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(57) Abstract: The present invention is
directed to a heating ribbon comprising a
thin elongated electrically resistive sheet
made from a crystalline metal alloy sur-
rounded by at least two electrically insu-
lating layers, wherein the heating ribbon
further comprises internal ground means
in the form of an electrically conducting
foil which is interposed between said in-
sulating layers.
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GROUNDED CRYSTALLINE HEATING RIBBON

Field of the Invention

The present invention relates to crystalline heating ribbons
and to method of production thereof. More particularly, the
invention relates to a grounded crystalline heating ribbon for
indoor and outdoor use, to a method for its production, and

for its use in heating, drying, and deicing.

Background of the Invention

The heating ribbon mat made of amorphous metal which 1is
currently 1in use for heating purposes, needs an exXternal
ground to meet the electricity safety regulations 1in each
country. Moreover, the amorﬁhous metal used in such ribbons 1is
a hard and brittle material and for thicknesses above 28
microns the amorphous metal starts to crystallize. The
crystallization of the amorphous metal results in the
formation of holes 1n the metal layer of the heating ribbon

which results 1n a brittle ribbon having a non-uniform
electrical resistance. Therefore amorphous ribbons can be

manufactured with a thickness of up to 28 microns.

This limitation of the amorphous ribbons 1is a significant
drawback in the area of heating. The amorphous ribbons
manufactured nowadays are not suitable for providing coverage

of wide areas since their surface area 1s limited due to the

aforementioned thickness iimitation.

The electric heating device described in US 6,353,707 includes
a flexible resistor ribbon, a plurality of sections of
electroconductive coating attached to the resistor ribbon at

preset 1ntervals, and connector contacts coupled to the

Y

v .

esistor ribbon for enabling connection of a power source to
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the resistor ribbon. The flexible resistor ribbon 1is attached

to a rigid or flexible flat base panel for incorporation into

a building as a floor, wall or ceiling panel.

US 2004/175164 describes an electrical Theating device
comprising an insulating rigid or flexible shell, and a
flexible electric heating element including a flat continuous

heating resistance ribbon, disposed inside the shell.

WO 03/037037 describes a heating device comprising a flexible
heating element containing a thin, high resistance ribbon

arranged between layers of fiberglass mat or mesh, forming

heating inserts which are incorporated into a plastic profile

during a continuous pultrusion process.

The heating ribbons of the prior art do not provide

satisfactory solutions to the aforementioned problems.
Therefore there 1is a need for an electrically grounded

crystalline heating ribbon that overcomes the above-mentioned

problems.
It is therefore an object of the present invention to provide
a grounded crystalline heating ribbon and a method for 1its

production.

It is a further object of the present invention to provide a

crystalline heating ribbon that is relatively thick and not

easily breakable such that 1t can cover wide areas and can be

flipped and twisted without breaking.
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Summary of the Invention

Certain exemplary embodiments can provide a heating ribbon

comprising a thin elongated electrically resistive sheet made

from a crystalline metal alloy surrounded by at least two

electrically insulating layers, wherein said heating ribbon

P
—

further comprises internal ground means 1n the form of an

electrically conducting foil which 1is interposed between said

insulating layers, wherein a conducting wilre 1s attached to

the conducting foil for providing electrical connection

thereto and wherein said conducting wire 1s drawn along the

p

length of the heating ribbon and enclosed within one of 1ts

insulating layers.

Certain exemplary embodiments can provide a heating element

comprising a flexible and foldable heating ribbon mounted on a

substrate by bending portions thereof into a flat zigzagged

form, wherein the heating ribbon comprises a relatively thin

elongated resistive sheet made from a crystalline metal alloy,

an insulating Jacket having one or more layers and an

electrically conducting foil, partially or entirely, covering

gr—
pra—

salid resistive sheet, wherein one or more layers of the

insulating Jjacket isolates said elongated resistive sheet and

said conducting foil, and wherein a conducting wire 1s

attached to the conducting foil for providing electrical

connection thereto, wherein said conducting wire 1s drawn

along the length of the heating ribbon and enclosed within one

#

of said layers.
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Certain exemplary embodiments can provide a method for

producing a flexible and bendable heating ribbon, comprising

extruding a relatively thin elongated resistive sheet from a

crystalline metallic alloy, coating said elongated resistive

gr—

sheet by one or more layers of 1nsulating jacket, partially or

entirely covering the coated elongated resistive sheet with a

conductive foill, attaching a conducting wire along the length

*

of the conductive foil and enclosing sald coated resistilve

-

sheet, said conductive foil and said conductive wire with an

insulating laver.

Another embodiment is generally directed to a heating ribbon

which is flexible and bendable, and designed to provide

P

emission of relatively high heat power through substantially

large surface areas, wherein said heating ribbon' comprises a

relatively thin resistive sheet made from a crystalline metal

p—

alloy which 1is coated by one or more 1layers of 1nsulating

jacket for sealing and electrically insulating the resistive

sheet contained therein, wherein the Jacket enclosing the

resistive sheet 1s preferably, partially or entirely, covered

by an electrically conducting foil to which a conducting wire

may be attached for providing electrical connection therewith,

and wherein the conducting foi1il 1s covered Dby oOne or more

layvers of an insulating material.

Preferably the crystalline alloy comprises Chromium, Nilckel,

and stabilizers, wherein said stabilizers may be, but are not

limited to, Aluminum, Manganese or Silicon, or combinations

thereof. Most preferably, the crystalline alloy comprises

19.9% Chromium, 5.1% Manganese, 3.0% Aluminum, 1.1% Silicon,
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and 7.0.9% Nickel. Preferably, the electrically conductiling

foill 1s an Aluminum foil.

Another embodiment 1s also directed to a heating element

comprising a flexible and foldable heating ribbon having a

substantially large surface area (for example having width of

about  30mm), wherein said heating element comprises a

substrate on which said heating ribbon 1s mounted, preferably

g

by bending portions thereof 1nto a flat zigzagged form. The

heating ribbon may be attached to the substrate by a type of

adhesive tape. Conveniently, conducting wlres are electrically

P

connected at each end of the heating ribbon to the resistive

sheet contained therein for connecting 1t to a power source.

o~

The conductive foil of the heating ribbon may be connected to

F

the electrical ground of the electricity network.

Another embodiment 1s also directed to a method for producing

a flexible and bendable heating ribbon, comprising extruding a

thin elongated resistive sheet from a crystalline metallic

alloy, coating the elongated resistive sheet by an 1nsulating

jacket, covering, partially or entirely, the coated elongated

resistive sheet with a conductive foil, to which a conducting

wire may be electrically attached, and enclosing the coated

resistive sheet and the conductive foil covering 1t within one

Oor more 1insulating lavyers.

Brief DescriEtion of the Drawings

o

The present invention is illustrated by way of example 1n the

accompanyling drawlngs, 1n which similar references

consistently indilcate simlilar elements and 1n which:
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i~

— Fig. 1 is a cross-sectional view of the heating

r—

ribbon of the invention; and

"

- Fig. 2 illustrates a heating element arrangement Ol

the invention.

Detailed DescriEtion of Preferred Embodiments

The present invention provides a heating ribbon and heating

elements comprising a resistive sheet (12 in Fig. 1) made of a

Nickel-Chromium based alloy having high electrical resistivity

pr—

(e.g., 1.1-4.2 ohm/meter). The heating ribbon or the invention

is preferably coated with double or triple polyethylene

insulation layers (jacket 14) applied by a co-extrusion

Process.

g—

A cross sectional view of the heating ribbon 10 of the

invention is shown in Fig. 1. Heating ribbon 10 comprises a
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resistive sheet 12 which is used as the heating element of
heating ribbon 10. Resistive sheet 12 is preferably coated
with jacket 14 for electrically insulating it. Jacket 14 may
be covered by an electrical conductive foil 15 to which a
conductive wire 13 may be electrically connected for providing
the required external grounding contact. This arrangement may
be coated with an insulating layer 17 enclosing the above

mentioned resistive sheet 12 and its jacket 14, the conducting

foil 15 and wire 13.

Resistive sheet 12 may be manufactured by a co-extrusion
process from a crystalline metallic alloy having suitable
electrical conductivity. The thickness of the extruded
resistive sheet 12 1is genérally in the range of 10 microns
(micro-meter) to 50 microns, preferably about 30 microns, and
its (cross~-sectional) width is generally in the range of 7 to

45 mm, preferably about 25 mm. The length of resistive sheet

12 may vary depending on the requirements of each specific

application. For example, in under floor heating the length of
the heating ribbon may generally be in the range of 60 to 80

meter., preferably about 62 meter.

The crystalline metallic alloy used in the manufacturing of
resistive sheet 12 may be made from any suitable compound or
alloy having high electrical resistivity. Preferably said

crystalline metallic alloy is composed of Chromium, Nickel,

and stabilizers, and may have a conductivity of about 1.37
ohm-cm®. For example, the crystalline metallic alloy may be
manufactured using 17-22% Chromium, 70-75% Nickel, and small

amounts of stabilizers.

Various stabilizers may be used in the preparation of said

crystalline metallic alloy, however, Aluminum, Manganese and
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Silicon, are preferable due to the improved flexibility and
strength of the metallic ribbon provided therewith. The weight
percentage concentration in the alloy of said stabilizers may
generally be in the range of 2.5-3.5% Aluminum, 4-6%
Manganese, and 0.9-1.5% Silicon. For example, said crystalline
metallic alloy may be comprised of 19.9% Chromium, 5.1%

Manganese, 3.0% Aluminum, 1.1% Silicon, and 70.9% Nickel.

The jacket 14 of the resistive sheet 12 1s preferably applied
according to the Teldor specification “719HTNN éoubled coating
for crystalline metallic ribbons”. Jacket 14 may be comprised
of polyethylene, preferably, it is made of PO having thickness

.of about 0.25mm, such as used for jacketing of power and

communication cables. The‘ jacket 14 preferably has the

following characteristics:

* High melting temperature (approximately 120°C);

* Low coefficient of friction (satisfying UL 1581/1040
standard UL 1581/460);

* satisfying the UL 1581/593 cold impact requirements;

* satisfying the flame resistant UL 94HB standard;

* Low water absorption (satisfying UL 1581/1040 standard):;

* Contains a well-dispersed, highly effective UV-stabilizer in

sufficient amount to ensure excellent weathering resistance.

The extrusion window used for applying jacket 14 is preferably
a relatively wide processing window (e.g., 27x555 microns),

allowing the coating material to flow and cover resistive

sheet 12 with a constant thickness and at a rate of about 40

to 60 meter/minute.

The thickness of:jacket 14 may generally be a in the range of

400 to 600 microns, preferably about 500 microns, and it is
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preferably arranged such that it surrounds the resistive sheet

12. Jacket 14 may comprise an additional coating layer,
applied in a similar manner to the first layer, the thickness
of which may generally be in the range of 400 to 600 microns,

preferably 400 microns.

Conducting foll 15 may be manufactured from a flexible and

electrically conducting material, preferably from Aluminum.
Most preferably, conducting foil 15 is a polyester Aluminum
foil tape wrap providing 100% coverage laid in é close contact
with a  7x0.lbmm, 26awg, TC-drain-wire. The geometrical
dimensions of the conducting foil 15 and of the conductive
wire 13‘ are preferably calculated according to the thickness
and width of the resistive sheet 12, in order to assure that
the maximal allowed current conditions according to the safety
regulations for the ground requirements are satisfied. More

particularly, the thickness of conductive wire 13 should be at

least 1.15 times thicker than the total thickness of the
conducting foil 15.

Accordingly, the general thickness of the double layered
jacket 14 may be 1in the range of 1000 to 1400 microns

(including the aluminum metal).

After completing the coating process (extruded polyethylene
layers 14) the conducting foil 15 is added to the heating

ribbon 10 via a co-extrusion process which preserves the
flexibility of the ribbon 10. The coated ribbon is covered by

the conducting foil 15, and conducting wire 13 is electrically

attached to 1i1t, which are then coated with the final
insulation (polyethylene) 1layer 17 that is preferably also

applied by an extrusion process.



CA 02600775 2007-09-11
WO 2006/097930 PCT/IL2006/000339

- B -
The conductive wire 13 1s preferably a threaded wire made of

copper, or other conducting material having sultable

flexibility. For example, conductive wire 13 may be a 7x0.l6émm
or 25x0.l1l6émm wire. Conductive wire 13 is preferably located at
one of the lateral sides of the heating ribbon 10, in
electrical connection with the conducting foil 15 and 1t 1is

drawn along the entire length of the heating ribbon 10.

A general structure of a heating element 20 of the 1invention
is shown in Fig. 2. Heating element 20 comprises a heating

ribbon 10 folded and mounted onto substrate 27. Substrate 27

N

may be manufactured from a flexible and electrically

insulating material, preferably from fiberglass. For example,
substrate 27 may be preparéd from a fiberglass net having a
nominal specific density of about 120 grams per 1 square
meter, and having a nominal hole size of about 10x10 mnm.
Substrate 27 also serves as a shaper used to establish the

structure desired for heating element 20.

Heating element 20 may be configured 1in a variety of ways
according to the desired heating power. Heating ribbon 10 is

preferably placed on the surface of the substrate 27 in a

manner that leaves a rim of about 2-3 cm from each side of

substrate 27.

The density of the heating element 20 is defined by the ratio
between the area of the substrate 27 in which the heating

ribbon 10 resides and the total area of the substrate 27. For

example, in under floor heating applications, a ribbon density
of 50% means that 50% of the flodr area 1s covered by the
heating ribbon 10. It should be noted that such coverage 1is
not possible with the conventional heating cables such as used

in these applications since the heating cable has a circular
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cross—-sectional area, and since the heating produced by the
heating ribbon 10 of the present invention is evenly emitted
from the surface of the ribbon. While the allowed nominal
ribbon density range is between 27% to 50%, heating element 20

may be designed to provide a nominal ribbon density of 30%.

The length of substrate 27 may generally be in the range of 2
to 12 meter, and its width may be about 50mm. The length of
heating ribbon 10 mounted on substrate 27 is generally in the

range of 30 to 90 meter, preferably about 65 meter. Of course,
heating element 20 may be manufactured and supplied without

the substrate 27.

Heating element 20 may be ‘connected electrically to a power
source via wires 23. The connectors connecting wires 23 to the
resistive sheet 12 are preferably a tiﬁ coated thin iron based
connectors with contacts pressed and attached to the resistive
sheet 12 at each end 25 of heating ribbon 10. Wires 23 may be

copper Dbased twisted electrical wires having a diameter of

about 2 mm. Most preferably, wires 23 are of a type that meets
IEC228 class 5 requirements, and having a double layered
insulation made of PVC (having 105°c heat durability). The
nominal diameter of each wire 23 is preferably about 3.3 mm,
and generally, their diameters will not exceed 3.4 mm. Wires
23 preferably meet UL1015 requirements, and they genérally

have a length of about at least 3 meters.

A shrinking sleeve 22 encloses and seals each of the wires 23,

in particular the connection between the resistive sheet 12
and the “cold” electrical wires 23 (i.e., serving as

electrical contacts between the powexr source and the heating

ribbon 10 but which do not transfer Heat). The sleeve 22

preferably has a shrinking ratio of 1 to 4, e.g., ATUM series,
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and temperature stability in the range of -55°c to 110°c. The
shrinking sleeve 22 preferably meets the MIL-DTL-23053/4,

class 3 (military standard specification approval for safety

water immersion resilistance), and Raychem specification RK-

6025.

Adhesive tape 26 is used to affix heating ribbon 10 to the
carrying substrate 27 and thus it simplifies the installation
of heating ribbon 10. Adhesive tape 26 1is preferably a
Polypropylene adhesive tape, such as defined by Israeli

standard 791, with the following characteristics:

Width: 47 microns
Tensile strength: 100N to 25 mm.
Lengthening: 130%

Adhesive strength: 12N to 25mm.
Storage life: 1l year.
Polypropylene sheet temperature limit: 120°c.

The outputted power of each heating element 20 is preferably
rated according to the CEI IEC 60335-1 international standard

for heating appliances, paragraph 10.

As a consequence the measured resistance tolerance is the
reciprocal of the power deviation. It should be noted that the
nominal rated power can also vary from the 100, 120, 150; 200,
300, 400, 500 watt wvalues according to the geometrical
dimensions of the. heating element 20 and the length of the
heating ribbon 10 that is placed on substrate 27.

EXAMPLE:

Mot e S e

For a heating element 20 of about 2.25 sgm (e.g., 450x50 cm) a
heating ribbon 10 of about 10 cm wide (w) and 50 micron

thickness may be used. In such embodiment a heating ribbon 10
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of about 150 watt/sgm is obtained for an operating voltage of
230 volts, such that the total power of the heating element 20
is about 337.5 watts for a heating ribbon 10 with a total

length of approximately 58.4 meters. The distance (d) between
the portions of the flipped ribbon are preferably about 3.8
cm. The conducting foil 15 that cover the resistive sheet 12
is preferably of about 12 micron thickness and the diameter of
the conductive wire 13 1is preferably about 0.50 mm and its
resistance is approximately 0.33 ohm/meter. In this preferred
embodiment the total resistance of the ribbon is about 2.8

ohm/meter and the density of heating element 20 is about 32%.

All of the abovementioned parameters are given by way of
example only, and may be changed 1n accordance with the
differing requirements of the various embodiments of the
present 1nvention. Thus, the abovementioned parameters should
not be construed as limiting the scope of the present
invention in any way. In addition, 1t 1s to be appreciated
that the different sheets, foils, coating, and other members,
described hereilnabove may be constructed in different shapes
(e.g.. having oval, square etc. form in plan view) and sizes

differing from those exemplified in the preceding description.

The above example and description have of course been provided
only for the purpose of illustration, and are not intended to
limit the invention 1in any way. As will be appreciated by . the

" skilled person, the invention can be carried out in a great

variety of ways, employing more than one technique from those
described above, all without exceeding the scope of the

invention.
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CLAIMS
1. A heating rlbbon comprising a thin elongated

electrically resistive sheet made from a crystalline metal

alloy surrounded by at lLeast two electrically 1nsulating

layers, wherein said heating ribbon  further comprises

—
p—

internal ground means 1in the form of an electrically

conducting foll which 1s 1interposed between said 1nsulating

layers, wherein a conducting wire 1s attached to the

conducting foil for providing electrical connection thereto

—
e

and whereln said conducting wire 1s drawn along the length of

the heating ribbon and enclosed within one of 1ts insulating

layers.

2 . The heating ribbon according to claim 1, wherein the

crystalline alloy comprises Chromium, Nickel, and one or more

stabilizers.

3. The heating ribbon according to claim 2, wherein the one

or more Stabilizers are selected from the group consisting of

Aluminum, Manganese and Silicon.

4 . The heating ribbon according to c¢laim 2, whereln the

crystalline alloy comprises 70-75% Nickel, 17-22% Chromium,

2.5-3.5% Aluminum, 4-6% Manganese and 0.9-1.5% Sililicon.
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5. The heating ribbon according to claim 2, wherein the

crystalline alloy comprises 19.9% Chromium, 5.1% Manganese,

3.0% Aluminum, 1.1% Silicon, and 710.9% Nickel.

6. The heating ribbon according to c¢laim 1, wherein the

electrically conducting fo1ll is an Aluminum fo1il.

7. A heating element comprising

a flexible and foldable heating ribbon mounted on a

ﬁ

substrate by bending portions thereof 1nto a flat zigzagged

form,

wherein the heating ribbon comprilises a relatively thin

elongated resistive sheet made from a crystalline metal

alloy, an 1nsulating jacket having one or more layers and an

electrically conducting foil, partially or entirely, covering

sald resistive sheet, wherein one or more layers of the

insulating jacket isolates said elongated reslistive sheet and

said conducting foil,

and wherein a conducting wlre 1s attached to the

conducting foil for providing electrical connection thereto,

wherein sailid conducting wilire 1s drawn along the length o©of the

—

heating ribbon and enclosed withlin one of said layers.

8 . The heating element according to claim 7, wherein the

heating ribbon is attached to the substrate Dby an adhesive

tape.
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9. The heating element according to c¢laim 7, wherein

conducting wilres are electrically connected at each end of
the heating ribbon to the elongated resistive sheet contained

therein.

10. The heating element according to claim 7, wherein the

crystalline alloy comprises Chromium, Nickel, and one or more

stabilizers.
11. The heating element according to c¢laim 10, wherein the
one oOr more stabilizers are selected from the group

#

consisting of Aluminum, Manganese and Silicon.

12. The heating element according to claim 11, wherein the
crystalline alloy comprises 70-75% Nickel, 17-22% Chromium,

2.5-3.5% Aluminum, 4-6% Manganese and 0.9-1.5% Silicon.

13. The heating element according to claim 11, wherein the

crystalline alloy comprises 19.9% Chromium, 5.1% Manganese,

3.0% Aluminum, 1.1% Silicon, and 70.9% Nickel.

-

14. A method for producing a flexible and bendable heating

ribbon, comprising extruding a relatively thin elongated

resistive sheet from a crystalline metallic alloy, coating

i
e

salid elongated resistive sheet by one or more layers ot

insulating Jjacket, partially or entirely covering the coated

1.

elongated resistive sheet with a conductive foil, attaching a

conducting wire along the length of the conductive foll and
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enclosing said coated resistive sheet, said conductive foil

and said conductive wire with an i1nsulating laver.

15. A method according to claim 14, wherein the crystalline

alloy comprises Chromium, Nickel, and one or more
stabilizers.

16. A method according to claim 15, wherein the one or more
stabilizers are selected from the group consisting of

Aluminum, Manganese and Silicon.

17. A method according to claim 16, wherein the crystalline
alloy comprises 70-75% Nickel, 17-22% Chromium, 2.5-3.5%

Aluminum, 4-6% Manganese and 0.9-1.5% Silicon.

18. A method according to claim 16, wherein the crystallilne
alloy comprises 19.9% Chromium, 5.1% Manganese, 3.0%

Aluminum, 1.1% Silicon, and 70.9% Nickel.
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