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How Loudspeakers Work
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E2001 How Stuff Works.

When the electrical current flowing through the voice coil changes direction, the coil’s
polar orientation reverses. This changes the magnetic forces between the voice coil and
the permanent magnet, moving the coil and attached diaphragm back and forth.
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How Loudspeakers Are

PHASE PLUG

SUSPENSION SPIDER & VOICE COIL Not found on all drive units
BASKET The spider holds the voice coil central but designed to avoid phase
This is the chassis of the within the magnet and acts asa changes. Mare commanky
drive unit to which all spring to bring it back after each drive units feature a dust
elements are attached pulse, The speaker cone is attached to cap to stop detritus entering
and which itself bolts the vaice coil which sits in a magnetic the system,

field and moves when a signal passes
through it. Variations in the signal
make the coil vibrate the drive unit in
a pistonic motion which produces
sound by resonating airwaves in the
room much like a drum.

| POLE PIECES into the cabinet.
These focus the magnetic
field so that it is strongest
around the voice coil.

MAGMNET

This is the motor of a
loudspeaker - it provides
the energy that causes

the voice coil to move, DRIVE CONE &

SURROUND

Many alternative materials

hanve been used to make

cone drivers for mid and MOUNTING RING

low frequencies. Keviar, This cosmetsc device hides
paper, aluminium, and the raw alloy of the basket
pelypropylene ane very when it's mounted in the
popular choices, cabinet.




Fundamental Small Signal Mechanical Parameters

« S, — projected area of driver diaphragm (m  2)

 M_. — mass of diaphragm (kg)

 C._.—compliance of driver's suspension (m/N)

* R, — mechanical resistance of driver's suspension
(Nes/m)

* L. — voice coil inductance (mH)

 R_— DC resistance of voice coil ( Q)

Bl - product of magnetic field strength in voice coill
gap and length of wire in magnetic field (Tem)



Small Signal Parameters

These values can be determined by measuring the input impedance of the
driver, near the resonance frequency, at small input levels for which the
mechanical behavior of the driver is effectively linear.

* F, - (free air) resonance frequency of driver (Hz)

frequency at which the combination of the energy st ored in
the moving mass and suspension compliance is maximu m,
which results in maximum cone velocity

usually it is less efficient to produce output freq uencies
below F

Input signals significantly below F can result in large
excursions

typical factory tolerance for F _ specis #15%



Measurement of Loudspeaker Free-Air Resonance

L Woofer Tester 2 [WT2.CFG] - [WT2 [Sine,LoZP->Q/Fs,85pt]]

buto Data |Sine,LoZP—>(/Fa,B85pt

o.000

@
15}
=N
=
@
4

Amith & Larron
RAudio

—-100.0

/L Woofer Tester 2[W... | (€] Microsoft PowerPoint ... “243'-":"" DL @ N ) ER L s:aapm




Small Signal Parameters

These values can be determined by measuring the input impedance of the
driver, near the resonance frequency, at small input levels for which the
mechanical behavior of the driver is effectively linear.

e Q. —total Qofdriverat F |

— unitless measurement, characterizing the combined
electrical and mechanical damping of the driver

— proportional to the energy stored, divided by the e nergy
dissipated

— most drivers have Q ., values between 0.2 and 0.5



Small Signal Parameters

These values can be determined by measuring the input impedance of the
driver, near the resonance frequency, at small input levels for which the
mechanical behavior of the driver is effectively linear.

Q. — mechanical Q of driverat F

— unltless measurement, characterizing the mechanical
damping of the driver, i.e., losses in the suspens ion
(surround and spider)

— varies roughly between 0.5 and 10 (typical value is 3)
— high Q . indicates lower mechanical losses

— main effect of Q . IS on impedance: high Q . drivers display
a higher impedance peak



Small Signal Parameters

These values can be determined by measuring the input impedance of the
driver, near the resonance frequency, at small input levels for which the
mechanical behavior of the driver is effectively linear.

e Q.. — electrical Q of driver at F

— a unitless measurement, describing the electrical d amping
of the speaker

— as the coil of wire moves through the magnetic fiel d, it
generates a current which opposes the motion of the coil
(“back EMF”)

— the back EMF decreases the total current throughth e caoill
near F, reducing cone movement and increasing impedance

— Q.. IS the dominant factor in voice coil damping for mo st
drivers (depends on amplifier output impedance)



Aside: How Does Loudspeaker Cable And Power
Amplifier Output Impedance Affect Performance?

Damping is a measure of a power amplifier's ability to
control the back EMF motion of the loudspeaker cone
after the signal disappears

The damping factor of a system is the ratio of the
loudspeaker's nominal impedance to the total

Impedance driving it

Example: Amplifier with damping factor of 300 (bigg eris
better) driving an 8 Q load means that the output
Impedance is 0.027 Q (lower is better)

Impedance of speaker cable used can significantly

reduce the damping factor (larger gauge wire has lo  wer
Impedance)
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Small Signal Parameters

These values can be determined by measuring the input impedance of the
driver, near the resonance frequency, at small input levels for which the
mechanical behavior of the driver is effectively linear.

e V_.— equivalent compliance volume (volume of air
which, when acted upon by a piston of area S 4, has
the same compliance as the driver’'s suspension)

— measure of the “stiffness” of the suspension with t he driver
mounted in free air

— represents the volume of air that has the same stif  fness as
the driver’s suspension when acted upon by a piston of the
same area (S ,) as the cone

— larger values mean lower stiffness (and generallyr  equire
larger enclosures)

— V_ varies with the square of the speaker’s diameter
— typical factory tolerance forV . is £20-30%



Sample Loudspeaker

4" Aluminum Cone Woofer
MCM Audio Select Part # 55-1856 | MCM Order # 55-1856

All Categories  Audio &

Ho reviews yet!
Write a review

Versatile driver offers high power capacity and wide frequency
response making itideal in applications including full range
and midbass in compact monitors. Large vented magnet,

heavy duty voice coil and thick aluminum cone provide | p d t D 1 t.
tremendous durability in high SPL applications = rc u c' E S c rl p ID n

Aluminum cone
Synthetic dust cap
Fubber surround
Stamped steel basket
1" copper voice coil
17 70z magnet

Specifications:

Fower Capacity: 50WM00W RMSipeak
Sensitivity: 86dB (WIM)

Impedance: 80

Re: 6.60

Le: 0.48mH

Frequency respanse: 65Hz ~ 17KHz
Fs: 65Hz

Qts: 0.365

Qes: 0436

ams: 2.25

Yas: 3.15 (liters)

Amax 2.25mm

Cwerall frame diameter: 4 13" (pincushion)
Fequired cutout: 3.66"

Mounting depth: 2.57

Sensitivity = 86 dB
Fs=65Hz

Re = 6.6Q

Le =0.48 mH

Qts = 0.365

Qes =0.436

Qms = 2.25

Vas = 3.15 liters



Aside: How Loud Does This Thing Get?
(And, How Much Power Do | Need?)

* Relating electrical power needed to produce
desired SPL at a given listening distance:
— sensitivity rating of loudspeaker (typically spec
as 1 m on-axis with input of 1 electrical watt)

— acoustic level change/attenuation between
loudspeaker and farthest listening position

 Example: want 90 dB program level at listening
distance of 4 m outdoors (i.e., no reinforcement of
sound due to room reflections)

— loudspeaker sensitivity measured as 86 dB
— acoustic level change =20 log (4) L112 dB
— SPL required at source is 90 + 12 =102 dB

—need 16 dB above 1 watt, or 10 (16/10) = 40 W
— check to make sure driver can handle it!




3 Amplifier Power Required Calculator - Microsoft Internet Explorer =8| %l
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[Back to Design Tools] Equations used to calculate the data:

dBW = Lreq - Lsens +20 * Log (D2/Dref) + HR

Listenel
Distance from | Desired Level at
source Listener distance W = 10 to the power of (dBWY / 10)
|32 M |jo0 dBSPL
Loudspeaker Where: _
Sensitivity Lreq = required SPL at listener
Rating Amplifier Lsens = loudspeaker sensitivity (1% M)
{(TW/TM) Headroom 02 = loudspeaker-to-listener distance

|11E| 4B |1E| dB Oref = reference distance
HFE = desired amplifier headraom

Required dBEWY = ratio of power referenced to 1 watt
Amplifier Power

W= power reguired
Reset | |1|:|2 watts P |

This calculator provides the required electrical power (power autput from the amplifier) to produce a desired Sound
Fressure Level (SPL) at a given distance, along with an amount of headroom ta keep the amplifier(s) aut of clip.

Calculate

Example: ¥ou are designing a system where the farthest listening position from the loudspeaker is 100 meters, and
the desired Sound Pressure Level is 85 dB SPL The loudspeaker chosen for the job has a sensitivity rating of 95 dB.
With the minimum recommended amplifier headroom of 3 dB, then you need to choose an amplifier that can supply at
least 1,995 watts to the loudspeaker.




Enclosure-Related Parameters

EBP = F_/ Q.

— used loosely to decide what type of enclosure will be best
for a given speaker (“rule of thumb”)

— sealed box EBP =50
— vented enclosure EBP =100
F. = sealed enclosure resonance
V. = internal volume of a sealed enclosure
V, = internal volume of a vented enclosure
F, = bass reflex enclosure resonance
L, = length of port
Q,. — desired value determines size and type of enclosur e

— value of 0.707 is what most designers aim for (yiel ds
flattest response)

— enclosures designed to enhance bass may range from 0.8
to 1.1 (bigger value, “boomier” sound)

— enclosures that are too big (Q . <0.707) can sound “tinny”



Sealed Box




Sealed Box

 Theoretically an infinite baffle with an additional
stiffness component added (to the existing
suspension compliance) due to the springiness
of the air volume trapped in the enclosure

A smaller box will have a greater stiffness
contribution than a larger one — in sealed box
systems the air restoring force is normally made
dominant (compared with that of the driver
suspension)



Electromechanical Equivalent for Driver in a

Sealed Box
B2/2
(Rg+R,)Sp? Mo Cus Rus
(Generator and I TN
coil resistance) @ " — (Air load) .
6 Eo5/ (Moving system) E;ﬁ :_l';
—
Loss due to
(Fg*Ae)Sp {alr leaks, etc.) complex
(generator)
Rar Mac Cas
— N \VWVWW— 0000 ~
Simplified form —
C __EgBI system response is
(Ry+Ro)Sp that of a damped

single-resonant circuit



Response Shape

Critically damped (Q+. = 0.5): response Is -6 dB at
resonance (no ringing/overshoot in transient response)

Butterworth alignment (Q,- = 0.7): response Is -3 dB at
resonance (response is “maximally flat” and has good
transient behavior)

Q+c =1: provides greater bandwidth at expense of
transient response accuracy

Chebychev alignment (Q;- = 1.1): 2 dB peak in response
at resonance — results in optimum efficiency alignment for
a sealed box system, and is permissible for a small system
of limited bandwidth (e.g., F- of 65 Hz and above)



Behavior of a Closed-Box Loudspeaker System for
Several Values of Total System Q.
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Enclosure Volume and Efficiency

The maximum efficiency even a large sealed-box
enclosure can achieve is small (1-2%)

Increasing the box cutoff frequency increases the
theoretical efficiency

The closed-box system efficiency in the passband region
(system reference efficiency) is the reference efficiency of
the driver operating with the particular value of air-load
mass provided by the system enclosure

Reference efficiency (n,) calculation:
No = 41¢/C3 X (Fg® Vag)/Qgs = 41/ X (F® Var)/Qgc

where V,7 is a volume of air having the same total acoustic

compliance as the driver suspension and enclosure acting
together



Relationship of Maximum Reference Efficiency to
Cutoff Frequency and Enclosure Volume
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V ‘ :g} Example: An 8 cu. ft. (e.g.

lires) 80 ( 2'x2'x2’) sealed box with a
2 reference efficiency (n,) of
40 2% would have a cutoff

1 frequency (Fc) of slightly

less than 40 Hz
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Box Filling or Damping

Stuffing may offer an apparent air volume increase of up
to 15%

Additionally, stuffing may add a mass component due to
physical movement of the filling at lower frequencies

Combined effects lower the system resonance and must
be accounted for in the design (the effective cone mass
Increase could be as much as 20%)

Very dense fillings will increase frictional air losses in the
enclosed air volume and augment the damping

If system Is designed correctly, such damping is not
required, but may help control a system where the Q- IS
too high (e.g., due to inadequate magnet strength)

Movement of the filling i1s undesirable!



Sealed Box Design

Compliance Ratio: a =V,g/ Vg
System-driver relationships:

Qrc/Qrs = Qec/Qes = Fc/Fs = (o +1)9°
Fc/ Q:c = Fs/ Qr5 Where Q¢ IS the total Q of the
driver at F¢ for zero source resistance, i.e.

Qrs = QesQus /(Qes + Qus)

These equations show that for any enclosure-driver
combination the speaker resonance frequency must
always be lower than that of the system resonance
frequency (i.e., value of a) and Q will be in the same
ratio as those of the driver, but individually raised by a
factor of (a+1)°-°

Provides guidance for both “fixed driver” designs and
designs where only a final system specification is given




Ratio of Closed-Box System Resonance Frequency (F.) and Total Q (Q+¢)
to Driver Resonance Frequency (Fg ) and Q-,
as a Function of the System Compliance Ratio (o)

5
i 4 ]Z
fc = box cutoff fg
’
frequency oR 3 /
4
Q

fs = loudspeaker =
free-air resonance Qs 2

frequency /r/

5 1 2 3 5710 20
o

Compliance Ratio: o =V,g/ Vg



Sealed Box Design Example

F.=31Hz EBP = 40 _ use sealed enclosure Ecmf‘:’f-‘frﬁnpﬂfﬂedCj'fm‘l
QES =0.77
Qs = 1.89

Vs = 65.8 liters
No = 418/ X (F5® Vps)/Qgs

=(9.64 x 107) x (313 x 65.8)/0.77 = 2.45%
effective diaphragm radius = 10.2 cm (0.102 m),
giving Sp = 3.27 x 10> m?
peak linear displacement (Xmax) given as 3.8 mm Product Description
(3.8 x 103 m) | Lo one

= Stamped steel basket

= 1" voice coil

peak displacement volume =V, = Sy Xmax = 1.24 x 104 m3 |- 77 mare
(124 Cm3) . Powmer Gapachy:. TOW/100W RMSipeak

= Sensitivity: 87dB (WM}
= Impedance: Bohm

1 1 - Re: f.8chm
power rating given as 70W RMS it e
= Frequency response: 30Hz~3 5KHz
- Fs:31He
- Oits: 0.55
- Qes: 077
= Oms: 1.89
= Vas: 65.78 (liters)
= Xrmax: 3.Bmm




Sealed Box Design Example

e constraints

driver resonance frequency (Fg) must always be lower than that
of the system (F()

a must be at least 3
Q;s must be lower than highest acceptable Q

Vs must be at least several times larger than the enclosure
size (volume)

select most desirable combination of F- and Q- that satisfies
Fc !/ Qc = Fs/ Qg and then calculate a = Vg / Vg

e calculations

Qs = (0.77)(1.89)/(0.77+1.89) = 0.547
based on a = 3 requirement, F-/Fs =2 - F- =262
Fs/ Qs =56.7=F-/Qc - for Fc=62get Q;=1.1
(“Chebychev Alignment” - maximum efficiency)
internal volume of box needed based on a

o=V, /Vg (Wwanta = 3) - Vg< 22 liters (0.022 m3)
yields approximate size of: 0.28 m x 0.28 m x 0.28 m

8" Polypropylene Cone {

MCM Fant #: 55-1180 | MCM Audio Select Part

Product Description

= Polypropylene cone

» Rubber surmound

= Stamped steel basket
= 1" voice coil

= 17.Toz. magnet

Specifications::
= Power Capacity: TOW/100W RMSipeak
- Sensitivity: BTdBE (WIM)
= Impedance: Bohm
» Re: G.Bohm
= Le: 0.83mH
= Frequency response: 30Hz~3 5KHz
= Fs:31Hz
- Cits: 0.55
= Qes: 077
= Qms: 1.88
= Vas: 65.78 (liters)
= ¥Xmax: 3.8mm




AJ Sealed Designer 2.0 www.ajdesigner.com
File Units Box Calculator  Help -

— Speaker Parameters —Box Resultz
Calculate

e[ Vaz [gra liters

Wb [21 9333 lters
ks F Pria: m_ watts W, ajdesigner. com

Fb:[g2 Hz
Qes:[p77 Diamneter: [ 32 cm

Fil4g.9193 Hz

Fs: 31 ae o EE frim W Output Response

™ Power Responze

Frequency Response: Output vs. Frequency

10 100 L0 1000

Frequency[Hz]



Box Calculator

Wh [liter]:

Addl. Y [liker]:

Tatal s [liter):

Length [crm);

Whidth [cr);

Crepth [cm);

21.9333

0

21.9333

27.9341 [ Canstrain
45.3471 [ Canstrain
17.2741 [ Canstrain

| Calculate I

Cancel |




Al Sealed Designer 2.0 www,ajdesigner.com
File Units Box Calculator Help -

— Speaker Parameters —Box Results
Calculate
Ote: o7 Yaz 554 liters
- Vb [1og 157 liters
Cltz: 0.55 Prnax: 70 wakhs iy, ajdesigrer. com
Fbi 394545  Hz
Hes 077 Diarneter: (20 32 i
F3:|a98592 Hz
Fs: 31 e 2. i v Output Fesponse

[~ Power Response

Frequency Hesponse: Output vs. Frequency
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Vented Box Design Example

 alignments (choice depends on Q,.)
— QB3 — quasi 3 order Butterworth

— SBB4 — 4™ order Butterworth (“maximally flat”)
- C4 - 4th Ordel' ChebyCheV 10" Woofer with Poly Cohe and Rubber Surround 100W

MCM Part # 55-2972 | MCM Audio Select Part # 55-2972

All Categories » Audio & Vid

e need to determine port size/length

Login to rate or review this product

4 Product Description

+ Sensitivity: 90dB (WiM)

+ Impedance: Bohm

= Re:7.2ohm

* Le 0.56mH

+ Frequency response: S0Hz~GKHz
= Fs d0Hz

* Qts: 045

= Qes: (.55

= Oms: 249

* Vas: 82.27 liters

+ Amax 5mm

= Overall frame diameter: 10.00"
* Required cutout 9.01°

= Mounting depth: 4.29°

+ Ideal in two or three way applications, or as a subwoofer
+ Suitable for sealed orvented enclosures

+ 100Wi200W RMSipeai

+ Polypropylene cone

+ Rubber surround

+ 1.5"voice coil

+ 240z magnet



AJ Vented Designer 2.0 www,ajdesigner.com
File Units Box Calculator  Help

— Speaker Parameters —Box Hesultz
Ltz |0 45 Diameter: |25 4 (= Caleulate
: : Alignrent: Volreatzs  liters
Taee wmaw: [5 idesi
Hes |0 55 & |5 i ¥ SER4 iy, ajdesigner. com e e Hz
Fs: Hz De: 10 crm
40 [~ OBz F3: |29 776 Hz
Tam 2z i # Ports:
Was: [g0 o7 liters 1 [~ 54 ¥ Output Response Lp: (120284  ©m
Froax: {100 watts [ Power Responze

Frequency Hesponse: Output vs. Frequency

Frequency[Hz]



AJ Vented Designer 2.0

www.ajdesigner.com

File Units Box Calculator  Help
— Speaker Parameters
Lts: | 45 Diameter: |25 4 cm Calculate
Alignment:
Les o 55 Ama (5 mm [~ SBE4 vy, ajdesigner. com
Fsilan Hz Dp: 10 cm v 083
Vas: |82 27 llizrs # Ports: 1 [~ sc4 W Dutput Rezponze
Prnax: {100 watts [ Power Responze

Frequency Response: Output vs. Frequency

Frequency[Hz]

— Box Results

Wh:

Fb:

Fa:

Lp:

127649
ab.512
33176

B.52623

liters

Hz

H=

Crm




AJ Vented Designer 2.0 www.ajdesigner.com
File Units Box Calculator  Help

— Speaker Parameters — Box Besultz
Ltz [ 45 Diarmeter: |25 4 i Calculate
. . Alignment: Vbl zer  ters
e PN T idesi B
Les |55 5 [ cpp4 wian. ajdegigner. com Fb: [35 968 Hz
F: Hz De:[in em Emers
40 [~ Qe3 Fa:l33 392 Hz
N v # Ports: B
Vas: |2 27 lizps 1 v SC4 ¥ Output Responze Lp: |7 2049  com
Prax: 100 watts [ Power Response

Frequency Hesponse: Output vs. Frequency

Frequency[Hz]



Box Calculator

Wb [liter]: {119,727

Addl. W [liker]: {1

Fort Yolume [liter]: {0 519252

Total VYolurne (Iiter]: 1120 407

Length [em]: |49 3739 [ Conshrain VA

Wwidth [eml: |79 9954 [~ Constrain

Depth lemk 1304814 ™ Constrain

Calculate I

Cancel |




