Application Brief

Moving-Coil Loudspeakers

A moving-coil loudspeaker is the most common type of loudspeaker, also called an (electro)
dynamic loudspeaker. The device is an electro-acoustic transducer that consists of a voice coil
WKDWPRYHVLQDVWHDG\PDJQHWLFǮHOGWRSURGXFHWKHVRXQGLQUHVSRQVHWRHOHFWULFDODXGLR
VLJQDOLQSXW$16<60D[ZHOOVRIWZDUHFDQEHXVHGWRHǭHFWLYHO\DQDO\]HYDULRXVLPSRUWDQW
design aspects of moving-coil loudspeakers.
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Background
In contrast to other types of loudspeakers (such as piezoelectric,
electrostatic or magnetostrictive), moving-coil loudspeakers work on
the Lorentz force principle. According to this principle, the force acts
RQDFXUUHQWFDUU\LQJFRLORIZLUHLQDPDJQHWLFǮHOG,QDPRYLQJFRLO
ORXGVSHDNHUWKHPDJQHWLFǮHOGLVDOPRVWDOZD\VJHQHUDWHGE\SHUPDQHQW
magnets. The moving coil (or voice coil) is attached to a cone, which is
FRQQHFWHGWRDULJLGEDVNHW IUDPH WKURXJKDǯH[LEOHVXVSHQVLRQFDOOHG
the spider. The spider restricts coil movement to axial direction inside a
cylindrical magnetic gap. By driving a current through the voice coil, a
mechanical force is generated, which moves the coil as well as the attached
FRQHWKHUHE\UHSURGXFLQJVRXQGXQGHUWKHFRQWURORIWKHDSSOLHGHOHFWULFDO
VLJQDOFRPLQJIURPWKHDPSOLǮHU,QGLYLGXDOWUDQVGXFHUV FDOOHGGULYHUV 
DUHXVHGWRUHSURGXFHGLǭHUHQWIUHTXHQF\UDQJHV7RDGHTXDWHO\UHSURGXFH
DZLGHUDQJHRIIUHTXHQFLHVPRVWORXGVSHDNHUV\VWHPVHPSOR\PRUHWKDQ
RQHGULYHU VXEZRRIHUZRRIHUPLGUDQJHGULYHUWZHHWHU SDUWLFXODUO\IRU
higher sound pressure levels.
Description
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Various important design characteristics of moving-coil loudspeakers can
EHHDVLO\SUHGLFWHGE\WKH$16<60D[ZHOOHOHFWURPDJQHWLFǮHOGVLPXODWRU
7KHVHLQFOXGHǯX[PRGXODWLRQ%/IDFWRUORVVHVDQGLPSHGDQFHRID
loudspeaker.

Figure 1. Typical axisymmetrical geometry of moving-coil
ORXGVSHDNHUPDJQHWDVVHPEO\WRJHWKHUZLWKǯX[OLQHVSORW

As these devices feature mostly rotational symmetry, they are typically
analyzed using a 2-D axisymmetrical solver. Figure 1 shows a typical
PDJQHWDVVHPEO\RIDPRYLQJFRLOORXGVSHDNHUWRJHWKHUZLWKWKHPDJQHWLF
ǯX[OLQHVSORWZLWKWKH]D[LVEHLQJWKHD[LVRIURWDWLRQDOV\PPHWU\7KH
WRSSODWHERWWRPSODWHDQGFHQWHUSROHDUHPDGHIURPPDJQHWLFVWHHO
PDWHULDO7KHVHSDUWVVKDSHDQGGULYHWKHPDJQHWLFǯX[JHQHUDWHGE\WKH
magnet.
The voice coil is made of several copper turns and is located in the air
JDS)LJXUHVKRZVWKHYDULDWLRQRIWKHǯX[GHQVLW\PDJQLWXGHDORQJWKH
OLQHLQWKHFHQWHURIWKHDLUJDS7KLVYDULDWLRQLVVKRZQIRUWKUHHGLǭHUHQW
values of the current assumed in the coil. This graph clearly shows how the
PDLQǯX[LQWKHDLUJDSJHQHUDWHGE\WKHPDJQHWLVPRGXODWHGE\WKHǯX[
SURGXFHGE\WKHFXUUHQWLQWKHFRLO

Figure 2. Flux density magnitude along line in center of air gap as
a function of various coil currents

%H\RQGVWXG\LQJPDJQLWXGHLWLVHTXDOO\LPSRUWDQWWRDQDO\]HGLǭHUHQW
FXUUHQWSRODULWLHVDVWKH\KDYHGLǭHUHQWHǭHFWVRQWKHǯX[LQWKHDLUJDS
Figure 3 depicts another important parameter: BL-factor or force factor.
,WGHVFULEHVWKHFRXSOLQJEHWZHHQPHFKDQLFDODQGHOHFWULFDOVLGHVRID
ORXGVSHDNHUDQGLVGHǮQHGDVWKHLQWHJUDOYDOXHRIWKHǯX[GHQVLW\%RYHU
voice coil length L. The BL-factor is shown as a function of the voice coil
displacement for the voice coil current of opposite polarities.
$GHVLJQHURIDORXGVSHDNHUDOVRQHHGVWRNQRZWKHIUHTXHQF\GHSHQGHQFH
of the stationary coil impedance. This characteristic is derived using the
transient solver of ANSYS Maxwell, applying a sinusoidal input voltage
VLJQDOWRWKHFRLODWGLǭHUHQWIUHTXHQFLHVZKLOHNHHSLQJWKHFRLOVWDWLRQDU\
The simulation includes the eddy currents induced in the steel parts and
PDJQHWZKLFKKDYHWKHHǭHFWRIJHQHUDWLQJSRZHUORVVDQGWKXVUHGXFLQJ
the voice coil impedance.

Figure 3. BL-factor, also called force factor, as a function of voice
coil displacement for coil current of same magnitude but opposite
polarities
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7KHGLVWULEXWLRQRIWKHSRZHUORVVGHQVLW\IRUWKHPRGHOHGORXGVSHDNHUDW
WKHIUHTXHQF\RI+]LVVKRZQLQ)LJXUH7KHVNLQGHSWKFDQEHHDVLO\
REVHUYHGDVWKHORVVHVDUHPDLQO\ORFDWHGRQWKHVXUIDFHRIWKHVWHHOSDUWV
and magnet. The skin depth in the steel parts is smaller than in the magnet,
ODUJHO\EHFDXVHVWHHOSHUPHDELOLW\LVPXFKKLJKHU
7KHWUDQVLHQWVLPXODWLRQVDWGLǭHUHQWIUHTXHQFLHVDQGIRUGLǭHUHQWFRLO
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SRVLWLRQVFDQEHUXQDXWRPDWLFDOO\XVLQJ$16<62SWLPHWULFV7KHUHVXOW
LVGHSLFWHGLQ)LJXUHLQZKLFKWKHVWDWLRQDU\FRLOLPSHGDQFHPDJQLWXGH
LVVKRZQDVDIXQFWLRQRIIUHTXHQF\DQGGLVSODFHPHQWRIWKHFRLO7KH
LQǯXHQFHRIWKHGLVSODFHPHQWRIWKHFRLORQWKHLPSHGDQFHLVFOHDUO\
YLVLEOHDVWKHVKDGHGDUHDVUHSUHVHQWLQJWKHHTXDOLPSHGDQFHDUHGLYLGHG
E\FXUYHGFRQWRXUV,IWKHUHZDVQRLQǯXHQFHRIWKHGLVSODFHPHQWRQWKH
LPSHGDQFHWKHFRQWRXUVZRXOGEHVWUDLJKWYHUWLFDOOLQHV
Conclusion
Figure 4. Distribution of power loss density in magnet assembly
of modeled loudspeaker as obtained from transient simulation at
+]IUHTXHQF\XVLQJ$16<60D[ZHOO

Figure 5. Stationary impedance magnitude as function of
IUHTXHQF\DQGGLVSODFHPHQWRIFRLODVREWDLQHGIURPWUDQVLHQW
simulations using ANSYS Maxwell

There are various challenges connected with designing moving-coil
ORXGVSHDNHUVZKLFKFDQEHFRPIRUWDEO\DGGUHVVHGE\$16<60D[ZHOO
Starting with magnetostatic analysis, a designer can predict important
SDUDPHWHUVOLNHLQGXFWDQFHIRUFH%/IDFWRUDQGPDJQHWLFǮHOGGLVWULEXWLRQ
DQGDVVHVVWKHOHYHORIVDWXUDWLRQ7KHLQǯXHQFHRIǯX[PRGXODWLRQ
RQWKHVHSDUDPHWHUVFDQEHVWXGLHGDVZHOO7LPHVWHSSLQJDQDO\VLV
in Maxwell’s transient solver allows determination of the dynamic
performance of the loudspeaker, predicting parameters like impedance and
ORVVHVDWGLǭHUHQWIUHTXHQFLHVRIWKHLQSXWYRLFHFRLOVLJQDO,QDGGLWLRQWR
conducting the pure electromagnetic analysis in time domain, Maxwell can
LQFOXGHWKHHTXDWLRQRIPRWLRQWRWKHVHWRIXQNQRZQVWKHUHE\HQDEOLQJ
study of real electromechanical interactions in a moving-coil loudspeaker.
7KHGHVLJQSDUDPHWHUVFDQEHDXWRPDWLFDOO\GHWHUPLQHGIRUGLǭHUHQW
variations of geometry, coil position, coil current and material properties
XVLQJ$16<62SWLPHWULFV7KLVDOORZVJHQHUDWLRQRIDQHTXLYDOHQWFLUFXLW
PRGHORIWKHYRLFHFRLOZKLFKFDQEHLQFOXGHGLQDV\VWHPVOHYHOVLPXODWLRQ
model of ANSYS Simplorer®. Thus, the performance of the whole system
FDQEHPRGHOHGDQGDVVHVVHGPDNLQJVXUHWKDWWKHHQWLUHV\VWHPPHHWV
GHǮQHGGHVLJQUHTXLUHPHQWV
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ANSYS, Inc. is one of the world’s leading engineering simulation software
SURYLGHUV,WVWHFKQRORJ\KDVHQDEOHGFXVWRPHUVWRSUHGLFWZLWKDFFXUDF\WKDW
WKHLUSURGXFWGHVLJQVZLOOWKULYHLQWKHUHDOZRUOG7KHFRPSDQ\RǭHUVDFRPPRQ
platform of 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
WRGHVLJQFRQFHSWǮQDOVWDJHWHVWLQJYDOLGDWLRQDQGWURXEOHVKRRWLQJH[LVWLQJ
GHVLJQVVRIWZDUHIURP$16<6FDQVLJQLǮFDQWO\VSHHGGHVLJQDQGGHYHORSPHQW
times, reduce costs, and provide insight and understanding into product and
process performance. Visit www.ansys.com for more information.

