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The piesent invention relates to a novel woven 
resistance unit or a heater unit and particularly 
to a panel heater adaptable to radiant panel 
heating and to the method of making the same. 

It is an object of the present invention to pro 
Wide a Woven resistance or heater unit in which 
a plurality of wires are distributed in predeter 
mined spaced parallel relation throughout the 
unit and which can be connected as desired to 
produce a plurality of circuits extending there 
through, thus providing for great versatility in 
the application and operation of the device. 
Another object of the invention is to provide 

a radiant heating panel having a plurality of 
Spaced Wires providing the same effective ohmage 
as heretofore used but Which are thinner and 
Spread over a large area, to provide low Watt 
densities therein SO as to have safer and better 
heat distribution throughout without dangerous 
hot Spots. 
Another object of the invention is the provision 

of a resistance or heater unit which includes thin 
Wiles Which Will produce a unit which can be 
mounted in thin spaces and which Will enable it 
to be readily bent for mounting purposes if de 
sired. 
These and other objects of the invention are 

accomplished by weaving into the warp a plu 
rality of parallel resistance. Wires and maintain 
ing them in Spaced relation throughout the Warp. 
More specifically this is achieved by weaving an 
intermediate portion of the wires transversely 
acroSS the unit in Spaced parallel relation and 
then weaving the ends of the wires at either side 
of Said intermediate portion alternately back and 
forth throughout the warp in a predetermined 
pattern. This provides a plurality of spaced con 
tinuous conductors which extend from one end 
of the unit back and forth across the unit to the 
other end thereof and Similarly returned to the 
first end and terminating in adjacent terminals 
at One end of the unit. 

If desired, one or more of the wires may be 
tapped intermediate the ends to provide addi 
tional terminals So that Said wires may be divided 
into a plurality of Separate circuits. 
The terminals of the resistance or hot wires 

may be connected to cold leads and the cold leads 
Woven: into the fabric which will anchor the leads 
and provide a Strain relief for Said leads. 
proper Selection of the wire and by a predeter. 
mined connection of the terminals of the parallel 
wires various heating relations in the heating 
unit can be achieved. 
A feature of the invention resides in the-fact 
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2. 
that the heating unit may be woven in any de 
sired pattern to provide a heating arrangement 
of a required shape. Any space in which the 
heating wires do not extend may be filled with 
a dead filling which may be utilized to support 
the unit or which may be cut out to permit the 
unit to be fitted over projecting members. 
When the woven heating unit of the present 

invention is used in radiant panel heating, it can 
be mounted on the Wall, ceiling or other, support 
by having fastening devices pass through the 
portions thereof having dead filling therein and 
the panel can be covered with any suitable heat 
tian Snitting material. 

In producing the unit of the present invention 
a novel method of weaving is employed in which 
a pair of Shuttles for each Wire in the unit is 
employed. These shuttles have the ends of the 
wire wound thereon and are moved alternately 
frch side to side as the Weaving progresses to 
lay in the strands in parallel relationship 
throughout the unit without any of the strands 
crossing one another, thus producing a plurality 
of Wires in parallel spaced relationship extend 
ing from One end to the other and back. Dur 
ing the weaving of the unit dead filling may be 
Woven in to form attaching Selvages at either end 
of the unit and at Spaced intervals throughout 
the unit to provide attaching spaces throughout 
so that the device may be readily mounted by a 
Suitable fastening means. 
Other features and advantages of the invention 

Will be apparent from the Specification and claims 
when considered in connection with the drawings 
in Which: 

Figure 1 shows a plan view of a radiant panel 
heater with sections broken away. 

Fig. 2 is a detailed fragmentary view of the 
upper left-hand corner of Fig. 1. 

Fig. 3 is a view showing the radiant panel 
heaters of the present invention applied to a 
Wall. 

Fig. 4 is a detail of the bottom of the panel 
unit showing one of the wires provided With 
tapped means therein. 

Fig. 5 is a fragmentary view showing a pattern 
formed by the resistance wires. 
The resistance or heater unit of the present in 

vention may be used purely as a resistance unit 
in a circuit or may be used as a heater unit to 
provide a uniform predetermined watt density 
throughout. For the purpose of illustrating the 
invention, it is shown as applied to radiant, panel 
heaters 0. These heaters may be mounted on 
the ceiling, walls or other surfaces. In Fig. 3 
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they are shown lounted on walls if of a room to 
overlie netallic foil reflectors 2 so as to be cov 
ered by any suitable heat transmitting finishing 
Eaterial, not shown, as may be desired. 

In carrying out the invention, a plurality of 
warp Strands 3 are arranged in a predetermined 
pattern. An attaching Selvage 4, if desired, is 
formed at the botton by having a dead filling 
5 woven therein for a predetermined distance. 
A plurality of parallel, spaced resistance wires 
are then woven into the warp. While any re 
quired number of spaced parallel wires may be 
used, for the purpose of simplicity only two 
are illustrated herein. These wires are woven by 
first laying midportions 6, thereof through 
the Warp transversely across the unit in spaced 
parallel relation adjacent, the Selvage 4. The 
portions of the Wire 6a, 6b and Act, b at 
each end of the said intermediate portion are 
then alternately woven back and forth across 
the unit in spaced parallel relation for the desired 
length of the resistance unit and produces a.d. 
jacent terminals 6c, d and ic, d at the 
one end of the unit. This results in two con 
tinuous wires extending in spaced parallel rela 
tion from terminals 6c, ic back and forth 
across the unit to said intermediate portions 6, 
7 at the other end of the unit and similarly back 

and forth to the first end to terminals 6d, d. 
The terminals can be connected by suitable 

means to provide separate circuits or series or 
parallel circuits in the panel. In the illustrated 
form of the invention the terminals c, c are 
connected together and to the cold lead 8 hav 
ing an insulating sleeve 
minals 6d, d are connected together and to 
the cold lead 29 having an insulating sleeve 2 
thus providing parallel circuits throughout the 
panel betwen the two cold leads. As shown 
in Fig. 1 the cold leads 8, 29 are located ad 
jacent one another at the same end for easy 
connection and have portions woven into the 
fabric which anchor them therein thus provid 
ing a strain relief for the cold leads which pre 
vents strains from being transmitted to the con 
nections of the resistance wires to said cold 
leads. 

If desired, an upper attaching Selvage 22 
formed by dead filling 23 may be woven into 
the warp adjacent the Wire to hold it in place. 
Preferably, the upper and lower Selvage are given 
a coating of an adhesive of any suitable type to 
adhere the warp and filling and prevent shifting 
thereof and unravelling of the unit. This is in 
dicated at 24 in the detailed view of Fig. 2 
by the stippling applied to the selvage. For ex 
ample, the adhesive may be a low temperature 
curing warnish which is brushed over the same 
and Set. 

In order to provide for greater ease and more 
Secure mounting of the elongate panel, dead 
filling 25 is woven into the unit at predetermined 
intervals therealong to produce, in addition to 
the Selvages a, , S:Stantial attaching areas 
spaced throughout the panel and adapted to re 
ceive the fastening devices such as nails, staples 
or the like 26 without danger of contact with 
the Wire or receive suitable adhesive to Secure 
it in place on the wall. The dead fillings 25 are 
secured to the warps by adhesive in the Same 
manner as in the attaching Selvages. 
The warp and dead filler may be of any suit 

able material, natural or synthetic, which Will 
withstand heat. In the preferred form of the 
invention they are made of fiber glass which is 

9 thereon and ter. 

5 

10 

15 

2 5 

30 

3 5 

50 

5 5 

60 

70 

5 

4 
strong and a good insulator. The wires may be 
of any Suitable conducting material and lay be 
bare or covered. In the preferred form of the 
invention they are formed of a resistance alloy 
and provided with a braided jacket of nylon which 
has good insulating properties and is stable 
hrough the heating ranges required in a heating 
panel. 

Because of the use of parallel wires through 
out, I have been able, by means of parallel cir 
cuits, to use wire which is of Smaller diameter 
than heretofore required and which is spread 
over a large area and provides for low Watt 
densities in the panel so that dangerous hot 
spots are avoided. These smaller wires result 
in a thinner structure which may be fitted into 
very narrow passages and which is highly ad 
vantageous when used as a radiant panel heater 
Since it does not project any Substantial amount 
from the wall and lends itself well to receiving 
a covering material. 
Under some circumstances it may be desired 

to provide a panel with a heating surface which 
does not extend for the full area of the panel 

5 but which has a predetermined pattern. This 
is accomplished by extending the resistance wire 
filling in parallel relation only over the desired 
surface and by completing the surface of the 
panel by weaving in dead filling 27, as shown in 
Fig. 5, which may be adhered to the warp by 
suitable adhesive as indicated at 28 to fix the 
Same against unravelling. If desired the sec 
tion indicated by the dash lines may be cut 
out to provide a void to permit the same to be 
applied over a projection. On the Wall, Such as a 
light SWitch, or form a passage for a pipe Or 
the like. 

In producing the woven resistance or heater 
unit of the present invention a novel method is 
employed wherein double shuttles are used for 
each of the parallel wires. The portions 6a, 

d and 6b and b of the wire on either side 
of the intermediate portion 6, thereof which 
is laid in the warp adjacent the botton Selvage 
or starting point are wound on separate shuttles 
and the Shuttles at each Side are then moved 
alternately back and forth across the unit to 
lay in the filler of resistance wire in spaced 
parallel relation as shown in Fig. 1. It Will be 
noted that at no point in the entire length of 
the unit, do the Wires cross One another but rather 
are always maintained in spaced parallel rela 
tion. Suitable dead filling may be woven in 
the unit as required and by selecting wires hav 
ing proper ohmage, and by utilizing the required 
number of picks to the inch, the woven unit, 
can be made with the wires distributed through 
out the panel in any desired manner to produce 
the required heating surface. Furthermore, the 
lengths of the units can be varied at will since 
the two ends of the wires advance along the unit 
from the starting end in a uniform manner and 
will always produce adjacent terminals at the 
same end of the unit. 

For some purposes it may be necessary to pro 
vide additional circuits in the panel. This can 
be accomplished by including tap means in one 
or more of the resistance wires whereby they can 
be divided into a plurality of circuits. In Fig. 4 
is shown One such tap means in wire 6 which 
is cut and the ends connected to cold leads 29, 
3 which have short portions woven into the 
warp to anchor them in place. By connecting 
these leads in the power supply either half of 
Wire 6 may be utilized as a separate circuit. 
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The present invention lends itself well to panel 
heater units because of the great versatility of 
the circuits which may be obtained by the struc 
ture. Not only may different circuits be Se 
cured merely by connecting the terminals of the 
parallel wires in various circuit combinations, 
but the unit may be provided with wires of dif 
ferent ohmic resistance which may be selectively 
connected by Suitable switch means, not shown, 
to a power source to produce a quick heat and 
a slow heat if required. Inasmuch as the Wires 
extend throughout the whole area of the panel it 
Will be effective in either circumstance to Sat 
isfactorily provide the heating condition de 
manded. 
While the foregoing description has been lim 

ited to panel heaters, it is to be understood that 
the structure of the present invention is equally 
applicable to heaters of other types, for example, 
elongate heaters which are adapted to be Wrapped 
around pipes or other structures for heating the 
Same. Since fine wires are used in the unit they 
may be readily bent around pipes or the like to 
assist in the mounting thereof. Also the struc 
ture of the present invention is applicable for 
the purpose of a resistance unit since it pro 
vides a highly desirable structure in which a 
plurality of separate substantially identical cir 
cuits are provided having terminals which are 
located at one end and which unit will readily 
dissipate objectional heat therefrom and may be 
made very thin to fit in confined spaces such as 
may be encountered in meters or the like in 
struments. 

Wariations and modifications may be made 
Within the Scope of the claims and portions of 
the improvements may be used without others. 

I claim: 
1. A woven resistance unit comprising warp 

strands of insulating material and a continuous 
filling of resistance wire, said filling comprising 
a plurality of continuous spaced wires having 
intermediate portions laid in the warp across one 
end of the unit in parallel relation and the re 
maining portions of the resistance wires which 
are connected to each end of the intermediate 
portions being woven alternately back and forth 
acroSS the unit in nested parallel relation to 
One another and to said intermediate portions 
throughout the unit to the other end of the unit to 
provide a plurality of resistance wires extending 
in parallel relation from Said other end of the 
unit to the first end and back to said other end 
to produce terminals for the unit at said other 
end of the unit free of any return leads. 

2. A woven resistance unit comprising warp 
Strands of insulating material and a continuous 
filling of resistance wire, said filling comprising 
a plurality of continuous spaced wires having 
intermediate portions laid in the warp across one 
end of the unit in parallel relation and the re 
maining portions of the resistance wires which 
are connected to each end of the intermediate 
portions being Woven alternately back and forth 
acroSS the unit in nested parallel relation to one 
another and to said intermediate portions 
throughout the unit to the other end of the unit 
to provide a plurality of resistance wires ex 
tending in parallel relation from said other end 
Of the unit to the first end and back to said other 
end to produce terminals for the unit at said 
other end of the unit free of any return leads; 
and means joining said terminals in a prede 
termined manner to connect said parallel resist 
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6 
ance wires together into required circuits in the 
unit. 

3. A woven heater unit comprising Warp 
strands of insulating material and a continuous 
filling of resistance wire, said filling comprising 
a plurality of continuous spaced wires having 
intermediate portions laid in the Warp acroSS One 
end of the unit in parallel relation and the re 
maining portions of the resistance Wires which 
are connected to each end of the intermediate 
portions being woven alternately back and forth 
across the unit in nested parallel relation to 
one another and to said intermediate portions 
throughout the unit to the other end of the unit 
to provide a plurality of resistance wires ex 
tending in parallel relation from said other end 
of the unit to the first end and back to Said 
other end to produce terminal portions at Said 
other end of the unit free of any return leads; 
and insulated cold leads connecting the adja 
cent terminal portions of the parallel wires to 
gether to form parallel circuits thereby and pro 
vide a pair of terminals for the unit at Said other 
end, said cold leads having portions interWOwen 
with said warp strands to fix the leads therein 
and hold the insulation thereon against unin 
tentional movement. 

4. A woven heater unit comprising Warp 
strands of insulating material and a continuous 
filling of resistance Wire, said filling comprising 
a plurality of continuous spaced Wires having 
intermediate portions laid in the Warp acroSS One 
end of the unit in parallel relation and the re 
maining portions of the resistance wires which 
are connected to each end of the intermediate 
portions being woven alternately back and forth 
across the unit in nested parallel relation to 
one another and to said intermediate portions 
throughout the unit to the other end of the unit 
to provide a plurality of resistance wires extend 
ing in parallel relation from said other end of 
the unit to the first end and back to said other 
end to produce terminals for the unit at said 
other end of the unit free of any return leads, 
portions of said wire filling extending for part of 
the width of the unit to provide a heating sur 
face of predetermined shape, said unit having 
dead filling Woven in the warp strands to com 
plete the surface thereof. 

5. An elongate woven radiant heater panel 
which comprises a series of warp strands of in 
Sulating material, a dead filling of insulating ma 
terial at one end of the panel to form an attach 
ing Selvage; a continuous filling of heater wire, 
Said filling comprising a plurality of continuous 
Spaced Strands of fine resistance wire having in 
termediate portions laid in the warp across the 
end of the panel adjacent said attaching Selvage 
and in parallel relation and the remaining por 
tions of the strands which are connected to each 
end of the intermediate portions being woven 
alternately back and forth across the panel in 
nested parallel relation to one another and to said 
intermediate portions throughout the panel to 
the other end of the panel to provide a plurality 
of resistance wires extending in parallel relation 
from Said other end of the panel to the first end 
and back to Said other end to produce terminals 
for the panel at said other end of the panel free 
of any return leads; and a dead filling of insulat 
ing material at the other end of the panel forming 
an attaching Selvage at Said other end. 

6. An elongate WOWen radiant heater panel 
which comprises a Series of warp strands of in 
Sulating material, a dead filling interwoven at one 
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end of the panel to form an attaching selvage; a 
heater surface comprising solely a filling formed 
of a plurality of spaced parallel fine strands of 
resistance wire having the midportions of the 
parallel wires extending across the panel adja 
cent the Said Selvage and having the remaining 
portions of the Strands of resistance wire which 
are connected to each end of said midportions 
woven alternately back and forth across the panel 
in nested parallel relation to one another and to 
Said midportions throughout the panel in a pre 
determined pattern to the other end of the panel 
to provide a plurality of circuits extending in 
parallel relation from said other end of the panel 
to the first end and back to Said other end and 
having terminals at Said other end of the panel 
free of any return leads; a dead filling Woven in 
the warp to complete the pattern; a dead filling 
WOWen in the panel to extend thereaCrOSS at 
Spaced intervals therealong to provide fastening : 
zones free of wire; and a dead filling forming an 
attaching Selvage at Said other end. 

7. An elongate woven radiant heater panel 
which comprises a series of warp strands of fiber 
glass, a dead filling Woven at One end of the panel 
to form an attaching Selvage; a filling comprising 
a plurality of Spaced parallel strands of resistance 
Wire covered with braided nylon and having the 
midportions of the parallel wires extending across 
the panel adjacent the Said Selvage and having 
the remaining portions of the Strands of resist 
ance Wire Which are connected to each end of 
said midportions WOWen alternately back and 
forth acroSS the panel in nested parallel relation 
to One another and to Said midportions through 
out the panel in a predetermined pattern to the 
other end of the panel to provide a plurality of 
circuits extending in parallel relation from said 
other end of the panel to the first end and back 
to said other end to produce a plurality of circuits 
having terminals at said other end of the panel 
free of any return leads; a dead filling woven in 
the panel at Spaced intervals therealong to pro 
vide fastening zones for the panel free of wire; 
and a dead filling woven at the other end and 
forming an attaching selvage for the panel at 
Said other end. 

8. The method of forming a woven resistance 
unit which comprises arranging a series of warp 
strands of insulating material, interweaving a 
plurality of Spaced continuous parallel strands of 
resistance wire with said Warp Strands by weav 
ing the midportions of the wires in spaced parallel 
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relation across the unit at one end and weaving 
the remaining portions of the strands of resist 
ance wire which are connected to each end of 
the midportions alternately back and forth acroSS 
the unit to lie in nested parallel relation to One 
another and to said midportions throughout the 
unit to the other end of the unit to provide a 
plurality of resistance wires extending in parallel 
relation from said other end of the unit to the 
first end and back to said other end to produce 
terminals for the unit at said other end of the 
unit free of any return leads. 

9. The method of forming a woven heater unit 
which comprises arranging a series of warp 
strands of insulating material; weaving in the 
Warp a dead filling of insulating material at One 
end of the unit to form a mounting Selvage; in 
terWeaving into Said warp a heater portion COne 
prising Solely a plurality of Spaced continuous 
parallel strands of resistance wire by weaving the 
midportions of the Wires in Spaced parallel rela 
tion acroSS the unit at One end and weaving the 
remaining portions of the Strands of resistance 
wire Which are connected to each end of the mid 
portions alternately back and forth across the 
unit in a predetermined pattern to lie in nested 
parallel relation to one another and to said mid 
portions throughout the unit to the other end of 
the unit to provide a plurality of resistance wires 
extending in parallel relation from said other end 
of the unit to the first end and back to Said other 
end to produce terminals for the unit at said 
other end of the unit free of any return leads; 
and Weaving in a dead filling of insulating ma 
terial at Said other end to form a second Selvage. 
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