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Uloha ozvucnice

» Akusticky skrat u ,,otvorené¢ho‘ priamovysielajuceho
reproduktora.

 Uloha ozvucénice:

— posunutie akustického skratu smerom k niz§im frekvencidm (mimo
,,uzitocne* frekvencné pasmo)

— Uplné odstranenie akustickeho skratu
— ,,spracovanie* akustického skratu na prospech prenosovej funkcie
reproduktora
* Typy ozvucCnic
— jednoduché ozvucnice (doskova, otvorena skrinova)
— zatvorend ozvucnica
— otvorena ozvucnica (basreflexova, typu ,,transmission line*)

— $§pecialne viackomorove ozvucnice a ozvucnice so zvukovodmi
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Reproduktor v zatvorenej ozvucnici

« zatvorena ozvucnica je vel'mi dobrou realizaciou nekonecnej ozvucnice — oddelenie
akustickych priestorov pred a za membranou

» objem ozvucnice predstavuje akustickll poddajnost’ — akusticky prvok, s vplyvom ktorého
musime pri realizacii ozvucnice pocitat’
* navrh ozvucnice = navrh skrinky konkrétneho objemu !!!
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Elektro-mechanicko-akusticka nahradna schéma sustavy

RG REVC I—EVC RMS IVIMD CMS IVIARD

Vp .
o P y
D
UGl ) C Raro
SD:

Ras
1

1
MAB
1
Wp WL PWB
RAL T CAB
* hlavnym prvkom na zadnej strane membrany
VAB

reproduktora v zatvorenej ozvucnici je akusticka C =
poddajnost’ C, g, ktord v nahradnej schéme reprezentuje AB C 2
_dutinu* skrinky objemu V 0o " Fo
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Nahradna schéma ozvucnice - detail

|\/IAB IQAB

* M, — akustickd hmotnost’, ktoru st mozeme predstavit’ ako ,,vysielaciu®
hmotnost’ zadnej strany membrany (smerom do skrinky)

R, — akusticky odpor, reprezentujuci straty v objeme ozvucnice

 R,; —akusticky odpor, reprezentujici ,,unikove* straty (netesnosti skrinky)
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Objemove rychlosti v ozvucnici

13, Wolvelocity of LOZ-09CE, Amplitude [Phaze)

Hin=2.43rms
mdds

4.5e-3

— 51-dizcre, M=20=21, Ma=4.85kg/md Mab

— S1-dizcre, N=21=0, Ra=100e3Faz/m3 Ral
— 51-dizcre, N=22=0, Ca=59.04&-9m3/Pa Cab AkAbak (R

3.be-3

2.¥e-3

\

1.8e-3

0.9e-3

20 a0 100

a00

1k

Ak, 10k 200,
Frequency Hz
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Zjednodusena nahradna schéma sustavy

RG REVC LEVC Vb I:QMS MMS

e )C

- . - - C —
M ARD — M AB VB

Ry, = ©
Ry =0

« akustickad poddajnost’, reprezentujica objem zatvorenej ozvucnice, sa zobrazi na mechanicke;j
strane ako mechanicka poddajnost’, ktora je zapojena do série so ,,systémovou
poddajnost’ou reproduktora

« reproduktor s ozvu¢nicou tvoria systémovy ,,neoddelitelny* celok, ktory sa v podstate sprava
ako reproduktor v nekone¢nej ozvuénici so ,,zmenenou* systémovou poddajnost'ou —
,,tuh§im* kmitacim systémom
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Rezonancna frekvencia (CB)

zatvorena ozvucnica nekoneCna ozvucnica
1 1

f — fS =
27 fM s - Cpc 27 M s - Cpys

C

L: CMS :\/1+CMS
fS CMC CMB

« zatvorenou ozvucnicou bude ovplyvnena rezonancna frekvencia sustavy
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Mechanicky ¢initel’ kvality (CB)

zatvorena ozvucnica nekonecna ozvucnica
MC MS
RI\/IS CMC RMS CMS

QMS CMC CMB

Que _ [Cums =\/1+ Cs

« zatvorenou ozvucnicou bude ovplyvneny mechanicky Cinitel’ kvality
sustavy
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Elektricky Cinitel’ kvality (CB)

zatvorena ozvucnica nekonec¢na ozvucnica
Q _ REVC M MS Q _ REVC M MS
EC ~— 2 ES 2
(BI ) Cuc (BI ) Cus

QEC — CMS _\/1_|_ CMS
QES CMC

« zatvorenou ozvucnicou bude ovplyvneny elektricky Cinitel’ kvality sustavy
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Celkovy ¢initel kvality (CB)

zatvorena ozvucnica nekonec¢na ozvucnica
1 1 1 1 1 1
QTC QI\/IC QEC QTS QMS QES

Qrc _ Cs :\/l+ Cus
Qrs Chc

« zatvorenou ozvucnicou bude ovplyvneny celkovy Cinitel’ kvality ststavy
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KonsStanta o

Vv
C AS
e peSy Cus = Vias
Vv
Cus =—5"5 CMB VAB
Co PoSp

1:C _QEC _QMC _QTC _
fo Qu Qus Qs “Vira

« pomer ekvivalentného objemu ku objemu ozvucnice — slizi na rychly odhad potrebného
objemu ozvucnice, resp. rychly odhad vlastnosti stistavy pri zvolenom objeme ozvucnice
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Elektricka nahradna schéma sustavy (CB)

Re

Reve Leve
° L Y YN
(BI)’
Res = R
MS
M MS
ES (BI)Z
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Elektricka impedancia (CB)

Nekonec¢na ozvucnica:

2
= Reye +SLgye + 5D ' >N /QMS

7 =
E(IB) RMS SN2 +SN /QMS +1

Zatvorena ozvucnica.

(BI)Z, SN/QMS

Z.  =R..+S L.+
E(CB) EVC EVC R, SN2+SN /Quus +(0(—|—1)
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40

Elektricka impedancia (CB)

1,0 10,0 100,0
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AKkusticka nahradna schéma (CB)

RaEe Ras Mas

(o)

pel
o - u, - (Bl)
’ (Rg + REVC)SD

(Bl)2 1
RAE — >
(Rg + REVC) SD

2*RARD

» 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")
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Akusticky tlak v akustickom poli sustavy (CB)

Lo _ ,
Py SW,(S) = p,, -G(s)

p(s) =

P Ug'(BI)'SD
P = ‘
2rr (Rg +REVC)MMS

— amplitida akustického tlaku

2
s°M,.C : L
G (S) = A _AC — prenosova funkcia ststavy
= "M Cpo +SC,c Ry +1
S AS ~AC +3S AC " AT +

29.marec 2007

17




Akusticky tlak a menovita tlakova citlivost’ (CB)

" O p(cB)im,w

fs3 'VAs

[PaW'l/ 2m}

ES

O — O

pa(CB)hm,lW pa(IB)hm,lW

* menovita tlakova citlivost’ reproduktora v zatvorenej ozvucnici je rovnaka, ako citlivost’
reproduktora v nekonec¢nej ozvucnici !!!

« amplitida akustickeého tlaku v akustickom poli stistavy CB bude teoreticky rovnaka,
ako amplitada akustického tlaku, generovana reproduktorom v nekonecnej ozvucnici
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Reproduktor v zatvorenej ozvucnici:

Hornopriepustny filter:

G(s)= b,s*
a,s’ +a5s+a,

objemu ozvucnice

3\

S 2
G, (s) — C
2
S¢” +5:/Qrc +1
S , ,
Sc =—— — normovany operator
e

J

A4

Prenosova funkcia sustavy (CB)

, =1
a, =1
1
a=—o
Qrc
a, =1

 prenosova funkcia reproduktora v zatvorenej ozvucnici je funkciou hornopriepustného filtra
druhého radu, ktorého jediny ,,nastavitel'ny* parameter je Cinitel’ akosti Q¢

« na rozdiel od reproduktora v nekonecnej ozvuénici, u ktoré¢ho je podobny parameter (Q-g)
»hastaveny“ vyrobcom, je v tomto pripade parameter Q. nastavite'ny vhodnou vol’bou
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Ges (S)

Amplitudova frekven¢na charakteristika 1 (CB)

2
SC

— 2
S¢” +5./Qre +1

9

)
S, i
E 1
% -9 7 — Q=05
s Q7 =07
2 o
18 j Q=141
i — Qrc=2
-27 T
0,1 10,0

0/ 0
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Ges (S))., =

20log,,|G(jw)| [dB]

Amplitidova frekvencna charakteristika 2 (CB)

S\,

Re=0 Sy~ +Sy/Qrs +ax +1

0/ 0
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Ako zavisi medzna frekvencia AFCH od Q¢

— Q0.2
Q,s=0,3
Q=04

—— Q=05

—— Q=06

—— Q=07

2
f3(CB):fSQTC' 1 2_1+ ( 1 2_1j +1
Qrs \2Q 2Q¢

| f.
pre Q= ﬁ — f3(CB),min = \/5 0
TS

reproduktor v zatvorenej ozvu¢nici ma minimalnu
(naynizs$iu) medznu frekvenciu pri Q-=0.707

je to teoreticky najnizSia dosiahnutel'nd medzna
frekvencia pre reproduktor s danymi hodnotami fg a Q-
jej hodnotu vieme vypocitat’ podla vyssie uvedeného
vztahu

29.marec 2007

22



Priklad

« Uvazujeme reproduktor s nasledovnymi parametrami:
— f=37Hz
— Q=032
— V,=32lit,
* Chceme navrhnlt’ zatvorenu ozvucnicu tak, aby sustava CB mala najvacsiu Sirku

PRV

Riesenie
1
Cielovy parameter: Q.. =—
V2

2 2
1. Vypocitame a: a= Qe —1:( : J —1=3.88
Q V2032

TS

V 32
2. Vypoéitame V,.: V,, =—25 = =8.2 |lit
yp AB AB 7 388 [ ]

f 37
3. Medzna frekvencia bude:: f3(CB) = s _
"o J2.Q V2-032

=81.8 [Hz]
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Menovita ucinnost’ sustavy (CB)

fs Vas

Inees) = TInge) = 9,6-107" -

—7

/

Vidime, Ze menovita u€innost reproduktora sa pridanim zatvorenej ozvucnice
nezmeni, tj. zavisi iba od parametrov reproduktora a nie od parametrov ozvucnice.
Tento zaver je vSak platny iba vtedy ak plati predpoklad idealnej ozvucnice s
dokonale pohltivymi vnutornymi stenami. V praxi sa steny ozvucnice obkladaju
timiacim materialom a vnutro ozvucnice sa plni porovitym materialom s nizkou
hustotou, ktorého ulohou je zabranit odrazom a vzniku stojatého vinenia. Vhodnou
volbou reproduktora, objemu ozvucnice a timiaceho materialu mozno skutoCnu
ucinnost’ sustavy oproti menovitej zlepsit az o 15%, nevhodnou volbou vSak tiez

ES

mierne zhorsit. /
2
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Skuto¢na ucinnost’ sustavy (CB)

_ 3
4 N(cB) Ky T3ca) Ve

k, —  koeficient G¢innosti (efficiency factor)

fycs) — medzna (skutond) frekvencia ststavy

V; —  skutoény objem ozvucnice

Skuto€ny objem ozvucnice mbze byt menSi nez vypoclitany, pretoze pri
vyplneni vnutra ozvucnice porovitym materialom sa v ozvucnici zvacsi
hustota prostredia, v ktorom sa siri zvukova vina, Cim sa zmensi
akusticka poddajnost, ktoru reprezentuje. Aby poddajnost’ vratila na
povodnu hodnotu, je potrebné skutoCny objem ozvucnice zmensit
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Koeficient iCinnosti sustavy (CB)

Koeficient ucinnosti sustavy CB zévis®
celkového Cinitela akosti Q... Nadobuda
maximalnu hodnotu pre Q;-=1,1. Je to
jedno z ciefovych kritérii pri navrhu
zatvorenej ozvucnice.

2,5

\

2,0

- -

1,5

K 10

Qe=l1 = Kk . =20-10°

max
1,0 4 n,

0,5 +——————————————
0,5 1,0 1,5 2,0
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Priklad

« Uvazujeme reproduktor s nasledovnymi parametrami:
— {=37Hz
— Q=032
— V,=32lit.
e Chceme navrhnut’ zatvorenu ozvucnicu tak, aby ststava CB mala
potencialne najvacsiu ucinnost’

RieSenie

Cielovy parameter: Q.. =1.1

2 2
1. Vypocitame « : a:£%) —1:(£j —-1=10.82

Q. 0.32

V 32
2. Vypolitame V,.: V,, =—2> = =2.96 |lit
P Aes TAe T T 0,82 [it]
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Maximalna ucinnost’, Sirka pasma a objem ozvucnice

nN,max(CB) = 2’0 . 10_6 . f3(CB)3 .VB |:_’ HZ, m3:|

200 -
— 11()(max)=0,01%
— Mo(max)=0,02%
150 | no(maX)ZO,OS%
- n()(max):o.l%
— No(max)=0.2%
tV’E —— Mo(max)=0,5%
Bm 100 - —— No(max)=1%
> —— Mo(max)=2%
— MNo(max)=5%
50
0 T
10 f; [Hz] 100
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Maximalna uCinnost’, Sirka pasma a objem ozvucnice

* Obrazok (grafické zavislosti) na predchadzajiace
snimke hovori o fyzikalnych (technologickych)
medziach sustav CB v suvislosti s dosiahnutel'nou
medznou frekvenciou a u¢innost'ou a potrebnym
objemom skrinky

 Napr.:

a. Ak chceme realizovat’ sustavu s medznou frekvenciou 30Hz a

objemom ozvucnice 50lit., z grafu vyplyva, Zze maximalna
dosiahnutel’'na u¢innost’ je v rozmedzi 0,2% az 0,5%.

b. Ak chceme realizovat’ stistavu s a¢innost’ou minimalne 0.5% a
medznou frekvenciou max. 40Hz, z grafu vyplyva, zZe bude potrebny
minimalne objem ozvucnice okolo 40lit.
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Vychylka reproduktora (CB)

"o(cs) = VP Tyic) X(co) ()

Vychylkova citlivost’ reproduktora (CB):

O-x( - L Gx( [le/ . :|

® a+l =K,

IB) (CB) O-X(IB)

Vychylkova funkcia reproduktora (CB):
1 S

X S)= s =3
(CB)( ) SC2+SC/QTC+1 C @

29.marec 2007
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Vychylka reproduktora

 vychylka reproduktora v zatvorenej ozvucnici zavisi od
frekvencie podobne, ako reproduktor v nekonecne;
ozvucnicl

« amplituda vychylky je (a+1) krat mensia, nez u
reproduktora v nekonecCnej ozvucnici

* je to vd’aka akustickej poddajnosti ozvucnice, ktora

zmensuje celkovi poddajnost’ sustavy — reproduktor sa
stava ,,tuhSim*

* dosledkom zmenSenia vychylky reproduktora je mensie
nelinearne skreslenie pr1 maximalnom vykone

* poddajnost’ ozvucnice taktiez chrani reproduktor pre
poskodenim
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FrekvencCna charakteristika vychylky reproduktora v

X(CB)(S):

2,0

0,5

0,0

zatvorenej ozvucnici 1

1 1

‘X (i )=

Se” +5¢/Qre +1

——— Q7¢=0,5
QTC=0,71

— Q=1
QTC=1 ,41

—— Q¢=2

0,1 1,0 10,0
o/o

\/(Qc2 _1)2 T ch/QTc2
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FrekvencCna charakteristika vychylky reproduktora v
zatvorenej ozvucnici 2

1 . a+1
kx(CB) = ‘X(CB)(JQ)‘ - 5 2 5 5
a+l \/(Qs _0‘_1) +Q4%/Qy
1,0
Q,.=0,5
_ TS =0
7 a=1
- — o=2
= A — =5
S —— =10
X 0,5 -
X |
0,0 T T T T T T T T I T T T T T T T T
0,1 1,0 10,0
®/®
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Reproduktor v zatvorenej ozvucnici
Kombinovand nadhradna schéma s prvkom ,,Radiator*

RG REVC I—EVC VD RMS |VIMD CMS
:' I:' Bl > | I ‘_I Sp:1
o) () C
- - - Ras -
SD:1
° Wp
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Skript

Seas Prestige ERISRNX

Reve=3.90hms; Leve=0.67mH; BI=7.2N/A; Mmd=14g;
Mmrd=0.92g; Rms=2.2Ns/m; Cms=1.3mm/N;
Fs=37Hz; Qts=0.32; Qms=1.58; Qes=0.39; Sd=136cm2;
Vas=32lit.; ymax=6mm; sens=88.3dB; Pe(lt}=80W

Def Const

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

Vas=0.032; Qts=0.32; Qtc=1.1; alfa=sqr(Qtc/Qts)-1;
Vab=Vas/alfa, Cab=Vabl(roh*c0"2);

|

System 'S2-Radiator' [Radiator na prednej strane membrany
Resistor 'Rg' Node=1=2 R=0.001ohm

Resistor 'Reve' Node=2=3 R=5.9ohm

Coil 'Levc' Node=3=4 L=0.67mH

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
SD={Sd} |Piston

Radiator 'Radl' Def="front' Node=10
x=0 y=0 z=0 HAngle=0 VAngle=0

Coupler 'back’ Node=9=0=0=20

SD={Sd} |Piston

AcouMass 'Mab' Node=20=21 Ma={Mard}
AcouCompliance 'Cab' Node=21=0 Ca={Cab}
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BE. Tatal Input Impedance of LOY-08, Amplitude [Phaze)

Vplyv objemu skrinky na vstupnii impedanciu
(piestova membrana, Q=Qg; 0.707; 1.1)

':'Qg' —— Zinof all systems Aksbak (R ;gm
B3 B3
A3 A3
a7 ar

ANIVAVL
21 21
1L N o 5
20 100 1k, 100k, 20k,
—— B, Total lnput Impedance of LOY-08, Amplitude [Phaze]; Zin of all systems Frequency Hz
—— B4, Total Input Impedance of LO7-08, Amplitude [Phaze]; Zin of all systems
36
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Vplyv objemu skrinky na akusticky tlak
(piestova membrana, P.=1W, Q=Qg; 0.707; 1.1)

57, Sound Pressure of LO7-08, Lp [Fhasze)
Uin=2 43z, Distance=1m

db — H=[ Y= AkaAbak [R] db
100 e : 100
28 | 53
"'\-\.\_\_\_\_\-\\
7E " 76
B4 : \ B4
52 52
40 40
2 ] 10 A0 100 A00 1k Ak, 100k, 20k,
— B8 Sound Pregsure of LO7-08, Lp [Phasze), Uin=2. 43¢ mz, Distance=Tm; H=0, =0 Frequency Hz
—— B39 Sound Pressure of LO7-08, Lp [Phasze). Uin=2.43m=, Distance=Tm; H=0, =0
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Vplyv objemu skrinky na vychylku membrany
(piestova membrana, P,=80W, Q=Q-; 0.707; 1.1)

73, Ercurzion of LOF-08, Amplitude [Phasze)

Hin=21.7 I rms=
m — 5Z2-Radiat, M=6=7, Mm=14g Mmd AkAbak [R) m
B0rn B0rn
T
_‘-\_\_\_\_E

A0m \ 40m

30rn 30rn
20rmn 20rmn
10rm 10rm

0 Exb"‘-— 0

1 a] 10 A0 100 A00 1k, Ak, 10k,
— 72 Excurzion of LO7-08, Amplitude [Phaze], Uin=21.7 M me; 52-Fadiat, H=6=7F, Mm=14g Mmd  Frequency Hz
—— 1. Excursion of LO7-08, Amplitude [Phase], Uin=21.7 dme; 52-Fadiat, H=6=7, Mm=14g MMmd
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Akusticky tlak

(konicka membrana, P.=1W, Q;-=0.707, 0=3.9, V ,z=8.2lit., { ; ;z=82Hz)

8. Sound Prezsure of LO7-08, Lp [Fhasze)

Uin=2 43 rmg, Digtance=1m — H=30°, =307
—— H=0,%=0 —— H=B0°, W=ED" Akabak [R]
100
7B
nvd AN
Coupler 'front' Node=8=5=10
| SD={sd} Piston m
g2 | SD=136cm2 dDl=6ecm  tDl=4em | Cone A
fp=1.5kH=z
Radiator 'Radl' Def='front' Node=10
¥x=0 vy=0 z=0 HAngle=0 VAngle=0 /\
4':' 1 1 i i 1 1 1 i i i
20 a0 100 a00 1k Ak, 10k 20k,
Frequency Hz
39
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Reproduktor v zatvorenej ozvucnici
Kombinovana nadhradna schéma s prvkami ,,Radiator* a ,,Enclosure

Cus
SD:1

I—EVC I'-'QMS IVIMD

RG REVC

Vp
Bl

- Jojeipey

--{ ainsojoug >
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Makromodel ,.Enclosure*

Filter Sum Inspect Calc Tools V

AcouCompliance...
AcouResistance...
Diaphragm...

Duct...
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Akusticky tlak — ,,Enclosure® na zadnej strane membrany
(konicka membrana, P.=1W, Q;-=0.707, 0=3.9, V ,z=8.2lit., { ; ;z=82Hz)

7. Sound Pressure of LOF-08, Lp [Fhasze)

Uin=2 43z, Distance=1m — H=30°, =307
— H=0,%=0 —— H=B0°,=B0° Aksbak [R]
100
a8 |
75
Ny e
Coupler "back' Node=5%=0=0=Z0 \X \ m m
52|  8sD={sd} | Piston A
Enclosure 'El" Node=20
vb={Vab! Sb={sd} f\/\
40 ] ] I I ] ] ] I I |
20 B0 100 =500 1k Bk 10k, 20k,
Frequency Hz
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Akusticky tlak — ,,Enclosure® na zadnej strane membrany
(konickd membrana, P.=1W, Q;-=0.707, a=3.9, V ,z=8.2lit., { ; ;z=82Hz)

vplyv odrazu viny od protilahlej steny v skrinke
3. Sound Prezzure of LO3-03CE, Lp [Phaze)

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

—— H=0,v= fkibak (R)  dB
100 H=0. V=0 100
g3 __—a—"ﬂ[}:;: a3
/,_..-— |
76 - , 76
B4 / \ .ﬂ\ll E4
Coupler 'back' Node=5=0=0=20 \
SD=136ecmZ2 dDl=tcm tDl=4cm | Cone \ {\
o L fp=1.5kHz 22
Enclosure 'El" Node=20 U
Vb={Vab} Ib=25cm |Qb/fo=10
40 I | | L1 | | | 40
20 alll| 100 alul] 1k Bk 10k, 20k,
— 4 Sound Pregsure of LO3-09CE, Lp [Phaze], Uin=2. 43 mz, Distance=1m; H=0, /=0 Frequency Hz
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Reproduktor v zatvorenej ozvucnici

Kombinovana nadhradna schéma s prvkami ,,Driver®, ,,Radiator* a ,,Enclosure’

4

Ra
v Wp
u l 2 5
al (M, 2 D
DRIVER S
L I RN
m

29.marec 2007

44



Skript

| Seas Prestige ER18RNX

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

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

| ymax=6mm; sens=88.5dB; Pe(It)=80W

Def Const
{roh=1.18; c0=344; Sd=0.0136;
Vas=0.032; Qts=0.32; Qtc=0.707; alfa=sqr(Qtc/Qts)-1;
Vab=Vas/alfa;
)

Def Driver 'DRV1'
SD=136cm2 dD1=6cm tD1=4cm |Cone
fp=1.5kHz
ts=37Hz Vas=32L Qms=1.58 Qes=0.39
Re=5.90hm fre=2.0kHz ExpoRe=1 Le=0.67mH ExpolLe=0.5

System 'S4-Driver'

Resistor 'Rg' Node=1=2 R=10mohm
Driver 'D1' Def="DRV1' Node=2=0=10=20
Radiator 'Radl' Def='D1' Node=10

x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E1' Node=20

Vb={Vab} Sb={Sd} |[Lb=25cm
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Identification

BU1 |:| Copy and close
Rezonance Electrical Mechanical Yoice coil Equ. vol. to
frequency quality quality -resistance -Inductance comphance
Fs... Qes. . Oms. . Re... Le... Vaz
37Hz 0.39 1.58 5.9chm
..H=z__. ..ohm._ Mms - 14.962g
frec Vas = 32L
= 7—4 1.237e-3n/N
Cone
Diaphragm dimension Inner diaph. dDl=6cm Enyironment
5D... Cone depth tDl=4

136cm2

mZ....in2

Mass-reduction fp=1/5kH=z

|H eas_Dipole

=

/

TS parametre fs, Qes, Qms a Vas
maju alternativu — EM parametre,
ktoré mozno zvolit’ kliknutim
pravym tlaCidlom mysky

Driver Network Element

Element identification

D1

Reference to definitions
for obtaining parameters

(Def=)
[DRVT IDef Driver |
DRY1 |Def_Driver

Modesz
Electric Acoustic
zide zide
E u
0 0
t ¥
0 0

[ Def_TwoCoilzDriver

—
—

|:| Copy and close
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Akusticky tlak — Driver, Radiator, Eclosure
(konicka membrana, P.=1W, Q;-=0.707, a=3.9, V ,z=8.2lit., { ; ;z=82Hz)
akusticky tlak s ,,diskrétnou* ndhradnou schémou

3. Sound Prezzure of LO3-03CE, Lp [Phaze)
Uin=2 43z, Distance=1m

— H=0,v=0 Akahbak R db

100 100
25 :f”’f\\ 28
76 b 76

N A
52 \7/ 52

40 40
20 alll 100 a00 1k, Ak, 10k, 20k,
—— 3. Sound Pregsure of LO3-09CE, Lp [Phaze], Uin=2. 43 mz, Distance=1m; H=0, /=0 Frequency Hz
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 rozdiel medzi hladinami akustického tlaku pr1 simulaci
sustavy pomocou ,,diskrétne;* nahradnej schémy a
makromodela ,,.Driver* je v rozdiele medzi
vypocitanymi a skutoCnymi TS parametrami
reproduktora

v pripade ,,diskrétnej* nahradnej schémy st pouzité
prvky s hodnotami, prevzatymi z katalogového listu

v pripade nahradnej schémy s makromodelom ,,Driver*
su pouzite TS parametre, prevzate tiez z katalogového

listu — z tychto parametrov su v programe vypocitané

hodnoty EM prvkov, ktoré su uz trochu odlisné od

hodnodt uvedenych v katalogovom liste (pozr1 dialogove
okno Def Driver)

29.marec 2007 48




Reproduktor v basreflexovej
ozvuchici
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Reproduktor v basreflexovej ozvucnici

 sustava s dvoma zdroymi zvuku:

— aktivnym zdrojom zvuku je reproduktor, vysielajici akustickl energiu
prednou stranou membrany

— pasivnym zdrojom zvuku je basreflexovy otvor (port, vent), ktorym sa
vysiela Cast’ akustickej energie zadnej strany membrany
 basreflex moze byt realizovany:
— jednoduchy otvor v stene ozvucnice,
— trubica, ktord spaja dutinu ozvucnice s vonkajSim priestorom

* pri vhodne zvolenom reproduktore a spravne navrhnutej a
skonStruovanej ozvucnici moze basreflexovy otvor

— zvysSenim celkoveJ akustlckeJ energie, vyziarenej v okoli dolnej medznej
frekvencie, vyrazne prispiet’ k rozSireniu prenaSaneho pasmo smerom k
nizkym frekvenciam

— zaroven zmenSenim vychylky reproduktora znizit’ celkove nelinearne
skreslenie reproduktora.
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Nacrtok sustavy a objemove rychlosti v akustickom poli
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Nahradna schéma sustavy VB (Vented Box)

Reve Leve Rws Mwo Cws MarD

Bl l’f_:_/vv\_l
" > < Rarp
Ug J{ - = .
. Map
* R,p — akusticky odpor basreflexove;j Rac
trubice T

RARP

* M,, — akustickd hmotnost basreflexove]
trubice (vratane koncovych korekcii)

R ,rp — akusticky vysielaci odpor
akustickej trubice

 akusticka vysielacia hmotnost’ je
su¢ast'ou hmotnosti MAP
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Nahradna schéma ozvucnice (VB)

Wi Mag Rap
Sp:1 -
’FVB T™TWL Wp
@
Ras Map

* RAL

Yy Wp
ﬁemové rychlost wg je (az na l
fazu) rovnaka, ako objemova o= ——

rychlost’ w,, generovana sustavou
do priestoru. Dostaneme ju z
nahradnej schemy. -

S~
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| Seas Prestige ERISRNX . ) ) ,
| Reve=5.90hms; Leve=0.67mH; BI=7.2N/A; SkI’lpt - nadhradna schéma s

Mmd-=14g; Mmrd=0.92g; diskrétnymi prvkami
| Rms=2.2Ns/m; Cms=1.3mm/N; Sd=136cm2

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

| ymax=6mm; sens=88.5dB; Pe(1)=80W MechResistance 'Rms' Node=5=6 Rm=2.2Ns/m
MechMass  'Mms' Node=6=7 Mm=15.84¢g
Def Const MechCompliance 'Cms' Node=7=8 Cm=1.3e-3m/N
{roh=1.18; c0=344; Sd=0.0136; Rd=sqrt(Sd/p1);
Mard=(roh*8*Rd)/(3*pi*Sd); Coupler 'front' Node=8=9=10
Vet Qrtaget )
Vab=V,az/a?fa; C;b=\}ab>(roh*cOA2); AcouMass '}V[ard}' Node=10=11 Ma={Mard}
Fb=Fs*h;Lp=0.18;Rp=0.025;Sp=pi*Rp"2; [mpedance ~ Rard NOdezl 1
Map=(roh/Sp)*(Lp+(16*Rp)/(3*pi)); Z={(roh*w"2)/(2*pi*c0)}
Ral=QL*sqrt(Map/Cab);
} Coupler 'back' Node=9=0=0=20
SD={Sd} [Piston
|* diskretne prvky AcouMass 'Mab' Node=20=21 Ma={Mard}
System 'S1-Discrete’ AcouResistance 'Rab' Node=21=22 Ra=1Pas/m3

Resistor 'Rg' Node=1=2 R=0.001ohm
Resistor 'Revc' Node=2=3 R=5.90hm
Coil 'Levc' Node=3=4 [=0.67mH

AcouCompliance 'Cab' Node=22=0 Ca={Cab}
AcouResistance 'Ral' Node=21=0 Ra={RaL}
AcouMass 'Map' Node=21=23 Ma={Map}

Gyrator 'Gyl' Node=4=0=5=0 BI=7.2Tm Impedance 'Rarp" Node=23=(
Z={(roh*w"2)/(2*p1*c0)}
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Objemove rychlostt w,p a w,p

3. Volelocity of LOZ-0ME, Level [Phaze)
Uin=2. 43z — 51-Digcre, M=11=0, Impedance Rard

a0 —— 571-Digcre, M=23=0, Impedance Rarp Aksbak [R]
w000 | L .t
___.;L— ? —
£4 [ -
s | . I \\m ________________
‘_H_““'*-h__ \\ HH
98 5 [~

132

66 | T B

200 |

2 a] 10 a0 100 200 1k, Ak, 10k, 200,
Frequency Hz
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Objemove rychlosti w,p , Wap @ Wyp

7 0ol elocity of LOZ-0ME, Level [Phaze)

Uin=2. 43z — 51-Dizcre, M=11=0, Impedance A ard
oo 51-Discre, N=22=0, Ca=91 E7e-9m3/PaCab  —— S1-Discre, N=23=0, Impadance Rarp AkAbak (R
| —— |
.—'-'_"-'_'J ,ff B
£ s -
Hx‘x
/ \\\\ H‘MH

qg . ]
32 \
1EE
200 \

2 a] 10 a0 100 200 1k, Ak, 10k, 200,
Frequency Hz
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REVC LEVC RMS I\/IMD

Vp .
B 5 I Y'Y \_I Spi1
% LWD
° °
M

&

&

Re ><

O
>
®
lojeipey
=

°
w
9.
| [ ]
] |— Jojeipey
—| E l:’m E
>
[vs}
b
= E
4
= 3
>
T

|_
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Rozne ,,naladenie* sustavy (VB)

44, Sound Pressure of LOS-09E . Lp [Phaze)

dB
100

a4

7B

B4

52

40

Hin=2. 43 mn=, Distance=1m
— H=0,%=0

AkAbak [R]

dB
100

28

B

B4

52

/

40

— 4B, Sound Pregsure of LOS-0E, Lp [Phaze]. Uin=2.43ms, Diztance=1m; H
—— 45 Sound Prezsure of LOS-0E, Lp [Phaze]. Uin=2. 43 ms, Distance=1m; H

5 10 a0 100 500 1k

W=l
W=l

Ak, 100k,
Frequency

20k
Hz
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Upravena a zjednoduSena nahradna schéma sustavy

Revc Leve

Ra v Rwus Mws Cwms
] B VD Wo
Sp:1 < o™ ‘WL We
UGl/ —I-CAB Ra. JMap

ARD:MAB — MMS:MMD+(MARD+MAB)SD2

Rpe =0; Rap =0; Raro = 0; Rare = 0

o, gd 0 4d p, 4d
MAP:_O'(IP'I' Pj:_o(lp"' 37TP]+MARP — MARP:SO' 37;
P
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TS parametre ozvucnice

rezonan¢na frekvencia: f;

Sinitel kvality: Q =R,
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Navrhove konStanty sustavy

O
7

<
7
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Nahradna elektricka schéma sustavy

Reve Levc

o_:_fw\ :_NY\_
Ry Res (les [ Ces Cep
Ze  Zew — —
egl
(BIY (BI) __(BI)
R.=-~—2 Re, = —Q 2
ES RMS R Sy Ry
(BI)2-C
LES = (B|)2 °CMS LEB :(BI)2 'CMB — SDz =
CES:M—MSQ c _Muw S5 "My
(BI) ® 7 (BI?  (BIY
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Elektricka impedancia sustavy

1
ZE:REVC+SLEVC+ 1 1
+ +sC. + 1
Res Sles Rg, +Sbg +—
SCEP
ZEM
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1Z¢| [Q]

40

Elektricka impedancia sustavy

0,1

1,0 10,0 100,0

mlms
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1. Impedance of LO3-0PE, Amplitude [Phaze)

Z

':'Qg' —— 51-Discre at node=1 AkAbak (R

Ak, 10k 200,
Frequency Hz
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Akusticka analogicka schéma sustavy

R Mas S
————

W_ Wp
l(x) — o RaL Map
Pg
‘Wo
_ € '(BI) _ (B|)2 RMS
Ny (RG + REVC)’SD A (RG + REVC)’SD2 SD2
M
MAS = S Mzs CAS = SD2 CMS
D
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Objemova rychlost’ v akustickom poli ststavy

S-C,g

Ug -(BD )

_(RG+REVC)'S 1 1

b Ry +S-M, +
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Akusticky tlak v akustickom pol1 sustavy

D, (S) = Zpo 5 Wy (8) = Py - Gys (5)

Tl

po(s): /00 . UG(BI)SD
271r (Rs +Reye) - My

L NGS)
%) =55
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Akusticky tlak v akustickom poli sustavy (VB)

 je rovnaky ako v pripade reproduktora v nekonecne;j
ozvucnici:

o _ P _Ec(B)'S, R (27p J fVas  rpal
o 2mr (Rs + Reve) - My r & Co Qks j
O-p|1W,1m
3
O-p|1W1m:7'9'10_3' M [PaW'l/zm}

ES
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Prenosova funkcia sustavy (VB)

s-C
MAS 1 1 AS
+ +5s-C
RA|_ S’MAP AB N(
Ry +5-M o + 1 +— 11 D(
> “as + +5-C g
RAL S'MAP
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Prenosova funkcia sustavy (VB) ako hornopriepustny filter 4. radu)

4

S
S) = .
e () s,' +as, +a,8,” +a,S, +1
S _i 9 = QL"‘h'QT
— =
O Wy \/H'QL'QT
h+(a+1+h*)-Q, -Q
0, = Jwyo, =wh a, = (\/HQ )Q - =
L T
3.3_ h'Q|_+QT

_\/H'QL'QT
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Amplitidova frekvencna charakteristika stustavy
Q,* . w

JOS+AQS + AQ +AQ +1 @,

A=a’-2a; A=a’+2-2aa; A=a’-2a

G(iQ)|=

C4

20log,,|G(jo)| [dB]

10,0

0/ g
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Citlivost’ basreflexovych sustav na rozptyl parametra h

20log,,|G(jw)| [dB]
©

B4(h-50%)
-18 —— B4(h-20%)
B4(h)
—— B4(h+20%)
—— B4(h+50%)
-27 , — , , —— T

1 10
fIf
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Citlivost’ basretflexovych sustav na rozptyl parametra Q;

|G(j)| [dB]
©
|

A
o
|

+100%

+50%

B4'QT

-20%

-50%

1.0
0/ 0g

10.0
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Menovita uCinnost’ basreflexovej sustavy

« Teoreticky je menovita ucinnost basreflexovej sustavy identicka s
ucinnostou samotného reproduktora;

«  Prakticky vSak ucinnost basreflexovej sustavy zavisi aj od spésobu
konstrukcie ozvucnice a z toho vyplyvajucich celkovych strat

«  SkutocCna ucinnost mbze byt vacsia ale aj mensia, nez teoreticky
predpokladana

4.7 .-V i
77N(VB) :77|\|(||3) — 3 > AS ~06-10 7. S
% ES ES

3
) VAS
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Maximalna uc¢innost’ basreflexovej sustavy

TN (VB),max 3.9 10_6 . f3(VB)3 .VB |:_’ HZ’ m3:|

500

400 -

300

Vg [dm’]

200 -

100 o

10 20 30 40 50 60
f, [Hz]

Kazda sustava, ktora ma dolnt medznu frekvenciu f; 5y @ objem Vg, bude mat menovitu
ucinnost mensiu, nez je hodnota My gy max » 0dCitana z grafu
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Linearna vychylka membrany

Xp(S) = \/FTE Oy " Xe)(S)

CAS '(BI)

OywvB) = Oxup) =
S.°-+/R
D EVC

bs +b, s, +1

X(VB)(S) — b1 =

S +as +as +as+1
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Prenosova funkcia vychylky membrany - AFCH

10

-10

IX(joo)| [dB]

-20

-30

Q =7 —— B4
........................................................................  C4(0.26B)
QB3(1)
01 10,0

0/ o0g
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2. Excurzion of LO3-09VE, Amplitude [Phaze)

Uin=2. 43 mz
M o 51-Dizcre, N=6=7. Mm=15.84g Mms akabak [R]
B.5m
'\—\_._""—\—»""'\-\..,\
4.4m
3.3m
2.2m
1.1m
0 \
2 a] 10 &0 100 a0 1k Bl 10k, 20k,
Frequency Hz
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2.

3.

Navrh basreflexovej sustavy (VB)

Navrh vhodnej ozvucnice pre zvoleny reproduktor a cielové kritérium, ktorym je

obycCajne tvar AFCH (medzné frekvencia, zvinenie charakteristiky a pod )
Vstup: TS parametre reproduktora, f 5,5, Ry
Vystup: objem ozvucnice, rozmery br. trubice (V ,g, lp, dp)

Navrh vhodného reproduktora pre zvolenu ozvucnicu a ciel'ové kritérium - tvar

AFCH (medznéa frekvencia, zvlnenie charakteristiky a pod.)
Vstup: objem ozvucnice, rozmery br. trubice (V g, Ip, dp ), £345, Ry
Vystup: TS parametre reproduktora

Navrh vhodného reproduktora a ozvucnice pre zvolené ciel'ové kritérium — tvar

AFCH (medzna frekvencia, zvinenie charakteristiky a pod.)
Vstup: {545, Rys
Vystup: TS parametre reproduktora, objem ozvucnice, rozmery br. trubice (V 55, lp, dp)

Pozn: pre zvoleny vstup nenajdeme vhodny vystup — nutna korekcia poziadaviek!
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Navrh basreflexovej sustavy (VB)

* manualny numericky vypocet — pracny a ¢asovo
narocny postup

* graficka resp. tabul’kova metdda — CiastoCna
automatizacia rutinnych vypoctov

* pouzitie Specializovanych programovych (softvérovych)
prostriedkov - CAD
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Aproximacie prenosovej funkcie sustavy

V sucasnosti existuje asi 15 typov aproximacii, ktor¢ vedu k realizovatenym basreflexovym
reproduktorovym sustavam. Principialne ich méZeme rozdelit’ do dvoch zakladnych kategorii:

1. aproximacie s elektronickou podporou, ktoré su charakteristické tym, ze na dosiahnutie pozadovane;j
frekvencnej charakteristiky sa reproduktorova sustava kombinuje s predradenym elektrickym filtrom;

2. aproximacii bez elektronickej podpory, u ktorych predradeny elektricky filter nie je potrebny.
Dalej sa budeme zaoberat’ aproximaciami bez elektronickej podpory, ktoré stt medzi vyrobcami
obl'ibenejsie. Tieto mozno rozdelit’ taktiezZ do dvoch skupin:

a) s optimalne plochou charakteristikou

b) so zvlnenou charakteristikou v pasme preptstania (charakteristikou cebySevovskeho typu)
Aproximacie s optimalne plochou frekvencnou charakteristikou st reprezentované Siestimi
kategoriami:

A) SBB4 (Super Fourth-Order Boom Box) []

B) SC4 (Fourth-Order Sub-Chebychev)

C) QB3 (Quasi Third-Order Butterworth)

D)Diskrétne aproximacie, ktoré sa tak nazyvaju preto, Ze existuju len pre jednu hodnotu QTS :
B4 (Fourth-Order Butterworth)
BE4 (Fourth-Order Bessel)
IB4 (Butterworth Inter-Order)
Najznamejsie aproximacie cebySevovského typu st reprezentované troma typmi:
E) C4 (Fourth-Order Chebychev)
F) BB4 (Fourth-Order Boom Box)
G) SQB3 (Super Third-Order Quasi-Butterworth)
Jednotlivé aproximacéné kategorie sa liSia napr. typom reproduktora, pre ktory st realizovatelné

(poZiadavka na Qrg), dosiahnutel'nou dolnou medznou frekvenciou, potrebnym ladenim ozvucnice
(Helmhotzovho rezonatora) a z toho vyplyvajlicej poziadavky na objem skrinky a velkost trubice.
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Aproximacia B4

8
0
o
a,=2+/2 h=1= f, = f,
—
a =a, =./2a, g=1= 1,4 =1
Q a h Qr g
o0 1.414 1 0.383 1
20 1.286 1 0.390 1
10 1.163 1 0.398 1
7 1.061 1 0.405 1
5 0.932 1 0.414 1
3 0.653 1 0.439 1
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Aproximacia QB3

: 2 Q,°
G = oatos = A=BiA=A=0
0 0

1. Zvolime B > 0
2. RieSime algebraickl rovnicu:
A=a’-2a,=0
A =a°+2-2a3a,=0; = a,'-12a,°-8B%a,+4=0
A =a’—-2a,=B’

N\

3. Vyberieme a, > 2 + J2 a vypocitame:
a,’ +2
24,
4. Vypocitame «, h, q, Q;

3 =
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Aproximacia C4/SC4

: Q,° 0]
|G(Ja))|2 - 6 4 2 Q, =—
+AQ, +AQ +AQ, +1

1
2 \g
0)0:(6482j "y s = 3dB\/2+\/2+2 2+—
1+ ¢ \/

3
64 |4 64¢ 64>
A1=—0.25( 2); A2=1.25( 2); A3:—2( :

l1+¢

l+¢ l+¢

Zvlnenie (R ;) frekvencnej charakteristiky:

Ras
e=N100 -1 = Ry =10-log, (1+¢&?)

1

: 1 .
Pri vypocte sa pouziva parameter k: Kk = tanh {Z sinh™ (
g

;)

jz
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Aproximacia C4/SC4

Rap
1. Zvolime si zvlnenie fr. charakteristiky = &=V10'0 -1

2. Vypocitame parameter k: Kk = tanh {%sinh1 (lﬂ
g
4 2
3. Vypocitame D: D = K+ 68 Ko+l
4. Vypocitame a,,a,,a,: a, = k-4 +272
D)
1+ k> (1++2)
a. =
2 \/B

5. Vypocitame «, h, g, Q;
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Navrh sustavy (VB): Vypocet zakladnych parametrov

sustavy
Ciel: a,h,Qaf g
Pozname: a,,a,,a,, Q,

1.Najdeme najvacsi pozitivny realny koren rovnice:

8
‘G( ja)—SdB )‘2 = QO 4 2 = l
QF+AQ +AQ +AQS +1 2

Q. =d
d4—A1d3—A2d2—A3d -1=0 = d1,2,3,4
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Vypocet zakladnych parametrov sustavy

2. Zo vztahov pre a, a a, eliminaciou

premennych dostaneme:

r*—c,-r’+c,-r-1=0
Clzal’QL
C2:a3'Q|_

=i |

= a3y

Rovnicu rieSime a vyberieme pozitivny realny koren.
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Vypocet zakladnych parametrov sustavy

3.Zo hodndt d ar vypocitame hl'adané parametre nasledovne:

Caw J§ > gz orfd = (= foVhVd= oA

@, S

— hQL — erL
al\/ﬁQL -1 arQ. -1

Vv
VAB QLQTS QLQTS a

Ak existuje viac nez jeden pozitivny realny koren r, vyberie sa taky, pomocou

Q

ktorého dostaneme kladné hodnoty o a Q.
Ak existuje viac nez jeden pozitivny realny koren d, vyber zavisi od hodnoty korena r:
r<i = d<r’

r-1 = d>r?
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Vypocet zakladnych parametrov sustavy

4. Ak Q, > o
|
a, = a,
\/H.QT h:a—
2 1
2=0‘+1h+h L = g=a -h-h-1
1
\/H QT:
d; = —— a, -a,
Qr
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Graficka metoda navrhu VB
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Fig. 21. Nomogram and chart for design of ducted vents.
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Vypodet dlzky basreflexovej trubice

FREE |

-1 FLANGED

M AP — pOS (I + kend )

- Np P ,
U

=G [zpz ‘N, —k_, -D,
16z f,°V,q

kde:

D, - priemer trubice

- diZ7ka trubice

N, — pocet trubic

k — tzv. koncova korekcia
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Minimalna vysielacia plocha basreflexovej trubice

o 777

. Dy 2+ fs Vs [m;Hz,mﬂ

V
2. D, . > [411.25—= m;Hz,m’
o 11257 5 [t
kde:
Vo =S5 X pos [m3 } — maximalna objemova

vychylka reproduktora
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Konstanta koncovych korekcii

* Flanged End: kg, .= 0.425 __ P
 Free End: ki:..=0.307 ol
* Napr:

* both ends were flanged: k. , = 0.425 + 0.425 = 0.850
* one flanged, one free: k_ ,=0.425 +0.307 = 0.732

* both ends were free: k_ ;= 0.307 +0.307 = 0.614

* Normally, k_ ,=0.732 1s assumed

 In practice, it's best to use ports that are slightly longer than
predicted by the above equations, then adjust their length
until the correct tuning 1s achieved. It 1s much easier to
shorten a port than to lengthen 1t!
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Skript — ndhradna schéma sustavy VB s makromodelmi Radiator a

| Seas Prestige ER18RNX

| Reve=5.90hms; Leve=0.67mH; BI=7.2N/A;
IMmd=14g; Mmrd=0.92g;

| Rms=2.2Ns/m; Cms=1.3mm/N; Sd=136c¢m?2
| Fs=37Hz; Qts=0.32; Qms=1.58; Qes=0.39;
Vas=32lit.

| xmax=6mm; sens=88.5dB; Pe(It)=80W

Def Const
{roh=1.18; c0=344; Sd=0.0136; Rd=sqrt(Sd/p1);
Vas=0.032; Qts=0.32;Fs=37;
QL=10; alfa=2.5;h=1.25;
Vab=Vas/alfa; Fb=Fs*h;Lp=0.18;Rp=0.025; }

System 'S3-Enclosure' [Enclosure a Radiator
Resistor 'Rg' Node=1=2 R=10mohm
Resistor 'Revc’ Node=2=3 R=5.90hm
Coil 'Levc' Node=3=4 L=0.67mH

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

Enclosure

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
SD={Sd} [Piston

Radiator 'Radl" Def="front' Node=10
x=0 y=0 z=0 HAngle=0 VAngle=0

Coupler 'back’ Node=9=0=0=20
SD={Sd} [Piston

Enclosure 'E1' Node=20

Vb=12.8L Sb={Sd}

fb=46Hz dD=5cm QD/fo=0.2 Visc=0
x=0 y=0 z=0 HAngle=0 VAngle=0
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21

. Sound Prezzure of LO3-09E, Lp [Fhasze)

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

db — H=[ Y= AkaAbak [R] db
100 e -30
a3 -42
2 \ e
7B -54
64 \ -6E
h2 -73
40 -30
2 ] 10 alll 100 a00 1k, Ak, 10k, 20k,
— 11 Vol elocity of LOS-09B ., Level [Phaze], Uin=2. 43 mz; 52-Radiat, H=22=0, Ca=91.67=-9m3/Fa Cab:quency Hz
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Porovnanie CB a VB

21. Sound Pregsure of LOS-09E . Lp [Phaze)
Uin=2 43z, Distance=1m

B n Aktbak R] dB
100 H=0.Y/=0 100
a aa
N
/ S
76 = 75

h2 L

40 40

2 ] 10 alll 100 a00 1k, Ak, 10k, 20k,
— 4 Sound Pregsure of LO3-09CE, Lp [Phaze], Uin=2. 43 mz, Distance=1m; H=0, /=0 Frequency Hz
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Porovnanie CB a VB

23, Ercurzion of LO3-0E, Amplitude [Phaze]

Uin=2 43z
M §3Enclos, M=B=7, Mm=14g Mmd Aksbak (R] ™
B B
|
4.8m \\ 4 8Bm
3.Bm 2.6m
2.4m 2.4m
1.2m 3: 12m
: \E_-_ ]
2 al 10 il 100 A0 1k Ak 10k 20k,

— B Excurzion of LOZ-09CE, Amplitude [Phaze), Uin=2. 43 msz; S3-Enclos, H=6=7, Mm=14g Mmd  Frequency Hz
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Porovnanie CB a VB

24 Impedance of LO3-0E, &mplitude [Fhaze)

£
ohm oo - AkaAbak [R] ohm

a5 S53-Encloz at node=1 a5
£9 )
53 53
3B 36
20 /r"“'\. /ﬂ 20

4 L e X\__ " 4
2 ] 10 alll 100 a00 1k, Ak, 10k, 20k,

— 7. Impedance of LO3-03CE, Amplitude [Phaze], £; S3-Enclog at node=1 Frequency Hz
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Konicka membrana

A0, Sound Pressure of LOS-0™E . Lp [Phaze)
Uin=2 43z, Distance=1m

db - W= Akabak [R]
— H=0,%=0
100
7B
=
B4
L v ﬂ ﬂlﬁ
40
2 al 10 a0 100 a00 1k, alk, 10k, 20k,
Frequency Hz
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Def Met Filter
Diaphragm...
Radiation position...
Helmhaltz...

Sum

1. Def_Import...
2. Def_ListeningPoint...
3. Def_Reflector...

4. Def_OpAmp...
Def_Transistor...
6. Def_Element (dll)...

Ln

Def_Driver...

Def TwoCoilsDriver.
Def_PiezoDriver...
Def MeasRadiator...
Def_BassUnit...
Def_Speaker...

OmF e N

Inspect Calc

BassUnit

Definition Def_BassUnit / Calculator

Ctrl + B

Resonance Electrical Mechanical Yoice coil Yoice coill  Equ. vol. to Diaphragm
frequency quality quality resistance  inductance complance dimension
fs_ .. Qes. .. Oms... Re.__. Le... Yaz . sSD...
37H= 0.39 1.58 5.90hm |I].E?mH 2L 136cm2
..Hz_.. _.ohm.. H... m3....inJ mZ....inZ2
fre=2_0kHz Expole=0.618 Cone
Excurzion Generator Maszz-load Enclozure  Quality Factor/ Helmholtz
max. rezsiztance factor yolume frequency resonance
Xms Rg mb ¥h Qb/fa fh__.
Gmm | 1 12.8L [1000 X Vented |46Hz
m,.__.in -.ohm._. 0.95._.1 m3.__.ind L -Hz..
Heflex Box System [~ HP-Filter on/off
fsh Qur Directivity i3 Quality Pole -
frequ. D factor frequency
I7Hz 0.313 830Hz 49Hz |u‘" fe
Lw max. Pel max. Uo max. Reverb. Ripple -Hz..
4-pi-sr ms -60dB .
Identification
86.38dB 1.3 2.79v 58.3ms 95_34mdB |BU1
[___] Alignments... [ | Diagram... [__] Evaluate [ | From script [__ | %:Sjlc:z;éllphuald
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|Definition Def_BassUnit / Calculator

Vented Cabinet Alignments

™ Reflections on/foff D Repaint
Left wall Hight wall Floor D Z00m
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Filter Sum Inspect Calc Tools
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| Seas Prestige ER1SRNX )

| Reve=5.90hms; Leve=0.67mH; BI=7.2N/A; Mmd=14g; Mmrd=0.92¢; B assnit
| Rms=2.2Ns/m; Cms=1.3mm/N; Sd=136¢cm?2

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

| ymax=6mm; sens=88.5dB; Pe(lt)=80W

Def BassUnit 'BUT'
SD=136cm2 dDl=6cm tDI=4cm |Cone
fp=1.5kHz
fs=37Hz Vas=32L Qms=1.58
Qes=0.39 Re=5.9ohm fre=2.0kHz ExpoRe=1 Le=0.67mH Expole=0.618
Xms=6mm
Vb=12.8L fb=46.0Hz
|Performance in vented enclosure:
| fsb Qtr D f3
| 37.0Hz  0.313 830.4Hz 48.8Hz
| Lwmax  Pelmax UoRms t60  Ripple
| 86.4dB 1.3W 2,79V 58.3ms95.3mdB

System 'vb-BassUnit'
BassUnit 'Bul' Def='BU1' Node=1=0
x=0 y=0 z=0 HAngle=0 VAngle=0
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32, Sound Pressure of LOS-09E . Lp [Phaze]
Uin=2 43z, Distance=1m

BassUnit

dB A v Akabak [R]
— H=0,%=0

100

28 N

/_,-"

7B

64 /\ .ﬂI i

h2

I
40
2 ] 10 a0 100 a00 1k, Ak, 10k 200,
Frequency Hz
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