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UNITED STATES PATENT OFFICE 
2,379,89. 

SOUNDTRANSLATING DEVICE 
Helmuth Eckardt, Towaco, N.J., assignor to Bell 
Telephone Laboratories, incorporated, New 
York, N.Y., a corporation of New York 
Application October 6, 1942, Serial No. 460,954 

(C. 18-22) 1. Claims. 

This invention relates to sound translating 
devices and more particularly to sound powered 
type transmitters and receivers especially suit 
able for use in locations where the devices are 
subjected to abnormal pressures, such as on war 
ships where high pressure waves at the devices 
are produced by gunfire. 
Sound powered transmitters and receivers 

Comprise, in general, a diaphragm and an elec 
tromagnetic unit, for example, a balanced arma 
ture unit, associated with the diaphragm and 
effective to translate vibrations of the diaphragm 
into corresponding signal currents and converse 
ly to translate signal currents into correspond 
ing vibrations of the diaphragm. Realization of 
high operating efficiency and response level 
necessitates the use of a lightweight and rela 
tively fragile diaphragm. When such devices 
are employed on warships, the high pressure 
waves produced by gunfire may result in rupture 
Or shearing of the diaphragm. 

Furthermore, in such devices of conventional 
construction, the operating frequency range is 
quite limited and the response characteristic is 
not uniform, being characterized in general by a 
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pronounced peak near the upper end of the low . 
frequency range and by a marked falling off 
in the response at high frequencies. 
One object of this invention is to prevent 

damage of the diaphragm in sound translating 
devices by abnormal pressure waves, such for 
example, as are produced on warships by gun 
fire. 
Another object of this invention is to obtain 

a substantially uniform response characteristic 
Over a wide frequency range for receivers and 
transmitters of the sound powered type. 
A further object of this invention is to realize 

with a relatively simple construction substan 
tial equalization of the response at high and 
low frequencies of a sound translating device. 
In accordance with one feature of this inven 

tion, the diaphragm is constructed with a rigid 
central portion, for example, conical and pro 
vided with stiffening flutes or corrugations, a 
marginal mounting portion and an intermedi 
ate highly flexible portion, and stop means are 
provided adjacent the flexible portion and the 
part of the central portion adjacent, the flex 
ible portion to limit the displacement of these 
portions and to thus prevent rupture or shear 
ing of the diaphragm by high pressure waves. 

In accordance with another feature of this 
invention, acoustic resistance means is associ 
ated with the diaphragm to damp the vibration 
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thereof and to substantially batten out the re 
sponse peak due to the natural period of the 
diaphragm and means are provided for by-pass 
ing the resistance means at the low frequencies 
whereby the response at the low and intermedi 
ate frequencies is substantially equalized. 
The invention and the above-noted and other 

features thereof will be understood more clearly 
and fully from the following detailed descrip 
tion with reference to the accompanying draw 
ing, in which: 

Fig. 1 is a side view in section of a sound 
translating device illustrative of one embodi 
ment of this invention; and 

Fig. 2 is an exploded perspective view of a 
portion of device illustrated in Fig. 1 showing 
the diaphragm and the stop member and 
acoustic network defining means associated 
there with. 

Referring now to the drawing, the second 
translating device illustrated comprises a dished 
frame or support O, for example, of metal, hav 
ing a central aperture in the base thereof and 
provided with an annular shoulder portion f2. 
Secured to the base of the frame or support 10, 
as by Screws or bolts 39, only one of which is 
shown in Fig. 2, extending into apertures 4 in 
the frame, is an electromagnetic unit 3, for 
example of the construction disclosed in Patent 
2,267,808 granted December 30, 1941, to Nelson 
Blount, the unit 3 including a balanced arma 
ture 4 to one end of which a connecting rod 5 
is Secured. 
Seated upon the inside of the annular shoulder 

2 is a rigid annular plate member 6, for ex 
ample, of metal, which mounts a stop member 

of a construction to be described hereinafter. 
A diaphragm, which may be formed in one piece 
of thin sheet metal such as a beryllium copper 
alloy, overlies the plate member 6 and stop 
member 7, and comprises a dished, substan 
tially conical portion 8 provided with radial 
stiffening flutes or corrugations 9, so that the 
portion 8 is rigid and substantially bodily 
vibratile, the connecting rod 5 being secured to 
the center of the conical diaphragm portion 8. 
The diaphragm includes also a flat, marginal 
mounting portion 20, which is spaced from the 
annular member 6 by a washer 2, and an in 
termediate portion 22 which is provided with 
corrugations 23 substantially tangential to the 
base of the conical portion 8, rendering the in 
termediate portion 22 highly flexible. 
The diaphragm is held in position by a clamp 

ing ring 24 which is threaded to the frame or 
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support iO and bears against a washer 25 engag 
ing the mounting portion 20 of the diaphragn. 
The clamping ring mounts a dished cover nen" 
ber 26 provided with apertures 2 and sprung into 
an annular groove 28 in the clamping ring. 
The annular plate member 6, it will be noted, 

is positioned immediately adjacent the flexible 
portion 22 of the diaphragm and the outer part of 
the surface of the stop member toward the 
diaphragm is immediately adjacent the oute 
half of the conical portion 8 of the diaphragm 
and conforms thereto. The clearance between 
the stop member 7 and the diaphragm portion 
8, and between the plate member 6 and the 

flexible portion 22 of the diaphragm, is slightly 
greater than the maximum travel of the rod 5 
when the armature vibrates to drive the dia." 
phragm and is driven by the diaphragm. 

In devices used on warshipS, the diaphlagn 
may be subjected to very high pressure waves 
occasioned by gunfire and shearing or rupture of 
the diaphragm due to the high pressures might 
result. Such shearing or rupture, it has been 
found, is most apt to occur at and in the vicinity 
of the junction of the central portion 8 and the 
flexible portion 22 of the diaphragm. The plate 
member 6 and stop member fl, however, limit 
the possible inward movement of the diaphragm 
and by engaging the portions of the diaphragm in 
juxtaposition thereto prevent shearing or rupture 
of the diaphragm when it is Subjected to high 
pressure Waves. 
The diaphragm and the armature constitute a 

vibrating System having a natural period within 
the range of frequencies to be translated, for 
example, at about 1200 cycles per Second, So that 
the response characteristic of this Systein in itself 
would be characterized by a pronounced peak in 
the vicinity of the natural period noted and by a 
marked falling off at high frequencies, whereby 
non-uniform response and a limited frequency 
range of translation would result. In devices 
constructed in accordance with one feature of 
this invention, this peak is Substantially Sup 
pressed and the response at low and high fre 
quencies is equalized whereby a substantially 
uniform response throughout, a wide frequency 
range, for example, firon about 40 cycles to 
about 5000 cycles is obtained. 
As shown clearly in Fig. ii, the stop member is 

is of such form that the passageway or opening 
29 therein is frusto-conical with the Smalier erad 
thereof away from the diaphragan. This 3rnaliser 
end has extending thereacross a sileet 3 of 
acoustic resistance materia, Such as acoustic ; 
silk. The passageway 2S ieads to the chain be: 3 
between the frame neinber it and the annular 
and stop members 6 and , respectively. The 
opening in this chamber has extending there 
across a sheet 32 of acoustic resistance raterial, 
Such as acoustic Silk. The sheets 3) and 32 3,"e 
provided with central apertures 4; through which 
the connecting rod 5 extends. 

It will be noted that the sheets 30 and 32 pro 
vide resistance in series with the diaphragm in. 
pedance and thus serve to danp vibration of the 
diaphragm. in order to obtain sufficient resiste 
ance to substantially suppress the response peak 
due to the natural period of the diaphraga and 
armature without Substantially reducing the re 
Sponse at lower frequencies and to equalize the 
response throughout the operating frequency 
range, the acoustic resistance 3i is by-passed for 
the lower frequencies by a plurality, for example 
three, of equally spaced apertures 33 in the annll 
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2,378,891 
lar plate member 16. These apertures are of 
very small cross section, for example, of the order 
of 0.04 inch in diameter, and hence present a 
high impedance to the passage of intern ediate 
and high frequency energy therethrough but do 
not attenuate substantially the lower frequencies. 

Because of the small spacing between the stop 
member 7 and the central portion 8 of the dia 
phragm and between the plate member 6 and 
the flexible portion 22 of the diaphragn, there is 
produced an appreciable stiffness component of 
impedance which is effective to counteract the 
mass component of impedance of the diaphragm 
and of the sheets 30 and 32 and thus to reduce 
the total impedance of the vibratory system at 
the higher frequencies in the operating range 
whereby the response at these frequencies is en 
hanced. Also the chamber 3 produces an addi 
tional stiffness component effectively aiding in 
the enhancernent of the high frequency response. 
The construction, therefore, effects substantial 

suppression of the response peak due to the nat 
ural period of the diaphragm and a nature and 
relative enhancement of the higher frequencies 
So that substantially uniforn response through 
out a wide frequency range, for example, fron 
400 to 5000 cycles per second as noted heretofore, 
is obtained. 
Although a specific embodiment of the inven 

tion has been shown and described, it will be 
understood that it is but illustrative and that 
various modifications may be made therein With 
out departing from the Scope and spirit of this 
invention as defined in the appended claim.S. 

What, is claimed is: 
l. A sound translating device comprising a 

diapiaagii, a member adjacent said diaphragm 
and having a relatively large aperture therein, 
and a, sheet of acoustic resistance material ex 
tending across said opening, said member hav 
ing therein also a restricted opening constituting 
a, ioW frequency by-pass around the acoustic re 
Sistance. 

2. A sound translating device comprising a dia 
phragni, an annular member On one side of Said 
diaphragin, coaxial there with and having por 
tions innediately adjacent an annular portion 
of said diaphragm to define there with a thin 
air space, said annular member having a rela 
tively large aperture adjacein, the central por 
tion of Said diaphragm and having also a plu 
rai. Of TeStricted openings therein disposed 
aroli 2nd said aperture, and acoustic resistance ma 
terial extending across said aperture. 

3. A Sound translating device comprising a dia 
phragra, a member adjacent said diaphragm and 
having a large aperture therein, acoustic re 
Sista, ce. In ears extending across Said apertille, 
said men) ber having also a restricted opening 
therein by-passing said resistance at low fre 
quencies, and neans defining with said member 
a, chamber having communication with said ap 
erture and Said opening. 

4. A sound translating device in accordance 
With claim 3 Wherein said last-mentioned means 
is provided with an opening renote from said 
member and having acoustic resistance material 
extending therea cross. 

5. A sound translating device comprising a dia 
phragm having a dished central portion, a pe 
ripheral mounting portion and an intermediate 
flexible portion, support means engaging Said 
mounting portion, actuating means connected to 
said central portion, means defining with said 
diaphragn a chamber opposite one face thereof 
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and substantially coextensive with said face, a 
centrally apertured member within said cham 
ber having a portion immediately adjacent said 
flexible portion and a part of said central portion 
adjacent said flexible portion, and acoustic re 
sistance means extending across the aperture in 
said member, said member having also a plu 
rality of restricted apertures therein opposite 
said flexible portion of said diaphragm, 

6. A Sound translating device in accordance 
with claim 5 wherein said chamber is provided 
with an aperture and comprising acoustic re 
sistance means extending across said aperture in 
Said chamber. 

7. A sound translating device comprising a 
diaphragm having one surface exposed to the 
atmosphere, said diaphragm having a rigid cen 
tral portion, a peripheral mounting portion and 
an intermediate flexible portion joining said cen 
tral and peripheral portions, support means en 
gaging said mounting portion, and stop means 
opposite the other surface of said diaphragm, 
said stop means comprising an annular member 
immediately adjacent said intermediate portion 
and an annular member immediately adjacent a 
part of said central portion adjacent the junc 
ture thereof and said intermediate portion. 

8. A sound translating device comprising a 
diaphragm having one surface exposed to the 
atmosphere, said diaphragm having a dished 
central portion, a peripheral mounting portion 
and an intermediate flexible portion joining said 
central and peripheral portions, support means 
secured to said peripheral portion, and stop 
means opposite the other surface of said dia 
phragm, Said stop means comprising a rigid an 
nular member immediately adjacent said inter 
mediate portion and a second annuis.; member 
mounted on Said member and having a surface 
immediately adjacent and substantially conform. 
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3. 
ing to approximately the outer half of said cen 
tral portion, 

9. A sound translating device in accordance 
With claim 8 wherein the aperture in said second 
annular member has extending therea cross a 
sheet of acoustic resistance material and said 
first annular member is provided with restricted 
apertures constituting a low frequency by-pass 
around the resistance due to said sheet. 

i0. A Sound translating device comprising a 
diaphragm having a natural period of the Order 
of 1200 cycles per second, translating means co 
operatively associated with said diaphragm, and 
means for Substantially equalizing the response 
of said diaphragm throughout a wide band of 
frequencies including means defining with said 
diaphragm a chamber opposite one surface 
thereof and substantially laterally coextensive 
therewith, a member adjacent said surface and 
having a central aperture therein, and acoustic 
resistance means extending acroSS said aperture 
effective to reduce the response peak due to the 
natural period of said diaphragm, said member 
having a portion immediately adjacent a part 
of said surface defining therewith a high stiff 
ness chamber effective to substantially counter 
act the mass reactance of said diaphragm, and 
said portion having therein restricted apertures 
constituting a by-pass around Said acoustic re 
sistance means at low frequencies. 

11. A sound translating device comprising a 
diaphragin, means defining With Said diaphragm 
a chamber adjacent one surface of said dia 
phragm, said chamber being provided with a 
plurality of openings, acoustic resistance mate 
rial across one of Said openings for damping said 
diaphicagin, other of Said Openings being unob 
structed to by-pass the acoustic resistance at low 
frequencies. 

HELMUTH ECKARDT. 
  


