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[ 5 7] ABSTRACT 
A device to be worn within the external auditory canal 
for the purpose of protecting the ear from high inten 
sity and impact sounds. Under normal conditions 
transmission is through a diaphragm with minimal at 
tenuation. Under high intensity noise levels the dia 
phragm is damped by approach to a support area axi 
ally separated from the free position of the diaphragm, 
the ?lm of air between the support surface and the di 
aphragm introducing viscous damping. Under high im 
pact and extremely high sound levels, the diaphragm 
rests upon the support surface and the effective diam 
eter of the diaphragm is thereby reduced giving a 
marked further reduction in sound transmission, the 
diaphragm becoming in effect a sound actuated pop 
pet valve. 

2 Claims, 4 Drawing Figures 
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EAR PROTECTIVE DEVICE 

BACKGROUND OF THE INVENTION 

Devices for the protection of the ear are not new but 
the general approach has been that if sound is to be 
kept from the ear all sound should be forbidden en 
trance. Most devices have taken the form of headstrap 
connected ear muffs with great effort being expended 
to make them so comfortable that the wearer would ac 
cept their bulk. Where the physical bulk was not to be 
tolerated ear plugs have been used, generally solid. 
These devices have the common failing of placing the 
wearer out of communication with those around him. 
A second class of devices worn within the ear has de 
pended for their action upon physical valve structures, 
stiff and heavy in relation to the forces available to 
move them. 
The subject invention makes use of a very thin plastic 

diaphragm or pellicle as the sound responsive element. 
It is supported in such a manner as to permit unre 
strained vibration in response to low intensity sound so 
that ordinary speech, for example, is transmitted with 
out signi?cant modi?cation. Adjacent .the center of the 
diaphragm and spaced slightly from it is a diaphragm 
stop surface. As the diaphragm approaches this surface 
the air ?lm over the stop provides a viscous damping 
cushion which effectively limits the loudness of this ac 
tion. When this sound level is exceeded the .diaphragm 
actually may contact the stop and in doing so its effec 
tive diameter is greatly reduced giving high attenuation 
to the sound but not totally eliminating it. Thus a per 
son working in a noisy area can still be aware of sounds 
louder than the ambient and take corrective action if 
necessary. 
The typical device heretofore has been uncomfort 

able to wear for extended periods. The ear muffs cov 
ered so much of the head area as to interfere with body 
surface cooling. The internally worn devices have gen 
erally caused discomfort when worn for more than a 
short time by interference with circulation. As will be 
detailed below, this invention includes improvements 
in the body contacting element to overcome these 
shortcomings. 
The primary object of this invention is to provide a 

device which will protect the users hearing during long 
exposure in high ambient noise areas. 
Another object is to highly attenuate and limit impact 

sounds and excessive pressure changes before they 
reach the ear drum, without totally suppressing their 
sound. 
Another object is to provide such protection while 

permitting the passage of sound of lower intensity es 
sentially unaltered. 

Still another object is to provide comfort in such a 
device so that it may be worn for long periods of time 
without harm or discomfort. 
Another object is to provide for ease of installation 

and removal of the device by the wearer. 
Yet another object is to- provide a device of the char 

acter described that will be simple and economical to 
manufacture. . 

An advantage of this device over solid ear plugs or 
ear muffs is that the wearer is not wholly out of commu 
nication while wearing the device. There is a safety fac— 
tor in being able to hear all that is said, for example on 
a ?ring range, while blocking all potentially damaging 
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2 
sound from the ears. The same would hold true in in 
dustrial operations such as near punch presses and 
forges. 
Other objects and advantages of the invention will 

become apparent from the following description taken 
in connection with the accompanying drawings in 
which: 

FIG. 1 is a fragmentary sectional view of the device 
of this invention shown in place within the external au 
ditory canal; 
FIG. 2 is a vertical section view of the device em 

bodying this invention taken in a plane through the cy 
lindrical axis; ‘ 
FIG. 3 is a vertical section of one modi?ed form of 

one element of the invention. 
FIG. 4 is a vertical section of a modi?ed form of an 

other element of the invention. 
Referring more particularly to the drawings wherein 

like characters of reference designate like parts 
throughout the several views, the device embodying 
this invention is generally indicated at 1 in FIG. 1. It 
comprises a first body member generally indicated at 2 
in FIG. 2, a cap-shaped second body member generally 
indicated at 3, a diaphragm generally indicated at 4 and 
a support structure generally indicated at 5. FIG. 1 
shows the support structure, 5, deformed into a cush 
ioning surround for the device as worn. 
FIG. 2 shows the body member 2, of generally cylin 

drical form, and includes an axial bore, 10, there 
through enlarged at one end to a shallow second bore, 
11. The outer diameter, 15, of the body is reduced be 
ginning at one end and for a substantial distance as in 
dicated at 16 for a ?t within cap 3. At the opposite end 
the diameter is further reduced at 17 and the outer cor 
ner rounded at 18. A circumferential groove, 19, is 
formed at the inner end of of surface 17 for the purpose 
of retaining the support material generally indicated at 
5. A heavy chamfer, 20, is formed between the outer 
diameter 15 and the adjacent wall of groove 19 as an 
aid in control of the shape of the support structure 
when the device is worn. A groove, 12, is formed in the 
surface of the outer end of the portion of reduced di 
ameter 16, separating this surface into two concentric 
ring surfaces 13 and 14. Additional machining of sur 
face 14 reduces its plane inwardly from the plane de 
fined by the ring 13. The diaphragm 4 is held against 
surface 13 by the .cap 3 and surface 14 then has a small 
clearance from the diaphragm. The groove 12 provides 
a very large clearance for the diaphragm to prevent 
loading of the diaphragm under low noise conditions. 
Under high noise and impact conditions the inner por 
tion of the diaphragm de?ects to rest upon surface 14. 

The cap 3 includes an axial bore 24. This bore is en 
larged at the body receiving end to bore 25. At the in 
board end of bore 25 a shallow bore 26 is formed to 
provide diaphragm clearance and to produce a step, 
27, corresponding in inner dimension with surface 13. 
At the other end bore 24 is enlarged in a second shal 
low bore 28. The outer diameter 23 is reduced and con 
toured at one end as indicated at 31 and a groove 32 
of lesser diameter formed inwardly of the end, the 
flange thus formed serving .as a grasping means 
whereby the unit may be easily held by the ?nger nails 
for insertion or removal by the wearer. 
The diaphragm or pellicle 4 is preferably of a film 

plastic material and when assembled in the device is 
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firmly gripped between surfaces 13 and 27 and in 
spaced relationship from surface 14. 
The support structure 5 is preferably comprised of 

two centrally perforated discs, 21 and 22, of closed 
pore cellular elastomer such as polyethylene, polyure 
thane or polyvinyl material. These discs are mounted to 
body member 2 by stretching over diameter 17 to seat 
in groove 19. 
Assembly of the cup member 3 to the body member 

2 may be by any suitable means such as press ?tting or 
pressing over a knurl as represented at 43. 
Referring now to FIG. 3 a modi?cation of this inven 

tion is shown wherein adjustment of the diaphragm 
clearance is provided. The ?rst body is now comprised 
of two parts, an inner member generally designated 6 
and an outer member generally indicated at 7. These 
two members coact in telescoping relation of the outer 
diameter 35 of the inner member within the bore 36 of 
the outer member. In addition the inner member 6 has 
screw threads, 37 engaging in internal screw threadsv 38 
within bore 36 of member 7. When these parts are 
threaded fully home the surfaces 40 on 6 and 41 on 7 
come into abuttment and provide a limit stop. The 
parts are so proportioned that the surface 14 on the end 
of the inner member will be within the plane of the sur 
face 13 of the outer member. The bore 37 of the outer 
member is enlarged to a shallow bore 39 adjacent sur 
face 41. A wave washer, 42, is contained within bore 
37, its free height being greater than the depth of the 
bore, for the purpose of providing an axial force to de 
velop friction between threads 36 and 38. The friction 
is for the purpose of holding the parts in ?xed relation 
ship with the surface 14 a selected distance from the 
plane of surface 13 after the members have been ro 
tated relative to one another for control of diaphragm 
clearance and hence the level of sound cut-off. 
Since clearances in the diaphragm area are small it 

has been found advantageous to provide mechanical 
filters to keep out small foreign particles. Within bore 
11 a ?ne fabric ?lter, 33, is ?tted and held in place by 
a press ?tted ring member, 34. A similar ?lter, 29, is ?t 
ted within bore 28 and held in place by ring 30. It is em 
phasized that these are mechanical not acoustic ?lters 
and the operating advantages of this device are readily 
apparent even in the absence of these ?lters. 

ln FlG. 4 a modi?ed form of cap is generally indi 
cated at 8. In this modi?cation the bore 24 is of a size 
corresponding to that of bore 10 and a groove 44, simi 
lar in function to groove 12, is machined into the in 
board face of bore 25 defining diaphragm supporting 
surface 27 and a second concentric surface 45. The 
surface 45 is further machined to bring its plane slightly 
inward of the plane of surface 27 to become a second 
diaphragm limiting surface. In an assembled device, 
surface 45 will function as a second viscous damping 
surface for the diaphragm on its outward excursion and 
add to the overall damping effectiveness for loud 
sounds. It will also perform as a limit stop for excessive 
negative pressure gradients whereas surface 14 is effec 
tive for the positive pressure waves. 

In operation under low noise conditions this device 
acts as a simple repeater. Sound appearing at the dia 
phragm, which approximates the ear drum in size, is di 
rectly coupled in one to one relationship through the 
air column within the external auditory canal. Under 
high intensity sound the diaphragm moves far enough 
in its vibration to contact the support surface 14 or sup 

4 
port surfaces 14 and 45, and the effect is of clipping the 
high intensity sound peaks. No additional sound or rat 
tle is introduced because a degree of damping is pro 
duced in the air ?lm over the surface 14 just before ac 
tual contact, surface 14 having a ?nite width. Finally 
under extremely intense sound and impact the dia 
phragm actually seats upon surface 14. When this oc 
curs the sound is not only limited but actually reduced 
since the effective diaphragm diameter has dropped to 
the diameter of bore 10. Bore 10, for instance, might 
be about one-third of the free diaphragm diameter. 
Since the diaphragm motion will vary as the fourth 
power of its radius, this will result in a reduction of 81:1 
and since the piston effect is now that of a one-third di 
ameter piston a further reduction of 9:1 takes place in 
the air column for a new reduction of the order of 
700:1 in the energy reaching the ear drum. Reduction 
of bore 10 diameter to one-tenth of the free diameter 
of the diaphragm would result in an over-all sound re 
duction of 8,000: 1. It is pointed out that as the damping 

/ surface 14 is made wider the degree of damping is in 
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creased. By changes in dimension of bore diameter 10 
and of the width of surface 14 means are provided for 
the design of a protective device having a desired tran 
sition point and degree of sound reduction. 
The selection of material for the supporting struc 

ture, 5, deserves attention. It must be conformable be 
cause the meatus surfaces of no two auditory canals are 
alike in either size or shape. It must be soft so as not to 
cause pressure points. The surface must not be so 
smooth as to be slippery nor as to cause sweating or 
wax formation in the canal. It must be sound absorbant 
so as not to pass sound around the device and thus de 
feat its purpose. A closed cell polyvinyl elastomer pos 
sesses all of these qualities and in addition it has the 
necessary elasticity to provide for a very simple means 
of assembly. This latter is of signi?cance in that it 
makes replacement of this part by the wearer practical 
when desired. Closed cell polyethylene is somewhat 
less elastic but has the quality of high conformability 
and gives a high degree of comfort. 

It has been found advantageous to cut the parts for 
the support structure 15, from cut sheets of the elasto 
meric material. They are made as round discs with a 
central perforation. Two are preferred, not cemented 
surface to surface, as this has been found to produce a 
much more conformable assembly than when either 
thicker or cemented material is used and is far superior 
to molded material which carries a skin surface. When 
in the ear the direct transmission of sound due to mo 
tion of the device in its cushion is negligible except 
when walking when each step is audible. Normal 
sounds do not drive the device as a whole since its mass 
is more than 20,000 times the mass of the diaphragm. 

Plastic material is the material of choice for the dia 
phragm, again for several reasons. First in importance 
is its low elastic modulus, less than 600,000 p.s.i., as 
compared with l0,000,000 for Aluminum, for exam 
ple, since it is desirable to have a diaphragm with as 
large a central excursion as possible where the diame 
ter is strictly limited by the wearing requirement. Sec— 
ond, its low density is advantageous in keeping the mass 
to a minimum, important in getting a sensitive dia 
phragm with good frequency response. The stability of 
the material under various conditions is a further ad 
vantage. Another advantage in plastic material is the 
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wide selection of hardness which enable the selection 
of various sound response characteristics where de 
sired. Finally, the permeability of these materials to 
water vapor and gasses is not to be found in metal foils. 
Having the diaphragm of permeable material aids in 
avoiding moisture buildup within the ear canal. 
To give dimension to this device it has been found 

that various diaphragm materials of from 0.001 inch to 
0.0015 inch in thickness function without distortion of 
sound of low level. Each performed satisfactorily 
against high level sound and impace noises with a clear 
ance of about 0.001 inch between the free diaphragm 
and the surface 14. 
From the foregoing description it will be seen that a 

device formed in accordance with the above teachings 
is simple in construction and relatively economical to 
manufacture. It is apparent that all of the objects and 
advantages of the invention have been accomplished. 
It will also be apparent, however, that changes may be 
made in the details of construction and arrangement of 
parts shown and described without departing from the 
spirit of the invention as expressed in the accompany 
ing claims. Therefore, it is to be understood that all 
matter set forth or shown in the accompanying draw 
ings is to be interpreted as illustrative and not in a limit 
ing sense. 

I claim: 
l. A device for protecting the ear comprising: 
?rst and second cylindrical elements, each ofsaid el 
ements including an axial sound passageway there 
through and a concentric diaphragm support sur 
face atone end thereof formed substantially ?at 
within a plane normal to the longitudinal axis of 
said elements; and a diaphragm supported between 
said support surfaces; 

said ?rst element further including a portion of the 
outer diameter reduced adjacent the end having 
the support surface and an elastomeric disc 
mounted annularly about the opposite end thereof; 
an inner cylindrical member telescopically adjust 
able to said ?rst cylindrical element as by inter?t 
ting threads, together with frictional holding means 
in the form of a wave washer for maintaining se 
lected positions of said inner member relative to 
said ?rst element; said inner member constuting a 
concentric diaphragm stop surface formed substan 
tially ?at and within a plane normal to the longitu 
dinal axis of said member; whereby when the inner 
member is adjusted to its innermost position rela 
tive to the ?rst cylindrical element, the stop and 
support surfaces will lie in the same plane, and 
when adjusted away from this limit position the 
stop and support surfaces will lie in separated and 
parallel planes; 

said second element further comprised of a unitary 
cylindrical member including a concentric recess 
at the end adjacent the said support surface 
adapted to receive in ?tting relation the reduced 
diameter portion of said first cylindrical element, 
and a concentric diaphragm stop surface at the 
same end thereof formed'substantially ?at in a 
plane normal to the longitudinal axis of said ele 
ment; said stop surfacellying inward, radially and 
longitudinally of said second element with respect 
to the said support surface; a circumferential 
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6 
groove adjacent the end opposite that containing 
said recess and adapted for engagement as by ?n 
ger-nails; whereby in assembled position, the stop 
surfaces are adapted to contact a portion of the 
central half of the area of the diaphragm that vi 
brates in response to sound of a predetermined lim 
iting intensity and the viscous drag of air between 
the stop surfaces and diaphragm may be used to 
control the damping characteristics of the dia~ 
phragm for sound levels below the limit intensity 
established. 

2. A device for protecting the ear comprising: 
?rst and second cylindrical elements, each of said el 
ements including an axial sound passageway there 
through and a concentric diaphragm support sur 
face at one end thereof formed substantially flat 
within a plane normal to the longitudinal axis of 
said elements; and a diaphragm supported between 
said support surfaces; 

said ?rst element further including a portion of the 
outer diameter reduced adjacent the end having 
the support surface and an elastomeric disc 
mounted annularly about the opposite end thereof; 
an inner cylindrical member telescopically adjust 
able to said ?rst cylindrical element as by inter?t 
ting axial threads, together with frictional holding 
means in the form of a wave washer or the like for 
maintaining selected position of said inner member 
relative to said ?rst element; said inner member 
constitutingaa concentric diaphragm stop surface 
formed substantially flat and within a plane normal 
to the longitudinal axis of said member; whereby 
when the inner member is adjusted to its innermost 
position relative to the first cylindrical element, the 
stop and support surfaces will lie in the same plane, 
and when adjusted away from the limit position the 
stop and'support surfaces will lie in separated and 
parallel planes; 

said second element further comprised of a unitary 
cylindrical member including a concentric recess 
at the end adjacent the support surface adapted to 
receive in ?tting relation the reduced diameter por 
tion of said ?rst cylindrical element; and a concen 
tric diaphragm stop surface at the same end thereof 
formed substantially ?at in a plane normal to the 
longitudinal axis of said element; said stop surface 
lying inward radially and outward longitudinally of 
said second element with respect to said support 
surfaces; a circumferential groove adjacent the end 
opposite that containing said recess and adapted 
for engagement as by ?nger-nails; whereby in as 
sembled position, the outer stop surface is adapted 
to contact a portion of the central half of the area 
of the diaphragm to substantially muf?e sound 
below a ?rst limit of sound intensity, and the inner 
stop surface is adapted to contact a portion of the 
central half of the area of the diaphragm that vi 
brates in response tov sound above a second limiting 
intensity of sound, and the viscous drag of the air 
between stop surfaces and the diaphragm may be 
used to control the damping characteristics of the 
diaphragm vibration for sound levels between the 
two said limits of sound intensity. 
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