Linear Simulation (LSIM) S58

Module of the KLIPPEL ANALYZER SYSTEM (Document Revision 1.5)

PRELIMINARY SPECIFICATION

This specification is preliminary and is subject to change.

FEATURES BENEFITS
e Linear signal modeling from digital e Small signal performance in target
input to acoustical output. application
e Lumped network parameters for e Considers digital, electrical, mechani-
passive components cal, acoustical components
e Automatic equalization (DSP) e Minimum set of essential parameters
e Small signal performance for any e Fast calculation of frequency re-
audio input (music, test signal) sponses
e Efficiency and voltage sensitivity e Filter parameters for optimal system
versus frequency and broadband alignment
signals e Basis for large sighal modeling (SIM)
DESCRIPTION

The LSIM Linear Simulation describes an active loudspeaker or headphone driver by using a linear lumped
parameter model. Main components are equalizer, amplifier, transducer and enclosure. Using any selected
input spectrum (e.g. music), meaningful statistical single values (e.g. mean efficiency) and various state spec-
tra (e.g. SPL) are calculated. This is a useful base for defining transducer and amplifier requirements and
providing significant information about the audio performance. Various transfer functions reveal the rela-
tionship between digital, electrical, mechanical and acoustical signals.

The LSIM features an easy-to-use simulation software with lumped or geometrical input parameters for
initial (small signal) design, which is the basis for the large signal simulation in other Klippel software mod-
ules (SIM Simulation, SIM-AUR Auralization).

Article number 1000-300
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Linear Simulation (LSIM)

1 Overview

1.1 Principle
Basic
Principle

1 Overview

558

The LSIM Linear Simulation module illustrates a simplified linear active loudspeaker containing a
band pass filter section for simulating a crossover, a prefilter (Equalization) specified by the

transfer function Heq, (f), an amplifier with an output resistance of R, and an electrodynamical
transducer mounted in an enclosure. The optimal equalizer transfer function Heq, (f) for system
alignment will be calculated automatically for a specified target transfer behaviour.

Signal based system design is possible by defining a relative input spectrum G, (f). Pink noise,
typical program material according to IEC 60268-21 and an option for individual external stimulus
are provided. All spectra are converted into third octave spaced spectra. Based on this, state vari-
ables like U, (amplifier output voltage without load) or Uy (terminal voltage) and further charac-
teristics like SPL,,,,4 can be predicted. Entering a crest factor provides the option to estimate peak

values.

Transfer-Functions:
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Statistical Characteristics (rms and peak values, crest factor)
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1 Overview S 5 8
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The LSIM Linear Simulation module uses a lumped-parameter model of an electro-dynamical
transducer mounted in common enclosures. This model is based on chain matrices describing the
different parts of the loudspeaker. A,, describes the motor and mechanical behavior of the excit-
er, the diaphragm Ap, the enclosure A, and passive acoustical elements like port or passive radia-
tor. Employing this knowledge, total sound pressure level SPL(f), state variables (e.g. V), transfer
functions such as Hx(f) or the electrical impedance Z, (f), as well as efficiency n(f) and voltage
sensitivity can be easily simulated.
Note that the LSIM module only simulates the linear behavior of the system, which is considered
valid at small amplitudes. Please see SIM Simulation or SIM-AUR Simulation / Auralization for
nonlinear modeling.
1.2 Input
Input The LSIM input is structured into 4 categories:
Parameters e Transducer:

o Linear transducer parameters (free air)

e Enclosure:
o Type
o Geometrical properties or lumped pa-
rameters

e Equalization:
o High pass filter alignment
o User defined transfer behavior

e Stimulus:
o Pink noise
o Typical program material according to
IEC 60268-21
o User defined spectrum (e.g. music)

The LSIM supports the following enclosure types:

KLIPPEL

=
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Linear Simulation (LSIM) 1 Overview 558
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1.3 Results

Linear
Transfer
Functions

Reference
Sensitivity

Efficiency

Spectra
based on
Stimulus

The mag
bles

nitude and phase frequency responses are calculated between the following state varia-

Sound pressure level L, (f, ) in far field
Displacement (voice coil, passive radiator)
Velocities (voice coil, passive radiator)
Forces in the mechanical system

Volume velocities in the acoustical system

in relation to the terminal voltage Ur. The electrical input impedance Z.(f) is also presented.

Voltage sensitivity L(f, r) versus frequency of a sinusoidal stimulus referenced to u..f =
1Vand 1 = 1m.

Reference voltage sensitivity L. for the given broadband stimulus in accordance to IEC
60268-22.

Efficiency n(f) versus frequency of a sinusoidal stimulus.
Reference efficiency 7, for given broadband stimulus in accordance to IEC 60268-22.

For a given broadband stimulus spectrum, the following 1/3™ octave spectra are available:

Stimulus (with no filter, band-pass filtered, or band-pass and equalized)
Internal state variables (e.g. Displacement for given stimulus)
Power (electrical input, acoustical output)

KLIPPEL Analyzer System Page 4 of 16




Linear Simulation (LSIM) 1 Overview 558
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Relative Input Spectrum e U (Terminal)
Stimulus
Stimulus + Band-Pass-Filter K
m—— Stimulus + Band-Pass-Filter + EQ
15
EL
0
Z 10
[}
o -20 =
o m
~ ©
E) % 5
= [
E -40 £
& =
-60 0
20 50 100 200 500 1k 2k 5k 10k 20k 10 20 50 100 200 500 1k 2k
Frequency / Hz Frequency / Hz
State Spectrum State Spectrum
Stimulus: IEC 60268-21 Stimulus: IEC 60268-21
Voice Coil Displacement Voice Coil Velocity
0
KLIPPEL -20 KLIPPEL
-10
" -25
E 2 Q
© €
= ~ -30
[ 2
o -30 o
b ©
0E> > -35
§ -40 §
= (]
& = 40
o -50
-45
10 20 50 100 200 500 1k 2k 10 20 50 100 200 500 1k 2k
Frequency / Hz Frequency /Hz
P(f) Power Spectrum Lpfar(f) Sound Pressure Level Spectrum
= P (Electrical generator output) Typical Program Material
P (Acoustical) m—  SPL Loudspeaker + EQ
——  SPL Loudspeaker
0 KLIPPEL
KLIPPEL
-10 5 80
[2%
=5
— o
e @
~ -30 z
8 3 60
~ >
5 -40 3
z 3
=3
& 50 z 50
i
-60 g 40
&
10 20 50 100 200 500 1k 2k 10 20 50 100 200 500 1k 2k

Frequency / Hz Frequency /Hz

Single val-
ues

Characteristics depending on the broadband stimulus:

e L, ) Total SPL at an evaluation point r in far field
*  Urqms); Ur(peax) Terminal voltage

®  Ip(rms)s It(peary  INput current at the loudspeaker terminal

*  Xcerms); Xc(peaky Voice coil displacement

o Vegms) Voice coil velocity
® 7R Mean voltage sensitivity
e Ip Mean efficiency
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Total electrical transducer input power
Total acoustical output power

.
pU o0
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2 Example

558

2 Example

2.1 Simulation of a vented box system

Targets

The target of this example is to show a typical workflow on how to use the LSIM for active
loudspeaker design. The task for this example is, to use the LSIM for designing a closed box
loudspeaker. Therefor the following targets are defined:

e The desired SPL output is 95 dB.

e The peak displacement for typical music stimuli should be below Xmax= 3.5 mm.
Due to the targets, the following critical single values should be determined for using typical
music signals:

e Power and voltage consumption (required for selecting an optimal fitting amplifier)

e Efficiency and voltage-sensitivity

e  Peak displacement

User Input

KLIPPEL Analyzer System

1. Linear Transducer Parameters: For this example, data of a small midrange speaker was
imported from an LPM operation. Immediately after entering all data, the window Table
Transducer Parameters shows all loudspeaker parameters. Additional to the entered data
some parameters like Cmes, fs and the passband-efficiency of the transducer in free air are
calculated and shown.

13 LSIM Demo-Daten'L5IM Tutorial Example

n Transducer Parameter

Inf

fficiency and Voltage Sensitivity of Transducer in Passband
o, % Passba

=| Driver Fo=Bli A %
Sd 55 Sy
dd 837 1<
Bl | |Ve M Crns§Rmi'S ¥
Zn 4 Poox
=I| Hectrical er P;
Re 33
Inductance Model LR-2 Symbol Value Unit Comment
Lumped Paramet
- Le 0.2 s 55.00 m Effective radiation surface (fundamental mode)
= R2 1.2 z 4.00 a Nominal impedance rated by manufacturer
R .30 a res
-2 02 w 20000 o
= = R 0 due to eddy current losses (LR-2 model)
=/| Mechanical er Parameters L 200.00 uH Electrical inductance due to eddy current losses (LR-2 model)
Bl 35 & .50 A Electrodynamic coupling facter (Force factor of the motor)
E a7 Ns/m Mator efficiency factor
Kms 25
- K- 250 Njmm Mechanical stiffness of driver suspension (inverse of compliance Cn.)
Driver Parameter Based on | Lumped Parameters P 6.00 g Mechanical mass of driver diaphragm assembly including voice coil and air load
R. 200 kafs Mechanical resistance of driver suspension losses.
Rms 2
L 4.0 mH Equivalent electrical capacitance due to M-,
+ Mms ] Cor 489.80 e Equivalent electrical inductance due to Kr.
Re 6.13 Q Equivalent electrical resistance due to Res
Driver
Derived Parameters
2 10273 e nce frequency of driver in free air
Qs 184 Mechanical Q-factor of driver in free air, cansidering Res only
- - Q- 104 Electrical Q-factor of driver in free ai, considering R only
Paste Clear Q 068 Total Q-factor of driver in free air
ra 170 l Equivalent air volume of driver suspension
E

Close n

COK Help 7

e affie
85.187 s Passband sensitivy of driver operated in baffle (Ut = 1V et = 1 m)

2. System parameters: For this example, a closed box loudspeaker is specified with a volume

of 11. For defining the target transfer-behavior, the option HP-Filter Alignment is used. A
4t order Butterworth filter with a cutoff-frequency of 100 Hz is entered. For simplifica-
tion, no amplifier output resistance Rg, Resistance due to leakage Ra and post-filter is se-
lected.
The window Table System Parameters shows the headline Loudspeaker in Closed Box indi-
cating the selected enclosure system. The picture below shows the corresponding equiva-
lent circuit. The table below contains all derived enclosure parameters based on the en-
tered closed-box parameters.

Page 7 of 16




Linear Simulation (LSIM) 2 Example 558

Loudspeaker in Closed Box

Info Transducer Stimulsz  Display  Im/Export
> I
G Equalizat @ [ a] 4] | %
Target Response HP-Filter Alignment
Filter Type 4th order Butterworth < |
= < Sq
f0 140 Doox Cab|  Rae |
Compensate Inductance | [v |
Amplifier |
=| Enclosure
Systern Type Closed Box Symbol Value Unit ___ Comment
i of Acoustical System
Vb 1 ve 1.00 ] Volume of air in enclosure
D Ral 10000 Acoustical Parameters Derived from Geometry
Cone, Radiati Room Cas 7.13 mm'/Pa  Acoustical compliance of air in enclosure
- Gat 4.49 mm‘/Pa  Total acoustical compliance of transducer and enclosure
@ 170 System compliance ratio = @ = Knp / Kns
Equalization Ra 188.83 kis/m®  Total acoustical resistance of transducer and enclosure
Mechanical Parameters Derived from Geometry
Kot 424 NWmm  Mechanical stiffness of air in enclosure
Paste Clear Ko 674 Nfmm  Total mechanical stiffness of transducer and enclosure

Derived Parameters
3 168.72 Hz Resonance frequency of closed box system
oK Help Close Qe 111 Q-factor of closed box system (considering system load)

3. Stimulus Parameters: In property-page Stimulus the stimulus which is used for simulating
the active loudspeaker is specified. The spectrum defined in IEC 60268-21 is a well repre-
sentation of common broadband music stimuli and due to this well suited for simulation.
A typical crest factor is 12 dB. For the specified small midrange-speaker only the frequen-
cy-band from 50 Hz to 5 kHz is interested. Below 50 Hz the expected SPL output is ne-
glectable. Above 5 kHz nonlinear effects on the membrane will become dominant. This
limitation is entered in section Filter. As target performance the previously desired 95 dB
are entered for Target SPL.

The window stimulus spectrum immediately after defining the stimulus parameters shows
the stimulus spectrum. All spectra in this window are relative and not normalized or refer-
enced. After clicking on run the band-pass filtered and equalized spectrum is visible as

well.
415 LSIM Demo-Daten’\L5IM Tutorial Example B Stimulus Spectrum
Infa  Transducer Sustem Display  Im/E wport Relative Input Spectrum
Stimulus
1| Stimulus 0
Type of Input Signal Typical Program (IEC 60268-21) KLIPPEL
«CF 12
[] - DeltacF 3 1
[=/| Filter
High Pass Sharp Transition
» fc of High Pass 50 m -2
Low Pass Sharp Transition 2
« fc of Low Pass 5000 E
[=I| Target Performance g 3
Target ® SPL (‘3
O Ut
SPL 95 -4
Stimulus
-5
Paste Clear
50 100 200 500 1k 2k 5k
oK Help Closs Frequency /Hz
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Results

The single values listed in table State Variables provides most important information consider-
ing the simulated music reproduction:

1. For generating 95 dB SPL output using the desired broadband signal, a voltage of 7.85 V
(rms) and current of 1.62 A (rms) are required.

2. The resulting reference efficiency is 0.136 % and the reference voltage-sensitivity is
77.1dB.

3. Due to the specified crest factor, the amplifier has to provide round about 12.43 W with a
peak voltage of 31.27 V.

4. For the specified stimulus a peak displacement of 1.85 mm is expected.

Those single values are the basis for defining the amplifier and transducer requirements.

Checking the limits defined in the task above reveals, that the desired SPL is possible without

of crossing the displacement limit of 3.5 mm.

Viewing the curves efficiency and voltage sensitivity versus frequency is useful to check out the

limitations of the passive loudspeaker system. The efficiency at lower frequencies decreases

rapidly, so pushing frequencies below 100 Hz will be inefficient. Pay attention: Efficiency and

voltage-sensitivity are not equal. Efficiency shows the ratio between incoming and outgoing

power in percent. Voltage-sensitivity shows the SPL-output at 1 m distance, which is accessible
for 1V at the loudspeaker terminal.

n(f) Efficiency L(f) Voltage Sensitivity
Acoustical Output Power / Bectrical Input Power @Re ference Generator \oltage 1V and Distance 1 m
E feiency (Sh us dal) e S ndtivity (Sinusoidal)
= = = = Reference Effigency (Stimulus) - Reference Senst vity (Stimuli g

Efficiency/ %

Voltage Sensitivity/ dB (re 1 Pa/V)

50 100 200 500 1k 2k 5k 50 100 200 500 1k 2k 5k
Frequency / Hz Frequency / Hz

For detailed investigations it is useful to view transfer-functions and spectra. It is recommend-

ed to check if equalization was reasonable adjusted. Therefor the window H(f,r) Sound Pres-
sure and H(f) Equalizer are relevant:

H(fr) Sound Pressure Transfer Function H(f) Equalizer Transfer Fundion
Magnitude an d Phase of H(f) =Ffar (r,f)/ Ug() [ Ualizer Transfer F unction
Loudspeaker Target - Phas of Equalizer Tr ansfer Function
Loudspeaker +EQ
80 20 KUPPE-
tee, 160
)
S 70 0 120 &
o =}
= m g
Q €0 2 3 120 §
2 5 ) 3
D 50 E B 100 &
3 2 4 S 2
()
° < . aQ
=1 . @
= 40 ) «Q
g '.
g 60 o ]
< 30 % o
-80 teenaneone”’
20 50 100 200 500 1k 2k 5k 20 50 100 200 500 1k 2k 5k
Frequency / Hz Frequency / Hz

In the left diagram above the sound pressure transfer function of the passive (black) and active
loudspeaker including equalization (blue) is visible. Additional to this the target transfer behav-
ior is shown (red). Comparing the black and blue curve shows a reasonable target transfer
behavior. This can be approved by viewing the equalizer transfer function (right diagram
above). The transfer function contains no excessive damping or boosting.

For active loudspeakers displacement is a critical issue. High displacement results undesired

distortion and is a limiting factor especially for active control. For investigating this, the dis-
placement transfer-function and displacement spectrum are useful.

KLIPPEL Analyzer System Page 9 of 16
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H(f) Displacement Transfer Function State Spectrum
Magnitude an d Phase of H(f) =x(f)/ Ug S imulus: IEC 60268-21
Coil e \/0 £e Coil Oisplacement
KUPPE- KUPPE-

20 20
S -30 g
£ -
£ E 0
% 40 E
o g 40
° =
° c
g® £ 50
5 g

-60 %

2 -60

= a
= | 140 Hz 140 Hz

-70 70

50 100 200 500 1k 2k 5k 50 100 200 500 1k 2k 5k
Frequency / Hz Frequency / Hz

The voice-coil displacement transfer function reveals a maximum at 140 Hz. This is slightly
below the resonance frequency of the loudspeaker in the enclosure. Above 140 Hz the dis-
placement decreases significantly. Below 140 Hz the displacement decreases only slightly and
converge at -16 dB. For the given broadband stimulus, we can derive a maximum in the dis-
placement spectrum of 0.24 mm in the frequency band around 140 Hz.

KLIPPEL Analyzer System Page 10 of 16



Linear Simulation (LSIM) 3 Requirements 558

Alternative
Design

For this example-loudspeaker, an alternative design should be found to enlarge the base-
reproduction. The LSIM module provides a lot of approaches to do this. This example focuses
on equalization. Finding an optimal target high-pass characteristic is important. Setting the
cutoff-frequency too low will result an inefficient system prone to extreme displacement re-
quirements. A high cut-off frequency in the target transfer behavior results low base reproduc-
tion, which is usually not desired.

In this case the cutoff-frequency is slightly decreased from 140 Hz to 90 Hz and the filter type
and order is changed to a 6" order Chebyshev filter to generate a higher slope below the cut-
off frequency. Applying these changes results a slightly increase of input-voltage to get the
desired 95 dB SPL output. (Old settings: Ur=7.85V; New settings: Ur=8.47 V) The peak dis-
placement is increased by 1.59 mm and with 3.44 mm slightly below the specified displace-
ment-limit.

Viewing the changes in the sound pressure transfer function as well as sound pressure spec-
trum shows a significant increase around 100 Hz of 10 dB.

H(fr) Sound Pressure Transfer Function Lpfar(f) Saund Pressure Level Spectrum
Magnitude an d Phase of H(f) = Pfar (r,f)/ Ug(f) Typical Program Mater &l
8 8 KLIPP B
SR 7am e | 5,
70 2 3
o 5 80 -
=2 o
o =
o 60 g 75 New
m °
o 3
2 50 470
kel e
2 1
S 40 8 65
o
2 old : old
T 30 3 60
20 50 100 200 500 1k 2k 5k 20 50 100 200 500 1k 2k 5k
Frequency / Hz Frequency / Hz

Major reason for this change is the boots of the equalizer-filter at around 100 Hz. This boost is
also well visible in the displacement spectrum.

State Spectrum H(f) Equalizer Transfer Fundion
St imulus: IEC 60268-21

KLUPPEL
KLIPPEL 5
-10
E 0
£ 20 o
2 »d] od z
Q | £
E c
5 -0 z
g -10
8
= -50
2 -15
a New
-60
-20
50 100 200 500 1k 2k 5k 50 100 200 500 1k 2k 5k
Frequency / Hz Frequency / Hz

Comparing the reference efficiency and reference voltage sensitivity reveals that the base
enhancement results a more inefficient loudspeaker:

o [gold=77.1dB; ng oid=0.136 %;

® IR new=76.44dB; nRr,oia=0.119 %;

3 Requirements

3.1 Hardware

KLIPPEL Analyzer System Page 11 of 16
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License Device Klippel Dongle or Klippel Analyzer 3 may be used to run this product.

3.2 Software

dB-Lab (>210.560) dB-Lab is the project management software of the KLIPPEL R&D SYSTEM.

4 Parameter

4.1 Input

4.1.1  Electro Dynamic Transducer

Parameter

Effective radiation surface

Diameter of round effective radiation surface

Nominal impedance rated by manufacturer

Electrical voice-coil resistance at DC

Voice coil inductance

Electric resistance due to eddy current losses

Electrical inductance due to eddy current losses

Electric resistance due to eddy current losses

Electrical inductance due to eddy current losses

Factor in LEACH model

Exponent in LEACH model

Factor of real part in WRIGHT model

Exponent of real part in WRIGHT model

Factor of imaginary part in WRIGHT model

Exponent of imaginary part in WRIGHT model

Effective instantaneous electrodynamic coupling factor (force factor of the mo-
tor) defined by the integral of the magnetic flux density B over the voice coil
length |

Mechanical stiffness of driver suspension (inverse of compliance Cms)
Mechanical resistance of driver suspension losses

Mechanical mass of driver diaphragm assembly including voice coil and air load
Transducer resonance frequency (influences Rms and Mms)

Mechanical Q-factor of driver in free air, considering Rms only (influences Rms)

4.1.2 Equalization

High pass filter alignment:

Alignment Type:

Biquad filter

Bessel filter (4t and 6% order)
Chebyshev filter (4t and 6™ order)
4. Butterworth filter (4" and 6™ order)

wN e

Parameter

Target Cutoff Frequency
Chebyshev Constant

Arbitrary target transfer behavior

Target response as matrix containing frequencies and corresponding levels

4.1.3  Amplifier

Parameter

Output-resistance of amplifier output including cables

KLIPPEL Analyzer System

Symbol Unit
Sq cm?
dg cm
Zy Q
R, Q
Le mH
R, Q
L, mH
R, Q
L, mH
K Q
n —
Kim Q
Erm -
Kym Q
Exm -

Bl N/A
Ko N/mm
Rins kg/s
Mns g

fs Hz
Qs

Symbol Unit
fo Hz

CChebysheV -

Symbol Unit

R, Q
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4.1.4 Stimulus

Type of input signal:
1. Pink noise
2. Typical program (IEC 60268-21)
3. External spectrum
Bandpass:
1. Ideal (rectangle)
2. Butterworth

Parameter

Cutoff frequency of the high pass filter
Slope of high pass filter

Cutoff frequency of the Low pass filter
Slope of low pass filter

Crest factor

Difference between crest factor for voltage and current signal and crest factor
for displacement signal

4.1.5 Enclosure

Enclosure type:
1. Baffle
2. Closed box
3. Vented box (with slit or tube-shaped vent)
4. Box with passive radiator
5. Bandpass system (with slit or tube-shaped vent)
Parameter
Geometrical parameters:
Volume of air in enclosure
Surface area of port
Diameter of port
Length of port
Width of surface area of port
Height of surface area of port

Effective projected surface area of passive radiator diaphragm
Diameter of round effective projected surface area of passive radiator dia-
phragm
Volume of air in front enclosure
Lumped parameters:
Acoustic resistance of losses due to leakage
Acoustic mass of port including air load
Acoustic resistance of port losses
Mechanical mass of passive radiator diaphragm including voice coil and air load
Mechanical stiffness of passive radiator suspension (inverse of compliance Crr)
Mechanical resistance of passive radiator suspension losses
Derived parameters:
Q-factor of acoustic system at fb considering leakage losses
Resonance frequency of enclosure-port system
Q-factor considering port losses

Resonance frequency of enclosure-port system

4.1.6 Room and Radiation
Radiation into half and full space: 21 or 41 (anechoic, piston)
Parameter

Distance to radiation point in far field

KLIPPEL Analyzer System

Symbol
chP

chP

mpp

ACF

Symbol

Tref

S58

Unit
Hz
dB
Hz
dB
dB

dB

Unit

cm
cm
cm
cm
cm

cm

cm

kNs/m°
kNs/m3
kg/m*

N/mm
kg/s

Unit

m
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4.2 Results

4.2.1 Electro-dynamical Transducer

Parameter

Derived parameters:
Transducer resonance frequency (influences Rms and Mms)
Mechanical Q-factor of driver in free air, considering Rms only
Electrical Q-factor of driver in free air, considering Re only
Mechanical Q-factor of driver in free air, considering Rms only (influences Rms)
Equivalent air volume of driver suspension
Efficiency and Sensitivity:
Passband efficiency of driver operated in baffle
Passband sensitivity of driver operated in baffle with reference voltage urer and
reference distance rref defined in ppg.

4.2.2 Enclosure

Parameter

Lumped parameters:
Acoustical compliance of air in enclosure
Mechanical stiffness of air in enclosure
Acoustical compliance of air in front enclosure
Total acoustical compliance of transducer and enclosure
Total mechanical stiffness of transducer and enclosure
System compliance ratio

Derived parameters:
Resonance frequency of the closed box system
Passive-Radiator resonance frequency (free air)
Mechanical Q-factor of passive radiator in free air, considering Rmr only
Total Q-factor considering all acoustical losses
Q-factor of the closed box system (considering system load)

4.2.3  State Variables and Further Characteristics (depending on stimulus)

Parameter

Reference Voltage-Sensitivity of selected stimulus for .o = I mand ues =1V
according to IEC 60268-22

Reference efficiency for selected stimulus according to IEC 60268-22
Far field SPL at distance rref for stimulus

Terminal voltage (rms) for stimulus

Generator voltage (rms) for stimulus

Terminal voltage (peak) for stimulus

Generator voltage (peak) for stimulus

Input current (rms) for stimulus

Input current (peak) for stimulus

Voice coil displacement (rms) for stimulus

Voice coil displacement (peak) for stimulus

Voice coil velocity (rms) for stimulus

SPL in rear air volume for stimulus

4.2.4  Transfer functions

Function

Voltage Sensitivity
Efficiency
Electrical Impedance:

KLIPPEL Analyzer System

Symbol

fs
Qms
Qes

fe
fo
Qmp
Qb
Qe

Symbol

R

Pfar
UTrms

Grms
UTpeak
UGpeak

ITrms
ITpeak

Crms

cheak

Crms

Pbox

Symbol

L{f)
n(f)

558

Unit

Unit

m3/Pa
N/mm
m3/Pa
m3/Pa
N/mm

Hz
Hz

Unit
dB
%
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Total electrical impedance
Back EMF

DC-Resistance of the transducer and the amplifier output resistance

Voice coil impedance
Far Field Sound Pressure:
Total Sound Pressure
Contribution from port
Target sound pressure
Total active system (with equalization)
Displacement divided by generator voltage:
Voice coil
Passive radiator
Velocity divided by generator voltage:
Voice coil
Passive radiator
Force divided by generator voltage:
At the motor
At M,
At R,
At Cps
Into the acoustical system
Volume velocity divided by generator voltage:
From S,
Into Cyp
Into Cf
Into R;
Into port/passive radiator
Amplifier transfer function (voltage drop)
Prefilter transfer function (Equalizer)
Stimulus Spectrum:
Relative input spectrum
Aligned input spectrum
Voltage Spectrum:
Terminal voltage
Amplifier output voltage without load
Power Spectrum:
Electrical generator output power
Acoustical output power
Power dissipation in amplifier

Spectrum of the sound pressure level

State Spectrum:
Voice Coil Displacement
Voice Coil Velocity
Voice Coil Force
Radiated Volume Velocity

5 References

LPM Linear Parameter Measurement

5.1 Related Modules ) )
SIM Simulation

SIM-AUR Simulation / Auralization

KLIPPEL Analyzer System

5 References 558

Ze(f) Q
Blv/u, Q
Re + Ry Q
Zel(f) Q

Hy. (f,7) dB
Hy(f, 1) dB
H.(f,7) dB

Htotal(f' T') dB

xc(f)/ug dB
xr(f)/ug dB
ve(f)/ug dB
vr/p (f)/ug dB

F(f)/ug dB
FMms (f)/ug dB
FRms (f)/ug dB

FCms(f)/ug dB
FL(f)/ug dB

s (f)/ug dB
qc(f)/ug dB
Qf(f)/ug dB
a(f)/ug dB

ap(f)/ug dB
ue(f)/ug dB
Hequ(f) dB

Gw (f) dB

Geq(f) dB
Up dB
Ug dB
P, dB
P, dB
Pry dB

Lpfar dB

Xcoil dB
Vcoil dB
LFcoil dB
Lg, dB
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Linear Simulation (LSIM)

5.2 Manuals

5.3 Related Papers

Find explanations for symbols at:

5 References S 5 8

LSIM Manual, as provided with dB-Lab 210.560 or higher

Wolfgang Klippel: “Green Speaker Design (Part 1: Optimal Use of System Re-
sources)”, 2019, Klippel GmbH

Wolfgang Klippel: “Green Speaker Design (Part 2: Optimal Use of Transducer
Resources)”, 2019, Klippel GmbH

R. H. Small: “Closed-Box Loudspeaker Systems”, 2006, School of electrical Engi-
neering, The University of Sydney, Australia
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