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Voice-Coil Motors

A voice-coil motor (vem) is used in moving the read/write heads in hard disk drives or

| Direct Access Storage Devices (DASDs) which are used to store and retrieve digital infor-
mation in computer systems, The name “voice-coil motor” was coined because the inven-
tors got the idea for this motor from audio speakers. It consists of a movable coil in a gap
and a magnet that provides a dc magnetic field in the gap. When a current flows in the coil,
the coil experiences force (Lorentz force), resulting in motion. The direction of its motion
is determined by the direction of the current flow in the coil. Since its function is to move
the read/write heads, its motion is in a “stop and go” mode. The maximum distance that it
travels is limited by the data band on the magnetic disk (in the range of 1 inch for 5.25-inch
drives).

There are two types of voice-coil motors. One is called a linear vem since it gives a
motion in a straight line. The other is called a rotary vem since its motion makes an arc., In
this chapter we will use the linear vem and develop necessary mathematical formulas or
equations to gain insights into the operation of the vem. We will study various magnetic
structures used in the vem design and develop tools necessary to analyze and design vem
magnetic structures. We will also address various aspects of the coil design which play an
important role in the operation of a vem. We also discuss the shorted turn which is a copper
tubing placed around the magnetic circuit to reduce the effective coil inductance, so that the
current builds up to its full value quickly. The last section is devoted to the design of a rotary
vem, which is playing a more and more important role in computers as the size of the disk
drives becomes smaller.

Let us briefly survey the progress of the voice-coil motor used in the disk drive indus-
try. Since the introduction of the first magnetic disk storage device, the IBM 350 in 1957,

the advances in size reduction, storage capacity, and performance have been truly dramatic.
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Sec. 5.3 vemn Magnetic Circuits
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Figure 5-8  Lateral vem cross section.

can easily shift the operating point. The ceramic magnets, on the other hand, have high
coercivity (1.8-3.3 kOe) and a straight-line demagnetization curve with very low recoil per-
meability (1.05-1.15). Their drawback is low remanence (2.2-3.85 kGa). To provide high-
gap flux density and at the same time avoid the demagnetization effect, old vem’s used
circuits 1 and 2 shown in Figure 5-8. They were long and large by necessity, and the mag-
nets were placed away from the gap, where the coil was placed.

With the introduction of high-energy product rare-earth cobalt magnets and espe-
cially neodymium magnets in the early 1980s, later vem designs made use of circuits 3 and
4. In these designs, the magnets are thin and flat, and they are placed right at the gap. These
designs are possible because the neodymium magnets have high remanence (10-13+ kGa),
high coercivity (8-12 kOe), and a straight demagnetization curve with low recoil perme-
ability (1.05).

Circuit 1 of Figure 5-8 is characterized by high leakage between the magnet and cen-
ter core. The external leakage needs to be contained by shielding it to avoid interfering with
the read/write process. Since the gap and the magnet are placed axially, this design tends to
be long. The diameter of the center core has to be large enough to avoid saturation. Both the
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MOTION DEVICES

HI-DONG CHAI
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HIGH-TECHNOLOGY MOTOR DESIGN—THE FIRST COMPLETE GUIDE!
DIGITALLY-CONTROLLED MOTORS FOR COMPUTER SYSTEMS AND ROBOTICS

This is the first authoritative electromechanics text to focus primarily on building and
implementing motors for compurer systems, peripherals, and robotics. Hi-Dong
Chai—recognized as a leading authority on magnetic actuator design—reviews the
state-of-the-art in all aspects of contemporary small-scale motor design.

Electromechanical Motion Devices begins with the fundamentals every motor
designer needs to know, including magnetic field theory. Next, the author introduces
lumped-magnetic circuit fundamentals that are essential for the design and analysis
of all magnetic devices.

@ Includes extensive examples, exercises, pracrical tools, and techniques

© Applications include PCs, disk drives, printers, fax machines, and robotics

@ Detailed coverage of voice coil motors, step motors, and brushless DC motors

® Materials for motion devices: coils, magnetic steel, and permanent magnets

@ Transformers and dc machines—including the use of transformers in power
supplies and as isolation devices

Understand the digitally-controlled precision motion devices used most often in the
information industries: voice coil motors for positioning read/write heads in disk
drives; step motors for discrere positioning applications; and brushless dc (BLDC)
motors that are increasingly used in applications requiring a uniform speed in a
well-controlled environment.
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