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ACOUSTIC EAR MOLD FOR HEARING AID 

vCROSS REFERENCES TO RELATED PATENTS 

This invention is related to US. Pat. No. 3,602,330, 
issued Aug. 31, 1971, in the name of Rubein V. John 
Son, entitled ACOUSTIC EAR MOLD FOR HEAR 
ING AID. It is also related to US. Pat. No. 3,688,863, 
patented Sept. 5, 1972, in the name of Rubein V. John 
son, entitled ACOUSTIC EAR MOLD FOR HEAR 
ING AID. 

BACKGROUND OF THE INVENTION 

This invention relates to hearing aids and more par 
ticularly to an ear mold for a hearing aid which incor 
porates a plurality of re?ection and resonance cham 
bers. Heretofore, hearing aids have been developed for 
amplifying sound waves and to conduct the ampli?ed 
waves to the tympanic membrane of the ear, in order to 
improve the hearing of an individual. Presently manu 
factured hearing aid apparatus includes an ampli?er, 
transducer and an ear mold all or parts of which are in 
sertable into the ear. 
Ampli?ed sound wave energy created by the ampli 

?er and transducer is usually air conducted to the ear 
mold, wherein the longitudinal canal or conduit con 
veys the ampli?er sound wave energy to the tympanic 
membrane of the ear where the normal hearing process 
is commenced. That is, the sound wave energy strikes 
the tympanic membrane and then travels onto the mal 
leus, the incus, the stapes, to the oval window and on 
through the ?uid of the inner ear where the cochlea 
contains the organ of the corti with associated nerve 
endings of the auditory nerve from the brain. 
A disadvantage of the presently manufactured ear 

molds is that improved hearing is contingent solely 
upon sound wave ampli?cation. If, for example, oto 
sclerosis has rendered immovable, or partially immov 
able, the stapes due to ankylosis in the oval window, the 
effectiveness of a hearing aid is lost. Also in many in 
stances where a high level ampli?cation is necessary 
sound saturation results, whereby the normal process 
of hearing becomes traumatized and a degree of hear 
ing is not aided insofar as intelligibility is concerned. 

In addition to the normal air conduction process of 
hearing by way of the tympanic membrane, sound wave 
energy can also be conducted to the hearing part of the 
‘brain by means of bone conduction. In bone conduc 
tion hearing, vibratory sound wave energy is transmit 
ted to the brain over a separate and distinct route from 
the normal hearing process. Sound wave energy di 
rectly enters the mastoid process and other associated 
bones of the head and travels by bone conduction to 
the hearing part of the brain for discrimination and in 
terpretation. Thus bone conduction hearing can be 
bene?cial in reinforcing sound wave energy transmit 
ted to the brain by the normal air conduction process. 
It is therefore an object of this invention to provide an 
improved acoustic ear mold for bone conduction of 
sound wave energy in combination with conventional 
air born sound wave energy to the ear.‘ 

It is another object of this invention to present an im 
proved ear mold wherein ampli?ed sound waves are 
conducted to the tympanic membrane of the ear and 
simultaneously therewith to the bones of the mastoid 
process, and other bones such that sound wave energy 
is conveyed by two separate routes to the hearing, un 

2 
derstanding part of the brain for speech and sound dis 

' crimination, interpretation and understanding. 
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SUMMARY OF THE INVENTION 

These and other objects are realized and the limita 
tions of the prior art are overcome in this invention by 
providing a resonance chamber, a re?ection and com 
pression chamber‘ which surrounds the principal tubu 
lar channel for acoustical energy transmission from the 
ampli?er and transducer through the ear mold and into 
the ear. The resonance and re?ection chamber is an an 
nular space between the central tubular portion and an 
outer tubular portion which is closed by annular end 
plates, to which the central tubular portion is sealed. 
There is an opening in the wall of the central tube 
which connects the annular resonance and re?ection 
space with the internal passage or a conduit of the ear 
mold. The outer annular re?ection and resonance 
chamber is con?ned by the thin walled outer tubing 
which will vibrate in resonance with the air vibrations 
in the annular chamber. 
This device is molded into the conventional ear mold 

for insertion into the ear, however, the plastic of the ear 
_mold is of relatively thin wall construction so that no 
matter how the ear mold is placed in the ear there will 
be a portion of the vibrating outer tubular wall in rela 
tively close proximity to the bony structure in the mas 
toid process and other associated bones. Thus, acousti 
cal energy from the transducer that is fed into the ear 
mold, and through the central tubular portion to the 
ear, as air carried acoustical energy, is reinforced by 
the resonance, re?ection and compression in the annu 
lar chamber to strengthen the acoustical wave being 
airborn to the ear. Also the resonance re?ection and 
compression in the annular chamber initiates and main 
tains vibration of the outer tubular wall, and from it 
through the thin plastic wall of the ear mold and 
through the tissue of the ear canal into the bony struc 
ture of the ear. 

In applicant’sprior inventions, now US Pat. Nos. 
3,602,330 and 3,688,863, there are disclosed improved 
ear molds which contain re?ection and resonance 
chambers for reinforcing the air conducted sound 
waves through thecentral conduit- in the ear mold to 
the tympanic membrane. In one embodiment there is a 
metallic strip along the edge of the ear mold which is in 
contact with the re?ection chambers so that acoustic 
energy inside the chambers is communicated to the 
metal strip along the outside of the ear mold. In US. 
Pat. No. 3,688,863, a second resonance chamber is at 
tached to the outside of the central chamber so that it 
will be in close proximity to the outer wall of the ear 
mold and to the bony structure of the ear, to facilitate 
the transmission of acoustic vibrations through the me 
dium of bone conduction to the brain. 
This ear mold is a distinct improvement over both 

types. The resonance and re?ection chamber sur 
rounds the central tubular passage, is enclosed in a thin 
walled outer cylindrical tube, which vibrates in con 
junction with the passage of acoustical energy. Being of 
selected large diameter the walls of the tube can be 
placed in close proximity to the bony structure of the 
ear, irrespective of the orientation of the ear mold in 
side the ear. Thus there is great convenience in the 
transmission of vibrations from the outer tubular wall 
of the device into the body structure of the ear. It is 
clear, therefore, that this invention has a distinct ad 
vantage and is a great improvement over the two prior 



patentys,,in that .the resonatingand-re?ecting metal sur 
face by ‘means of which vibrational energy is conducted 
to the bony structure "of the ear,'is.effe'etive no matter 

» ‘what the orientation ofthe leanrnold might be with re 
' r spect to the mastoid process or other boney structure in 
‘~ the ear. Sinceit is vibrating; on thelient'ire outer surface 
of the ear mold, it will have a maximum‘ opportunity to 
communicate the vibrations tobony structure, no mat 
ter how associated with the individual, ear.’ I - 

BRIEF DESCRIPTION OF THE DRAWINGS 
It is another object of the invention to provide an ear 

mold for a hearing aid in which a plurality of resonance 
chambers are provided inside the ear mold for the pur 
pose of ?ltering and amplifying selected frequencies in 
the acoustical wave being propagated into the ear 
through the ear mold, and to provide two paths for 

- transmission of acoustic wave energy from the ear mold 
to the brain of the user, one of these through the air 
born acoustic energy transmitted through the central 
tube of the ear mold to the tympanic membrane and 
the other through the vibrating surface of an outer cy 

, lindrical metal tube surrounding an annular resonance 

’ ' chamber, the wall of'the outerv tube being in close prox 
_ imity to the wall of the ear canal of the user and there 
fore in close proximity to the bony structure of the ear. 
' This and other objects of this invention and a clear 

' understandingof the principles and details of the invené 
tion ‘will, be evident from the following description 
takenin conjunction with the appended drawings, in 

. which: 

FIGS. 1, 2 and 3 illustrate views of one embodiment 
of this invention. . 
FIGS, 4 and~5 represent a second embodiment of this 

_ invention. , - 

FIG. 6 represents the use of the embodiment of FIG. 
1 in a molded ear mold. 
FIG. 7 illustrates a third'embodiment of this inven 

tion. - 

FIG. 8 illustrates a variation of the embodiment of 
FIG. 3. . - . 

DESCRIPTION OF THE PREFERRED 
' i ' EMBODIMENT 

Referring now to the'drawings and in particular to 
FIGS. 1, 2 and 3, there is shown in FIG. 3 the assembly 

, 10 of a metallic re?ection and resonance chamber. 
This is used for reinforcing the resonance and re?ec 

. tion of acoustical energy supplied by a hearing aid am 
plifying device, for use in a molded earlmold in con 
junction with the hearing aid. 
.FIG. 1 illustrates the outer tubular portion 12 of the 

device 10 of FIG. 3. The outer portion 12 comprises a 
' thin walled tube with a notch 16 in one end and an an 
nular'wall 19 at the other end, with a central opening 
18. FIG. ‘2 shows a central tubular portion of smaller 
diameter, having two parts 14 and 15 of slightly differ 
ent diameters, providing an inside and outside angle of 
incidence for re?ection and an inside compression 
chamber. The larger diameter end 14 faces toward the 

' transducer of the hearing aid, while the ‘smaller diame 
er end 15 faces‘ toward the ear of the userThere is a 

_ " ?ange 20 at the input end_23 which'?ts; intothe- notch 
"'isjwme a notch 22 at theend 21 ?ts into the opening 
“18 of outer'cylindrical portion. 12'. When the'two parts 

’ areinserted one .into theother', théy'can‘be'fastened ‘ 
- , and the- joints sealediby brazing, soldering, spinning, or 

by similar means. 

a ‘3,921,756 
4 

The assembly product is the end result of different 
sizes both of inside and outside tubes and also the 
length of the same, for instanceone may be suitable for 
an individual with an 8 gauge outside tube and a 12 
gauge inside tube and may be completed in different 

‘ lengths, i.e., as-3/l6, 4/16, 5/16, 6/16, 7/16, 8/16 of'an 
' inch. Likewisea combination. of a 4 millimeter tube 

10 
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may be used with a thin walled 12 gauge inside tube-of 
different lengths, also, a combination of an' outside 5 
millimeter tube may be used in combination with thin 
walled 10 gauge inside tube of different lengths. All of 
these combinations are important to make .the right 
type of acoustic mold or more accurately relate to this 
particular type of hearing loss. , ' 
An opening 24 is providedin the wall of the tube 14 

to join the space inside the central conduit composed 
of tubes 14 and 15 with the outer tube '12. All tubes 14, 
15 and 12, are thin walled metal preferably noncorro 
sive metal such as gold, or stainless steel, for example. 
They are thin enough so that they will‘resonate in. re 
sponse to the sound vibrations in the chamber 28, for 
example. - ' ~ 

Consider now FIG. 6, which is a partial cross section 
of an ear mold designed for insertion into the ear.‘ The 
plastic tube 54 leads from the ampli?er and transducer 
of the hearing aid, which supplies acoustical energy ‘in 
accordance with the arrow 51. This energy enters the 
opening 23 of the metal device as shown in FIG. 3. Part 
of the energy goes directly through the tubes 14 and 15 
out the end 21, and into. the ear of the, user, where the 
airborne acoustic energy strike the tympanic mem 
brane. Part of the acoustical energy is transmitted 
through the opening 24 in the wall of central tube 14 
into the annular space 44, where resonances and re?ec 
tions are setup, which serve to amplify selected fre 

» quency components of the energy moving into the ear 

45 
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mold. . 

At the same time the outer wall 12 of the device, 
which is molded into the plastic of the ear mold 50, will 
vibrate in a radial direction, outwardly and through the 
thin wall 151 of the plastic of the ear mold, into the wall 
of the ear canal and bony structure of the ear, where it 
is transmitted by well known physiological processes to 
the brain of the user. This bone'conduction energy sup 
plements the signals transmitted from the ear of the 
user responsive to the airborn acoustic energy'reaching 
the tympanic membrane. ' ' 

In the prior two patents of the present inventor, there 
was a metallic vibrating surface which 'was responsive 
to the acoustical energy passing into the ear mold. 
However, this metallic surface was of relatively short 
circumferential extent. In other words, the ear mold 
had to be positioned in the ear so that this metallic por 
tion was in the proper orientation, to bear against'the 
bony structure of the ear. If the ear mold were tobe -ro 
tated to another direction where there would not be 
close enough vproximity of the vibrating metal surface 
to the bony structure, then that path of transmission of 

- acoustical energyto the brain would be lost. , 
In this invention the vibratory metal surface is cylin 

drica] in shape, and large in diameter, so that no matter 
1 what the orientation of the ear mold in the ear canal, 
there will always .be a portion of the vibrating surface in 

' close proximity to that portion of the ear nearest'ithe 
bony structure. Therefore, there is great assurance that 
whenever the ear mold is placed in the ear that there 
will be a vibrating metal surface in close proximity to 
the bony structure. ’ 
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Referring now to'FIGS'. 4 and'S't'h'ere, is, shown a sec 
ond embodiment v32.0f the improvement of this-inverse. 
tion. This, as shown in FIG.‘4,,util'iz‘es a central tube 1‘ 
very similar to a part,’14'of\FIG. 2,_however, there is no 
opening comparable to the openingr24 through the wall 

6 . 

ear. This device'ma'y have'a clear central passage 
1. : through from the inlet to the outlet leading to the ear, 

of the central tube 35. Furthermore, the outer tube 34v 
is not joined by means of an annular wall comparable to ' 
element 19 of FIG. 1, which closes the annular space 1 
between the outer tube 34 and the inner tubes 35, 36.‘ 
Instead the outer tube 34 is longer than the inner tubes 
35, 36 and is closed off with a very thin diaphragm 46 
which is spaced away from the end 42 of the central 
tube 36. There are thus three resonance chambers 39, 
40 and 44 connected to each other. 
The embodiment of FIG. 4 differs from that of FIG. 

3 in that the air carried vibrations which are transmit 
ted to the tympanic membrane are generated in the ear 
canal by the vibrations of the thin diaphragm 46. How 
ever, like the embodiment of FIG. 3 the outer tubular 
portion 34 is free to vibrate in response to the pressure 
oscillations in the annular space 44 and will operate in 
a similar way to the tubular portion 12 of FIG. 6. Thus 
the outer tube 34 can transmit vibrations directly to the 
bony structure of the ear, no matter in what orientation 
that bony structure may be with respect to the tubular 
portion 34. a - 

Also in a very mild hearing loss, the sound wave 
passes through the thin diaphragm 46 on the ear drum 
and will greatly reduce traumatic shock by virtue of the 
sound image being transmitted to the ear drum. 

In FIG. 7 is shown still a third embodiment of the in 
vention installed on an ear mold, indicated by the nu 
meral 60. This contains a portion 50 which is inserted 
into the ear. Unlike the drawing of FIG. 6 wherein the 
metal portions are entirely encased in a plastic coating, 
identi?ed by numeral 50, in the invention as shown in 
FIG. 7, there is the same central tubular structure 62 
and 64, with an opening, 66 through the wall of the 
tube 62. Acoustical energy coming byway of tube 54 
from the transducer can pass through the central tube 
62, 64 and out through opening 80 into the ear and to 
the tympanic membrane. The outer surface of the ear 
mold is indicated by numeral 68. This is a thin metal 
wall shaped in accordance with the desired shape of the 
ear mold and entirely enclosing an annular space 70 be 
‘tween the central tubes 62, 64 and the outer tubular 
portion 68. By this means the need for the thin wall of 
plastic 51 is removed and the vibrating metal surface is 
in direct vibratory contact with the tissue of the ear 
.canal and therefore in closest proximity to the bony 
structure of the ear. 
The metal structure of FIG. 7 may be made remov 

able from the ear mold. For this purpose the central 
tube 62 has'an extension 76 which can be inserted into 
a corresponding cavity in the molded portion 50 of the 
ear mold. Two pins 78 are provided to orient the metal 
lic portion with the ear mold 50 so as to maintain the 
proper orientation for the physical outer contour of the 
device and to further lock the device into place by use 
of the serrated pins. 

In summary, what has been described comprises a 
thin walled metallic assembly which contains an inlet 
opening for the transmission of acoustical energy from 
the ampli?er and transducer of the hearing aid through 
and into the metallic device, from which acoustical en 
ergy is transmitted through the air into the ear and the 
tympanic membrane, and also through the vibrations of 
the outer wall of the device to the bony structure of the 
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~ .or it may have'the passage closed by a thin diaphragm. 
Both designs provide a plurality of re?ection and reso 
nance chambers so that by proper design, selected fre 
quencies can be ampli?ed or ?ltered. The most impor 
tant'advantage of» the device, however, is in the provi 
sion of a large diameter, thin walledresonance cham 
ber which is .in physical contact with thetissues of the 
ear, canal, or molded into a thin walled plastic cover 
ing, but in any case, there is always a portion of this cy 
lindrical metallic vibrator in close proximity to the 
bony structure of the ear for the transmission of energy 
through that route to the brain. _ 
While speci?c details of structure have been shown, 

these are by way of illustration only, and other details 
of construction will be evident to one skilled in the art. 
Typical dimensions of the metal chambers might be 

as follows: The wall thickness of the central and outer 
tubes can be, in the range of 0.005 to 0.010 inch. The 
inner diameter of the central tube might be in the range 
of 0.06 to 0.10 inch. The outer diameter might be in the 
range of 0.13 to 0.25 inch. The length can vary from 
,3/16 to 1/2 inch in incremental sizes depending on the 
individual needs. The opening 24 of FIG. 2 is in the 
range of 0.07 to 0.08 inch. It is possible to make up the 
total length of the device out of two shorter length de 
vices. Thus, two devices of lengths 3/16 and 3/l6 inch 
can be attached (as by soldering), coaxially, end to 
end, to make a device % inch long. 
The narrowing of the central tube is for the purpose 

of increasing the intensity of the acoustical energy car 
ried to the ear through the small end. If two devices are 
attached in series as described in the preceding para~ 
graph, it is desirable to make the inner diameter of the 
central tube of the one closest to the ear smaller than 
the inner diameter of the outermost device, for the pur 
poses of increased intensity. ‘ 
The invention may also be used for the transmission 

of sound to the ear drum without an earmold, by en 
closing the metal tube inside of the tubing 11 that leads 
from the hearing aid, into the auditory meatus or canal 
of the ear (see FIG. 8). This is done by preforming the 
tube 11 to tit into the ear canal, and the metal tube of 
the device is installed its full length into the tubing it 
self, pointing toward the ear drum. The use of this pre 
formed tubing (without an ear mold) is being used in 
the profession of hearing aid ?tting where the individ 
ual cannot withstand sound level pressure that builds 
up with an acoustically sealed ear mold. 
What is claimed is: 
1. In a hearing aid ear mold insertable into the ear 

canal and having a longitudinal conduit for the passage 
of sound wave energy from a hearing aid, to the tym 
panic membrane of the ear, the improvement compris 
ing a metal structure having: 

a. a central thin walled metal tube forming said con 
duit, connected at one end by tubular means to said 

' hearing aid, the other end inserted into the ear; 
b. an outer thin walled metal tube coaxial with said 

central tube, and forming an annular space,v closed 
by annular end walls, sealing the space between the 
ends of said two tubes; 

c. an opening in the wall of said central tube, joining 
said annular space and the space inside said con 
duit. 

2. The ear mold as in claim 1 including a thin layer of 
plastic molded to the outer surface of said outer tube 



7 
and to the contour of the users ‘ear. 

3. The ear mold as in claim 1 in which said central ‘ 

tube is constructed with two portions of different diam 
eters. 

4.’ The ear mold as in claim 3 in which the portion of 

larger diameter is connected to the hearing aid and the 
part of lesser diameter is inserted into the ear. 

5. The ear mold as in claim 3 in which said opening - 
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i in the wall of said central tube'is in the portion of larger 
diameter. 

6.‘The ear mold as in claim 1 in which said central 
and outer tubes and end walls are made of gold. 

7. The end mold as in claim 1 in which said central 
and outer tubes and end walls are made of stainless 
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