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UNITED STATES PATENT OFFICE 
2,327,756 

ELECTRICALLY CONDUCTIVE FABRIC 
Seth Adamson, Rye, N. Y., assignor to United 

States Rubber Company, New York, N. Y., a corporation of New Jersey 
Application October 15, 1941, Serial No. 414,999 

(C. 219-46) 11 Claims. 
This invention relates to a soft, flexible, textile 

fabric having electrical conductors embodied 
therein, primarily for the purpose of heating the 
fabric. 

It has been proposed heretofore to heat fabrics 
electrically by securing electric heating wires to 
a face of the fabric or by introducing such wires 
in the body of the fabric. These heating wires 
have usually been folded back and forth in suc 
Cessive runs so that each wire served to heat a 
substantial portion of the fabric. 
These prior constructions are open to the ob 

jection that the heating wires render the fabrics 
relatively stiff, and if a wire breaks a relatively 
large area of the heating element for the fabric 
is rendered inactive. While these prior electri 
cally heated fabrics work fairly well in outer 
garments they are not at all well adapted for use 
in undergarments, since undergarments should be 
Soft and flexible and should stretch and con 
tract with the body movement, and these prior 
constructions lack these properties. 
One important feature of the present inven 

tion resides in a soft, flexible woven fabric hav 
ing fine heating conductors woven in the interior 
of the fabric so that their presence is hardly dis 
Cernable so far as the feel and appearance of the 
fabric is concerned. 
Another feature resides in the construction 

whereby the fine heating conductors are spaced 
near enough to each other to produce a nearly 
uniform heating action in a thick warm fabric, 
and each heating conductor is independently 
connected to two conductor leads so that if any 
heating conductor fails it will not render inactiv 
the adjacent heating conductors. 
Another and extremely important feature of 

the present invention resides in the construction 
Whereby an electrically heated elastic fabric hav 
ing a substantial range of stretch is provided. 
Such an elastic fabric is peculiarly well adapted 
for use in electrically heated undergarments, 
since garments made of this material may be 
constructed to fit snugly but comfortably and 
will stretch and contract with the body move 
ment, and when supplied with electric energy 
will furnish the body with additional heat. 
The above and other features of the invention 

will be more fully understood from the following 
description when read in connection with the ac 
companying drawing illustrating one good prac 
tical embodiment thereof. 

In the drawing, 
Fig. 1 is a plan view of an electrically heated 55 
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elastic fabric constructed in accordance with the present invention; 
Fig. 2 is an enlarged sectional view taken on 

the line 2-2 of Fig. 1; 
Fig. 3 is a view similar to Fig. 2 except that 

the fabric is shown as stretched in Fig. 3; 
Fig. 4 is an enlarged sectional view taken on 

the line 4-4 of Fig. 1, and 
Fig. 5 is an enlarged sectional view taken on 

the line 5-5 of Fig. 1. 
Certain features of the present invention may 

be embodied in a non-elastic fabric but the in 
vention has been developed primarily for use in 
an elastic fabric. In either case, the fabric which 
is provided with the electric conductors as herein 
contemplated is preferably given substantial 
thickness so that the conductors, or at least those 
which constitute the heating elements, may be 
completely concealed in the interior of the fabric 
so that they will not be exposed at either surface thereof. 
The fabric fo illustrated in the drawing has a 

substantial stretch in the direction of its weft, 
preferably not less than 25% and may be as 
high as 60% or more. The conductors which 
constitute the heating elements extend trans 
versely of the fabric in spaced relation to each 
other as shown, and are woven in the fabric as 
weft. These conductors are supplied with heat 
ing current by causing them to engage the spaced 
conductor leads 2 which are Woven in the fabric 
as warp. 
While the conductor leads 2 should be suff 

ciently small and flexible to avoid making the 
fabric O stiff they should be capable of carrying 
sufficient current to operate the various heating 
elements if that are arranged electrically in par 
allel relation between the conductors 2. There 
folre each conductor lead f2 is preferably formed 
of a group of small wires 3 as shown in Figs. 2 
and 3 so as to avoid appreciably increasing the 
stiffness of the fabric. In the construction 
shown, each conductor lead f2 is formed of six 
small wires 3 which are preferably arranged so 
that they lie at each side of the heating wires ff 
and contact therewith as in Fig. 4, to thereby 
provide a good electrical contact between the con 
ductors f and 2. 
The wires 3 are preferably formed of copper 

because Of the high Conductivity of this metal and 
while round wires may be used, it is deemed pref 
erable to use the copper tinsel yarn shown con 
sisting of a cotton yarn having a fine copper rib 
bon wound helically about the yarn. 
The heating conductors i? are preferably 
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formed of a metal of lower conductivity than cop 
per so that a relatively short length of Wire will 
give the desired heating action. "Nichrome' is 
well adapted for this purpose and is preferably 
employed in the form of a tinsel in which a fine 
'Nichrome' ribbon is wound around a cotton 
yarn. 

The fabric () is preferably constructed with an 
unusually large number of warp threads 3 per 
inch to thereby increase the thickness of the fab 
ric so that the heating conductors may be en 
tirely concealed in the interior of the fabric as 
will be more fully described. 
In order to make the fabric 8 stretchable 

transversely it is woven of elastic and non-elastic 
Weft threads preferably in the ratio of two non 
elastic wefts 5 to each elastic weft 6 as shown in 
Fig. 5 and the heating conductors are intro 
duced in the fabric as individual wefts at the de 
sired distance from each other. 

The weave shown in the drawing is a two-ply 
Construction in Which each ply is formed Of the 
warps A and non-elastic wefts 5 with the elastic 
wefts 6 lying in a straight line between the two 
plies, and these plies are Secured one to the other 
between the rows of elastic wefts 3 by causing 
some of the warps 5 to pass from one ply into 
the other, 

this elastic ply fabric is woven in the stretched 
condition and When removed from the corn is 
allowed to contract. The elastic threads Slie in 
a straight condition at the center of the fabric 
When the fabric is stretched as in Fig. 3 and also 
when contracted as in Fig. 2. 
An important feature of the present invention 

resides in the construction whereby the heating 
conductors are so woven into the fabric that 
they are normally retained by the weave in a 
Crimped condition as shown in Fig. 4. So that these 
conductors can straighten out a substantial 
amount as the fabric is stretched. As a result of 
this construction the elastic fabric may stretch 
and contract repeatedly without disturbing the 
proper operation of these heating conductors 
to heat the fabric when stretched or relaxed. 
This is accomplished by merely introducing a 

conductor in the fabric, where desired, in place 
of an elastic thread A6, by inserting the conductor 
So that it will lie in a straight extended condition 
as the fabric is woven, but so that when the fab 
ric is allowed to contract these electric conduc 
tors will ba crimped as shown inig. 4. It is this 
construction that permits the elastic fabric to 
stretch and contract repeatedly without injuring 
the heating conductors , and the tinsel con 
struction of these conductors gives them greater 
softness and fiexibility than a Solid wire, and will 
not injure a Sewing machine needle. 

While a fabric embodying the features of the 
present invention may be variously constructed, 
preferred yarns depending argely upon the na 
tre of the use of the same, it has been designed 
more particularly for use in electrically heated 
undergarments adapted to be worn by aviators 
flying at high altitudes and by other persons who 
are exposed to low temperatures while near 8. 
source of electric energy suitable for supplying 
the heating current to the fabric. When the 
present fabric is used in an undergarment which 
is Yor, neSko the body, the face thereof which 

feeced finish. The elastic property of the pres 
eat fabric is highly desirable in such undergar 

20 viscose rayon staple and 35% wool. 

25 formed as desired. 

4. 
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contacts the body is preferably nepped or given & 

so that they will fit the wearer snugly and com 
fortably while at the same time they will stretch 
freely to accommodate his movements, and such 
a garment will retain its shape for 2, long period 
without bagging. When the fabric of Fig. 1 is 
embodied in a garment or otherwise used it should 
be so constructed that the length of the wires 
extending between the conductor leads 2 will 
have sufficient resistance to provide the desired 

G. amount of heat when a different electric potentia: 
of preferably not over 24 volts is maintained be 
tween the two conductors 2 shown. 
One good practical example of an electrically 

heated elastic fabric embodying the features of 
5 he present invention has the following construc 

o: Warp 
The body of the fabric is formed of 230 warp 

ends per inch of i? 23.10/2ply spun blend of 65% 
Six eggs. Of 

copper tirase yarn forming a Warp group are in 
troduced at two or more points at approximately 
ten inches apart in the present case, to form the 
conductor leads. The Selvage edges may be 

Wef 
Formed of 81.5 picks per inch consisting of: 

54.6 picks of 3/36.00/2 ply spun blend of 65% 
30 viscose rayon stage and 35% wool. 

26.1 picks of elastic yarn. 
0.8 picks of "Nichrone' covered cotton yarn 
4560 yards to the ground. 

The heating element comprising a cotton yarn. 
35 having a sine ribbon of "INichrome' wound 

thereupon had a resistance of 12.8 ohms per 
inchin the unstretched fabric. . 

The present fabric had a 30% stretch, 
Fabric Delghi 

23.4 ounces per square yard. 
Heating tests 

24 Volts circuit, one-half ampere in 10 minutes 
45 created a temperature of 16 to 118 degrees F. 

in the fabric. No scorching of this fabric appeared as long as 
the circuit was kept below 45 volts. 
in the construction shown in the drawing the 

conductor leads 3 are covered only by the weft 
threads 5. Should it be desired to cover these 
conductors more completely with insulating na 
terial, this may be done by providing asbestos 
War threads (not shown) which will overlie the 
conductors 33 at both sides of the fabric. An 
other Way of covering these conductors is to de 
posit a strean of plastic latex, composition over 
the conductors in the form of a strip or ribbon 
extending lengthwise of the fabric. The fabric 

60 88 is also preferabl and may be formed of any of the well known or is also preferably treated so as to render it both fiane repellent and water repellent, and 
the Selvage or side edges of the fabric may be 
covered with binding tape or otherwise. 

It is to be understood that the terrin "elastic 
thread”, as used herein in the specification and 
claims is to be construed as meaning a thread 
formed partly or entirely of rubber of rubber 
Hike plastic material, and that the term "elastic 
gabric' is to be construed as meaning a fabric. 
embodying such "elastic thread' in its construc 
tion. . 

While as above stated the elastic feature of 
the present electrically heated fabric is consid 

ments since it enables the garments to be made is ered extremely important, it is not essential in 



2,827,756 
all embodiment of the invention and in Some 
cases it may be desirable to use ordinary non 
elastic threads in place of the elastic threads 
6 to thereby produce a non-elastic conductive 

fabric. 
Having thus described my invention, what I 

claim and desire to protect by Letters Patent is: 
1. A woven electrically heated elastic fabric 

having a substantial stretch, formed of inter 
WOWen textile and elastic threads and having 
Woven in the fabric at Spaced intervals as warp 
or Weft heating conductors that normally art 
held by the fabric Weave in a crimped condition 
Whereby these conductors can straighten out at 
least 25% as the fabric is stretched, and con 
ductor leads extending across and contacting 
Said heating conductors for supplying an elec 
tric Current thereto. 

2. A woven electrically heated elastic fabric 
having a Substantial stretch, formed of inter 
WOWen textile and elastic threads and having 
WOwen in the fabric at spaced intervals as warp 
or Weft heating metal conductors that normally 
are held by the fabric weave in a crimped con 
dition whereby these conductors can straighten 
out at least 25% as the fabric is stretched, and 

1) 
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spaced conductor leads for supplying an electric 
Current to said heating conductors. 

3. A. WOWen electrically heated elastic fabric 
having a substantial stretch, formed primarily 
of interWOven non-elastic and elastic threads 
and having woven in the fabric in one direc 
tion Spaced conductor leads and Woven in the 
fabric at right angles thereto spaced heating 
conductors that contact the conductor leads and 
Supply them. With current, at least one set of 
Said conductors being normally held by the fabric 
Weave in a crimped condition whereby the con 
ductors can straighten out a substantial amount 
as the fabric is stretched. 

4. A woven electrically heated elastic fabric 
having a substantial stretch, formed primarily 
of textile and elastic threads interwoven to form 
a multi-ply fabric and having WOWen in the 
interior thereof so that they are not exposed 
and at spaced intervals to each other heating 
conductors that normally are held by the fabric 
Weave in a crimped condition, whereby these 
conductors can straighten out a Substantial 
amount as the fabric is stretched, and conductor 

30 

3 
6. A woven electrically conductive fabric hav 

ing a Substantial stretch, formed primarily of 
non-elastic and elastic threads and having woven 
in the fabric at Spaced intervals electric con 
ductors that normally are held by the fabric 
weave in a crimped condition whereby these con 
ductors can straighten out a substantial amount 
each time the fabric is stretched, and means for 
Supplying an electric current to said conductors. 

7. An electrically heated woven fabric, formed 
primarily of interwoven fibrous threads and hav 
ing WOWen in the fabric in one direction Spaced 
conductor leads and woven in the fabric at right 
angles thereto Spaced metal heating conductors 
that contact the conductor leads and are sup 
plied by the latter with the heating current, each 
heating conductor being arranged to provide an 
approximately direct path between the conductor 
leads. 

8. An electrically heated woven fabric, formed 
primarily of interwoven textile threads and hav 
ing WOWen in the fabric in one direction spaced 
conductor leads and woven in the fabric at right 
angles thereto a number of spaced metal heating 
conductors that contact the conductor leads, each 
heating conductor being arranged to provide an 
approximately direct path between the conductor 
leads whereby it is independently supplied with 
current from the conductor leads. . 

9. An electrically heated woven fabric, formed 
primarily of textile threads interwoven to form a 
multi-ply fabric and having woven therein in one 
direction Spaced conductor leads and at right an 
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leads for supplying an electric current to said 
heating conductors. 

5. A Woven electrically heated elastic fabric 
having a substantial stretch, formed primarily 
of elastic and non-elastic threads and having 
WOWen in the fabric at spaced intervals heating 
conductors that normally are held by the fabric 
Weave in a crimped condition whereby these 
conductors can straighten out a substantial 
amount each time the fabric is stretched, and 
conductor leads extending across and contacting 
said heating conductors for supplying an elec 
tric current thereto. - 

gles thereto spaced metal heating conductors, the 
latter being positioned at the interior of the 
fabric So that they are not exposed and contact, 
the conductor leads which supply the current, 
and each heating conductor being further ar 
ranged to provide an approximately direct path 
between the conductor leads. 

10. An electrically conductive woven fabric, 
formed primarily of interwoven textile threads 
and having woven in the fabric in one direc 
tion Spaced conductor leads and Woven in the 
fabric at right angles thereto a number of spaced 
metal conductors that contact electrically With 
Said conductor leads, each of said spaced metal 
conductors being arranged to provide an approxi 
mately direct path between the conductor leads. 

11. A woven electrically heated elastic fabric 
having a substantial stretch, formed primarily 
of non-elastic and elastic threads and having 
WOven in the fabric at spaced intervals electric 
conductors that normally are held by the fabric 

55 weave in a crimped condition whereby these con 
ductors can straighten out a substantial amount 
each time the fabric is stretched, each of said 
conductors having the form of a highly flexible 

60 
tinsel comprising a textile core with a fine metal 
ribbon wound thereupon, and means for supply 
ing an electric current to said conductors. 

SETHE ADAMSON. 


