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Matter enclosed in heavy brackets II] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to reinforced acoustic diaphragms 
and method of making the same, and more vparticularly 
to the manufacture of ?exible concave diaphragms of the 
type used in loud speakers. 

In my copending application Serial Number 729,846, 
?led February 20, 1947, now Patent No. 2,624,417, 
issued January 6, 1953, there is disclosed and claimed 
a diaphragm formed of a felted ?brous sheet whose rim 
and body portions are reinforced by radially extending 
strands which are embedded in and bonded to the felted 
?brous material. Reinforcing of the body improves the 
air displacement characteristics thereof to increase the 
e?iciency of the diaphragm and to control the resonance 
characteristics. Reinforcing of the rim portion provides 
the necessary radial strength without sacri?ce of lateral 
?exibility so that resonance can be controlled as desired 
and edge break-up avoided. 

It is one of the objects of the present invention to 
provide a reinforced acoustic diaphragm and method of 
making the same in which the diaphragm is reinforced 
by a plurality of circumferentially spaced ?laments of 
plastic material extending radially across the diaphragm 
body portion and rim and adhering to the felted ?brous 
material of which the diaphragm is formed. 

According to one feature of the invention the ?laments 
of plastic material may be pressed into the felted sheet 
to be embedded in the surface thereof. 

Another object is to provide a method according to 
which plastic material is deposited on the sheet of felted 
?brous material of which the diaphragm is formed in a 
plurality of circumferentially spaced ?laments and is then 
set. 
The plastic material may be thermoplastic applied in 

heated condition and cooled to set it or may be softened 
by a solvent and set by evaporating the solvent. 

According to another feature of the invention the felted 
diaphragm sheet may be masked to control application 
of the plastic thereto quickly and easily. . 
The above and other objects and features of the inven 

tion will be more readily apparent from the following 
description when read in connection with the accom 
panying drawing in which: . > 

Figure l is an elevation of a diaphragm embodying 
the invention. 

Figure 2 is an enlarged partial cross section. 
Figure 3 is a view similar to Figure 2 showing an 

alternative construction; and 
Figures 4 and 5 are views similar to Figure 2, illus 

trating the steps in alternative methods of making the 
diaphragms. 
The diaphragm as shown in Figure 1 may comprise a 

' sheet of felted ?brous material formed with a concave 
body portion 10, which is preferably conical and which 
terminates at its apex in a cylinder cup-shaped exten 
sion 11 to carry a speaker coil. The body of the dia~ 
phragm terminates at its periphery in a laterally extend 
ing annular rim 12, which may be corrugated as in con 
ventional diaphragm constructions to increase its ?exi 
bility. 

According to ‘the present invention the diaphragm is 
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reinforced by a plurality of radially extending ?laments 
13 formed of plastic material. The ?laments extend 
'across the rim 12 and cross all or a part of the body 10 
as desired to provide the desired degree of stiffness in 
the body portion, and the desired degree of strength and 
stiffness in the rim portion. Certain of the ?laments may 
be relatively short, as shown, to extend only partially 
across the body while others may extend diametrically 
completely across the diaphragm. The ?laments in the 
body portion stiffen and reinforce the concave body to 
improve its air displacement characteristics and to con 
trol the resonance of the diaphragm. The ?laments ex 
tending across the rim portion impart thereto the neces 
sary radial strength to support the diaphragm properly 
while providing the necessary ?exibility to permit the body 
portion of the diaphragm to vibrate in the desired manner: 
As shown in Figure 2, the ?laments 13 may be formed 

by relatively narrow strips of plastic material supported 
on the surface of the felted ?brous sheet from which the 
diaphragm is formed and adhesively secured thereto. 
This construction can readily be achieved by forming the 
sheet to its completed form in which it is compressed, 
and dried and then depositing the plastic ?laments thereon 
and setting them. It is contemplated that the plastic ?la 
ments may be formed of a thermoplastic resinous mate 
rial applied in heated condition to the diaphragm sheet 
and then cooled to set it. Alternatively, a resinous plastic 
material may be employed which is softened by the addi 
tion of the solvent so that it can be applied to the dia 
phragm sheet and which is then set by evaporating the 
solvent. 

Instead of the ?lments being disposed on the surface 
of the sheet, as indicated in Figure 2, they may be 
embedded therein as illustrated in Figure 3. As shown 
in this ?gure, the diaphragm sheet 10' has the plastic 
?laments 13' pressed into its surface to lie substantially 
.?ush therewith. This construction may be made by 
depositing the ?brous material to form the sheet and 
depositing the plastic material in ?lament form thereon 
while the ?brous material is still soft. The mixture may 
then be pressed in a mold to compress and smooth the 
?brous material and to press the plastic ?laments into 
the surface thereof as shown in Figure 3. 

In order to facilitate depositing of the plastic mate 
rial on the felted ?brous sheet, it is contemplated that 
a mask be used as shown in Figures 4 and 5. The mask 
may take the form of a metallic sheet 14 shaped to ?t 
closely against one surface of the diaphragm sheet illus4 
trated at 10. Thesheet 14 may be formed with a series 
of relatively narrow slots 15 therein which can be ?lled 
with plastic material to form the ?laments. 

Figure 4 illustrates a process of applying a thermo 
plastic material in heated condition or a resinous plastic 
softened to putty consistency by a solvent. As shown, 
such materail may be deposited over the mask 14 and 
excess material scraped from the mask by a doctor blade 
16 to leave the slots 15 ?lled ?ush with the surface of 
the mask. Thereafter the mask may be removed and the 
plastic material set and the diaphragm will be completed. 

Instead of the process described above the slots 15 may 
be ?lled as shown in Figure 5 by spraying plastic material 
into them from one or more spray nozzles 17. ,When 
spray nozzles are used it may be possible in many cases 
to omit the mask and deposit narrow strips of plastic 
material directly from the nozzles onto the blank. Either 
a thermoplastic resin is used which is heated su?iciently 
to make it soft enough to spray or a solvent may be 
added to the plastic resin to soften it sufficiently for 
spraying. A su?‘icient quantity of plastic material is 
sprayed in either case to ?ll the slots 15, and after dry 
ing or at least partial setting of the plastic material, the 
mask can be removed. a > '~ 



?edfh'phra'g'mma'yib‘e formed in the usual manner by 
depositing the ?brous-“material andrompre'ssing' ‘it in‘ ‘a' 
mold before the reinforcing" ?laments are applied, this 
methodbeing preferred when _the~?laments are on____the 
surface 'o'f'the diaphragm as shown in Figure ‘When: 
the "filaments are to be embeddedas shown in Figure’ 3 
they are deposited on the soft ?brous ‘blank which is 
then pressed in a mold to complete ‘the diaphragm and 

force the ?laments into its surface. ._ I M The completed diaphragm provides a_ concave body 

portion adequately reinforced to provide the necessary de 
gree of sti?’ness and strength and a “rim portion having 
the requisite radial strengthlto support the diaphragm 
and fat the same time with the necessary flexibility for 
proper operation. The diaphragm car! ‘be manufactured 
easily and- inexpensively in the manner described above. 

by controlling the areas or patterns on the dia 
phragm on which the plastic material is deposited, it' is 
possible to vary the resonance accurately over a wide 
range. Thus, in addition to the ?laments or strips ex- ‘T 
tending. radially across the rim it may be desirable to 
coat the central portion or all of the concave body por 
tion or to form annular strips of ?laments on the body 
portion. As examples of- these types of coating the 
diaphragm of vFigure l is shown as formed with anlannu 
lar strip or ?lament 18 of plastic material and with 
coated areas 19 between the strip 18 and the rim to 
stiffen the concave body portion. ‘ 

While the invention has been disclosed in connection 
with one particular type of diaphragm it will be under 
stood- that this disclosure is for the purpose of illus 
tration only and is not to be taken as a de?nition of the 
scope of the invention,‘ reference being had for that pur 
pose to the appended claims. 
What is claimed is: _ v i _ 

vl. An acoustic diaphragm having a concave body 
portion and a peripheral mounting rim extending later 
ally of thev body portion, said body and rim portions be; 
ing integrally formed of vfelted‘?b'rous material in a rela 
tively thin ?exible continuous sheet, and a plurality of sep 
arate ?laments extending radially across at least a part of 
the rim and body portions and circumferentially spaced 
from each other, each of said ?laments being formed 
by a strip of resinous plastic material adhesively secured 
to the ?brous sheet. ‘ k 

2. An acoustic-diaphragm having a concave body por 
tion and a peripheral mounting rim extending laterally 
of the body portion, said body and rim portions beingv 
integrally formed of felted ?brous material a‘ rela: 
tively thin ?exible continuous sheet, and av plurality of 
separate ?laments extending radially across at leastv a 
part of the rim and‘ body portionsyand circumferentially 
spaced from each other, each of said ?laments being 
formed by a strip of resinous. plastic material adhesively 
secured to the ?brous sheet and projecting above the 
surface of the ‘sheet. 

3. An acoustic diaphragmhaving a concave body por 
tion and, a peripheral mounting rim extending laterally 
oi the body portion, said- body and- rim portions being 
integrally formed of felted ?brous material in a rela# 
tively thin ?exible continuous sheet, and a‘ plurality of 
separate ?laments" extending. radially across at" least! a1 
part of the‘ rim and body portions and 'circurnferent'i‘ally 
spaced. from each" other, each- of said‘ ?laments" being 
fanned by a strip‘ of resinous plastic'materiall adhesiveiy 
secured to the ?brous‘ sheet and‘ embeddedin‘ thev sheet‘ 
so that its outer surface‘ lies substantially ?ush withv the 
surface of' the sheet. 

4. The‘ method of making 'acousticdiaphragms' v‘sihi‘chv 
comprises forming a continuous felted ?brous‘ sheet into 
a diaphragm ‘with a concave body portion and a periph~ 
eral mounting.rim-extending laterally ofbody portion‘, 
depositing resinous materialion» the sheetv in the form: 
of a plurality of spaced ?laments extending. radially 
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across at least a part of the rim and body portions of 
the‘diaphragm, andsettingnhe "resinous “material: 

5. The method of making’ acoustic diaphragms which 
comprises forming a continuous felted ?brous sheet into 
a diaphragm with-a concave ‘body: portion- and aperiph 
eral? mounting‘ rim extending laterally" o'fi the body ‘por 
tion, depositing resinous vmaterial ,on- the sheet in 
theform of a plurality of spaced ?laments .gexten/ding. 

’ radially’ across at least a 
tions of the diaphragm, 
sheet to embed them in 
ting the resinous material. _ V W I A, I 

6. The method of making’ acoustic‘ diaphra‘g‘rri'srwhich 
comprises forming a continuous feltedi?bro'us- sheet into 
a diaphragm with a concave body portion-‘-and-aperiph 
eral mounting rim extending laterally of the body por 
tion, depositing heated thermoplastic resinous material 
on the sheet in the form of a plurality‘ of circu'mfere'n} 

party)‘ the rim ‘and purl 
pressing the ?laments- into the 
the surface thereof, and set 

tially' spaced ?laments extending radially across at leizst‘ 
a part of the body [portion] and’ rim‘ portions",v and‘ 
cooling the‘ thermoplastic material to set it. 

7. The method of making acoustic diaphragm which: 
comprises forming a continuous felted ?brous sheet into 
a diaphragm with a concave body portion and a' periph 

laterally ‘of the‘ body‘ por 
tion, depositing heated thermoplastic resinous ‘material 
on the sheet‘ in the form of a plurality of, circumferen 
tially spaced ?laments extending radiallyacrossat' least‘ 
a part of the body [portion] and rim'_ portions, press? 
ing the ?laments into the sheet to‘ embed them in ‘thje 
su'rfacethereof and simultaneously to compress the sheet‘; 
and cooling‘ the thermoplastic material to set“ it. v 

8.’ The method of making acoustic diaphragms' which 
comprises‘ forming a continuous‘feltedj ?brous" sheet into 
a diaphragm with a concave body‘ portion and a periph 
eral mounting rim extending laterally of, the body por 
tion, depositing'on the ‘sheet a resinousv plastic material‘ 
softenedby a volatile solvent in the‘ form‘ of a plurality 
of circumferentially spaced ?laments extending radially 
across at least a part of the body [portion] and rim 
portions, and evaporating‘ the solvent from‘ the resinous 
material to set it. p I 

9. The method of making acoustic diaphra'grns which 
comprises forming a continuous'felted ?brousshe'et into 
a diaphragm with a concave body portion and‘ a‘ periph, 
eral mounting rim exteridin'g'latera'lly of the body por 
tion, masking one surface of the sheet to leave exposed 
only aplurality of circumferentially spaced narrow strips 
extending radially across at l‘ea'st'vaj part of‘ the body 
[portionIand rim portions‘, covering'the exposed strips‘ 
with resinous plastic‘ material to form plastic ?laments 
extending radially across the body portion and rim, and 

V removing the masking. 
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of making acoustic‘ diaphragms which 
comprises‘ forming a continuous felted‘ ?brous sheet into 
a diaphragm with a concave body portion and a. periph 
eral mounting rim extending laterally of the body por 
tion, covering one surface ofthe sheet with a relatively 
thin‘ mask formed with a plurality of circumfcrentially 
spaced narrow slots therein extending radially across at 
least a part of the‘ body'[portiori] and rim portions-?ll 
ing the slots with resinous plastic material to form on 
the’ sheet a plurality of ?laments extendingradially 
across the body portion and rim, and removing the mask 

‘10. The method 

from the sheet. 
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