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necessity.

Originally used in radio loud speakers, voice coil actuators are gaining
popularity in applications where proportional or tight servo control is a

V:aicu coil actuators are direct drive,
limited motion devices that use a per-
manent magnet field and a coil wind-
ing (conductor) to produce a force
proportional to the current applied to
the coil. These non-commutated elec-
tromagnetic devices are used in lincar
and rotary motion applications requir-
ing linear force or torque output, and
high acceleration, or high frequency
actuation.

The electromechanical conversion
mechanism of a voice coil actuator 18
governed by the Lorentz Force Prin-
ciple. This law of physics states that if
a current-carrying conductor is placed
in a magnetic field, a force will act
upon it. The magnitude of this force 1s
determined by:

F=kBLIN (1)

where:

IF = Force

k= Ccn-,stant

B = Magnetic flux density
1 = Current
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Figure 1. Lorentz Force Principle.

L = Length of a conductor

M = Number of conductors

Figure I is a simplitied illustration
of this law of physics. Here, the direc-
tion of the force generated isa function
of the direction of current and mag-
netic field vectors. Specifically, it is
the cross-product of the two vectors. If
current flow is reversed, the direction
of the force on the conductor will also
reverse. If the magnetic field and the
conductor length are constant, as they
are in a voice coil actuator, then the
generated force isdirectly proportional
to the input current.

Figure I also illustrates that a con-
ductor moving through a magnetic
field will haveavoltage inducedacross
the conductor. The magnitude of the
voltage, E, is dependent on:

E =kBLvN (2)

where:
k = Constant
v = Velocity of the conductor

Equations (1) and (2) can be re-
stated as follows: a device that con-
tains a permanent magnet feld and a
coil winding moving in the field will
producea force proportional to current
[carried in the coil] and a voltage pro-
portional to velocity [of the coil].

In its simplest form, a linear voice
coil actuator is a tubular coil of wire
situated withinaradially oriented mag-
netic field, as shown in Figure 2. The
field is produced by permanent mag-
nets embedded on the inside diameter
of a ferromagnetic cylinder, arranged
so that the magnets “facing” the coil
are all of the same polarity. An inner
core of ferromagnetic material set



along the axial centerline of the coil,
joined at one end to the permanent
magnet assembly, is used to complete
the magnetic circuit, The force gener-
ated axially upon the coil when current
flows through the coil will produce
relative motion between the field as-
sembly and the coil, provided the force
is large enough to overcome friction,
inertia, and any other forces from loads
attached to the coil.

Based upon the required operating
stroke of the actuator, the axial lengths
of the coil and the magnet assemblies
can be chosen so that the force vs
stroke curve is extremely flat: the deg-
radation of force at the two travel ex-
tremes with respect to the mid-stroke
force can often be keptbelow 5%. This
is possible, because the working air
gap of the permanent magnet circuit
remains constant over the rated stroke.

If you “flatten” the linear voice coil
actuator from a round tube to a flat
tube, then bend the two ends to form a
planar arc, such as a sector of an annu-
Ius, you would have a rotary voice coil
actuator. This device can also be re-
ferred to as a limited angle torquer or a
sector torquer. Its principle of opera-
tion and force generation is analogous
to that of the linear counterpart; how-
ever, ratings are in units of torque,
instead of force, because force is gen-
erated along the circumference of an
arc (i.e., Torque = Force x Radius).
Figure 3 shows a typical rotary voice
coil actuator,

The voice coil actuator is a single
phase device. Application ofa voltage
across the two coil leads generates a
current in the coil, causing the coil to
move axially along the air gap. The
direction of movement is determined
by the direction of current flow in the
wire.

The single phase linear voice coil
actuator allows direct, cog-free linear
motion that is free from the backlash,
irregularity, and cnergy loss that re-
sults from converting rotary to linear
motion. Rotary versions of voice coils
provide such smooth motion that they
are becoming the preferred device in
applications requiring quick response,
limited angle actuation, suchas gimbal
assemblies.

D’ES[gI"I
Configurations
In one com-
mon configura-
tion, the actuator
consists of a cy-
lindrical coil that
15 free to move
axially in an air
gap, as shown in
Figure 2. The air
gap is formed be-
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houses both the magnet and the pole
(Figure 4).

In some cases the axial length of the
coil exceeds that of the magnet by the
amountofcoil travel. Inothercasesthe
magnet is longer than the coil by the
travel length, Compared to the short-
coil configuration, the long-coil con-
figuration provides a superior force-
to-power ratio and dissipates heat bet-
ter. The short-coil, however, has a
lower electrical time constant, smaller
mass, and produces less armature reac-
tion. Neither arrangement provides a
perfectly linear force-vs-travel char-
acteristic. An armature reaction results
from current in the coil and alters the
level of flux in the air gap. Current
through the coil in one direction de-
creases air gap flux, and current in the
opposite direction increases it. Appli-
cations calling for a more linear force-
vs-position characteristic may use two
actuators working in concert. Here,

Figure 2. Linsar Voice Coil Actuator.

one actuator pulls when the other
pushes, and vice versa.

Motion control applications some-
times need more force than conven-
tional moving coil actuators can pro-
vide. Referring to Equation (1), actua-
tor force is proportional to the coil
current as well as the flux density inthe
air gap. Thus, for a given coil winding
and current, the flux density level de-
termines the force magnitude.

Flux density in the air gap of con-
ventional actuators is typically less
than 50% of the residual value for the
magnets in the device. For example,
consider an actuator containing a rare-
carth magnet. The magnet may have a
residual flux density onthe orderof 11
kG, but the actuator will only have an
air gap density of around 5 kG. Actua-
torragnets typically operate withload
lines having a value of 1.0- 1.5, which
accounts for the relatively low air gap
flux density. Magnetic flux leakage
also reduces the useful magnetic field.

{Please turn to page 46.)
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Voice Coil Actuators

A flux-focus technigque enables the
design of actuators with air gap Mux
densities equal to or greater than the
magnetresidual value. Actuatorsbased
on this technique contain a magnet in
the form of a hollow cylinder with one
end closed, as illustrated in Figure 5.
The cylinder interior (including the
closed end) forms a north pole. The
outside of the cylinder forms a south
pole. The magnet is surrounded by a
tight-fitting, cylindrical shell of soft
iron that also has one end closed. The
open end of the soft shell extends
beyond the open end of the magnet. A
cylindrical core, generally fabricated

| ofsoft iron, fits tightly inside the mag-

net and extends beyond its open end.
An annular space between the inside
face of the shell and the outside face of
the core forms an air gap in which the
cylindrically shaped coilis freeto move
axially.

The configuration shown in Figure
5 allows the surface area of the magnet
to be much larger than the cross-sec-
tion area of the air gap. This design is
magnetically very efficient, incurring
few leakage paths. MNearly all flux
emanating from the surface of the
magnels passes through the air gap.
Air gap flux densities on the order of
11 kG or greater are altainable for
actuators that contain the 11 kG re-
sidual flux density rare-carth magnets.

Actuators using flux focus tech-
niques are smaller and lighter than
conventional types having equal force
ratings. Flux focus actuators exhibit
lower electrical time constants, higher
force-to-massratios, and less armature
reaction,

Forapplications requiring the high-
est force output in the smallest diam-
eter possible, the company applies its
patented interleaved magnetic circuit
technology. For comparable perfor-
mancecharacteristics, this designtends
to be longer axially, but smaller in
diameter than the conventional and
flux-focus designs. The interleaved
design also contains a considerably
less massive magnet assembly. The
coil assembly tends to be heavier be-

| cause of the increased copper volume
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Figure 6. Thiz Compact Unit Fealures Up to
0.16" of Hysteresis-Free and Cog-Free Lingar
Travelas Wellasthe Infinite Position Sensitivity
Comman tp All Voice Coil Actuator Designs.

attainable in a given diameter. A sig-
nificant advantage of the interleaved
magnetic circuit voice coil is the lower
coil inductance. This characteristic re-
sults in an actuator with a very low
¢lectrical time constant (t, = L/R).
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