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This invention relates to a loudspeaker voice coil struc-
ture, and more particularly to a loudspeaker voice coil
structure suitable for use with driving circuits having sym-
metrical properties. :

Certain loudspeaker voice coil driving circuits have bal-
anced or symmetrical properties. A driving circuit utiliz-
ing transistors, for example, may have critically balanced
characteristics. Transistors of the junction type have sym-
metrical properties. One type of symmetrical property
is the complementarp characteristic of n-p-n and p-n-p
transistors. A loudspeaker voice coil may be driven in
push-pull operation from transistor amplifier circuits ex-
hibiting these symmetrical properties. An example of a
symmetrical circuit for driving a loudspeaker voice coil
may be found in the June 1953 issue of the Proceedings
of the LR.E., Fig. 6, page 719, in an article by G. C.
Sziklai entitled “Symmetrical Properties of Transistors
and Their Applications.”

For these symmetrical circuits to operate successfully,
associated components must be balanced. This requires
a voice coil winding which is electrically balanced to a
high degree. Existing multiple-winding voice coils are
wound in separate layers. . These windings are unequal in
length which may cause their resistance and mass to be
accordingly unequal.

An object of this invention is to provide a loudspeaker
voice coil which is electrically and mechanically balanced.

Another object is to provide a multiple-winding loud-
speaker voice coil which is suitable for driving circuits
having symmetrical properties.

A further object is to provide a multiple-winding loud-
speaker voice coil which is suitable for push-pull oper-
ation by a symmetrical circuit which includes transistors.

In accordance with this invention a multiple-winding
loudspeaker voice coil is wound in bifilar form. A pair
of strands of electrically conductive wire of equal length
and equal resistance are wound side by side or in juxta-
position to form a layer of a voice coil structure. Any
given number of layers may be formed in this bifilar man-
ner. The ends of the strands leading into and away
from the voice coil structure may be symmetrically dis-
posed about the axis of the voice coil structure to form
a structure of balanced mass.

The novel features of the present invention will be-
come apparent to. one skilled in the art from a reading
of the following description in conjunction with the
accompanying drawing in which:

Fig. 1 is a view in elevation and partially in cross sec-
tion of a loudspeaker including a voice coil embodying
this invention in one form;

Fig. 2 is an enlarged view in elevation and partially in
cross section of a portion of the embodiment shown in
Fig. 1; and

Fig. 3 is a cross-sectional view taken through Fig. 2
along the line 3—3 looking in the direction of the arrows.

In Fig. 1 is shown a loudspeaker 10 incorporating a bi-
filar voice coil 12. The loudspeaker 10 includes a mag-
netic structure 14. This magnetic structure 14 includes
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a cylindrical permanent magnet 16. The magnet 16. iy
made of a permanent magnet material, alnico for ex-
ample. The permanent magnet 16 is joined to the inner
base of a U-shaped yoke 18 of ferromagnetic material,
sofe iron for example. A cylindrical extension 20 of
permanent magnet 16 extends within the voice coil form
21 which is made of paper, for example. A pole piece 22
also of ferromagnetic material, soft iron for example, lies
across the ends of the U-shaped yoke 18. The pole piece
22 includes a central circular aperture 24 which cooperates
with the permanent magnet extension 20 to form an
annular air gap for the voice coil.

A frame member 26 is joined to the outer surface of
pole piece 22 to provide support for the loudspeaker cone
28. The frame may be conveniently made of press-
formed sheet steel, for example. Terminal boards 30 and
32 are joined to convenient portions of frame 26. These
terminal boards are made of insulating material, fiber
composition for example. The terminal boards 30 and 32
are secured to the frame 26 by steel rivets 34. Solder-
type terminal lugs 36 and 38 are provided on the terminal
board 30 to provide means for connection to voice coil
leads, and solder-type lugs 40 and 42 are provided on the
terminal board 32 to provide means of connection to
other voice coil leads. Extension leads 44 and 48 of
insulated wire are respectively soldered to lugs 36 and 38

‘on terminal board 30. Extension leads 50 and 52, also

of insulated wire, are respectively soldered to lugs 40 and
42 of the terminal board 32. These leads provide means
for conrnecting the voice coil to the output circuit of its
driving means.

The voice coil is of bifilar construction. It is formed
from a pair of strands 54 and 56 of electrically conduc-
tive wire. This wire may be, for example, No. 40 cop-
per wire which is enamel insulated. These strands are
continuously wound in a helical manner about a coil form
21. The starting portions of the voice coil winding are
respectively designated as leads 54, and 56,. The fin-
ishing portions of the voice coil winding are respectively
designated as leads 54; and 56,. Leads 54; and 54, are
respectively soldered to lugs 36 and 38 of terminal board
30 and coil ends 56; and 56, are respectively soldered
to lugs 42 and 40 of terminal board 32. Terminal boards
30 and 32 provide means for connecting the windings
in center-tapped fashion or other forms of connection.

In Fig. 2 an enlarged view of the bifilar voice coil is
shown. Coil form 21 is shown with a four layer bifilar
voice coil 12 wound upon it. Strands or wires 54 and 56
are equal in length so that they have equal resistance.
This balanced resistance property is required to provide the
symmetrical characteristics required by transistor oper-
ated driving circuits. The wire is carefully chosen so
that its resistive properties are uniform to aid in matching
the impedance of one coil winding with the other, The
portions of wires 54 and 56 which start the first layer
in the multilayer voice coil are designated as leads 54,
and 56,. These ends are brought together and are re-
spectively cemented to the paper form at points designated
as 74 and 76. Wires 54 and 56 are wound side by side,
or in juxtaposition, in a helix about the voice coil form
to form the bottom or innermost layer of the voice coil.
Since this illustrative voice coil is a four layer winding,
wires 54 and 56 are wound back over the first layer also
in continuous side by side relationship to form the second,
third and fourth layers of the voice coil. The wires
emerge or leave the outer layer of the voice coil struc-
ture and are there designated as leads 54, and 56;. Leads
54, and 56, are respectively carried in side by side rela-
tionship to points designated as 84 and 86, respectively,
where they are cemented to the coil form.

In Fig. 3, the symmetrical or balanced physical dispo-
sition of the coil leads is illustrated. Leads 54, and 56,
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are shown respectively cemented to points 74 and 76 on
the coil form, and leads 54, and 56, are shown respec-
tively cemented to points 84 and 86 on the voice coil
form.

This bifilar voice coil structure is both electrically
and mechanically balanced. It is electrically balanced
because the wires making up the voice coil are equal in
length and uniform in resistivity. This provides a multi-
winding veice coil in which each winding is equal in re-
sistance. The leads into the coil and away from the coi
are symmetrically positioned about the axis of the voice
coil. This provides a voice coil of balanced mass. The
ieads are maintained in side by side relationship through-
out the vecice coil structure. This enhances the mutual
coupling between the coii windings. This balanced mass
and high mutual coupling provides a coil which cpe:r-
ates relatively free of distortion.

What is claimed is:

1. A loud speaker voice coil comprising a cylindrical
coil form, a pair of strands of electrically conductive wire
of equal length, both of said strands being helically wound
in one direction around said form to provide a layer cf
single turns disposed longitudinally of said form, both of
said strands being helically wound in the opposite direc-
tion along said form to provide another layer of single
turns disposed -longitudinally of said form and in juxta-
position with said first layer, the starting and finishing
ends of said coils being disposed adjactnt to each other,
the electrical resistance. of said strands being subtan-
tially equal, and means for securing the starfing ends of
said strands at a pair of spaced positions on the surface
of said coil form, means for securing the finishing ends
of said strands at another pair of spaced positions on said
coil form diametrically opposite said first mentioned posi-
tions whereby said ends are symmetrically disposed to
provide a voice coil structure whose mass is balanced.

2. A loud speaker voice coil comprisig a coil form, a
pair of strands of electrically conductive material wound
in continuous side by side relationship in an even number
of layers on the surface of said coil form, both of said
strands in said pair being equally distant from said sur-
face, the length of said strands being equal, said strands
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having the same resistivity, and mean for securing the
starting ends of said strands at a pair of spaced positions
on said surface of said coil form, said positions being
at substantially the same distance from one of the ends
of said form, and means for securing the finishing ends
of said strands at another pair of spaced positions on said
coil form surface diametrically opposite the first men-
tioned positions, said other pair of positions being at sub-
stantially the same distance from said one end of said
form whercby said ends are symmetrically disposed about
said coil form to cause said veice coil to have balanced
mass characteristics.

3. A bifilar loud speaker voice coil winding on a coil
form comprising a pair of strands of electrically conduc-
tive wire of substantially equal lengths, said strands hav-
Ing a substantially equal resistance and being helically
wound side by side to form an even number of coaxial
cylindrical layers of turns and means for securing the
starting ends of said strands at a pair of spaced positions
on the surface of said coil form, and means for securing
the finishing ends of said strands at another pair of
spaced positions on said coil form surfact diametrically
opposite said first mentioned positions, said first named
positions being at substantially the same distance from
one of the ends of said form, said other pair of posi-
tions being at ‘substantially said same distance from_ said
one end of said form whereby said ends are symmetrically
structure of balance
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