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SOFT HEATING ELEMENT AND METHOD OF TS 
ELECTRICAL TERMINATION 

0001. This is a continuation-in-part of application Ser. 
No. 09/309,917 filed on May 11, 1999. 

BACKGROUND OF INVENTION 

0002) 1. Field of Invention 
0003. This invention relates to soft and flexible electrical 
heaters, and particularly to heating elements, including 
conductive threads/fibers. 

0004 2. Description of the Prior Art 
0005 Heating elements have extremely wide applica 
tions in household items, construction, industrial processes, 
etc. Their physical characteristics, Such as thickness, shape, 
size, Strength, flexibility and other characteristics affect their 
usability in various applications. 
0006 Numerous types of thin and flexible heating ele 
ments have been proposed. For example, U.S. Pat. No. 
4,983,814 proposed by Ohgushi is based on a proprietary 
electroconductive fibrous heating element produced by coat 
ing an electrically nonconductive core fiber with electrocon 
ductive polyurethane resin containing the carbonatious par 
ticles dispersed therein. Ohgushi's manufacturing proceSS 
appears to be complex; it utilizes Solvents, cyanates and 
other toxic Substances. The resulting heating element has a 
temperature limit of 100° C. and results in a pliable but not 
Soft heating element. In addition, polyurethane, used in 
Ohgushi's invention, when heated to high temperature, will 
decompose, releasing very toxic Substances, Such as prod 
ucts of isocyanide. As a consequence, Such heating element 
must be hermetically Sealed in order to prevent human 
exposure to toxic offgassing. Ohgushi claims temperature 
self-limiting quality for his invention, however “activation” 
of this feature results in the destruction of the heater. He 
proposes the use of the low melting point non-conductive 
polymer core for his conductive fabric-heating element, 
which should melt prior to melting of the conductive layer, 
which uses the polyurethane binder with the melting point of 
100° C. Thus, the heating element of Ohgushi's invention 
operates as Thermal Cut Off (TCO) unit, having low tem 
perature of Self-destruction, which limits its application. 
0007 U.S. Pat. No. 5,861,610 to John Weiss describes the 
heating wire, which is formed with a first conductor for heat 
generation and a Second conductor for Sensing. The first 
conductor and a Second conductor are wound as coaxial 
Spirals with an insulation material electrically isolating two 
conductors. The two Spirals are counter-wound with respect 
to one another to insure that the Second turns croSS, albeit on 
Separate planes, Several times per inch. The described con 
Struction results in a cable, which has to be insulated twice: 
first, over the heating cable and Second, over the Sensor 
cable. The double insulation makes the heating element very 
thick, stiff and heavy, which would be uncomfortable for 
users of Soft and flexible products Such as blankets and pads. 
The described cable construction cannot provide large heat 
radiating area per length of the heater, as it would be 
possible with a Strip or sheet type of the heating element. 
The termination with electrical connectors is very compli 
cated because of Stripping two adjacent layers of insulation. 
In addition, in the event of overheating of a very Small 
Surface area of the blanket or pad (for example several 
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Square inches), the Sensor may fail to sense a very low 
change in the total electrical resistance of the long heating 
element due to operating resistance tolerance of the heating 
cable. In addition, Such heating cable does not have Ther 
mal-Cut-Off (TCO) capabilities in the event of malfunction 
of the controller. 

0008 Another prior art example is U.S. Pat. No. 4,309, 
596 to George C. Crowley, describing a flexible self-limiting 
heating cable, which comprises two metal conductor wires 
Separated by a positive temperature coefficient (PTC) mate 
rial. Said heating metal wires are disposed on textile fiber 
core made of Strands of nonconductive fibers coated with 
conductive carbon. This method has the following disad 
Vantages: The textile fiber core Serves only for aligning of 
metal wire conductors and Strengthening of the heating 
cable. In the event of abnormal overheating, or fire, the 
destruction of textile fiber core will only increase the poS 
sibility of short circuit and fire hazard. In addition, the metal 
conductor wires have very high melting temperature; there 
fore they cannot provide TSL or TCO safety functions. 

0009 Thrash (U.S. Pat. No. 5,801.914) describes an 
electrical Safety circuit that utilizes a Sacrificial fuse fila 
ment. Such Sacrificial filament is connected to a separate 
Switching circuit, which terminates electrical continuity of 
PTC heating element in the event of fire hazard. The main 
disadvantages of this design are (a) the Switching circuit 
deactivates power only after arcing/fire has already Started 
and burned the sensor fiber filament; (b) utilizing of two 
Separate circuits: one for heating, another for fire Sensing, 
Significantly increases cost of the products, and (c) addition 
of Sensing Sacrificial filament enlarges overall thickness of 
conventional PTC cable, which originally suffered from 
excessive StiffneSS and bulkiness. 

0010) Another prior art example is U.S. Pat. No. 4,969, 
840 to Li Hidehiro at al, describing an electrical connector 
for flexible flat cable. Such electrical connector comprises 
plastic housing having plurality of terminals arranged 
therein and a removable connector cover mounted on the 
connector housing. When the flexible flat cable is inserted 
and the connector cover is pushed into the connector hous 
ing, the lock hole of the cable becomes engaged with the 
projection of the lock plate. The design of the connector has 
the following disadvantages: (a) the connector cannot be 
applied for Soft cable having unstable shape Such as woven 
textile strips; (b) the housing of connector is complicated 
and requires cable with special hole in the center, (c) the 
connectors, cannot provide reliable electrical connection 
with Soft conductorS Such as electrically conductive textile 
threads. 

0011. The present invention seeks to alleviate the draw 
backs of the prior art and describes the fabrication of a 
heating element, comprising temperature Self-limiting 
(TSL) electrically conductive threads/fibers, which is eco 
nomical to manufacture, does not pose environmental haz 
ards, results in a Soft, flexible, Strong, thin, and light-weight 
heating element core, Suitable for even Small and complex 
assemblies, Such as handware. A preferred embodiment of 
the invention consists of utilizing conductive textile threads 
having Thermal Cut Off (TCO) and/or TSL functions to 
prevent overheating and fire hazard. Unique methods of 
electrical termination of conductive textile heating element 
are also described below. 
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SUMMARY OF THE INVENTION 

0012. The first objective of the invention is to provide a 
Significantly Safe and reliable heating element which can 
function properly after it has been Subjected to Sharp folding, 
kinks, Small perforations, punctures or crushing, thereby 
Solving problems associated with conventional flexible heat 
ing metal wires. In order to achieve the first objective, the 
electric heating element of the present invention is com 
prised of electrically conductive textile heating threads/ 
fibers. The conductive heating threads/fibers may comprise 
carbon or metal microfibers, or textile threads coated/im 
pregnated with, at least one of the following electrically 
conductive materials: metal, carbon/graphite, carbides, con 
ductive ink, metal Sulfides, metal Zeolites, metal oxides, 
metal filled polymers, metal coated nonconductive particles 
or their combination. The conductive heating threads/fibers 
possess the following characteristics: (a) high strength; (b) 
high strength-to-weight ratio; (c) softness, (d) flexibility. 
The heating element core described in this invention has a 
shape of electrically conductive Strips, sleeves, sheets, ropes 
or cables, which radiate a controlled heat over the entire 
heating core Surface. 
0013 The second objective of the invention is to provide 
a high level of Safety, minimizing the possibility of fire 
hazard. In order to achieve the second objective: (A) the bus 
conductors of heating elements may comprise temperature 
Sensitive conductive textile threads/fibers having melting 
point from 120° C. to 350° C. The melting of the conductive 
threads/fiberS results in complete breaking of electrical 
continuity in the heating System, or portion thereof, in the 
event of abnormal local overheating; (B) the heating means 
comprises electrically conductive threads, which have melt 
ing point from 120° C. to 350° C.; and (C) at least bus 
conductors or heating means may comprise temperature 
self-limiting (TSL) conductive textile threads. If abnormal 
overheating occurs in the heating System, and the tempera 
ture elevates slowly, reaching the melting point, the TSL 
threads/fibers, described in this invention, increase their 
electrical resistance, thus decreasing the outcome power. 
0.014. Therefore, the proposed bus conductors and/or 
conductive textile heating means can safely operate both as 
high temperature TCO (Thermal-Cut-Off) and as TSL 
devices. The above described TCO and TSL safety functions 
activate mainly in the event, when normal temperature 
regulators, Such as thermostats or power controllers do not 
provide Sufficient thermal regulation, or malfunction in the 
heating products. 
0015 The third objective of the invention is to provide 
redundancy of the electrical circuit if necessary. In order to 
achieve the third objective (A) the heating element core may 
comprise electrically conductive threads or metal wires 
bridging the electrical continuity between heating electro 
conductive threads and (B) the bus conductors, which con 
tain metal wires, may comprise electrically conductive 
threads, bridging electrical continuity between Said metal 
WCS. 

0016. The forth objective of the invention is to provide 
reliable mechanical and electrical connection between heat 
ing conductive textile threads/fibers of the heating element 
and metal wire conductors during electrical termination of 
the heating products. In order to achieve the forth objective, 
at least one of the following methods may be applied: 
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0017 (A) joining of electrically conductive heating 
threads with lead wires in one bundle, followed by winding, 
preferably, by thin metal wires or electrically conductive 
textile threads around Such bundle. Nonconductive threads 
or polymer monofilaments may also be utilized for Such 
winding. A metal crimp, auto Splice and/or plastic tie can be 
placed on the top of Such bundle to insure reliable mechani 
cal and electrical connection. 

0018 (B) utilizing of telescoping crimping, which com 
prises steps of: (i) placing of electrically conductive threads 
between at least two ductile materials, provided that at least 
one of them has electrically conductive Surface, which is in 
contact with electrically conductive threads, and (ii) crimp 
ing of the whole terminal assembly. 
0019. The fifth objective of the invention is to provide 
quick disconnection of the heating element from the elec 
trical power Source in order to prevent tripping and injuring 
of consumers who utilize a heating device according to the 
preferred embodiment of this invention. Such quick electric 
power disconnection is extremely important for products 
utilized in “high traffic Zones, Such as heated area rugs and 
mats, heated chairs and Sofas, Space radiant heaters and 
other heating devices requiring an extended electrical cord 
to reach a power outlet. In order to achieve the fifth 
objective, the male connector box, having trapezoidal croSS 
Section of the cavity is utilized in order to quickly disconnect 
electrical continuity in the heating element assembly. 
0020. The present invention comprises a heating element, 
containing Soft, strong and light electrically conductive 
textile acting as temperature Self-limiting heating media. 
The heating element is highly resistant to punctures, Small 
perforations, Sharp folding and crushing. It can be manu 
factured in various shapes and sizes, and it can be designed 
for a wide range of parameters, Such as input Voltage, 
desired temperature range, desired power density, type of 
current (AC and DC) and method of electrical connection 
(parallel and in Series). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 shows a plan view of a heating element strip 
laid out to fit the area to be heated, electrically connected in 
Series, and having electrical connections made according to 
the preferred embodiment of the invention. 
0022 FIG. 2A shows a plan view of a stripped end of the 
heating element Strip, having non-insulated heating threads, 
attached to a Stripped end of the lead wire cable. 
0023 FIG. 2B shows a plan view of a heating strip and 
lead wire cable with flexible strand wound around non 
insulated heating threads and a Stripped lead wire. 
0024 FIG. 2C shows a plan view of metal crimp and 
plastic tie fastened around heating Strip and lead wire cable. 
0025 FIG. 3A shows a plan view of a stripped heating 
element Strip and fastening rigid cylinder, having hollow 
interior. 

0026 FIG. 3B shows a plan view of a connector pin, 
having hollow interior and heating element Strip with 
attached fastening rigid cylinder. 
0027 FIG. 3C shows a plan view of a crimped connector 
pin and heating element Strip, according to preferred 
embodiment of the invention. 
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0028 FIG. 4A shows cross sections of rigid connector 
pin, fastening means, having hollow interior and cable/ 
threads compression/locking mechanism. 

0029 FIG. 4B shows a plan view of electrical termina 
tion of the heating tape by the fastening means, having a 
hollow interior and cable/threads compression/locking 
mechanism. 

0030 FIG. 5 shows an isometric view of a heating cable 
consisting of two energizing bus electrodes interconnected 
with positive temperature coefficient (PTC) or other semi 
conductive materials, provided that at least one bus elec 
trode comprises Thermal Cut-Off (TCO) electrically con 
ductive textile threads. 

0.031 FIG. 6A shows a plan view of a heating device 
having quick connector box according to preferred embodi 
ment of this invention. 

0032 FIG. 6B shows a plan view of connector box, 
having narrowing croSS Section of cavity for quick discon 
necting of a connector plug in the event of emergency. 

0.033 FIG. 6C shows a plan view of a connector plug, 
having narrowing croSS Section for quick disconnecting from 
a connector box in the event of emergency. 
0034 FIGS. 6D and 6E show different optional shapes 
of frontal view of the plug. 
0.035 FIG. 7A shows a heating device, utilizing heating 
textile threads, connected in parallel, electrode means and 
redundant circuits according to the preferred embodiment of 
the invention. 

0.036 FIG. 7B shows a heating device, utilizing tempera 
ture Self-limiting heating conductive textile, which has 
localized fused (TCO) and TSL spots after abnormal over 
heating of the heating product. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0037. The invention consists of a soft heating element 
core made by the interconnecting of electrically conductive 
threads/fibers with nonconductive materials. Said core may 
be assembled as Strips, ropes, Sleeves, pipes and sheets. The 
heating element core may contain electrically conducting 
threads, which are combined with non-conducting yarns/ 
fibers or polymers in various proportion and/or weaving, 
embroidering, or knitting patterns in order to augment the 
heating element core electrical resistance. 
0.038 For convenience of explanation of the invention, 
the following are the meanings of Some terms, utilized in 
this invention: 

0039) 1. The term “thread” shall mean stitching 
thread, knitting thread, and weaving thread or yarn. 
The thread may comprise continuous and/or non 
continuous fibers, at least one monofilament, or 
combination thereof. 

0040 2. The terms “metal micro fiber” or “metal 
fiber' shall mean metal fiber, having denier size of 
synthetic textile fibers. The diameter of each metal 
fiber or micro fiber is Smaller than the lowest com 
mercially available metal wire Gauge. 
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0041) 3. The term “flexible strand” shall mean, but 
not limited to, electrically conductive or non-con 
ductive thread, polymer monofilament, metal wire or 
combination thereof. 

0042. 4. The term “metal coated thread” shall mean 
thread comprising fibers or monofilament coated 
with at least one of, but not limited to the following 
metals: Silver, gold, copper, aluminum, tin, nickel, 
Zinc, cadmium, palladium, lead, their alloys or multi 
layer combination. Such coating may be applied to 
the threads/fibers made of either carbon/graphite, or 
polymer, or fiberglass, or ceramic or their combina 
tion. The coating methods may comprise Sputtering, 
electroplating, electroleSS deposition, or any other 
appropriate metal coating techniques. 

0043 5. The term “metal containing thread” shall 
mean thread, which may comprise continuous or 
discontinuous metal fibers, micro fibers or particles, 
metal coating or metal containing ink, or combina 
tion of the above. 

0044) 6. The term “conductive ink” described in this 
invention shall mean either electroconductive ink, or 
electroconductive polymer, or paint or adhesive, 
comprising electroconductive media, Such as carbon, 
graphite or metal particles/fibers dispersed in a Solu 
tion of nonconductive organic material. 

0045 7. The term “carbon containing thread” 
described in this invention shall mean carbon/graph 
ite thread, or fibers coated or impregnated with 
electrically conductive carbon, carbide or carbon/ 
graphite containing material. 

0046 8. The terms “heating means” or “heating 
media” shall mean electrical resistance material, 
which is utilized to generate radiant heat, when 
energized, in the preferred embodiments of this 
invention. 

0047 9. The terms “electrode means”, “electrode 
conductor”, “current carrying conductor', or “con 
ductive means' shall mean highly electrically con 
ductive device, which is utilized to conduct electric 
ity and to provide reliable electrical connection with 
portions of heating means. Conductive or electrode 
means/conductor may be in the form of bus electrode 
conductor, electrode terminal, pin connector, electri 
cally conductive fastening means, lead wire or any 
other low electrical resistance devices. 

0048, 10. The term “insulating means” shall mean 
electrically nonconductive material, Such as, but not 
limited to: polymer film or jacketing, ceramic or 
Wooden laminate, woven, knitted or non-woven fab 
ric, nonconductive yarns or fibers. 

0049) 11. The term “conductive textile” described in 
this invention shall mean Soft electrically conductive 
textile material comprising electro conductive 
threads/fibers with or without inclusion of noncon 
ductive materials, Such as woven, knitted or non 
woven textile/fiber. Conductive textile may comprise 
electrically conductive threads/fibers incorporated 
into the textile by Stitching/embroidering, weaving 
or knitting. 
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0050 12. The terms “fastening means” or “electrode 
fastening means' shall mean, but not limited to, any 
kind of metal or polymer auto Splice, hollow cylin 
der, crimping connector, connector pin, Staple, 
thread, plastic tie, any of their combination or any 
other connection/fastening device appropriate for the 
purposes of this invention. 

0051. The heating element described in this invention 
may have, but not limited to at least one of the following 
threads/fibers: 

0052 1. Metal coated or impregnated synthetic poly 
mer threads with Similar or varying electrical charac 
teristics. 

0053 2. Metal coated or impregnated inorganic 
threads (made of ceramic, fiberceramic, optic silica or 
fiberglass fibers) with Similar or varying electrical/ 
optical characteristics. 

0054 3. Monofilament polymer thread with inclusion 
of nanosized metal particles. 

0055 4. Threads with similar or varying electrical 
characteristics coated or impregnated with conductive 
ink. 

0056 5. Metal threads comprising metal micro fibers 
with Similar or varying electrical characteristics. 

0057 6. Threads comprising electrically conductive 
Sulfides or Zeolites of metals. 

0.058 7. Threads comprising carbon/graphite or elec 
trically conductive carbides. 

0059) 8. Threads/fibers, as indicated in 1 through 7 
above, with addition of nonconductive polymer Syn 
thetic fibers. 

0060) 9. Threads, as indicated in 1 through 7 above, 
with addition of nonconductive inorganic, including 
fiberglass, fibers. 

0061 The insulating means of the heating element core 
may be in a form of weft or warp weaving yarns, knitted 
yarns, extruded or jacketed insulating polymer, woven or 
non-woven Synthetic fabric or inorganic fiberS/textile. 
0062) The insulating polymer may be polyvinyl chloride 
(PVC), Silicon rubber, polyethylene, polypropylene, poly 
urethane, cross-linked polyethylene or cross-linked PVC, or 
other cable insulating materials. The laminating of the 
multiple conductive threads/fibers to the nonconductive sub 
Strate may be achieved by placing the threads between at 
least two layers of insulating means and Subsequent thermal 
fusing of the Sandwich assembly. It is also possible to utilize 
adhesive, low temperature melting polymer, embroidering 
or Stitching to laminate electrically conductive and optional 
nonconductive threads between non-conductive materials. 

0.063 FIG. 1 shows a possible embodiment of the inven 
tion where a heating element consists of heating element 
core (1), having a shape of a strip, which is laid out in a 
ZigZag pattern. The Sections of the Strip are contiguous to 
each other. The heating element core consists of a multitude 
of electrically conductive heating textile fiber threads (9) 
encapsulated by insulator (8) and, interconnected with non 
conductive material. Such placement may be achieved 
through weaving of electrically conductive threads with 
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nonconductive threads or laminating of conductive threads 
between at least two layers of insulating material. The ends 
of the heating element core are Stripped in Such a way as to 
remove any insulating materials, including protective coat 
ing (8), jacketing or nonconductive fibers (FIG. 2A). The 
remaining electroconductive heating threads (9) at the end of 
the heating element core are then joined with the lead wire 
conductors (3), creating a bundle of Soft electroconductive 
materials. The next step of electrical termination consists of 
fastening the bundle of lead wire conductors and heating 
electroconductive threads by winding with flexible strands 
around said bundle (FIG. 2B). The flexible strands may 
comprise electrically conductive materials, Such as electro 
conductive threads or thin metal wires. It is preferable to 
utilize additional fastening means (7), Such as plastic tie, 
crimp or auto Splice to achieve reliable electrical and 
mechanical connection of the above-described bundle of soft 
electroconductive materials (FIG. 2C). 
0064. An automatic temperature limit control may be 
accomplished through the use of an optional thermostat (4) 
placed directly on the Surface of the heating element core 
(1), preferably at the location of a heat concentration, Such 
as connector box, layering or folding of heating element 
core. In the event of placing thermostat in the connector box, 
the pin connector (6) may be directly attached to the 
thermostat by the lead wire. The thermostat may be sealed 
utilizing waterproof insulating material (5), Such as clear 
PVC tubing. 

0065. As an alternative to a thermostat, special tempera 
ture Sensitive electrically conductive threads or other Suit 
able material can function as TCO safety devices. One, 
Several or all heating threads/fibers may serve this function, 
depending on the intended use of heater and its design 
parameters. It is desirable that the limiting (melting) tem 
perature for such TCO threads/fibers be in a range of 120 
C.-350° C. This virtually eliminates the possibility for the 
heating element to become a Source of ignition in case of 
localized overheating, Short circuit or other extreme condi 
tions. It is also important to note that melting temperature 
can be the same or vary for different heating threads/fibers 
within one heating element core. 
0066. Another distinguishing characteristic of electri 
cally conductive heating textile threads/fiberS described in 
this invention is that as the temperature approaches the 
melting limit, their electrical resistance rises, thus lowering 
their power output of the heating element. This temperature 
self-limiting (TSL) capability, described in this invention, is 
a very important performance and Safety feature. TSL pre 
vents abnormal overheating and minimizes Situations, when 
heating element acts like a thermal cutoff (TCO) device, 
fusing (terminating) the electrical circuit. 
0067. It is also preferable to utilize combinations of 
threads with different thermal characteristics in one heating 
element core. For example, one heating element Strip may 
contain 3 insulated cables of electroconductive heating 
threads/fibers, two of which are made of metal coated 
Synthetic threads having a thermal cutoff function, and the 
third cable made of carbon or metal fibers. The threads of the 
third cable do not have TCO function and can withstand 
temperatures, exceeding TCO melting limit of other two 
cables. In the event all 3 cables have the same electrical 
resistance, each of them will provide /3 of electrical power 
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and heat radiated by the heating element. When the tem 
perature of the heating element slowly reaches TCO tem 
perature limit, then two cables will significantly increase 
their electrical resistance due to temperature Self-limiting 
(TSL) properties, decreasing the total output heating power. 
In the event of fast temperature raising, (for example, 
burning cigarette was dropped on the heating blanket, then 
the above mentioned two cables immediately melt and open 
the circuit upon reaching TCO melting temperature limit, 
reducing the total generating power/current by %. Thus, the 
heat generated by the System will be significantly reduced in 
both cases, minimizing fire hazards. 
0068. It is also possible to utilize threads/fibers with 
different thermal characteristics in the same individually 
insulated cables. For example, the same cable may contain 
metal-coated synthetic fibers, having TSL and TCO capa 
bilities, and metal or carbon fibers, which have very high 
temperatures of decomposition. 

0069. Another preferred variation of the invention is 
utilizing of electro conductive heating threads with different 
TCO and TSL characteristics, so that the threads could 
activate their Safety functions in turn, depending on the level 
of elevated heat in the System. 
0070). Some of the features, such as TCO and TSL are 
available only in highly Specialized, limited and expensive 
prior art heating elements, and are based on expensive 
fabrication technologies, which are different than those 
described in present invention. It is preferable to utilize a 
heat reflecting layer on one side of the insulated heating 
element core if dictated by the heating element design; Such 
heat reflecting layer may be an aluminum foil, a metallized 
polymer, or a non-metal heat reflective Substrate, electrically 
insulated from the electroconductive heating element com 
ponents. 

0071 Another preferred variation of the invention is 
utilizing of at least one insulated cable, made of metal 
coated fiber optic silica threads/fibers. In the event of 
utilizing of Such embodiments, the Soft heating Strip, shown 
in FIG. 1, may be used for Simultaneous or separate heat, 
data or/and light transfer. 

0072 FIGS. 2A, 2B and 2C show a method of electrical 
and mechanical connecting of electrode means, comprising 
metal containing conductor means (3) with heating element 
core (1) consisting of insulated (8) electrically conductive 
textile fiber threads (9). 
0073. The connection is achieved by tightly winding a 
flexible strand (2) around the bundle of uninsulated ends of 
electrode means (3) and heating element core (1). For best 
results, it is preferred that the flexible strand winding shall 
extend to the insulated portion of the conductors being 
joined for a distance Sufficient to accommodate optional 
fastening means (7) placed around it. 
0.074 The connection assembly is finished by placing 
fastening means (7) on top of the flexible strand (2) at two 
locations, in the uninsulated portion of the connection and in 
the insulated portion of the connection. It is preferable to 
utilize at least one fastening means in Such electrical termi 
nal assembly. 

0075 The flexible strand (2), utilized as a winding can be 
made of a number of materials: electrically conductive 
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and/or electrically non-conductive, monofilament, continu 
ous and/or discontinuous fiber threads, having flat (tape) 
and/or circular croSS Sections, metallic and/or nonmetallic, 
heat shrinkable or heat stable. Electrically conductive or 
non-conductive glue may be used to assist in creating a 
tighter and more durable electrical connection. It is prefer 
able that the flexible Strand comprises electrically conduc 
tive material. 

0076. The completed electrical connection may be then 
insulated by at least one of the following means: placing in 
a Specially designed Section of the connector box, dipping in 
liquid insulator, insulating by an electrical tape, Sealable/ 
Shrinkable sleeve, or other means that may offer various 
degrees of Sealing, including waterproof hermetic insula 
tion. 

0.077 FIGS. 3A, 3B and 3C show electrical termination 
of a Soft and flexible heating core (1) with a rigid connector 
male pin (6). The heating element core (1) comprises 
electrically conductive heating textile threads (9), encapsu 
lated by insulating means (8). 
0078. The termination is achieved by the following steps: 
(A) threading the uninsulated ends of the heating element 
core (1) through the fastening means (7), having hollow 
interior; (B) moving the fastening means (7) over the 
insulated portion of the heating element core (1), (C) bend 
ing the ends of uninsulated heating threads (9) over the edge 
of the fastening means (7); (D) inserting of the above 
assembly into the hollow end of the connector pin (6); and 
(E) crimping of the connector pin to provide Secure 
mechanical connection and effective electrical continuity. It 
is important to bend the uninsulated electrically conductive 
textile heating threads (9) to an angle of at least 90 over the 
fastening means (7). The fastening means (7) may be made 
of metal or polymer. It is preferable, however, that at least 
its Outer Surface be electrically conductive. 
007.9 The FIGS. 4A and 4B describes an optional elec 
trode assembly design which may include Special elements 
of the fastening means, Such as lock Stud (12), Spring lock 
slot (28), and flexible compression lock (11). These resilient 
elements allow locking of fastening means (7) upon its 
insertion into the connector pin (6), at the same time 
compressing the heating cables and heating threads inside 
the whole electrode assembly. 
0080. The fastening means (7) and the connector pin (6) 
assembly may be So designed that angle to which the ends 
of the heating threads of the heating element Strip (1) shall 
be bent at least 90°. Pin (6) may take various forms, 
including a female connector, threaded connector, or any 
other known type of termination or connection. 
0081 FIG. 5 shows a flexible heating element consisting 
of two bus electrode conductors (10) embedded into a PTC 
or other semi conductive material (13), with the whole 
assembly insulated by insulating means (8). At least one of 
the bus electrode conductors (10) comprises conductive 
textile threads with predetermined melting point, which 
impart TCO (thermal cut-off) and TSL (temperature self 
limiting) attributes to the cable, as enhanced Safety features. 
Therefore, the heating element described here, may have 
three levels of user protection: PTC material, TSL and TCO 
feature of threads, containing in the conductor means (10). 
These features of the cable virtually eliminate the possibility 
of ignition under electrical load, which is known to happen 
with PTC cables of prior art. 
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0082) An alternative embodiment of the invention may be 
utilizing of at least one bus conductor, made of metal-coated 
fiber optic Silica Strands. In the event of utilizing of Such 
embodiments, the flexible heater, shown in FIG. 5, may be 
used for Simultaneous or Separate heat, data or/and light 
transfer. 

0.083 FIG. 6A shows a heating appliance, consisting of 
heating element Strip (1), connected with optional thermo 
Stat (4) and plug connector box (15). It is preferable to place 
the thermostat on the top of at least one heating element Strip 
in order to provide high thermal Sensitivity of thermostat in 
the connector box. 

0084 FIG. 6B shows a cross section of connector box 
(15) equipped with a quick disconnect feature consisting of 
a cavity (27), having a narrowing croSS Section and connec 
tor pins (6) at the cavity base. The cavity may also have 
optional locking grooves (19). 
0085. It is important to note that in order to enable quick 
disconnection of electrical continuity in the heating element, 
the cavity cross section (27) of the connector box (15) may 
narrow down from the opening of the cavity croSS Section 
(27) to the location of the inside cavity base. 
0.086 FIG. 6C shows a matching quick disconnect plug 
(22), having a narrowing cross Section, with connectors (20) 
at its open end. The non-parallel Surfaces of the plug are 
equipped with optional locking grooves (19). A flexible 
insulated cord (21) is attached to the plug. 
0087. The above described “narrowing” cross sections of 
the connector box cavity and of the plug may have any 
non-parallel shapes, including trapezoidal, circular, oval or 
elliptical. 

0088. When the plug (22) is fully inserted into the quick 
connector box's cavity (27), the optional locking grooves 
(19) provide an effective mechanical and electrical connec 
tion. If a force, beyond a predetermined Safe force limit, is 
exerted on the connection, the grooves would unlock and the 
electrical and the mechanical connections would be termi 
nated. Because the grooved Surfaces of each part of the 
device are non-parallel, the unlocking of them will create an 
immediate termination of the mechanical connection, with 
out the possibility of Slippage. 
0089 At least one of the grooved components of the 
quick disconnect plug shall be made of or coated with 
non-rigid material, such as rubber or soft PVC. This will 
allow for ease of insertion and tightness of the connection. 
0090 FIGS. 6D and 6E demonstrate variations of the 
front view of the plug (22). Depending on the final use of the 
heating appliance, the shape of the cross-section of the quick 
disconnect plug may vary from circular (FIG. 6D), oval, 
elliptical, to rectangular (FIG. 6E), and from bulky to slim. 
0.091 The quick disconnect type plugs of this design may 
be used in various types of heating appliances, utilized in, 
but not limited to bedding, floor covering, garments, indus 
trial applications, medicine, health care, military, household 
use, automotive and marine applications, and personal care 
items. 

0092 FIG. 7A shows a heating device, having electrical 
connection in parallel, comprising electrically conductive 
heating fiber threads (9) that are incorporated into electri 
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cally nonconductive woven or non-woven textile fabric base 
(26), preferably by Stitching or embroidering. 
0093. The energizing electrode means (10) are placed, 
Stitched or woven at predetermined locations to act as bus 
conductors of the heating element. The heating threads (9) 
may be stitched through the busses and the fabric (26) in 
Such a way So to create a parallel electrical connection 
between the busses. Electrically conductive thread (18) is 
used to stitch through the busses to provide reliable 
mechanical and electrical connection between the busses 
and heating threads (9). It also serves as a redundant 
electrical means, which provide redundant circuitry for bus 
electrodes (10) and heating threads (9). 
0094. An electrical redundancy of the heating element 
threads (9) may be achieved within the field of the heater by 
Stitching, laminating, knitting or weaving of additional elec 
trically conductive threads (18) or wires over the multiple 
runs of the heating threads, thus bridging them. Both, the 
threads (18) and the heating threads (9) may have thermal 
fuse (TCO) and TSL functions. 
0095 The heating cycle is controlled by optional ther 
mostat (4), placed on top of the heating element and con 
cealed within hermetically Sealed enclosure (5); Step-down 
transformer/rectifier (16); and controller (17). The electrode 
means (10) are electrically energized through lead wires 
FIG. 7B shows heating element, comprising woven or 
knitted electrically conductive textile (25) which, by virtue 
of its composition, acts as TCO device by fusing its local 
spot (23), upon reaching its melting point and as TSL device, 
by increasing its resistance in the localized spot (24), with 
increase of temperature. Such TSL and TCO spots may 
appear in the heating products during abnormal use of the 
heating products. AS an example, Such spots may appear 
during abnormal overheating of an electrical heating blan 
ket, resulted from abuse, Such as Vigorous twisting, folding, 
accompanied by compressing, when the electrical blanket is 
turned on. Usually, under normal operating conditions, ther 
mostats, power controllers or other temperature discrete 
devices, prevent products from localized overheating. How 
ever, in the event of malfunction of Such temperature con 
trolling devices, or in the event of abuse of the heating 
products, the inherent safety TSL and TCO features of the 
conductive textile itself become very critical. The FIG. 7B 
demonstrates heating element, having overheated localized 
TSL (23) and TCO (24) spots appeared after activating their 
thermal protection features, thus providing that the heating 
product has failed Safely without arcing or fire hazard. 
0096. It is important to note that conductive threads/fibers 
can be laminated onto at least one layer of Substrate material 
consisting of woven or non-woven fabric, polymer, foil or 
other Suitable Substrate. The proposed Soft heating elements 
may be utilized in a variety of commercial and industrial 
heater applications, utilizing direct or alternating current. 
The main advantage of these heating elements is the high 
reliability, which is provided by the soft and durable elec 
trically conductive threads. 
0097. The process of manufacturing of the heating ele 
ments can be fully automated, it utilizes commercially 
available non-toxic, nonvolatile and inexpensive products. 
Some designs of the insulated heating core may be manu 
factured in rolls or Spools with Subsequent cutting to desired 
sizes and further attachment of electric power cords and 
optional power control devices. 
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0098. Further, the use of electrically conductive tempera 
ture Self-limiting threads has the following additional advan 
tages: 

0099 it enables manufacturing of thin, flexible and 
Soft heating devices, 

0100 it provides high durability of the heating 
appliances which can withstand sharp folding, Small 
perforations, punctures and compression without 
decreasing of electrical operational capabilities, 

0101 it provides high tear and wear resistance 
owing to: (a) high Strength of the conductive threads, 
combined with strong non-conductive fibers and (b) 
tight interconnecting of electrically conductive 
media with Strong insulating materials, 

0102 it provides for manufacturing of corrosion and 
erosion resistant heating element owing to: (a) high 
chemical inertneSS of the optional carbon coated 
inorganic threads and ceramic yarns, (b) optional 
hermetic polymer insulation of the whole heating 
element, including electrode connections and tem 
perature control devices, for utilization in chemically 
aggressive industrial or marine environments, 

0.103 it offers versatility of variation of the electrical 
conductivity of the heating element core because of: 
(a) weaving, knitting, Stitching/embroidering, lami 
nating or Stranding of the conductive threads/fibers 
to the predetermined width and thickness of the 
Strips, sleeves, ropes or sheets; (b) weaving or knit 
ting of the threads to the predetermined density or 
type of weaving/knitting; (c) weaving, knitting, or 
Stranding of the optional individually insulated con 
ductive threads/fibers or metal wires having different 
electrical conductivity in one unit; (d) weaving, 
knitting, laminating, Stitching/embroidering or 
stranding of the conductive threads/fibers with non 
conductive ceramic and/or polymer threads or fibers, 

0104 it offers high degree of safety owing to tem 
perature self-limiting (TSL) and TCO nature of the 
electrically conductive threads. 

0105 it provides for saving of electric power con 
Sumption owing to: (a) installation of heat reflective 
layer and (b) possibility of placing the heating ele 
ment, due to low temperature density, with less 
cushioning and insulation closer to the human body 
or to the surface of the heated object; 

0106 it allows for manufacturing of heating element 
with electrical connection of electrically conductive 
Strips, sheets, sleeves/pipes or ropes in parallel or in 
Series, 

0107 it overcomes the problem of overheated spots 
because of (a) high heat radiating Surface area of the 
heating element core, (b) uniform heat distribution 
by the heat reflective layer, reducing the possibility 
of skin burns or destruction of the insulating layers, 

0.108 it provides for extremely low thermal expan 
Sion of the heating element because of the nature of 
the electrically conductive heating threads, polymer 
or nonconductive yarns/fibers. This feature is 
eXtremely important for construction applications 
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(Example: concrete) or for multi-layer insulation 
with different thermal expansion properties, 

0109 it offers high degree of flexibility and/or soft 
neSS of the heating appliances, depending on the type 
and thickness of insulation; and 

0110 it provides technological simplicity of assem 
bling and electrical termination of Said heating ele 
mentS. 

0111 Further, the proposed heating elements can be 
utilized in, but not limited to: (a) electrically heated blan 
kets, throws, bed covers, pads, mattresses, spreads, area rugs 
and carpets; (b) walls, office dividers, window blind Vanes, 
mirrors, fan blades, furniture, ceiling and floor electric 
heaters; (c) any vehicle, Scooter, motorcycle, boat, Snow 
mobile and aircraft heaters; (d) electrically heated Safety 
Vests, garments, boots, gloves, hats and Scuba diving Suits, 
(e) food (Example: pizza) delivery and Sleeping bags, (f) 
refrigerator, road, gutter, roof and aircraft/helicopter wing/ 
blade deicing Systems, (g) pipe line, drum and tank electrical 
heaters, (h) electrical furnace igniters, (i) health care appli 
cations, Surgical and post-op heaters, infant care, heat 
healing devices, heated patient bedding, chairs, pads, etc. 
0112 In addition to the heating application, the same 
conductive textile heating element core may be utilized for 
(a) an anti-static protection, (b) electro magnetic interfer 
ence protection, or (c) as a flexible antenna for wireless 
communication. Further, the electro conductive heating 
threads, Separated by non-conductive material, by Virtue of 
their chemical and physical composition, may function as a 
photovoltaic (Solar sell) device. 
0113. The aforementioned description comprises differ 
ent embodiments, which should not be construed as limiting 
the Scope of the invention but as merely providing illustra 
tions of some of the presently preferred embodiments of the 
invention. Additional contemplated embodiments include: 
(a) heating element core may include threads comprising 
ceramic fibers, Such as alumina, Silica, boria, boron nitride, 
Zirconia, chromia, magnesium, calcia, Silicon carbide or 
combination thereof; (b) heating element core may comprise 
electrically conductive carbon/graphite or metal coated/ 
impregnated ceramic fibers, Such as alumina, Silica, boria, 
Zirconia, chromia, magnesium, calcia, Silicon carbide or 
combination thereof; (c) the fastening means, having hollow 
interior may have any shape, including oval, elliptical or 
rectangular; (d) flexible Strands for winding the terminal 
connection may comprise metal fibers or metal micro fibers, 
(e) the heating element assembly may comprise the conduc 
tive Strips, Sleeves/pipes, sheets or threads, having different 
electrical resistance, (f) the heating element core may be 
formed into various patterns. Such as Serpentine or other 
desired patterns, including ordinary Straight, coil or “U” 
shaped forms, (g) the electric power cord can be directly 
attached to the conductive heating element core without the 
use of terminals/electrodes, it is possible to utilize electri 
cally conductive adhesive, conductive paint, conductive 
polymer, etc. to assure good electrical connection; (h) the 
conductive heating element core or individually insulated 
conductive threads/fibers in the heating element core can be 
electrically insulated by the soft non-conductive fabrics or 
polymers by Sewing, gluing, fusing, Spraying, extruding, 
etc., forming a Soft multi-layer assembly; (ii) the shape 
holding means can be applied on any part of the heating 
element core; () the electrically conductive threads can be 
applied on, or laminated between color/temperature Sensi 
tive fabric or polymer to vary the color of this fabric/ 
polymer by the heat. 
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0114 While the foregoing invention has been shown and 
described with reference to a number of preferred embodi 
ments, it will be understood by those possessing skill in the 
art that various changes and modifications may be made 
without departing from the Spirit and Scope of the invention. 

1. A Soft and flexible heating element having a durable 
construction for incorporation into a plurality of articles, 
Said heating element comprising: 

a conductive textile comprising at least one electrically 
conductive heating textile thread as temperature Self 
limiting heating means, Said at least one heating textile 
thread, melts at the temperatures above 120° C. and 
below 350° C., which terminates electrical continuity 
in Said temperature Self limiting heating means. 

2. The Soft heating element according to claim 1, further 
including electrically redundant means for providing redun 
dant electrical circuits in Said heating element. 

3. The Soft heating element according to claim 2, wherein 
Said electrically redundant means comprise electrically con 
ductive textile threads bridging electrical circuits between 
Said at least one heating textile thread in Said heating 
element. 

4. The heating element according to claim 1, further 
comprising an electrical connection comprising at least one 
flexible Strand, wound around a bundle, made by joining of 
Said at least one heating textile thread with at least one metal 
containing conductor means. 

5. The heating element according to claim 4, wherein Said 
flexible strand comprises nonconductive textile fiber thread. 

6. The heating element according to claim 4, wherein said 
flexible strand comprises electrically conductive textile fiber 
thread. 

7. The heating element according to claim 4, wherein Said 
flexible Strand comprises metal wire. 

8. The heating element according to claim 4, wherein Said 
flexible Strand comprises monofilament polymer Strand. 

9. The heating element according to claim 4, further 
including fastening means, placed around Said electrical 
connection to enhance mechanical and electrical connection 
in said bundle. 

10. The heating element according to claim 1, further 
comprising at least one temperature Sensing discrete device, 
attached to the Surface of Said heating element in the location 
of enhanced heating, 

11. The heating element according to claim 10, wherein 
Said location of enhanced heating comprises plastic housing. 

12. The heating element according to claim 1, further 
comprising at least one electrical connector box to enable 
quick disconnection of electrical continuity in Said heating 
element, providing that the at least one cavity croSS Section 
of Said connector box narrows down from the opening of 
Said cavity croSS Section to the location of the inside base of 
Said cavity croSS Section of the connector box. 

13. A flexible heating element having a durable construc 
tion for incorporation into a plurality of articles, Said heating 
element comprising: 

at least one flexible bus electrode conductor comprising at 
least one electrically conductive temperature Self lim 
iting textile thread as conductive means, Said at least 
one electrically conductive textile thread melts at the 
temperatures above 120° C. and below 350° C., which 
terminates electrical continuity in Said bus electrode 
conductor. 
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14. The flexible heating element according to claim 13 
further comprising electrical connection comprising at least 
one flexible Strand wound around Said bus conductor and at 
least one metal containing conductor to provide reliable 
electrical and mechanical connection between Said bus elec 
trode conductor and Said at least one metal containing 
conductor. 

15. The heating element according to claim 14, wherein 
Said at least one flexible Strand comprises nonconductive 
textile fiber thread. 

16. The heating element according to claim 14, wherein 
Said at least one flexible Strand comprises electrically con 
ductive textile fiber thread. 

17. The heating element according to claim 14, wherein 
Said at least one flexible Strand comprises metal wire. 

18. The heating element according to claim 14, wherein 
Said at least one flexible Strand comprises monofilament 
polymer Strand. 

19. The flexible heating element according to claim 14, 
further including fastening means, placed around Said elec 
trical connection to enhance its mechanical and electrical 
properties. 

20. A method for providing reliable mechanical and 
electrical termination of Soft heating element comprising 
electrically conductive textile threads, Said method compris 
ing the Steps of: 

joining of at least one uninsulated current carrying con 
ductor and electrically conductive textile threads 
together into at least one bundle; 

winding of at least one flexible Strand around Said at least 
one bundle to provide reliable mechanical and electri 
cal connection between said electrically conductive 
textile threads and Said at least one current carrying 
conductor. 

21. The method for providing reliable mechanical and 
electrical termination of Soft heating element according to 
claim 20, wherein Said at least one flexible Strand comprises 
nonconductive textile fiber thread. 

22. The method for providing reliable mechanical and 
electrical termination of Soft heating element according to 
claim 20, wherein Said at least one flexible Strand comprises 
electrically conductive textile fiber thread. 

23. The method for providing reliable mechanical and 
electrical termination of Soft heating element according to 
claim 20, wherein Said at least one flexible Strand comprises 
metal wire. 

24. The method for providing reliable mechanical and 
electrical termination of Soft heating element according to 
claim 20, wherein Said at least one flexible Strand comprises 
polymer monofilament Strand. 

25. The method for providing reliable mechanical and 
electrical termination of Soft heating element according to 
claim 20, further including Step of placing the fastening 
means around Said at least one bundle. 

26. A method of joining electrode fastening means with 
Soft heating element, comprising electrically conductive 
threads, Said method comprising the Steps of: 

inserting of uninsulated ends of electrically conductive 
threads into electrode fastening means having hollow 
interior; 

joining of Said electrode fastening means with at least one 
additional electrode fastening means having hollow 
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interior, So that Said electrically conductive threads are 
disposed between Surfaces of at least two of Said 
electrode fastening means. 

crimping of Said electrode fastening means to provide 
reliable mechanical and electrical contact between Said 
electrically conductive threads and Said electrode fas 
tening means. 

27. The method of joining electrode fastening means with 
Soft heating element according to claim 26, wherein at least 
one Surface of Said electrode fastening means is electrically 
conductive. 

28. The method of joining electrode fastening means with 
Soft heating element according to claim 26, wherein at least 
one said electrode fastening means comprises plastic mate 
rial. 

29. The method of joining electrode fastening means with 
Soft heating element according to claim 26 wherein Said Step 
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of joining of Said electrode fastening means with at least one 
additional electrode fastening means, having hollow interior, 
comprises Step of folding of Said uninsulated ends of elec 
trically conductive threads to an angle of at least 90 after 
insertion them into Said electrode fastening means. 

30. An electrical connector box enabling quick discon 
nection of electrical continuity in the electrical heating 
System, providing that at least one cavity croSS Section of 
Said connector box narrows down from the opening of Said 
cavity croSS Section to the location of the inside base of Said 
cavity croSS Section of the connector box. 

31. The connector box according to claim 30, further 
including at least one groove inside the cavity of Said 
connector box. 


