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ELECTROACTIVE POLYMER SYSTEMS

FIELD OF THE INVENTION

[0001] The present invention relates to sealing devices and more particularly, though

not exclusively, to earpiece devices using electroactive, force responsive, or inflatable

systems.

BACKGROUND OF THE INVENTION

[0002] Various earpieces (e.g. headphones, earbuds, behind the ear, hearing aids,

and other devices that direct acoustic energy into an acoustic measuring device (e.g., ear))

have been designed for various uses. Many conventional systems have difficulty sealing in

the ear canal. Custom fitting is used in the hearing aid industry by taking a mold of the

subjects ear canal, and then designing a device with fits closely to the mold. There are

issues with sealing since the ear canal changes in time, and the cost and time involved with

just efforts.

SUMMARY OF THE INVENTION

[0003] At least one exemplary embodiment is directed to a device comprising a

membrane and a collapsible electroactive polymer element, wherein the element is in an

expanded configuration without voltage application and is in a collapsed configuration with

a voltage application, and where the element is covered by the membrane. The

electroactive polymer element can be a gel. The electroactive polymer element can be an

electroactive polymer that bends about a point when a voltage is applied across the

electroactive polymer. The membrane can reduce any water in the electroactive polymer



element from passing through the membrane to the environment. The membrane can

include additional straightening folds to reduce membrane resistance to bending.

[0004] At least one exemplary embodiment is directed to a device where the

electroactive polymer element includes: a first electroactive polymer sub element; a second

electroactive polymer sub element; a first sub electrode operatively connected to the first

electroactive polymer sub element; a second sub electrode operatively connected to the

first and second electroactive polymer sub elements; a third sub electrode operatively

connected to the second electroactive polymer sub element, where a first voltage difference

between the first sub electrode and the second sub electrode and a second voltage

difference between the second sub electrode and third sub electrode results in movement

of a portion of the first and second electroactive polymer sub elements in the same

direction.

[0005] At least one exemplary embodiment is directed to a sealing device,

comprising: at least one electroactive polymer element; a core; a first electrode; and a

second electrode, where the at least one electroactive polymer element forms a flange

shape, where the flange shape moves toward the core when voltage is applied between the

first and second electrodes.

[0006] At least one exemplary embodiment is directed to a sealing device,

comprising: a moment arm; an electroactive polymer element; a first electrode; a second

electrode; and a core, where a first end of the electroactive polymer element is operatively

attached to the core and a second end of the electroactive polymer element is operatively

attached to the moment arm, where the moment arm is operatively attached at a position

along the core so that the moment arm can rotated about the position where the first

electrode is operatively connected to a first side of the electroactive polymer element and



the second electrode is operatively attached to a second side of the electroactive polymer

element so that when a voltage difference is applied between the first and second

electrodes the moment arm is rotated about the position.

[0007] Further areas of applicability of exemplary embodiments of the present

invention will become apparent from the detailed description provided hereinafter. It should

be understood that the detailed description and specific examples, while indicating

exemplary embodiments of the invention, are intended for purposes of illustration only and

are not intended to limited the scope of the invention.



BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Exemplary embodiments of present invention will become more fully

understood from the detailed description and the accompanying drawings, wherein:

[0009] Figure 1 illustrates an IPMC configuration;

[0010] Figure 2 illustrates a device in accordance with at least one exemplary

embodiment;

[001 1] Figure 3 illustrates another device in accordance with at least one exemplary

embodiment;

[0012] Figure 4 illustrates a device in accordance with at least one exemplary

embodiment; and

[0013] Figure 5 illustrates another device in accordance with at least one exemplary

embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE PRESENT
INVENTION

[0014] The following description of exemplary embodiment(s) is merely illustrative in

nature and is in no way intended to limit the invention, its application, or uses.

[0015] Exemplary embodiments are directed to or can be operatively used on various

wired or wireless earpieces devices (e.g., earbuds, headphones, ear terminal, behind the

ear devices or other acoustic devices as known by one of ordinary skill, and equivalents).

[0016] Processes, techniques, apparatus, and materials as known by one of ordinary

skill in the art may not be discussed in detail but are intended to be part of the enabling

description where appropriate. For example specific materials may not be listed for

achieving each of the targeted properties discussed, however one of ordinary skill would be



able, without undo experimentation, to determine the materials needed given the enabling

disclosure herein. Such code is intended to fall within the scope of at least one exemplary

embodiment.

[0017] Additionally exemplary embodiments are not limited to earpieces, for example

some functionality can be implemented on other systems with speakers and/or

microphones for example computer systems, PDAs, Blackberrys, cell and mobile phones,

and any other device that emits or measures acoustic energy. Additionally, exemplary

embodiments can be used with digital and non-digital acoustic systems. Additionally

various receivers and microphones can be used, for example MEMs transducers,

diaphragm transducers, for examples Knowle's FG and EG series transducers.

[0018] Notice that similar reference numerals and letters refer to similar items in the

following figures, and thus once an item is defined in one figure, it may not be discussed or

further defined in the following figures.

EXEMPLARY EMBODIMENTS

[0019] Note when discussing a sealing section or a device that seals, such a section

or device can use various materials (e.g., viscosity varying polymers), for example polymers

that are liquid at one temperature then gel at another, or switch between a gel and liquid

with PH, current, pressure, or any other variation in energy, or any other similar material as

known by one of ordinary skill in the relevant arts. For example the following is a non-

limiting list of references that discuss materials that can be used: U.S. Pub. No.

2002/01 6831 9; U.S. Pat. No. 6,660,247; U.S. Pat. No. 6,352,682; U.S. Pat. No. 6,1 13,629;

U.S. Pat. No. 6,090,91 1; U.S. Pat. No. 5,976,648; U.S. Pat. No. 5,942,209; U.S. Pat. No.



5,939,485; U.S. Pat. No. 5,876,741 ; U.S. Pat. No. 5,858,746; U.S. Pat. No. 5,843,1 56; U.S.

Pat. No. 5,766,704; U.S. Pat. No. 5,749,922; U.S. Pat. No. 5,702,361 ; U.S. Pat. No.

5,695,480; U.S. Pat. No. 5,674,287; U.S. Pat. No. 5,662,609; U.S. Pat. No. 5,634,946; U.S.

Pat. No. 5,589,568; U.S. Pat. No. 5,575,81 5; U.S. Pat. No. 5,525,334; U.S. Pat. No.

5,514,379; U.S. Pat. No. 5,41 0,01 6; U.S. Pat. No. 5,256,765; U.S. Pat. No. 5,252,31 8; U.S.

Pat. No. 5,213,580; U.S. Pat. No. 6,660,247; and U.S. Pat. No. 4,732,930. Additionally

electroactive polymers can be utilized for example electroactive gels, IPMCs, basically any

polymer that changes shape (contracts, expands, or bends) in response to a voltage

difference across the polymer (e.g., Nafion™ based IPMCs).

[0020] Additionally, the tillable material referred to herein can also be viscous and

can include silicone-based polymers, gels, vinyl elastomers, or any other material of

sufficient properties to allow the deformation of a membrane cavity from user contact.

Materials can also be used to provide a slow reformation of the original membrane cavity

shape after it has been deformed and released. In this regard, a silicone gel or other non-

cross-linked polymer or uncatalyzed materials may be used. It should be appreciated that

the composition of the tillable material could be altered for applications in which varied

membrane characteristics are desired (i.e. more stiffness, durability, more or less

deformability and/or longer-lasting deformation). The tillable material can be elastically

deformed or it may be deformed by displacement, which is the actual movement or flow of

the tillable material in response to pressure, such as that from a user's fingertips. In

addition, the tillable material could be altered for applications in which varied temperature or

light conditions would be encountered during the use of particular products on which the

membrane cavity is mounted.



[0021] If a membrane is used, a portion of a membrane connected to a structure

(base membrane) can be made of any material, rigid or elastic, including various plastic or

metal materials, or it can be made of a membrane formed of thin rubber-based material,

deformable plastic or silicone-based materials or other elastomehc materials suitable for a

given application. If the base is configured as a flexible membrane, the cavity can more

easily conform to a product's surface, thereby increasing the ease with which the cavity can

be installed, removed, and replaced. Likewise, the outer membrane also can be made of a

thin rubber-based material, deformable plastic or silicone polymer materials, or other

elastomeric materials suitable for a given application. If the base membrane and outer

membrane are made of silicone material, both should be from 0.1 mm to 2.5 mm in

thickness. In this regard, the base may be a membrane instead of a piece of rigid material.

The edges of the outer membrane and the base membrane can be mechanically fastened

or clamped forming the membrane cavity. Additionally, at least a portion of the base

membrane can be adhesively attached (e.g., adhesive tape, glue) or mechanically fastened

to the support structure.

[0022] The silicone sealant can be of an acetoxy cure type. In particular, upon

exposure to moisture, the silicone sealant will give off small amounts of acetic acid while

the sealant cures. The sealant will cure in 24 hours and has a tack free time of 10-20

minutes at 77.degree. F. (25.degree. C.) with 50% relative humidity. The sealant's tensile

strength is approximately 350 psi, its elongation property is 450%, and its hardness is

approximately 25-30 Shore A . The sealant has temperature stability from -85.degree. F. to

45O.degree. F. (-65.degree. C. to 232.degree. C.) and can withstand intermittent exposure

to temperatures as high as 500.degree. F. (28O.degree. C). The sealant is believed to have



good resistance to various weathering conditions, including UV radiation, rain, snow, etc,

without hardening, cracking, or shrinking.

[0023] For optimum adhesion with the above adhesive, the support structure and the

lower surface of the base membrane should be clean, dry, and free from oil, grease or other

foreign material. If necessary, metal surfaces should be wiped with a non-oily solvent.

Rubber surfaces should be abraded to promote adhesion. Depending on environmental

conditions, the base and product surface should be joined within 5-1 0 minutes, before the

tack-free time of the sealant passes.

[0024] Note that various materials have been discussed, all forms of electroactive

polymers can be used. For example Electroactive polymers (EAPs) are touted as the

basis for future artificial muscles. EAPs can be deformed repetitively by applying

external voltage across the EAP, and they can quickly recover their original

configuration upon reversing the polarity of the applied voltage.

[0025] Artificial muscle polymers can be formed from a conductive polymer

doped with surfactant molecule or from an ionic polymer metal composite (IPMC).

Doped electroactive polymers (EAPs) are conductive polymers (e.g., polypyrrole or

polyanaline) doped with a surfactant (e.g., sodium dodecyl benzene sulfonate).

IPMCs typically consist of perfluorsulfonate polymers that contain small proportions

of sulfonic or carboxyic ionic functional groups. Nafion® , a polymer made by

DuPont, is one example of a poly(tetrafluoroethylene) based ionomer. For its

application as an artificial muscle, Nafion® can be produced in a sheet geometry

with positive counter ion (e.g., Na+ or Li+) contained in the matrix. The outer

surface region (less than a micrometer) of the polymer sheet is then impregnated



with a conductive metal such as platinum or gold. The resulting EAP polymer can

absorb water until its physical ability to expand is balanced by the affinity of water for

the polymer-fixed ions and free counter ions. When an electrical field is applied

across the EAP, the EAP deforms as a result of stresses generated by the

movement of water and mobile positive ions in the polymer composite.

[0026] Additional applicable materials are electronic EAPs and Ionic EAPs.

For example ferroelectric polymers, dielectric EAPs, electrostrictive graft elastomers,

electrorestrictive paper, electro-viscoeleastic elastomers, liquid crystal elastomer

materials, ionic polymer gels, ionomeric polymer metal composite (IPMC),

conductive polymers, carbon nanotubes and other similar materials as known by one

of ordinary skill in the arts.

[0027] Note that many of the sizes of the earpieces can vary so that an earpiece is

about 10s of mm in diameters, and 10s mm in length, with a mass varying from 5 grams to

hundreds of grams. For example sealing sections can be in the minimal compressed

dimension roughly 7 mm (ring diameter), whereas in the uncompressed dimension can be

14 mm (ring diameter). For example at least one exemplary embodiment has a non

deformable core diameter of about 5mm with a length of about 25 mm, with an additional

surrounding deformable lay (e.g., sealing section) of an additional 5mm on either side of the

core. The instrument package can be roughly a cylinder of length 10mm and diameter of

about 14mm.

[0028] Note that although an earpiece is described herein, other devices that can use

various viscosity polymers or sealing elements are also meant to fall within the scope of at

least one exemplary embodiment of the present invention, for example a drain plug, a pipe



plug, a device for sealing the pipe up to a design pressure at which the gel will liquefy and

be released or other sealing or impact type situations.

[0029] Figure 1 illustrates an IPMC that has electrodes ( 10 and 20) on either side of

the IPMC ( 100). Varying the voltage V(t) causes deflection (e.g., bending, expansion,

contraction, movement) of the electroactive polymer element (e.g., 100, 230, 340, 440, 530)

in various directions (e.g., A and B).

[0030] Figure 2 illustrates a sealing device in accordance with at least one exemplary

embodiment where electroactive polymer elements (e.g., 230) operatively connected to

electrodes 2(e.g., 2 10 and 220) are attached to each other so that when a voltage is

applied (e.g., V 1, V2, V3) the sealing device moves (e.g., 240). Note that electrodes can

share the same voltage, for example V2 and V3. Thus the voltage differences across

electrodes can be alternated so that the net voltage difference is not large. For example if

the voltage difference is 5 volts, then alternating the voltage difference from - V to +V can

keep the voltage difference lower net than 5V + 5V + 5V across the entire sealing device.

For example electroactive gels will contact or expand when a voltage difference is applied,

however either electrode can be the lower voltage, thus alternating electrodes in this

manner can be used to move sub units of electroactive polymers without increasing the

needed net voltage difference.

[0031] Figure 3 illustrates at least one exemplary embodiment comprising a device

comprising: a membrane 330; and a collapsible electroactive polymer element 340 (e.g.

530), wherein the element is in an expanded configuration without voltage application and

is in a collapsed configuration with a voltage application, where the element is covered by

the membrane. The electroactive polymer element can be any material discussed or known



that reacts to an applied voltage, current, PH level. Note that the membrane can includes

additional straightening folds (360) to reduce membrane resistance to bending.

[0032] Figure 4 illustrates a moment arm 410 that pivots 430 about a point 450 when

an electroactive polymer 440 has a voltage applied V(t) between two electrodes ( 10, 20).

The moment arm can be attached to a core 400 (e.g., an acoustic tube). The electroactive

polymer elements can be flexibly attached to the moment arm so that application of a

voltage difference across sides can result in straightening of the electroactive polymer

element 440 thus translating into a rotation of the moment arm. Note the moment arm 410

can be any material (solid, membrane, flexible rigid, or any material already discussed).

[0033] Figure 5 illustrates a sealing device that includes a core 500 with a first set of

electrodes 5 10, a membrane containing (or the surface of) an electroactive polymer

element 530, where the membrane and/or surface contains a second set of electrodes.

When a voltage is applied across the electrodes the electroactive polymer element can

expand or contract in a radial direction away or to the core 500.

[0034] While the present invention has been described with reference to exemplary

embodiments, it is to be understood that the invention is not limited to the disclosed

exemplary embodiments. The scope of the following claims is to be accorded the broadest

interpretation so as to encompass all modifications, equivalent structures and functions of

the relevant exemplary embodiments. For example, if words such as "orthogonal",

"perpendicular" are used the intended meaning is "substantially orthogonal" and

"substantially perpendicular" respectively. Additionally although specific numbers may be

quoted in the claims, it is intended that a number close to the one stated is also within the

intended scope, i.e. any stated number (e.g., 20 mils) should be interpreted to be "about"

the value of the stated number (e.g., about 20 mils).



[0035] Thus, the description of the invention is merely exemplary in nature and, thus,

variations that do not depart from the gist of the invention are intended to be within the

scope of the exemplary embodiments of the present invention. Such variations are not to

be regarded as a departure from the spirit and scope of the present invention.



CLAIMS

What is claimed is:

1. A device comprising:

a membrane; and

a collapsible electroactive polymer element, wherein the element is in an expanded

configuration without voltage application and is in a collapsed configuration with a voltage

application, wherein the element is covered by the membrane.

2 . The device according to claim 1, wherein the electroactive polymer element is a gel.

3 . The device according to claim 1, wherein the electroactive polymer element is an

electroactive polymer that bends about a point when a voltage is applied across the

electroactive polymer.

4 . The device according to claim 1, wherein the membrane reduces any water in the

electroactive polymer element from passing through the membrane to the environment.

5 . The device according to claim 4, wherein the membrane includes additional

straightening folds to reduce membrane resistance to bending.

6 . The device according to claim 4, further comprising:

a core, wherein the electroactive polymer element is attached to the core.



7 . The device according to claim 6, further comprising:

a first electrode, wherein the first electrode is operatively attached to the core.

8 . The device according to claim 7, further comprising:

a second electrode, wherein the second electrode is operatively attached to or part

of the membrane.

9 . The device according to claim 7, further comprising:

a second electrode, wherein the second electrode is operatively attached to the core.

10 . The device according to claim 8, wherein the electroactive polymer element moves in a

direction radially outward from the core when a voltage difference is applied between the

first and second electrodes.

11. The device according to claim 9, wherein the electroactive polymer element moves in a

direction radially outward from the core when a voltage difference is applied between the

first and second electrodes.

12 . The device according to claim 1, wherein the electroactive polymer element includes:

a first electroactive polymer sub element;

a second electroactive polymer sub element;

a first sub electrode operatively connected to the first electroactive polymer

sub element;



a second sub electrode operatively connected to the first and second

electroactive polymer sub elements;

a third sub electrode operatively connected to the second electroactive

polymer sub element, wherein a first voltage difference between the first sub electrode and

the second sub electrode and a second voltage difference between the second sub

electrode and third sub electrode results in movement of a portion of the first and second

electroactive polymer sub elements in the same direction.

13 . The device according to claim 12, wherein the first voltage difference is a negative

portion of the second voltage difference.

14. A sealing device, comprising:

at least one electroactive polymer element;

a core;

a first electrode; and

a second electrode, wherein the at least one electroactive polymer element forms a

flange shape, wherein the flange shape moves toward the core when voltage is applied

between the first and second electrodes.

15 . A sealing device, comprising:

a moment arm;

an electroactive polymer element;

a first electrode;

a second electrode; and



a core, wherein a first end of the electroactive polymer element is operatively

attached to the core and a second end of the electroactive polymer element is operatively

attached to the moment arm, wherein the moment arm is operatively attached at a position

along the core so that the moment arm can rotated about the position wherein the first

electrode is operatively connected to a first side of the electroactive polymer element and

the second electrode is operatively attached to a second side of the electroactive polymer

element so that when a voltage difference is applied between the first and second

electrodes the moment arm is rotated about the position.
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