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[57] ABSTRACT

A transducer assembly“fora flat diaphfégrﬁ transducer

of the type having a non-magnetic diaphragm with a
conductor in the form of spaced parallel strips on one

face with a cooperating magnet structure comprising a

plurality of elongate alternate magnetic poles, which
can be readily assembled by unskilled labour is dis-
closed. The transducer assembly comprises two polyg-
onal frames having inwardly directed flanges and pe-
ripheral upstanding flanges. The inwardly directed
flanges serve to define the spacing between the mag-
net structure. and the diaphragm when two such
frames are assembled with the diaphragm therebe-
tween and the magnet structures located by the up-
standing peripheral flanges of the frame members
which flanges project away from one another. The two
frame members are clamped along at least two sides in
correspondence with the inwardly directed flanges,
and the clamping means also holds the magnet struc-
tures and a perforated backing plate onto the frame
members. - .

© 12 Claims, 8 Drawing Figures
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1
ELECTRO-ACOUSTIC TRANSDUCERS

The subject of this invention is a transducer and is a
development of the invention which is the subject of
patent application Ser. No. 251,388 to Willis et al.,
filed May 8, 1972.

In the specification of the aforesaid patent applica-
tion, there is described an audio transducer incorporat-
ing a diaphragm carrying on one face at least an elec-
tric current conductor consisting of a number of spaced
parallel conductor portions and a fixed magnet unit in-
corporating a perforated backing plate bearing a mag-
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net presenting a plurality of magnetic poles in strip

form arranged in a selected pattern of polarity and op-
posite the gaps between the parallel portions of the
conductor on the diaphragm so as to produce a mag-
netic field in the plane of the diaphragm and orthogo-
nal to the conductor.

It is an object of the present development to provide
a construction of such a transducer which is easily as-
sembled by semi-skilled labour, provides the requisite
spacing of the parts and is completely rigid.

According to the present invention an audio trans-
ducer comprises two frame members each in the form
of a closed polygon having an inwardly directed flange
extending around at least part of the periphery thereof
and a further flange forming an upstanding wall extend-
ing around the periphery thereof, at least one non-
metallic diaphragm carrying a metallic conductor
formed as a plurality of spaced, parallel, series con-
nected strips located between and separating the frame
members which are disposed with the upstanding walls
projecting away .from one another, two fixed magnet
structures, .each resting on the said inwardly directed

" flanges within the upstanding wall of respective frame
elements and each having a plurality of parallel spaced
elongated magnet poles facing the diaphragm aligned
with the spaces between the strips of conductor with
adjacent poles being of opposite polarity, and a perfo-
rated metallic backing sheet in contact with the face of
the magnet remote from the diaphragm, and means
holding all the said components of the transducer
clamped together along at least two sides of the said
frame members.

Two treble diaphragms and a full range diaphragm
interposed between them may be provided between the
frame elements.

The magnet may consist of a perforated sheet of plas-
tomagnetic material or of individual ‘strips of plasto-
magnetic material as defined. The perforated sheet or
the individual strips may be formed of stacked lamma-
tions.

The magnet and the. backing sheet associated with
cach frame element may be fastened to one another by
adhesive.

Each frame element may be formed with pins pro-
jecting from selected co-planar flanges towards and
penetrating the other frame element the corresponding
co-planar flanges of which are formed with holes pene-
trated by the pins, the backing sheets and it may be the
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The diaphragm may be similarly perforated for pas-
sage of the pins.

Alternatively the tips of at least two opposite up-
standing walls of each element may be inwardly bent
over the outer surface of the associated magnet unit to
hold the magnet unit in place, the heels of the angle
bars of the two frame elements, i.e. the outside corners
where the flanges meet, being fastened to one another
with the diaphragm held between the two elements.

The frame elements may be of thermoplastics mate-
rial, e.g., polystyrene, the pins or the walls being de-
formed following the application of heat. Similarly the
two frame elements may be heat sealed to one another.
To facilitate heat sealing the co-planar flanges of the
angle bars may extend rearwardly beyond the heels of
the bars so that the extended portions may be heated
and fused together without distorting the adjacent por-
tions of the frame elements.

The backing sheets may be of mild steel and may be
cadmium plated.

The diaphragm may be of a non-metallic material
such as Melinex.

The conductor strip on the diaphragm may be of alu-
minium and the ends may be located adjacent to one
another at one edge of the diaphragm so as to be
readily engageable by a connecting plug, gaps being

. provided in the co-planar flanges to receive the plug
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magnets also being formed with similarly located holes

for passage of the pins, the projecting ends of which are
deformed to form rivet heads holding the one frame el-
ement with its magnet unit to the other frame element

with its magnet unit with the diaphragm clamped be- -

tween the frame elements.

during assembly of the components: of the transducer
and to retain the plug after the frame elements are fas-
tened to one another.

Practical embodiments of the invention are illus-
trated in the accompanying drawings in which FIG: 1
is an exploded view of what may for convenience be
considered the upper frame element and its assocrated
magnet and backing sheet of one form of transducer
assembly and FIG. 2 is an exploded view of what may
for convenience be referred to as the lower frame ele-
ment with its associated magnet and backing sheet of
the said transducer assembly including the diaphragm,
FIG. 3 is a section through the centre of the assembled
transducer which is the subject of FIGS. 1 and 2, and
FIG. 4 is a section through the assembled transducer at
the posmon marked 4—4 in FIGS. 1 and 2 showing
how the pins lock the two frame elements and their as-
sociated components to one another; FIG. § is a per-
spective view showing another form of transducer as-
sembly, FIG. 6 is a plan view of the transducer of FIG.
5, FIG. 7 is a section through the line 7—7 in FIG. 6 be-
fore the frame elements are heat sealed together, and
FIG. 8 is a section through the line 8—8 in FIG. 6 show-
ing the tips of the upstanding flanges bent over the
magnet units and the frame elements heat sealed to one
another to hold all the components in rigid clamped re-
lationship.’

In the drawings 1 denotes frame elements each con-
sisting of a number of angle bars 2 disposed in the form
of a closed polygon, in the illustrated construction a
quadrilateral, one flange 3 of each angle bar 2 being co-
planar with a flange 3 of each other angle bar 2 and the
other flanges 4 forming an upstanding wall. 5 denotes
a diaphragm of non-metallic material carrying a metal-
lic conductor 6 in the form of a strip having spaced pat-
allel portions. 7 denotes magnets formed with perfora-
tions 8 and so magnetized as to provide the effect of a
plurality of strip magnets, adjacent strips being of op-
posite polarity, the magnets 7 being formed of plasto-
magnetic material consisting of magnetic particles em-
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bedded in a matrix of non-magnetic material and 9 de-
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notes perforated metallic backing sheets in contact -

with the rear faces of the magnets 7 and serving the
dual purpose of mechanical supports for the magnets
and low reluctance paths for the magnetic flux of the
magnets. The perforations in the sheet 9 are arranged
to register with the perforations 8 in the magnet 7 when
the magnet 7 and the sheet 9 are placed together to
form a magnet unit.

Referring particularly to FIGS. 1 and 2, 10 denotes
pins projecting outwardly from the co-planar flanges 3,
said flanges being formed with holes 11, the pins 10 and
the holes 11 being so located that when the upper
frame element is applied to the lower frame element
the pins 10 of the one frame -element penetrate the
holes 11 in the other frame element. The diaphragm 5§,
the magnet 7 and the sheet 9 are also formed with holes
12 so spaced that these holes can be penetrated by both

_sets of pins 10 on the upper and the lower frame ele-
ments. FIG. 4 shows how the pins 10 in the lower frame
element penetrate the co-planar flanges 3, the magnet
7 and the sheet 9 of the upper frame element and the
pins 10 of the upper frame element penetrate the dia-
phragm §,the magnet 7 and the sheet 9 of the lower
frame element, the protruding tips of the pins being
heat-deformed to function as rivet heads preventing
withdrawal of the two frame elements with their con-
tained components from one another so that the assem-
bly remains a rigid unit.

In the construction of FIGS. 5, 6, 7 and 8 the two
frame elements are assembled the same as in the con-
struction of FIGS. 1 to 4 but in this case the tips 4A of
one pair of opposite upstanding flanges 4 are heated
and bent inwardly so that they engage the outer faces
of the sheets 9 thus retaining the magnet units within
the respective frame elements, also, the projecting
heels 3A of the angle bars are heat fused to one another
to hold the two frame elements to one another with the
diaphragm 5 gripped between them. It will be observed
that in this embodiment the diaphragm is gripped at
two opposite edges only and is free along the other two
opposite edges. This greatly reduces artificial damping
of the diaphragm. As a safeguard against the accidental
entry of the free edges of the diaphragm into the open
gap between the co-planar flanges 3 adjacent to the
free edges of the diaphragm (see FIG. 6} corner pegs
13 are fitted into the said open gaps and project a short
distance inwardly beyond the said flanges 3.

In the construction iliustrated in FIGS. 1 to 4 the plug
14 providing an electrical connection to the ends of the

conductor 6 may be attached to the diaphragm § to
provide an electrical connection to the conductor 6 be-
fore the diaphragm 5 is placed in position, the plug rest-
ing in the gap 3B in the co-planar flanges 3.1t will be
understood of course that if desired the conductor 6.
may be arranged to project beyond the confines of the
frame elements I so that a separate external connec-
tion-may be made to the conductor 6. The construction
of FIGS. § to 7 may similarly accommodate an internal
plug or an external plug if desired.

The construction of the invention provides the ad-

_ vantages of easy assembly without requiring a high de-
gree of skill because the necessary spacing of the mag-
néts and the diaphragm is provided by the thickness of

-the co-planar flanges 3, these flanges being made of the
‘required thickness to provide the desired degree of
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spacing. The construction also provides a completely
rigid unit able to resist quite rough treatment.

1 claim:

1. In an audio transducer of the type comprising:

a non-magnetic diaphragm with a conductor on at
least one face thereof, the conductor being formed
as a plurality of elongate, parallel, series connected
strips,

a magnet structure presenting a plurality of elongate
magnetic poles aligned with the spaces between the
parallel strips of said conductor, adjacent poles
having opposite polarity whereby the magnetic
field produced thereby extends substantially paral-
lel to the plane of the diaphragm and orthogonal to
the direction of said strips of said conductor where
it intersects said conductor, and

a perforated metallic backing plate in contact with
the face of said magnet structure remote from said
diaphragm,

the improvement wherein:
there are two individual magnet structures one on

each side of said diaphragm each having a re-
spective perforated metal backing plate,

‘a frame ‘structure comprising two frame members
in the form of respective closed polygons, said
frame members having inwardly directed flanges
defining the separation between said diaphragm
and said two magnet structures, and further up-
standing flanges defining an upstanding wall ex-
tending around the periphery of said frame mem-
bers, said upstanding wall having a height at least
as great as the combined thickness of the associ-
ated said magnet structure and backing plate,
and )

means clamping said two frame members together
along at least two of said inwardly directed
flanges with said diaphragm therebetween, said
clamping means also holding said magnet struc-
tures and said backing plates on said frame mem-
bers.

2. The transducer of claim 1 wherein there are a plu-
rality of different diaphragms interposed between said
frame members.

3. The transducer of claim 1 wherein said magnet
structures each incorporate a perforated sheet of plas-
to-magnetic material, that is a material consisting of -
magnetic particles embedded in a matrix of non-
magnetic material.

4. The transducer of claim 1, wherein said magnet
structures include a plurality of individual strips of plas-
to-magnetic material, that is a material consisting: of
magnetic particles embedded in a matrix upon mag-
netic material.

5. The transducer of claim 3 wherein said magnet
structures are formed of stacked laminations of plasto-
magnetic material.

6. The transducer of claim 4 wherein said magnet
structures are formed of stacked lammatxons of plasto-
magnetic material.

7. The transducer of claim 1 wherem said magnet
structures and said backing sheets associated with each
frame member are secured to one another by adhesive.

8. The transducer of claim 1 wherein said at least two
inwardly directed flanges are formed with pins project-
ing therefrom in a direction away from said upstanding
wall flanges, and holes interspersed between said pins
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whereby two said frame members can be intercon-
nected by passing said pins through said  associated
holes in said at least two inwardly directed flanges, the
ends of said pins being deformed to form rivet heads
holding the two frame members and their associated
magnet structures to one another with said diaphragm
clamped between said frame members.

9. The transducer of claim 1 wherein the free edges
of at least two opposite upstanding flanges of each said
frame member are inwardly bent over the outer surface
of said associated magnet structure to hold said magnet
structure in place, and

means fastening the edges of adjacent faces of two

frame members together with said diaphragm held
between said two mémbers.

10. The transducer of claim 9 wherein said frame
members are formed of a thermoplastics material with
an outwardly projecting lip coplanar with said at least
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two inwardly directed flanges, said lips being heated
and fused together without distorting the adjacent por-
tions of said frame members which are thereby heat
sealed to one another. :

11. The transducer of claim 1, wherein at least one
of said inwardly directed flanges of €ach said frame
member is provided with gaps in corresponding posi-
tions to define, when said two frame members are lo-
cated together, an opening to receive a plug for con-
necting the two ends of said conductor strip on said dia-
phragm to a source of electrical supply when said trans-
ducer is assembled.

12. The audio transducer of claim 1, wherein said
frame members are constructed from a plurality of
angle section frame elements joined at the ends thereof

to form the corners of said frame members.
¥ % %k k%
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