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I. INTRODUCTION

New understanding ofthe relationships between the mechanicaland acoustical properties of

vibrathrgpanelshasresultedinthebirthofanewclassofacousticradiatar-thedism’buted-

mode loudspeaker. NX'I‘I have developed optimisation techniques, whereby stifi'. light panels

can be designed to lave very uniform modal density. the prerequisite for distributed-mode

behaviour.

ADNHJsidentifiedbythefictthatitsmdiafionisduetounifirmlydisn'ihnedfi'eevibration

inastifi, light paneLandnot to pistonic motion Agood approximationisto consider the

pmluamndomlyvflnnfingmanduseetaflsficalquanfifies. 'l'hendiafianimensityfi'om

suchnnareaisshowninMorse&Ingardtodependonthesquareofthemaanvelocity,and

hencecomtantvelocityisrequiredfornflatfrequmyresponse. lnordertoachievethis

wnstamvebehywhhawnmmfomthemechanimlhnpedmmmberesisfive. Apanel

operatinginbendingwnvesmeetsthiscriterion. Ameehanicnlnxtdeloftheoperafionofthe

DMI.ispresented,fi'omwhichanequivnlentcirwitisdeveloped. Thismechanicalcircuitcan

berefinedtoinchdetheefiectsofthemasaapenmeofafinitesizedoolandthemamand

compliance of the motor system.

2. OVERVIEW OF A DISTRIBUTED MODE LOUDSPEAKER (DML)

ThemdhfionfiomaDmkdnwunformlydmmedbendm-waveshasfifilfigmpa
nfi

Becausebendingwavesmdispasiveflhewawvehchyisafuncfionoffiequency)[2],a

goodappmrdmionistoconsiderthepanelasarandomlyvimfingarea. Theradiation

hitensityfiomsuchanareaisshowninMorse&Ingnrd[3]todependonthesquamofthe

meanvelucity.andhencetherequirememisfor constant velocity. Inorder to achievethis

constant velocitywithaeonstam force, the mechanicalimpedanoenmstberesistive. Apanel

operatinginbeudingwawsmeetsthiscriterion[4]. Expressions lbrbendingwave velocity,

wave-numbernndmechanicalimpedanoearequoted below (see appendbtfor definition of

symbols).

cp(ta)= fa; % Itp(w)=" JIZ bum/ET: (I)
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In order to develop a mathematical model of any physical system. it is necessary to make some

asstnnptions.- Because we are considering the DML to be randomly vibrating, the existnag

mtion ofthe panel will he moor-related to any new input being applied. and therefore it looks

like an infinite plate. Additionally, because the panel has low mechanical loss, we can suppose

thatalltheenergysuppliedtothepanelwillevenruallybedissipatedbyacousticradiafion

Thissetofmmpfinnshasbcenshnwntogiveusefiflnsultsandiseon'ectinasmuchasthe

radiatedprcssureisproportionaltothemeanvelocityinthepanel Thunmcalculatethe

radiated acoustic power, we need only to calculate the mechanical power delivered to the

paneL

3. EQUIVALENT CIRCUIT OF A DISTRIBUTED MODE LOUDSPEAKER (DML)

GiventhattheDMLisaresistaneecontrolleddevice, andthatwe do not needtn consider the

acoustic radiation in detail, we can develop an equivalent circuit from Figure 1. This

represents a simplified version of the “inertial magnet driver" application used by New

TransducersLimited intheirwhiIepaper [5].

“gm 1. Medanlul elements and forces for a panel driven Ivy I damped man-spring mlllam.

The coupled equations ofmotion are given in (2) and (3) below.

1 d: dx .

MIL:- —-—T:)+~<x.-x,)-r=o a)
(3)

lftheforceisnssumedto be sinusoidalwithangular frequency, m,andusingthe samesymbols

to refer to the peak values of variables, then
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“05”” (andsimilarly forxmandxp)

—w’M_x_+jwr(x_ —x,)+k(xn -xp)+F= 0 (4)

1102}, —jmr(x_ —x,)— k(x_'—x,)— F = 0 (5)

orinmatrixfomsepamfingthesfifiless,massandresistancemtfices

(Lg—m’g+jm£);—_E=0 or {=(5—wzg4-ngyllj (6)

where

M-_[M_ 0] K [k 4:) R_[r —r) 0 0]

-='oo ='—kk =—-rr+OZ, (7“)

" 4"]5—1:, E— 1 (7b)

So,thevelocityinthepanelisgivenby

 

_Ep_= jam,

n- F F m
_ k—m’M_ +jt0r —k-jwr "(—1)

Y” _ 1mm l)[ —lz—ja)r k+ jmr +ij, 1 (9)

w‘M.
(10)

Y” = iw‘u_(z, +r)-z,ki—jw(kM, +rz,)

Byinspection, nofingthcvelocityinthe springanddamperisthedifieueneebetweenthc

velocfiieshthemmdpanehheequimlem circui‘usingtheimpedameanalnguecanbe

dawnesperFigureZ. Itisatelativelystmight forwardmskto verifythatthemtin ofpanel

velocity, u, to force, F, matches that given by the reciprocal ofequation (10), Le.

 

line, = Zp[]— (1|)
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u =“p'um %

1%

Tr JIM
Figure 2. Impedance lnnlugn: model of DML panel

4. PRACI'ICAL IMPLEMENTATION OF THE EQUIVALENT CIRCUIT FOR A
. MOVING COIL MOTOR

FigmesldenpresemaDMpamldfivenbyanideafiwdpoimwume. Ifweconsiderthe

mmrsystanmhemvhgwlthmMnmpmsentsthemofthemgmLcupmdpole

piece. nupxing/dmnpetmpresemsmusofattachmentofthemowrtothepanel To

mmfirtbefieflofmwlmmmdmmwhthammWMmeqml

tothemassoftflevoiceooil. Addfiomflyfihehnpedanoezpisonlylealfixapoimsoume,

andwillgenemllybeacomplexquanfityforafinhediametervoioeooil. Thereacfive

component. X... is smallemzpt at highfi'equencies.

FigmBshowsamdelofsuchasysmalongwithitsequivalemehcuiL Foraoomplete

electro—mechanicalmodeLagyratorandcoilimpedanceshouldbeadded. Thereaxeoomputer

pmyumonthemrhflwfichficmmemhmdeflhghremmpbmm.

Thefl‘ecfivemechmiealimpedamrelafinguptoFforFigmeMs

bud, = 2;,[1—
m’M.

when ZL=RP+1XP +jwM‘.

At high Eequencies, equation (12) simplifies considerably. becoming Z'p + 1', Le.

21"” ~(R‘,+r)+j(X, +wM‘)= R, +J'WM:

Pm.l.o.A. Vol 19 Pan 5 (1997) 



 

Proceedings of the Institute of Acoustics

A SIMPLE ELECTRO-MECHANICAL MODEL OF THE DISTRIBUTED-MODE
LQUDSPEAKER (DML)

whichgivesthehighfi'equencylimitfortheDMLas

R
P

f... “’ zflM: (l4)

 

A similar simplification gives the low frequency limit which, ifwe ignore k, is given by

1 R
so f...-.. ~ 2”]; (Is)

  

Y ~]—+
" R .jwMp n

Altematively,ifweignoreMmforamomcnt.itisevidemthnt

k

f“ B 27m,

 

(l6)

 

Figan 3. lmpednnce anllogne model of DML panel with moving coll motor aynem.

5. CONCLUSIONS

Au clown-mechanical model has been presented which will enable acoustic engineers to use

existing sofiwm programs to investigate the application of DML technology to their acoustic

problems. Given that a stiff. light pant! can be designed to have optimal modal distn'bution
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and low loss, it has been shown that in order to model the acoustic pressure or acoustic
power, it is suflicient to calculate the mean velocity in the paneL

The bandwidth of the DML is seen from equations (14) to (16) to depend only on the ratio of
magnet mass, coil mass, and suspension stimiess to the panel mechanical impedance. The
panel properties affect the and fiequency limits only via the mechanical impedance.
It is possible to design a single DML to be substantially flat in pressure and power response
over a very wide bandwidth without any electrical filtm, something which is impossible to
achieve with conventional loudspeaker technology.

6. APPENDIX - Glossary ofsymbols

Panel parameters

E = Young's modulus, Pa

p = mas daisity, kg/m’
v - Poim's ratio
h = thichiess ofpanel. m
B = herding rigidity ofpanel, Nrn
p = mass pa unit area nt'panel, kym’
Z, = R, +j.X, = mechanical impedance ot'panel. ksls

Notethatfar ‘ ic el B=— and = hI h3
I“ m Pan lzil—V’i # p

Acoustic parameters

on = angular fi'equmcy. rad/s
c=speedofsoundinair.mls

_k = acmsticwave number = rule, in"
q) = speed ufbarding-wave in panel (in-plane), mls
II]: = antenna] wavenlnnba' = mic. m"

MechaniaI persuade-s .

x. x,,. x... = out-of-plane displacements, in

u. up,u... = out-of—plane velocities, mls
F = force, N

General

but over variable - rms value. mg. 5

single underline = vener. as. 5

double Imderline = matrix. e; M

64 Proc.l.O.A. Vol 19 Part 6 (1997)

mem 
 



 

Proceedings 0! the Institute of Acoustics

A SIMPLE ELECTRO—MECHANICAL MODEL OF THE DISTRIBUTED-MODE

LOUDSPEAKER (DML)

 

7. REFERENCES

[1] NXT is a registered tndnnalk ochwa-ansduws Ltd, a subsidiary ofVaity Graup PLC.

[2] P. M. Morse, 'Vibmion and Sound', pp I 15-116. MeOnw Hill

[3] Men: and Ingani. Theoretical Aoousu". swim 7.4. Moan-aw Hill

[4] Muse Ind lngprd, ‘Theoraical Amustiu', Sedian 5.3.19. McGraw Hill

[5] ‘NXT White Papa”, (C) New Tmsduna's Ltd., W96

[6] AkAbak 2.0. Panza & Partner; Steinsu'ase l5, 381667. Munich. Gummy.

Proc.l.0.A. Vol 19 Part 5 (1997) 65



Proceedings of the Institute of Acoustics

ProcJDA. Vol 19 Pan 6 (1997) 


