S. F. LYBARGER
BONE CONDUCTION RECEIVER

2,230,500

Filed Jan. 14, 1939

20 g
'} i i & g =Y
L T G DT ; - ] == 1
[ ol
‘ i i T W (- L0 5
R
. . ; —12 3] < ' \

L fJ////’)"i/)\
NSy
_\\\W 4
o / 'J

ad 7 B
A2 &

A AR I I

INVENTOR.
Rrowm , bpikattyy ot
‘ - 4ie ATTORNEYS.




10

15

20

25

80

33

40

45

‘50

65

Patented Feb. 4, 1941

2,230,500

UNITED STATES PATENT OFFICE

2,230,500
BONE CONDUCTION RECEIVER

Samuel F. Lybarger, Pitisburgh, Pa., assignor o
E. A. Myers & Sons, Mount Lebanon, Pa., a
partnership consisting of Edward A. Myers,
Edwin J. Myers, Alfred E. Pelz, and Samuel F.

Lybarger

Application January 14, 1839, Serial No. 251,039
(CL 1‘19—10’8)

7 Claims,

This invention relates to hearing-ald recelvers
for hard-of-hearing people, and more psarticu-
larly to bone conduction receivers of the direct
action type.

A commercial form of this type of recelver
is illustrated in my patent application Serial No.
233,343, filed October 5, 1938. As there shown,
electromagnetic means, including & pole-piece,
is mounted in a case which has an open side.
Extending across this open side of the case is a
rigid plate-like vibratory member that is resil-
iently supported adjacent the pole-piece with an
air gap between them. The case is supported by
& head-band for holding the vibratory member

against a hearing-inducing bone of the user. To -
- permit the vibratory member to vibrate rela-

tive to the case, it is spaced from the case, and
this space is closed by & gasket.

In this type of receiver where the area of the
vibratory surface engaging the head is approxi-
mately the same size as the rest of the receiver,
the problem of air radiation from the surfaces
of the receiver becomes of considerable impor-
tance. That is, with & gasket which offers con-
siderable resistance to passage of air through
it, the receiver is in effect a closed cavity, the
surfaces of which vibrate. It is therefore simi-
lar to a telephone receiver and, like the latter,
has a fairly high radiation efficiency, especially
at high frequencies. Such a recelver operates
satisfactorily as a bone conduction receiver as
long as ther: is not sufficient amplification in the
system to cause the sound radiated by the re-
ceiver into the air to be transmitted through the
air back to the microphone where it is re-am-
plified and presented again to the receiver. With
such a condition howling or acoustic feed-back
would be produced. In cases where the. micro-
phone is located at a considerable distance from

the receiver, as in a theater or church where & -

wiring distribution system is used from a micro-
phone on the platform, this effect would not im-
pair the bone conduction reception, although it
might produce enough radiated sound to disturb
the people in the immediate vicinity of the re-
ceiver. But in general the microphone is worn
on the upper part of the body of the user where
it is relatively close to the receiver,.and can
therefore more or less easily pick up sound radia-
tions therefrom, if they are loud.

It is among the objects of this invention to
provide a bone conduction receiver which can be
used with very high amplification without pro-
ducing acoustic feed-back to the microphone, and
in which the effect of sound radiation from sur-

-

faces of the receiver is minimized. Other objects
are to provide such & recelver with means that
permits freedom of air flow in and out of the case
but prevents dust and other foreign matter from
fouling the air gap. '

In accordance with this invention, a substan-
tially rigid vibratory member adapted tc be
pressed against & hearing-inducing bone of &
hard-of-hearing person, such as the mastoid
bone, is disposed across an opening In & case that !
conteins an electromagnet. The vibratory mem-
ber is so supported by resilient means mounied
in the case that an air gap Is formed between
the electromagnet and the vibratory member.
The vibratory member is spaced a sufficient dis-
tance from the case {0 permit enough freedom
of .air flow in and out of the case to avoid ob-
jectionable sound radiation therefrom. That is,
the area of the receiver which is effective in ra-
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diating sound is materially reduced because air is 20

more or less freely admitted to both sides of the
vibratory member, whereby the sound radiated
from one side of the vibratory member tends to
cancel the sound of opposite phase radiated from
its other side. In one form of the invention the
walls of the space between the case and vibratory
member are provided with stepped or otherwise
irregularly shaped portions to prevent foreign
objects from being inserted through that space.
A more desirable form of the invention seals this
space with a flexible or resllient gasket that pre-
vents objectionable foreign particles, such as dust,
from entering the case, but which is porous
enough to offer only a small amount of resistance
to flow of air in and out of the case. In the
preferred embodiment of the invention the space
between the vibratory member and case is unob-
structed by any gasket, but a sealing member
surrounds the air gap itself in close proximity
thereto so as to prevent foreign matter from foul-
ing it. This gasket encloses a very small volume
of air and therefore forms only a small closed
cavity behind the vibratory member, whereby the
effective radiation area of the receiver is great-
1y reduced. :

The invention is illustrated in the accompany—
ing drawing in which Fig. 1 is a view illustrating

the positions in which & bone conduction receiver '

and a microphone are generally worn by a hard-
of-hearing person; Fig. 2 is an enlarged plan
view of the recelver as seen when it is lying with
its vibratory member face down; Figs. 3 and 4
are longitudinal and transverse sections, respec-
tively, taken on the lines IITI—IIT and IV—IV
of Fig. 2; Fig. 5 is an enlarged perspective view




of the sealing member that surrounds the air
gap; and Fig, 6 is a fragmentary section show-
ing a modification of this invention. -

Referring to Figs. 2, 3 and 4 of the drawing, an

integral case f, which is approximately rectangu-

lar in cross section, has top and depending side

- and end walls and an open bottom. - Mounted in
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this case Is electromagnetic means for driving a
vibratory member in accordance with variations
in electric current caused by a microphone 2
(Fig. 1) responding to sound waves. The electro-
magnetic means or system includes a permanent
bar magnet $ to one end of which is secured a
metal pole-piece 4 that has a portion extending
substantially at right angles to the magnet and
towards the open bottom of the case. The inner
end of the pole-plece is preferably disposed be-

> tween the magnet, to which it is connected by
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screws §, and the top of the case. The pole-piece
and magnet are rigidly attached to the top of the

- case by serews 6 threaded into the pole-plece, and
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by screws T connected to a spacer member 8 be-
tween the opposite end of the case and the mag-
net to which the spacer member is attached by
screws 8. The outwardly projecting portion of
the pole-piece is encircled by an electromagnetic
cofl 11 connected by wires 12 to metal spring
strips 13 secured at one end to the sides of the
case with their other ends projecting part way
across a pair of openings (4 through the adjoin-
ing end wall of the case. These openings are
adapted to recelve electric plugs 16 that engage
sorings 13 and connect them with the micro-
phone 2 or amvlifier unit (not shown) of the
hearing-aid system.

Extending across the open bottom of the case
and forming a cover therefor is a rigid plate-
like button or vibratory member 17 adapted to
eneage a hearing-inducing bone, such as the
mastold bone, of a hard-of-hearing person. Of
course. engagement with a bone means contact
with the skin overlying the bone. This vibratory
member is supported from the interior of the
case In predetermined spaced relation with the
outer end of the pole-plece by means of spring
{8 which Is resillent wholly or in part to per-
mit the vibratory member to be vibrated by the
electromagnet., As the vibratory member is
vigld, it must also be spaced a slight distance
from case | so that its movements will not be
prevented by the case. Being a direct action
tyve receiver, the vibratory member is pressed
azainst the head or other bone structure by the
case through spring 18, the case being directly
suonorted by suitable means, such as a head-
band. To prevent spring 18 from being sprung
out of shape in case someone pinches the vi-
brating member and case together at the end
obnosite to the pole-piece, the inner face of the
vibratory member is provided with a projection
19 that is spaced only a slight distance from the
end wall of the case. )

As shown In Figs. 1 and 2, the band includes
a curved strip 20 of spring metal adapted to ft
over the head, and a yoke 21 pivotally connected
to the metal strip and straddling the case. The
ends of the yoke are provided with pins 22 that
are pivotally mounted in holes 23 in the oppo-
site sides of the case so that the case can tilt

- vertically relative to the yoke to better adjust

(]

itself to the contour of the head. The outer
surface of the vibratory member is preferably

curved longitudinally to give a greater area of-

contact with the head In order to rest more
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comfortably against it, and also to better retain
the vibratory member in position.

Spring I8 is connected to the vibratory mem-
ber adjacent the polé-piece by screws 27, and
extends away from both of them towards the [’
opposite end of the case to which it is connected
either directly or indirectly. Preferably, this in-
ner end of the spring is connected to magnet
bar 3 at the end opposite to the pole-piece by
screws 8. By making spring 18 of magnetic
metal its outer end can serve as an armature for
the electromagnetic system when extended across
the end of the pole-piece, as shown in Fg.3. In
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- spite of the pole-piece being rigidly mounted in

the case, it can be sprung away from magnet 3 18
& very slight amount by set screw 28 to increase
the width of air gap 26. ‘

It is a feature of this invention that the vi-
bratory member is spaced far-enough from case
" to permit sufficlent freedom of air fiow into
and out of the case for diminishing radiation
of sound through the air from the surfaces of
the receiver to & point where the radiations are
not objectionable to the user or those near him.
The vibratory member or case therefore corre-
sponds to a vibratory plate freely suspended in
alr so that sound radisted from one side of the
plate tends to cancel that radiated from the other
side and which is of opposite phase. As shown
in Figs. 3 and 4, the walls of the space between
the vibratory member and case are preferably
provided with stepped portions 3! forming a se-
ries of right angles so that foreign objects can
not readily be inserted through this space into
the receiver. . ’ .

It i3 also highly desirable to protect air gap
26 against being fouled by dust or other foreign
matter that may find its way into the receiver
through the small space between vibratory mem-
ber and case. In accordance with this invention 40
this protection is obtained by surrounding the.
air gap itself with a sealing member 32. This :
member is flexible or resilient so that it will not
interfere with the necessary vibrations of the vi- )
bratory member, and it engages the electric coil 448
and spring 18 below it in order to seal the space |
immediately surrounding the air gap. The an-
nular sealing member is very small so that it
wil] enclose only a small volume of air, whereby
only a very small area of the vibratory member 50
forms a wall of a sealed cavity or chamber. Con-
Sequently, the effective air radiation surface of
the relatively large plate-like vibratory member
or of the case 18 reduced to such an extent that
the sound radiated by it through the air is too 55
weak to cause acoustic feed-back or to disturb
people ‘near the hard-of-hearing person. A

Preferably, the sealing membeér is substantially
of the shape shown in Pig. 5. 'That is, it has
spaced upper and lower marginal portions 33
extending laterally outwardly in the same gen-
eral direction from the central portion of the
Seal. This shape makes the seal very flexible
for its size, and the marginal portions tend to
spread apart and engage spring 18 and the ad-
Jacent- end face of the coll between which the
seal is most effectively located. It is also de-
sirable to cement the marginal portions of the
seal to the surfaces they engage. .

A recelver made in accordance with this in-
vention has the advantage of the comfort of a
relatively large plate-like surface engaging the
head, without the disadvantage of acoustic feed-
back or excessive sound radiation through air
generally found with receivers of this type. The {3
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interior of the receiver is protected from dam-
age arising from the insertion of pins and the

like through the space between case and vibra-

tory member, and the vital air gap is prevent-
ed from being fouled by small foreign particles,
such as dust.

In the modification shown in Fig. 6, sealing
member 32 and stepped portions 31 of the re-
ceiver may be dispensed with, and the function
of both performed by a resilient or flexible gas-~
ket 36 mounted in the space between case wall
and vibratory member. To permit flow of air
into and out of the case to be free enough to
accomplish the object of this invention, this gas-
két must be formed of a material of relatively
great porosity. However, the ‘gasket must not
be so porous as to permit penetration by dust
particles and the like which might foul the air
gap. A material that has been found suitable
for this gasket is a porous felt, although there
are doubtless other materials, such as muslin,
etc., that would be satisfactory.

According to the provisions of the patent stat-
utes, I have explained the principle and con-
struction of my invention and have illustrated
and described what I now consider to represent
its best embodiments. However, I desire to have
it understood that, within the scope of the ap-
pended claims, the invention may be practiced
otherwise than as specifically illustrated and de-
scribed. i C

Iclaim:

1. A bone conduction receiver comprising a
case open at one side, a relatively large plate-like

Vvibratory member forming a closure for said

opening and overlapping the case but spaced

from the case sufficiently to permit unrestricted

- flow of air into and out of the case to rénder air

40

radiation of sound from the receiver unobjec-
tionable when said vibratory member is posi-
tioned against the head, the space between said
case and. vibratory member being entirely open,

electrically controlled means mounted in the.

~ case for actuating said vibratory member, and
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resilient means in the case supporting the vibra-
tory member.
2. A bone conduction receiver comprising a

case having an open side, electromagnetic means .

mounted in the case, a relatively large plate-like
vibratory member forming a wall for and over-
lapping the open side of the case and spaced
therefrom sufficiently to permit enough freedom
of air flow into and out of the case when said
vibratory member is positioned against the head
to render air radiation of sound from the receiver

unobjectionable, and resilient means in the case

supporting the vibratory member, the walls of
the Space between the case and vibratory mem-
ber being formed with stepped portions- for pre-
venting the insertion of forelgn objects through
said space. :

3

3. A bone conduction receiver comprising a
case having an opening in one side, a pole-piece
mounted in the case, a vibratory member ex-
tending across said opening and spaced from the
case, resilient means in the case supporting the
vibratory member adjacent the pole-piece with
an air gap between them, and a flexible sealing
member surrounding said air gap in close prox-
imity thereto. i

4, A bone conduction receiver comprising a
case having an opening in one side, a pole-piece
mounted in the case, an electric coil surround-
ing the pole-piece, a vibratory member forming
a closure for said opening and spaced from the
case, resilient means in the case supporting the
vibratory member adjacent the pole-piece with
an air gap between them, and a flexible sealing
member surrounding said air gap in close prox-
imity thereto, said member having laterally ex-
tending spaced marginal portions connected to
the vibratory member and the adjacent end of
the coil. ‘ '

5. A bone conduction receiver .comprising a
case having an opening in one side, a pole-piece
mounted in the case, an eleétric coil surrounding
the pole-piece, a vibratory member forming a
closure for said opening and spaced from the
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case, the walls of the space between the case

and vibratory member being formed with stepped
portions for preventing the insertion of foreign
objects through 'said space, resilient means in
the case supporting the vibratory member ad-

" jacent the pole-piece with an air gap between

them, and a flexible sealing member surround-
ing said air gap In close proximity thereto, said
member having laterally extending spaced mar-
ginal portions connected to the vibratory mem-
ber and the adjacent end of the coil.

"6. A bone conduction receiver comprising a
case having' an opening In one side, a pole-piece
mounted in the case, s vibratory member ex-
tending across said opening and spaced from the
case, resilient means in the case supporting the
vibratory member adjacent the pole-piece with
an ajr gap between them, and means entirely in-
side the case protecting the air gap from for-
elgn matter. '

7. A bone conduction receiver comprising a
case having an opening in one side, a pole-piece
mounted in the case, an electric coil surround-
ing the pole-piece, a vibratory member forming
2 closure for said opening and spaced from the
case, resilient means In the case supporting the
vibratory member adjacent the pole-piece with
an air gap between them, and a flexible sealing
member surrounding said air gap in close prox-
imity thereto between the end face of the coil
and the vibratory member.

SAMUEL F. LYBARGER.
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