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DR i V inG  tHe  AuDio  inDuStRy

KLIPPEL provides powerful measurement instru-
ments and novel software for signal processing and 
analysis to create audio products which meet the 
customer‘s expectations and can be manufactured at 
a low cost. KLIPPEL provides R&D and QC systems to 
satisfy the particular needs of marketing, research & 
development and manufacturing. A common software 
framework supports the communication between 

customers, suppliers and engineers. The modular 
hardware and software concept provides flexibility 
for customization and cost-effective solutions. The 
KLIPPEL tool chain also covers novel auralization 
techniques for listening, perceptual modeling, mo-
dern design based on numerical simulation linked 
with fEA and BEA and signal processing for control-
ling loudspeaker systems.

Application

Audio System

Components

Material

research

marketing

target
defi nition
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Content

KLIPPEL Analyzer System

R&D System Overview

Transfer Function Measurement

Rub & Buzz Analysis,
Polar Far-Field Measurement

Near-Field Scanner

Scanning Vibrometer System

Linear Parameter Measurement
Micro-speaker Multipoint Tool

Large Signal Identification

Power Testing

Suspension Part Measurement
B-Field Scanner

Material Parameter Measurement
Modal Parameter Identification

3D Distortion Measurement

Simulation

Auralization (model-based)

Difference Auralization
Perceptual Evaluation of Sound Quality

QC-System Overview

Architecture and Integration

As Simple as Possible, Fast as a Flash

Comprehensive Testing, Smart Limit Setting

Sensitive Rub & Buzz Analysis, Production Noise Detection

Production Noise Immunity, Meta Hearing Technology

Motor + Suspension Check, Balanced Armature Check

Equalization & Alignment, Leak Detection & Stethoscope

External Synchronization, External Devices

Linear Suspension Test, Match Speaker Tool

Curve Statistics, Yield & Single Value Statistics

Process Control, Automatic Defect Classification

Controlled Sound Overview

Smart Speaker Technology

Electrical Tools

Sensors, Actuators, Mechanical Tools

dB-Lab, MAT

TRF

TRF-PRO
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NFS
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LPM
MMT

LSI

PWT
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BFS

MPM
MPI

DIS

SIM

AUR, SIM-AUR
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QC Standard

QC Standard

QC Standard
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More  than  hardware  and  S of t ware

The dB-Lab software provides a common environment used 
for all modules of the KLIPPEL Analyzer System. Measure-
ments, numerical simulations and any kind of post-proces-
sing are organized in a database using a hierarchical structure 
to handle large and complex projects.
A variety of templates and application notes give valuable 
help for getting started with new methods of loudspeaker 
design and assessment. Setup parameters and the graphical 
display of the results can easily be customized and stored as 
templates for future work. Highlighting relevant information 
while keeping all diagnostic information available is impor-
tant to satisfy the particular requirement of R&D and QC.

templates

sensors

K l i p p e l
 A n A l y z e R

 S y S t e m

know-how

signal
processing

user 
interface

Hidden beneath the smooth user interface are sophisticated 
algorithms for signal processing, analysis, modeling and sys-
tem identification based on theories published in standards 
and scientific papers.

KLIPPEL provides various kinds of hardware platforms de-
dicated to particular applications. The electric sensors have 
the required sensitivity and current handling for transducers 
ranging from micro-speakers to car woofers (up to 240 V and 
50 A). The power testing platform provides stand-alone hard-
ware that works in hostile environments. End-of-line testing 
is accomplished with the QC platform which has robust cost-
effective hardware providing high speed communication to 
computers. Excellent SNR and low distortion AD and DA con-
verters in all of our hardware provides the accuracy needed 
for testing amplifiers, electronic components and complete 
audio systems.

KLIPPEL-selected microphones and laser sensors offer the accuracy 
required for sound and vibration measurements.

platform

 M
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customization

import
export

integration

unique
tools

K l i p p e l
 A n A l y z e R
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dB-Lab supports interlinked workflow and data exchange 
with external numerical simulation software (fEA, BEA). The 
automation interface and GPIO-pins on the hardware plat-
form provide alternative ways to realize a fast and smooth 
interaction with external devices and software, which is im-
portant for end-of-line testing. This is also the basis for new 
robotics used for scanning the vibration on a mechanical 
structure, sound in 3D space and the magnetic field in the gap.

KLIPPEL sells driver stands, 
jigs for clamping transdu-
cers, test boxes, vacuum 
measurement kits and many 
other accessories that are 
important small things 
which round out the system 
for a complete solution.

automation

Special post-processing of the data can easily be rea-
lized by using SCILAB scripts in the MAT module. An 
extraction tool provides different ways for collecting, 
comparing and visualizing data and to generate auto-
matic reports based on the HTML format customized ac-
cording to your corporate identity (logo, comments, ad-
ditional illustrations). The free dB-Lab viewer software 
simplifies the exchange of databases between cowor-  

kers, suppliers and customers.

robotics
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The R&D system provides tools dedicated for the re-
search and development of loudspeakers and other 
kinds of audio products. The main purpose of the R&D 
system is to accelerate hardware and software deve-
lopment to create products which satisfy customer 
demands for the lowest possible manufacturing cost.
Yes, the R&D system performs comprehensive analysis 
of prototypes and provides meaningful data that is 
easy to compare and interpret, but it is more than just a 
measurement instrument. New identification tech-
niques provide nonlinear parameters required for     

numerical model analysis and simulation. New aura-
lization techniques combine objective evaluation of 
design choices with listening tests and perceptual 
evaluation. The R&D system allows you to express the 
target performance with comprehensive repeatable 
numerical specifications, which is what is required to 
have a clear vision of the future product and to have 
the product tuned to the intended market.
With the R&D system you create an inspiring environ-
ment for the design engineers to discover and evalua-
te new ideas.

listening 
test

fatigue,
ageing, 
climate 

influence

power test, 
long-term 
behavior

parameter
identification

auralization

target
performance

radiation into 
3D space

mechanical
vibration

specification 
of components

evaluation 
of design 
choices

perceptual
evaluation

numerical
analysis

(BEA, fEA)
distortion

diagnostics

AnAlySiS
meASURement

DeSiGn
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tr anSfer  func t ion  Me a SureMent

TRf is the universal measurement module for all kinds of 
electrical, mechanical and acoustical signals in the time and 
frequency domain. Using a logarithmic chirp with adjustab-
le sweep speed and amplitude, TRf measures the transfer 
function between two signals at the desired resolution and 
bandwidth. Automatic noise floor monitoring shows the SNR 
and the effect of synchronous averaging of repeated measu-
rements. Continuous loop mode provides an overlay of the 
measured responses.

Frequency-time-Analysis

A comprehensive toolbox is provided to investigate cumulative decay 
spectrum, Wigner distribution and other analysis in the frequency-time 
domain. Various display modes are provided as well as curve processing 
to smooth the curves and integrate the spectrum into 1/3rd octave bands.
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impulse Response

The mean group delay is detected automatically from the maximum of the 
energy-time curve. Various time windows are provided to separate the 
direct sound from early reflections and the diffuse sound field.

transfer Function

fourier transformation of the windowed impulse response provides the 
amplitude and phase of the transfer function in the frequency domain. The 
Hilbert transform is used to separate the minimal-phase part from excess 
phase.

Harmonic Distortion

The sinusoidal chirp signal provides a fast way to separate the harmonic 
distortion from the fundamental component in the time domain to calcu-
late the total harmonic distortion (THD) as well as the individual harmonic 
components up to the 21st order.

trf

5 flexible sinusoidal stimulus (chirp)

5 Voltage control of amplifier output

5 fast two channel data acquisition

5 Analysis of transient behavior

5 THD and harmonic distortion components
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rub  &  buzz  analyS i S

The professional version of the TRf module measures the 
impulsive distortion generated by rub & buzz, bottoming, 
loose particles and other loudspeaker defects. The impulsi-
ve distortion has low energy and cannot be detected in the 
amplitude spectrum. Time domain analysis, exploiting phase 
information of the higher-order distortion components, provi-
des the peak value of the impulsive distortion at full temporal 
resolution, as shown on the left side.

trf-Pro

5 Time domain analysis of impulsive distortion

5 Detection of Rub & Buzz, air leakage, …

5 Root cause analysis from R&D perspective

5 Results comparable with QC-System

5 Evaluation of maximum displacement
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P ol ar  far-f ield  Me a SureMentP ol

5 Measurement under free field condition

5 Directivity in polar coordinates

5 Automatic control of turn-tables

5 2D and 3D display modes (polar, balloon, …)

5 Open export interface (ASCII)

The POL module offers a fully automated measurement of the 
sound pressure on a spherical surface under free-field con-
dition in polar coordinates φ, θ and r. The measurement dis-
tance (r) should be larger than the largest dimension (d) of the 
device (r >> d) and the longest wavelength (r >> λ) to measure 
directivity in the far field.

 

Polar plots showing the directivity of a loudspeaker’s sound pressure far 
field response versus angle φ (with r = 3 m) at various frequencies

The diagram below shows the instantaneous crest factor of the impulsi-
ve distortion (color coded) versus frequency and voice coil displacement. 
Near the resonance frequency (58 Hz) the crest factor of the impulsive 
distortion exceeds the critical value of 10 dB and generates black spots at 
the inner turning point, which is a symptom of voice coil rubbing.

Instantaneous crest harmonic distortion (CHD)
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near-field

Far-field

ne ar-f ield  S c anner

The Near-field Scanner 3D (NfS) uses a moving micropho-
ne to scan the sound pressure in the near field of a compact 
sound source such as a loudspeaker system or a transducer 
mounted in a baffle. The device under test (< 500 kg) does 
not move during the scanning process. The reflections in the 
non-anechoic environment are then consistent and can be 
monitored with our novel analysis software, which uses acou-
stical holography and field separation techniques to extract 
the direct sound and to reduce room reflections.

multi-pole expansion

The sound field generated by the source is reconstructed by a weighted 
sum of spherical harmonics and Hankel functions which are solutions of 
the wave equation.
The weighting coefficients in this expansion represent the unique in-
formation found in the near-field scan while gaining a significant data 
reduction.

nf S

5 fast, accurate measurement

5 Applicable to all audio devices

5 Isolation of the direct sound

5 Comprehensive 3D data output

5 No anechoic environment required

5 Light and portable scanning equipment

near-Field Analysis

The wave expansion provides the sound pressure at any point outside    
the scanning surface which is required for assessing studio monitors,     
tablets and other personal audio devices where the near field properties 
are important.

Far-Field extrapolation

The near-field data, measured at a high SNR, is the basis for predicting  
the direct sound at larger distances. This avoids diffraction problems of 
classical far-field measurements (non-homogeneous media).

Balloon plot Contour plot Polar plot Sound power Sound pressure

Spherical Harmonics
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Quadrupole
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The Scanning Vibrometer (SCN) performs a non-contact mea-
surement of the mechanical vibration of cones, diaphragms, 
panels and enclosures over the whole audio band (< 25 kHz). 
One rotational and two linear actuators (φ, r, z) position a la-
ser displacement sensor on a user-defined grid. Additionally, 
you also get the geometric data which can be exported to 
other fEA/BEA applications. The vibration data can be ana-
lyzed within the SCN software. Modern techniques of image 
processing are used for enhancing relevant information, sup-
pressing noise and animating the vibration as a stroboscopic 
video.

5 Assess geometry and mechanical vibration

5 Perform modal analysis

5 Evaluate rocking and circumferential modes

5 Predict acoustical output and directivity

5 Separate mechanical and acoustical problems

5 Verify mechanical simulation (fEM)

5 Measure effective radiation area (Sd)

S c ann ing  V ibroMe terS cn

Vibration analysis

The accumulated acceleration level (AAL) describes the total vibration of 
the radiator (potential SPL), which is compared with the acoustical output 
(actual SPL) and is the basis for a modal analysis. The modal information 
can be used to verify the results of numerical simulation and to measure 
material parameters (e.g. loss factor) required for fEA. The energy of ro-
cking modes which may cause voice coil rubbing and impulsive distortion, 
can be evaluated. Significant differences between AAL and SPL reveal 
acoustical cancellation problems.

Radiation analysis

The acoustical output (SPL) can be calculated by using the geometry and 
vibration of the scanned radiator. The total vibration is decomposed into 
an in-phase, anti-phase and quadrature component generating a cons-
tructive, destructive and no contribution to the radiated sound, respec-
tively. This information allows you to separate mechanical and acoustical 
problems and gives you valuable indications for changing the design with 
respect to material and geometry.

3D-Animation

Engineering Poster Engineering Poster
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The module LPM identifies the lumped parameters of the 
transducer’s equivalent circuit including T/S, creep and lossy 
inductance parameters. A multi-tone stimulus is used to mea-
sure the voltage, current, voice coil displacement and sound 
pressure at sufficient SNR while operating the transducer in the 
small signal domain. To ensure valid measurements LPM conti-
nuously compares the noise floor with the multi-tone distortion 
products to ensure the transducer operates in the small signal 
(linear) domain. LPM supports the conventional two-step per-
turbation techniques (added mass, test enclosure) and the one-
step laser technique which can also be applied to tweeters, mi-
cro-speakers and headphones. The alternative techniques can 
be used to verify the accuracy of the parameter measurement.

5 Sensitive technique at low amplitudes

5 Alternative identification techniques

5 Mechanical creep and lossy inductance

5 Checking measurement conditions

5 Easy verification of parameter accuracy

5 Multi-tone distortion measurement
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l ine ar  Par a Me ter  Me a SureMentlPM

The MMT module performs the post-processing of the results 
of multiple LPM measurements performed on micro-speakers 
to increase the accuracy of the parameter identification. Spatial 
averaging of the voice coil displacement measured at multiple 
points on the diaphragm compensates for rocking modes and 
other irregular vibration. Additional measurements performed 
in vacuum and in the final enclosure shows pure mechanical 
parameters of the transducer separated from the acoustical 
elements. An advanced creep model (Ritter) is supported, to 
model the significant visco-elastic behavior of micro-speakers.

5 Advanced micro-speaker modeling

5 Coping with irregular vibration modes

5 Automatic post-processing

5 Complete parameter set

5 Separation of enclosure and air load

5 Pure mechanical parameters

M icro -SPe ak er  Mult iP oint  to olMMt
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The LSI software module measures the linear, nonlinear and
thermal parameters of electro-dynamic transducers dynami-
cally by monitoring voltage and current at the transducer ter-
minals according to IEC standard 62458. The transducer can 
be operated under normal working conditions (free air, sealed 
or vented enclosure) and is excited by an audio-like signal 
(noise). Different software modules are available for tweeters 
and woofers depending on the resonance frequency fs and the 
enclosure:

•	 LSI	Woofer	(fs < 400 Hz, free air)
•	 LSI	Box	(fs < 400 Hz, free air, sealed or vented enclosure)
•	 LSI	Tweeter	(fs > 100 Hz, free air)

5 Linear, nonlinear and thermal parameters

5 Voice coil rest position

5 Stiffness asymmetry of suspension

5 State (temperature, displacement, …)

5 Mechanical and thermal protection

5 Physical cause of nonlinear distortion

force factor Bl(x) shows an offset xoff in the voice coil rest position

l arge  S ignal  ident if ic at ionl S i

The force factor Bl(x), inductance Le(x, i), stiffness Kms(x) and mechanical resistance Rms(v) are nonlinear functions of voice coil displacement x, input cur-
rent i and velocity v. The nonlinearities determine the performance in the large signal domain, generate signal distortion (THD, IMD), limit the maximal 
output (SPL) and may cause unstable behavior (DC displacement). The nonlinear curves have a close link to the practical design and are easy to interpret 
(e.g. voice coil offset).

force factor
Bl(x)

Stiffness
Kms(x)

Inductance
Le(x)

Inductance 
L(i)

Mech. Resistance
Rms(v)

The LSI also provides the history of the parameter variation and instan-
taneous state variables (temperature, power, displacement, etc.) versus 
time. This data is the basis for identifying the thermal parameters descri-
bing the heat transfer from the coil to the ambient surroundings consi-
dering conduction, radiation, forced convection cooling and the thermal 
capacities of the coil and magnetic system.

 
magnet

 
induction B

0

1

2

3

4

5

6

7

-5 -4 -3 -2 -1 0 1 2 3 4 5
0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

2,0

-5 -4 -3 -2 -1 0 1 2 3 4 5
0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

-5 -4 -3 -2 -1 0 1 2 3 4 5

0,4

0,5

0,6

0,7

0,8

0,9

1,0

1,1

1,2

1,3

-3 -2 -1 0 1 2 3
0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

0,18

0,20

0,22

-1,0 -0,5 0,0 0,5 1,0



KLIPPEL 13

R
&

D
 S

y
St

e
m

The power test (PWT) performs online monitoring of up to 8 
devices under test (DUT) such as transducers, amplifiers and 
complete audio systems. An internal generator generates a 
variety of test signals including noise complying with IEC, EIA 
and other standards. The PWT controls the voltage at the ter-
minals (step profile, ON/Off cycle). The state variables (vol-
tage, current, power, displacement, etc.), as well as linear and 
nonlinear transducer parameters (Re, fs, Qts, Bl(x), etc.) are 
identified by using current and voltage sensors only. The ins-
tantaneous temperature of the voice coil when operated with 
a crossover is measured by adding a pilot tone to the stimulus 
exciting the transducer at the electrical minimum impedance. 
All data is recorded in a history buffer at a sample rate defined 
by the user. An additional ring buffer for high resolution sam-
pling is provided to monitor an eventual destruction process 
in detail (death report).

5 Long-term measurement

5 Internal and external stimuli (e.g. music)

5 Access to transducer parameters and states

5 Maximal amplitude limits (Pmax, Xmax)

5 Causes of initial and subsequent damages

5 Influence of climate, load changes

5 Durability and reliability

5 Ageing and fatigue of the suspension

P ower  te StPw t

The evaluation of fatigue and load-induced ageing of the suspension requires long power tests where the power tests (PWT) are interrupted and linear 
parameter measurements (LPM) are performed after a cooling break. This kind of intermittent power testing generates a large amount of measurement 
results which are stored in databases. The dB etr collects the relevant data and identifies the parameters of the fatigue model.

Measurement of resonance frequency fs and voice coil temperature ΔTv 
while varying the ambient conditions in a climate chamber.

Measurement of the maximal input power Pmax and temperature Tmax by 
increasing the amplitude (+1.5 dB step) after each ON/Off cycle.

DUT 3

1st BREAK (cooling)

Power 
Amplifier

Databases Batch
Processing 

2nd LPM (DUT 1)

3rd LPM (DUT 2)

5th PWT (all DUTs)

DB
Extract

Hardware
(PM8)

Test
signal

Software (dB-Lab) 

Post
processing

4th LPM (DUT 3)

DUT 2

DUT 1

Fatigue 
Parameter
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The Suspension Part Measurement (SPM) features a dyna-
mic identification of the small and large signal parameters 
of spiders, surrounds, cones and passive radiators (drones) 
according to IEC standard 62459. The suspension part is exci-
ted pneumatically to measure the stiffness dynamically at low 
frequencies. A test bench and a clamping system comprising 
sets of rings, cones and cups are provided for nondestructive 
measurement of circular parts up to 222 mm. The measure-
ment reveals the linear and nonlinear stiffness parameters, 
visco-elastic effects and the dependency on ambient condi-
tions (temperature and humidity).

5 Dynamic testing of soft parts

5 Provides linear and nonlinear characteristics

5 Performs long-term fatigue test 

5 Select optimal components 

5 Sustain high quality of soft parts

5 Benefit from simple and cost-effective testing

SuSPenS ion  Part  Me a SureMentSPM

The B-field Scanner measures and maps the static flux densi-
ty B(φ, z) in the gap versus angle phi and height z bu using a 
Hall effect sensor and a mechanical scanning technique. This 
technique provides a prediction of the static force factor Bl(x) 
and irregularities in the magnetic field caused by design or 
problems in the assembling and magnetization process. An 
axial-symmetric magnetic field shape is required to minimize 
rocking modes which cause voice coil rubbing and impulsive 
distortion.

5 Manual and automatic scanning

5 Accurate positioning

5 Hall effect sensor fits in small gaps

5 find magnetization problems

5 force factor Bl(x) prediction

This measurement can also be performed as an accelerated life test for 
separating fatigue from break-in and assessing the long term stability of 
the suspension.
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The Young’s E modulus and the loss factor η of the raw mate-
rials used in diaphragms, cones, suspension and other parts 
are dynamically measured by a beam technique (ASTM E 756-
93) modified to be capable of also measuring soft materials 
such as thin foils of plastic, rubber, any kind of paper, impreg-
nated fabric and composites. 1 cm strips taken from flat sam-
ples are clamped on one side and excited pneumatically by a 
loudspeaker. This robust technique is easy to use and provides 
reliable information which simplifies the communication bet-
ween loudspeaker designers and suppliers.

5 Dynamic measurement technique

5 Simple and robust testing

5 Applicable to loudspeaker materials

5 Simplifies specification of parts

5 Checks consistency of products

M ater i al  Par a Me ter  Me a SureMentMPM

finite Element Analysis (fEA) and other numerical simulati-
ons of the mechanical vibration require accurate material pa-
rameters such as the Young’s modulus E(f) and loss factor η(f) 
as a function of frequency. The first prototype of the transdu-
cer is the best setup to measure vibration at high frequencies. 
Modal analysis applied to both the modeled vibration and the 
laser scanning is the basis for fitting the numerical model to 
reality. The new parameter identification technique provides 
optimal estimates for the parameters of homogeneous or 
compound materials for each component (e.g. surround, dia-
phragm and dust cap) while considering the influence of glue 
and processing during the assembling process.

5 fitting fEA to measurement

5 Transducer used as measurement setup

5 Modal analysis of data from fEA and laser

5 Material parameters vs. frequency

5 Accurate input parameters for fEA

5 Automatic optimization process
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DIS module performs a series of measurements using a sin-
gle or two-tone stimulus varied in amplitude and frequency 
to check the large signal behavior of audio systems. Voltage 
at the terminals may be configured to adjust automatically 
between user selected levels. The voice coil temperature is 
monitored by impedance measurements. The measurement 
is interrupted if excessive mechanical and / or thermal over-

5 Steady-state measurement

5 Analysis of large signal behavior

5 Harmonic distortion, intermodulation

5 Dependency on amplitude and frequency

5 Voice coil displacement (peak, rms, DC)

5 Reveals output compression amplitude

5 Active transducer protection

3d  d i Stort ion  Me a SureMentd i S

The increase of the input voltage 
by 12 dB generates an amplitude 
compression in the measured peak 
and bottom displacement (increase 
< 12 dB).

load will damage the transducer. The ffT is synchronous to 
the stimulus length giving maximal spectral resolution and 
dispensing with windowing. The results are the steady-state 
amplitude responses of the DC component, fundamentals, 
harmonic and intermodulation components. The amplitude 
variation of the stimulus reveals the thermal and nonlinear 
compression of the spectral components.
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Simulation

Signal Analysis

The SIM module is the complementary module to the 3D Dis-
tortion Measurement (DIS). It uses the same generator and 
signal analysis to provide results in a format supporting a di-
rect comparison between simulation and measurement. The 
modeling in the SIM module is based on lumped parameter 
analysis (LPA) describing the nonlinear and thermal effects 
of the transducers and linear system to consider crossover, 
cone vibration, sound radiation and propagation in the room. 
The numerical simulation provides all electrical, mechanical, 
thermal and acoustical state variables without using a sensor.

5 Large signal transducer modeling

5 Based on parameter input

5 System design (e.g. enclosure)

5 Results complementary to DIS module

5 Evaluation of design choices

5 Save cost in prototyping

5 Effect of each nonlinearity

S i Mul at ionS i M

The nonlinear model can describe the com-
pression of the peak and bottom displace-
ment as measured by the DIS module. By 
activating only one nonlinear parameter 
while assuming all others as linear, the con-
tribution of each separated nonlinearity can 
be assessed. The nonlinear stiffness Kms(x) 
is the dominant cause of the compression in 
the example speaker shown here.

The input information for the SIM-module are the linear, nonlinear and thermal parameters which can be provided by measurement using the LSI and 
LPM module or calculated by other external simulations such as fEA and BEA. A parameter editor provided in the SIM module allows you to synthesize 
nonlinearities in the virtual loudspeaker to evaluate design choices and to understand the relationship between physical causes and distortion.
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Parameters

Model

State Variables

Cms(x)

Le(i)

Bl(x)

Le(x)

Linear

Rms(v)

Auralization is a new technique which combines physical 
modeling and measurement with systematic listening to as-
sess the impact of signal distortion on the perceived sound 
quality. This new technique can be used with any test signal 
or audio stimulus. The output signal is comprised of the test 
signal combined with synthesized distortion components at-
tenuated or enhanced artificially by a user-defined scaling 
factor. To generate a virtual audio output in a mixing device 
the distortion components are separated from the linear si-
gnal by transducer modeling or measurements. The model-
based auralization techniques (AUR, SIM-AUR) use electri-
cal, mechanical and acoustical parameters. It is perfect for 
the evaluation of the motor, suspension and enclosure. The 
alternative difference auralization (DIf-AUR) requires two 
wave files measured on a desired reference system and a de-
vice under test.

5 Combine perceptual and physical evaluation

5 Arbitrary stimulus (music, test signals)

5 Scale distortion in virtual output

5 Assess distortion ratio in audio signals

5 Define target performance

aur al i z at ion  (oVerV iew )

The AUR module performs the loudspeaker modeling with a 
digital signal processor (DSP) in real-time based on the large 
signal parameters identified by the LSI module. The alternati-
ve module (SIM-AUR) can be provided with virtual parameter 
input of any design choices even if the first prototype has not 
been finished. Both modules give full access to all state varia-
bles in the transducer model and are the basis to assess quan-
titatively the contribution of each nonlinearity (Bl(x), Cms(x), 
L(x), …) and the thermal dynamics of the transducer.

5 Based on thermal and nonlinear modeling

5 Assess motor and suspension nonlinearities

5 Separate distortion components

5 Reveal symptoms of each nonlinearity

5 Evaluate design choices

5 find optimal performance-cost ratio

module Stimulus input

AUR Analog Input Digital LSI parameters

SIM-AUR Wave file Input Transducer parameters

DIf-AUR Wave file Input Reference and test signal
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The DIf-AUR software module separates the distortion by 
calculating the difference between a test signal xT and a refe-
rence signal xR after adjusting the gain and time delay of both 
signals. This auralization technique requires no transducer 
modeling but can also be applied for recording the output of 
device under test (DUT) in the small signal domain (reference) 
and in the large signal domain (test). This is important for au-
ralizing distortion generated by nonlinear cone vibration and 
impulsive distortion generated by a rubbing voice coil, buz-
zing doors, loose particles and other defects. 

5 Generic auralization technique

5 No transducer modeling required

5 Assess nonlinear cone vibration

5 Assess Rub & Buzz and loudspeaker defects

5 Applicable to end of line testing

The PEQ software module transforms the test and reference 
signal provided by the auralization techniques into the per-
ceptual space considering spectral masking and other facts of 
psycho-acoustical modeling. Loudness, sharpness and other 
basic audio sensations are the dimensions of this space and 
describe the basic audibility of the signal distortion. The dis-
tance of the auditory events to the ideal conceptions describe 
the cognitive evaluation of the distortion which determine 
the total loss of quality of the reproduced sound and the pre-
ference of the product. The modeling gives valuable insight 
into the psychoacoustical processing of complex audio sig-
nals and fills the gap between measurement and listening.

5 Simplify interpretation of measurement results

5 Transform physical data into perceptual space

5 Determine the audibility threshold of distortion

5 Define the ideal conceptions of the target group

5 Predict the preference of the product

5 find most critical stimuli (music)

5 Save time in listening tests

PerceP t ual  e Valuat ion  of  S ound  qual i t yPeq

Small Signal Recording

reference 
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The KLIPPEL QC System satisfies the particular de-
mands at the end of the assembly line and in routine 
tests used in pilot runs preparing for manufacturing. It 
is a modular system to realize cost effective solutions 
for all kinds of audio devices under test such as trans-
ducers (micro-speaker, woofer, tweeter), passive sys-
tems (speaker box, headphones) and active audio sys-
tems (speaker system, tablet, smart phone). Contrary to 
the R&D, the QC System hides the complicated physics 
and provides a simplified user interface with the ne-
cessary results required for manufacturing. The QC 
System satisfies not only the demand for detecting    

defective units reliably even if the symptoms are not      
audible in a noisy production environment, but also fo-
cuses on the ultimate goal to increase the yield rate in 
manufacturing. End-of-line testing provides valuable 
diagnostic information for detecting the root cause of 
the problem and allows you to fix the problem as soon 
as possible. While human testing at the end-of-line is 
replaced by automatic QC systems, the operator is re-
quired to perform a visual inspection of the defective 
unit at the diagnostic station. This provides valuable 
information for process control and feed-back to the 
R&D engineers developing future products.

automation

easy to
interpret

rub & buzz
sensitivity

comprehensive 
data

statistical
process control

off-line
diagnostics

pass/fail
limit

generation

root cause
analysis

distortion
diagnostics

100 %
enD-oF-line

teStinG

ambient
noise

immunity

cost effective 
modular 
solution

ultra-fast 
testing

defect
classification

easy user
interface
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Modular architecture

The KLIPPEL QC System combines the advantages of a compre-
hensive software and hardware solution with the flexibility of 
a modular system. QC Basic fulfills common demands of mo-
dern end-of-line testing while keeping an eye on the budget. 
QC Standard is based on the same measurement hardware and 
software framework, enhanced by advanced features setting 
new standards in speaker and audio system testing.
Unique extension modules integrate seamlessly for advanced 
applications like nonlinear parameter testing or leak detec-
tion. Additional software tools are available for data post pro-
cessing, statistics, process control and much more. for special 
requirements, QC Standard provides a plug-in customization 
infrastructure to integrate tailor made features easily. This all 
is supplemented by a selection of hardware accessories for an 
all-in-one comprehensive testing solution.

5 QC Basic System

 •	Satisfies common requirements

 •	Competitive price

 •	Sensitive Rub & Buzz

5 QC Standard System

 •	Test speed at physical limits

 •	Ambient noise detection

 •	Advanced statistics

 •	Complex test sequences

Smooth integration

The QC system integrates perfectly into automated prodution 
environments for 100 % end-of-line testing. A variety of open 
hardware and software interfaces are available for remote 
control and monitoring status information. Multiple identical 
testing lines are synchronized using master tests which may be 
modified on a central master server or even on a remote PC.
The comprehensive data format allows exchanging result data, 
test settings and limits between suppliers and customers easily. 
Several offline and online tools are available for statistics, diag-
nostics, data classification, supporting process control and root 
cause analysis to ensure maximal yield. 

5 Robust hardware

5 Simple interfaces

5 Low time variance for fixed cycles

5 Interact with process framework

5 Synchronize multiple test stations

5 Statistical process control and diagnostics

5 Remote supervision

P
ro
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The workflow using the QC system is tailored to the demands 
of end-of-line testing. It offers powerful features while the se-
tup and complexity is minimized. Supported by modular tasks, 
templates and a distinct user interface an operator is trained 
within minutes. A task comprises optimal settings for stimu-
lus, hardware setup and analysis. Only a few parameters need 
to be adjusted for a suitable test.
full traceability of all changes, foolproof operation using bar-
codes and visual illustrations ease and assure efficient QC 
operation.

5 Intuitive, multi-lingual user interface

5 Many templates for typical applications

5 Separate access for engineer and operator

5 All settings, limits and results stored in one file

5 Same software framework as R&D System

as Simple as Possible

Transient measurements at the physical limits require dedica-
ted stimuli to excite the device under test (DUT). A continuous 
sine sweep can be as short as 200 ms for a comprehensive 
measurement. However, DUTs may need a longer test time to 
develop reliable symptoms at critical frequency ranges (e.g. 
high displacement for Rub & Buzz). These frequencies can 
be emphasized using a variable sweep speed. Thus, the test 
speed depends on the DUTs, not on the test system.

fast as a flash

5 Comprehensive test in 200 ms

5 Variable sweep speed

5 Minimized time between last sample and verdict

5 Basis for 100 % testing

Using one ultrashort stimulus, basic electrical and acoustical characteristics as well as difficult to measure defect symptoms (Rub & Buzz) are checked.

The QC Start is a simple, yet efficient software framework 
exclusively designed for daily QC business
• Simplify test and data management
• Simple test selection by barcode
• Define operator rights and instructions
• Synchronize multiple production lines
• Access remote online support

-

All Features measured in 200 ms

-

-

-

Standard  SySteMqc

SPL

THD

Rub & Buzz

Impedance
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comprehensive testing

The KLIPPEL QC system simplifies testing using flexible se-
quences for the comprehensive assessment of all kinds of au-
dio devices such as transducers, active and passive systems, 
amplifiers and multi-channel products. 3rdparty audio inter-

faces and KLIPPEL multiplexers enable testing of any ana-
log or digital single or multi-channel devices. Hardware and 
software interfaces are used to communicate with intelligent 
devices or the production environment.

linear measurements
• Magnitude and phase of frequency response
• Gated impulse response
• Polarity (acoustic phase) at selected frequencies
• Sensitivity in specified frequency range
• Variety of test signals: 
 sine sweep, noise, single + multi-tone, WAVE file
• Sweep amplitude profile to ensure optimal SNR

Distortion measurements
• Harmonic Distortion: 2nd - 5th, THD
• Intermodulation Distortion
• Incoherence
• Transient Rub & Buzz distortion analysis  
 superior to steady state measurement
• Sweep with speed profile –spend test  
 time in critical frequency range

parameter measurement
• Thiele/Small parameters:
 Re, fs, Qts, Qes, Qms

• Other linear parameters:
 Le, Cmes, Lces, Res

• Thiele/Small parameters by
 added mass technique:
 Bl, Mms, Vas, Kms, Cms, Rms

Smart limit Setting

Klippel provides powerful tools for automatic calculation 
of limits based on reference measurements. „Golden units“ 
with parameters close to average values are identified. Such 
units may be used to adjust limits if the ambient temperature 
or other conditions change, keeping tolerance tight and tests 
critical. Limits can be also calculated externally (e.g. using 
Curve Statistics) and imported as absolute curves and valu-
es. Exploiting imported statistical data and adding parameter 
based tolerances ensures full flexibility and autonomy. This 
allows generating meaningful limits easily based on mass 
production data rather than a few samples.

1m

IN  1A IN  1B IN 1C IN 1D OUT 1 IN 2A IN  2B IN 2C IN 2D OUT 2

NOISE

REAR
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MUX

Multi-Tone 1 V
User Interaction   
Multi-Tone 10 V

Log Sweep 8 V

Sine-Tone 5 V

Log Sweep 2.8 V
Wave File 2.8 V

Stimulus

Sequence of 
measurement tasks

5 Absolute, relative, statistical modes

5 Multiple limits for grading

5 Jitter for horizontal tolerance

5 floating limits

5 Golden unit detection

5 On-line limit calibration

5 flexible limit import

1m
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Sensitive rub & buzz analysis

The KLIPPEL QC system offers outstanding sensitivity for all 
kinds of irregular distortion caused by mechanical defects. 
Such defects are easily audible by end users, badly affecting 
the audio quality. Thus they need to be detected as early as 
possible.
High-order distortion is analyzed in the time domain exploi-
ting full spectral amplitude and phase information to detect 
even the tiniest impulses from loose particles which may be 
80 dB below the main signal level. Even if such defects are 
hardly audible at the component test they should not be igno-
red since they might become worse in final application.

5 Avoid shipping defective units

5 Very high sensitivity

5 Detects rubbing, buzzing, loose particles

5 Transient high-order distortion analysis

5 Excite all defects by sine sweep

Production noise detection

Detecting defects with the highest sensitivity requires ro-
bustness against external noise. The level of impulsive distur-
bances from the production environment may be much higher 
than the defect symptoms. Even well-designed test enclosu-
res do not attenuate ambient noise by more than 40 dB, which 
is insufficient to prevent noise corruption.
The unique noise detection of the KLIPPEL QC System uses 
a dedicated ambient noise microphone with identical signal 
processing as the test microphone. The two signals are corre-
lated with respect to time and level (incl. box attenuation) to 
distinguish actual defects from external corruption.
The NOISE verdict clearly indicates a corrupted result.

5 Avoid rejects due to ambient noise

5 Test enclosures are insufficient

5 A NOISE verdict indicates corruption

5 Use second microphone for background noise
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5 Automatic repeating and merging technology

5 Highest test speed in noisy environment

5 Separates defects from noise

5 Extension of production noise detection

Produc t ion  noi Se  i MMun i t yPn i

A typical problem in production is dealing with the effect of 
tolerated distortion symptoms in DUTs such as economic pro-
ducts. These high frequency components degrade the sensi-
tivity of the standard Rub & Buzz detection due to masking 
effects. Exploiting the highly similar symptoms of consecuti-
ve DUTs in a production process, an adaptive process models 
the regular distortion as produced by any good unit. The ac-
tive cancellation of the regular distortion reveals tiny defect     
symptoms clearly which are otherwise completely masked. 
Even if these subtle defects are not audible during produc-
tion, they may become worse over time and cause expensive 
damage to the final product.

5 Improves standard Rub & Buzz analysis

5 Defect detection beyond human hearing

5 Extends analysis bandwidth for defect symptoms

5 Attenuates high-order harmonic distortion

5 Unmask subtle defect symptoms

Me ta  he ar ing  technolo gyMht

This example shows a loose particle producing an inaudible click which is 
completely masked by the regular distortion generated by accepted motor 
and suspension nonlinearity. These defects can be detected by MHT befo-
re getting worse, becoming audible and causing field rejects.

This module is based on the Production Noise Detection of the 
QC Standard System. Corrupted measurements are repeated 
automatically while valid parts of each measurement are stored
and merged together, eventually providing valid results.
Ordinary techniques like a simple repeat approach, where         
the signal is repeated until one completely undisturbed test                 
finishes, or averaging, which impairs sensitivity does not solve 
the problem. In contrast the unique splicing technique ensures 
full production noise immunity while maintaining full sensitivi-
ty even if each single measurement is corrupted.
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Detected
Coil O�set

Corrected 
Rest Position 

The Motor + Suspension Check (MSC) is a unique tool for 
high-speed identification of nonlinear driver parameters on 
the production line. Based on patented KLIPPEL technology, 
effective linear and nonlinear parameters (Bl(x) and Kms(x)) 
are identified to derive meaningful single value parameters 
like voice coil offset and suspension asymmetry. This provides 
valuable information for taking immediate action to fix the 
causes of loudspeaker distortion.
The driver under test may be operated in free air as well as 
in a sealed or vented enclosures giving additional enclosure 
parameters (fb, Qb). Neither microphones nor mechanical sen-
sors (lasers) are required, as all information is provided by the 
electrical input current making the measurement immune to 
ambient noise.

5 Transducer nonlinearities

5 High-speed measurement

5 Voice coil offset in mm

5 Stiffness asymmetry in %

5 Results comparable to R&D System

5 Root cause information

Motor  +  SuSPenS ion  checkM S c

The performance of balanced armature transducers depends on 
the rest position of the armature which should be centered pro-
perly in the magnetic gap. An offset generates excessive non-
linear distortion and reduces the peak excursion and acoustical 
output. Measuring the armature offset of the final transducer is 
hardly possible with mechanical or optical sensors.
The Balanced Armature Check is a unique measurement tool 
dedicated to testing electro-magnetic transducers on the pro-
duction line. The armature offset in μm and effective linear 
parameters are determined from a purely electrical high-speed 
measurement. This gives valuable diagnostics information to 
minimize rejection rate.

5 Armature offset in μm

5 Patented large signal identification

5 High speed test: 0.5 - 2 s

5 Linear parameters: Re, fs, Qts, Le

5 Peak excursion of armature (without laser)

5 Immune to production noise

b al anced  ar M at ure  checkb ac
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The QC Equalization + Alignment is a versatile tool for adjus-
ting the frequency response of acoustical or electrical systems.
Stimulus shaping is applied to automatically achieve a user 
defined target response. The resulting level profile may be 
used for applications like microphone testing with equalized 
sound sources.
In manual mode, the operator is assisted in adjusting external 
controls like gain or EQ filters with minimal time and learning 
effort.

5 Align frequency response

5 Adjust sensitivity

5 Assisted manual tuning

5 Optimal EQ filter settings

5 Microphone testing

5 System equalization

equal i z at ion  &  al ignMenteq a

The Leak Detection module applies special signal processing 
to isolate symptoms of flow noise, as generated by air leakage 
in loudspeaker drivers and enclosures as well as ports and in 
orifices. Easy to interpret single value measurements quali-
fy and quantify air leakage and many other defects (rubbing, 
buzzing, loose particles).
This technology may be applied as an automatic end-of-line 
test module which seamlessly integrates in the test sequence 
or even in a QC Standard sine sweep measurement. Sharing 
the same processing kernel, the Leak Stethoscope is a power-
ful off-line diagnostics tool to auralize and trace the origin of 
defect distortion interactively.

5 Detect air leakage

5 Separate loudspeaker defects

5 Noise immune (auto repeat)

5 End-of-line application (ALD)

5 Off-line diagnostics (ALS)

5 Localize and auralize defects

a ir  le ak  de tec t ionald a ir  le ak  Ste thoS coPeal S

Comparator

Mode
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EQ
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Testing audio devices with unknown or varying delay (e.g.  
Bluetooth speaker) at high-speed requires synchronizing the 
data acquisition to the (unknown) moment of stimulus play-
back. The External Synchronization offers a flexible and easy 
to use solution integrated with standard QC measurement 
tasks. This fast synchronization technique compensates for 
delays (e.g. due to latency or processing) and triggers mea-
surements with unique acoustical signals (watermark noise). 
Optionally, the stimulus itself may be used directly as the syn-
chronization signal. This technique is robust against frequency 
range limitations, echoes and sample rate deviations.
Stand-alone devices such as tablets, require the stimulus to 
be transferred to the device and played back autonomously. 
QC provides the stimulus sound as a WAVE file and awaits the 
playback of the synchronization signal. Additionally, WAVE 
input provides the offline analysis of recorded responses    
(e.g. microphone testing).

5 Trigger tests with acoustical watermark

5 Sample accurate synchronization

5 Sample rate tolerance

5 Copes with asynchronous sources

5 Export and import wave files

e X ternal  Synchron i z at ionSyn

Special testing applications or complex integrated tests of au-
dio systems may require controlling and obtaining data from 
stand-alone instrumentation equipment, such as digital multi-
meters, programmable power supplies or switching devices.
The External Devices module extends the capabilities of the 
QC System by providing a communication interface for GPIB 
compliant devices. Complex test sequences may be set up 
quickly with simple high-level scripting. fully integrated into 
QC tests, this module provides limit handling and data logging 
for externally acquired measurement data.

5 Integrate external instruments

5 Extend capabilities of QC System

5 Handle complex tests

5 full GPIB support (IEEE 488.2)

5 Simple interface

5 Apply limits to acquired data

e X ternal  de V ice Se Xd

refgerQC System
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The Linear Suspension Test module and hardware accessory is 
dedicated to the quality control of suspension parts (spiders, 
cones, domes, surrounds) and passive radiators (drones). Li-
near mechanical parameters like resonance frequency and 
stiffness as well as mass variation (passive radiators) are 

determined dynamically from the displacement response. The 
device under test is stimulated pneumatically while displace-
ment is measured with a cost effective triangulation laser. 
High test speed and simple clamping allow short test cycle 
times to go for 100% testing.

5 Check suspension parts before assembly

5 Measure stiffness and resonance (fr , Q)

5 Moving mass of passive radiators

5 Hard- & software turn-key solution

5 Easy mounting and fast measurement

5 Interface between supplier and manufacturer

l ine ar  SuSPenS ion  te Stl St

The Match Speaker Tool automatically selects optimal pairs of 
tested speakers to form high-quality stereo systems (e.g. for 
audiometry, high-end).
Different pairing algorithms are available in order to find the 
best matching pairs or the maximal amount of pairs. Weigh-
ting functions and deviation limits provide a customizable so-
lution to yield the best audio quality from production.

5 Cope with production variances

5 Maximize quality by sorting

5 Automatic matching

5 Post-processing of test results

M atch  SPe ak er  to olM SP

65

70

75

80

85

90

95

100

105

10 2 103 10 4

S
ou

nd
P

re
ss

ur
e

[d
B

]

Frequency [Hz]

KLIPPEL

70

75

80

85

90

95

100

105

10 2 10 3 10 4

S
ou

nd
P

re
ss

ur
e

[d
B

]

Frequency [Hz]

70

75

80

85

90

95

100

105

110

10 2 10 3 10 4

Frequency [Hz]

KLIPPEL

S
ou

nd
P

re
ss

ur
e

[d
B

]

Suspension Parts
Passive Radiator
(mass + stiffness) Ring Set Mounting 

Cones

LST Bench

Laser
sensor

Displacement

Unsorted
DUTs

Curve
matching

Optimal
pairs

R
an

ki
ng



30 KLIPPEL

R
&

D
 Sy

Ste
m

Q
C Sy

Ste
m

Keeping track of large result data from production is a 
difficult task. The Curve Statistics offers statistical ana-
lysis of bulk curves by visualizing mean, extremes and 
factorized standard deviation. flexible filtering (manu-
al or automatic) can be used to highlight DUTs or to re-
move outliers from the data pool. A normalized curve       

visualizes the deviation of the data pool from the mean or an 
imported reference curve. New limits, based on the mean or 
the imported reference curve, may be calculated. The statis-
tical data or the calculated limits can be exported for the use 
in end-of-line testing. The Golden Unit detection reveals the 
best representatives of the mean of the data.

5 Process bulk curves

5 Statistical analysis of curves

5 Remove outliers automatically

5 Calculate new limits

5 Apply limits in end-of-line testing

curVe  Stat i St ic Sc St

Yield Statistics provides an overview of production with one 
or multiple lines by calculating the yield and single value sta-
tistics. Distribution and time course plots further support the 
statistical diagnostics. The automatic filtering of outliers is 
beneficial for quickly generating meaningful graphical repre-
sentations. A clear tabular and graphical summary combined 
with available filters (date, time, operator, serial number) are 
the basis for automated statistical reports. The customizable 
integration into the QC Software allows fast access with only 
one mouse click. Optional CSV export provides an open inter-
face to 3rd party statistical software.

5 One-click yield calculation

5 Analysis of single values

5 Boxplots, distribution, outliers

5 Time course analysis

5 Automated reports and exports

y ield  &  S ingle  Value  Stat i St ic SySt
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It is difficult to keep track of multiple measurement results, to 
monitor process stability and to predict a possible problem. 
The automatic process control checks the process stability in 
the background and generates a warning if a process is out of 
control. Standard rule sets (WeCo, Nelson, …) are employed 
as well as detection of trends and steps. Trend detection is 

an important opportunity to anticipate a problem and to fix 
it before many rejects are produced. Root-cause analysis of a 
problem is supported by identifying the point of time when a 
trend began or the process changed abruptly (step), e.g. when 
a new batch of spiders was used.

5 Monitor process stability online

5 Anticipate out-of-control state

5 Detection of trends and steps

5 Provides automatic warnings

5 fix the problem before it gets worse

The ADC is an advanced statistical tool for root cause analysis 
and classification of KLIPPEL test data. Cluster analysis is ap-
plied to large data sets (curves and single value data) in order to 
unveil systematic patterns of distinct classes. for each detected 
class the tool selects the most representative DUTs („golden“ 
defect prototypes) as well as the characteristic features (para-
meters or characteristic frequency band) which make the class 
unique. This provides valuable information for linking the ob-
jective classes to the physical root cause of typical production 

problems („Tagging“) by manual inspection or expert know-
ledge. The condensed class and diagnostics information is ac-
cumulated in your internal company knowledge base. Applying 
this information, new test data may be classified automatically 
offline or directly at the production line. In addition to the con-
ventional Pass/fail verdicts, the resulting fuzzy classifications 
offer instantaneous root cause diagnostics without human in-
teraction for immediate feedback to the production process and 
R&D department.

5 find patterns in your test data

5 Root cause analysis

5 Meaningful online diagnostics

5 Accumulate knowledge from manufacturing

5 feedback from production to R&D

au toM at ic  defec t  cl a SS if ic at ionad c

Pro ce SS  controlP c t
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The electro-acoustical transducer is the critical compo-
nent in the audio chain. It produces a 3D sound field 
when an electrical signal is applied at the input termi-
nals. Loudspeakers, headphones, micro-speakers and 
other actuators have low efficiency, thereby producing 
more heat than sound power. Nonlinearities in the 
electrical, mechanical and acoustical domains also li-
mit the acoustical output and generate harmonics and 

other nonlinear distortions. Software algorithms ap-
plied to the electrical input signals can be used to mo-
nitor the internal state and identify the properties of 
the transducer. This opens new ways to approach trans-
ducer design. Besides protection overload, it permits 
active compensation of the transducer‘s properties, 
which creates an overall system that has been opti-
mized for that particular application.

prevention 
of rub & buzz

thermal and 
mechanical 
protection

more output 
from smaller 

speakers

desired sound 
pressure field in 

3D-space active 
distortion 
reduction

self-learning 
system

life-time 
consistency

compensation 
of production 

variances

maximum 
efficiency

high 
performance-

cost ratio

on-line 
diagnostics
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5 Adaptive software solution

5 Online learning with any audio signal

5 Using the transducer itself as a sensor

5 Compensating linear and nonlinear distortion

5 Active protection against overload

5 Identifies the safe range of operation automatically

5 More output at lower cost, less weight and 

 smaller size

SM art  SPe ak er  technolo gy
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The control technology is based on a lumped parameter mo-
del, which considers the dominant nonlinearities inherent in a 
moving coil motor structure and in the mechanical suspension 
system. The controller is realized as an adaptive system re-
quiring no additional input information from a human expert. 
The nonlinear force factor Bl(x), the stiffness Kms(x) and other 
transducer parameters reveal the thermal and mechanical li-
mits of the permissible working range. The controller makes 
the internal state of the transducer transparent. An example of 
internal state would be voice coil temperature. The controller 
also reveals manufacturing tolerances, ageing of the material 

and the influence of external factors such as acoustical load, 
gravity and climate. This information is of high diagnostic va-
lue, which is important for use in safety equipment, professio-
nal applications and consumer audio. Digital preprocessing of 
the electrical input signal is used to equalize, linearize, stabilize 
and actively protect the transducer against overload. The con-
trol technology allows the exploitation of all hardware resour-
ces, which makes the transducer smaller, lighter and more cost 
effective. Sacrificing linearity in the motor structure for effici-
ency leads to a new generation of „green speakers“ producing 
more acoustical output and less heat by requiring less energy.

Range of Operation 

Amplitude 

Large signal  
performance 

Small signal  
performance 

Overload 

Exploiting  
the  useable  
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equalization 
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The linear, nonlinear and thermal para-
meters of the transducer are permanently 
identified by monitoring input current and 
voltage at the electrical terminals of the 
speaker. The parameters are fed back to 
the audio precessing and stored perma-
nently in memory, where they are used 
as initial values when powering up the 
system. 

The dominant nonlinear distortions are generated in a nonlinear feedback 
loop close to the electrical input of the transducer. The controller com-
pensates for the distortion by using a nonlinear filter structure which is a 
mirror image of the transducer model.
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The harmonic and intermodulation distortion synthesized in the mirror 
filter cancel out the distortion generted by the transducer, thereby crea-
ting a linear relationship between control input z and sound pressure ou-
put p at any point r in the sound field.
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The accuracy of some measurements highly depends on the 
quality of the accessories. KLIPPEL always evaluates micro-
phones, lasers, amplifiers and other third-party products to 
ensure sufficient performance at an affordable price. Clam-
ping jigs, electrical parts, kits and other special tools which 
are not available off-the-shelf, are manufactured by KLIPPEL 
to provide a complete solution which simplifies getting       
started.

5 Round out the system

5 Out-of-the box solution

5 Get tools approved by KLIPPEL

5 Minimize trouble and save time

5 Simplify customization

elec tr ic al  to ol S

multiplexers

• Testing multi-channel systems
• Manual and digital control
• BNC-Version with microphone supply
• XLR-Version for LINE-IN and LINE-OUT
• Speakon-version for high power speakers

Speaker Cables

• 4 wire force-sense configuration
• Voltage and current at terminals
• Accurate electrical measurements
• Speakon connector
• Convenient one-hand terminal clip
• Applicable for long distances
• High temperature range  

io tester

• Check GPIO port operation
• Set all inputs manually
• Monitor state of all outputs
• Complete galvanic decoupling of   
 all GPIO in-and outputs

QR/Bar Code Scanner

• Ergonomic handling
• No driver installation required
• Logging each serial number
• Comfortable test selection

Amplifiers

• Various types for wide power ranges
• Speaker impedance > 1 Ohm
• Low high-pass frequency
• Low frequency pilot tone (< 8 Hz)
• Low latency due to digital processing
• Optimal for large signal identification
• Cost-effective solution for power tests

Footswitch

• Starts test operation
• Robust for assembly line testing
• Secure stand
• Is connected directly to the 
 Production Analyzer I/O port
• Approvals by BG, CSA, UL

GpiB Controller

• GPIB-USB interface to control   
 third party instruments
• Extend testing capabilities
• Acquire external measurement   
 data
• Supported by Klippel QC



KLIPPEL 35

R
&

D
 S

y
St

e
m

A
CC

e
SS

o
R

ie
S

SenS or S  and  ac t uator S

microphones

• Accurate condenser microphones   
 (CLASS A)
• Cost-effective electret (CLASS B)
• IEPE and phantom power supply
• Types for high SPL
• Types for high sensitivity

temperature & Humidity 
Sensors

• Robust for end-of-line testing
• Requires no calibration
• Powered via I/O port
• Automatic recording in QC data   
• Reveals climatic influence

Artificial ears

• Headsets and earphone testing
• IEC 60318-1,2 & 4
• ITU-T Rec. P57 (08/96)
• ISO Standards 4869-4 (60711)
• And other standards

laser Displacement Sensors

• Cost effective triangulation principle
• Cone vibration (DC to 30 kHz)
• High sensitivity and linearity
• Applicable to all transducers
• Measures distance and geometry
• Easy calibration

mouth Simulators

• ITU-T recommendation P51
• Jigs available CCIT P51 and 
 IEEE269
• Internal amplifier
• 100 dB at mouth reference point
• frequency range 100 Hz … 16 kHz

Head & torso Simulators

• KEMAR representing average human
• Meeting standards by ISO, IEC and  
 ANSI
• Testing ear- & headphones
• Headset & Handset
• 100 % backwards compatibility

Driver Stand

• Applicable to all transducers
• Up to 18 inch woofer
• One-hand operation
• Non-magnetic material
• Microphone and laser
• Laser calibration tool

micro-Speaker Clamping

• Dedicated to micro-speakers
• One-hand operation
• Non-magnetic material
• Microphone and laser
• Laser calibration tool

Headset positioning Systems

• Mobile phones & conventional   
 handsets
• In-situ measurements with head   
 and torso
• Positioning in three planes
• Adjustable force 
 (pinna leakage pressure)
• Supporting ITU-T 
 recommendations

turn-tables

• Precise, rotational control
• Compute, digital, analog modes
• Supported by KLIPPEL POL-Module
• Heavy duty, rugged construction
• Center through hole for cable run
• Operation in any position and 
 orientation
• Programmable velocity, acceleration

Vacuum measurement Kit

• Non-magnetic material
• Vacuum pump (15 mBar)
• Tap, pressure manometer, tubes
• Electrical transducer connection
• Plane window for laser scanning

Headphone test Fixture

• Applicable also to earphones,   
 hearing aids
• Hearing-protection, ear plugs, 
 ear muffs
• Optimizing acoustic isolation
• Minimum noise floor
• fitted with microphones or ear   
 simulator

Mechan ic al  to ol S
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linear lumped parameters (e.g. T/S parameters) lpm, mmt, lSi , pWt, Spm X X X
 QC, mSC, BAC, lSt X X X

nonlinear lumped parameters (e.g. Bl(x)) lSi, pWt, Spm, BFS X X X
 mSC, BAC X X X

magnetic flux (static B-field) BFS X X

voice coil offset (Bl-symmetry) lSi   X X
 mSC, BAC  X X

maximal peak displacement Xmax lSi, DiS, Sim, pWt  X
 mSC, BAC  X

thermal parameters lSi, pWt  X X

visco-elastic behavior (creep) lpm, mmt, lSi , Spm X X X

material parameters (E modulus, loss factor) mpm, mpi X

electr ical impedance lpm, tRF  X X
 QC, mSC, BAC  X X

amplitude and phase response (e.g. sensitivity) tRF, DiS, lpm  X X
 QC  X X

transient analysis (impulse response, decay spectrum) tRF  X X
 QC   X X

far f ield directivity (polar and balloon plots) pol, nFS, SCn, tRF  X X

3D direct sound (near and far f ield) nFS  X X

radiated sound power nFS, SCn, lpm, pol  X X

harmonic distortion (nth-order, THD, THDN) tRF, DiS, Sim  X X
 QC  X X

intermodulation distortion DiS, Sim  X X
 QC  X X

incoherence QC  X X

AM distortion DiS-pRo, Sim  X X

multi-tone distortion lpm  X X
 QC  X X

distortion analysis  lSi, Sim, AUR, Sim-AUR  X X
(contr ibution from Bl(x), Cms(x), L e(x), L e(i)) 

impulsive distortion  tRF-pRo,DiF-AUR  X X
(rub & buzz, air leakage, loose particle) QC, mHt, AlD, AlS  X X

polarity, t ime delay tRF  X X
 QC  X X

HI-2 (weighted harmonics) DiS  X X

instability (e.g. dynamic dc displacement) DiS, Sim, tRF, lSi , AUR  X X

listening test , auralization of distortion AUR, Sim-AUR, DiF-AUR  X X
 AlS  X X  
amplitude compression (thermal & nonlinear) DiS, lSi , pWt, Sim,tRF  X X
 QC  X X

vibration of cone, diaphragm, enclosure SCn, tRF  X X

temperature of coil and magnet lSi, pWt, DiS,Sim  X X

accelerated life test , ageing, fatigue,  pWt, Spm  X X
environmental test (power test) 

KliPPel GmbH | Dresden, Germany | phone: +49 351 2513535 | e-mail: info@klippel .de | www.klippel .de
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