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This invention relates to a respirator and speaking dia 
phragm assembly which makes it possible to mount a 
speaking diaphragm on the small surface area provided 
by a conventional respirator and with an amazing im 
provement in both clarity and volume of voice transmis 
sion as compared to speaking diaphragms of the type 
conventionally used on gas masks. While the invention 
is particularly useful for respirators, it is also applicable 
to gas masks and similar respiratory devices which are 
worn on the face. 

It is known in the art to provide a gas mask with a 
speaking diaphragm in order to allow the wearer to 
converse with others while wearing the gas mask. Such 
speaking diaphragms have had the serious disadvantage 
of great lack of clarity of transmission as well as a con 
siderable lack in volume of transmission which has neces- 3 
sitated shouting on the part of the wearer in order to be 
understood. This serious problem has perplexed the art 
for a considerable length of time. Attempts have been 
made to improve the clarity and amplification or volume 
of voice transmission by the provisions of amplifiers, 
sound boxes and similar devices in association with the 
speaking diaphragm. Such sound boxes and devices 
considerably increase space requirements and manufac 
turing costs and unfortunately contribute only little to 
wards improving the clarity and volume of voice trans 
mission. Furthermore, such assemblies that are at all 
suitable for satisfactory voice transmission are so cumber 
some in construction and large in size as to make them 
entirely unsuitable for mounting on respirators with the 
result that respirators are invariably made without speak 
ing diaphragms since it is felt there is no room for mount 
ing a satisfactory diaphragm. 
An object of the present invention is to overcome the 

above mentioned disadvantages and to provide a novel 
respirator and speaking diaphragm combination which 
makes it a practical matter to incorporate a satisfactory 
speaking diaphragm assembly in a respirator. 
A further object of the invention is to provide a novel 

speaking diaphragm assembly and associated parts which 
are particularly adaptable and designed for use in a res 
pirator, gas mask or similar face piece. 
A more specific object of the present invention is to 

provide a respirator-speaking diaphragm assembly in 
cluding a mounting for supporting a plastic speaking dia 
phragm under tension at all times and in a manner so 
as to provide an amazing improvement in clarity as well 
as volume of transmission. 
A further object of the invention is to provide a respi 

rator or gas mask with a speaking diaphragm assembly 
including a mounting for providing automatic tension 
compensation for the diaphragm to overcome the ten 
dency of its loss of tension as the result of moisture ab 
sorption and other causes. 
Other objects and advantages of the present invention 

will become apparent from a study of the following de 
scription, taken with the accompanying drawings where 
in: 
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2 
Figure 1 is an elevational view of a respirator in 

cluding a speaking diaphragm assembly embodying the 
principles of the present invention; 

Figure 2 is an enlarged cross-sectional view taken along 
line II-II of Figure 1 showing the construction of the 
speaking diaphragm and associated parts; 

Figure 3 is a perspective view of the diaphragm hous 
ing shown in Figures 1 and 2; 

Figure 4 is a perspective view of the diaphragm with 
its perimeter crimped into cup-like shape; 

Figure 5 is a perspective view of the ring insert for 
Stretching the diaphragm; 

Figure 6 is an enlarged, cross-sectional view taken 
along line VI-VI of Figure 1; 

Figure 7 is an enlarged interior view of the exhalation 
diaphragm and supporting assembly shown in Figure 6; 

Figure 8 is a plan view of a modified speaking dia 
phragm assembly embodying compensating tension con 
trol; 

Figure 9 is a cross-sectional view taken along line 
IX-IX of Figure 8; 

Figure 10 is a plan view of the diaphragm securing ring, and 
Figure 11 is a cross-sectional view of the ring shown in Figure 10. 
Referring more particularly to Figures 1 and 2 of the 

drawing, numeral 1 denotes a respirator face piece of 
rubber or other suitable elastic material and which is 
Substantially cup-shaped with a pear-shaped outline so 
that its inturned marginal edge will provide a cushioned, 
air-tight fit around the nose, cheeks and chin of the 
wearer. Numeral 2 denotes an exhalation valve of any 
well known construction such as a thin, flexible rubber 
diaphragm which is centrally mounted and which normal 
ly covers an apertured portion of face piece 1. On the 
cheek or lobe portions of face piece are mounted a 
pair of filter box bases 3, including threaded portions onto 
which are screw threadedly mounted perforated lids or 
caps 4 having a plurality of perforations 5. Filter discs 
or pads 6 may be sandwiched between the outer peri 
metrical portions of covers 4 and bases 3 so as to pro 
vide a dust-tight seal. Of course, other types of filter 
pads, Such as hollow pads with an annular filter disc 
portion attached, may be used instead. 
An important feature of the present invention resides 

in the placement and construction of the speaking dia 
phragm assembly for the purpose of transmitting voice 
signals with great fidelity and considerably greater am 
plification than speaking diaphragms of conventional con 
struction. The speaking diaphragm assembly, which is 
generally denoted by numeral 7 and is shown more 
clearly in Figure 2, is protected by a perforated plate 8 
of disc shape which is rigidly mounted on an annular 
diaphragm housing 9 by merely turning in an integral 
outstanding flange 10 over the rim of the perforated plate 
8. Diaphragm housing or ring 9 has a perimetrical well 
portion which is detachably fitted to a hole portion of 
slightly less diameter of face piece 1 so that the housing 
may be quickly and easily attached to or detached from 
the face piece in a yieldable manner for replacement 
of the diaphragm. 
An important feature of the invention resides in the 

choice and form of the diaphragm material as well as 
the manner in which it is assembled in relationship with 
adjoining parts. While generally speaking, plastic ma 
terials have been found to be suitable diaphragm ma 
terials, those which have been commonly used are not 
suitable for the purposes of the present invention. For 
instance, cellophane tears too easily. It has not been 
heretofore appreciated that certain additional features 
are necessary which control the selection of the particu 
lar plastic material as well as its mode of assembly. We 
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have found cellulose acetate to be fairly good plastic 
material for use as a speaking diaphragm provided it is 
placed under tension in single sheet form. Heretofore, 
plastic materials used have usually been mounted in the 
form of a plurality of plies or separate layers in an un 
tensioned condition in the mounted position. This re 
sults in very unsatisfactory transmission of speech, inct 
only from the standpoint of lack of fidelity, resulting in 
difficulty of understanding of voice signals or speech, but 
lack of sufficient volume of transmission, which necessi 
tates shouting on the part of the wearer in order to be 
understood, 
We have found that by making the plastic sheet of 

single ply construction, and by maintaining its thick 
ness within a critical dimension of between about one 
thousandths and two thousandths inch, and additionally, 
by maintaining the plastic sheet or diaphragm under 
tension at all times, an amazing improvement in voice 
transmission is obtained, both in fidelity of transmis 
sion and volume. We further found that while cellu 
lose acetate, for example, is a fairly good material when 
mounted in the manner indicated, it has the disadvantage 
of inherently expanding after prolonged contact with 
moisture resulting from exhalation condensate caused 
by the wearer. This expansion tends to loosen the di 
aphragm and greatly reduce its tension to such an ex 
tent as to create an annoying resonating vibration when 
the wearer converses. 

After considerable experimentation, we found that 
polyethylene is superior to cellulose acetate and to other 
diaphragm materials since it not only has excellent voice 
transmitting characteristics, but it is impervious to Incis 
ture condensate formed and is more puncture resistant 
than other plastic materials. Also, it is easier to as 
semble and does not buckle nearly as much when in 
serted in the diaphragm housing. Also, it is strong 
and can be substantially stretched without breaking. 
When it is of proper thickness, it has excellent voice 
transmitting characteristics. This thickness is critical 
and is between about .001 and .002 inch, preferably 
about .002 inch. In short, it has ideal characteristics 
for a speaking diaphragm which is mounted in the man 
ner to be described and which is subjected to moisture 
from exhalation of the wearer without deleterious effects 
from the standpoint of voice transmission. 
As pointed out hereinbefore, it is not only important 

to Select a plastic material having optimum voice trans 
mitting characteristics, but such material must be mount 
ed in a very special way in order to obtain the full 
benefits of the present invention. 

Figure 2 more clearly shows a mounting embodying 
the principles of the present invention for mounting 
the diaphragm in tensioned condition and in a manner 
so that its peripheral edge is free from contact with 
adjoining surfaces. A thin, disc-shaped piece of poly 
ethylene constituting diaphragm 11 is placed on the 
right-hand surface of housing 9 as viewed in Figure 2 
having a diameter substantially equal to the outer di 
ameter of the housing 9. Thereafter, a ring or an 
nular insert 12 of brass or other suitable material is 
forced into the annular space of housing 9, thereby 
crimping the rim portion of diaphragm 11 into substan 
tially cup shape as shown in Figures 2 and 4. Sub 
stantially improved voice transmission is obtained when 
the inwardly projecting perimeter of ring 12 is not flat 
and is, instead, of pointed construction, with a slightly 
rounded diaphragin-engaging portion, so that an abrupt 
or pointed parting line is provided on the perimeter of 
the tensioned disc portion of the diaphragm. Another 
important consideration in mounting the diaphragm is 
to prevent contact between the rim portion of the ten 
sioned diaphragm and any adjoining part, such as the 
radially inwardly extending flange of housing 9. A small 
gap is preferably provided between such flange and 
the rim portion of the tensioned diaphragm so as to 
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4 
prevent contact which otherwise would result in an 
noying, resonating vibration and insufficient amplitude 
of the transmitted voice signals. To insure this gap 
and to prevent over-tensioning and breaking of the 
plastic diaphragm material when its marginal portion 
is being turned and folded in, a shoulder portion 12a 
is provided which serves as a limit stop for liniting 
the movement of the innermost edge portion of ring 
i2. 
The gap between ring insert 12 and the diaphragm 

housing 9 should be of the order of between about one 
to twice the thickness of the diaphragm. Therefore, 
for a diaphragm thickness of 0.002 inch, the gap may 
be between .002 and .004 inch, and preferably about 
.003 inch so as to allow for the additional thickness 
provided by the folds 11a as shown in Figure 4. An 
air-tight seal is thereby provided. The outer diameter 
of housing 9 may be of the order of 1% inch. How 
ever, this size is not critical. 
As pointed out above, it was unexpectedly found that 

amazingly improved results are obtained in both clarity 
and volume of transmission if the portion of ring 2 which 
is closest to the outer perimeter of the diaphragm at the 
point where the diaphragm is bent inwardly and tensioned 
is made substantially pointed instead of flat. A flat 
edge as commonly used does not allow free vibration 
of the tensioned portion of the diaphragm, and intro 
duces an annoying resonating vibration. The edge .2b 
should not, however, be a knife edge, since this would 
tend to cut the diaphragm, but it should be a Substan 
tially pointed edge, for example, one having a flat plateau 
of only about .02 inch at the diaphragm contacting 
portion and it should preferably have a small outer 
radius of curvature of about .008 inch at the portion 
of greatest diameter of portion 2b. Likewise, the corner 
9b of the housing should also have a small diameter 
curvature of about .008 inch to form a break edge 
that will not sever the diaphragm material. 
As ring 2 is pushed into place within housing 9, 

it will tend to stretch diaphragm very taut and the 
stretching action will be stopped when shoulder 2a 
comes into contact with housing 9. An air-tight Seal 
will be provided by the portion of the diaphragm na 
terial which is sandwiched between insert 2 and hous 
ing 9, particularly the folds 1a which are formed under 
compression. 
When it is desired to remove the diaphragm for re 

placement, by merely grasping the wire-shaped handle 
13 and pulling ring insert 2 outwardly, the diaphragm 
is made free and can be readily replaced. 

Another amazing discovery we made was that the 
presence of a conventional type inhalation valve in 
troduces an extremely annoying resonating vibration 
which garbles the voice signals and makes them not 
clearly understood. The conventional type of inhala 
tion valve is in the form of a very flexible, thin disc 
which is supported centrally, only, in confronting rela 
tionship with a perforated portion of the face piece. 
We found that by providing a two-point support for 
the inhalation diaphragm, to avoid the freedom of move 
ment in a circumferential direction, that considerable 
improvement was obtained in the clarity of voice trans 
mission. 

Figures 6 and 7 show the specific mounting of the 
inhalation valve or diaphragm 19 which is in the form 
of a very thin, substantially diamond-shaped piece hav 
ing apertures near the outermost edges of the major 
dimension which are fitted into rubber stubs 18 in 
tegrally formed on the interior of face piece and ex 
ending therefrom at an angle of about 45. On the 
base 3 of the filter box, there is mounted a grommet 
i6 which is turned in so as to clamp the inhalation 
outlet hole provided in face piece 1 at both sides of 
the face piece lobes. That is, there are two inhalation 
valve assemblies such as shown in Figures 6 and 7, 
one within the base of each filter box. When air is 
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breathed inwardly, the diaphragm 19 will flex away 
from seating contact with grommets 16 to allow air 
to be drawn into the face piece. When air is exhaled, 
through exhalation valve 2, diaphragm 19 will be pushed 
into tight air-sealing engagement with grommets 16 to 
prevent escape of air therethrough. By the provision 
of two points of support and the slight tensioning pro 
vided in diaphragm 19 as the result of its mounting 
on stubs 18, there is no freedom of vibration in a cir 
cumferential direction, therefore greater clarity of trans 
mission will be attained. 

Figures 8 to 11, inclusive, show a modification of the 
diaphragm assembly in which there is embodied auto 
matic tension compensation for the diaphragm to over 
come the tendency of loss of tension as the result of 
moisture absorption caused by exhalation of the wearer 
and other causes. A diaphragm housing 22 of brass or 
other suitable material is provided having a retaining lip 
22a which is shown in the form before the lip is turned 
over onto the rim of the perforated plate 8 such as shown 
in Figure 2. An integral threaded section 21 is provided 
for receiving a correspondingly threaded insert 27 such 
as shown in Figures 10 and 11, which insert is provided 
with a diametrical rib 27a which may be grasped so as 
to facilitate screwing of the insert onto housing 22. A 
compensating low durometer rubber gasket 23 is provided 
within housing 22 which coacts with a high durometer 
rubber gasket 24 which is employed for seating the dia 
phragm 28 and for insuring a gas-tight seal. A metal ring 
25 in the form of an insert is provided for mounting the 
diaphragm, which ring has a narrow edge for contacting 
the diaphragm in the manner of edge 12b shown in Fig 
ure 2 and for the purpose of improving the clarity of 
transmission. This edge may also have a plateau of about 
.02 inch. The screw threaded insert 27 when in place 
will secure the diaphragm in housing 22 against gasket 
24. It will be apparent that inasmuch as the elasticity of 
gasket 23 is greater than that of gasket 24, gasket 23 will 
exert continuous compensating pressure against insert 25, 
tending to push it outwardly of housing 22, thereby auto 
matically tensioning the diaphragm 28 under varying con 
ditions of moisture which would otherwise tend to cause 
a loss of tension of the diaphragm. Rubber gasket 24 
also aids in tensioning the diaphragm and a permanent 
adjustment of the tension provided thereby is determined 
by the tightness of screwing of ring 27 which compresses 
gasket 24. 

It will be apparent that other equivalent means may be 
provided for yieldingly mounting ring 25 so as to exert 
constant tension on the diaphragm and automatically 
compensate for decreases of tension thereof caused by 
moisture or other conditions. Maintenance of the dia 
phragm under tension is an important condition in order 
to obtain optimum results in both clarity and volume of 
voice transmission. 
While polyethylene has been found to be the ideal plas 

tic material, particularly within a range of thickness be 
tween .001 and .002 inch (particularly in the neighbor 
hood of .002 inch), it will be apparent that possibly other 
plastic materials having about the same strength and the 
same modulus of elasticity may also be provided so long 
as they are in the form of a single ply sheet maintained 
under tension. 
While the speaking diaphragm disclosed hereinabove 

has been described as being useful in a respirator, it 
should be noted that it is equally suitable for use in a gas 
mask or similar respiratory device so long as it is placed 
as closely as possible in front of the mouth of the wearer 
for the best results. 
Thus it will be seen that we have provided an efficient 

speaking diaphragm assembly which is particularly 
adapted for use in a respirator or gas mask and which for 
the first time enables the use of a speaking diaphragm 
in the small area of the face piece of a conventional 
respirator, thereby allowing the wearer of a respirator 
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6 
to talk freely and to be understood by others; further 
more, we have provided a novel speaking diaphragm as 
sembly for respirators and similar devices which provides 
an amazing and startling increase in both clarity and 
volume of voice transmission; furthermore, we have pro 
vided a speaking diaphragm assembly which can be 
readily attached to or detached from a respirator or simi 
lar device and which includes a diaphragm which is easily 
and quickly detached and replaced, which assembly is 
made up of simple and inexpensive parts which are inex 
pensively manufactured. 

While we have illustrated and described several em 
bodiments of our invention, it will be understood that 
these are by way of illustration only, and that various 
changes and modifications may be made within the con 
templation of our invention and within the scope of the 
following claims. 
We claim: 
1. In a respiratory device having a face piece adapted 

to fit, on the face of the wearer, in combination, a speak 
ing diaphragm assembly mounted on the portion of the 
face piece adapted to confront the mouth of the wearer, 
said diaphragm assembly including a mounting ring de 
tachably secured to an opening of said face piece in said 
portion, and a single sheet polyethylene diaphragm 
mounted under tension within said ring and having a 
thickness of the order of .002 inch. 

2. In a breathing apparatus including a face piece hav 
ing an opening adapted to confront the mouth of the 
wearer, a ring having a well portion of channel shape 
cross section about its rim portion to form a seat for and 
detachable, air-tight fit with said face piece opening, an 
annular insert adapted to be slip fitted within said ring, 
a single sheet of voice transmitting inelastic plastic ma 
terial mounted on one face of said insert with its rim por 
tion folded and tightly sandwiched between said insert 
and ring and with its central portion tightly stretched 
and under tension. 

3. Apparatus recited in claim 2 wherein said plastic 
material consists of polyethylene and is of a thickness of 
the order of .002 inch. 

4. In a breathing apparatus including a face piece hav 
ing an opening adapted to confront the mouth of the 
wearer, a ring having a well portion about its rim por 
tion to form a detachable, air-tight fit with said face piece 
opening, an annular insert adapted to be fitted within 
said ring, a sheet of plastic material mounted on one 
face of said insert with its rim portion folded and tightly 
sandwiched between said insert and ring and with its cen 
tral portion tightly stretched and under tension as the 
result of insertion of said insert within said ring, a perfo 
rated plate supported on one face of said ring for protect 
ing said diaphragm, said annular insert having a tapered 
edge portion for contacting the rim portion of the 
stretched diaphragm, said annular insert having a shoul 
der portion extending radially outwardly on the face op 
posite the face on which the diaphragm is stretched for 
limiting inward movement of said tapered portion and 
for spacing the rim portion of the stretched diaphragm 
from the remainder of said ring. 

5. Apparatus as recited in claim 4 wherein said tapered 
portion of the ring terminates in an annular plateau hav 
ing a thickness of the order of .02 inch and having a 
curved outer rim portion which engages the diaphragm, 
and a handle secured to said insert for facilitating removal 
thereof from said ring. 

6. In a respirator having a face piece adapted to fit 
over the nose, cheeks and chin of the wearer, in com 
bination, a speaking diaphragm assembly mounted on the 
portion of the face piece adapted to confront the mouth 
of the wearer, said diaphragm assembly including a 
detachable mounting ring and a single sheet plastic dia 
phragm mounted under tension within said ring and hav 
ing a thickness of the order of .002 inch, said respirator 

75 also including inhalation and exhalation valves, said 
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inhalation valve comprising a substantially diamond 
shaped thin, flexible diaphragm supported at the opposite 
edges of its major dimension, and an inhalation port 
including a grommet on which said inhalation valve is 
adapted to become seated upon exhalation of the wearer 
and unseated upon inhalation, and a pair of stubs inte 
grally secured to said face piece and extending at an angle 
of 45° from the surface of the portion of the respirator 
from which they emerge and 90 from each other for 
supporting said diaphragm under tension at the opposite 
edges along the major dimension. 

7. In a respirator having a face piece adapted to fit over 
the nose, cheeks and chin of the wearer, in combination, 
a speaking diaphragm assembly mounted on a portion of 
the face piece adapted to confront the mouth of the 
wearer, a pair of filter boxes having base portions sup 
ported on the cheek surrounding portions of said face 
piece, said base portions including inhalation valves com 
prising thin, rubber diaphragms of substantially diamond 
shape and which are supported at the corners at the 
extremities of the major dimension, said speaking dia 
phragm assembly comprising a readily detachable sup 
porting frame element having mounted therein a tightly 
stretched sheet of plastic material of the order of .002 
inch thick. 

8. A respirator as recited in claim 7 wherein said 
plastic material consists of polyethylene. 

9. In a respirator having a face piece adapted to fit 
over the nose, cheeks and chin of the wearer, in com 
bination, a speaking diaphragm assembly mounted on 
the portion of the face piece adapted to confront the 
mouth of the Wearer, said diaphragm assembly including 
a detachable mounting ring and a single sheet polyeth 
ylene diaphragm mounted under tension within said ring 
and having a thickness of the order of .002 inch, an 
annular insert across one face of which said diaphragm 
is stretched and which insert is slidably fitted within said 
ring, and means including a gasket of elastic material for 
exerting continual pressure at all times on said annular 
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8 
insert so as to compensate for any lessening of tension as 
the result of moisture absorption or other causes. 

10. In a breathing apparatus, including a face piece 
having an opening adapted to confront the mouth of the 
wearer, a ring having a well portion about its rim to form 
a detachably air-tight fit with said face piece opening, an 
annular insert adapted to be fitted within said ring, a 
low durometer rubber gasket interposed between said 
insert and a radially inwardly extension flange of said 
ring, a high durometer rubber gasket interposed between 
said ring and an inwardly threaded portion of the ring 
adjacent the opposite face of Said insert, and a screw 
threaded diaphragm Securing ring threadedly engaged to 
said threaded portion and adapted to cause said high 
diurometer gasket to seat against an outer peripheral 
portion of said insert when covered with a thin single 
sheet of voice transmitting material draped over said 
East mentioned portion of said insert and constantly main 
tained under tension as the result of the resilience of said 
low and high durometer gaskets. 
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