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1. INTRODUCTION

AkAbak 's an abbreviation ior 'Alntstik Abakus'. This software simulator. running under Windows,

calctlates and displays transmission shamaeristics oi eiewo-meohano—acoustic smuures.

Wis especially inter-ted tor the investigation and design at loudspeaker cysteine. AMbak sltmlates

a complete system: irom the voltage source through to arty listening point - including all filters. networks,

radiation elements and the nearby radiation environment.
> 111e flexible concept oi AkAbak makes it possible to use-the program also tor a wide range at other

mechanoacouuical applications such as microphone design. analysis at dampers, sirens etc.

The philosophy behind the program is to provide a simple. easy-to-use framework. even tor complicated

and extensive systems.
To be able to describe the device under investigation by memo oi AkAbak. the strumre must be first

separated imo a set at lumped elements and onedmensionai waveguides. After these components have

been careluily conneded up. the program is able to build and solve the corresponding network matrixr

At the electrical side this separation-procedure is usually a simple aiiair. especially in the low trequenc/

range.Btninfltamechanioalandaowslicaldomainltcanbodiffiwflal'flhsomecasesimpossibieto

describe complicated physical relations just with elements irom the one-dimensional and linear world. The

main problem here is that the wavelength is in the range at the dimensions oi the cormonants.

Due to its one-dimensional W. there are limits to We accuracy at eirnulation. it is precise

enough to provkiegood and clear results ior many common problems. While. ior very complex etnrdures.

a good estimation can be achieved.
Inanycase.ltlestlnmlathgtowodtwflhmemodulesandusuaflyihisieadstoaswm understandingot

the physics 01 the investigated obiect.

2. THE PROGRAM

The AkAbak program proviies an inlegrated development system for mlyaing and designing

eiectroaoousfio devices. It comprises a comtonahle script-driven input system. powertul analysts and

synthesis procedures and a wide range oi output and display iacfiitles. Additionally. a set 01 practical tools

are implemented which are very handy ior designing loudspeaker systems

2.1 Network analysis
The components are wired with a node-based system, called a network. Being based on linear system

theory, the analysis is carried out in the irequency domain by solving the mde-pdlenliai-matrix.

Ten independent networks with a maximum at 54 nodes can each be solved simultaneously. Additionally.

abstract iilter elements can be connected with the network to term. ior example, ieedbaok loops.
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The simulator input for the network components is organised as a script which can be edited with the in—
built word-processor. For the simulation, the script is interpreted and compiled.
The symax olthescript is designed In such away that on the one hand the specification Is asoomtorteble
and sale as possible and on the other hand it is aelldocumenting,

22 Filter synthesis
In AIrAbaIr the filter elemem is the centre-point or an extensive and powertul range oI Iunctions related to
filter analysis and synthesis. The Ieedback-iree filter element is principally a rational transfer Iumaion oi
maximum 30th order. There are teatures tor creating. scaling. transforming. decomposing and multiplying
out transier-Iunctions
The litter-element forms the basis oi procedures tor synthesislng passive and aaive tiller cirwits.
The passive synthesising procedure creates ladder networks including no“ Iosses at low pass, band pass
and high passtransier Iurtctions up to 30th order. All pass circuit can be created In two versions.
The active synthaslsing procedure uses the melt Iundion ot decomposing traveler functions. A wile
range oi first and second order filter flock-circuits with operational amplifiers are altered.

2.3 Parameter determination
AltAbaIt‘s components are designed to allow parameters to be entered ircrn normal datasheets. The
nudelcan be extended by adding parameters to increase 'as accuracy.
Mair oflera also several tools tor determining parameters from measurement curves by the complex
least square error rrtetitod.
in addition. there are generators tor litter-alignments and bass loudspeaker design. which create lists Irom
which youcan choose a specific alignment.

Diaphragm

let

      
  
       

'Q
-y \

\
\

Voice coil
path

fix .x\ A
Volce CO“

Fig. 1 Compression driver Fig. 2 Plate

 
so ' Proc.l.0A. Vol 16 Part 8 (1996)

 



  

Proceedings of the Institute of Acoustics

AKABAK (R) - AN ELECTROACOUSTIC NETWORK SIMULATOR

3. EXAMPLE

An example will iliustrete how the simulation is carried out.

3.1 Compression Driver
Let us. for an example. investigate a conventional Hid-range compression driver as sketched out in
Figure 1. Because the compression driver is a tour-pole. we have to caiwlate and measure wrves for
both the electrical and acoustical sides. Acres the electrical poles we stimulate and measure the driving
poim Impedance and at the acoustical side we detennlne the sound pressure. We will simulate and
measure the driver under ior diiierent acmstiml radiation environments to evaluate and verify the
simulation.

3.1.1 Plate mounting. We close the eutpm aperture ot the driver and measure the sound pressure directly
at the closing plate as sketched in Figure 2

_ ’/
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Fig. 3 Plane wave tube fig. 4 Free radiation

3.1.2 Plane wave tube mounting. Figure 3. The aceustiml power generated by the tramducer is
conductedtoendahsorbedbymeso-canedpianewavembe.1hspedaimbeis reflectiontreeand
otters a radiation impedance proportional to a plane wave. The sound pressure is measured at the
emranoeotthetube.

31.3 Free radiation. figure 4. The unput radiates Into tree space. The microphone is placed 35an in trout
otthe aperture. The latter ls placed in admularbattteot toandiameter.

 

Fig. 5 Horn radiation

Proc.l.O.A. Vol 18 Part 8 (1996) 31

 



 

Proceedings of the Institute of Acoustics

AKABAK (R) - AN ELECTROACOUSTIC NETWORK SIMULATOR

3.1.4 Hem-mounting, Figure 5. The sound wave is radiated lmc free space by a radial midrange horn. The
microphone is placed in lront ol the unbelfled horn at a distance at 95cm measured lrom the flange.

32 Modelling
The concave diaphragm at our commission driver radiates via a thin layer at air lrttc a duct system at
whose other end the horn mounted (Fig. 1). Due to the diminishing m sealen, alr particles are
accelerated to enhance the efficiency at the transducer.
The tome of the voice coil drives thediaphragm at the outer rim. At the iunaion cl draplvagm rim and
voice coil tormer is fixed the suspersion. The susperslon at most compression drivers with a concave
dome elections itsell as a diaphragm radiating into cavities which are acoustically connected to the
compression chamber. These cavities along the voice coil lormer are called the voice coil path and form
an impedance. to whldt the eyaem response is highly sensitive. The reverse side at the diaphragm is
loaded by a small closed enclosure. _

Sm mum um» ' W ace-semi devices

  

mackerel pert Kodiak“ pert Acwml pert

Fig.6 Equivalent cirwit

To model the driver we need components lrom the electrical. mechanical and ecouetltal domain. Figure 6
b the equivalent drum. The centre-part ol the sdtematk: cenprlses lumped elements of the transducer.
Tothelel’t we havethedriving voltage eeurceerrltothemhtthelcurradiatbndevlceswhichcan be
mounted at the acoustical output at the driver.

The force generated by the magnetic fields of the voice coil and the permanent magnet is symbolised by
the gyrator element. The voice coil impedance la is resistive at low frequencies. At high frequencies not
only theImaginary pan ol Ze becomes inductive but also the real part rises due to eddy currents in the
magnet pole piece. .
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i mun example script - campzunon driver

5.15"“:
! nee-n: IVoLca caLl "nuance [uhm]

Le-D.Se-J: IVoica can Lnducumze (a)
Mom: conversion factor r-Bl'i {I‘m}
Inchcnlcll mu [kg]
mechanic-I nntuunu [nu/n]
Iflechlnlcal consumes Ill/II]
lumen: canne duyhragn [ml
“Hamster out-r di-phrlqn In]
Inlatance between dilphrlgln and phase plug
mu. mum of our-l: :‘hlmbuz unda: the mug
Isu: between vale: can and mqnet

ls-Ise-a; ) lungzh a! vain can pun

 

xylem 'Wlndurmro'
svaice call [Itequency-non-nnal! nuaunca and renal-nee)
mac 'Za' Node-1.2 z-( 1130'“ v 2150.3. ¢ j'(v'h)‘a.61 1
IH‘ICO!

lance: 'Cy!‘ Node-z-O-J-d al-lnl)

movers: side vkh enclaintn
Coupler Made-q-o-ino an-(anu
Influenza 'Eb' node-mo ilk-120w) own-0.1

lflzchanlcal part. (was crcqvency depending, cut-of! .: sum
Imp-dance 'Zma' Node-J-S

2-4 uo-Z'pl'SODDx ans-am 4: j'tv'flma/tl o I/vo) - llw'anH I

mun" diaphragm (ring) with cavity
Coupler node-s-s-zoo sn-t p1't:qr(dDa/2)-sqr(dDi/2)) i
lndoluxc ‘Eto’ Rude-100 Vb-l SD-pl'(sqrtha/2)—aqr(dml2))1 Vb—sn-ua i

‘Eentre dilphr-qm vun couplesunn number
Coupler node-s-o-ann dD-[dDH
Mann '221- Node-300 Vb-( sn-pt-aqndnuz); Vb-sn-m )

ivalce can tunnel bureau outer ring cavity and commuton chm:
Duct 'Dvp' "060-200—300 SD-( U-pl'dnly SD-fl'da) Len-l la ) OD/fo-fl.01

lHorn Inside campteusian GHVOI
Humid-l ‘l'yp' flode-JOO-lflfl urn-1.5m dHa-E-Zlcm Inn-hm! Cunlcl)

Inutuanc lcoulllc anus” (“itch nut and elemnu of!)

i1.F:ee rndlntion Iran: the and a! I long tuba

6!! Milka: 'Rl' Nada-M70 Def- "1 age-10m

i2.Plnna wave tuba
'D‘dZ' "060-409-410 dD-lin Len-le

'Ml' lode-llU-CZD HA-ldlqlml
noel 'AR1' Node-(ZD-D

Ill-1 nah-1.th 13313.31 40-2.“. SB-Pi'lqtth/ZH Ill-0.5'Koh'clsb; )

[Lanna closed
at: Man-una- luu- Node-IBE-D M-lalsnn/mi

ILRadSJHnn v1. mun horn
lam ‘Ill' Node-don

1:1 d'rhuun "Ho-53.5cm Into-23cm Len-17cm
HArc-llcm LG‘l‘h-IOCIM -
lEdqe-Sficm usage-27cm Fig.7 Equivalent AkAbak script
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The mechanical part is dominated by the fundamental resonance frequency formed by the suspension
compliance and the mass at the vibrating assembly. Further there are more or less strong eigen-
lrequenct'esctthemechanicalstruaure. ltls posser modelsomeolthemwithAkAbalrbutbrthesaka
ol clarity this is omitted here.
We would like our mechanical impedance Zrns to Include the so-called mess reduction at the diaphragm
At high frequencies the acceleration ls so strong that only parts ot the diaphragm are able to tollow the
imprinted force.

The trenslorrnation trcm the mechanical to the acoustical domain Is performed by the diaphragm.
symbolised by the coupler etemem. The trcnt side at the diaphragm has to be split into two areas. The
concave side at the dome radiates directly Into the compression chamber. Part of the suspension ring
radiates into the voice coil path. The reverse side of the diaphragm ls coupled to the reverse enclosure.

In the acoustical domain the cavities are modelled by acoustical complancee. Passages Where standing
waves are expected are termed by waveguides. For the sake of clarity we are only Including the most
Important modules In the script. We do not include resistive losses or dissipative Helmholtz resonators. tor
example.
Herethephaseplug model.whichisln realityesophisticateddtrasyatemislcmtedbyaelmple
waveguide with variable cross sedan.
The acoustical artist at the driver must be loaded byone olthe radiation conditions already mentioned.

33. Entering the parameters
All elements oi the schematic cl Figure 6 have to be entered together with the parameter at each
component. Further the components must be wired in such a way that the programcan build and solve the
node potential matrix of the network.
The AMbak script shown In Figure 7 is equivalent tothe schematic 01 Figure 6.

3.4 Simulation .
As already mentioned we have to investigate both the elearical input and the acoustical «hurt. because
curobioctisatourpoleAllthetcllowingdiagramsdisplaysetseltvIowrves.Thebroaderlinethe
simulated alive and the thin line shows the measurement. From the eleancal Impedance resporee the

 

  
  

   

  

 

real- and imaginary conpcnents are shown. The unit is 'Ohm'. The acoustical pressure wrve ls normed

to the threshold of hearing and Is displayed as level. The unit Is 'Decibel'.
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3.4.1 Let us consider the plate mounting. The normal velocity is zero at the plate because at the hard
tannination.
The impedance curve at Figure 3 shows clearly the fundamental resonance at tkt-lz. The peaks at «Hz
and BkHz belong to the standing wave pattern at the phase ptug duct. The measurement indicates
stronger losses than the simulation. At very high frequencies it is obvious that not only the imaginary part
is rising but also the real pan as a result at the voice coil impedance.
The associated simulation and measuremam ot sound pressure at the plate demonstrates that this
response is proportional to the Input wrrent. (Figure 9).

In comparison to the plate mounting all other radiation environments reveal a strong eigenvibration ol the
diaphragm. We can see the atteot in sharp up and downs ot the impedance measurement curves.
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3.4.2 without changing the driver parameter. we mount the driver on the plane wave ttbe.
At this stage it is not clear. why the imaginary part 01 the measurement impedance curve iurnps so
abruptly in the lower lrequency range.
The sound pressure wrve is approximately proportional to the velocity curve because at the more Or less
constam acoustical impedance with whbh the driver is loaded.
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3.4.3 The tree radiation environment conduion is obtained when no device is rrtounted on the driver. The
aperture is in the center or the cirtular magnet. whtch has a diameter at man. To simulate thB oondltlon
we apply a radiator element to the output port at the driver. The radiator implements the radiation
impedance including ditlraction and reflection eflects and is also the means tot radiation into tree space.
Some ot the rippling in the upper lraquency range at the SPL wrve shown in Figure 13 is caused by
diffraction oi Ihe tree radiated sound at the circular battle edge.
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3.4.4 The last loading example radiation into free space via a horn tor which the driver is originally
constructed. The item is a typical 300Hz-radial horn with an exponential flare
AkAbak otters a special horn element, which comprises a tour pole waveguide and a spherical radiatbn
source. The transmission and radiation pattern is thus also dependem on the horn term. In this way not
only the on-axis response can be calculated but also a good evaluation oi the rfirectivity tor a wide range
ct conventional horn terms can be achieved.
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3.4.5 For example one or the most surprising details we can learn irom our compresst driver model is
the high sensitivity oi the response to the dimensions oi the voice coil path. figure 16 demonstrates the
etteot oi doubling the widthat the slit between the voice coil ionner and the magnet.

4t Conclusion
Aerbair is an electroacoustic network simulator using lumped elements and onedirnensionai waveguides.
The tools tor filter analysis and synthesis. parameter determination and bass loudspeaker design make
Wthe ideal plattorm tor the investigation and design cl loudspeaker systems.
The program philosophy offers great ireedom in modeling. so that even unusual and complicated designs
can be simulated.

in the above example we have demonstrated how a complex struaure such as a compression driver (an
be modeled and we have made comparisons with equivalem measurements

In conclusion, I would like to express my thanks to Prol. RH. Campbell, Steve Wood and Philipp depl
lot their help
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