Extended Creep Modeling ANA49

Application Note to the KLIPPEL ANALYZER SYSTEM (Document Revision 1.1)

This application note gives an outline how to deploy the Extended Creep Modeling (ECM) tool to
estimate linear transducer parameters with a more sophisticated model for the creep of the
suspension. The tool offers an improved fitting algorithm and two additional models for the creep of
the suspension. This application note shows how to perform a parameter-identification and explains
the new models as well as the associated result windows.

Magnitude of electrical impedance Z(f)=U(f)/I(f) Phase of electrical impedance Z(f)=U(f)/I(f)
Magnitude (measured) Magnitude (fitted) Phase (measured) wes= Phase (fitted)
25
KLIPPEL KLIPPE!
11,0
20
10,5
15
10,0 /
E = 10
% 95 s
E g
Z 2
g T 5
= 9,0
ol L4y
8,5
-5
8,0 7 \ /
A
—— e al -10
101 102 103 104 101 102 103 104
Frequency [Hz] Frequency [Hz]
Magnitude of transfer function Hx(f)=X(f)/U(f) Magnitude of mechanical impedance Zmech(f)=F(f)/V(f)
Magnitude (measured) Magnitude (fitted) Total mechanical impedance Zmech(f) Mechanical resistance Rms(f)
Mechanical impedance representing the compliance [1/(2*pi*f*Cms(f)]
0,09 “\ KLIPPEL Mechanical impedance representing the mass [2*pi*f*Mms(f)]
i
I‘ KLIPPEL
0,08

0,06 /

V]
°
3
{
/
/
/
J
/
{
f
/
f
Ikals]

0,03

0,02

101 102 103 104 101 102 103 104
Frequency [Hz] Frequency [Hz]

CONTENT

1 222 Yol €= o TV o 1 SRSt 2
2 F Y]] [ Tor= ) 4 o] o SRR PPPRNt 5

3 [V Lo TR I} (o] 21T 1 To] s ORI 9



Extended Creep Modeling 1 Background AN49

1 Background

Introduction

Complex Compliance

KLIPPEL Analyzer System

The traditional Thiele Small Loudspeaker Model considers the compliance of
the suspension (Cns) and the mechanical losses (Rms) constant parameters.
Taking the creep effect of the suspension into account, these parameters
become frequency dependent.

The current Klippel LPM module (version 210) offers a creep model with a
frequency dependent compliance increasing towards lower frequencies, but
still constant losses:

Cins = Cms () |1 = Alogao (£))] (1)

This simple model delivers good results for speakers with low creep effect,
but yields fitting results of limited accuracy for speakers with a high creep
effect. The main improvement of this script is the introduction of two
extended creep models, for modeling high creep effect.

Both new models consider the compliance C(f) to be complex. Thus
interpreting the compliance as a spring is not appropriate anymore.

Splitting the complex impedance of the compliance Zc into its real and

imaginary part makes it possible to consider it to be a series connection of a
spring and a dashpot:

1 1
‘T amfc) T 2nfom® (@)
+ Re, ()
with
_abs*{C(f)}
Cms(f) = R} (3)
and
_ =3{c(N}
RCms(f) - 27Tf*abSZ{C(f)} (4)

The dashpot modeling the frequency dependent losses of the suspension
Rc, . (f) can be added to the constant losses Rmso, which results into the
total mechanical losses Rms(f). Thus the equivalent circuit of the transducer
will remain the same, just considering the losses and the compliance to be
frequency dependent.
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Figure 1 Equivalent electrical circuit used as linear transducer model
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Knudsen Creep
Model

KLIPPEL Analyzer System

Knudsen proposed a model for the suspension creep [2] using a logarithm
weighted with the creep factor A:

jf
C(f) =G (1 — Alogyo (7))
This model is purely mathematical, based on the experience that the creep
increases nearly linear towards lower frequencies, when viewed on a semi-

logarithmic scale.

The parameter G contains the value of the real part at the resonance
frequency fs but is not equal to the value of the compliance Cns(fs) when
using the notation of formula (2).
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Figure 2 Compliance of suspension Knudsen Model
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Figure 3 Mechanical losses Knudsen Model

The model integrated in the LPM Module bases upon this model, but
neglects the complex argument of the logarithm and thus the frequency
dependence of the mechanical losses.
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Ritter Creep Model

KLIPPEL Analyzer System

A three-parameter model based on retardation spectra was introduced by
Ritter [3].

1+ (fnfm)z

Instead of becoming negative towards high frequencies the creep reaches a
minimum compliance, which is described by Co.

The frequency fmin corresponds to the minimum retardation time of the
retardation spectra and can be interpreted as the frequency where the
creep of the suspension starts to rise.

This model is rather complex, but delivers best fitting results, with just one
additional parameter.
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Figure 4 Compliance of suspension Ritter Model
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Figure 5 Mechanical losses Ritter Model
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2 Application

Requirements

Setup

Input Parameters

Running the tool requires dB-Lab 210.6xx, as well as the LPM Module.

The tool performs post-processing on measured LPM data to estimate the
linear parameters, including the electrical impedance (Z(f) = U(f)/I(f))
and the transfer function (Hy(f) = X(f)/U(f)) of the transducer.

To use the Extended Creep Modeling, create a new object and select the LPM
Extended Creep Modeling AN49 template.

Conduct the LPM T/S parameter as usual to gain the source data for. Please
see [8] for further information.

Before running the Extended Creep Modeling, open the properties page and
set the input parameters. See the next section for further information.

Infa Setup  m/Export

=I| Input Faste
Select Operation
LPM Operation Name 1a LPM T/5 parameter air cen... Clear
Import Laser Signal Hx(f) | [+
Import Re I
Calibrate Hx{f) with Mone
1| Model
Measurement Air
Inductance Model LR2
Creep Model Ritter
Press to choose an LPM operaticn

ak. Help Cloze

Note: It is recommended to use vacuum measurements, hence a joined air volume
would distort the estimation of the parameters of the creep model.

Select Operation Operation used for post-processing, set via
LPM Operation Name dialogue or directly by name.

Import Re Electrical voice coil resistance at DC, importing this
value will influence the fitting of all parameters

Calibrate H(f) with Calibrates the absolute value of the measured
Force Factor (BI)* transfer function

Calibrate Hi(f) with Mass of the suspension, calibrates the absolute

Mass (Mms)* value of the measured transfer function

Measurement Affect the names and exported parameters. See
application note 50 for further information about
this issue.

Y Importing one of this calibration factors will lead into shifting the measured Hx curve in the result window

KLIPPEL Analyzer System
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Input Parameters

Result Windows

KLIPPEL Analyzer System

Inductance Model Inductance model used for the post processing.
Available values:

e none: considers the inductance to be a
constant parameter Le:

e LR2: shunted inductor model

e Lleach: two parameter model by Leach

e Wright:  four parameter model by Wright
e Thorborg: five  parameter model by
Thorborg see [4]

Creep Model Models the creep effect of the transducer at low
frequencies. Available models:

® none: compliance is real and constant

e log: simple, real logarithmic creep
model

e Knudsen: complex logarithmic creep model
by Knudsen

e  Ritter: complex creep model by Ritter

Electrical Impedance Magnitude

Displays the magnitude of electrical impedance |Z(f)| over the frequency f.
There are no differences compared to the illustration in the LPM module.

Magnitude of electrical impedance Z(f)=U(f)/I(f)
Magnitude (measured) = Magnitude (fitted)
KLIPPEL

Magnitude [Ohm]
©
o

Electrical Impedance Phase

Displays the phase of the electrical impedance arg(Z(f)) over the frequency f.
There are no differences compared to the illustration In the LPM module.

Phase of electrical impedance Z(f)=U(f)/I(f)
Phase (measured) = Phase (fitted)
25 KLIPPE]

Phase [deg]
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Result Windows

KLIPPEL Analyzer System

AN49

2 Application

Hx(f) Magnitude

Displays the magnitude of the transfer function |Hx(f)| over frequency f.
Importing a calibration factor (Mms or Bl) will shift the measured curve and
mark it as imported.

Magnitude of transfer function Hx(f)=X(f)/U(f)
Magnitude (measured) == Magnitude (fitted)
0,09 KLIPPEL

Frequency [Hz]

Mechanical Impedance Magnitude

Displays the impedance magnitude of the mechanical components |Rms(f) |,
|Cns(f)| and |Mms(f)|, as well as the magnitude of the total mechanical
impedance |Zmech(f)| over frequency f.

Magnitude of mechanical impedance Zmech(f)=F(f)/V(f)
Total mechanical impedance Zmech(f)

Mechanical resistance Rms(f)

—— Mechanical impedance representing the compliance [1/(2*pi*f*Cms(f)]
Mechanical impedance representing the mass [2°pi*f*Mms(f)]

KLIPPEL

107

Frequency [Hz]

Lossy Inductance Magnitude

Displays the magnitude of the lossy inductance |3{Z(f)}| over frequency f.

Magnitude of the lossy inductance Im(Z(f))
Magnitude (measured) == Magnitude (fitted)
KLIPPEL

Frequency [Hz]

Lossy Inductance Phase

Displays the phase of the lossy inductance arg(3{Z(f)}) over frequency f.

Phase of the lossy inductance Im(Z(f))
Phase (measured) = Phase (fitted)

25 KLIPPE!

Phase [deg]

Frequency [Hz]

Page 7 of 9



Extended Creep Modeling

Result Windows Mechanical Compliance

AN49

2 Application

Displays the magnitude of the mechanical compliance |Cwms(f)| over the
frequency f. Linear value Cnso and cutoff frequency fmin are marked,

depending on the used model.

Compliance Crms(f)

05

Mechanical Compliance Cms(f)

KLIPPEL

Table Linear Parameters

Shows the fitted parameters,
messages.

Parameter Value Unit
Setup

Measurement Type  Air

Operation 1a LPM T/S parameter air center
Inductance Model LR2

Creep Model Ritter

Electrical Parameters

Re 7.64 a
Lo 0.032 mH
iy 0.0072 mH
Ry 0.36 a
Crnes 0.17 mF
Leas(f) 0.17 mH
R.(f) 3.572 a

Mechanical Parameters

Mns 0.060 a
Cslfy) 0.479 mm/N
Kos(f) 2.087 N/mm
Ros(f) 0.098 ka/s
=1 0.592 N/A
© 0.24 -

Froin 575.04 Hz
Cms0 0.470 mm/N
Rms0 0.078 kgls

Derived Parameters

f 939 Hz
Qpps 2.46

Qs 3.60

s 7.71

Qe 2.46

Fitting Errors

rmse 2, 0.32 %
rmse H,_ 1.03 %

KLIPPEL Analyzer System

{min =575.0 2

10°
Frequency [Hz]

as well as warnings, errors and other status

Description

Type of the LPM measurement
Results from this LPM Operation will be loaded
Model of the lossy inductance
Model of the suspension creep

DC resistance of voice coil

Frequency independent part of the woice coil inductance

Para-inductance of the voice coil

Electrical resistance due to eddy current losses in the veice coil

Electrical capacitance representing moving mass measured in free air

Electrical presenting the of the in free air @ £,

Electrical resistance representing mechanical losses measured in free air @ £,

Mechanical moving mass of driver diaphragm assembly including veice coil and air load
i of driver measured in free air @ £,

Mechanical stiffness of driver suspension measured in free air @ f,
Mechanical losses of driver in free air @ f,
Force factor (Bl product)

Creep factor of the Ritter creep model

g the minimum

q o time of the Ritter creep model

Minimum compliance of the Ritter creep model measured in free air

q part of losses (losses at high frequencies) in free air

Driver resonance frequency in free air
Total quality-factor considering all losses in free air

Mechanical quality-factor measured in free air considering R, only

ms
Electrical quality-factor measured in free air cansidering A, only

Total quality-factor measured in free air considering Ry,, and Ry o,

root-mean-square fitting error of driver impedance Z(f) measured in free air
root-mean-square fitting error of transfer function H,(f) measured in free air
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Application Notes
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Find explanations for symbols at:

[7].
[8].

AN 50 Multipoint Parameter Fitting and Load Separation
AN 25 Maximizing LPM Accuracy

KLIPPEL

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

KLIPPEL Analyzer System
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