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HEARING PROTECTOR WITH COMPARTMENT FOR RECHARGEABLE BATTERY PACK

Background

People frequently wear hearing protection when they are in loud or noisy environments. Hearing
protection can reduce the amount of noise the user’s ears are exposed to. In some cases the user might
want to hear some noises, such as a conversations or commands from people around them, music, other
entertainment or other communication (¢.g. AM/FM radio transmissions, Bluetooth transmissions, or
communication from other transceivers) delivered through an input sound source. If the user is wearing
hearing protection, hearing these desirable noises can be difficult or impossible. Therefore, there is a
need to allow the user of hearing protection to still be able to hear some external noises, while still
reducing the loud or undesirable noises.

Hearing protectors often require power to operate the apparatus. Batteries are often used to
power these products. Users of hearing protection products can appreciate the convenience of using
different battery types in the same apparatus. However, the different form factors of rechargeable
batteries compared to standard cylindrical batteries often makes it difficult for a single apparatus to be
powered by cither type of battery without modifications that change the appearance and/or size of the
apparatus. For safety reasons, it is also desired that products which can use rechargeable batterics have a
means of preventing charging from occurring if a non-rechargeable battery or wrong type of rechargeable

battery is used in the apparatus.

Summary

Sound external to a hearing protection headset can be input by one or more microphones on the
headset. The ambient external sound or background noises can be monitored, analyzed and filtered so
that a user of the headset can better hear human voices.

In one example, an apparatus for hearing protection includes a sound input source, such as a
microphone, disposed on the apparatus. The sound input source is configured to pick up an input sound
wave from the environment and to convert the input sound wave to an incoming signal. The apparatus
also includes a processor that is configured to receive the incoming signal and create an output signal.
The apparatus can further include a speaker disposed on the apparatus. The speaker is configured to
produce the output from the processor.

In one example, an apparatus for hearing protection includes a microphone disposed on the
apparatus and configured to pick up an input sound wave from the environment and convert the input
sound wave to an incoming signal. The apparatus also includes a processor, configured to receive the
incoming signal and create an output signal. The apparatus also includes a speaker disposed on the
apparatus, the speaker configured to produce the output from the processor. The apparatus also includes a

battery compartment that comprises three contacts: a first positive contact configured to make electrical
-1-
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contact with a positive terminal of a battery or battery pack, a second negative contact configured to make
electrical contact with a negative terminal of a battery or battery pack, and a third contact configured to
facilitate charging of a rechargeable battery pack. The hearing protection device apparatus can be
configured to prevent recharging unless there is a contact of a rechargeable battery pack making contact
with the third contact. In an embodiment, the hearing protection apparatus can be powered by two
standard cylindrical batteries alone, or the hearing protection device can be powered by a rechargeable
battery pack alone.

One embodiment of the present disclosure is an apparatus for hearing protection comprising: two
ear cups, cach ear cup defining a cavity configured to fit a user’s ear; a processor, configured to receive
an incoming signal and create an output signal; a speaker disposed within at least one of the two ear cups,
the speaker configured to produce the output from the processor; wherein one of the two ear cups
comprises a battery compartment configured to house one or more batteries or battery packs, wherein the
battery compartment further comprises:

a first positive contact configured to make electrical contact with a positive terminal of one of the
ong or more batteries or battery packs,
a second negative contact configured to make electrical contact with a negative terminal of one of the
ong or more batteries or battery packs, and
a third contact configured to facilitate charging of a rechargeable battery pack selected from one of
the one or more batteries or battery packs; and
wherein the battery compartment defines an open battery-receiving space configured to accommodate
either a single rechargeable battery pack or two standard cylindrical battery shapes, wherein the apparatus
further comprises a charging port, wherein the charging port is configured to receive a cable for
recharging the rechargeable battery pack. In an embodiment, the apparatus is configured to prevent
charging to the one or more batteries or battery packs unless there is a contact of a rechargeable battery

pack contacting the third contact.

Brief Description of the Drawings

The present disclosure may be more completely understood in connection with the following
drawings, in which:

FIG. 1 is a perspective view of the headset, according to an embodiment.

FIG. 2 is a perspective view of the headset, according to an embodiment.

FIG. 3 is a schematic of certain headset components, according to an embodiment.

FIG. 4 is a perspective view of a headset embodiment with a rechargeable battery pack, according

to an embodiment.

FIG. 5 is a perspective view of the headset with two standard batteries, according to an

embodiment.
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FIG. 6 is a perspective view of the empty battery compartment of the headset, according to an
embodiment.

FIG. 7 is a schematic diagram of certain elements of a rechargeable battery pack and hearing
protector, according to an embodiment.

FIG. 8 is a perspective cut-away view of a rechargeable battery pack of FIG. 7, according to an
embodiment.

FIG. 9a is a perspective view of a rechargeable battery pack, according to an embodiment.

FIG. 9b is a perspective view of a rechargeable battery pack, according to an embodiment.

While the present disclosure is susceptible to various modifications and alternative forms,
specifics thercof have been shown by way of example and drawings, and will be described in detail. It
should be understood, however, that the present disclosure is not limited to the particular embodiments
described. On the contrary, the intention is to cover modifications, equivalents, and alternatives falling

within the spirit and scope of the present disclosure.

Detailed Description

The embodiments of the present disclosure described herein are not intended to be exhaustive or
to limit the present disclosure to the precise forms disclosed in the following detailed description. Rather,
the embodiments are chosen and described so that others skilled in the art can appreciate and understand
the principles and practices of the present disclosure.

All publications and patents mentioned herein are hereby incorporated by reference. The
publications and patents disclosed herein are provided solely for their disclosure. Nothing herein is to be
construed as an admission that the inventors are not entitled to antedate any publication and/or patent,
including any publication and/or patent cited herein.

FIG. 1 is a perspective view of a headset 100. In an embodiment, the headset 100 can include an
car cup 102 and a headband 104. The headset 100 can include two ear cups 102. The headband 104 can
couple a first ear cup 102 with a second ear cup 102. The headband 104 can be arced, such as to extend
over the top of a user’s head while the headset 100 is in use. The headband 104 can be flexible, such as to
allow the user to spread the first ear cup 102 from the second ear cup 102 when the user is putting on the
headset 100. The headband 104 can include padding, such as to at least partially conform to the user’s
head and increase the user’s comfort.

The ear cups 102 can be configured to fit at least partially around a user’s ear, and be disposed on
the side of a user’s head while in use. The ear cup 102 can define a cavity. The cavity can be configured
for a user’s ear, a human ear, to fit within the cavity, while the user is wearing the headset 100. The ear
cup 102 can include a seal ring 106. The seal ring 106 can be ring shaped, such as to extend around the

user’s ear. The seal ring 106 can be flexible and able to conform to the user’s head. The seal ring 106
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can provide a seal between the ear cup 102 and the user’s head, such as to reduce the amount of noise or
sound waves that reach the user’s ear, thereby at least partially protecting the user’s ear from external
noises. The seal ring 106 can include leather, cloth, rubber, plastic, or a polymer, such as polyurethane.

The headset 100 can include a sound input source 108. In one embodiment, on¢ or both of the ear
cups 102 can include a sound input source 108. In an embodiment, the sound input source 108 can
comprise a microphone. In an embodiment, there is one microphone 108 on each of two ear cups 102. In
an embodiment, there can be more than one microphone 108 on one or both of the ear cups 102. In one
embodiment, one or more microphones 108 are located at other locations on the headset 100. The
microphone 108 can be disposed on the outside surface of the ear cup 102 opposite the cavity. The
microphone 108 can pick up sound and noise from the surrounding environment. The microphone 108
can be inset, such that the microphone 108 does not extend past the outer surface of the ear cup 102. In
an embodiment with two ear cups 102, each ear cup 102 can include a microphone 108. In another
embodiment with two ear cups 102, only one ear cup 102 includes a microphone 108. In another
embodiment with two ear cups 102, one microphone 108 is positioned on a headband portion. The noises
and sounds picked up by the microphone 108 can be relayed to the user through a speaker in the cavity of
the ear cup 102.

One of the ear cups 102 can include a knob 110. The user can rotate the knob 110 to control the
clectronics of the headset 100, such as to turn the electronics “ON” or “OFF”, or to increase or decrease
the volume from the speakers in the ear cups 102.

The ear cups 102 can include an input connection 112. The input connection 112 can allow a
user to connect an external audio device into the headset 100, such as an AM/FM radio, a two-way radio,
an MP3 player, a cellphone, or the like. The user can hear the external audio device through the one or
more speakers disposed in the ear cups 102. In an embodiment, the input connection 112 can
accommodate a 3.5 mm audio input. In an embodiment, an external audio device can be connected to the
headset 100 through a wireless connection, such as Bluetooth connection. In an embodiment, the headset
includes a Bluetooth receiver. In an embodiment, the external audio device can be built in or integral
with the headset 100.

A perspective view of the headset 100 is shown in FIG. 2, from a different perspective angle than
what is shown in FIG. 1. The ear cups 102 can include a battery compartment 214. The battery
compartment 214 can house one or more batteries or battery packs.

As used herein, the term battery means a device consisting of one or more electrochemical cells
that convert stored chemical energy into electrical energy. As used herein, the term battery pack means a
set of any number of preferably identical batteries, including a single battery. A battery pack may also
include other components, such as a temperature sensor or charging circuitry. A battery pack also

includes a housing for containing the battery or batteries and other components.
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The batteries can be used to power the electronic components of the headset 100. In an
embodiment, two AA batteries can be disposed within the battery compartment 214. In an embodiment,
the AA batteries can include an alkaline AA battery, a carbon AA battery, a lithium AA battery, a nickel-
metal hydride AA battery, or a nickel-cadmium AA battery. In an embodiment, a rechargeable battery
pack can be disposed within the battery compartment. In an embodiment, the rechargeable battery pack
can use a lithium ion battery. A charging port 215 can be disposed on one or more of the ear cups. In an
embodiment, the charging port can be configured to receive a cable for recharging the rechargeable
battery pack. In an embodiment, the charging port is disposed on the headset in a location that permits
the rechargeable battery pack to be charged while the rechargeable battery pack is inside the battery
compartment. In an embodiment, the charging port is disposed on an exterior surface of the ear cup, not
within the battery compartment. A battery door 216 can at least partially enclose the battery compartment
214. The battery door 216 can be configured to be removed from the headset 100 when access to the
batteries are desired, such as to replace the batteries. In an embodiment, the compartment door can fully
enclose the batteries or battery pack within the battery compartment without protruding above the
adjacent outer surfaces of ear cup 102. In embodiments, the battery compartment door protrudes no more
than 5 millimeters above adjacent outer surfaces of the ear cup when the battery compartment houses the
one or more batteries or battery pack and the battery compartment door is closed. The battery
compartment door can comprise a hinge. In an embodiment, the battery door 216 is a separate element
from the batteries or battery packs. In an embodiment, the battery door is a separate element from the
remainder of the headset 100.

Each ear cup 102 can include a speaker 218, shown in FIG. 3. The speaker 218 can produce an
output, such as a sound wave. Incoming sound and noise from sound input 108 can be input into a
processor 220 and be processed, such as to eliminate at least some of the noise, to produce an output
through the speaker 218. As used herein, the term sound refers to desirable audio information while the
term noise refers to undesirable audio information. The speaker 218 can provide sound to the user, such
as desirable audio. Desirable audio can include conversations, commands, warnings or other
communications, such as communications between two people. The input from each microphone can be
processed to eliminate at least some of the noise, such as undesirable noises. Undesirable noises can
include mechanical noises, noises from ventilation systems, distant conversations, impulse noises,
grinding, squeaking, engine noises, gun shots, explosions and the other similar noises.

The headset 100 can include digital electronic components, analog electronic components or a
mix of both types.

The speaker 218 can relay sounds from the surrounding environment picked up by the sound
input 108. The speaker 218 can relay sounds from an external audio device connected from the input
connection 112. The output from the speaker 218 can be limited to a maximum output level, such as to

protect the user’s ears. In different embodiments, the maximum output level from the speaker 218 due to
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sound from the microphone can be at least 80 dB(A), not more than 90 dB(A), at least 70 dB(A), not
more than 100 dB(A), and combinations of these constraints. In an embodiment, the output from the
speaker 218 is limited to 82 dB(A) when the ambient sound level is less than 106 dB(A), regardless of
how high the user has the volume turned up. In an embodiment, the output from the speaker 218 is limited
to 85 dB(A) when the ambient sound level is less than 106 dB(A), regardless of how high the user has the
volume turned up. In an embodiment, the output from the speaker 218 is limited to 82 dB(A), regardless
of how high the user has the volume turned up. In an embodiment, the output from the speaker 218 is
limited to 85 dB(A), regardless of how high the user has the volume turned up. In an embodiment, the
output from the speaker 218 can be limited to 82 dB(A) when an external audio device is connected to the
input connection 112. The sounds picked up by the microphone 108 can be processed before they are
produced as output from the speaker 218. The processing can increase the quality or clarity of what the
user hears, such as by reducing background noise, suppressing impulse noises or keeping an input level
constant. In one embodiment where each of two ear cups 102 has a microphone 108, the incoming sound
and noise is processed by a single processor. In another embodiment where each of the two ear cups 102
has a microphone 108, the incoming sound and noise is processed by separate processors.

The individual features described herein can be present in various embodiments. Also
combinations of the individual features described herein can be present in various embodiments. In an
embodiment, a hearing protection apparatus can include a battery compartment that comprises three
contacts: a first positive contact configured to make electrical contact with a positive terminal of a battery
or battery pack, a second negative contact configured to make electrical contact with a negative terminal
of a battery or battery pack, and a third contact configured to facilitate charging of a rechargeable battery
pack. The hearing protection device apparatus can be configured to prevent recharging unless there is a
contact of a rechargeable battery pack making contact with the third contact. In an embodiment, the
hearing protection apparatus can be powered by two standard cylindrical batteries alone, or the hearing
protection device can be powered by a rechargeable battery pack alone.

The hearing protection apparatus comprises a battery compartment that is configured to house
ong or more batteries or battery packs. The user has the option to power the apparatus with either a
rechargeable battery pack alone or two standard cylindrical batteries alone as the power source; the
battery compartment is configured to secure either power source within the compartment. The ability to
use standard cylindrical batteries provides users with a power option that is readily available in
commercial outlets and inexpensive to purchase. The ability to use a rechargeable battery pack carries
many benefits also, including longer use times and lower operational costs than standard batteries can
provide. The ability for the rechargeable battery pack to be recharged by charging circuitry built into the
hearing protection apparatus lowers a user’s costs by not requiring an external charger unit. In some

embodiments, the rechargeable battery pack can be substituted for the standard cylindrical batteries within
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the same battery compartment, where the same battery compartment door is able to close over the
rechargeable battery pack as over the standard cylindrical batteries.

FIG. 4 and FIG. 5 show embodiments of the apparatus where different types of batteries or
battery packs are used to provide power to the apparatus. In FIG. 4, a rechargeable battery pack 222 is
disposed in the battery compartment 214. The rechargeable battery pack has contact 225 for its positive
terminal that makes contact with positive contact 224 of the battery compartment, and the rechargeable
battery pack has a contact 227 for its negative terminal that makes contact with negative contact 226 of
the battery compartment. In addition, the rechargeable battery pack also includes a third contact 229
which contacts a third contact 228 of the battery compartment that is configured to facilitate recharging of
the rechargeable battery pack. There are many different options for how the third contact can facilitate
recharging of the battery pack, as will be described herein. In an embodiment, the third contact 228 in the
battery compartment is electrically connected to charging port 215. FIG. 4 also shows compartment door
216 which can fully enclose rechargeable battery pack 222 within the battery compartment.

FIG. 5 shows the battery compartment 214 with two AA batteries 230 used to power the
apparatus instead of the rechargeable battery pack. One battery has a contact 225 on one end for a
positive terminal that makes contact with positive contact 224 of the battery compartment, and one battery
has a contact 227 on one end for a negative terminal that makes contact with negative contact 226 of the
battery compartment. Additional positive terminal 226P and negative terminals 224N are disposed on the
battery compartment to make contact with the opposite end of each battery. When two AA batteries are
used instead of the rechargeable battery pack, there is no contact on either of the AA batteries that makes
contact with third contact 228 of the battery compartment. The batteries 230 cannot be recharged in the
apparatus because they do not make contact with third contact 228.

FIG. 6 shows a perspective of the battery compartment 214 without any batteries or battery packs
inside it. First contact 224, a positive contact configured to make electrical contact with a positive
terminal, second contact 226, a negative contact configured to make electrical contact with a negative
terminal, and third contact 228 can be seen in the figure. In an embodiment, third contact 228 is
configured to make electrical contact with a positive charging contact of a rechargeable battery pack. In
an embodiment, third contact 228 is configured to make electrical contact with a negative charging
contact of a rechargeable battery pack. In such embodiments, the third contact is electrically connected to
a charging port within the housing of the headset or an ear cup of the apparatus. The electrical connection
of the third contact with the charging port may be via some circuitry. In an embodiment, the third
contact is electrically connected to a charging port, wherein the charging port is located somewhere on the
headset, and charging of the rechargeable battery pack occurs through a circuit that includes the third
contact 228 and either the first positive contact 224 or the second negative contact 226. In an

embodiment, charging to the one or more battery packs occurs through either a circuit that includes the
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third contact and the first positive contact and excludes the second negative contact or a circuit that
includes the third contact and the second negative contact and excludes the first positive contact.

The third contact 228 can also be connected to other systems or devices for monitoring or
protecting the rechargeable battery in the battery pack. In an embodiment, these systems or devices can
be in the rechargeable battery pack. In other embodiments, these systems or devices are within the
housing of the headset or an ear cup of the apparatus. In an embodiment, portions of these systems or
devices are in the rechargeable battery pack and portions of these systems or devices are within the
housing of the headset or an ear cup of the device.

In an embodiment, the third contact is configured to make electrical contact with a temperature
monitoring device. In such embodiments, the apparatus could prevent current from flowing or issue a
warning to the user if the temperature of the battery pack approaches an unsafe level. In one embodiment,
the battery pack includes a temperature sensor while the headset includes a temperature monitoring circuit
that receives input from the temperature sensor via the third contact.

In embodiments, the third contact 228 can be configured to make contact with an identification
device or circuit within the headset and rechargeable battery pack. In such embodiments, the
identification circuit is configured to identify if an improper battery type is placed into the compartment
and prevent current flow in the apparatus, issue a warning to the user or both.  The identification circuit
could prevent or allow current flow based on an electrical connection to the third contact of the
rechargeable battery pack. Alternatively, or in addition, the identification device could prevent or allow
current flow based on a mechanical connection to the third contact of the rechargeable battery pack. In
alternative embodiments, such as where a mechanical connection to the third contact provides the
indication that the correct rechargeable battery is in the compartment, the identification device could be
located entirely within the headset.

The charging port 215 can also be electrically connected to the first positive contact 224 and the
second negative contact 226 with the third contact 228 being electrically connected to a device or system
that controls the charging circuit, such as an identification device, a monitoring device, or other control
device. In such embodiments, charging can only occur if a rechargeable battery pack also has a separate
contact that is electrically connected to the third contact 228. In an embodiment, the charging circuit is
electrically connected to the first positive contact and the second negative contact, and the third contact is
electrically connected to an identification device within the rechargeable battery pack. In an embodiment,
the charging port is electrically connected to the first positive contact and the second negative contact,
and the charging of the rechargeable battery pack occurs through a circuit that includes the first positive
contact and the second negative contact. In an embodiment, the charging circuit is electrically connected
to the first positive contact and the second negative contact, the third contact is ¢lectrically connected to
an identification or a protection device within the rechargeable battery pack, and the charging of the

rechargeable battery pack occurs through a circuit that includes the first positive contact and the second
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negative contact. In an embodiment, the identification system is located within the rechargeable battery
pack. In other embodiments, the identification system or device is located within the housing of the
headset or an ear cup of the apparatus. In an embodiment, portions of the identification system are
located in the rechargeable battery pack and portions of the identification systems are located within the
housing of the headset or an ear cup of the device.

The battery compartment 214 defines an open battery-receiving space wherein the space includes
a first region 232 having at least a portion of the first region adjacent to the first positive contact 224, a
second region 234 having at least a portion of the second region adjacent to the second negative contact
226, and a third region 236, the third region at least partially overlapping both the first region and the
second region; wherein the first, second, and third regions together are configured to accommodate either
a single rechargeable battery pack or two standard cylindrical battery shapes. In an embodiment, the third
region is wider than double the diameter of the standard cylindrical battery shape. The battery
compartment can accommodate the form factors of different batteries or battery packs. First region 232
and second region 234 are cylindrical regions that are defined by portions of the battery compartment that
include curved surfaces that can help secure at least a portion of the one or more batteries or rechargeable
battery pack against the battery compartment. The curved surfaces may comprise portions of cylindrical
shapes that conform to an outside surface of a standard cylindrical battery. In an embodiment, the battery
compartment surfaces may define one or more curved surfaces, adjacent to the positive and negative
contacts of the battery compartment, that are configured to secure the batteries or battery packs against
the compartment. The battery compartment can comprise a bottom surface having at least a first curved
surface and a second curved surface, wherein the first curved surface is adjacent to the first positive
contact of the battery compartment and the second curved surface is adjacent to the second negative
contact of the battery compartment. In embodiments, a bottom surface of the battery compartment may
comprise one or more curved surfaces that bound at least a portion of the first and second regions.

In an embodiment, the curved surfaces 239 on the bottom surface of the battery compartment may
extend below an adjacent flat section 240 disposed on the bottom surface of the battery compartment.
The width of the flat section 240 can vary depending on the desired spacing between the cylindrical
batteries. One curved surface is also adjacent to positive contact 224 and the other curved section is also
adjacent to negative contact 226. The curved surfaces can extend from 0.5 to 3-mm below the flat
section, or 1 to 2 mm below the flat section. In other embodiments, a top surface of the battery
compartment may comprise one or more curved surfaces that bound at least a portion of the first and
second regions. In an embodiment, the curved surfaces on the top surface of the battery compartment
may extend above an adjacent flat section disposed on the top surface of the battery compartment. One
curved surface is also adjacent to a positive contact and the other curved surface is also adjacent to a
negative contact. The curved surface can extend from 0.5 to 3-mm above the flat section, or 1 to 2 mm

above the flat section. In an embodiment, the thickness of the rechargeable battery pack is less than the
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diameter of a standard cylindrical battery shape. Though curved surfaces are present in some
embodiments, other embodiments do not include any curved surfaces in the battery compartment.

The rechargeable battery pack can comprise a protection monitoring circuit (PMC) which protects
the rechargeable battery from different conditions that may occur during use, including overcharging,
over discharging, overcurrent, and load short circuiting. In an embodiment, the protection monitoring
circuit in the rechargeable battery pack makes electrical contact with the third contact 228 in the battery
compartment. In an embodiment, the protection monitoring circuit is configured to make electrical
contact with the third contact 229 of the rechargeable battery pack. The PMC can include aspects of the
identification circuit and temperature monitoring circuit described herein.

FIG. 7 shows elements of a schematic design for the rechargeable battery pack and headset using
a protection monitoring circuit. The rechargeable battery pack 222 comprises a lithium ion cell245 that
has a positive terminal 225 connected to contact 224 and a negative terminal 227 connected to contact
226 The rechargeable battery pack also includes third contact 229. When the rechargeable battery is
positioned in the battery compartment 214, then the first contact 225, second contact 227 and third contact
229 of the rechargeable battery pack 222 are in contact with the first contact 224, second contact 226 and
third contact 226 of the battery compartment 214. The battery compartment 214 is located in one of the
car cups 102, which is electrically connected to the other ear cup 102 by a headband cable. In an
embodiment, the rechargeable battery pack 222 includes a charger circuit 254 and a protection monitoring
circuit 250. In the embodiment of FIG. 7, the third contact 228 of the battery compartment is electrically
connected to the charging port 215 in the opposite ear cup 102 by the headset cable. Additional elements
including fuses 251, 252, and 253 and diodes 255 can be included to work in conjunction with the PMC
250 and the charger circuit 254 to provide protection and recharging functions to the rechargeable battery
and the headset.

A perspective cut-away view of an embodiment of the rechargeable battery pack is shown in FIG.
8. In FIG. 8, the rechargeable battery pack 222 can include a lithium ion cell 260 and a printed circuit
board 270 containing circuitry that is configured to control the charging and protection functions of the
battery pack. The circuitry on the printed circuit board 270 can also be configured to control temperature
monitoring and identification functions as well. The battery pack includes a top surface 280 and a bottom
surface 290. In FIG. 8, the lithium ion battery is positioned towards the top portion of the battery pack.
In other embodiments, the lithium ion battery can be positioned towards the bottom portion of the battery
pack, from the perspective of FIG. 8. In FIG. 8, the rechargeable battery pack has contact 225 for its
positive terminal that makes contact with a positive contact of the battery compartment, and the
rechargeable battery pack has a contact 227 for its negative terminal that makes contact with a negative
contact of the battery compartment. In addition, the rechargeable battery pack also includes a third
contact 229 which contacts a third contact of the battery compartment that is configured to facilitate

recharging of the rechargeable battery pack. The third contact may be disposed on the same surface of
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the rechargeable battery pack as the contacts for the positive and negative terminals are disposed on, or
the third contact may be disposed on a surface that extends from the surface that the contacts for the
positive and negative terminals are disposed on. In embodiments, the third contact could be recessed
from the contacts for the positive and negative terminals.

Additional features for the shape of the rechargeable battery pack are shown in FIG. 9a and FIG
9b. The shape features of the rechargeable battery pack can be used to secure the rechargeable battery
pack inside the battery compartment.

A perspective view of the rechargeable battery pack is shown in FIG. 9a. The rechargeable
battery back includes top surface 280, bottom surface 290, curved portions 291 and 292, and sides 300.
The top surface 280 is wider than the bottom surface 290, and sides 300 extend past curved portions 291
and 292 in order to accommodate the rechargeable battery positioned towards the top portion of the pack
in this embodiment. When installed in the battery compartment, curved portions 291 and 292 are secured
against the battery compartment in the first and second regions of the battery compartment so that the
rechargeable battery pack stays in place during recharging and use. At least a portion of the bottom
surface 290 is also secured against the battery compartment. Portions of the top surface 280 and sides
300 are secured against the battery compartment in the third region. FIG. 9b also shows extensions 310
and 320. In an embodiment, the extension 310 and 320 are configured to secure one or more portions of
the rechargeable battery pack against the battery compartment. Extensions can be included on any side or
surface of the rechargeable battery pack to help secure the rechargeable battery pack against the battery
compartment. Such extensions can be useful when the length, width, and height dimensions of a
rechargeable battery in the battery pack are different from the length, width, and height dimensions of
standard cylindrical batteries. In an embodiment, extensions protrude from the sides 300 of the battery
pack to secure one or more portions of the rechargeable battery pack against the battery compartment. In
other embodiments, the extensions can protrude from one or more of the top, bottom, or side surfaces of
the rechargeable battery pack.

In an embodiment, at least a portion of the third contact 229 may be disposed on at least a
portion of extension 310. The extensions 310 can extend 0.5 to 3 mm from the surfaces or sides of the
rechargeable battery pack, more preferably from 1-2 mm.

The apparatus can use different batteries or battery packs as power sources. When standard
cylindrical battery shapes are used, the apparatus can operate on AA-sized or AAA-sized batteries. The
standard cylindrical batteries can be rechargeable or non-rechargeable batterics. However, in an
embodiment, the apparatus will not recharge standard cylindrical rechargeable batteries. A typical AA
battery measures 49.2 to 50.5 mm in length, including the button terminal, and 13.5 to 14.5 mm in
diameter. The positive terminal button contact can be about 1 mm high and about 5.5 mm in diameter.
The flat negative terminal contact can be about 7 mm in diameter. Examples of cylindrical batteries that

can be used include alkaline AA batteries, carbon AA batteries, non-rechargeable lithium AA batteries,
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rechargeable nickel-metal hydride AA batteries, and rechargeable nickel-cadmium AA batteries. The
voltage of the AA batteries that can be used in the apparatus can be between 1 and 2 V, preferably
between 1.1 and 1.6 V. When a rechargeable battery pack is used to power the apparatus, the
rechargeable battery pack can comprise a rechargeable lithium- ion battery, a lithium-polymer battery, or
other rechargeable battery. The voltage provided by the rechargeable battery can be between 2.5 to 5V,
preferably 3to 4 V.

The rechargeable battery pack can have several different shapes, depending on the desired
dimensions of the space defined in the battery compartment. The rechargeable battery pack can have an
overall width no more than 38 mm, no more than 42 mm, or no more than 50 mm. The rechargeable
battery pack can have an overall width no less than 25 mm, no less than 28 mm, or no less than 35 mm.
The rechargeable battery pack can have an overall length no more than 55 mm, no more than 52 mm, or
no more than 46 mm. The rechargeable battery pack can have an overall length no less than 35 mm, no
less than 40 mm, or no less than 45 mm. The rechargeable battery pack can have an overall thickness no
more than 20 mm, no more than 16 mm, or no more than 14 mm. The rechargeable battery pack can have

an overall thickness no less than 8 mm, no less than 10 mm, or no less than 15 mm.

It should be noted that, as used in this specification and the appended claims, the singular forms
"a," "an," and "the" include plural referents unless the content clearly dictates otherwise. Thus, for
example, reference to a composition containing "a compound" includes a mixture of two or more
compounds. It should also be noted that the term “or” is generally employed in its sense including
“and/or” unless the content clearly dictates otherwise.

It should also be noted that, as used in this specification and the appended claims, the phrase
“configured” describes a system, apparatus, or other structure that is constructed or configured to perform
a particular task or adopt a particular configuration to. The phrase "configured" can be used
interchangeably with other similar phrases such as arranged and configured, constructed and arranged,
constructed, manufactured and arranged, and the like.

All publications and patent applications in this specification are indicative of the level of ordinary
skill in the art to which this present disclosure pertains. All publications and patent applications are
herein incorporated by reference to the same extent as if each individual publication or patent application
was specifically and individually indicated by reference.

The present disclosure has been described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many variations and modifications

may be made while remaining within the spirit and scope of the present disclosure.
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Claims:

We claim
1. An apparatus for hearing protection, comprising:
two ear cups, each ear cup defining a cavity configured to fit a user’s ear;
a processor, configured to receive an incoming signal and create an output signal;
a speaker disposed within at least one of the two ear cups, the speaker configured to produce the
output from the processor;
wherein one of the two ear cups comprises a battery compartment configured to house one or more
batteries or battery packs, wherein the battery compartment further comprises:
a first positive contact configured to make electrical contact with a positive terminal of one of the
one or more batteries or battery packs,
a second negative contact configured to make electrical contact with a negative terminal of one of the
one or more batteries or battery packs, and
a third contact configured to facilitate charging of a rechargeable battery pack selected from one of
the one or more batteries or battery packs; and
wherein the battery compartment defines an open battery-receiving space configured to accommodate
either a single rechargeable battery pack or two standard cylindrical battery shapes,
wherein the apparatus further comprises a charging port, wherein the charging port is configured to

receive a cable for recharging the rechargeable battery pack.

2. The apparatus of claim 1 wherein the apparatus is configured to prevent charging to the one or
more batteries or battery packs unless there is a contact of a rechargeable battery pack contacting the third

contact.

3. The apparatus of claim 2 wherein charging to the one or more batteries or battery packs occurs
through either a circuit that includes the third contact and the first positive contact and excludes the
second negative contact or a circuit that includes the third contact and the second negative contact and

excludes the first positive contact.

4, The apparatus of claim 2 wherein charging to the one or more batteries or battery packs occurs

through a circuit that includes the first positive contact and the second negative contact.

5. The apparatus of claim 1 wherein the wherein the battery-receiving space comprises:

a first region having at least a portion of the region adjacent to the first positive contact,

-13-



10

15

20

25

30

35

WO 2016/126476 PCT/US2016/015037

a second region having at least a portion of the region adjacent to the second negative contact,
and

a third region, the third region at least partially overlapping both the first region and the second
region; and

wherein the first, second, and third regions together are configured to accommodate either a

single rechargeable battery pack or two standard cylindrical battery shapes.

6. The apparatus of claim 5, wherein third region has a width wider than double the diameter of the

standard cylindrical battery shape.

7. The apparatus of claim 1 wherein the battery compartment further comprises a bottom surface
having at least a first curved surface and a second curved surface, wherein the first curved surface is
adjacent to the first positive contact of the battery compartment and the second curved surface is adjacent

to the second negative contact of the battery compartment.

8. The apparatus of claim 1 wherein the standard cylindrical battery shape is a standard AA battery
shape or a standard AAA battery shape.

9. The apparatus of claim 5 wherein the first and second regions of the battery compartment are

located closer to the user’s head than the third region.

10. The apparatus of claim 5 wherein the third region of the battery compartment is located closer to

the user’s head than the first and second regions.

11. The apparatus of claim 1 wherein the third contact is configured to make electrical contact with a
positive charging contact of a rechargeable battery pack selected from one of the one or more batteries or
battery packs.

12. The apparatus of claim 11 wherein the third contact is electrically connected to the charging port.

13. The apparatus of claim 11 further comprising a fuse and a charging device wherein the third

contact is electrically connected to the fuse and charging device.

14. The apparatus of claim 1 further comprising a temperature monitoring device wherein the third

contact is electrically connected to the temperature monitoring device.
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15. The apparatus of claim 1 further comprising an identification device wherein the third contact is

configured to make contact with an identification device.

16. The apparatus of claim 1 further comprising the rechargeable battery pack, wherein the
rechargeable battery pack comprises a lithium ion cell .

17. The apparatus of claim 1 further comprising a standard cylindrical battery, wherein the standard
cylindrical battery comprises an alkaline AA battery, a carbon AA battery, a lithium AA battery, a nickel-
metal hydride AA battery, or a nickel-cadmium AA battery.

18. The apparatus of claim 1 wherein the battery compartment is at least partially enclosed by a

battery compartment door.

19. The apparatus of claim 18 wherein the battery compartment door protrudes no more than 5
millimeters above adjacent outer surfaces of the ear cup when the battery compartment houses the one or

more batteries or battery pack and the battery compartment door is closed.

20. The apparatus of claim 1 further comprising a microphone disposed on the apparatus, the
microphone configured to pick up an input sound wave from the environment and convert the input sound

wave to an incoming signal.

-15-



WO 2016/126476 PCT/US2016/015037

1/5

Fig. 2

| 214

102 142




WO 2016/126476 PCT/US2016/015037

2/5
f,.xacz
108 220 218
/
Processor
= Fig. 3
/
i 228
! 224
>n_ =i 225
% 229
215
226 . N 222
227
214

Fig. 4 L



WO 2016/126476 PCT/US2016/015037

3/5




PCT/US2016/015037

WO 2016/126476

4/5

Y |
Adec gsnn
A
062 o/
0zZ
- NN@NNN/__H J40393304d E-E 8190 puegpesH aND
m.VN 9SUIND | 1] \\ M
+ - s ~ |//ﬂA T %/,
15z—] 1 6zt 22— [ = WMN AW
péz mNN\E/ ¢
/ V2T oo s
222
20l ¥lZ 201




WO 2016/126476 PCT/US2016/015037

5/5

280
[

| e—— |
300 - AL 500




INTERNATIONAL SEARCH REPORT International application No.

PCT/US16/15037

A. CLASSIFICATION OF SUBJECT MATTER

IPC(B) - G10K 11/16; A61F 11/14 (2016.01)

CPC - G10K 11/1788; HO4R 1/1091; A61F 11/06

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8): HO4R 1/10, 3/00, 5/033, 25/00; G10K 11/16, 11/178, 11/36; A61F 11/06, 11/12, 11/14; A42B 3/16 (2016.01), CPC: HO4R 1/1008,
1/033, 1/1091, 5/033, 5/0335, 2201/107; G10K 11/002, 11/16, 11/1788; AB1F 11/06, 11/12, 11/14, 2011/145; A42B 3/163

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

PatSeer (US, EP, WO, JP, DE, GB, CN, FR, KR, ES, AU, IN, CA, INPADOC Data); EBSCO Discovery Service IP.com; Google Scholar;
KEYWORDS: headphone*, headset*, ear*, hearing*, protecti*, batteries*, battery*, housing*, enclosure®, compartment®, *charge*,
earcup, terminal*, contact”

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* _Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2008/0180874 A1 (GAUGER, D et al.) July 31, 2008; abstract; figures 1-7; paragraphs 1
[0001-0003, 0018, 0019, 0028]

A US 7,457,649 B1 (WILSON, J) November 25, 2008; abstract; figures 1-7; column 2, lines 35-44; 1
column 4, lines 28-35 and 45-64; column 5, lines 39-60

A 3532?14/0219465 A1 (ZEIKOS. INC.) August 07, 2014; abstract; figure 2; paragraphs [0021, 1

A US 2014/0211976 A1 (BEATS ELECTRONICS, LLC.) July 31, 2014; entire document 1-20

A US 2011/0142249 A1 (SHINOZAKI, R) June 16, 2011; entire document 1-20

A US 2010/0310093 A1 (SEMEKEN, K) December 09, 2010; entire document 1-20

A US 2008/0279711 A1 (HERINGSLACK, H) November 12, 2009; entire document 1-20

A US 2008/0069391 A1 (STEYN, A et al.) March 20, 2008; entire document 1-20

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance
“E” earlier application or patent but published on or after the international
filing date
“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)
*“Q” document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

“T  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance;, the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

15 March 2016 (15.03.2016)

Date of mailing of the international search report

08 APR 2016

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450 -

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 5§71-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report

