Elektroakustika

L06: Reproduktory

doc. Ing. Jozef Juhar, PhD.

http://voice.kemt.fei.tuke.sk




Reproduktor = elektroakusticky meni€ + akusticky
vysielac

» zakladnou poziadavkou, kladenou na reproduktor je verna reprodukcia
akustického signalu

« prenosova sustava — elektricky signal na vstupe — akusticky signal na vystupe
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Poziadavky na ,,1dealny* prenos

e konStantna amplitidova
frekvenc¢na charakteristika

AFCH

* linearna fazova charakteristika

« 1mpulzova odpoved’ (prechodova
charakteristika) bez zvlnenia

 minimalne nelinearne skreslenie

frekvencia

o . dobra“ ucinnost’

FFCH

« Ziaden reproduktor nespliiia tieto
poziadavky = vel'ké mnozstvo
typov

frekvencia
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Rozdelenie reproduktorov

(podl'a spésobu vysielania)

* priamovysielajace

* nepriamovysielajuce (tlakove)
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 piezoelektricke

e
e

e]

e Iné

Rozdelenie reproduktorov

(podrla typu elektromechanického menica)

ctrodynamické cievkove

ctrodynamicke paskoveé

ktrostaticke
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Rozdelenie reproduktorov
(podl'a prenaSan¢ho pasma frekvencii)
e nizkotonoveé
o stredotOnové
* vysokotonovée

v e 14 4 ] Tweeter 5
 Sirokopasmove l #1 3l high /[
=
.« o pass
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Elektrodynamicky reproduktor

1 - predna platna

2 - otvor
3 - polové nastavce
4 - magnet

5 - zadna platna

6 - cievka
7 - vzduchova medzera
8 - k6s

9 - surround

10 - membrana

11 - prachovy kryt
12 - strediaca membrana
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Podsystémy elektrodynamického reproduktora

* clektrodynamicky elektromechanicky menic:

— magneticky obvod (permanentny magnet, podlove nastavce,
predna a zadna platna)

— clevka;
e mechanicky obvod

— teleso membrany a cievky

— pruzn¢ zavesenie membrany a cievky:
* strediaca membrana - pavuka (spider)
* poddajné zavesenie na okrajoch (surround)

 akusticky vysiela¢ — plocha membrany v tvare:
— zrezan¢ho kuzel'a
— guloveho vrchlika (konvexny alebo konkavny)
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Typickeé parametre nizkotonoveho reproduktora (woofer)

Nominal Impedance
Recommended Frequency Range
Short Term Power Handling *
Long Term Power Handling *
Characteristic Sensitivity (2,83V, 1m)
Voice Coil Diameter

Voice Coil Height

Air Gap Height

Linear Coil Travel (p-p)
Maximum Coil Travel (p-p)
Magnetic Gap Flux Density
Magnet Weight

Total Weight

8 Ohms

50 - 4000 Hz
250 W

60 W

86.5 dB

26 mm

16 mm
6 mm

10 mm
20 mm
1.1 T

0.42kg
1.29 kg

Voice Coil Resistance

Voice Coil Inductance
Force Factor

Free Air Resonance

Moving Mass

Air Load Mass In IEC Baffle
Suspension Compliance
Suspension Mechanical Resistance
Effective Piston Area

VAS

QMS

QES

QTS

5.7 Ohms
0.3 mH
4.6 NJA
49 Hz
6.28 g
038 g

1.7 mm/N
0.93 Ns/m
75 cm?

12 Litres
2.21

0.56

0.45
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Typické parametre stredotonového reproduktora (midrange)

Nominal Impedance
Recommended Frequency Range
Short Term Power Handling *
Long Term Power Handling *
Characteristic Sensitivity (2.83V, 1m)
Voice Coil Diameter

Voice Coil Height

Air Gap Height

Linear Coil Travel (p-p)
Maximum Coil Travel (p-p)
Magnetic Gap Flux Density
Magnet Weight

Total Weight

MCA12RC

iy

8 Ohms
400 - 5000 Hz
400 W
110 W
86.0 dB
26 mm
5.8 mm
4.0 mm
1.6 mm
1.1 T
0.25 kg
0.66 kg

H 08 ohm ;
Mooy |

Voice Coil Resistance

Voice Coil Inductance
Force Factor

Free Air Resonance
Moving Mass

Air Load Mass In IEC Baffle
Suspension Compliance
Suspension Mechanical Resistance
Effective Piston Area

VAS

QMS

QES

QTS

6.3 Ohms
0.31 mH
4.2 NJA
68 Hz
4.58 g
0.24 g
1.2 mm/N
0.85 Ns/m
55 cm?

5 Litres
2.42

0.74

0.56
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Typickeé parametre vysokotonoveho reproduktora (tweeter)

Nominal Impedance

Recommended Frequency Range
Short Term Power Handling *

Long Term Power Handling *
Characteristic Sensitivity (2.83V, 1m)
Voice Coil Diameter

Voice Coil Height

Air Gap Height

Linear Coil Travel (p-p)

6 Ohms

2000 - 25000 Hz
200 W

90 W

91 dB

26 mm

1.5 mm
2.0 mm
0.5 mm

Voice Coil Resistance

Voice Coil Inductance
Force Factor

Free Air Resonance
Moving Mass

Effective Piston Area
Magnetic Gap Flux Density
Magnet Weight

Total Weight

4.6 Ohms
0.05 mH
3.5 NJA
700 Hz
033 g
7.0 cm?
1.8 T
0.34 kg
0.80 kg
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Reproduktor v nekonecnej ozvucnici
(symbolicky nacrt)

* membrana reproduktora
je nahradena 1dealnym
piestom

* predna a zadna strana
piesta ,,je zatazena*
vysielacou impedanciou

AN

o ,.nekonecna* ozvucnica
sluzi na dokonalé
oddelenie akustickych
priestorov pred a za
membranou

Ug ZarD B ZARD
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Elektrické, mechanické a akustické prvky

elektrodynamického reproduktora v nekonecnej ozvucnici

1{G
REVC

Leve
Bl

MMD

®

MS
RMS

2
5

ARD

0!
)

vnutorny odpor zdroja elektrick¢ho signalu;

elektricky odpor cievky;

elektricka indukcnost’ cievky;

transformacna konsStanta elektromechanického menica;
mechanickd hmotnost’ membrany a cievky reproduktora;
mechanicka poddajnost’ reproduktora;

mechanicky odpor trenia membrany, telesa cievky a pruzného
zavesu;

akusticky vysielaci odpor reproduktora;
akusticka vysielacia hmotnost’ (membrany) reproduktora;

efektivna  vysielacia plocha membrany reproduktora
(transformacna konStanta mechanicko-akustického menica).
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Elektricky podsystem reproduktora

Re

us| ()

Elektromechanicky
menic

VD

Q

PR
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Elektricky podsysteém reproduktora

(nahradna schéma)

R Revc Leve o Vo

UGl Zys

* mechanicka impedancia Z,, predstavuje mechanicku zat'az
elektrodynamickeho menica, tvorent mechanickymi prvkami a akustickou
,,Zatazou*‘reproduktora

* hlavnou veli¢inou na mechanickej strane nahradnej schémy mechanicka
rychlost’ vy, pretoze vstupné elektrické napatie sa meniCom transformuje na
rychlost’ (,,prudova* veli€ina)
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Mechanicky podsystém reproduktora

(symbolicka schéma)

 zdroj mechanickej rychlosti v, je obrazom elektrického napétia na vstupe
elektrodynamického menica

* mechanicka impedancia Z,,; reprezentuje elektrické prvky, zobrazené na
mechanicku stranu

29.marec 2007
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Mechanicky podsystém reproduktora

(analogicka schéma)

* hlavnymi prvkami mechanickeho podsystému reproduktora s mechanickeé
prvky My, Rus, Cus, ktoré kmitaji rovnakou rychlost'ou vy, takze v
analogickej schéme budi zapojene do série

* mechanickd impedancia Z,,, reprezentuje akustick zataz piesta (vysielacie

impedancie) zobrazeni na mechanickej strane cez idedlny mechanicko-
akusticky meni¢
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Akusticky podsystém reproduktora

(symbolicka schéma)

e je nim idedlny (dokonale tuhy,
nehmotny) piest plochy Sy,
ktory je zdrojom akustického
vlnenia, generovaného do
akustickej vysielacej
impedancie Z

e piest ma v analogickej schéme
funkciu mechanicko-
akustického menica

Wp = <> = Wp

ZARD ZARD

29.marec 2007
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Akusticky podsystém reproduktora

(analogicka schéma)

Wp

(ol

SD:1

(o]

e pretoze piest vysiela prednou
a] zadnou stranou do
oddelenych akustickych
priestorov, jeho nahradnou
(analogickou) schémou je
dvojity mechanicko-akusticky
menic, u ktorého je opacna vp| A
faza akustickych veli¢in Sp:1
realizovana ,,otocenim*
polarity sekundarnej strany

ZARD

OonN
AN E
O

ZARD
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Vysielacia impedancia piesta v nekonecnej stene

Z pro = Raro (a))+ JoM 5

Mav
o Y Y \L__
Lo 2
R W)= 0,
ARD( ) 2rc,
Rav(®)
. M P SR, _ 8,0,

ARD Sy 37z - 37°R,
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Uplna nahradna schéma elektrodynamického, priamovysielajiceho

reproduktora
RG REVC LEVC 5 Vo RMS MMD CMS . Wo MARD
e, () C
- - - Marp

RARD
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Uprava (zjednodusenie) ndhradnej schémy reproduktora

RMS IVIMD CMS IVIMRD RMRD IVIMRD

Bl Vb Y ” o YL YL
MMRD — MARDSD2 R
MRD
RMRD = RARDSD2

Rus Mmp+2-Mwurp Cus

Bl Vb Y II o Sp
)( 2*RMRD
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Zjednodusena nahradna schéma elektrodynamického
priamovysielajuceho reproduktora

e Reve Leve Rus Mus Cus

\Y W

@ ple

MMS :MMD+2MMRD
RARDio

Akusticka vysielacia hmotnost’, zobrazena do "mechanickej" ¢asti schémy:

8
Muro =M arpo SD2 = g RD3:00
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Analyza vlastnosti reproduktora v nekone¢nej ozvucnici

* clektricka impedancia

» prenosove vlastnosti (analyza pri ,,malych® signaloch)
— prenosova funkcia
— menovitd ucinnost’
— charakteristicka citlivost’

* vykonove vlastnosti (analyza pri1 ,,vel'’kych* signdloch)
— vychylka reproduktora
— maximalnou vychylkou limitovany el. prikon

— maximalnou vychylkou limitovany ak. vykon
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Elektricka nahradna schéma reproduktora

Re

Reve Leve

| Y Y

o

|
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Elektricka impedancia

Sy /QMS

(BI)’
ZEM — R

MS

‘ZEM (JQ)‘ =

2 9
Sy~ Sy /Qus +1

(BI)" Q/Que

s \/(1 - )2 +(€/Qus )2

— REVC +

S I‘EVC + ZEM
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|Zepls 1Zel [Q]

Elektricka impedancia reproduktora

40
— |Zgyl

w0l e — |Z¢l
—— olgy,

20 - N o

@) o
10 -
Reve I N A
0 S —— T T 1
0,0 0,1 1,0 10,0 100,0
(olcos
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2 Total Input Impedance of DEMO1, Amplitude [Phase)

ohm

e — Zinof all spstems AkAbak [R]

5 —"" f//

20 50 100 200 500 1k 2k Bk 10k 20k
Frequency Hz

* na elektrickej impedancii reproduktora sa podiel’a:
— elektricky odpor cievky Ry, — v celom frekvenénom pasme

— paralelny elektricky rezonan¢ny obvod (R, L,Crs) — v pasme nizkych frekvencii (v okoli rezonancnej
frekvencie)

— reaktancia cievky (oL,,) — zacina sa vyraznejSie prejavovat’ zhruba od 10-nasobku rezonancnej
frekvencie

29.marec 2007
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Rezonanc¢na frekvencia a ,,mechanicky“ Cinitel kvality
reproduktora

« sériova mechanickd impedancia je z elektrickej strany ,,videna* ako paralelna
(je to zrejmé z rezonancnej krivky elektrickej impedancie reproduktora)

« ,,mechanicky* Cinitel’ kvality je €initelom kvality sériového mechanického
rezonan¢n¢ho obvodu, ktory je z elektrickej strany ,,videny* ako paralelny
elektricky rezonancny obvod
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Analyza prenosovych vilastnosti sustavy
(plati pre pasmo nizkych frekvencii)

* malé signaly — linearna oblast’ kmitania reproduktora

e prenosova charakteristika reproduktora - pomer medzi vystupnou
akustickou veli¢inou (akusticky tlak, akusticka objemova rychlost’,
akusticky vykon) a vstupnou elektrickou veli¢inou (elektrické napatie,
elektricky prad, elektricky vykon)

 najcCastejSie - pomer vystupného akustickeho tlaku ku vstupnému napétiu

e v uvazovanom pasme akustickych frekvencii reproduktor povazujeme za
zdroj gul'ovej zvukovej viny a vplyv indukc¢nosti cievky je zanedbatel'ny

* v blizkom poli reproduktora plati:

Po d wp (1)
2zr dt

Lo
2rr

pout (t) — <:> pout(s) — SVVD (S)

r — vzdialenost od ustia reproduktora
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Zjednodusenie schemy

(vynechanie induk¢nosti cievky)

Re Reve Rus

Mys ~ Cws

£78

_NV\_I

SD:1

Wp

* akusticky tlak v priestore mézeme urcit’ z objemove;j

rychlosti, ktora vieme zistit’ z analogickej schémy !!!

2*RARD
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Mechanicko-akusticka analogicka schéma

[ I |

2*RARD
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Akusticka analogicka schéma

Ras Mas Cas
I o Y “ o 3D
we | 1 Rae
u, - S, M s =
W, =V; - Sy =
(BI)
R
(BI)Z 1 AS

= (Rg + Reye) Sp’ C s
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Akusticka nahradna schéma

Rae Ras Mas Cas

o

pGl ~u, (Bl 2-RarD
% TR, + Reve) So T
SN ;) L
(Ry +Reve) Sp

» vynechavame indukCnost' a vysielaci odpor — zaujima nas frekvencné pasmo, v
ktorom je ich vplyv zanedbatelny

» transformujeme vSetky prvky do akustickej oblasti

* na vyslednu schému aplikujeme Théveninovu poucku ("prudovy" zdroj sa zmeni
na "napatovy")

29.marec 2007
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Objemova rychlost’ v akustickom poli

u, (s)-(BI)

O(S):WD(S): (Rg + REVC)SD 1 —w,,. W(S)

Ry + Ry +SM o +——

SCas
. U, -(Bl) 1
o (Rg +REVC)'SD Rar
W(S)— SCasRar Rar = Ras + Rae

M, C, +SC, R, +1

29.marec 2007
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Objemova rychlost’ v akustickom poli

W (s)= Sn/Qr
Sy~ +Sy/Q; +1
S , .
Sy =—— — normovany operator S
s

29.marec 2007
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Amplitudova charakteristika objemovej rychlosti reproduktora

’VV ( J'Q)‘ = Q/z C — funkcia pasmového priepustu
\/(1 -0’) +Q/Q;

A0 4 A ........ ............. ........ .............

|W(i©2)| [dB]

A5 4. A ............. ________ ............

20 A ........ ............. ........ .............

25 ; ; SRR N ; ; L r NG
0,1 1 10
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Fazova charakteristika objemovej rychlosti reproduktora

2

arg| W (jQ) | =arctg a/0

1,5_.... ........ ,,, ............. ........ —

10 4 TN S Q,=0.71

054 NN SR

0,0 H e ........ ............. ........ .............

arg [W(jQ)]

054 ........ .......... ........ .............

404 SR e OO e R NCULRPROS PO UL IS PR

A5 SSUUUUU UUUUE SO SRS SO S OO T
0,1 1 10
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Celkovy Cinitel’ kvality reproduktora

0 - L 1 M.
2
a)S CAS RAT R 4 (BI) CI\/IS

" (Ry + Reve)

2
L (PR ) /ﬁm IR
QT MS ( g+ EVC) MS QI\/IS QE

* celkovy Cinitel kvality reproduktora je Cinitel’ kvality rezonancéného obvodu, na ktorom sa okrem
mechanickych reaktanénych prvkov (Mg, Cyi5) podielaji vSetky odporové prvky (mechanicke aj
elektricke)

* celkovy Cinitel’ kvality tak moZno rozdelit’ na dve ¢asti, na mechanicky Cinitel kvality, ktory je
¢initel'om kvality ,,Cisteého* mechanického sériového rezonanéneho obvodu, a na tzv. elektricky
Cinitel’ kvality
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Elektricky Cinitel’ kvality reproduktora

_(R9+REVC) MMS_REVC 1+ Rg MMS _Q 1+ Rg
E 2 o 2 ~ XES
(BI) CMS (BI) REVC CMS REVC
Rg
Qe =Qg| I+ R
EVC
R M * elektricky ¢initel’ kvality zavisi od dvoch odporov, od
QE s = EVC MS vnutorného odporu zdroja signalu R a od elektrického
(B| )2 CM s odporu cievky Rgyc

» ked’Ze od celkového Cinitel'a kvality zavisi tvar amplitadove;j
frekvencnej charakteristiky, je zrejmé, Ze na tvar AFCH
bude mat’ vplyv nielen odpor cievky, ale aj vnatorny odpor
zdroja
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Akusticky tlak v akustickom poli

reproduktora
1% %
_ — . .S.-W — .G
p()(s) 7Z'r SW (S) 27Z'r WO,max S (S) pO,maX (S)

U -(BI)-S
Proax = M (B1)Sp —_ amplitdda akustického tlaku
27r (Rg+REVC)MMS

2
S MAS CAS

G(s) = — prenosova funkcia reproduktora

$°M , C,s +SC, R,r +1

29.marec 2007
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Prenosova funkcia reproduktora

SN
S~ +S,/Q +1
S 14 14
Sy =— — normovany operator S
23

29.marec 2007
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Amplitudova frekvencna charakteristika reproduktora

2
|G( ja))| = 2 — funkcia hornopriepustného filtra

\/(92 1)+ /Q?

9
O |
El —
= b Q.=2
T -9 B
8 _
-~ | QTz
18 — _
| Q,=0,5
0,1 1,0 10,0

O/
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Fazova frekvenc¢na charakteristika reproduktora

arg|G( jw)]|=—arctg ——- QR

Q% —1
3,0 1 =
2.5
= 20 -
8
o
-§-’ 1,5
< —— Q=05
1,0 A Qr=0.7
— QT=1
0,5 - | — Qr=14
— Q=2
0,0 : :
0,1 1 10

o/mg
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Prenosova funkcia reproduktora ako hornopriepustny filter 2. radu

e charakteristika

 detaily charakteristiky: b.s
— medzna frekvencia G (S) - =
— zvlnenie charakteristiky v okoli
rezonancnej frekvencie G (S) Sy

— sklon charakteristiky v pasme Sy~ +Sy/Q; +1
pod medznou frekvenciou

— vzt'ah medzi medznou

frekvenciou a rezonan¢nou b, =1
frekvenciou a, = 1
1
a =—
Q;
a,=1
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Thiele-Small (TS) parametre reproduktora

e suto odvodené parametre
« umoznuju prakticky a vel'mi rychly odhad vlastnosti reproduktora
e maju vyznamnu ulohu pri ndvrhu reproduktorovej stistavy

‘o : 1
rezonancna frekvencia: f =
272.\/M MS CMS
e 11 1 M
mechanicky Cinitel’ kvality: Qs =
RMS CMS
elektricky cinitel kvality:  Qu =2 | Mus
(81 \ Cus
celkovy Cinitel kvality: Q,, —es Que
QES + QMS
ekvivalenty objem: Ve =0,:C-Sp” " Cpye
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Menovita u¢innost’ reproduktora

Pomer ¢inneho akustického vykonu
k menovitému elektrickému pAzPAl Raro

ikonu:
prikonu ‘WO‘Z R,

PE,NOm |: EG :|2 . REVC
RG + REVC UG\L

Reve

Po dosadeni a uprave:

20 2 2 ¢3 3
M) = Py (BD)'S, = 472 f Vas ~9.6-107 - fs™ Vs
27¢y Reye Mys Co Qg Qs
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Akusticky tlak v akustickom poli reproduktora

« amplitadu akustického tlaku vyjadrime pomocou TS parametrov

pmax

\/2”100 \/P\/ s Vas [Pa]

Co r Qcs

—-79.10"° E % [Pa]

__Po . Ug'(BI)'SD
" 27t (Ry+Reye ) My

— amplitada akustického tlaku

29.marec 2007
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Charakteristicka tlakova citlivost’

Akusticky tlak v osi reproduktora vo vzdialenosti 1m od jeho ustia pri
elektrickom prikone 1W:

7.9.107 - % - [PaW'l/zm]

p|1W,1m

max ’

m [PaW'l/ Zm]

ES

o} =7.9-107-

Phw 1m

Rychly odhad amplitady akustického tlaku z charakteristickej tlakove;j

citlivosti:
E [P a]

Piax = O ppwam "
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49




Hladina akustického tlaku a char. tlakova citlivost’
v [dB]

L, =20-log,, — [dB]
pref

P =2-10° [Pa]

L, =20-log,, —2M-"  [4B]
O

p,ref

~-2.10° [Paw—l/zm]

p ref
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Vychylka reproduktora

Linearna vychylka membrany reproduktora:

L w()
S, S

XD(t):jVD(T)-dr: -jwo(r)-dr =  X(9) =

1
SD

XD(S)Z Eg (BI)CAS . 1

(Rg+REVC) SD2 Sz'MAS'CAS"|'S'CAS'RAT"‘1

Xp(S) = \/FTE Oygy - X(S)
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Vychylkova citlivost’

Amplitida vychylky membrany reproduktora na 1W elektrického

prikonu:
Cys-(BH _ 1 1 J Vs
x IB
® - Reve Con/ 277 P, Sp fs'QEs
10,65-107* V L
Ux(IB) — S \/f Ag |:mW 2:|
D S ES
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X(s)= = \x(ja))\z\/(

IX(jo)|

FrekvenCna charakteristika amplitudy vychylky

1

1

SN2+SN/QT +1

1-0Q%)+Q/Q;’

— Q=05
Q7=0,707
— Q=t
—— Qp=1,41
— Q=2

0,1 1,0
o/og
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Zdroje nelinearneho skreslenia

* rozptylové magnetickée pole
Magnetic Field

- 222 --ZZC-= Top Plate

had —_—
LY ’)/' =r

Maﬁ net

( Pole Piece

Back Plate

Spider

}

Dust Cap

« materialové nelinearity ,,spidera‘“ a Hg.
oice L0l
,,surroundu‘

Surround

29.marec 2007

54




Maximalnou vychylkou limitovany elektricky prikon

- 2
P . l ] XD,max
ER,max ~ -
2 | Oy | X (@) |
2
P _ PGy fs - Qgs -V Dmax
ER,max ~ V 2
AS ‘X ja)
max
VD,max — SD ) XD,max
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Maximalnou vychylkou limitovany akusticky vykon

— 4 72-3 .IOO . fS4 .VD,maxz

AR,max CO ‘X(Ja)) maXZ
.I: 4 V 2
PA — O, 42 ] S - D,max2
X(jo),,,
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Meranie Cinitel'ov kvality z impedancnej charakteristiky

1. Z impedancnej krivky odcCitame:

Rives Ry RpstRyye, f5, £y aty

2. Vypocitamet, ar;:

— RES + REVC a rl Rl
R R

EVC

Fy

EVC
3. Vypocitame Cinitele kvality:

f

QMS f2 >

~ Qus

Qes = r,—1
Q

QTS = rMS

0

4. Ak zvolime R1 tak, aby: 1 = \/E
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Meranie ekvivalentného objemu z impedancne;
charakteristiky

1. Z impedancnej krivky odCitame rezonan¢nu frekvenciu £,

2. Na membranu reproduktora prilepime zavazie hmotnosti AM,,
a zmeriame novu rezonancnu frekvenciu fg,<g,

1
1. f,, =
27 M . -C
\/ N '\I/IS & I\/II\/IS’CMS — VAS — C02p0CMSSD2
2. f, =
272)(Mys +AM,, )-Cys

J

29.marec 2007 58




Analyza vlastnosti reproduktora v nekone¢nej ozvucnici
pomocou programu AkAbak

RARD

RARD
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Seas Prestige ER18RNX
Reve=5.90hms; Leve=0.67mH; BI=7.2N/A;
Mmd=14g; Mmrd=0.92g;
Rms=2.2Ns/m; Cms=1.3mm/N; Sd=136cm?2

ymax=omm; sens=88.5dB; Pe(lt)=80W

Def Const

{roh=1.18; c0=344; Sd=0.0136; Rd=sqrt(Sd/p1);
Mard=(roh*§*Rd)/(3*pi*Sd);

|

System 'S1'

Resistor 'Rg' Node=1=2 R=10mohm
Resistor 'Reve' Node=2=3 R=5.90hm
Coll 'Leve' Node=3=4 L=0.67mH

Fs=37Hz; Qts=0.32; Qms=1.58; Qes=0.39; Vas=32l1t.

Skript

Gyrator 'Gyl' Node=4=0=5=0 BI=7.2Tm

MechResistance 'Rms' Node=5=6 Rm=2.2Ns/m
MechMass 'Mmd" Node=6=7 Mm=14g
MechCompliance 'Cms' Node=7=8 Cm=1.3e-3m/N

Coupler 'front' Node=8=9=10

Ratio={1/Sd}

AcouMass 'Mardl' Node=10=11 Ma={Mard}
Impedance 'Rard]l' Node=11
Z={(roh*w"2)/(2*pi*c0)}

Coupler 'back' Node=9=0=0=20
Ratio={1/Sd}

AcouMass 'Mard2' Node=20=21 Ma={Mard}
Impedance 'Rard2' Node=21
Z={(roh*w"2)/(2*pi*c0)}

Potential 'P1' Node=10

29.marec 2007

60




Vstupna impedancia obvodu

19. Impedance of LOB-07, Amplitude [Fhaze]

z

ohm — __ 51 at node=1 Akabak [R)

43

35
28 /

20

2 ] 10 il 100 a00 1k Ak, 10k
Freguency Hz
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Amplituda vystupnej objemovej rychlosti (Lgy,=0)

» fazy objemovych rychlosti prednej a zadnej strany membrany s posunuté o

180 st. — vysielanie v protifaze

24 Wolelocity of LOB-07, Level [Fhaze]
in=070 s

-5

64

-T2

-81

-89

-93

— 51, MN=21=0, Impedance AardZ

— 51, MN=11=0, Impedance Rardl Akabak [R]
+'|E|j°
B I T :':I:;;P I __=-H_"=-::_\_:-\: ______________________________________________________
.+SD°/¢f ___________________________________________ . N B e et ey i
LT
'-___11\
Iy e
""""""""""""""""" a\\
il
| 90° I S R N I A
— | \\
IGEE A S N e 15 O AR A A W S P M ! O \
|
i 4] 10 ] 100 /00 1k Bk, 10k
Frequency Hz
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Akusticky tlak na vysielacej impedancii (Lgy,=0)

* neposkytuje vhodnu interpretaciu akustickeho tlaku, vyslan¢ho do priestoru

26. Prezsure of LOG-07, Lp [Phaze]

Uin=0. 70 sz — 51, N=11=0, Impedance Rardl
seg | ST.N=10=11. Ma=4.85kg/md Mardl 1 N=10=0, Potential P1 Akabak [R)
140
120 e
.aa-'ﬁ
==‘:p:|'°":‘ﬂ
_——Ffﬁij
100 —
"
] _—
L] ?’___ﬂ_.-*""ﬂ

a0 /

] ,f/
Bl ~

2 5 10 Al 100 500 1k Bk 10k 20k

Frequency Hz

29.marec 2007




Vychylka membrany reproduktora (Lg,=0, P,=80W)

» v pasme vel'mi nizkych frekvencii vychylka niekol'’konasobne prevysuje dovolenu vychylku !!!

27, Excursion of LOB-0Y, Amplitude [Phasze)

Uin=24. 3/ rms
M 51, M=RE=7, Mm=14g Mmd Akdbak (R
Bdm —
H“‘H
43.2m \
32 4m
21 Bm
10.8m \
D \\\“-_____h
2 5 10 50 100 500 1k Bk 10k 20k

Frequency Hz
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Makromodel ,,Radiator*

* je implementaciou vysielacej impedancie reproduktora a

vztahu: ...

« umoznuje simulovat’ akusticky tlak v priestore

« z pohl'adu analogickej schémy 1de o ,,dvojpol*, ktorého
jeden pol je automaticky uzemneny ...
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Nahradna schéma reproduktora s makromodelom

: (44
,,Radiator
[ J
R M
P
D¢ @ »
o+ L M —
20 Wp %0 21

RARD
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Skript

Seas Prestige ER18RNX Gyrator 'Gyl' Node=4=0=5=0 BI=7.2Tm
Reve=3.90hms; Leve=0.67mH; Bl=7.2N/A; Mmd=14g;

Mmrd=0.92g; MechResistance 'Rms' Node=3=6 Rm=2.2Ns/m
Rms=2.2Ns/m; Cms=1.3mm/N; Sd=136cm2 MechMass 'Mmd' Node=6=7 Mm=14g

Fs=37Hz; Qts=0.32; Qms=1.58; Qes=0.39; Vas=32l1t, MechCompliance 'Cms' Node=7=8 Cm=1.3¢-3m/N
ymax=bmm; sens=88.5dB; Pe(lt}=80W

Coupler ‘front' Node=8=9=10

Def Const SD={Sd} |Piston

{roh=1.18; c0=344; Sd=0.0136; Rd=sqrt(Sd/pi); Radiator ‘Radl' Def="front' Node=10
Mard=(roh*8*Rd)/(3*pi*Sd); X=0 y=0 z=0 HAngle=0 VAngle=0

| Coupler 'back' Node=9=0=0=20

System 'S2' [Radiator na prednej strane membrany SD={Sd} [Piston

Resistor 'Rg' Node=1=2 R=10mohm AcouMass 'Mard2' Node=20=21 Ma={Mard}
Resistor 'Reve' Node=2=3 R=590hm Impedance  Rard2' Node=]1

Coil 'Leve' Node=3=4 L=0.67mH Z={(roh*w"2)/(2*pr¥el)}
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Coupler — vazba na piest

Diaphragm
Outer dimensions
("' Circular
(" Circular area

("' Bectangular
Inner dimensions

(8 Pigton

(") Cone

("' Convex Dome

(") Concave Dome

| Coupler

Element identification

back

Modesz
g t u ¥ - Ensy
an
|EI 0 0 20 cloze

0One of the secondary poles has to be grounded. Couplerz can not be chained. Make sure that there iz
no zecondary pole wired to any other pole of a Coupler.
The primary poles can be connected in series or in parallel with other Couplers.

("' HRatio az value

Circular Area

SD
136cm2
mZ.._.in2

Diameter of
inner diaphragm

dD1

Set dD1 < O to removye inner

("' Ratio az runtime formula

diaphragm.
Scattering
Dizplacement direchivity
4 Diffuse
m.._.In 4

ol

E

Ok

Ezc

(8 Hatio az diaphragm

Diaphragm dimenszions
dD__.

m....In
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Radiator

29.marec 2007



Sum/Acoustic Pressure
' Sum Inspect Calc Tools Window Help
| Acoustic pressure...  F5
[B)iaer:t::r;;ﬁern, cartesic... F@
Directivity pattern, polar...  Shift + F&

Sum voltage...

Driving point impedance...
Driving point power...
Driving point current...

Extreme values...
Fower density...
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Akusticky tlak v akustickom poli — simuldcia makromodelom ,,Radiator*
(Sum/Acoustic pressure; v osi reproduktora, R;=0, L, =0, PE=1W)

29. Sound Prezsure of LOB-0F, Lp [Fhasze)
Uin=2 43z, Distance=1m

db N Y= Akabak [R]
— H=0,%=0
100
a3
/f B
=y
76 o
64 /
h2
40
2 ] 10 a0 100 a00 1k, Ak, 10k 200,
Frequency Hz
71
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Vplyv vnatorneho odporu zdroja (R;=1€2)

29. Sound Prezsure of LOB-0F, Lp [Fhasze)

Hin=2. 43 mn=, Distance=1m

dB e Akdbak () dB
— H=0,%=0
100 100
a3 a8
/ o =
o
7B 7B
64 / B4
h2 L
a0 | 7 40
2 ] 10 alll 100 a00 1k, Ak, 10k, 20k,
—— 33, Sound Pressure of LOB-0F, Lp [Phasze). Uin=2.43rm=, Distance=Tm; H=0, =0 Frequency Hz
72
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Vplyv poddajnosti reproduktora (Cy;,=Cys/9; Cyrs3=Cus/10)

29. Sound Prezzure of LOB-07, Lp [Phaze)
Uin=2 43 s, Digtance=1m

db M e dkAbak [R] db

— H=0,%=0
100 100
aa a8
._'_'_'_'_,_,-'—'_'_ _-_\--\_"'-\—\.

TG 7B

B4 B4

A Az

a0 / A0

2 5 10 ] 100 A00 1k Ak, 10k 20k,

— 36, Sound Prezsure of LOB-07, Lp [Phaze]. Uin=2.4ms, Distance=1m; H=0, /=0 Frequency Hz
— 37, Sound Prezsure of LOB-07, Lp [Phaze]. Uin=2.43ms, Distance=1m; H=0, /=0
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Vplyv smerovosti piesta

9. Sound Prezsure of LOB-0F, Lp [Fhasze)

Uin=2.43rmz, Digtance=1m — H=30°, V=307
& Han =0 —— H=B", V=6D° Akabak [F)
100
a3
]

7E L~
E4 / o~
52 V \ﬁ
40

2 a] 10 il 100 A00 1k Ak, 10k, 20k,

Frequency Hz
74
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Akusticky tlak v akustickom poli — simuldcia makromodelom ,,Radiator*
(Sum/Acoustic pressure; v osi reproduktora, Lgy=0.67mH, P,=1W)

3. Sound Prezsure of LOB-0F, Lp [Fhasze)

Hin=2. 43 mn=, Distance=1m

db N Y= Akabak [R]
— H=0,%=0

100

a3

7B

64 / \

h2

40

2 10 a0 100 a00 1k, Ak, 10k 200,
Frequency Hz
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Vplyv realneho tvaru membrany

« zmena skriptu v Casti ,,Coupler !!!

Element identification

front  'Diaphragm

One of tt Outer dimensions
no secor
The prim (! Circular
(| Ratio
(") Rectangular
Ratio - -
Ii Inner dimenzions
(1 Piston
Uuy =ra (® Cone
Izt = -14r
(' Convex Dome
o
Ratio = 1 Concave Dome

Frequency of
mass reduction

£z, Diztance=
=0 Ip

Modesz

Circular Area

5D
136cm2
mZ2.___.in2

Diameter of

inner diaphragm  Cone depth
dD1 tD1

Gom 4cm

m.._.in m.__.in

Set dD1 < 0 to remove Inner

diaphragm.
Scattenng
Dizplacement directivity
1 Diffuse
m.._.in b4

Coupler 'front' Node=8=5%=10
Sh=136cmZ2 dDl=6cm tDl=4cm Cone
Radiator 'Radl' Def="front' Node=10

®x=0 vy=0 z=0 HAngle=0 VAngle=0
X
—. Copy

t1

o

o

ok || Esc

29.marec 2007

76




41. Sound Prezsure of LOB-0F, Lp [Fhasze)

Hin=2. 43 mn=, Distance=1m

dB

o H=0, =0

AkAbak [R]

aa

7k

B4

/

52

40

10

a0

100

500

1k

Ak, 10k
Frequency

20k
Hz
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Vlastn¢ kmity membrany

» redukcia hmotnosti membrany sposobuje narast hladiny
akustického tlaku

« fP — frekvencia, pri ktorej k tomu dochadza
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41

dB

100

aa

7k

B4

52

40

. Sound Prezzure of LOB-07. Lp [Phaze]

Vplyv cievky (modra)

Hin=2. 43 mn=, Distance=1m

— H=0,¥=0

AkAbak [R]

dB
100

28

7B

/

B4

/|

| 52

40

2

5

10

a0

100

500

1k

— 42 Sound Prezsure of LOB-07, Lp [Phasze). Uin=2.43m=, Distance=Tm; H=0, =0

Ak, 10k,
Frequency

20k
Hz
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Vplyv smerovosti

43. Sound Prezsure of LOB-0F, Lp [Fhasze)

Uin=2 43z, Distance=1m — H=30°%, W=30°
& Han =0 —— H=B", V=6D° Akabak [F)
100
ag ]
/ |
]
7E L~
B4 /
52 A ﬂf\
2 a] 10 il 100 A00 1k Ak, 10k, 20k,
Frequency Hz
80
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Vplyv smerovosti — smerova charakteristika

44 Polar of LOG-0Y, Lp

Hin=2. 43 mn=, Distance=1m
—— Haoriz. (=100Hz

— Hariz. I=1kHz
—— Haoriz. i=10kHz

AkAb
N [ o
/ I-' -‘-‘-1‘-""-.
+30° ; TR, -30°
+B0° ' ' \ -B0*
+?5¢ - - I| I'\. .lr I o '?5‘&
" e T I
+30° -30°
92 22 72 E1 &1 41
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BassUnit

Definition Def_BassUnit / Calculator
Def MNet Filter Sum Inspect Calc

) Rezonance Electrical Mechanical Yoice coil  Yoice coil Equ. vol. to Diaphragm
Diaphragm... I-; frequency quality quality resistance  inductance compliance dimension
Radiation position... : fs... Qes... Qms... Re... Le... Vas... 5D...

| Helmholtz ‘ |37Hz 0.39 [1.58 5.90hm 321 136cm2
. ..-Hz... _.ohm.. H... m3....in3 mZ._..inZ2
b Def_Import... B fre=3.0kHz Expole=0.6 Pizton
% 2. Def_ListeningPoint... I : :
C E xcurzion Generator Maszsz-load Enclozure Quality factorf Helmholtz
3. Def_Reflector... max. resistance factor volume frequency rESOnance
P Ep— msz Hg mb Yh Ab/ffo fh._.
+ Def_OpAmp... Bmm 1 10m3 [1000 [ Yented
5. Def_Transistor... m....in _ohm.. 0.95._.1 m3..._in3.L _Hz..
6. Def_Element (dIl)... E
1 | Closed Box System [ HP-Filter on/off
7. Def_Driver... fo Qtc Directivity i3 Quality Pole -
8. Def TwoCoilsDriver... frequ. D Factor :'Eq“E"“}'
! 9. Def PiezoDriver... 37.059Hz 0.313 830Hz 107Hz |HE =
I ) )
| A. Def_MeasRadiator... Lw max. Pel max. Uo max. Heverb. Ripple --Hz..
B. Def_BassUnit... Ctrl + B 4-pi-z1 ms -G0dB -
| Identification
C. Def Speaker... 86.41dB 1.33w 2.8v

|BU1

[ ] Algnments... [ | Diagram... [__] Evaluate [___ | From script [ | gssycfzszllphuard
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BassUnit - Dialog

Filter Sum Inspect Calc Tools

Speaker...
=344; 5d=0.| MeasRadiator...

TeAlY F D dram 2 b
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Skript

Def BassUnit 'BUI'

SD=136cm2 |Piston

fs=37Hz Vas=32L Qms=1.58

Qes=0.39 Re=5.90hm | fre=3.0kHz ExpoRe=1 ExpoLe=0.6

Xms=6mm

Vb=10m3

|Performance in sealed enclosure:

| fc Qtc D {3

| 37.1Hz  0.313 830.4Hz 106.8Hz

| Lwmax  Pelmax UoRms t60  Ripple
| 86.4dB 1.3W 2.8V 0 0

System 'S0’

BassUnit 'Bul' Def='BU1' Node=1=0

x=0 y=0 z=0 HAngle=0 VAngle=0
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Akusticky tlak v akustickom poli — simulacia makromodelom ,,BassUnit
(Sum/Acoustic pressure; piest, R;=0, L, =0, PE=1W)

45, Sound Prezsure of LOB-0F, Lp [Fhasze)

Hin=2. 43 mn=, Distance=1m — H=30°,w=30°

15‘5 — H=0, V=0 —— H=B", V=6D° Akabak [F)

aa

/

76 e

<

B4

52

40 /

2 ] 10 a0 100 a00 1k, Ak, 10k
Frequency

20k
Hz
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Akusticky tlak v akustickom poli — simuldcia makromodelom ,,BassUnit*
(Sum/Acoustic pressure; cone, R;=0, Ly, =0, PE=1W)

46. Sound Prezsure of LOB-0F, Lp [Fhasze)

Hin=2. 43 mn=, Distance=1m — H=30°,w=30°
df — H=0.%=0 —— H=B0", v=R0* Blabak [R)
100
s dﬂ‘f\
._,_-—-'
f

/

" e f%/\ﬂ
AR A

52

40 /

2 ] 10 a0 100 a00 1k, Ak, 10k
Frequency

1
20k
Hz
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Smerova charakteristika

47. Polar of LOG-0Y, Lp

Hin=2. 43 mn=, Distance=1m — Hariz. I=1kHz
—— Haoriz. (=100Hz —— Haoriz. i=10kHz

Akab
+157 -15°
+30° ' , -30°
+45° 45"
+B0° ,/ i i \\ -B0°
AT g v \ Ty
+4 -7 H|
+30° 307
35 29 g3 = 70 B4
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Nelinearne chovanie cievky

* Nelinearne chovanie
odporu je spdsobené
virtvymi pradmi

f ExpoRe
REVC ( f ) = REvc .(“—f_j

S

ExpoRe € (0,3)
fre € (2kHz,20kHz)

Xeve = (COLEVC )g

2-ExpoLe
(a)LEVC )
REVC

ExpolLe e
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fRE=1500Hz, ExpoRe=1;2;3, ExpoLe=0.5;1.5;3

53. Sound Prezsure of LOB-0F, Lp [Fhasze)

Uin=2.43mz, Distance=Tm .
— H=0.%=0 Aldbalk [R)
100 100

:_———j
a0 \\ a0

e =
&0 -~ / \ /\ /\I ﬁ =]
Vs \ \v u
a0 /\ {\II M40
L~ iy \ﬁ
20 [ A 20
1] /-\ 1]
2 al 10 all 100 500 1k Ak 10k, 20k,

— B4, Sound Pressure of LOB-0F, Lp [Fhaze], Uin=2.43/rmz, Distance=Tm;
—— BA Sound Pressure of LOB-07, Lp [Fhasze], Uin=2.43rms, Distance=Tm;

H=0, =0 Frequency Hz
H=0, =0
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