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STEPHEN BOAK

Anato yofa
Loudspeaker

A basic look at the complex design of loudspeakers.

LOUDSPEAKER, like a microphone or a phonograph
cartridge, is a transducer, or converter. It is a
device that converts electrical energy into me-
chanical, and then acoustical, energy. Though

there are many types, any speaker serves but one purpose;
connecting the electrical amplifier circuits and the listener’s
ears.

THE ROLE OF THE LOUDSPEAKER IN AN AUDIO
SYSTEM

The loudspeaker is among the simplest of audio compo-
nents; yet, its design can be enormously complex. It is
simple because it has relatively few parts (as compared to
a tape recorder, for example) and even fewer moving
parts. With very few exceptions, it is virtually impossible
to alter or change one part of a loudspeaker without notice-
ably affecting its performance. Also, the speaker system is
the only audio component whose performance is radically
influenced by its environment, which is usually beyond the
control of the speaker designer. Further, it is the only
component in direct contact with the ear, which is far from
consistent. To make matters more complicated, there are
no accepted specifications which will describe the way a
speaker should perform. Here, we shall try to analyze some
of the variables that affect loudspeakers and loudspeaker
system performance.

Before we plunge into the simple theory behind speaker
operation, it would be helpful to have a small section de-
voted to the parts that make up a speaker. These parts are
usually called “piece parts.” In the average speaker, there
are some twelve to fifteen piece parts, four or five of
which move,

The moving parts are the surround, cone (diaphragm),
dust cap, bobbin, voice coil, and spider. The cone and
surround come joined together, as do the bobbin and voice
coil. The stationary parts are the gasket, basket, front and
back plates, magnet, and pole piece.

Stephen Boak is product specialist at Panasonic
Company.

A description of some of the key pieces and their func-

tions follows:

1. Basket—Sometimes called a frame or cone housing.
The basket is the foundation for the speaker and
holds all the parts. It may be made from stamped
steel or cast aluminum, finished by static painting
or plating.

2. Cone—Sometimes called the diaphragm or piston.
The cone moves the air in front and behind it to
make sound. It is usually made from a compound
of paper, cloth and carbon fibre. Material for dome
diaphragms range from Nylon 66 to Boron.

3. Surround—Also called the edge or anulus—part of
the suspension. The surround attaches the cone to
the basket. What the surround of a speaker is made
of depends on the type. Woofers usually have a
foam or butyl rubber edge. Musical instrument and
full range types usually have a paper edge, which is
just an extension of the cone. The kinds used for
midranges and tweeters are too numerous to catalog
here.

4. Dust Cap—Also called the center dome. Keeps for-
eign particles out of the air gap.

5. Spider—May be called a damper or back spider. A
flexible ridged cloth disc attached to the cone and
basket to keep the voice coil centered around the
pole piece.

Figure 1. Current flow through the coil induces a
magnetic field around the coil.
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Figure 2, Basic speaker design.

6. Voice Coil Assembly—Consists of a thin paper.
cloth or aluminum tube (the bobhin) with a copper
or aluminum wire coil around it.

7. Motor Structure— Front and Back Plates

—Pole Piece

—Magnet—popular types are Ce-
ramic and Alnico. Ceramic mag-
nets are a compound of clay
and sintered iron. “Alnico” stands
for aluminum-nickel-cobalt. Other
types include ferrite barium, ce-
rium cobalt, and “Ticonal” (tin-
cobalt-nickel-aluminum).

The motor structure may also be called a “magnet pot.”
The motor consists of the magnet, and the magnetic return
path to allow the diaphragm to move when voltage is ap-
plied to the voice coil.

TYPES OF LOUDSPEAKERS

Among loudspeakers available today, there are three
basic categories (when classified by operating principle):
1. electrodynamic, 2. electrostatic, 3. piezoelectric. These
classifications refer to the principle by which electrical
energy is transformed into mechanical energy.

ELECTRODYNAMIC LOUDSPEAKER—BASIC
PRINCIPLES

Electrodynamic loudspeakers are, by far, the most com-
mon. If it has a magnet, it’s electrodynamic. When elec-
trical current flows through wire, a magnetic field is in-
duced around that wire. The polarity of the input voltage
determines the polarity of the magnetic field around the
wire. The polarity of the input signal is expressed either
as a positive or a negative voltage, while the polarity of
the magnetic field is expressed as north or south. Remem-
bering high school science class, “Like poles repel, but
unlike poles attract.” These principles of polar attraction
and the principle of induced magnetism are those upon
which all electromagnetic loudspeaker designs are based.

Keeping in mind the two principles, polar attraction and
induced magnetism, let’s look at FiGure 1.

The voltage from the battery will cause a current to
flow through the coil, inducing a magnetic ficld around
the coil. Because the polarity of the battery. with respect
to the magnet, is positive, the polarity of the induced mag-
netic field will be north, causing the coil to move away from
the magnet's north pole, towards its south pole.

Conversely, if we reverse the battery connections, the
direction of current flow will reverse, as will the polarity
of the induced magnetic field, and the coil will move in
the opposite direction. If we alternate the battery connec-
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Figure 3. "Alnico'’ magnetic structure.

tions or pass a varying signal in the coil, the direction of
current flow will reverse or change with each alternation
(alternating current), and the polarity of the induced mag-
netic field will be alternating, in turn. When this happens.
the coil will move back and forth along the magnet as the
direction of current flow alternates.

To convert this mechanical motion to acoustical energy,
we must attach a cone or diaphragm to the coil and re-
place the battery with an amplifier driven by an audio
signal, as in FIGURE 2. The amplifier drives the coil (now
called a voice coil) with a signal of alternating potential.
causing an induced magnetic field around the coil and a
back-and-forth movement of the coil along the magnet.
The coil is attached to the diaphragm and causes air to be
moved back and forth as the coil moves back and forth.
This, oversimplified, is how an electrodynamic loudspeaker
produces sound.

Magnetism, like electricity, is always trying to neutralize
itself; in this case, by trying to reduce the energy potential
between one pole and the other. It is this principle that
permits the electrodynamic loudspeaker to operate. FIGURE
3 shows a close-up view of an Alnico-type magnetic struc-
ture. The magnetic energy flows through the magnet pot,
top plate, and pole piece to get the opposite pole of the
magnet. To accomplish this, it must “jump” between the
pole piece and top plate. This area is called the air gap.
Just how much energy (called “flux density™) is allowed
to cross the gap, is a function of the size and type of mag-
net as well as the types and masses of materials used in
the magnetic return circuit. The amount of magnetic en-
ergy, or flux, that crosses the gap is one of the major deter-
ming factors in the sensitivity of the loudspeaker to the
input signal.

Types of magnets. As mentioned carlier, there are two
popular types of magnets used in electrodynamic loud-
speaker designs: Alinco (slug type) and ceramic (ring
type). Magnet manufacturing methods dictate the shapes
into which the magnets can be formed. The difference be-
tween the two is that the magnet slug is the pole piece in
the Alnico design. In the ceramic design, the magnet sur-
rounds the voice coil and the pole piece. Each structure
has its own advantages and disadvantages.

Although both magnets are relatively efficient, the Al-
nico design has a better concentration of flux, thereby per-
mitting relatively lighter structures when compared to
ceramic designs. The basic drawback to the Alnico de-
sign, is that the magnet is inside the voice coil. If the coil
is a high-power type, sustained amounts of high input
power can actually result in a partial demagnetization of
the magnet, which will alter the loudspeaker’s perform-
ance. In the ceramic design, this is avoided. The ceramic
design, however, has its own disadvantages. Because the
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