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together by a thermoplastic clamping ring. The ring has an in— 
tegral ?ange which provides spaces between the magnetic 
system and the diaphragm. Acoustic damping is provided by a 
.nonmagnetic grid located behind a voice coil and coupled 
acoustically to the space behind the diaphragm. 
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ELEQTlllUACOUSTlC TRANSDUCER HELD TOGETHER 
WI THERMOPLASTTC tClLAMlPTNG MING 

This invention relates to electroacoustic transducers. 
According to one aspect of the invention there is provided 

an electroacoustic transducer, in which the front cover, back 
cover and diaphragm are held together by a cylindrical ther 
moplastic clamping ring which has its two ends heat sealed 
over the front and back covers respectively. 
According to this same aspect of the invention there is 

further provided a moving coil electroacoustic transducer, in 
which the magnetic structure consists of a solid cylindrical 
permanent magnet topped by an inner pole piece of soft mag 
netic material and encased concentrically by a cup-shaped 
yoke of soft magnetic material, in which a diaphragm carries a 
voice coil which rests in the annular airgap between the inner 
pole piece and the yoke, in which part of the yoke forms the 
back cover of the transducer, and in which the back cover, 
diaphragm and front cover are held together by a cylindrical 
clamping ring, with the diaphragm being located on an in 
wardly extending ?ange of the clamping ring and the two ends 
of the clamping ring being formed over the back and front 
covers of the transducer respectively. 
According to another aspect of the invention there is also 

provided a moving coil clectroacoustic transducer, in which 
the magnetic structure consists of a solid cylindrical per 
manent magnet topped by an inner pole piece of soft magnetic 
material and encased concentrically by a cup-shaped yoke of 
soft magnetic material, in which a diaphragm carries a voice 
coil which rests in the annular airgap between the inner pole 
piece and the yoke, in which part of the yoke forms the back 
cover of the transducer, and in which sound equalization is 
achieved by a damping grid behind the moving coil having one 
or more holes leading to an otherwise closed space between 
the permanent magnet and the yoke, and by one or more holes 
in the front cover of the transducer which also serve for the in 
gress or egress of sound. 
A moving coil, electroacoustic transducer according to the 

invention will now be described with reference to the accom 
panying drawings, in which: ' 

FlG. 1 shows a cross section view, along the line A—-A of 
FIG. 2 of a moving coil transducer according to the invention, 

FlG. 2 shows a plan view of the moving coil transducer 
shown in FIG. ll, 

FIG. 3 illustrates modi?cation to the transducer shown in 
FIGS. 1 and 2 with regard to securing the permanent magnet 
of the assembly, and 

FIG. A shows a section view of the clamping ring before it is 
used to hold together the assembly of parts of the transducer 
shown in F108. 1 and 2, or FIGS. 1 and 2 as modi?ed by FIG. 
3. 

Referring now to the drawings, a solid cylindrical per 
manent magnet 111 of columnar material, such as Ticonal GX, 
is topped by an inner disc pole piece 11 of mild steel of greater 
diameter than the permanent magnet 10. A cup-shaped yoke 
of mild steel concentrically encases the permanent magnet 10; 
the yoke being made up of a generally frustoconical pot 12, 
which forms the back cover of the transducer, and a ?at annu 
lar pole piece 113. 
A plastic diaphragm has a dome-shaped inner portion M 

and a flat rim 15. The diaphragm carries a voice coil 16 which 
rests in the annular airgap between the inner pole piece 111 and 
the outer pole piece 113. A damping grip 17, of nonmagnetic 
metal, is in the form of an annular trough behind the voice-coil 
1b with its inner rim attached to the inner pole piece 11 and it 
outer rim attached to the outer pole piece 13}. The damping 
grid 17, has one or more holes 171 leading to an otherwise 
closed space between the permanent magnet and the yoke. 
The magnet 10 is secured by an adhesive to the pot 12. FIG. 

3 shows a modi?cation to the shape of the pct 12 in which the 
magnet is secured by making it a press fit. The larger end of 
the pot 12 has an outwardly extending flat lip 121 on which 
rests the ?at annular outer pole piece 113. The pot 12 and the 
outer pole piece 13 are held together by a cylindrical clamping 
ring 18 (see also FIG. 11) of thermoplastic-insulating material, 
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2 
being clamped between one side of an inwardly extending 
?ange 1M of the clamping ring 1d and one end 1M of the 
clamping ring 1% which is heat sealed over the flat lip 121. 
The flat rim 15 of the diaphragm is located on the outer side 

of the ?ange 1M. A ?at annular washer 19, e.g., of ther 
mosetting plastic material, rests on the ?at rim 15 of the 
diaphragm and a flat rim 201 of the front cover 20, e.g., of 
mild steel, rests on the washer 19. The other end 11131 of the 
clamping ring 1% is heat sealed over the ?at rim 2111, thus 
clamping the diaphragm between the ?ange 1M and the 
washer 19 and holding the front cover 20 and diaphragm to 
the magnetic assembly of the transducer. 
The clamping ring 13 has an outwardly extending rib WA 

into which the two terminals 21, e.g., of brass, are secured. 
Each electrical lead 161 of the voice coil ‘16 extends along a 
groove in the ?ange 1181 and through a hole or slot in the side 
of the clamping ring 18 and is laid over the top of the respec 
tive terminal 21 by locating it in a groove 1185 in the outer lip 
of the rib 11M. The leads 161 are soldered or welded to the ter 
minals 21 and are protected by sealing material 22 in the 
upper surface of the rib 11141. 
A preferred method of manufacture of the diaphragm is to 

form it between heated male and female tools, followed by 
suitable cooling. The coil is made of solderable enameled 
copper wire coated with an adhesive and is self supporting, 
requiring no former. 

Ticonal GX type~material is chosen for the permanent mag 
net working at its (Bl-1) maximum point, where B is the ?ux 
density in the permanent magnet and H is the magnetizing 
force in the permanent magnet. This material is chosen 
because it has a low value of A/(BH),,,,,,, where A is the density 
of the material, so as to achieve a low weight of magnet to pro 
vide a given ?ux density in a given airgap. 
The “antiresonant“ type of frequency response equalization 

is chosen for the transducer. This is achieved by the hole or 
holes 171 in the damping grid 17 behind the moving coil. The 
frequency response is also modi?ed by one or more holes 202 
in the front plate 20. The holes 171 and 202 may be damped 
by covering them with fabric or by making them in the fonn of 
louvres. The hole or holes 201 also serve for the ingress or 
egress of sound. 
The magnetic efficiency factor G’WZ where G, the force 

factor, is de?ned as force per unit current or ?ux density in the 
airgap X conductor length and Z is the AC impedance of the 
winding, is optimized to achieve a ?ux density of the order of 
7,500 lines per square cm. it is found that high sensitivity oc 
curs for a magnet in the region of 5 to 10 grams and for an air 
gap 0.1 cm. long. 
The weight of the complete transducer capsule is of the 

order of 18 grams, and the overall diameter and overall depth 
of the transducer capsule are approximately one inch and 
three-quarters of an inch respectively. 
The above-described transducer is of small size and 

lightweight and can be used both as the transmitter and as the 
receiver of a telephone set. Modifications to the frequency 
response that may be required for these two different applica 
tions may be obtained by adjusting the acoustic mass and re 
sistance of the holes in the associated mouthpiece or earcap 
and/or by adjusting the volume between the transducer front 
plate and the earcap or mouthpiece. if a cut in sensitivity at 
low frequencies is required this can be achieved by making 
one or more holes in the diaphragm. 
As a receiver it has the advantages over the electromagnetic 

transducer of the ‘rocking armature‘ type at present used in 
telephones etc., of having a nearly constant impedance over 
the frequency band and of having no narrow airgaps which 
can cause failure of the transducer in service if they become 
blocked with dirt or if the armature ‘poles.’ 
The transducer has lower distortion than the rocking-arma 

ture type. 
As a transmitter the transducer has the advantages of lower 

distortion than the carbon transmitter and does not suffer 
from burning noise. Because of its lower sensitivity than the 
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carbon transmitter it must be used in conjunction with a 
transistor ampli?er in the telephone set. However, the carbon 
transmitter, when subjected to much use, e.g., in public phone 
kiosks, and, more particularly when used in dirty locations 
such as railway stations and coal mines, becomes con 
taminated and replacement is frequent. The moving coil trans 
ducer (and ampli?er) does not, of course, suffer from this de 
feet and, being inherently more reliable, ensures fewer 
replacements. 
From a manufacturing point of view, the production spread 

of performance of this type of transducer is less than that of 
the moving iron type. 
We claim: 
I. An electroacoustic transducer, comprising a front cover, 

a back cover and a diaphragm, means holding said front cover, 
said back cover and said diaphragm together including a cylin 
drical thermoplastic-clamping ring, in which said ther 
moplastic-clamping ring includes two ends which are heat 
sealed over the front and back covers respectively, the 
diaphragm of the assembly is located on an inwardly extending 
?ange of the clamping ring, the two ends of the clamping ring 
are formed over the back and front covers of the assembly 
respectively, and the clamping ring is of thermoplastic-insulat 
ing material and has an outwardly extending rib in which the 
terminals of the transducer are secured. 

2. A moving coil electroacoustic transducer comprising a 
front cover, a magnetic structure, a diaphragm and a back 
cover, in which the front cover is formed of a ?at piece of mild 
steel having a ?at outer rim, the magnetic structure consists of 
a solid cylindrical permanent magnet topped by an inner pole 
piece of soft magnetic material and encased concentrically by 
a cup-shaped yoke of soft magnetic material, the diaphragm 
carries a voice coil which rests in an annular airgap between 
the inner pole piece and the yoke, the back cover is formed 
using part of the yoke, and the back cover, diaphragm, and the 
front cover are held together by a cylindrical clamping ring, 
the clamping ring is formed of thermoplastic-insulating 
material, the diaphragm is located on an inwardly extending 
?ange integral to the clamping ring and the two ends of the 
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4 
clamping ring are formed over the back and front covers of 
the transducer respectively. 

3. A transducer as claimed in claim 2, in which the trans 
ducerincludes terminals and electrical leads from the moving 
coil, and the clamping ring has an outwardly extending rib in 
which the terminals of the transducer are secured, and in 
which the electrical leads from the moving coil extend through 
holes in the clamping ring to said terminals. 

4. A transducer as claimed in claim 3, in which antiresonant 
equalization is provided by modifying frequency response with 
a damping grid behind the moving coil having one or more 
holes leading to an otherwise closed space between the per 
manent magnet and the yoke, in which the frequency response 
is also modi?ed by one or more holes in the front cover of the 
transducer which also serve for the ingress or egress of sound. 

5. A transducer as claimed in claim 4, in which the inner 
pole piece is a disc of greater diameter than the permanent 
magnet, and in which the damping grid is in the form of an an 
nular trough with its inner and outer rims attached to the inner 
pole piece and the yoke respectively. 

6. A transducer as claimed in claim 3, in which the part of 
the yoke forming the back cover of the transducer is generally 
frustoconical with its smaller end ?tting the back end of the 
permanent magnet. 

7. A transducer as claimed in claim 2, in which one end of 
the clamping ring is sealed over one side of a ?at rim of the 
front cover, in which the other side of the ?at rim of the front 
cover rests on one side of a ?at annular washer, in which a ?at 
rim of the diaphragm is held between the other side of the ?at 
annular washer and one side of the the inwardly extending 
?ange of the clamping ring, in which the yoke consists of a pot 
forming the back cover of the transducer and having an out 
wardly extending flat lip with a ?at annular outer pole piece 
resting on said ?at lip, and in which said pot and said outer 
‘pole piece are held together between the other side of the in 
wardly extending ?ange of the clamping ring and the other 
end of the clamping ring which is sealed over the ?at lip of said 
pot. 


