Elektroakustika

L10: Reproduktorové sustawvy

doc. Ing. Jozef Juhar, PhD.
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Nizkotonovy reproduktor

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
30 - 1500 Hz
300 W
80 W
91 dB
39 mm
14 mm
6 mm

8 mm
20 mm
09T
0.64 kg
2.17 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

100.5

5.84£0.2

0269+0.4

NN

)

|

2110
2232.2+0.4

72;[ I

.

]

[

¥ 6 mounting holes 25.0
I—v\rith pockets 9.2

equispaced on 8256

6.1 Ohms
3.08 mH
11.6 N/A
25 Hz
38.5 g

38 ¢

1.1 mm/N
1.66 Ns/m
350 cm?
164 Litres
3.99

0.30

0.28
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Nizkotonovy reproduktor v basreflexovej ozvucnici

(Driver, Radiator, Enclosure)
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 Dp,min=10cm

(o]

ainsojoug

29.marec 2007




Skript nizkotonovej Casti
Seas Prestige CA26RE4X H1316
Reve=6.10hms; Levc=3.08mH; Bl=11.6N/A; Mmd=38.5g;
Mmrd=3.8g; Rms=1.66Ns/m; Cms=1.1mm/N; Sd=350cm?2
Fs=25Hz; Qts=0.28; Qms=3.99; Qes=0.30; Vas=164lit;
ymax=4mm; sens=91dB; Pe(1t)=80W

Def Driver "Woofer'
SD=350cm2 dD1=5.5cm tD1=6.5cm |Cone
fs=25Hz Vas=164L Qms=3.99
Qes=0.3 Re=6.1ohm Le=3.08mH Expole=0.618

System L'
Driver 'D1' Def="Woofer' Node=1=0=2=3
Radiator 'Radl' Def='D1' Node=2
x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E1' Node=3
Vb=45L Sb=350cm2
tb=34Hz dD=10cm QD/fo=0.34 Visc=0
x=0 y=0 z=0 HAngle=0 VAngle=0
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Hladina akustického tlaku

7. Sound Prezzure of L10, Lp [Phasze)
Uin=2. 47 rmz, Distance=1m

—— H=0,%=0 akasbak [FA)

100
a3
76 \
64
52 i /\ AN w
40 |

10 A0 100 A00 1k Ak 10k, 200,

Frequency Hz
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Stredotonovy reproduktor

e QTC=0.9; a=1.38;

0120.4£0.4
NN\ N )

272

re———— 05,8404 ———

6 mounting holes 25.0
with pockets 8.3
equispaced on ¢110.8

Nominal Impedance 8 Ohms Voice Coil Resistance 6.3 Ohms
Recommended Frequency Range 400 - 5000 Hz Voice Coil Inductance 0.31 mH
Short Term Power Handling * 400 W Force Factor 4.2 NJA
Long Term Power Handling * 110 W Free Air Resonance 68 Hz
Characteristic Sensitivity (2.83V, Im) 86.0 dB Moving Mass 458 g
Voice Coil Diameter 26 mm Air Load Mass In IEC Baffle 024 ¢g
Voice Coil Height 5.8 mm Suspension Compliance 1.2 mm/N
Air Gap Height 4.0 mm Suspension Mechanical Resistance 0.85 Ns/m
Linear Coil Travel (p-p) 1.8 mm Effective Piston Area 55 cm?
Maximum Coil Travel (p-p) - VAS 5 Litres
Magnetic Gap Flux Density 1.1T QMS 2.42
Magnet Weight 0.25 kg QES 0.74
Total Weight 0.66 kg QTS 0.56

29.marec 2007




Stredotonovy reproduktor v zatvorenej ozvucnici

(o]

(Driver, Radiator, Enclosure)

UG\I/ MU
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Skript stredotonovej Casti

Seas Prestige MCA12RC H1304

Reve=6.30hms; Levc=0.31mH; Bl=4.2N/A; Mmd=4.58g;
Mmrd=0.24g; Rms=0.85Ns/m; Cms=1.2mm/N;

Sd=55cm2; Fs=68Hz; Qts=0.56; Qms=2.42; Qes=0.74; Vas=5lit.;
ymax=0.9mm; sens=86dB; Pe(lt)=110W

Def Driver 'Midrange'

SD=55cm2 dD1=3.6cm tDI1=2.75cm |Cone
fs=68Hz Vas=5L Qms=2.42

Qes=0.74 Re=6.2o0hm Le=0.31mH ExpolLe=0.618

System 'M'

Driver 'D2' Def="Midrange' Node=1=0=4=5
Radiator 'Radl' Def='D2' Node=4

x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=5

Vb=1.75L Sb=55cm2
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Hladina akustickeho tlaku stredotonovej Casti

17. Sound Prezsure of L10, Lp [Phaze]

Hin=2. 4=, Distance=1m
— H=0 %= akasbak [FA)
100 ’
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7k / \\
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40
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Vysokotonovy reproduktor

Nominal Impedance

Voice Coil Diameter
Voice Coil Height
Air Gap Height

Linear Coil Travel (p-p)

Recommended Frequency Range
Short Term Power Handling *

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

6 Ohms

1500 - 25000 Hz
220 W

90 W

90 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

2103.810.3

Ff=—3.5£0.2

39.0

\VAWAWAY/

85x19

4 mounting holes e4.5
with pockets 8.3
equispaced on 92

4.8 Ohms
0.05 mH
3.5 N/JA
550 Hz
037 g
7.5 cm?
1.8T
0.25 kg
0.50 kg
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Vysokotonovy reproduktor
(Speaker)
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Skript vysokotonovej Casti

Seas Prestige 27TDFC H1189
Reve=4.80hms; Leve=0.05mH; B1=3.5N/A; Mms=0.37g; Sd=7.5cm2
Fs=550Hz; ymax=0.25mm; sens=90dB; Pe(1t)=90W

Def Speaker 'Tweeter'

Meas_Dipole

SD=7.5cm2 tDI1=5.5mm t1=3.5mm |Convex Dome
fs=550Hz Vas=17.8cm3 Qms=2.425

Bl=3.5Tm Re=4.8ohm Le=50uH ExpoLe=0.618

System "T"
Speaker 'Spl' Def="Tweeter' Node=1=0
x=0 y=0 z=0 HAngle=0 VAngle=0
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Hladina akustického tlaku

25, Sound Prezsure of L10, Lp [Phaze]

Hin=2. 2%z, Diztance=1m

db _f e
100 H=0, =0

AkAbak [R]
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7k
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40 /
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Frequency Hz
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Hladiny akustickych tlakov v troch subpasmach - porovnanie

35, Sound Prezsure of L10, Lp [Phaze]

dB
100

a4

7B

B4

52

40

Hin=2.83m=, Distance=1m

— H=0.%= AkaAbak [R] db

H=0, /=0 100

s — < b

/ 75

/ AT

/\ \ J"V 52

| W 40

10 A0 100 A00 Tk, ' 10k, 20k,
Frequency Hz

— 3. Sound Prezsure of L10, Lp [Phaze], Uin=2.83msz. Diztance=1m; H=0, =0
—— 33, Sound Pressure of L10, Lp [Phase], Uin=2. 83z, Distance=1m; H=0, =0
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Def Driver 'Woofer'
SD=350cm2 dD1=5.5cm tD1=6.5cm |Cone
fs=25Hz Vas=164L Qms=3.99 Qes=0.3 Re=6.1ohm Le=3.08mH ExpoLe=0.618

Def Driver 'Midrange'
SD=55cm2 dD1=3.6cm tD1=2.15cm |Cone
fs=68Hz Vas=5L Qms=2.42 Qes=0.74 Re=6.2ohm Le=0.31mH ExpoLe=0.618

Def Speaker "Tweeter'

Meas_Dipole

SD=7.5cm2 tDI1=5.5mm t1=3.5mm |Convex Dome

fs=550Hz Vas=17.8cm3 Qms=2.425 BI=3.5Tm Re=4.8ohm Le=50uH ExpoLe=0.618

System 'L

Driver 'D1' Def="Woofer' Node=1=0=2=3

Radiator 'Radl' Def='"D1' Node=2
x=0 y=0 z=0 HAngle=0 VAngle=0

Enclosure 'E1' Node=3
Vb=45L Sb=350cm2 fb=34Hz dD=10cm QD/f0o=0.34 Visc=0
x=0 y=0 z=0 HAngle=0 VAngle=0

System 'M'

Driver 'D2' Def="Midrange' Node=1=0=4=5
Radiator 'Radl' Def='"D2' Node=4

x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=5

Vb=3.2L Sb=55cm?2

System '"T"
Speaker 'Spl' Def="Tweeter' Node=1=0
x=0 y=0 z=0 HAngle=0 VAngle=0

Skript

29.marec 2007

16




Celkova hladina akustického tlaku pr1 rovnakej polarite

reproduktorov

37, Sound Prezsure of L10, Lp [Phaze]

Uin=2. 83z, Distance=1m

—— H=0 Y= Akabak [R]

100 H=0, /=0
|
7B
64
h2
40
10 A0 100 A00 1k Ak 10k, 200,

Frequency Hz
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Celkova hladina akustického tlaku: opacna polarita
stredotonového reproduktora

6. Sound Prezsure of L10, Lp [Phaze]
Uin=2. 83z, Distance=1m

— H=0.%=0 akasbak [FA)

100

a8 - T A T

7B

64

h2

40

10 A0 100 A00 1k Ak 10k, 200,
Frequency Hz
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Pouzitie elektrickych filtrov vo funkcii ,,vyhybiek*

Ue| ()

lojeipey
N\~

DPF DRIVER
BPF DRIVER
HPF Speaker

=7
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Fllter-DlalO g : KStandard Lowpass Functions \
Dolnopriepustny filter

(Butterworth, 2. rad)
1

= S . Copy function 1 to clipboard and close
5,2 +1.414214s, +1 %
i

. Vyber ,Order” a ,Class* filtra

2
3. Copyto1
4

. Vlozenie ,Filter identif.“, ,Filter frequency fO*
a ,Amplification®

7
| . [ Ese ][0k |

r

; al=1.414214; al0=1;

o O
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AFCH dolnopriepustného

filtra

(Butterworthov filter 2. radu)
3. Woltage of L10, Level [Phasze)

System 'L"
Filter  'LPF-B'
fo=250Hz wvo=1

Uin=2.83rmz
— L.N=1=0,U1 b0=1; aZ=l; al=1.414214; al=l; ]
Driver 'D1' W:'Wmfer' Node=1=0=2=3
10
0 (Filter figuruje v sKripte ako vo|forme
prenosovej fupkcie, t.]. matematickej
funkcie, ktorou je \nasobené vistupné
napatie
10
-200
-a0
10 a0 100 a00 1k Ak, 10k 20k,
Frequency Hz
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Hladina akustického tlaku nizkotonovej Casti pred filtraciou a po
filtracu

28. Sound Prezsure of L10, Lp [Phaze]

100

aa

7k

B4

52

40

Hin=2.83m=, Distance=1m
— H=0,%=0

AkAbak [R]

dB
100

|
5

28

-~
N

Ny

7B

B4

/\ﬂ A h

52

40

10 a0

100

500

1k

— 29, Sound Preszsure of L10, Lp [Phase], Uin=2. 83z, Distance=1m; H=0, =0

ak.

]
10k,
Frequency

20k
Hz
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Filter-Dialog:
Pasmovy priepust
(Butterworth, 4. rad)

S,

H (s)

= S
0.163s,* +0.571s,’ +1.327s,> +0.571s, +1 " o,

Filter x|
Transfer 1 1
Filter identif. Filter requency fo Amplification ¥o
Get from |BPF-B 707.107Hz Hz |1 (] Diagram 2.
scnpl -
[ Jcopptoz |71 -~ 3.
ad4=0.163265; a3=0.571429; a2=1.326531;
|:| Clear 1 al=0.571429; a0=0.163265;

Copy function
1 to clipboard
and cloze

Transfer 2
15572

0.163%5™4 + 0.571%™3 + 1.327%:"2 + 0,671z + 0163

[ ] Lowpass to

allpasz
2

|2000 CH

[ To level

[___|Standard lowpasz [___ | Lowpass to [___] Highpass to

functions. . highpass lowpassz

]

[___|Bessel allpass [ | Lowpass to

delay.. bandpazs  Bandwidth: |25[l
|:| Copytol Dec Factor

| Frequency scaling

|:| Clear 2 |:I |

|-3dB dB

j 4,

6. Vlozenie ,Filter identif.“ a

. Standard Lowpass Functions

Vyber ,Order” a ,,Class” filtra

Vlozit ,Bandwith® — frekvencie
f1 a f2 (pozadované medzné
frekvencie pasmového
priepustu)

Lowpass to bandpass

Copy to 1

~ZAmplification® (filter
frequency f0 je automaticky
vypocitana ako geometricky
priemer frekvencii f1 a f2

Copy function 1 to clipboard
and close

29.marec 2007
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AFCH pasmového System 'M'

priepustu Filter ~ 'BRF-B'

(Butterworthov, 2. rad) f0=1707.107Hz vo=1

34. Voltage of L10, Level [Phase] {b2=1; ad=0.16326a; a3=0.571425; a2=1.326331;
Uin=2.83rms - . - .

w e al=0.571429;  a0=0.163265 )

| | Driver 'DZ2' Def="Midrange' Node=1=0=4=3
Filter figuruje v skfipte ako vo forme
pre osovej funkcie, t.]. T o
maE': il L' .

j funkcie, ktorou je /
naspbené vstupné napatie \

D /

A0
20
0 \
A
10 B 100 500 1k Bk 10k S0k

Frequency Hz
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Hladina akustického tlaku stredotonovej Casti pred filtraciou a po

filtracii

32, Sound Prezsure of L10, Lp [Phaze]

Hin=2.83m=, Distance=1m

AkAbak [R] dB

100 — H=0.%=0 100
a3 a8
el /.

76 / / 76
E4 A
h2 V L
40 40

10 a0 100 a00 1k, Ak, 10k, 20k,

—— 33, Sound Preszsure of L10, Lp [Phase], Uin=2. 83z, Distance=1m; H=0, =0 Frequency Hz
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Filter-Dialog: Hornopriepustny S
g pricp y H (S) 0

filter =—
(Butterworth, 2. rad) S, +1.414s, +1

ﬁ Standard Lowpass Functioh

. Vyber ,Order” a ,Class* filtra

. Lowpass to highpass

. Copyto 1

2
3
a2=1; al=1.414214; al0=1; 4
5

. Vlozenie ,Filter identif.”,
,Filter frequency f0“ a
~LAmplification®

. Copy function 1 to clipboard

and close /
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AFCH hornopriepustné¢ho filtra

System 'T'

Butterworthor. 2. 1) Filter  'HPF-B2'
utterworthov, 2. ra
fo=2kHz wvo=1
4. altage of L10, Level [Phase) {b2=1; aZ=1; al=1.414214; al=1; }
Uin=2 83ms Speaker 'Spl' Def="Tweeter' Node=1=0
— T.N=1=0, "
¥x=0 y=0 z=0 HAngle=0 VAngle=0
10 ]
0
7 [ m—
Filten figuruje v skripte akp vo forme
prenosovej funkcie, t.j.
10 matematickej funkcie, ktorou je
nasobené vstupné napatie )
-20
-30
i
10 50 100 500 Tk Bk, 10k 20k
Frequency Hz
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Hladina akustickeého tlaku vysokotonovej Casti pred filtraciou a po

2. Sound Prezzure of L10, Lp [Phasze)
Uin=2. 83z, Distance=1m

filtracii

—— H=0,v=0 Akabak (R dB
100 100
L —— __\-\_“H"‘-\-._

a8 |~ Tl
7B / 7B
64 / B4
h2 L
40 40
10 a0 100 a00 1k, Ak, 10k, 20k,

— 3 Sound Pregsure of L10, Lp [Phase), Uin=2.83msz. Distance=1m; H=0, =0 Frequency Hz

29.marec 2007
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AFCH dolnopriepustného filtra, pasmového priepustu a

hornopriepustného filtra: porovnanie

. “foltage of L10, Level [Fhasze)

(Butterworth, 2. rad)

Uin=2.83rmz — M, N=1=0, L1
— L.N=1=0,111  —— T.N=1=0,U1 Akabak [R]
10 \
D / /
-10
-20
-30
A £
10 A0 100 A00 1k Ak 10k, 200,
Frequency Hz
29
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Hladiny akustickych tlakov nizkotonovej, stredotonovej a
vysokotonovej po filtracii: porovnanie

7. Sound Prezzure of L10, Lp [Phasze)
Uin=2. 83z, Distance=1m

— H=0,%= AkaAbak [R] db
100 L 100
T _ T T
38 - =~ - N
/ ™ /

76 / \ 76
B4 B4
hZ 52
40 40
10 A0 100 A00 Tk, ' 10k, 20k,

— 8 Sound Pregzure of L10, Lp [Phaze), Uin=2.83 sz, Diztance=1m; H Frequency Hz

H

=0, =0
— 3 Sound Pregsure of L10, Lp [Phase), Uin=2.83msz. Distance=1m; H=0, =0

29.marec 2007
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Celkova hladina akustického tlaku s pouzitim elektrickych filtrov

(sﬁéet akustickych tlakov nizkotonovej, stredotonovej a vysokotonovej)

9. Sound Prezzure of L10, Lp [Phasze)

100

aa

7k

B4

52

40

Hin=2.83m=, Distance=1m

— H=0.%=0 akasbak [FA)
#__F_ﬁ—— ——H_RH'“—
10 A0 100 A00 1k Ak 10k, 200,
Frequency Hz
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Celkova hladina akustického tlaku s pouzitim elektrickych filtrov

(sﬁéet akustickych tlakov nizkotonovej, stredotonovej a vysokotonovej, opacna polarita
stredotonoveho reproduktora)

10. Sound Prezsure of L10, Lp [Phaze]
Uin=2. 83z, Distance=1m

— H=il Y= Akabak [R]

100 g
o0 l i _\—_‘E“\
7B
64
h2
40

10 A0 100 A00 1k Ak 10k, 200,

Frequency Hz
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Pridany d’alsi stredotonovy reproduktor — zvySenie
citlivosti na strednych frekvenciach

11. Sound Pregsure of L10, Lp [Phaze]

100

aa

7k

B4

52

40

Hin=2.83m=, Distance=1m
— H=0 w=0 Akahbak R db
’ 100

=" | —
] - /_\ = H‘H"‘“—m__k__&\ .

B4

52

40

10

a0 100 a00 1k, Ak, 10k, 20k,
— 10 Sound Preszsure of L10, Lp [Phase], Uin=2. 83z, Distance=1m; H=0, =0 Frequency Hz
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Skript
(zmena triedy filtrov na Linwitz-Riley, mala
uprava medznych frekvencii)

Def Driver "Woofer'

SD=350cm2 dDI1=5.5cm tD1=6.5cm |Cone
fs=25Hz Vas=164L Qms=3.99

Qes=0.3 Re=6.1ohm Le=3.08mH ExpolLe=0.618

Def Driver 'Midrange'

SD=55cm2 dD1=3.6cm tDI1=1.75cm |Cone
fs=68Hz Vas=5L Qms=2.42

Qes=0.74 Re=6.2ohm Le=0.31mH ExpoLe=0.618

Def Speaker 'Tweeter'

Meas_Dipole

SD=7.5cm2 tD1=5.5mm t1=3.5mm |Convex Dome
fs=550Hz Vas=17.8cm3 Qms=2.425

BI=3.5Tm Re=4.8ohm Le=50uH ExpoLe=0.618

System 'L
Filter 'LPF-LR2'
fo=200Hz vo=1
{b0=1; a2=1; al=2; a0=1; }
Driver 'D1' Def="Woofer' Node=1=0=2=3
Radiator 'Radl' Def='"D1' Node=2
x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'El' Node=3
Vb=45L Sb=350cm2
fb=34Hz dD=10cm QD/f0o=0.34 Visc=0
x=0 y=0 z=0 HAngle=0 VAngle=0

System 'M1'
Filter 'BPF-LR2'
to=707.106Hz vo=1
{b2=1; a4=0.123457; a3=0.702728; a2=1.246914;
al=0.702728; a0=0.123457; }
Driver 'D2"' Def='Midrange' Node=0=1=4=5
Radiator 'Radl' Def='D2' Node=4
x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=5
Vb=3.2L Sb=55cm?2

System 'M2'
Filter 'BPF-LR2'
fo=707.106Hz vo=1
{b2=1; a4=0.123457; a3=0.702728; a2=1.246914;
al=0.702728; a0=0.123457; }
Driver 'D2' Def='Midrange' Node=0=1=4=5
Radiator 'Radl' Def='D2' Node=4
x=0 y=10cm z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=5
Vb=3.2L Sb=55cm2

System "T"

Filter 'HPF-LR2'
fo=1.5kHz vo=1
{b2=1; a2=1; al=2; a0=I; }

Speaker 'Spl' Def="Tweeter' Node=0=1
x=0 y=0 z=0 HAngle=0 VAngle=0
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AFCH flitrov Linkwitz-Riley 2. radu

26. Woltage of L10, Level [Fhasze)

Uin=2.83rmz — M1, M=1=0, 1
— L.N=1=0,111  —— T.N=1=0,U1 Akabak [R]
1]
H““x
/ o \
18 L~
-35
53 d
-7d
10 | 100 _00 1k Al 10k, 20k
Frequency Hz
35
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Hladina akustického tlaku sustavy s pouzitim filtrov triedy
Linkwitz-Riley

27, Sound Prezsure of L10, Lp [Phaze]
Uin=2. 83z, Distance=1m

—— H=0,%=0 akasbak [FA)
100
futa] f H—_—E‘"\
7B
B4
L
40
10 a0 100 a00 1k Ak, 10k 20k,
Frequency Hz
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Syntéza pasivnych filtrov
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Synteza DPF: Filter/LCR-Synthesis
Synthesis of Polynomial Filters with Passive Elements

Coil Node=1=2 L=9.708mH
Capacitor HNode=2=0 C=65.22TuF
Eesistor 'RL' HNode=2=0 E=6.lchm
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System 'L
Coil  Node=1=2 L=9.708mH
Capacitor Node=2=0 C=65.227uF
SynthesisInfo
Passive FirstNode=1 RL=6.1ohm QL=0
fo=200Hz vo=1
{b0=1;
a2=1; al=2; a0=I; }
Driver 'D1' Def="Woofer' Node=2=0=3=4
Radiator 'Radl' Def='D1' Node=3
x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E1' Node=4
Vb=45L Sb=350cm2
tb=34Hz dD=10cm QD/fo=0.34 Visc=0
x=0 y=0 z=0 HAngle=0 VAngle=0

9.708mH

Nizkotonova cast’

(o)

UGJ/ 65.227uF ——

O @

L

DRIVER

(o]

Jojeipey

=7

e}

2INsojoug

=7
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Napaitie na vystupe DP filtra: ukazka vplyvu skutoCnej impedancie
reproduktora na AFCH filtra

4 “oltage of LT10B, Level [Phasze)

Uin=2.83rmz
—— L, N=2=0, Driver [in) D1 Akabak (R]  dB
16 16
tk\ skuto¢ny tvar| AFCH
—
— ™
o&akavany tvar AFCH J \
16 \ 16
-32 -32
\\
-43 \\\ -43
™
10 a0 100 a00 1k, Ak, 10k, 20k,
— 1. %altage of L10, Level [Phasze)], Uin=2.83ms; L, N=1=0, Diriver [in) 01 Frequency Hz
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Hladina akustického tlaku nizkotonovej Casti po filtraci skutocnym
filtrom (zat'azou je impedancia reproduktora)

f. Sound Prezzure of L10B, Lp [Phaze]
Uin=2. 83z, Distance=1m

AkAbak [R] dB

100 — H=0.%=0 100
a5 x\ 35
/] )
T
% ]
76 ‘mk 76
&4 4
h2 / L
40 40
10 a0 100 a00 1k, Ak, 10k, 20k,
— 2 Sound Pregsure of L10, Lp [Phase), Uin=2.83msz. Distance=1m; H=0, =0 Frequency Hz
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0.388mH 0.116mF 0.34Q

o

lojeipey

N
&)
uGl @ 14.33uF === 3.972mH = DRIVER
e
l System 'M'
Coil  Node=1=10 L=0.388mH
Capacitor Node=10=0 C=14.33uF
St d t , , Capacitor Node=10=11 C=0.116mF
Coil  Node=11=0 L=3.972mH
redotonova Resistor Node=11=12 R=0.340hm
W ) Resistor Node=12=0 R=25.11ohm DRIVER
CaSt SynthesisInfo

Passive FirstNode=1 RL=3.1ohm QL=0
fo=707.11Hz vo=1

{b2=1;

a4=0.123457; a3=0.702728; a2=1.246914;
al=0.702728; a0=0.123457; }

Driver 'D2' Def='"Midrange' Node=0=12=15=16
Radiator 'Radl' Def='D2' Node=15

x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=16

Vb=3.2L Sb=55cm2

Driver 'D2' Def='Midrange' Node=0=12=17=18
Radiator 'Radl' Def='D2' Node=17

x=0 y=10cm z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=18

Vb=3.2L Sb=55cm2

o

2Insojoug

Jojeipey

ainsopug

=

-
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Napatie na vystupe P filtra: ukazka vplyvu skutoCnej impedancie
reproduktora na AFCH filtra

. “Yoltage of LT10B, Level [Fhasze)

Uin=2.83rmz
—— M, M=0=12. Driver [in) D2a Akisbak (R) dB

: pEE :
V4 N
-

|
/ [ oCakavarny tvar/AFCH
/

/)
7/

AN

Q)

-24 r/! / -24
/ | skutogny tvar AFGH | |
36 // -36
10 a0 100 a00 1k, Ak, 10k, 20k,
— 3 Waoltage of L10, Level [Phase), Uin=2.83msz; M1, H=0=1, Driver [in] D2 Frequency Hz
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Hladina akustického tlaku stredotonovej Casti po filtracii skutocnym
filtrom (zat'azou je impedancia reproduktora)

7. Sound Prezzure of L10B, Lp [Phaze]
Uin=2. 83z, Distance=1m

— H=0, %= AkaAbak [R] db
a5 H=0, =0 a5
"] ::—"“5-.\
| .
a4 /7/_ a4
skutogny filﬁeﬁ /
i3 . L 73
idealny filter v tvare
prenospvej funkcie
B2 B2
51 51
40 / Y 40
10 a0 100 a00 1k, Ak, 10k, 20k,
— B Sound Pregsure of L10, Lp [Phase), Uin=5.66%msz, Distance=1m; H=0, =0 Frequency Hz
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System T
Capacitor Node=1=20 C=11.052uF
Coil  Node=20=0 L=1.019mH
SynthesisInfo
Passive FirstNode=1 RL=4.8ohm QL=0
fo=1.5kHz vo=1
{b2=1;
a2=1; al=2; a0=1; }
Speaker 'Spl' Def="Tweeter' Node=0=20
x=0 y=0 z=0 HAngle=0 VAngle=0

11.052uF

Vysokotonova Cast’

)
7

MU 1.019mH

)

L

Q

SPEAKER

N
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Napaitie na vystupe HP filtra: ukazka vplyvu skutoCnej impedancie
reproduktora na AFCH filtra

10, Yaoltage of L10B, Level [Phaze)

Uin=2.83rmz

— T.M=0=20, Speaker Spl Akabak (R]  dB
12 12

e
ﬁﬁ#
o A
//
1] 0
=
skutocny tvar AFCH j
12 % / J \ 12
roéakévany (idealny) j
o tvar AFCl ) o
-36 /{ -36
10 a0 100 a00 1k, Ak, 10k, 20k,
—— 8 Valtage of L10, Level [Phase), Uin=2.83msz; T. N=1=0, Speaker 5p1 Frequency Hz
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Hladina akustickeého tlaku vysokotonovej Casti po filtracu
skutocnym filtrom (zat'aZou je impedancia reproduktora)

9. Sound Prezzure of L10B, Lp [Phaze)
Uin=2. 83z, Distance=1m

— H=D0, Y= Aktbak (F] dB
100 H=0. V=0 100
"'5%__
.__u,-ﬂ"'.
ae :—T&“\a aa
VAU AN
7E 76
A A

skutogny filter,

B4 B4

N
/ Eﬂ ealny filter v tvare
o]

'enosovej funkcie
A

52 / 52

40 fij 40
10 a0 100 a00 1k, Ak, 10k, 20k,
— 7. Sound Pregsure of L10, Lp [Phase), Uin=2.83msz. Distance=1m; H=0, =0 Frequency Hz

29.marec 2007 47




Def Driver 'Woofer'

SD=350cm2 dD1=5.5cm tD1=6.5cm |Cone
fs=25Hz Vas=164L Qms=3.99

Qes=0.3 Re=6.1ohm Le=3.08mH ExpolLe=0.618

Def Driver 'Midrange'

SD=55cm2 dDI1=3.6cm tD1=1.75cm |Cone
fs=68Hz Vas=5L Qms=2.42

Qes=0.74 Re=6.2o0hm Le=0.31mH ExpoLe=0.618

Def Speaker 'Tweeter'

Meas Dipole

SD=7.5cm2 tD1=5.5mm t1=3.5mm |Convex Dome
fs=550Hz Vas=17.8cm3 Qms=2.425

Bl=3.5Tm Re=4.8ohm Le=50uH ExpolLe=0.618

System 'L
Coil  Node=1=2 L=9.708mH
Capacitor Node=2=0 C=65.227uF
SynthesisInfo

Passive FirstNode=1 RL=6.1ohm QL=0

fo=200Hz vo=1

{b0=1;

a2=1; al=2; a0=1; }
Driver 'D1' Def="Woofer' Node=2=0=3=4
Radiator 'Radl' Def='D1' Node=3

x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'El' Node=4

Vb=45L Sb=350cm?2

tb=34Hz dD=10cm QD/fo=0.34 Visc=0

x=0 y=0 z=0 HAngle=0 VAngle=0

System 'M'

Coil  Node=1=10 L=0.388mH
Capacitor Node=10=0 C=14.33uF
Capacitor Node=10=11 C=0.116mF
Coil  Node=11=0 L=3.972mH
Resistor Node=11=12 R=0.340hm
Resistor Node=12=0 R=25.11ohm
SynthesisInfo

Passive FirstNode=1 RL=3.1ohm QL=0

fo=707.11Hz vo=1

{b2=1;

a4=0.123457; a3=0.702728; a2=1.246914;

al=0.702728; a0=0.123457; }
Driver 'D2a" Def="Midrange' Node=0=12=15=16
Radiator 'Radl' Def='D2a'" Node=15

x=0 y=0 z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=16

Vb=3.2L Sb=55cm2
Driver 'D2b' Def='Midrange' Node=0=12=17=18
Radiator 'Radl' Def='D2b' Node=17

x=0 y=10cm z=0 HAngle=0 VAngle=0
Enclosure 'E2' Node=18

Vb=3.2L Sb=55cm2

System "T"
Capacitor Node=1=20 C=11.052uF
Coil  Node=20=0 L=1.019mH
SynthesisInfo
Passive FirstNode=1 RL=4.8ohm QL=0
fo=1.5kHz vo=1
{b2=1;
a2=1; al=2; a0=1; }
Speaker 'Spl' Def="Tweeter' Node=20=0
x=0 y=0 z=0 HAngle=0 VAngle=0
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Cela sustava

0.388mH

14.33uF =

o

II_L

116mF

9.708mH

65.227uF

T :

0.34Q

DRIVER

Jojelpey

=

3.972mH

oll'Ge

o}

o

ainsojoug

DRIVER

Q

Jojeipey

=

ainsojougy

-

DRIVER

Q

Jojeipey

N~

11.052uF

]
S

1.019mH

O O-

T

SPEAKER

=/

2insojoug
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Napatia na vystupe elektrickych filtrov

11. Yoltage of L10B, Level [Phaze)
Uin=2.83rmz

— L, N=2=0, Diriver [in) 01

]

—_—

T —

™}

— M, N=0=12, Dmiver [in) D2a

—

—— T, M=0=20, Speaker 5p1

AkAbak [R]

| —— |

I

_'_F'_'_'__,_,.,-'—'" H-\-"'q:-.:,_:___:_'_,_,_,-'
e
0 >‘RH 7
/ /\ \
18 /
2 a /
-a7
L~
A5 / \
-74
10 A0 100 A00 1k Ak 10k, 200,
Frequency Hz
50
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Hladina akustickeho tlaku sustavy

13. Sound Pressure of LT10B, Lp [Phaze)
Uin=2. 83z, Distance=1m

—— H=0,v=0 Akabak (R dB
100 100
S e N
a8 v B [ g
7B %ﬁ’ / 7B
‘ skutacné filtne
B4 ' G4
" r . \
idealneffiltre (v tvare
prenosove| funkcie)
R
h2 L
40 40
10 a0 100 a00 1k, Ak, 10k, 20k,
— 10 Sound Preszsure of L10, Lp [Phase], Uin=2. 83z, Distance=1m; H=0, =0 Frequency Hz
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Uloha vyhybky

» Elektronické vyhybky su elektrické filtre, ktoré delia vstupny audiosignal do frekvencnych
pasiem, vhodnych na reprodukciu jednotlivymi reproduktormi sustavy:

— Dvojpasmova ststava — dolnopriepustny filter (DP) a hornopriepustny filter (HP)
— Trojpasmova sustava — DP, pasmovy filter (PP), HP
» Elektrické zapojenie
— Sériové — filter a reproduktor v rdmci pasma
— Paralelné — pasma voci sebe

: : Tweeter g
Q "
é:.q = High-
&) pass f
Mid-range Frequency
| = Band-
| =1 pass
=
o
Frequency
5 Low-
o
5 pass
o
Frequency
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Deliaca frekvencia

« Je to frekvencia, ktora vymedzuje hranicu medzi frekvenénymi pasmami
dvoch "susednych" reproduktorov

* Pri deliacej frekvencii by mali obidva reproduktory emitovat’ rovnaky
"osovy" akusticky tlak
» Typickée hodnoty:
— Dvojpasmova sustava v rozmedzi 1.5-2 kHz

— Trojpasmova sustava v rozmedzi 300-800 Hz resp. 3-5 khz

» PresnejSi odhad deliacej frekvencie:

— Mala by byt’ zvolena tak, aby reproduktor neemitoval akusticke vinenie pri
frekvencii vacsej, ako je frekvencia, pri ktorej kR=1 (k — vlnov¢ Cislo, R — polomer
plochy tstia membrany)

— Ak chceme reproduktor pouzivat pri frekvencii vyssej, je potrebné osobitna
pozornost’ venovat’ vyberu (resp. ndvrhu) vhodného reproduktora (najméa material
membrany)
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Medzna frekvencia

» Medzna frekvencia vyhybkoveho filtra je bezne Specifikovana
ako frekvencia, pri ktorej AFCH filtra klesa o 3 dB, v Specialnych
pripadoch o 6dB:

— DP ma hornit medznu frekvenciu
— HP ma dolni medznu frekvenciu
— PP ma dolnt aj hornit medznt frekvenciu

« Skuto¢na medzna frekvencia pasma sa moéze odliSovat’ od
teoreticky vypocitane;:

— Rozdiel medzi menovitym odporom a skuto¢nou impedanciou reproduktora
— Interakcia prenosovych funkcii filtra a reproduktora
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Rad, typ atrieda filtra

« Rad filtra — sklon AFCH v pasme zadrze
— 1. rad — 6dB/okt. resp. 10dB/dek.
— 2.rad — 12dB/okt. resp. 20dB/dek.
— 3.rad - 18dB/okt. resp. 30dB/dek.
— N-ty rad - nx6dB/okt. resp. nx10dB/dek.
* Typ filtra:
— Dolny priepust
— Horny priepust
— Pasmovy priepust
— Pasmova zadrz
e Trieda filtra
— Butterworth
— Cebysev
— Bessel
— Linkwitz-Riley
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Pasivne filtre 1. radu

T,(s)=
1+s/w,
T (S) = S/a)ml . = S/a)ml _ S/a)ml
m 1+s 1+s
| @ /@y, 1+S(1+1j+82 1+S(a)ml+wm2j+82 1
a)ml a)mZ a)mla)mz a)mla)mz a)mla)mz

1
S

S/a)ml _ \/a)mla)mZ \/a)m2 Va)mla)mz

1
S +5?
a)m2 a)mla)mZ \/ a)mla)mz a)mla)m2

a)mlme a)ml
1
87
_ \/a)mla)mz \/a)mz WO Py
(B 1) \/a) \/a) . 1 1 \ O O,
m1 m2
ml ml1~“m2 +5 +S2 ml1~“m2
Wy T Dy (/Y () WDy By T Dy
S/,
Tt (S) — / t
1+s/w,
@,,0. 0. ,,0, — medznéfrekvencie (-3dB)
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Pasivna vyhybka 1. radu

Cy Ry,
i + LW_27zf
Ry, V, Tweeter w
c L _  Output 1
m “m = Cm:
Inout :;. -_“ + 272.1:m1REm
ol R A
i - = " 2rf
+
Rﬁw%vw Woofer |
_° Output m =
= 27 f.Rg,
S
T(s) = Ty(s)= L ()= S
1+5s/w, 1+s/w,, 1+S/@,, 1+ s/,

medzné¢ frekvencie (-3dB)
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Pasivna vyhybka 2. radu

+
R Tweeter
Lt? 5 ‘% 5‘ Output

Gm" Lmz
+ b +
Input ¥, L 1-? cmz'L REm%Vm Midrange
m
1 r 1_' ] - Output
o
+
R v Woofer
C‘"'_[ F‘"% ¥ Output
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_ 1 (9.3)
T () = 7o + (1/Qu) (s/ww) + 1

(8 /wm1)? 1 (9.4)
T (0] = (s/wm1)? + (1/Qm1) (8/wm1) + 1 " (ofam2) + (1/Qma) (s/wm2) +1 .
(3{’“,?‘)2 (9-5}
Ti(s) =

(s/wn)® + (1/Q1) (s/wy) +1

Rew _ Quw — Rem C.., = le 9.6
Lo=gr5- Ow=gpp— Im=gr0— Cm=gr Rom &8
__Rem __ Qm L, = R C, = Qe 0.7

Lma = gmr—i—  Cm=grp—  Li=g505  C=5fkm &0
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Pasivna vyhybka 3. radu

| S+

_ 1 _ _ 3Rg
G=grRs @7 L=g7
Re ~ 2
L=gn D=3k C=zrm
Cy Cy L, L,
o ] ¥ . + —tTN T m
_'L" = = _%' - =
(a) (b)

Figure 9.4: Third-order (a) high-pass and (b) low-pass filters.

29.marec 2007




Navrh odporoveho deli¢a na vyrovnanie citlivosti

reproduktorov

Figure 9.5(a) illustrates an L-pad connected to a driver. In Fig. 9.5(b), the driver is modeled by
its voice-coil resistance Rg. For a desired voltage gain ky,q = V2/Vi and input resistance R;,, the
L-pad elements are given by

_ Rz Re
- (REKkpnd} - Rin

Ry R,
P’+ M : N
R -
— T‘ -

T (a) ®)

Ra Ry = Riyn, — R2||RE (9.10)

Figure 9.5: (a) L-pad and driver. (b) L-pad with the driver modeled by its voice-coil resistance Rg.

1V
Kpaq = Docnsl _ ‘/Eﬂ x QoL g = 10(SPESL-SPLIL)/20 _ ,f%m{sn}::’.psm:::g]m
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Navrh odporoveho deli¢a na vyrovnanie citlivosti
reproduktorov

» odporovy deli¢ slizi na vyrovnanie citlivosti reproduktorov
« zapaja sa na vstup reproduktora s vyssou citlivostou — ciel'om je zniZit’ napétie

na jeho vstupe
RZ REVC

R2 + I:QEVC
_ Rin REVC k pad
’ REVC - Rinkpad

Rl = Rin -
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Suppose two drivers have the presure sensitivities ply,; and plig, where pl¥ \ < plV . the
efficiencies 1, and 1, and the voice-coil resistances Rg; and Rgg. The value of koad for a Lpad
in series with driver 2 to make it have the same effective pL) s driver 1 is given by

1V
Psens} RE? Mot
o T | Ret My o

It the SPL sensitivities of the drivers are given, the value of kyyq is

kpld = lﬂ(EPL}:, | -SPL}::,;][W = J_E__E lu(SFL:::; 1 -EFL::::,);"ED (912)
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Ce

Tweeter
{ L‘E % % Output
ani
L -—-—l
Input Fi Lrn Rmz = RM% Vm Midrange
-1 E % -_|' Output
L,

.._I'Tl'h

P‘ Woofer

R
Cw I fw% Output

Figure 9.6: Example crossover network with two L-pads.
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Kompenzacia vstupne] impedancie

Voice—C

Equivalent Circuit

oil

Rpe i Lege=

— Curc

Matching | Rg
Network | Rg I “'
R ! | Lg
R
Z=R,—» 1
E
ﬂ'.l Lz
C.
1l To

Figure 9.7: Voice-coil equivalent circuit with matching networks.
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In order for the input impedance to the network plus the driver to be equal to R; at all frequen-
cies, the matching network elements are given by

R Lp
R1 = RE (1 + "R',E') Cl - 'é'g (&15)
) Qec _ 1 1, = Qe 018
fa=ls (”ow) O ke e

where f is the closed-box resonance frequency. These equations are derived under the assumption
that C, is an open circuit in the low-frequency range where Ry, Cs, and Ly are active and that L,
is an open circuit in the high-frequency range where Ry and Cy are active. Because Lg and Ry are
not frequency independent in general, the values of Ry and Cy might be determined from the values
of Ly and R}, at the desired crossover frequency.
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95 Effect of the Driver Phase Response

A loudspeaker system should be designed so that phase cancellation cannot occur in the un-ms
presstre caused by two drivers operating out of phase at the Crogsover _En:,c_luinﬂ?n To m?@u tl:us
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9.6 Constant-Voltage and All-Pass Functions

Crossover networks are often designed to satisfy either a constant-voltage condition or an all-pass
condition. To see how these are derived, let p = s/wy be the normalized frequency. Let D, (p) be a

nth-order polynomial in p of the form
D,(p)=1+a1p+agp®*+-- +p" (9.17)

The transfer functions of nth order low-pass and high-pass filters can be written

1 p"
T = T = 9.18
Lp (p) D () Hp(p) D, (7) (9.18)
We wish to investigate the conditions for which
|Trp (ju) £ Thp (ju)| =1 (9.19)

where 4 = w/wp and the minus sign represents a reversal of the polarity of the high-frequency driver
to the network. Networks which satisfy this condition are called all-pass networks. In the case that

Trp (p) + Typ (p) = 1, the network is called a constant-voltage network.
The generation of all-pass transfer functions requires factorization of the polynomial 1 + p™ into
the product of first and second-order polynomials having real coefficients. For n = 1, the polynomial

is already factored. The factored polynomials for the cases 2 < n < 4 are as follows:

1+ =(1+4+p)(1-p) 1+p°=(1+p)(1-p+p’) (9.20)
14p* = (1+ v’ip+p“) (1 - v‘ip+p”) (9.21)
69
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The denominator polynomial Dy, (p) is obtained by taking the factors of 1 4+ p™, changing the _
signs of all negative coefficients of p, and multiplying the factors. It follows that

D:(p)=(1+p)° Ds(p)=(1+p)(1+p+p*) Dy(p)= (1 +v2p +p2)2 (9.22)

It is straightforward to obtain orders higher than 4 by factoring the 1 4+ p™ polynomial. The only
cases which cannot be used are those for which a factor is (1 + p?). This would result in complex
poles on the jw axis, thus causing oscillations. For example, this occurs with 1 + pe.

First Order

For n = 1, we have

1 1tp

Tre(p) = 7 Tup(p) = ﬁ Trp(p) = Thp(p) = T+p (9.23)

It is obvious that Ty p (p) + T p (p) = 1, so that the first-order crossover is constant voltage. This is
the only order for which the network is constant voltage. For p = ju, the magnitude of the difference

is

(Tup () — Tup ()] = ‘: R (9.24)

Thus the first-order function is all-pass if the difference connection is used.

At the crossover frequency, i.e. for p = j1, Trp (j1) = 1/v/2Z2 - 45° and Typ (§1) = 1/v/2245°.
The angle between the phasors is 90°. If crossover occurs near the resonance frequency of the
high-frequency driver, its phase shift causes the phase difference to be greater than 90° for the
sum connection and less than 90° for the difference connection. To prevent phase cancellation, the
- difference connection is the proper one.
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Second Order

For n = 2, we have

Trp(p) = m Tup(p) = ﬁi‘ Trp (p) =Tup (p) = é":——fg (9.25)

For p = j1, i.e. for w = wy, it is obvious that the sum connection exhibits a null. For the difference
connection, the numerator can be factored to obtain (1 + p) (1 — p). For p = ju, we have

— ju) (1 + ju)
(1 + ju)®

1 1—3
Tep (ju) — Tup (ju)l = ){ = lﬁ‘ =1 (9.26)
Thus the difference connection is all-pass.

At the crossover frequency, i.e. for p = j1, Tpp (§1) = 0.5£ — 90° and Ty p (§1) = 0.5£90°. The
angle between the phasors is 180° so that Trp (j1) + Typ (ju) = 0. For the difference connection,
the angle between the phasors is 0° and Trp (71} — Tipe (1) = 1£0°. If crossover occurs near the
resonance frequency of the high-frequency driver, its phase shift causes the phase difference to be
between 90 and 180° for the sum connection and less than 90° for the difference connection. To
prevent phase cancellation, the difference connection is the proper one.
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. Third Order
For n = 3, we have

_ 1 _ _ 7
Tie )= paenrm PP =T aTre (9:27)
The sum and diﬂ'erencg are
Tee(p) £ Tue (p) = 1xp _2n(Fpip) (9.28)

(1+p)(1+p+p")  (1+4p)Q+p+p?)
For the sum connection, the (1 + p) factors cancel. For p = ju, the magnitude of the sum is

1—ju—u?
1+ ju—u?

|TLp (Fu) + Thpe (ju)| = | (9.29)

which is all-pass.
For the difference connection, the (1 + p + p?) factors cancel. For p = ju, the magnitude of the
difference is

. . l—ju 14+ u
T, u)—T, u)| = —| = = ] 0.30
|Tp (ju) — Trp (ju) |1+3u AT (9.30)

which is also all-pass. The first-order all-pass response of the difference connection results in less
phase shift than that of the second-order all-pass response of the sum connection.

At the crossover frequency, i.e. for p = 51, Top (1) = 1/v/2£—135° and T p (1) =1 fful_asﬂ.
The angle between the phasors is 90°. If crossover occurs near the resonance frequency of the h:gh—
frequency driver, its phase shift causes the phase difference to be less than 90° for the sum mnnect}on
and greater than 90° for the difference connection. To prevent phase cancellation, the sum connection

~ is the proper one.
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9.7 Active Crossover Networks

If a separate power amplifier is used for each driver in a system, the crossover networks can precede
the power amplifiers. In this case, active operational amplifier filters can be used for the networks. A
system which uses two amplifiers, one to drive the woofer and the other to drive both the midrange
and the tweeter, is called a bi-amplified system. In bi-amplified systems, passive crossover networks
are used to cross the midrange over to the tweeter while active networks are used to cross the woofer
over to the combination midrange and tweeter. A system which uses three amplifiers, one each for
the woofer, midrange, and the tweeter, is called a tri-amplified system. In this case, active crossover
networks are used for all three drivers.

One of the most common filter topologies used in active crossover networks is the Sallen-Key
filter. The networks described in this section are the Sallen-Key low-pass and high-pass filters. Band
pass filters can be realized by cascading a high-pass filter with a low-pass filter.
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Second Order

Figure 9.14(a) shows the diagram of a second-order Sallen-Key low-pass filter with unity voltage
gain in its passband. This filter has the transfer function

Ve 1
= 0.37
Vi (s/w1)’ + (1/Q1) (s/w1) +1 (9:37)

where w; is the radian resonance frequency and @ is the quality factor. Let wy = 2w f;, @1, Ra
and Rz be specified. The values of C; and C; are given by

L (11 — 1
Cr= 2w fi (Rl + Rz) Ca 2n f1 (Ry + R2) Qh (9:38)

The filter is often designed with Ry = Rj.

“ B,
R, [ R, €y ] G M
Vi —vWA— v Vi v
cz_::r — Yol Rz = "ol
(a) (b)

Figure 9.14: Second-order Sallen-Key (a) low-pass and (b) high-pass filters.

Figure 9.14(b) shows the circuit diagram of a second-order Sallen-Key high-pass filter with unity
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voltage gain in its passband. This filter has the transfer function

Vo _ (s/w3)?
Vi = (sfwa) + (1/Qa) (s/n) + 1 (8.39)

where wo is the radian resonance frequency and (2 is the quality factor. Let we = 2w f3, @2, C; and
Cy be specified. The values of R; and Ry are given by

— 1 Qe 1 1
Ri= gt 2 %p (c:a + cg) (9.40)

The filter is often designed with C, = Ci.

The second-order networks are usually designed with f; = f2 and Q1 = Q2 = 0.5. This makes
the difference between the low-pass and the high-pass functions a second-order all-pass transfer
function. For Q = 0.5, the —6 dB cutoff frequency of each filter is equal to its resonance frequency.
At the resonance frequency, the voltage output of the low-pass filter is lagging by 90° and the voltage
output of the high-pass filter is leading by 90°. The phase difference between the voltage outputs is
180° at all frequencies. To minimize phase cancellation at the crossover frequency, the voice coil of
one of the drivers should usually be connected with its polarity reversed compared to the voice coil

polarity of the other driver.
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Third Order

Figure 9.15 shows the diagrams of third-order Sallen-Key low-pass and high-pass filters with unity
gain in the passbands. These filters are usually designed to have Butterworth responses with equal
—3 dB cutoff frequencies. In this case, the sum of the high-pass and low-pass transfer functions is
a second-order all-pass function while the difference is a first-order all-pass function. At the —3 dB
cutoff frequency, the output of the low-pass filter is lagging by 135° and the output of the high-pass
filter is leading by 135°. The phase difference between the two filter outputs is 90° at all frequencies.
To minimize phase cancellation at the crossover frequency, the voice coils of the two drivers should

usually be connected with the same polarity.

s B R | R
i c,I CII >-— Vol
I 1 | —-

: ) T

Ry
AMA
¢c c¢|c
Vi-—l)—gl——l v
Ry R, ok
H {b) =

Figure 9.15: Third-order Sallen-Key (a) low-pass and (b) high-pass filters.

Let f. be the —3 dB cutoff frequency for the two Butterworth third-order filters. The design
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equations for the capacitors in the low-pass filter and the resistors in the high-pass filter are

0.20245 3.5465 1.3926
¢ = 27 f.R Ca= 2n f.R Cs = 2r f.R

4.93949 0.28194 _ 0.71808
Byo= 2nf.C iy = 2r f.C R

T 2nf.C

(9.41)

(9.42)
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