage). Use of a flat flange on a curved surface is not advised.
The acoustic centre measurement procedure is straightforward. The frequency resolution of this
task can be set differently to that for standard measurements. It is advised to set the frequency
resolution to the maximum of 1 Hz (6400 lines) on the Acoustic Center tab. The hard-wall transfer
function is used to locate the frequencies for pressure maxima and minima in the tube, and the
acoustic centres are determined using the local speed of sound. Hence, an accurate temperature
measurement is important (target error < 0.5°C).
Place the meter on the hard-wall (with the appropriate curvature for the flange) and click Start.
Immediately after, hold down the button on the tube handle until the Measurement done
message appears on screen. You are asked whether or not you wish to replace the existing
acoustic centre values with those just calculated.

CHAPTER 5
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5.6

Channel Calibration
The Channel Calibration task allows you to perform simple calibrations of the individual
measurement channels quickly and easily. As mentioned previously, a microphone calibration is
seldom needed, as the Brüel & Kjær microphones are accurately calibrated on supply and are
very stable. A microphone calibration may be used to check whether there is a problem with a
given channel. If a channel calibration does not need to be performed, it can be simply deleted
from the task list or moved to a secondary group of tasks that are only performed occasionally.

19

20

Portable Impedence Meter System Type 9737 – User Manual

21

Chapter 6
Sample Holder Correction
6.1

General
Portable Impedance Meter Type 9737 is supplied with a screw-on Sample Holder (WA-1706). The
holder allows samples to be cut to fit exactly into the 29 mm tube diameter, accommodating
samples of a depth up to 20 cm. The sample holder is ideal for testing non-locally reacting
materials (for example, foams, slotted core, etc.), as it restricts lateral sound propagation. The
sample holder also allows tests to be performed on locally reacting samples (for example, those
with honeycomb cells) without the ‘tube to visible honeycomb cell area mismatch’ seen for
flanged tube measurements (given the finite width of a given honeycomb cell). The latter area
mismatch typically manifests itself as an increase in resistance and reactance at low frequencies
(defined as <1000 Hz for the 29 mm impedance tube).
Use of the sample holder allows the calculation of a correction between in-tube impedance tests
and flanged tube tests, which may then be automatically applied to flanged test results.
Click the Sample Holder Correction task button. The Material Testing Control window appears
to the right of the task bar, together with the associated task note (if displayed).
The sub-sections that follow describe the tabs in the Material Testing Control window as used in
the Sample Holder Correction task.

6.2

Measurement Control Tab
To start a measurement, first place the flanged tube on a test panel, select the Flanged Tube
radio button on the Measurement Control tab, and click Start. Then place a 29 mm circular
sample of the same material (preferably cut from the same sample) inside the sample holder.
Take care to ensure there is no leakage around the edge of the sample, and that the sample is
flush with the lip of the sample holder. Screw the sample holder onto the impedance tube. Then
select the Sample Holder radio button, and click Start to perform a test with the sample holder.
Results can be plotted by clicking the Results tab, and selecting the desired output. Fig.6.1 shows
an example of impedance for both flanged tube and in-tube tests, for a sample with shallow core
(<10 mm). Fig.6.2 shows the flanged to in-tube impedance correction for the same material.
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Fig.6.1
Example
measurements with
flanged tube and
sample holder

Fig.6.2
Example of flanged intube correction

The flanged tube to sample holder correction can be applied to future flanged tube
measurements by selecting the Apply Sample Holder Correction radio button on the Test
Config tab of the Measurements task. This correction can then be saved within a dedicated PULSE
template for future tests on similar sample constructions.
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Chapter 7
Measurements
7.1

General
Type 9737 can perform both broadband and pure tone measurements, and it can measure at
sound pressure levels exceeding 150 dB.

⚠ WARNING:

This equipment can generate intense sound pressure levels that could seriously damage
or destroy a person’s hearing. It is recommended that the speaker is not powered on
unless the meter is placed on a sample. Under no circumstances should the meter be
pointed towards individuals.

The meter software includes dedicated routines to investigate the non-linear panel response to
both signal types.
Click the Measurements task button. The Material Testing Control window appears to the right
of the task bar, together with the associated task note (if displayed).
The sub-sections that follow describe the tabs in the Material Testing Control window as used in
the Measurements task.

7.2

Measurement Control Tab
To start a measurement, first enter a suitable name for your measurement in the entry field of the
Add New Measurements panel (Material Testing Control window), see Fig.7.1. Then enter the
number of measurements you would like to perform in the batch (Number field) and add the test
location (as required) in the Comments field. The new measurement is then added to the batch
list by clicking Add. The software highlights the measurement to be performed in grey (see
Fig.7.1).
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Fig.7.1
Naming and adding a
measurement in the
Measurements task

The remainder of this section describes the measurement options. Single level broadband
measurements, broadband and pure tone non-linear measurements, quality control
measurements, and measurements with a user-defined source, can be performed.

7.2.1

Broadband Measurement at User-defined OASPL
This is the baseline measurement option. It is useful for comparative checks on varying samples,
and for a refence sample check at the start and end of each measurement day.
The option Broadband Measurement at User-Defined OASPL is selected on the Subset Control
tab (see Fig.7.2).
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Fig.7.2
Subset Control tab

With the meter positioned on the sample, click Start (in the software, or via the Measurement
Control Unit) and hold the loudspeaker button down until the Measurement done message
appears.
The measured impedance spectra can be displayed by checking the checkboxes next to the
individual impedance results in the list on the Results tab (see Fig.7.3).
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Fig.7.3

Results tab

Plots of other relevant parameters can also be displayed by checking the appropriate checkbox
on the Results tab. The scale of the axes can also be adjusted by right-clicking on the axis in
question, and setting the desired minimum and maximum values (see Fig.7.3).

7.2.2

Non-linear Measurements
There are a number of options for testing the non-linear panel response to increasing SPL
(acoustic resistance as a function of incident acoustic velocity), as this is a function of the source.
You can test with either an increasing pure tone SPL, or broadband OASPL (random or userdefined source). These options are accessed using the Subset Control tab (Fig.7.4 to Fig.7.7). You
can select from the four main options below, each with a varying SPL/OASPL that you can set by
inserting minimum and maximum levels, plus a step value. A recommended range of SPLs/
OASPLs is 130 dB to 150 dB with a 5 dB step.
•

Pure Tone – Search for resonance frequency (Fig.7.4) – this option performs a pure tone test
at the panel resonance frequency, with the variation in resonance frequency being tracked
with increasing SPL. You input a frequency search interval by inputting a centre frequency
around the nominal panel resonance, along with a range, and a number of frequency steps
during each search. A range of 1000 Hz around the nominal resonance, along with five
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frequency steps are good default values. The use of a search range ensures the desired
reactance zero crossing is found. The range and/or the number of frequency steps may be
varied to maximise accuracy of the measured varying resonance frequency. The example in
Fig.7.4 shows a centre frequency of 2800 Hz, with a span of 800 Hz, giving a resonance
frequency search range between 2400 Hz and 3200 Hz. Five frequency steps are requested
within the 800 Hz span
Fig.7.4
Subset Control tab:
Pure Tone – Search for
Resonance Frequency

•

Pure Tone – Fixed Frequency (Fig.7.5) – this option performs a pure tone test at increasing
tone SPLs, at the requested frequency.
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Fig.7.5
Subset Control tab:
Pure Tone – Fixed
Frequency

•

Broadband Quality Control single OASPL – see section 7.3.1

•

Broadband test with increasing OASPL (Fig.7.6) – this option allows you to perform a
resistance non-linearity test with an increasing random OASPL. The initial and final OASPL are
set, along with the step size. Typical values are 130 dB, 150 dB, and 5 dB, respectively. You can
select a sub-range of frequencies, where the mean panel resistance is calculated. For singlelayer panels, this is where the resistance is nominally constant. Selection of such a sub-range
of frequencies avoids both the increase in low-frequency resistance from flange edge effects,
and anti-resonances
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Fig.7.6
Subset Control tab:
Broadband test with
increasing OASPL

•

User-defined Signal (Wave-file) – Broadband noise (Fig.7.7). This option performs
broadband tests with an increasing OASPL, for a waveform defined by you and imported in
a .wav file. This may be, for example, a source representative of an engine with a fundamental
tone and harmonics superimposed on a broadband spectrum. The initial and final OASPL is
set, along with the step size. Typical values are 130 dB, 150 dB, and 5 dB, respectively. You can
select a sub-range of frequencies where the mean panel resistance is calculated. For single
layer panels, this is where the resistance is nominally constant. Selection of such a sub-range
of frequencies avoids both the increase in low frequency resistance from flange edge effects,
and anti-resonances
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Fig.7.7
Subset Control tab:
User-defined Signal
(Wave -file)

For each test using the SPL automation, the acoustic velocity is calculated. For pure tone tests, the
facing sheet impedance and pressure are determined. The latter uses the tube standing wave
equation and the tube wall microphone measurements. The acoustic velocity is then calculated
from P/{ Z c}. For broadband tests, the root sum square velocity, VRSS, is calculated:
VRSS =

 Vi

2

i

using the full range of frequencies (500 Hz to 6400 Hz), while the mean acoustic resistance is
calculated for the user-defined frequency range (for example, just where it is flat for a single layer
liner).
For each of the non-linear test options, the impedance, absorption coefficient, reflection
coefficient, and the facing sheet acoustic pressure and acoustic velocity spectra can be viewed by
selecting the desired parameters from the list in the View OASPL loop spectra of selected
measurement(s) panel. The output also includes the Resistance vs Acoustic Velocity plot (if you
have ticked Resistance vs. Velocity in the list on the Results tab, Fig.7.3), and the resonance
frequency versus acoustic velocity measurements (by clicking the View R vs V table button on the
Measurement Control tab, see Fig.7.1)

7.2.3

Example Screenshots
The ‘R vs V’ table also shows the variation of resonance frequency, facing sheet SPL, and the panel
reactance, see Fig.7.8.
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Fig.7.8

Pure tone R vs V displayed on screen and in the plots

Fig.7.8 shows an example of the impedance variation with OASPL.
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Fig.7.9

Impedance variation with increasing broadband OASPL

7.2.4

Handle Indicator Lights
An amber ready light on the handle indicates the meter is ready to measure. Measurement
initiation may either be set to ‘Autostart’, where the meter just waits for the button on the handle
to be pressed, or to ‘Trigger’. Autostart allows remote operation (for example, one man
operation), without the need to click Start on the computer screen. For trigger, the user clicks the
Start button on screen, in addition to pressing the button on the meter handle. (It is
recommended to use the Trigger option, where possible.)

✐Please note:
⚠ WARNING:

Care must be taken when using Autostart, as the meter is armed, and an inadvertent push
of the handle button will emit sound.
This equipment can generate intense sound pressure levels that could seriously damage
or destroy a person’s hearing. It is recommended that the speaker is not powered on
unless the meter is placed on a sample. Under no circumstances should the meter be
pointed towards individuals.

Stop must be clicked on screen after the last measurement results are taken.
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7.3

Quality Control Measurements

7.3.1

General
The portable impedance meter includes the option to insert upper and lower impedance
tolerances, when using the broadband impedance measurement. When this option is activated
and a test is made, the meter will signal whether the tolerances have been passed, or failed, at
each test point, and for each frequency for which the tolerances are set. In addition to the normal
Excel® output option (see Chapter 8), a Microsoft® Word report may also be generated.
The Re-do and Continue buttons on the meter control unit enable you to repeat a measurement
at the same point, or continue to the next.
The Quality Control option is selected using Broadband Quality Control single OASPL, see
Fig.7.10. This option performs broadband tests at the requested OASPL, with impedance
tolerance checking, for a number of test locations.

Fig.7.10
Subset Control tab:
Broadband Quality
Control single OASPL

The impedance tolerances are set on the Test Config tab, together with details of the part and
operator, etc. Fig.7.9 shows an impedance tolerance example. The upper and lower acceptance
tolerances are set at specific frequencies for both the real (resistance) and imaginary (reactance)
parts of the impedance, in order of ascending frequency. These tolerances may then be saved and
re-loaded for use for future quality control tests.
Fig.7.11 shows an example of resistance and reactance tolerances applied at 2500 Hz, 3500 Hz
and 5000 Hz.
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Fig.7.11
Example of resistance
and reactance
tolerances

7.3.2

Quality Control Test procedure
1) Select Autostart next measurement and Apply Quality Control limits on the Subset Control
tab.
2) Set the test OASPL parameters on the Measurement Control tab. Enter the number of test
positions, name the test and click Add.
3) Click Impedance on the Measurement Control tab, and tick the Superimpose plots
checkbox. Press Start on the meter handle. The PC will display waiting for signal (flashing
amber).
4) Hold down the button on the handle, and perform the test.
5) If you are satisfied with the test, press Continue on the handle. The PC will display waiting for
signal (flashing amber). If you are not satisfied with test point, for example, if there is too much
leakage, then press Re-do. The PC will display waiting for signal (flashing amber).
6) Upon test completion at a given location, the meter handle light will signal green for Pass, or
red for Fail. The computer screen is also highlighted with red or green.
Fig.7.12 shows an example of the on-screen plotting of successive test impedances and
tolerances.
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Fig.7.12

On-screen plotting of successive test impedances and tolerances

7.3.3

Quality Control Test Results
The quality control test results can be exported to Microsoft® Word using the Word Report task
on the Measurements Task Bar. Fig.7.14 shows an example of a quality control Word output.
Word reports can be generated simply by selecting the required test outputs, and clicking Create
Report.
Reports can be output either to a single Word document containing one display, a single
document containing multiple displays, or multiple documents (see checkbox in Fig.7.13). The
quality control Word file is created on screen. It can then be saved to the appropriate folder for
future analysis.
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Fig.7.13
Exporting quality
control data to Word

Fig.7.14 shows an example page from a quality control output file. The file contains test, part, and
operator details, and whether the part has passed or failed the set quality control impedance
limits. The output also has scrollable impedance plots, which can be used to assess results at
particular frequencies, and hence assist speedy turnaround of quality control queries.
Fig.7.14
Sample Word quality
control output
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Chapter 8
Data Export/Import
8.1

General
The portable impedance meter allows you to not only make fast acoustic measurements, in situ,
at high SPLs, but also offers immediate export of the data to Microsoft® Excel® or Word. This
allows the acoustic engineer to analyse the data as soon as possible.

8.2

Export to Excel
Data is exported to Excel® by selecting the Excel Export task on the Results Task Bar, selecting the
desired output folder, and then clicking Export (to Excel). The required measurement runs are
selected, along with the desired output parameters.
After selecting the desired output parameters, click Export, then enter the file name for the Excel
worksheet in the dialog box that appears (Fig.8.1).
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Fig.8.1

Excel export task – exporting single OASPL parameters

8.2.1

Broadband Measurements at User-defined OASPL
The test parameters for these single position, single OASPL tests are output by selecting the
single OASPL parameters. Fig.8.1 shows an example where all of the available test parameters are
exported.

8.2.2

Non-linearity tests
The test parameters for the non-linear tests (pure tone search for resonance/fixed frequency and
broadband test with increasing OASPL, are exported by selecting the desired OASPL loop
parameters, and the resistance-velocity curve. An example for an increasing broadband OASPL
test is shown in Fig.8.2.
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Fig.8.2

Excel export task – exporting OASPL Loop parameters

8.2.3

Quality Control Tests
In addition to the Word quality control report, with a scrollable impedance plot, the quality
control data can also be exported to Excel®. Fig.8.3 shows an example of an Excel export of three
quality control test locations.
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Fig.8.3

Excel export task – export of three quality control test locations

8.3

Export/Import Results
The Export Results and Import Results tasks on the Results task bar allow you to save measured
data in dedicated files, and retrieve data (for use in another project, for example).

8.4

Post-processing
The Post-processing task allows you to extract additional information from your data. You can
average two or more measurement results, combine measurements at different frequencies and
extract nth octave spectra from the measured data.

8.5

Saving the Project
It is recommended that you save the PULSE project under a different filename (including ‘.pls’
extension) for each set of test data that you acquire. The original project template can then be
kept as a basic reference for future use, if required.
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Chapter 9
Troubleshooting and Tips for Efficient
Testing
9.1

General
This section gives some troubleshooting advice and hints and tips for efficient use of the portable
impedance meter.

9.1.1

Reference Panel – Overall System Check
As stated in section 5.4, you are advised to assign a flat reference panel for use with the meter. A
back-up sample is also recommended. Tests on the reference sample at the beginning and end
of the day will ensure the entire measurement system is correctly calibrated. Ideally, the reference
sample facing sheet would be a low non-linearity wire mesh single layer type (non-linearity
factor, NLF = R200 cms–1/R20 cms–1 < 2). The preferred bonded resistance is in the order of 2c
(~80 cgs Rayls), with a cell depth of ~ 0.75 (~19 mm). The resonance frequency at 130 dB OASPL
and the Pure Tone NLF measured at the resonance frequency are recommended for storage, as
these measurements can be readily compared to the equivalent DC flow measurements for the
panel facing sheet plus bonded honeycomb (no backing sheet).

9.1.2

Acoustic Center Task
Along with the use of a reference sample (section 9.1.1), the Acoustic Center task is another
important calibration step. The distance to the microphones will likely alter if varying curved
coupling flanges are used, so after the system performance is validated using tests on the
reference panel (with the default flat flange), the microphone acoustic centre task must be
performed with the new flange before the designated tests begin. You are strongly advised to
construct a curved female hard-wall to match the curved flange in use.

9.1.3

Excel Export
If too much data is selected for export to Excel at one time, the Excel export may fail. This can be
avoided by regularly exporting smaller groups of data.
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Curved Flange Design
It is important to design a flange to obtain the closest possible fit to the test panel. If the panel
curvature varies across its surface, it is recommended to manufacture a flange to fit the mean
curvature obtained by averaging a number of CATIA sections.

9.1.5

Curved Flange Leakage
If the curved flange does not perfectly mate with the test panel, any leakage will show up in the
low-frequency part of the impedance spectrum (typically < 1000 Hz), where, for example, the
measured resistance and reactance will be higher than that for a well-sealed panel. Data quality
will gradually improve at higher frequencies. If leakage is considered unacceptable (for example,
on a part of high double curvature), it is advisable to manufacture additional flanges for local
subsets of the overall test area, to enable improved sealing across the entire test surface.

9.1.6

Poor Microphone Sealing in Tube Wall
If the microphones are not well bedded in the tube wall, coherence drop-outs will occur. Evidence
of this can be seen on the plots in the Transfer Function task.

9.1.7

Microphone in Wrong Position
If the microphones are switched to the wrong positions, this will be detected in the microphone
acoustic centre task. For example, for a flat hard-wall calibration, microphone distance to the
sample and the microphone-to-microphone separation distances will be well removed from the
default values (that is, approx 0.119 m and 0.051 m, respectively, instead of the correct values of
approximately 0.099 m and 0.02 m).

43

Chapter 10
Specifications
Specifications – Portable Impedance Tube WA-1599-W-070
FREQUENCY RANGE
Tube: 500 Hz to 6.4 kHz
ZERO ABSORPTION
(calculated in 1/3-octave bands)
50 Hz to 4 kHz: < 4%
5 kHz to 6.3 kHz: < 10%
¼ CONDENSER MICROPHONE CARTRIDGE TYPE 4187
To optimise the measurement accuracy of impedance tubes,
the microphones have a non-removable protection grid that
forms an airtight front cavity. This gives a coupling between
the impedance tube and the microphone that is well-defined
with respect to phase
Open-circuit Sensitivity (250 Hz): 4 mV/Pa (–48  3 dB re
1 V/Pa)
Capacitance (250 Hz): 6.4 pF, typical
Frequency Response Characteristic (Flush-mounted)
 1 dB: 1 Hz to 8 kHz
Polarization Voltage: 200 V
PREAMPLIFIER
Type 2670-W-012

ENVIRONMENTAL SENSORS
Integrated sensors measure temperature pressure and
relative humidity
LOUDSPEAKER
Max. RMS Power: 50 W at 20 C (68 F)
Impedance: 8 
Diameter: 35 mm (1.38)
OPERATION
Sound source activation and status indicator integrated in
handle
DIMENSIONS
Tube Inner Diameter: 29 mm (1.14)
Tube Length: 208.2 mm (8.2)
Handle: 100 mm (3.94)
ASSEMBLED DIMENSIONS (EXCL. CABLE)
356.5  184  150 mm (14.0  7.2  5.9)
WEIGHT (WITHOUT ACCESSORIES)
4.2 kg (9 lb 4 oz)

Specifications - Impedance Meter Program WT-9888
WT-9888 is a software application for use with LAN-XI data
acquisition hardware

• BK Connect Hardware Setup Type 8401
• BK Connect Data Processing Type 8403

System Requirements

Application Projects

• LAN-XI hardware with one generator output channel (full
generator functionality)
• Acoustic Material Testing in a Tube Type 7758
• Microsoft® Windows® 10 Pro or Enterprise (x64) with
either Current Branch (CB) or Current Branch for
Business (CBB) servicing model
• Microsoft® Office 2016 (x32 or x64) or Office 2019 (x32
or x64)
• Microsoft® SQL Server® 2017 or SQL Server® 2019
Minimum Licence Requirements:
• BK Connect® Data Viewer Type 8400

WT-9888 includes a number of predefined application
projects for material testing

Measurement
Measurements are based on the two-microphone transferfunction method as described in the ISO 10534–2 and
ASTM 1050–12 standards. A group or batch of
measurements can be made in a project and measurements
from previous projects can be imported into the current
project
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• Measurement with broadband, pure-tone, or userdefined source
• Automated pass/fail impedance quality control routine
for use by non-acoustic specialists
• Impedance spectra for broadband OASPLs up to 150 dB
• Perform automated tracking of resonance frequency
variation with pure tone SPL for non-linear materials
• Option for non-linear resistance versus velocity
characteristic (pure tone or broadband up to 150 dB
OASPL)
MEASUREMENT TUBES
WT-9888 supports Portable Impedance Measurement Tube
WA-1599, all tube setups included in Impedance
Measurement Tubes Types 4206 and 4206-A and up to three
user-defined tube setups in a single project
FFT ANALYSIS
Measurements in WT-9888 are based on FFT analysis
Parameters
• Baseband and Zoom: 50 – 6400 lines
• Frequency Span: 1.56 Hz – 25.6 kHz (tube dependent)
• Centre Frequency Resolution: 1 mHz
• Averaging Mode: Linear, Exponential and Peak hold
• Number of Averages: 1 – 100000
SIGNAL GENERATION
Waveforms: Sine, Random and Pseudo-Random
Level: Fixed, Level automation
POST-PROCESSING
Post-processing can be performed on the following results:
• Absorption coefficient
• Reflection coefficient
• Normalised impedance
• Normalised admittance
Individual measurements can be post-processed as follows:
• Averaging of multiple individual results
• Automated procedure for calculation of the distance from
the sample to the acoustic centre of microphones
• Calculation of the pressure at the sample facing sheet
• Combining measurements from two different tubes
• Combining measurements from multiple measurements
to create resistance versus test level analysis at selected
frequency
• Combining measurements from multiple measurements
to create resistance versus test level analysis at selected
frequency at surface of test object

• Extraction of 1/n-octave centre frequency information
• Acoustic pressure and acoustic velocity spectra at sample
surface
• Calculation of non-linear resistance variation with
acoustic velocity (for broadband, pure-tone or userdefined source)
• In-tube sample holder for flanged tube correction
routine
RESULTS
WT-9888 offers a large number of task-dependent
intermediate and final result types
Channel Calibration
Sound Pressure Level at each microphone position
Signal-to-Noise Ratio
Signal-to-Noise Ratio (SNR) at each microphone position
• As measured
• User-defined SNR threshold level
Sound Pressure Level at each Microphone Position
• With generator off (background noise)
• With generator on
Transfer Function Calibration
• Calibrator Factor
• Coherence
• Transfer Function H1, H2 and H3
• Sound Pressure Level at each microphone position and at
facing sheet
Measurements
• Absorption coefficient
• Acoustic resistance as a function of acoustic velocity
(pure-tone or broadband)
• Acoustic velocity as a function of frequency
• Coherence
• Corrected transfer function
• Normalised impedance ratio
• Normalised admittance ratio
• Reflection coefficient
• Resistance vs test level at selected frequency at surface
of test object
• Sound pressure level at each microphone position
• Transfer function
REPORTING
• Integrated reporting with Microsoft® Word
• Automated export of data to Microsoft® Excel®
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Compliance with Standards - Type 9737
The CE marking is the manufacturer's declaration that the product meets the requirements
of the applicable EU directives.
RCM mark indicates compliance with applicable ACMA technical standards – that is, for
EMC and EME in Australia.
WEEE mark indicates compliance with the EU WEEE Directive.
Safety
EMC Emission

EMC Immunity

Temperature

Humidity
Mechanical

EN/IEC 61010–1:2010: Safety requirements for electrical equipment for measurement,
control and laboratory use.
EN/IEC 61000–6–4: Generic standards – Emission standard for industrial environments.
EN/IEC 61326–1: Electrical equipment for measurement, control and laboratory use – EMC
requirements – Part 1: General Requirements.
FCC Rules, Part 15: Complies with the limits for a Class A digital device.
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 61326–1: Electrical equipment for measurement, control and laboratory use – EMC
requirements.
Note: The above is only guaranteed using accessories listed in this document.
IEC 60068–2–1: Environmental testing - Part 2-1: Tests - Test A: Cold.
IEC 60068–2–2: Environmental testing - Part 2-2: Tests - Test B: Dry heat.
Storage Temperature: –20 to +60 C (–4 to +140 F).
IEC 60068–2–78: Environmental testing - Part 2-78: Tests - Test Cab: Damp heat, steady
state.
Non-operating:
IEC 60068–2–6: Vibration: 0.15 mm, 20 m/s2, 10 – 500 Hz
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