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FEATURES

e Auto-detection of ambient noise
e Extension of Standard SPL task

e Supervises Rub&Buzz, Harmonics,
Frequency Response, Average Level
and Polarity

e Repeats invalid measurement auto-
matically

e Intelligent merging of valid data

e Considers noise attenuation of test
enclosure

e Finds dominant effect of FAIL: de-
fects or noise

e Running in normal rooms

Defects such as rub and buzz, loose particles, air
leakage, and other mechanical problems causes
symptoms, which are 80 dB below the funda-
mental but still audible and not acceptable in
the final application. Even moderate production
noise during end-of-line testing (QC) can easily
corrupt the measurement and cause wrong
PASS/FAIL results. The Noise Immunity option
of the Klippel QC system copes with this prob-
lem providing full noise immunity by using a
new patent protected technology. The impact
of ambient noise is reliably predicted using a
second microphone. Corrupted measurements
are repeated automatically and moreover the
valid parts may be merged together giving the
accurate result eventually in a minimal time.
Application:

e End-of-line testing

e Coping with production noise

BENEFITS

Reliable measurement in noisy envi-
ronments (rooms, cabins, box enclo-
sures)

Avoids FAIL assignment to good driv-
ers

Increases yield rate

No need to change sequences or set-
tings

Exploits full sensitivity of meta-hear-
ing technology

Reduces test time

Simple set-up (one parameter)
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Sequence of disturbed tests

e Testing of large audio components that cannot be tested in enclosures
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1 Overview

The Production Noise Immunity (PNI) option is an add-on to the standard SPL-task.

1.1 Principle

Noise Pre- Production Noise Immunity copes with external, unwanted noise which is disturbing

diction measurements in a typical production environment. Using a second microphone the am-
bient noise is measured and the influence is predicted at the position of the measure-
ment microphone.

Typical means to shield acoustic disturbances (test cabin, test enclosure etc.) are recom-
mended and automatically considered.
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Production Noise Immunity 2 Examples

1.2 Results
Protected  The following measures are protected by the Noise Immunity Options:
measures e Frequency Response
by Noise e Level (average level)
Immunity e Polarity
e THD, 2" — 4™ harmonic distortion
e Rub&Buzz
e |Leak Detection results (applies only if ALD module is used)
Frequency Response, Harmonics and Rub&Buzz and Leak Detection results are checked
directly exploiting the ambient noise microphone signal.
Level and Polarity are checked based on the frequency response data. For those
measures the frequencies of frequency response, which are required for calculation, are
checked for noise corruption. If such frequencies are corrupted and the limit check
failed, they are marked as Warning with ‘- noise’ added.
Results of Noise corrupted measures, exceeding their limits, are marked as FAIL with ‘- noise’
Noise Im- added. See also the Noise immunity Manual for details.
munity

The overall verdict is
PASS, if all measures
passed the test and
no measure was cor-

The overall verdict is
NOISE and the meas-
urement is invalid if
all failed measures

The overall verdict is
FAIL, if at least one
measures failed
which was not cor-

The overall verdict is
also FAIL, if at least one
measures failed which
was not corrupted by

rupted by noise: were corrupted by rupted by noise (Fre- noise and other
noise (the maximal quency Response in measures were cor-
number of repeats the example) and no rupted by noise (gray
are performed): other measurement color):
was corrupted by
noise:
Frequency Response 100% Frequency Response 100°:
Average Level 100% Average Level 100%
Polarity 100% Polarity 100% Average Level Gpk Ppk Average Level cpk [Ppke|
THD 100% THD - Noise 75% Polarity Polarity
2nd Harmonic 100% 2nd Harmonic 100% THD THD - Noise
Hedllisemonic 100% 3rd Harmonic S 2nd Harmonic 2nd Harmonic - Noise
Rub-+Buzz 7% Rub-+Buzz - Noise 7% 2rd Harmonic 3rd Harmonic - Noise
Rub+Buzz Rub+Buzz - Noiss
2 Examples
2.1 Transducer Testing
It is recommended to place the measurement micro-
phone in a test enclosure and to operate the drive unit ambtent e
in a test frame firing into the box. The attenuation of
ambient noise is limited by the cone of the loudspeaker
system to 5 .. 20 dB rising to higher frequencies. This test mie T >

MIC 1/ Line
(Nearfield)

shielding is helpful but NOT sufficient to do reliable
testing in a noisy production environment where high
sound pressure peaks cannot be avoided. In conven-
tional test systems ambient noise will be interpreted as

a defect drive unit and will reduce the yield rate.

Test Box (Enclosure)

Drive unit measured in a test enclosure
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Production Noise Immunity

Additional housing of the test station and transporting
the drive units into a more silent test environment is
expensive and not practical in most cases.

The PNI option ensures that Rub&Buzz problems which
occur at low levels (40 .. 80 dB below the fundamental)
can reliably separated from ambient noise disturb-
ances.

Exploiting the extremely short measurement time of
Klippel QC, repetitions do not degrade the overall
measurement time too much.

2.2 Loudspeaker System in Sealed Test Chamber

Completely sealed test enclosures are also very benefi-
cial for testing smaller loudspeaker systems (e.g. for
multimedia). Here the loudspeaker system and the test
microphone are located inside the test enclosure. Alt-
hough this shielding provides good attenuation (be-
tween 20-30 dB), high peak values of ambient noise
corrupt conventional measurement techniques. The
second ambient noise microphone and the algorithms
used in Noise Immunity ensure full sensitivity for rub
and buzz defects, loose parts and air leaks.

2.3 System Testing in a Semi-open Box

The measurement of large loudspeaker systems (e.g.
professional loudspeakers) requires large test enclo-
sures, which are cost intensive and require production
space. Placing the test object into the enclosure re-
quires special means and time.

The handling can be significantly simplified by using a
semi-open test enclosure, which is placed close to the
assembling line. This arrangement gives about
10..20 dB attenuation at higher frequencies. Conven-
tional measurement techniques without ambient noise
immunity are prone to invalid results and require high
limit values, which reduces the sensitivity of the meas-
urement.

KLIPPEL Analyzer System

2 Examples 521

ambient mic

Loudspeaker system measured in sealed
test chamber

ambient mic

test
£ mic

_i>

Semi-open box system test on production
belt
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2.4 Audio System Testing in Free Air

If no large test enclosure and no means providing addi-
tional acoustical shielding are available the ambient
noise immunity becomes more and more important to
identify invalid measurements. It is important to place
the test microphone as close as possible to the drive
units. For testing large speakers using multiple drive
units and for checking air leaks in the enclosure multi-
ple microphones multiplexed by the measurement sys-
tem are recommended. Performing a long test se-
qguence required for complex systems (e.g. surround
sound system) a repetition of a complete test is not ef-  Testing a 5.1 system under free air condi-
ficient in case that a single test step failed due to ambi- tions

ent noise. The NI option only repeats the corrupted

task and ensures a valid overall test.

3 Requirements

3.1 Hardware

Setup Test . .
Enclosure Ambient Noise Mic
TMe_st (1 m distance)
ic
;. DUT
g H &
5 5] O T O
- H < areL H
= @ mm—- @e@e@ H @ O 4
(=] o (@]

o Test enclosure is optional
e Ambient noise microphone connected to the Klippel Analyzer

Microphones Typically, 2 microphones are required for Noise Immunity. For measurements in
a closed box a low sensitivity microphone is required since sound pressure level
exceeds 130 dB easily.

Also, other sensors such as acceleration sensors may be used.

For optimal performance under free field conditions the ambient noise micro-
phone should have at least 6 dB lower noise floor than the near field microphone.

Acoustical Any passive means to suppress disturbing noise is useful to minimize number of
Environment repetitions and hence testing time. However, passive means are not sufficient to
cope with high level and impulsive noise events which are typical for production.

Avoid any machines, generators, magnetizers, and fans close to the test box pro-
ducing permanent high-level disturbances.
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3.2 Software

License

QC / dB-Lab

4 Limitations

The Production Noise Immunity (PN/) option requires a separate license. It is not
part of the Standard QC package.

For R&D applications, an additional license for the SPL Task (part of the QC Stand-
ard Package) must be installed.
The Production Noise Immunity (PNI) option runs

- For QC installations from QC3 and
- For R&D installations from version 210.x

4.1 Device Under Test

Background Noise
Too High

Warning
"Sensitivity Lost”

Noise Inside Test
Enclosure

Noise Free Area

Noise Micro-
phone Too Close
to DUT

The noise immunity option guarantees uncorrupted measurements. To ensure
this feature, the predicted noise of a good (not disturbed) test of the reference
units must be lower than the measure to be supervised for all frequencies.

Especially if the noise attenuation is low (free air condition, bad damping of test
box), this is not always the case. To ensure noise immune testing, the limit of the
susceptible measure is relaxed and the sensitivity of the test is therefore de-
creased.

If the system detects this case, a warning is issued when calculating limits in the
Summary chart.

Avoid any parasitic vibration and rattling inside the test box. This noise is not
monitored and cannot be detected by outside microphones. Carefully check the
resonances inside the box before using it with the test object. You may use the
Manual Sweep and increase the test voltage by about 3 dB or more to get some
headroom for vibration diagnostics. This test highly depends on the test object
type and should be done for each type. A check on a regular basis is also recom-
mended.

A minimal distance around the test box should be kept free from any noise
source. The ambient noise microphone should be placed in direction of the most
likely disturbance. Allow about 1 m distance between test box and ambient noise
microphone.

Especially under free air conditions the noise microphone must be positioned
carefully. Usually the measurement microphone must be located in the near field
and on axis of the driver / system. The noise microphone should be located off
axis and at much higher distance from the DUT.

In rare cases of large multi-channel systems, this optimal setup cannot be real-
ized. If the level recorded by the noise microphone is higher than at the meas-
urement microphone, a warning is presented in the Summary chart.
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5 Setup

5.1 Test Setup

Number of Repe-
titions

Mode of Repeti-
tion

Microphone Posi-
tion

A maximal number of repetitions are to be specified. If all repeated tests are dis-
turbed by ambient noise, a NOISE warning is shown.

Please check in this case, if a continuous noise source is corrupting the test at one
frequency.

Several modes of repetitions are provided:

All: A disturbed test will be repeated until a complete undisturbed test by ambient
noise is done or the maximal number of repetitions is reached. In this mode the
whole response is taken from the last repetition, no merging is applied. All activated
measures are monitored by Noise Immunity.

Corrupted only: In case noise corruption is detected for certain frequencies, these
frequencies will be dismissed and only valid parts of the response are stored. During
repetition all missing frequencies are merged and accumulated if uncorrupted until
the whole frequency range is valid. If the response violates a limit at uncorrupted
frequencies the test is aborted and the measure is marked accordingly as FAIL.
All measures, which are not tested completely at this moment (since they are still
corrupted by noise), are marked as VOID. All activated measures are monitored by
Noise Immunity.

All (Selected): Same as All, but user may select the measures, which are included in
ambient noise immunity

Corrupted (Selected): Same as Corrupted only, but user may select the measures,
which are included in ambient noise immunity

The selection of the microphone position is part of the standard SPL task (without
PNI option). However, it is described here in detail since it is relevant for noise im-
munity as well. Independent of the mode selected, the ambient noise microphone
should be placed in direction of the most likely disturbance. Allow about 1 m dis-
tance from the test box or the test microphone (in case of free field conditions).

The following options are available:

Free Air: There is no test enclosure is used. This setting can be used for evaluation
and for particular setups, where no test enclosure can be applied. It is not recom-
mended for testing driver and smaller systems.

Reverberant Room: Due to room modes the prediction of noise based on the 1/dis-
tance law cannot be applied reliably. To achieve ambient noise immunity, the noise
level of the reference DUTs is amplified by 10dB before calculating the limit of the
related measure.

Test Box: There is an average attenuation of 15dB over the full bandwidth assumed,
when activating this mode. This setup should be used, if the attenuation of the test
box is not known. This attenuation is typical for simple wooden test enclosures with
an opening for drivers to be tested.
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MIC 2
(Ambient Noise)

[ (G

< __» O

MIC 1/ Line
(near-field)

~1lm

Test Box (Enclosure)

Car: Typical damping of a car body is assumed. See the manual for detailed infor-
mation.

Custom: It is recommended to measure the noise as a transfer function of inside
and outside noise. A frequency dependent curve can be specified which will be used
to predict the impact of the ambient noise at the measurement microphone posi-
tion.

Shielding If the microphone position is set to custom, the box attenuation curve is to be spec-
ified by the user. For instructions on the measurement of the noise attenuation,
please see the manual of the Noise Immunity Option.

The box damping may be interpreted as transfer function from noise sensor (micro-
phone) to near field microphone. This frequency dependent function should be
specified using the “Custom box attenuation” (see microphone position above).

Note that the test object cannot be used as noise source in the normal test position.
An external noise with high SPL output shall be used.
Box Attenuation

I
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Typical attenuation of a simple test enclosure (red curve: inside box, blue curve: out-

side)
Show Noise The predicted noise curves for
Curves e Frequency Response
e THD, 2" — 4™ harmonic distortion
e Rub&Buzz

can be displayed when activating the Show Noise Curves option in section DISPLAY
on property page Tasks. Noise curves are always displayed in the same charts as the
according measure curves.

The color of the noise curves is automatically derived from the measure curve color.
For normal use, this option should be switched off for a better overview of the re-
sults. It can be activated after a measurement to display the predicted noise curves
of the latest measurement for diagnostics.
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5.2

Limit Setup

Limit Parameters

Limit Calculation

Dominance Check
of Defect and

Noise

6 References

6.1

6.2

6.3

6.4

Related Modules

Manuals

Publications

Patents

No additional limit parameters are needed to use ambient noise monitoring or am-
bient noise immunity.

Since the noise signal is predicted to the measurement microphone position, the
limit parameters for the noise signal are identical to those defined for the supervised
measure.

Each measure has its own corresponding noise measure.

The method of limit calculation for the noise measure is the same as defined for the
actual susceptible measure.

In case of a strong defect the measure will clearly violate its limit. But also, the noise
signal may violate its limit because the defect noise (e.g. a strong rubbing) is meas-
ured at the noise microphone (if measured in free air or the box damping is low). In
this case a Dominance Check is done to decide, if the noise limit violation was caused
by ambient noise or a strong defect. This check evaluates the magnitude of measure
and noise in the frequency range, were the limit was violated. Details are shown on
the Summary page in this case.

If this check yields that a defect is the cause of the noise limit violation, the corre-
sponding verdict is forced to FAIL instead of a Noise Corruption Warning.

Sound Pressure task of QC system

QC System
PNI Production Noise Immunity

Wolfgang Klippel (2011). End-Of-Line Testing, Assembly Line - Theory and
Practice, Prof. Waldemar Grzechca (Ed.), InTech, DOI: 10.5772/21037.
Available from: https://www.intechopen.com/books/assembly-line-the-
ory-and-practice/end-of-line-testing
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Find explanations for symbols at: K L I P P E L

http://www.klippel.de/know-how/literature.html
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