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This invention relates to improvements 
in submarine sound signaling apparatus for 
sending and receiving sound waves and in 
which a diaphragan or vibrating plate acts 

5 as a nemuer for transferring sound energy 
from the liquid or water to the air or to the 
other members of the apparatus, or vice 
SS. 

10 that vibrates in response to sound waves 
is used whose natural note or rate of vibra 
tion is higher than the frequency at which 
it is to operate, i.e. higher than the fire 
quency that is to be employed for signal 

15 ing, it will have to be of a certain thick 
ness because, apart from other factors that 
determine its dimensions, the natural tun 
ing of such plate is determined by the 
ratio of its diameter to its thickness. At 

20 the relatively high frequencies or rates of 
vibration employed in submarine sound sig 
naling the thickness of Such a diaphragm 
will be very considerable. if its natural 
frequency is higher than the signaling fre 
quency it is exceedingly difficult to so ex 
cite it when sending that it executes no 
tions of sufficient amplitude, because this 
2xcitation inas to be carried out by another 
vibratory member or structure that is cou 
pied to the vibrating or radiating plate, 
and with the aid of which vibrations that 
correspond to the signaling frequency have 
to be produced in the entire apparatus, and 
it is a difficult matter to apply forces in 
an apparatus of this kind that are power 
iii. ough to bend the thick diaphragm 
sufficiently. If the active parts of the 
“system’’ are excited without any advan 
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tage being taken of any natural frequency 
40 i. e. if the parts merely execute Inotions 

which external forces compel them to carry 
out regardless of any kind of tuning, the 
said difficulty will be increased. 
When diaphragins are employed that are 

illed to the signaling frequency the said 
difficulty, although it is reduced, still ex 
St. 
witi is that it is exceedingly dificult in any 
ase to accurately tune arge diaphragms 
ind to maintain their tuning in a practical 

installation, the ao'e so because, as will be 
3. 

sit win hereinafter, ii. is as a rule not pos. 
sible to dilap such diaphragms sufficiently, 
or in oil &r words tie c'est of the resonance 

{i, in an apparatus of this kind, a piate 

in opposite directions. 

water against which it abuts. 

; and another obstacle to be contended 

curve of the diaphragm cannot be made 65 
broad enough. 

if diaphragnus or plates are used whose 
natural frequency is considerably below the 
signaling frequency and if the attempt is 
made to excite them at the signaling fre- 60 
quency the plate will, as a rule, execute a 
form of vibration that corresponds to the 
signaling frequency i.e. the form of vibra 
tion of an harmonic. When oscillating in 
this way the behaviour of the plate is often 66 
such that different parts of its surface move 

This is a great 
drawback because it is most desirable that 

: as much as possible of the whole surface 
of the diaphragm shall operate to radiate 70 
energy into the water i.e., as much as pos 
sible of the entire area shall operate simul 
taneously in producing an increased pres 
sure or a reduced pressure in the volume of 

If different is 
parts of the surface oscillate in opposite di 
rections the water will be enabled to move 
to and fro between these parts, i. e. it. 
would be able to escape from one part to 
another of the diaphragm without the de- 80 
sired changes of pressure being produced 
in it. Hence a phenomenon arises similar 
to that known in the science of electricity 
as a wattless current, i.e. a part of the 
energy imparted to the radiating member 85 
or radiator is dissipated in causing useless 
motion of the water. . 

But even if this does not happen in such 
a marked degree i. e., even if certain parts 
of the diaphragm that are comparatively 90 
remote from the actual point where it is 
excited merely remain motionless, the draw 
back will still exist that instead of the en 
tire area of the diaphragm only that part 
of it which is near to the point of excita- 95 
tion is taken advantage of for receiving or 
Sending out energy. 
But above all things there is one objection 

in particular, which is equally serious for 
senders and receivers, that forbids the use 100 
of thick i. e., highly tuned, plates. Ex 
perience has show that with such lates, it 
is not possible to obtain a danping effect, 
i. e., a breadth of the crest of the resonance 
curve of the plate, that is large enough for i0, 
a satisfactory useful damping and to render 
it possible to keep the signaling frequency 
(i. e. the rate of vibration used for signai 
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ing) within the limits between which a suffi 
ciently high efficiency is obtained. To ob 
tain the desired result stiffening. members 
are used, or the diaphragm is made thicker, 
at the parts where underable nodal lines 
are likely to be formed in it. The essential 
difference between a plate of this kind and 
an ordinary plate of uniforn thickness con 
sists in the mass and elastic force of the for 
mer being unevenly distributed over its sur 
face, and the idea that this distribution must 
be carried out in accordance with the form 
of the vibrations that the diaphragm is de 
sired to execute is the funclamental idea 
underlying the present invention. 
In the case of the fundamental form of 

vibration the simplest plan consists in pro 
viding stiffeningrils on the diaphragm that 
extend in the direction from its periphery 
towards its cent re. Radial blades stood on 
edge, or perpendicular to the surface of the 
diaphragm, may be used for this purpose. 
They are preferably bevelled down towards 
the periphery and towards the middle of the 
diaphragm, and they are made of such 
length that they do not extend as far as the 
periphery and as far as the center of the 
diaphragm, so that Zones at the periphery 
and middle of the diaphragm are left un 
ribbed. This is done in order to make the 
diaphragm flexible at these parts, these flex 
ible parts being necessary to rentler a bulg 
ing of the diaphragm at all possible. With . this arrangement, the vibrating or exciting 
force is applied or taken from the centre 
of the diaphragm where a stillened plate 
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like zone is preferably left or produced. 
This zone may be smaller or larger in extent. 
If it is made very large a body will result 
all of whose points will love parallel to 
each other an execute the same travel, i. e. 
a body that oscillates like a piston. Around 
this body there will then be an annular 
ribbed zone. 
The rendering substantially rigid or stif 

fening of a certain zone or zones of the clia 
phragm may be accomplished by leans of 
ribs or by increasing the thickness of the 
diaphragm at the said Zone or zones. 
The invention is shown in the drawing 

as applied to various constructional forms of sound signaling apparatus. 
Fig. 1 represents a longitudinal section of 

a part of a sending and receiving apparatus 
... whose diaphragm is provided with radial 
ribs in such manner as to cause it to execute 
vibrations of the desired form. 

lig. 2 shows a front view of the lia 
60 phragm of Fig. 1. 

IFig. 3 illustrates a constructional form of 
a similar type of apparatus in which the 
diaphragm is connected with another form of vibratory structure, 

IFig. 4 shows the apparatus of Fig. 3 pro 
vided with a special kind of villratory struc 
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ture that consists of two separate masses 
connected to each other by an elastic rod. 

Fig. 5 is a partial section and 
Fig. 6 a bottom view of an apparatus in 

which the middle portion of the diaphragm 
is stiffened by ring-shaped stiffening mem 
bers and interconnecting radial stiffening 
members. - 

SE; shows a form of plate or diaphragm 
in which the stiffening effect is obtained by thickening the diaphragm instead of by in 
dividual ribs. 

In Fig. 1, A is a casing, preferably cylin 
drical in shape, containing a sender equip 
ment, and arranged to be submerged. The 
electromagnetic exciter is formed of an elec 
tromagnet 13 that is divided into two parts 
by an air gap. The two parts of the electro 
magnet B are rigidly fixed to two masses 
C and C which in turn are connected to 
each other by elastic rods D, D, whose aggre 
gate coss-section is made such that the sys 
tem, composed of the parts C, C, D, D, B 
represents a vibratory structure or exciter. 
that is tuned to the frequency to be en ployed in signaling. 
The one end of the casing A is closed by 

the diaphragm E to the middle of which the 
mass C and hence the whole exciting device is fixed. 
In accordance with the invention the free 

annular surface of the diaphragm between 
the edge of the casing A and the mass C? 
is provided with stiffening ribs R, R whose 
length is such that a free flexible zone Zi 
remains near the periphery of the mass C" 
and another free flexible zone Z is left near 
the edge of the casing A. Thus at these 
zones the diaphragm offers comparatively 
little resistance to forces that E. to bulge 
the diaphragm in and out. But the ribs 
R, R are of such size that the alternating 
forces required to bend them would have 
to be of a much higher frequency than those 
R which the diaphragm is excited. Hence 
the ribs suppress the tendency of the dia 
phragm to form a nodal line at or near the 
middle of the annular portion of its sur 
face that is located between its periphery 
and the mass C°. In other words the ribs 
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force the diaphragm to execute vibrations 
of the form of its fundamental vibrations 
in spite of its being excited by an alternat 
ing force whose frequency is much higher 
than its fundamental note. . . . w 
An apparatus of this kind is equally ap 

plicable for the sending and receiving of 
sound waves. For sending purposes the 
alternating current winding of the magnet 
is connected to a source of alternating cur 
rent and for receiving it is connected to a 
telephone receiverer some other form of 
an alternating current detector. 
The parts in Figs. 3 and 4 which corre 

spond to these of Figs. 1 and 2 have similar 
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But in Fig. 3 a tuning 
2nicrophone 5 is attached 

- ::). and Q are electric 
coatluctors passed through a stuffing box K 
and connected to the microphone. 

In the arrangement shown in Fig. 4 the 
vibratory structure F employed consists of 
two separate masses an and m connected 
to each other by an elastic rod S. Instead 
of a single rod a plurality of the same may 
OS 

- ng devices of the above-described 
kind offer the advantage that on account of 
the for of the vibrations executed is the 
disaphragiin leing yeli definel, is is pessible 
to make their tuning and damping uniforn 
although their constructions maay differ. 
The entire surface of the diaphragin vi 
brates in unison, and as its mass is snail 
while its area is comparatively large, it can 

much higher degree than 
an ordinary diapiagna. 
A particular advantage gained by com 

bining a vibratory structure of the kind 
shown in Fig. 4-which structure itself is 
not a part of this invention-with a dia 
phragin constructed in accordance with the 
invention is that it permits inf the most in 
portant factors pertaining to the vibrations 
of the apparatls, as for example the radia 
tion and dain piing, to be calculated and fixed 
beforehand. 
The desired stiffening may the accom 

plished, although not so completely, by 
simply thickening the diaphragan at the 
places where its stiffness is to be increased. 
A diaphragm constructed in this manner 
wili, when excited by vibratory forces, also 
produce greater acoustic than an 
ordinary diaphriign of uniform thickness. 
The difference between the two forms of 
stiffening in eans (ribs and thickening) lies 
only in their efficiencies. 

in order to obtain a form of vibration 
is as possible. a circular 

agin generally is 'eferred. 
reason a diaphragm of a dif 

a square diaphragm, is to 
is above-mentioned means 
armonics inay be immedi 

effects 

ately applied if it is used, in the proper 
sense. The so init-ligire that is most apt to 
it formed by the ?iaphragm when excited 
by the selected exciting n) calls in East then 
be sought, and the ribs are then applied so 
as to form bridiges across the in ‘lal lines. 

the case of a square diaphragm these 
ris will have to extend racially as in a 
circular diapli'agin. Of course, in this case 
too, tie stiffering may be accomplished by 
tickering th: diaphagim. 

in the devise shown in Fig. 5 the dia 
: 'a grin is r victed with a coil paratively 

i: 'ge rigidiid le portion. Diaphragins 
in a guiddie portion that is stiffered or 

8 

strong enough to cause all its parts to move 
along parallel lines, and that is held by a 
marginal spring member, are known, but an 
in portant fact in connection therewith was 
Overlooked and this is that this marginal 
spring portion or member, if it is simply 
made in the form of a thin portion of the 
plate, is bulged inwards by the pressure di 
rected against the middle portion, while the 
middle portion is moving outwards and vice 
versa. To prevent this, in accordance with 
the it vention, the marginal spring portion 
is stillened with radial ribs, the arrangement 
of these ribs being such as to leave two only 
very narrow circular zones--an inner and an 
oilter Zone adjacent to the annular spring 
portion-unstiffened, each of the unstiffened 
Zones acting as it movable joint that extends 
along a circle. . it is possible in this way to 
collpel all parts of the ring-shaped marginal 
spring porti:n to vibrate in phase with each 
other. In accordance with the invention the 
stiff middle portion of the plate is made of 
Such size or shape that its fundamental note 
is higher than the highest rate of vibration 
used for signaling. If this rate of vibration 
is high the middle portion would have to be 
exceedingly thick and heavy. Hence it is 
advantageous to stiften this middle portion 
also lly ribs stood on edge. In this way a 
vibrating plate is formed which consists 
chiefly of a portion whose various parts all 
Oscillate along parallel lines like the parts 
cof a piston ind upon whose relaining ring 
portion to harmful evasive motions occur 
at the frequency at which the diaphragm is 
operated. By proceeding along these lines 
it is possibie to produce villating plates that 
Oscillaie in a certain well defined manner and 
which in spite of this, have a much larger 
(liameter than such plates may have if their 
tentire sli face from the periphery to the 
centre is inade so as to permit of its different 
portions liloving in opposite directions. 

By placing the points at which the excit 
jing fo'ce is applied apart from each other as 
fa!' us possible the uniformity of the form of 
the virations of the plate may be ensured 
in a still greater degree. 

Fig. 5 shows a longitudinal section of a 
sender of the kind foreshadowed in the last 
two paragraphs, and Fig. 3 is a section on 
the line 2-2 of Fig. 5. 

Fixed at its margin to the flange 3 of a 
casing A (only partly shown) in the ordi 
nary way by }lcans of screw bolts ) is a 
vibrating metal plate J. The annular por 
tion Eibetween e and f near the periphery is 
stifened by radial ribs F, F which are made 
of such size that the natural note of the an 
nular area is much higher than the signaling 
frciency. The middle portion G situated 
between the points' e, e is also ribbed in 
order to obtain the greatest possible stiffness 
with a liaininnum of weight. But whereas the 
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arrangement of the stiffening ribs F, F in 
the annular portion adjacent to the periph 
ery is such tiat snail unribbed Zones are left 
one at f near the largin and one at lead 
jacent to the middle portion G, which act 
as movable joints when the plate vibrates, 
the niddle portion is surrounded by a high 
peripheral rib.K and is stiffened by radial 
ribs Lin such a manner that it is, as a whole, as stiff as possible. 
In the constructional form shown the ex 

citing device by which the plate is caused to 
vibrate consists of a tuning fork H whose 
prongs may be oscillated by an electromag 
net (not shown). The stem of the fork is 
not directly attaclied to the middle of the 
central rigid portion of the plate but is con 
nected to points near the periphery of this 
portion by the medium of a very stiff trans 20 

30 

verse beam or coupling plate T. By this 
means the exciting force is applied at points 
near to the circumference of the stiff mid dile portion G of the vibrating plate, So that 
these forces are distributed as uniformly as 
possible over the surface of the middle por 
tion. . . . . 
This arrangement may be used to equal 

advantage both in Sound producers and re 
ceivers, a 
In Fig. 7, a is a thick rim by which the vibrating plate is attached to a casingg or 

the like, b is a thick middle portion and c, c 
a thick annular portion extending along a 
circle whose radius is about half that of the 
entire diaphragm. Between the thick an 
nular portion o and the parts a and b there 
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are two thinner flexible parts or zones as 
shown. The middle line an of the piate on 237 
be arched in wards, or outwards as shovyt, or 
it may be straight. - 
We claim :- - - 

1. A vibratory diaphragm for acoustic ap 
pairatus, provided with rigid and fiexible 
Zones arranged in radial symmetry, there be 
ing only two flexible zones, these fiexible i5 
Zones being ring-shaped, one for:ling the 
outer boundary of the diaphragn, and the 
other being concentrically arranged within 
the first-named, a central rigid zone being 
enclosed by the inner flexible zone, and 50 
another rigid zone being enclosed between the two flexible zones. 

2. A device according to claim i, ii, which 
the rigidity of the two rigid zones is secured 
by meals of stiffening ribs. 5. 

3. A device according to chai;Yi 
lined with a tuned vibratory : 
tached to the central rigid 

4. A device according to ca. 
the two flexible zones are extr 

5. A device according to ci 
the central rigid zone executes amplitudes of vibration. 

6. A device, according to claii: , in which 
the two rigid zones vibrate is thise with 85 each other. 
In testimony whereof we ; ?ix or signs tures. 

HEINRICH, HECi. 
WALTER HAENEMANR, 
WILHELM RUDOLPH. 
ALARD Du BOIS-REYMi{N}). 

  


