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(57) Haut-parleur ¢lectromagnétique a deux bobines
mobiles fonctionnant dans des champs magnetiques
correspondants dans des espaces annulaires situcs entre
des pieces a aimant permanent. Le haut-parleur est muni
d’'une  bobme  d’amortissement  court-circuitée
comprenant une ou plusieurs spires monteées sur la
structure de la bobine mobile, a mi-chemin entre les deux
bobines mobiles. La bobine d’amortissement n’exerce
qu’une mncidence minime sur le fonctionnement normal
du haut-parleur, mais a un effet d’amortissement inductif
resultant d’une force contre-¢lectromotrice chaque fois
que le deéplacement de 1’ensemble bobine mobile est
proche d’une limite fonctionnelle dans 1'une ou 1’autre
direction, a mesure que la bobine mobile pénctre dans
I'un des deux espaces aimantés correspondant. Ainsi,
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(57) An electro-magnetic loudspeaker, with dual voice
coils operating 1n corresponding magnetic fields 1n
annular gaps between permanent magnet pole pieces, 1s
provided with a single short-circuited braking coil of one
or more turns mounted on the voice coil form midway
between the two voice coils. The braking coil has
minimal effect on normal operation of the loudspeaker,
but introduces an inductive braking effect from counter-
EMF whenever the voice coil assembly displacement
approaches a working limit in either direction, as the
braking coil enters a corresponding one of the two
magnetized gaps. Thus bidirectional braking/damping 1s
accomplished 1n a dual coil speaker by the addition of a
single braking coil, which could be simply a one turn
ring; whereas bidirectional 1nductive braking in a
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I’amortissement bidirectionnel dans un haut-parleur a
deux bobines mobiles est réalise€ par 1’ajout d’une seule
bobine mobile, qui pourrait consister ssmplement en un
anneau a une spire, alors que 1’amortissement mductif
bidirectionnel dans un haut-parleur n’ayant qu’une
bobine mobile exige que deux bobines d’amortissement
solent adjacentes a la bobine mobile. La bobine
d’amortissement peut €tre associce a des terminaux pour
¢tre connecteée en circuit ferme¢ a un amplificateur de
retroaction et/ou a un ou plusieurs composants reactifs,
alin de modifier ou d'intensifier [’action
d’amortissement.
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speaker with a single voice coil requires two such
braking coils flanking the voice coil. The single
braking/damping coil can be brought out to terminals for
connecting 1t 1 a loop circuit with an active feedback
driver and/or a network of one or more reactive
components, for modifying and enhancing the
braking/damping action.
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ABSTRACT OF THE DISCLOSURE

An electro-magnetic loudspeaker, with dual voice coils operating in
corresponding magnetic fields in annular gaps between permanent magnet pole pieces, 1s
provided with a single short-circuited braking coil of one or more turns mounted on the
voice coil form midway between the two voice coils. The braking coil has minimal effect
on normal operation of the loudspeaker, but introduces an inductive braking effect from
counter-EMF whenever the voice coil assembly displacement approaches a working Iimit 1n
either direction, as the braking coil enters a corresponding one of the two magnetized gaps.
Thus bidirectional braking/damping is accomplished in a dual coil speaker by the addition
of a single braking coil, which could be simply a one turn ring; whereas bidirectional
inductive braking in a speaker with a single voice coil requires two such braking coils
flanking the voice coil. The single braking/damping coil can be brought out to terminals for
connecting it in a loop circuit with an active feedback driver and/or a network of one or

more reactive components, for modifying and enhancing the braking/damping action.
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TTTLE OF THE INVENTION

INDUCTIVE BRAKING IN A DUAL COIL SPEAKER DRIVER UNIT

FIELD OF THE INVENTION

The present invention relates to the field of audio loudspeakers, and more
particularly it relates to an improvement in a dual voice coil loudspeaker that provides

inductive braking of the voice coil/diaphragm assembly as it approaches its working travel

limits in both directions.

BACKGROUND OF THE INVENTION

T'here has been strong motivation to design loudspeakers for increased power
handling capability. Technology advances have facilitated the generation of high levels of
audio power, however mechanical limitations of loudspeakers place limits on the level of

acoustic power that can be obtained, particularly the travel limits of the voice

coil/diaphragm assembly.

The inherent magnetic damping factor due to counter-EMF , Characterizing the
‘tightness" of the magnetic drive system, is primarily a function of magnetic flux density,
however the damping factor typically varies as a function of the position of the vibrating
voice coil as it moves through the magnetic field: typically the damping factor decreases as
the voice coil moves toward the limit of travel in either direction. The stiftness of the
suspension of the moving system makes a contribution to damping factor that is also a
function of the position of the voice coil within its travel range; and since, contrary to the
magnetic damping, the suspension damping increases toward the travel limits, 1t is

commonly relied upon as the main safeguard against bottoming, i.e. striking a hard
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constraint or even straining the suspension to its limit, which of course can introduce serious
distortion and risk of physical damage or deterioration.

With high audio power readily available, along with a large influence of
different enclosures and baffles on the high power level performance and overload
properties of speakers especially at low bass frequencies, there is a widespread and
increasing need for speaker design innovations that will preserve fidelity and performance
under extremely high power drive levels and in a variety of enclosures, and that will better

protect against the risk of bottoming.
DISCUSSION OF RELATED KNOWN ART

Inductive braking/damping has been applied to single voice coil loudspeakers
by introducing a short-circuited winding positioned such that it enters a strong magnetic
field across an air gap, typically between permanent magnet poles forming the working air
gap of the voice coil, as the vibrating assembly nears its working travel limit; counter-EMF
from the induced current tends to damp or brake the voice coil movement as a tunction of its
velocity relative to the magnetic field.

U.S. patent 4,160,133 to Wiik exemplifies the foregoing principle of magnetic
damping, claiming "...a short-circuit ring (on) at least one end of" the "voice coil," the
‘ring...located outside the air gap when. .voice coil is in its neutral position". This patent
teaches that with a single voice coil, two such rings are required in order to introduce
inductive braking/damping at the excursion limits in both directions.

U.S. patent 4,598,178 to Rollins, utilizing the foregoing principle of magnetic
damping, brings the ends of the auxiliary winding out to a pair of terminals that can be
short-circuited or alternatively utilized to introduce reactance by connecting capacitive
and/or inductive components to introduce frequency-selective effects. Rollins teaches
braking/damping as applied only at one end of the excursion range: 1n the forward

direction.
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U.S. patent 4,628,154 to Kort configures the magnet system to provide an
auxiliary air gap magnetic field that acts on the voice coil to provide inductive
braking/damping at one end of the excursion range; the rearward end.

German patent 92-218457/27 and European patent 492142-A2 to Fleischer
show inductive damping/braking utilizing two short-circuited auxiliary windings flanking a
single voice coil.

For improving the overall performance of loudspeakers, it has been proposed
to utilize dual voice coil windings each operating in a separate annular magnetic gap. As
examples, British patent 705,100 to Wolff and French patent 1,180,456 to Kritter, disclose

such dual voice coil approaches.
OBJECTS OF THE INVENTION

It is a primary object of the present invention to provide inductive
braking/damping in a dual voice coil loudspeaker.

It 1s a further object to provide such inductive braking/damping bidirectionally,
1.e. acting in both directions in regions of maximum voice coil excursion.

It 1s a still further object to provide such bidirectional inductive damping with
minimal complexity, cost and added mass in the vibrating system.

It 1s a still further object to implement such bidirectional braking/damping in a
manner that it can be modified by the introduction of a passive network having one or more
reactive components into a loop circuit including a single braking/damping element.

It 1s a turther object to implement such bidirectional braking/damping in a
manner that it can be modified by the introduction of active feedback into a loop circuit

including a single braking/damping element.

SUMMARY OF THE INVENTION

The abovementioned objects have been accomplished by the present invention

ot inductive braking/damping in a dual voice coil loudspeaker by introducing a
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system and voice coil structures such that the auxiliary coil enters a first of the two magnetic
gaps 1n approaching maximum voice coil excursion in a first direction and enters the second
of the two magnetic gaps in approaching maximum voice coil excursion in a second
direction opposite the first direction. Thus with only one short-circuited auxiliary winding,
bilateral inductive braking/damping is accomplished in a dual voice coil loudspeaker.

A scientific paper entitled "Magnetic Circuit Design Methodologies for Dual
Co1l Transducers", scheduled for presentation by the inventor as author at the 103rd
Convention of the Audio Engineering Soclety in New York, N.Y. on September 26, 1997,
addresses dual voice coil technology and includes a discussion of aspects of the present

Invention.

will be more fully understood from the following description taken with the accompanying
drawings in which:

FIG. 1 1s a cross-section representing a dual voice coil loudspeaker with the
diaphragm/voice coil assembly at its quiescent center position.

FIG. 2 shows the loudspeaker of FIG. 1 with the voice coil assembly displaced
in a first direction sufficiently to invoke inductive braking/damping.

FIG. 3 shows the loudspeaker of FIGs. 1 and FIG. 2 with the voice coil
assembly displaced in a second direction, opposite that shown in FIG. 2, sufficiently to
Invoke inductive braking/damping.

F1G. 4 shows the diaphragm/voice coil assembly of a loudspeaker similar to
that in FIGs. 1-3 except that the ends of the braking coil brOught out to a terminal board,
shown with a short- circuiting jumper connected across the terminals.

FIG. 5 shows the diaphragm/voice coil assembly and terminal board as in FIG.

4, but with a capacitor connected across the terminals.
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FIG. 6 shows the diaphragm/voice coil assembly and terminal board as in FIG.
4 but with a feedback driver connected across the terminals, also showing a main driver

connected to the dual voice coils.

DETAILED DESCRIPTION

FIG. 1 1s a cross-section representing a dual voice coil loudspeaker 10 with the
cone/voice coil assembly 12 at its quiescent center position, where it is seen that voice coils
14 and 16 each have a portion located in a corresponding one of magnetic gaps 18 and 20,
polarized as indicated by N and S, and each of these portions is acted upon over the full
length of the magnetic gap. While voice coils 14 and 16 each may be offset, as shown,
relative to the corresponding magnetic gaps 18 and 20, the two offsets tend to cancel each
other so that the coils 14 and 16 function in a complementary manner that provides a large
excurston of travel over which the drive force and damping remain relatively constant. A
short-circuited braking coil 22 having one or more turns is located midway between voice
coils 12 and 14, affixed to the voice coil form 24.

FIG. 2 shows the loudspeaker 10 of FIG. 1 with the voice coil assembly 12
displaced in a first direction (upwardly, as shown) and approaching the limit of the travel
range. Inductive braking/damping is invoked by braking coil 22 moving into magnetized air
gap 18 indicated by dashed flux lines. The movement of braking coil 22 relative to the
magnetic field induces a current in braking coil 22, and counter-EMF exerts a
braking/damping force on the voice coil assembly 12 via braking coil 22, acting to decrease
the velocity of (upward) travel and thus limit the excursion smoothly as opposed to abrupt
bottoming due to mechanical striking or reaching the limit of the suspension compliance
that could occur otherwise.

FIG. 3 shows the loudspeaker 10 of FIGs. 1 with the voice coil assembly 12,
displaced in a second direction (downwardly, as shown), with braking coil 22 moving into
magnetized gap 20 and thus invoking the inductive braking/damping action in the same

manner as described above in connection with FIG. 2.
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Thus the present invention provides symmetrical braking/damping in a dual
voice coil loudspeaker 10 in combination with a single short-circuited braking coil 22.

FIG. 4 shows a diaphragm/voice coil assembly 12A of a loudspeaker as in the
previous figures but with the ends of the braking coil 22A brought out to a terminal board
26, shown with a jumper 28 connected across the terminals, effectively short-circuiting the
braking coil 22A and thus enabling it to function in the same manner as the directly
short-circuited braking coil 22 described above in connection with F 1Gs. 1-3.

FIG. 5 shows the diaphragm/voice coil assembly 12A as in FIG. 4 but with the
terminals of board 26 connected to a capacitor 30 as an example of a reactive component or
network of components that can be thus connected in a circuit loop including the braking
coll 22A n order to introduce a frequency-dependent modification to the basic braking
ettect.

FIG. 6 shows an actively-enhanced inductive braking system in which the
diaphragm/voice coil assembly 12A is configured as in FIG. 4 except that the terminals of
board 26 are connected to a feedback driver 32. A main amplifier/driver 34, driving the
dual voice coils 16 and 18, receives input from an audio source 36. Feedback driver is
preceded by a special processor 38 which may receive input from audio source 36 as shown
or alternatively the input could be obtained at any ot several signal nodes in the main
amplifier signal path through amplifier/driver 34. The frequency and amplitude response of
processor 38 can be flexibly modified to provide a feedback current in braking coil 22A that
co-operates with induced current in a manner to augment and enhance the braking action in
a desired manner.

Referring again to FIG. 1, the invention could be practiced with the magnetic
polarities N and S reversed compared to those shown.

The invention may be embodied and practiced in other specific forms without
departing from the spirit and essential characteristics thereof The present embodiments are
therefore to be considered in all respects as illustrative and not restrictive, the scope of the
invention being indicated by the appended claims rather than by the foregoing description;
and all variations, substitutions and changes which come within the meaning and range of

equivalency of the claims are therefore intended to be embraced therein.
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WHAT IS CLAIMED IS:

1. A bidirectional inductive braking system 1n a dual voice coil
electro-magnetic audio loudspeaker having dual voice coils 1n a vibrating voice
coil/diaphragm assembly, comprising:

a frame of said loudspeaker;

a vibratable diaphragm assembly having a cylindrical voice coil form;

suspension means for mounting said diaphragm assembly to said frame;

a first voice coil affixed to the voice coil form disposed within a first
magnetic field that traverses a first annular gap;

a second voice coil, affixed to the voice coil form spaced from the first voice
coil by a voice coil spacing dimension, disposed within a second magnetic tield that
traverses a second annular gap spaced from the first annular gap by a gap spacing
dimension; and

a short-circuited braking coil comprising at least one turn located on the voice
coil form substantially midway between said first voice coil and said second voice coil;

the voice coils and the magnetic fields being relatively dimensioned and
arranged to cause said braking coil, (a) upon approaching a first limit of working
displacement, to enter the first magnetic field and thus exert a braking torce on the voice
coil/diaphragm assembly, and (b) upon approaching a second limit of working displacement
opposite the first limit thereof, to enter the second magnetic field and thus exert a braking
force on the voice coil/diaphragm assembly; thus said braking coil 1s enabled to bilaterally

constrain excursions of the voice coil/diaphragm assembly.

2. An improvement providing inductive braking in a dual voice coil
electro-magnetic audio loudspeaker of a type having first and second voice coils on a
vibrating cylindrical voice coil form attached to of vibratable diaphragm assembly
vibratably mounted to a frame of the loudspeaker by suspension means and disposed within
first and second magnetic fields in first and second gap regions between corresponding

permanent magnet poles, the improvement comprising:

R R O T, - TL TS T NedeMATLAIIN - . . BaARATEG o B " 2ea® . .o . . . . . .
- WS ¢ e o [= SERPREIN IV TTNE, I VNS TCVERR SRS TV TV TPVIIN. NVNTINGE, 7 TT 1. SO Y 72T SR TR TR VTN R 2 VY Y Y TRVS T VPP TY o ae 95 7 PR XY X el DR Bl M A o AR o gy S o & A T & e ol L VAL A TN £p AN BTl & b et hrmairpmtrns H 2o O e b ISRy 3759 S0 M-S NN A ML LA ST B A 44 1 1 4 B P T IIS PP Sk e b T AR b ra B LU Ju mdps b vy s AT E AR Fae A ot nddh m e A drmmns [ Il i) A A TP T L LS B it /L LA PPl it et i Lot s EA ES .S ot L AL ASER s e srm =




CA 02248433 1998-09-22

a short-circuited braking coil affixed to the voice coil form substantially
midway between said first voice coil and said second voice coil and disposed coaxially
therewith;

the voice coils and the magnetic fields being relatively dimensioned and
arranged to cause said braking coil, (a) upon approaching a first limit of working
displacement, to enter the first magnetic field and thus exert a braking force on the voice
coil, and (b) upon approaching a second limit of working displacement opposite the first
limit thereof, to enter the second magnetic field and thus exert a braking force on the voice
coil form and thus;

whereby said braking coil is enabled to bilaterally constrain travel of the voice

coil assembly at the two opposite limits of displacement.

3. The improvement providing inductive braking in a dual voice coil
electro magnetic audio loudspeaker as defined in claim 2 wherein said short-circuited

braking coil comprises a single turn configured as a ring.

4, The improvement providing inductive braking in a dual voice coil
electro magnetic audio loudspeaker as defined in claim 2 wherein said short-circuited
braking coil comprises a multi-turn coil having two wire ends connected together so as to

short-circuit said braking coil.

5. A bidirectional inductive braking system in a dual voice coil
electro-magnetic audio loudspeaker having dual voice coils in a vibrating voice
coil/diaphragm assembly driven from an audio source, said braking system comprising:

a frame of said loudspeaker;

a vibratable diaphragm assembly having a cylindrical voice coil form;

suspension means for mounting said diaphragm assembly to said frame;

a first voice coil affixed to the voice coil form disposed within a first magnetic

field that traverses a first annular gap;
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a second voice coil, affixed to the voice coil form spaced from the first voice
coil by a voice coil spacing dimension, disposed within a second magnetic field that
traverses a second annular gap spaced from the first annular gap by a gap spacing
dimension; and

a braking coil comprising at least one turn located on the voice coil form
substantially midway between said first voice coil and said second voice coil, said braking
coil being configured and arranged to have two electrical nodes each corresponding to an
end thereof;

a pair of terminals, connected respectively to the two nodes of said braking
coil;

braking coil enabling means having two nodes connected to said pair of
terminals so as to form a loop circuit including said braking coil and said braking coil
enabling means;

the voice coils and the magnetic fields being relatively dimensioned and
arranged to cause said braking coil, (a) upon approaching a first limit of working
displacement, to enter the first magnetic field and thus exert a braking force on the voice
coil/diaphragm assembly, and (b) upon approaching a second limit of working displacement
opposite the first limit thereof, to enter the second magnetic field and thus exert a braking
force on the voice coil/diaphragm assembly; thus said braking coil 1s enabled to bilaterally

constrain excursions of the voice coil/diaphragm assembly.

6. The bidirectional inductive braking system as defined 1n claim 5
wherein said braking coil enabling means comprises a conductive jumper connected across

said pair of terminals so as to short-circuit said braking coail.

7. The bidirectional inductive braking system as defined in claim 5
wherein said braking coil enabling means comprises at least one passive reactive electronic
component in a network connected across said pair of terminals so as to influence induced
current in the loop in a manner to implement a predetermined frequency-dependent

braking/damping characteristic.
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8. The bidirectional inductive braking system as defined in claim 5
wherein said braking coil enabling means comprises a feedback driver, connected across

said pair of terminals, configured and arranged to apply thereto an active feedback signal,

derived in a predetermined relationship from the audio source, so as to interact with induced

current in the braking coil in a predetermined manner to enhance braking/damping action of

said braking coail.
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