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PATENT OFF 
ACUSE: EAFE.E.R.C. 

A: in, 35tagli, Said) 
Applica,3i: Notestinay 3, 1946, Seiris No. 365,326 

(CE. 53-32) 22 (Casis, 

This invention relates to acoustic diaphraggs 
Sulci as are used in radio receivers, public ad 
dreSS Systems and the like. Isofar 2s continox. 
Sliject nattei' is concerned, this application, con 
stitutes a continuation in part of my copeding 
applications Serial No. 121,604, filed January 21, 
1937, and Serial No. 351,791, filed August 8, 1940. 
A diaphragm of this type ordinarily comprises 

a generally conical or conoidal portion which 
is provided at its smaller end with a cylindrical 
neck to which a moving voice coil is secured. 
This coil is disposed in a magnetic field and voice 
Currents flowing through the coil result in Wi 
bration of the cone. At its larger end the cone 
is provided with a generally radially extending 
fiange which is clamped or otherwise secured to 
a Support and which functions as a support for 
the cone. The cones preferably are made of 
fibrous material deposited on a form and, in 
Order to secure different characteristics of the 
cones, the material may be impregnated with 
various Substances such as lacquers, latex and 
various plastics. 
The outer rim of the cone which functions 

to support the cone has little, if any function 
So far as the production of sound is concerned, 
but unless the flange or rim is properly construct 
ed, it may adversely affect the performance of 
the cone or diaphragm. Thus, the stiffness and 
inertia of the rim affect the natural period of 
vibration of the diaphragm, and the rim further 
functions as a part of the usual baffle which is 
employed to improve the efficiency and acousti 
cal characteristics of the device. 

In Order to produce a flexible connection be 
tween the conical part of the radial extending 
flange, it has been the practice to provide the 
radial extending flanges of cones with circumfer 
ential corrugations. It has also been proposed to 
make the connecting portion between the conical 
portion and the radial extending flange of lesser 
thickness than the conical portion or the flange. 
Both of these constructions have met with some 
success but neither construction has given com 
pletely satisfactCity results for the radial corru 
gations do not sufficiently increase the flexibility 
for all purposes and the thinning of the material 
cannot be carried out with sufficient accuracy to 
produce in quantity cones having identical char 
acteristics and, further, a reduction in thickness 
throughout the circumference of the cone to a 
Sufficient extent to materially affect its charac 
teristics may result in a serious weakening of the 
structure. 
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cores in which the fiexibility of the correction. 
between he conical portion 32nd the '30ia. Saiga 
Inay be accurately controlled to produce cones 
having the desired characteristics while at the 
same tine the acoustical properties and baile 
effect are not sustantially impaired and the flange 
retains adequate strength to support the cones 
and accurately center them with respect to the 
frame of the loud speaker or other device. In 
order to accomplish this result, I preferably pro 
vide in the fange a sufficient number of portions 
of sufficient strength to properly support and 
center the cone while the remaining portions of 
the flange are weakened as by reducing the thick 
Aless or density of the material in these portions. 
Thus, for example, the supporting portions may 
be of the same thickness and strength as the 
material of the body of the cone, while the inter 
mediate portions may be weakened so as to be of 
negligible structural strength so long as the weak 
ened areas are such as to block the passage of 
sound from one side of the cone to the other to 
a Sufficient extent that the acoustical properties 
of the COne are not substantially impaired by the 
Weakened areas. Or, depending upon the char 
acteristics desired, the supporting portions may 
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be of either greater Or less thickness than the 
body of the cone so long as they have sufficient 
strength properly to support the diaphragm, 
While the intermediate portions are weakened. 

In the drawings, in which I have illustrated 
various preferred forms of diaphragms embody 
ing my invention, Fig. 1 is an elevation of one 
type of cone embodying my invention; Fig. 2 is a 
Section along the line 2-2 of Fig. l; Fig. 3 is a 
Iragmentary Section through the rim portion of 
the cone as indicated by the line 3-3. of Fig. 1, 
the view Somewnat diagrammatically illustrating 
the weakened portions of the rim or flange; Fig. 
4 is a section similar to Fig. 3 out showing a mod 
ined construction insofar as the mode or increas 
ing the flexibility of the flange is concerned; Figs. 
5 to 9, inclusive, are fragmentary elevations of 
diaphragms embodying my invention and with 
modified forms of rim structures; Fig. 10 is an 
elevation showing my invention adapted to an 
elliptical diaphragm, and Fig. 11 is a fragmentary 
perspective view illustrating my invention applied 
to a construction wherein the supporting flange, 
While generally radial, has an intermediate cylin 
drical portion. Throughout the drawings, the 
thickness of the diaphragm is considerably exag 
gerated for convenience of illustration. 

Referring particularly to Figs. 3 and 2, a dia 
According to my present invention, I provide 55 phragm made according to my invention may 
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comprise a generally conical body portion. O haY 
ing at the Small end thereof a neck portion f 
to which the voice coil is secured and at its large 
end a generally radially extending flange 2, the 
peripheral edge of which is adapted to be clamped 
or otherwise secured to the frame of an acoustic 
device to assist in supporting the diaphragm. 
The conical portion (O may be provided with a 
corrugation as indicated at 3, while the rim or 
fiange 2 preferably is provided with a plurality 
of circumferentially extending corrugations 4 
in order to increase the flexibility thereof in a 
manner well understood by those skilled in the 
art. referably the cone or diaphragm is of one 
piece, Seamless construction, being integrally 
formed by depositing fibrous material upon a base 
or mold having Substantially the shape of the 
finished diaphragm. This may be accomplished 
in various ways understood by those skilled in 
the art, as by degositing the fibrous material from 
an aqueous suspension of the material onto a, 
porous for her or mold. The material may be 
pressed to make it nore dense after being re 
moved from the porous form and, if desired, may 
be impregnated with various materials such as 
condensation products of urea, and formaldehyde, 
phenolic condensation products, synthetic resins, 
lacquers, latex and other similar materials, 
As heretofore Stated, the sound output of the 

diaphragn and the natural period of vibration of 
the diaphragm depend to a considerable extent 
On the flexibility of the supporting rim or flange. 
Every movement or vibration of the diaphragm 
requires bending and distortion of the rim or 
fange. In order to control the stiffness of the 
rin, and preferably to reduce the stiffness, thus 
reducing the natural period of vibration of the 
diaphragm and increasing the efficiency of sound 
production thereby, I preferably form the dia 
phragm as indicated in Fig. 2 with the rim 2 
provided with alternate relatively strong and rela 
tively weak portions indicated at 5 and 6 re 
Spectively. The portions f5, which are separated 
by the portions 6, function accurately to support 
and center the diaphragm with respect to the 
Supporting frame of the acoustic device and pref 
erably are made of substantially the same thick 
neSS as the conical portion O so that they will 
have ample strength, and will have the ability 
to Withstand the vibrations of the diaphragm for 
long periods of time. 

older to increase the fiexibility of the fange 
or in the intermediate portions is are preferably 
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to prevent the annoying phenomenon known as 
"edge buzz.' 
Thus, by providing weakened portions which 

nevertheless function as sound blocking portions, 
5 the stiffness of the rim can be varied within wide 
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formed as shown diagrammatically in FigS. 2 and 
3 of considerably reduced thickness. These 
Weakened portions increase the flexibility of the 
zinn in two ways, first, by removing some of the 
material of the rim and, second, by permitting 
the changes in shape and distortion of the rim 
incident to vibration to take place more readily. 
That is, the relatively strong portions f5 may be 
distorted slightly in circumferentiai directions 
more readily than in a continuous rim structure. 
While the weakened portions (6 are of such thick 
ness that they have very little structural strength 
and, in fact, may be porous and even. So thin as 
to be translucent, nevertheless the interiaced de 
posited fibers extend between the Stronger por 
tions 5 and for a sufficient barrier to the paS 
sage of sound and air to prevent the efficiency 
and acoustical qualities of the diaphragm fron 
being impaired, whereas these qualities would be 
impaired if the material were completely removed 
from the regions 6. Further, the fibers nake 
the flange substantially continuous and function 
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limits to produce the desired characteristics with 
out impairing the efficiency and acoustical quali 
ties of the cone. Variations in the stiffness of the 
rim and correspondingly, in the natural frequency 
of vibration of the diaphragm may be produced 
by varying the Spacing in size of the weakened 
portions 6, by varying their shape and general 
arrangement, by varying their strength and by 
other similar changes. For example, aS indicated 
diagrammatically in Fig. 4, instead of reducing the 
thickness of the material in the Weakened por 
tions, the density of the material may be reduced 
as indicated diagrammatically at the regions 6a, 
the portions 5 of the rim 2a, being of normal 
density and strength. 
In Figs. 5 to 9, inclusive, I have illustrated 

various arrangements of relatively strong and 
weak rim portions. In Fig. 5 the Weakened por 
tions 6b extend in Spiral fashion from the conical 
portion of the cone toward the peripheral edge of 
the rim rather than radially as in Fig. l. In Fig. 
6 the portions 6c are circular rather than elon 
gated as previously described. Fig. 7 shows 
weakened portions 6d in the shape of Sectors, 
while Fig. 8 shows a construction embodying a 
relatively large number of Small weakened por 
tions 6a arranged in staggered relationship par 
ticularly along the corrugations f4 of the cone. 
Fig. 9 shows an arrangement in which alternately 
disposed large and small weakened portions 6f 
and 6g, respectively, are employed. 
Warious other arrangements will undoubtedly 

occur to perSons skilled in the art. 
The flexibility and adaptability of my Scneme 

make diaphragms embodying my invention par 
ticularly desirable where the diaphragms are of 
non-circular shape. Thus in Fig. 10 I have illus 
trated a diaphragm of elliptical croSS-Section. 
In such a diaphragm. I prefer to vary the stiffness 
of the rim in generally inverse ratio to the dis 
tance of the rim from the center of the dia 
phragm. Thus the least diameter of the elliptical 
diaphragm 20 is indicated at 2, while the great 
est diameter is indicated at 22. If the rin 23 
were of uniform stiffness throughout, the ma 
terial of the cone 20 would be subjected to the 
greatest bending stresses along its major di 
ameter 22 and to the least bending aiong the 
shortest diameter 2 f. Such a difference in the 
bending forces exerted on the material of the 
diaphragm may result in impairing the acoustic 
characteristics thereof, and in order to compen 
sate for this variation in diaphragms of this type, 
I preferably make the rim of the diaphragm 
more flexible adjacent the greater diameter and 
gradually reduce the flexibility of the rim as the 
smaller diameter is approached. For example, 
the rinn may be provided with a plurality of 
weakened portions 26, the weakened portions 
gradually increasing in size from the regioi ad 
jacent the diameter 2 to the region adjacent. 
the larger diameter 22. By this means the 
stresses in the material of the cone can be Sial 
stantially equalized with resulting improve: eit. 
in the characteristics thereof. Obviously, ii 
stead of varying the size of the weakened poi 
tions, their spacing can be changed or other 
means may be adopted to vary the stiffness of 
the diaphragm around the periphery of the Cole 
Varying the stiffness of the rim is also of Vale in 
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conjunction with diaphragms of other non-cir 
cular sections, such as the rectangular section 
described in my application Serial No. 351,791, 
aforesaid. 
In Fig.11. I have illustrated my present inven 

tion as it may be applied to a diaphragm with a 
different type of flange. In this modification, the 
fange 27, extending from the body 28, may have 
a radially extending corrugated portion 29, an 
axially extending portion 30, and a further radial 
portion 3?. The flange is provided with alternate 
strong and weak portions 32 and 33, respectively, 
the portions 33 preferably extending along the 
axial portion 30 approximately to the junction of 
the axial portion with the radial portion 3. 
This provides a very flexible support for the body 
of the diaphragm. Obviously, the various mcdia 
fied arrangements of openings described hereto 
fore may also be employed with flanges of this 
type, r 
The diaphragins embodying my invention may 

be race, for example, as described above, by 
depositing fibrots naterial upon a suitable for 2. 
The weakened portions may be produced by par 
ticily or entirely masking or blocking the open 
i:gs ii. the porous form so that only a Saali 
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8Enclini, of fibrous naterial will be deposited if 
the firous laterial is deposited by suction, and 
by generally similar masking of these areas if 
$c iro:S 2:23,terial is sprayed upon the for2. 
Lesser quantities of fibrous materials are 
deposites: i: the weakened portions. In Soxine 
instances this will result in thinner portions, out, 
if desired, the weakened portions inay be made 
of substantially the Sare thickness; in this case 
eSSer qJ.3, Eities of 3rous material are depos. 
ited, but the diaph 3.3g2)s are subjected to 3, 
pressing operation to compact the deposited in 3r 
terial and congress it, down to approximately 
the thickness deposited in the weakened areas. 

lf desired the diaphragms may be impregnated 
With the various laterials heretofore noted. Pief. 
erably, the diaphragins are produced with eacough 
laterial in the Weakened areas to support, 8, coin 

tinuous firin of the various impregnating 3n2, 
terials, thus an impervious supporting fiange can 
the produced, if desired, but, as noted above, a 
porous structure will also give excellent, re 
SultiS. 

From the foregoing description of any inven 
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tion it, Will be seen that I have provided dia. 
phrags structures which can be economically 
and readily produced by my preferred methods, 
utilizing existing Inachinery and without requir 
ing extensive modification in existing processes. 
My diaphragms, further, are adaptable to Weil. 
known types of acoustic devices without requir 
ing any modification thereof. By my invention. 
the eficiency of acoustic diaphragins can be 
greatly increased as by redicing the stiffness of 
the rims the power required to vibrate the dia. 
phrags is reduced. Further, the stiffness of 
the risis can be controlled by varying the size 
and shape of the weakened areas so that dia 
phragms having definite natural frequencies of 
vibration can readily be produced and such fre 
quencies of vibration can be selected to suit the 
demands of the manufacturers of the acoustic 
devices. Further, by reducing the rigidity of the 
supporting rim, the response of the diaphragm 
may be made more nearly uniform over a wide 
range of frequencies and peaks in the response 
curves may be Substantially reduced. All of 
these results may be obtained without any sub 
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3 
the diaphragms and while the weakened areas 
have very little mechanical strength and offer 
little resistance to bending, nevertheless they 
are sufficient to block the transmission of sound 
from One side of the diaphragm to the other and 
do not substantially reduce the efficiency of the 
baffle of the acoustic device in which they are 
asserabled. My construction further results in a 
considerable reduction in weight of the rim of 
the diaphragin and, accordingly, a reduction in 
the inertia, thereof. For example, the weight of 
the rim nay be reduced by half without serious 
!y in pairing the strength of the rim and while 
maintaining the rim as an accurate centering 
device for supporting the diaphragm. 

in the foregoing specification I have described 
various preferred forms of my invention. Those 
skilled in the art will appreciate that various 
changes and modifications may be made therein 
without departing from the spirit and scope of 
iny iVeration. Accordingly, it is to be under 
stood that the foregoing description is given by 
W&y of exampie and not by way of limitation, 
and 3:23: Sny patent is not limited to the pre 
ferred for is described herein or in any manner 
other hai: y he scope of the appended claims 
tria;; gives 3 & 2, age of equivalents to Which any 
passa, Ray be entitled. 

Reference is hereby made to ny divisional ap 
gic:io Seria No. 439,142, filed April 5, i942, 
writic contains claims directed to the method 
disclosed hereii. 

cieira: 
i. in acoustic diaphragan comprising a body 

portion and a peripheral flange, said fange be 
ing for:red of deposited florous raterial and 
comprising supporting portions extending from 
said edy portior to the peripheral edge of said 
fiange, and sound blociting portions integral with 
art of iessex strength than said supporting gor. 
id: S. 
2. A 3.0Custic diaphragm according to claim 

2, whereiz, the said supporting portions are 
o:36: 3rd tie said sound blocking portions are 
Sc. ii. as to be transit cent. 

3. Ér a coustic diaphragin according to clain. , 
wherein the fiange is impregnated with one of 
the materials from the group consisting of lac 
g2e), late:E, synthetic resins, phenolic coldensa 
tion products, and condensation products of urea. 
and formalicienyde. 

4. A one piece, seamless, acoustic diaphragm 
of depositedi fibrous raterial comprising a body 
positio, and a peripheral fange, said flarge coni 
prising supporting portions extending from said 
body portion to the peripherai edge of Said flange 
and sourid olocking portions integral with and 
of lesses strength than said supporting portions. 

5. A one piece, seamless, acoustic diaphragm of 
deposited fibros material comprising a body 
portion and a continuous peripheral flarge, Said 
fa:nge cornprising Supporting portions extending 
fron said body portion to the peripheral edge of 
the flange and of substantially the same thick 
ress and density as said body porticin, and inter 
mediate sound blocking portions integral with 
and of lesser strength than said Supporting por 
tioS. 

6. A one piece, seamless, acoustic diaphragm. 
of deposited fibrous material comprising a body 
portion and a continuous peripheral flange, said 
fiange comprising supporting portions extending 
from said body portion to the peripheral edge of 
the flange and of substantially the same thick 

stantial impairment in the acoustic qualities of is ness and density as said body portion, and inter 
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mediate sound blocking portions integral with 
and of lesser thickness than Said Supporting por 
tionS. 

7. A one piece, Seamless, acoustic diaphragm 
of deposited fibrous material comprising a body 
portion and a continuous peripheral flange, Said 
fiange comprising Supporting portions extend 
ing from said body portion to the peripheral 
edge of the flange and of Substantially the same 
thickneSS and density as Said body portion, and 
intermediate sound blocking portions of Substan 
tially the same thickness as, and of lesser density 
than said Supporting portions. 

8. A one piece, Seanless, acoustic diaphragm 
of deposited fibrous material comprising a body 
portion and a Substantially continuous periph 
era flange portion, Said iiange circumferentially 
Varying in Strength. 

9. An acoustic diaphragm comprising a body 
portion and a one piece Substantially continuous 
peripheral fiange, said fange circCuninferentially 
Varying in strength. 

10. An acoustic diaphragn) comprising a body 
portion of non-circular cross-section, and a 
peripheral ange adapted to support Said body 
portion within an acoustic device, Said ange 
circumferentially Varying in Strength and stiff 
SSS. 
ii. A one piece, Seamless, acoustic diaphragm 

of deposited fibrous material comprising a body 
portion and a peripheral fange, said fange com 
prising Supporting portions extending from Said 
body portion to the peripheral edge of Said fange 
and sound blockiing portions integral with and 
of lesser Strength thai Said supporting por 
tions, said fiange being in pregnated with a na 
teria forming a continous filia co-extensive 
With Said Sound blocking portions. 

12, A one piece, Seanless, acoustic diaphragrin 
f deposited fibrous material conprising a hol 

low body portion having a non-circular cross 
Section on a plane p3rpendicular to its axis, 3rd 
a peripheral failge adapted to Support Said loody 
portion within an acoustic device, said flarge 
having different strength characteristics in dif 
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ferent regions thereof, and being strongest in the 
region closest to the axis of the body portion, and 
weakest in the region farthest from said axis. 

13. An acoustic diaphragm comprising a body 
portion and a continuous peripheral flange, Said 
flange circumferentially varying in Strength and 
comprising supporting portions extending from 
said body portion toward the peripheral edge of 
said flange, and intermediate Sound blocking 
portions integral with and of lesser strength than 
said Supporting portions. 

14. An acoustic diaphragm comprising a body 
portion and a one piece substantially continuous 
peripheral flange, said flange circumferentially 
varying in strength and comprising Supporting 
portions extending from Said body portion to 
Ward the peripheral edge of said flange, and in 
termediate sound blocking portions integral with 
and of lesser thickness than Said Supporting por 
tions. 

15. An acoustic diaphragm comprising a body 
portion and a continuous peripheral fange, Said 
fange circumferentially varying in Strength and 
comprising supporting portions extending from 
asid body portion toward the peripheral edge of 
said flange, and intermediate sound blocking 
portions of substantially the Same thickneSS as, 
and of lesser density than said. Supporting por 
tions. 

16. An acoustic diaphragm comprising a body 
portion and a peripheral fange, said fange hav 
ing a circumferentially extending corrugation 
and being formed of deposited fibrous material 
and comprising Supporting portions extending 
from said body portion to the peripheral edge 
of said fange, and sound blocking portions in 
tegral with and of lesser strength thaEl Said Sup 
porting portions. 

17. An acoustic diaphragm comprising a body 
portion and a one piece substantially continuous 
peripheral fange having a circumferentially ex 
tending corrugation, said flange circuinferential 
iy varying in Strength. 

JOSEPH B. BRENNAN. 


