Application Brief

Voice Coil Actuators
$YRLFHFRLODFWXDWRU 9&$ LVDOLPLWHGUDQJHPRWLRQGHYLFHWKDWXVHVPDJQHWLFǮHOG
generated by permanent magnets in connection with a coil of wire to produce a force
proportional to the applied current in the coil. These direct-drive systems with linear
control characteristic are also referred to as voice coil motors (VCM). The name derives
from the device’s original use in audio loudspeakers. VCAs take two forms: linear and rotary
(swing arm); they typically are used in applications requiring high acceleration, high
IUHTXHQF\DFWXDWLRQDQGǯDWIRUFHRXWSXW7KHH[DPSOHXVHGLVD9&0LQDW\SLFDOKDUGGLVN
drive implementation.
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Background
Voice coil actuators work on the Lorentz force principle, which involves a
IRUFHH[HUWHGRQDFXUUHQWFDUU\LQJFRQGXFWRULQDPDJQHWLFǮHOGWKLVIRUFHLV
SURSRUWLRQDOWRǮHOGVWUHQJWKDQGFXUUHQW&KDQJLQJFXUUHQWGLUHFWLRQDOWHUV
the direction of the force, so voice coil actuators are bidirectional actuators
with similar behavior in both directions. These devices are single phase,
RǭHULQJDGYDQWDJHVVXFKDVFRJJLQJIUHHRSHUDWLRQKLJKG\QDPLFUHVSRQVH
due to small moving mass, and very small hysteresis — which make them
ideally suited for applications requiring well-controllable movement in both
directions. Also, requirements regarding audible noise, small overshoot or very
JRRGFRQWUROODELOLW\RQIRUFHFDQEHHDVLO\IXOǮOOHGZLWKYRLFHFRLOV7KHGHYLFHV
can be supplied as pure actuators without needing integrated sensors in which
feedback for the control is derived from other variables in the application, such
as pressure in medical or valve applications.
)XOO\LQWHJUDWHG9&$VDOVRDUHDYDLODEOH7KHVHLQFOXGHDEHDULQJDQGHQFRGHU
as position feedback so that, together with a servo-controller, these devices
can be used directly as system components in a positioning system. Because of
their speed and precise control characteristics, rotary voice coil motors are well
suited to position the heads of computer hard disk drives (HDDs), which is a
major application.
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Description
$16<60D[ZHOOFDQPRGHOYDULRXVGHVLJQDVSHFWVRI9&$V7KHVRIWZDUHžV
PDJQHWRVWDWLFVROYHUGHWHUPLQHVPDJQHWLFǯX[GHQVLW\JHQHUDWHGE\WKH
VSHFLǮHG'&FXUUHQWLQWKHFRLOHYHU\ZKHUHLQWKHVROXWLRQGRPDLQ7KLVHQDEOHV
the user to study saturation of the magnetic circuit considering all the fringing
ǯX[DQGQRQOLQHDULW\RIPDJQHWLFPDWHULDOV7KLVVROYHUDOVRFRPSXWHVWKHIRUFH
(torque) exerted on the coil as well as coil inductance for any given coil position
and current level.

Figure 1. Voice coil motor geometry in HDD application. Blue and
red segments are permanent magnets; green structure is magnet
keeper, which completes magnet assembly. The voice coil (orange) moves in a rotary fashion in the air gap between magnets.

)LJXUH0DJQHWLFǯX[GHQVLW\PDJQLWXGHGLVWULEXWLRQRQPDJQHW
DVVHPEO\RI+''YRLFHFRLOPRWRUPRGHOLQ$16<60D[ZHOO

0D[ZHOOžVWUDQVLHQWVROYHUGHWHUPLQHVD9&$žVG\QDPLFEHKDYLRUE\SHUIRUPLQJ
its analysis in the time domain. This includes computation of the transient
response to arbitrary time-dependent current (voltage) inputs in connection
with the mechanical equation of motion, which allows important device
characteristics to be determined, such as acceleration-related seek time.
Utilizing Maxwell in connection with ANSYS Optimetrics allows a user to study
various possible scenarios automatically, including variations of geometry, coil
position, coil current and material properties. It also allows generation of an
equivalent circuit model of the voice coil, which can be included in a systemslevel simulation model of ANSYS Simplorer. The performance of the whole system
can thus be modeled and assessed, making sure that the entire system meets
GHǮQHGGHVLJQUHTXLUHPHQWV
)RUWKH9&0LQDKDUGGLVNGULYHDSSOLFDWLRQSUHVHQWHGKHUH)LJXUHVKRZVD
W\SLFDOFRQǮJXUDWLRQ7KHEOXHDQGUHGREMHFWVDUHQRUWKDQGVRXWKRULHQWHG
permanent magnets, respectively. Typically, these magnets are made from
neodymium and coated with nickel. The green structure is a nickel-plated iron
WKDWVHUYHVDVWKHPDJQHWNHHSHULWJXLGHVWKHǯX[DURXQGWKHEDFNRIWKH
PDJQHWVWRFRPSOHWHWKHPDJQHWLFFLUFXLWDQGKHOSVWRNHHSWKHǯX[OLQHVLQWKH
DLUJDSSDUDOOHODQGPLQLPL]HVǯX[OHDNDJHIURPWKHVWUXFWXUH7KHYRLFHFRLO
(orange) moves in a rotary fashion in the air gap between magnets. The coil is
attached to the disk head through the pivot arm and together they move around
the actuator axis.
)LJXUHVKRZVWKHGLVWULEXWLRQRIWKHPDJQLWXGHRIǯX[GHQVLW\RQWKHPDJQHW
DVVHPEO\IRUWKHJLYHQSRVLWLRQDQGFXUUHQWOHYHO)LJXUHSORWVǯX[GHQVLW\
vectors on a curved surface in the center of the magnet assembly. The plot shows
WKHGLUHFWLRQRIǯRZRIWKHPDJQHWLFǯX[DQ\SRVVLEOHOHDNDJHDQGLWVXQLIRUPLW\
in the air gap.

)LJXUH)OX[GHQVLW\YHFWRUSORWRQFXUYHGVXUIDFHLQFHQWHU
of magnet assembly of HDD voice coil motor model in ANSYS
0D[ZHOO
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)LJXUH7RUTXHH[HUWHGRQFRLODVIXQFWLRQRIFRLODQJXODUSRVLtion for various currents applied to coil

$W\SLFDOWDVNUHODWHGWR9&0GHVLJQIRUDQ+''DSSOLFDWLRQLVWRGHWHUPLQHWKH
WRUTXHDVDIXQFWLRQRIFRLOSRVLWLRQDQGDSSOLHGFXUUHQW3DUDPHWULFDQDO\VLVLQ
Optimetrics automatically changes the position angle of the coil along with the
OHYHORIDSSOLHGFXUUHQWDQGFRPSXWHVWKHǮHOGVDQGWRUTXHIRUHYHU\GHVLUHG
variation. The variation of the torque as a function of the coil position is shown
LQ)LJXUHIRUWKUHHVSHFLǮHGFXUUHQWYDOXHV7KHǯDWQHVVRIWKHWRUTXHFDQEH
observed for the position of the coil spanning 20 degrees between angles -10
and +10 degrees. Beyond 10 degrees in both directions, torque starts to decline.
7KLVLVYHU\LPSRUWDQWLQIRUPDWLRQIRUD9&0GHVLJQHU
Summary
ANSYS Maxwell provides design engineers with an easy-to-use 3-D FEM modeling
environment that is very well suited to evaluate performance of voice coil
DFWXDWRUV7KHDQDO\VLVW\SLFDOO\VWDUWVE\FRPSXWLQJWKHVWDWLFPDJQHWLFǮHOGV
and determining important design indicators, such as saturation, inductance and
torque. The analysis continues by performing time domain analysis and studying
WKHG\QDPLFUHVSRQVHLQFOXGLQJPRWLRQLQGXFHGHǭHFWVEDFNHOHFWURPRWLYH
force (EMF) and losses. If needed, the analysis continues with entire circuit- and
V\VWHPVOHYHOSHUIRUPDQFHHYDOXDWLRQVXVLQJ$16<66LPSORUHUZKLFKRǭHUVD
powerful systems-level design platform.
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$16<6,QFLVRQHRIWKHZRUOGžVOHDGLQJHQJLQHHULQJVLPXODWLRQVRIWZDUHSURYLGers. Its technology has enabled customers to predict with accuracy that their prodXFWGHVLJQVZLOOWKULYHLQWKHUHDOZRUOG7KHFRPSDQ\RǭHUVDFRPPRQSODWIRUPRI
fully integrated multiphysics software tools designed to optimize product development processes for a wide range of industries, including aerospace, automotive,
civil engineering, consumer products, chemical process, electronics, environmental, healthcare, marine, power, sports and others. Applied to design concept,
ǮQDOVWDJHWHVWLQJYDOLGDWLRQDQGWURXEOHVKRRWLQJH[LVWLQJGHVLJQVVRIWZDUHIURP
$16<6FDQVLJQLǮFDQWO\VSHHGGHVLJQDQGGHYHORSPHQWWLPHVUHGXFHFRVWVDQG
provide insight and understanding into product and process performance.
Visit www.ansys.com for more information.

