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1. 

3,344,385 
FLEXBLE RESISTANCE ELEMENT WITH FLEX 

BLE AND STRETCHABLE TERMINAL ELEC 
TRODES 

Donald M. Bartos, Midland, and Raymond J. Price, Bay 
City, Mich., assignors to Dow Corning Corporation, 
Midland, Mich., a corporation of Michigan 

Fied Jan. 4, 1965, Ser. No. 423,228 
2 Claims. (CI. 338-212) 

ABSTRACT OF THE DISCLOSURE 
Flexible and stretchable elastomeric resistance ele 

ment, having flexible and stretchable braided, open weave 
metallic terminal electrodes, which have the capacity to 
maintain intimate contact with the elastomeric, resist 
ance element during flexing, bending, and stretching of 
the element while it is in use. Such intimate contact be 
tween an elastomeric resistance element and its terminal 
electrodes is necessary if current is to flow uniformly 
through the resistance element. 

nummum 

The present invention relates to electrically conductive 
flexible or stretchable materials, and more particularly, 
to the provision of terminal connections for such mate 
rials. 
Various types of electrically conductive plastic and 

elastomeric materials have been proposed. Generally, 
such materials are formed of electrically conductive par 
ticles suspended in a natural or synthetic rubber, or plas 
tic, flexible or stretchable carrier. By proper selection of 
materials it is now possible to provide flexible and/or 
stretchable materials having any balance of electrical and 
physical properties. Such devices have potential applica 
tion in fields such as resistance elements, heating elements, 
tapes, pads, blankets, clothing and many others. 
A major problem heretofore, with such materials, has 

been the difficulty in attaching suitable electrodes to the 
material for connection to an electrical power source. 
Electrodes must have intimate contact with a resistance 
element throughout its entire length. The ability to main 
tain intimate elecrode contact during flexing, bending, 
and stretching of the element in use is considered by many 
design engineers to be the most important criterion in 
selecting such devices for a particular use. This has been 
particularly true in heating applications wherein a rela 
tively large area is to be uniformly heated. If electrodes 
are attached only at points on the electrically conductive 
resistance element, electrical current is distributed non 
uniformly through the area resulting in high temperatures 
(or hot spots) in areas of high current concentration and 
low temperatures in areas remote from the electrodes. It 
is therefore desirable to provide an electrode arrangement 
wherein current is caused to flow uniformly through the 
resistance element. It is toward this object that the present 
invention is directed. 

Another object is the provision of an electrode, which 
is capable of stretching and yielding with the flexible re 
sistive element for relatively wide stretchable electrical 
elements. A further object is to provide a method of mak 
ing a wide flexible conductor having yieldable electrodes 
made integrally therewith. 

In accordance with these and other objects, there is 
provided by the present invention a yieldable, stretchable, 
low resistance electrode, which is bonded to a flexible 
and/or elastomeric electrical resistance element. Resist 
ance elements may be either supported or unsupported. 
The electrode may, for example, be a stretchable metallic 
conductor which is processed into the resistance element 
before the element has been vulcanized or cured. If de 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

2 
sired, flexible electrical insulation can be bonded over 
both the resistance element and the electrodes. 

Other objects and many of the attendant advantages of 
the present invention will become apparent to those skilled 
in the art by a consideration of the following detailed de 
Scription when read in conjunction with the acccompany 
ing drawings wherein: 

FIG. 1 is a view in perspective of a heating pad made 
in accordance with the present invention; 

FIG. 2 is a cross-sectional view of the heating pad of 
FIG. 1 taken on the line 2-2 of FIG. 1; 

FIG. 3 is a view in perspective of the heating element 
of FIG. 1; and 
FIG. 4 is a diagrammatic view illustrating a method 

of making insulated elements in accordance with the pres 
ent invention. 

Referring now to the drawings wherein like reference 
numerals designate like or corresponding parts through 
out the Several views, there is shown in FIG. 1 a heating 
pad shown generally as 10. The heating pad is covered 
by a layer of insulating material 11, and has a pair of 
electrodes 12 and 13 embedded therein, and projecting 
from the pad for connection to an electrical power source. 
It will be realized that in practice the leads emerging from 
Suitable locations on the pad will also be insulated to 
prevent short circuiting and danger to the user. 
As may be seen from FIGS. 2 and 3, the electrodes 

are embedded in a layer of flexible conducting material 
14 which may be of any known type which is in turn 
covered by a layer 11 of insulation. Numerous examples 
of suitable conductive materials are described in copend 
ing U.S. patent application, Ser. No. 408,263, filed 
Nov. 2, 1964. The material may merely be flexible, or 
it may be elastomeric in nature. It is preferable that the 
material be capable of flowing or being made to flow at 
sometime in the manufacturing process and be capable of 
bonding or adhering to the electrodes. 

It is desirable that the electrodes be capable of flexing 
with the conducting material without loss of bond or inti 
mate contact. For example, if the conducting material is 
elastomeric in nature, the electrode must be capable of 
stretching or yielding with that material during flexing or 
stretching. A suitable type electrode is an open weave 
or braided metallic conductor such as the type of braid 
commonly used as a shield in audio equipment such as 
microphone cables. In a specific embodiment, an electrode 
consisting of 50 strands of tinned copper wire braided in 
tubular form was utilized. Before embedding it, the elec 
trode was expanded to render it more stretchable and 
flattened to conform to the flat pad. The open weave 
braided electrode is particularly desirable due to the large 
Surface area of the conductors, high current capability, 
and assurance of excellent bonding since the material of 
the resistance element can be flowed through the open 
Weave. While it is also possible to use conductive elasto 
meric materials, the resistance of most such materials is 
too high due to a voltage drop along the electrode to ob 
tain uniform current distribution. 

For uniform heating in a resistance element having sub 
stantially uniform resistance per unit of volume, it is 
desirable to provide current paths of equal length through 
out the material. The heat generated by the conducting 
Substantially equal current distribution and substantially 
equal resistance will thus result in uniform temperature. 

Uniform current distribution is accomplished in accord 
ance with the present invention by extending the elec 
trodes 12 and 13 through substantially the entire length 
of the heating element in parallel directions as shown in 
FIG. 3. Since the distance between electrodes is substan 
tially uniform, the heat produced will also be substantially 
uniform. 
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As shown in FIG. 4, insulated heating elements made 
in accordance with the present invention may easily be 
mass produced. Assuming that the conductive material 
used as a resistance element is an elastomeric such as a 
conductive dispersion in a silicone rubber carrier, a web 
4 of uncured or tacky conducting material, which may 

be supported, if desired, is fed between a first pair of pres 
sure rollers 6 and 17. Electrode material 13, held, for 
example, on a reel 8 is also fed into the space between 
pressure rollers 16 and 17 in the positions at which it is 
to be embedded into the conducting material 14. The 
pressure rollers force the electrode material into the un 
cured conductor which, because of its uncured state, is 
caused to flow into tight adherence with the electrodes. 
A pair of webs 1 and 11a of insulating material, also 
preferably, but not necessarily, in uncured form are fed 
with the conductive web into the space between a second 
pair of pressure rollers 19 and 20. The insulating jacket 
could be silicone rubber, for example. The insulation will 
adhere well to either cured or uncured conductive mate 
rial. The composite web is then fed through a curing oven 
21, where it is cured as necessary, depending on the type 
of material used, and is then wound on a takeup reel 22, 
where it may be stored until ready for use. It is to be 
understood that, while not as desirable in many applica 
tions, the materials may be cured before assembly and 
conductive adhesives may be flowed through the electrodes 
to secure them to the webs. 

Obviously, the insulated heating elements need not be 
produced in rolls as shown in FIG. 4. However, the same 
basic steps are involved in making single small elements. 
The braid electrodes are forced into an uncured sheet of 
conductive material. The conductive material may, if de 
sired, be provided with fabric reinforcement. Insulation, 
if desired, is placed over the conducting material and 
cured as necessary. 
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4. 
Many other modifications and variations of the present 

invention will become obvious to those skilled in the 
art. Therefore, it is to be understood that within the scope 
of the appended claims the invention may be practiced 
otherwise than as specifically described. 
That which is claimed is: 
1. A flexible resistance element comprising an elasto 

meric body of flexible electrically conductive material, and 
a system of flexible and stretchable low resistance 

electrodes embedded therein, said embedded elec 
trodes each having a length in said material corre 
sponding substantially to the length of said material 
in the direction in which said electrodes are em 
bedded, and said embedded electrodes being each 
formed as a braided open weave metallic conductor. 

2. A resistance element as defined in claim 1, but in 
cluding further a layer of insulating material surrounding 
said elastomeric body of flexible electrically conductive 
material and said low resistance electrodes. 
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