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. The present invention relatés to a heating unit and
more particularly to an electrical heating structure adapted
to be embedded in the ground, driveways, runways, side-
walks, ramps, steps, roads, floors and the like.

The primary object of the present invention is to
provide a heating structure which will effectively and
economically maintain the temperature of driveways, side-
walks, ramps and the like at a level sufficient to melt ice
and snow, and which can be easily and economically
manufactured on a mass production basis using materials
and equipment readily available on the market.

It is' a further object of the invention to provide a
heating structure of the aforesaid type having a series
of electrical heating element sections mounted on a wire
mesh carrier, which can be fabricated with a minimum
mumber of operations and which when completed is
sturdy, durable, -and convenient to handle, store and
install. - T .

" A further object of the invention is to provide an elec-
trical heating unit which is adapted to be embedded in
concrete or other material forming driveways, sidewalks,
roads and the like, and which has an electrical resistance
wire supported on and catried by a porous, flexible metal
structure giving substantial protection to the wire ‘while
it is being embedded in the concrete and facilitating
effective and uniform distribution of heat from the wire
throughout the surface of the driveways and sidewalks
overlying the unit. o :

Still another object is to provide a porous flexible uni-
tary structure which can readily be placed or embedded in
the ground or in concrete or asphalt in a single simple
operation without any special skill or know-how and
without any special tools, equipment or fixtures.

Another object of the invention is to provide a rein-
forcing structure having an electrical heating wire dis-
tributed substantially throughout, which permits the wire
to be quickly laid and held in place during construction
of driveways, walks and the like, eliminating the tedious
and time consuming operation normally interrupting the
construction work of laying and securing the individual
strands or sections of wire in place.

Additional objects and advantages will become ap-
parent from the following description and accompanying
drawings, wherein:

Figure 1 is a plan view of a strip of pavement or a
section of a driveway illustrating our heating structure
schematically in broken lines; .

Figure 2 is a fragmentary transverse sectional view
taken on line 2—2 of Figure 1 showing our heating
structure embedded in a section of pavement such as a
driveway;

Figure 3 is an enlarged fragmentary plan view of our
new heating structure with portions broken away to better
show the construction thereof;

" Figure 4 is a fragmentary side elevational view of
the heating structure shown in Figure 3;

Figure 5 is a vertical cross sectional view of the heating

structure taken ‘on line 5—5 of Figure 3; .
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Figurs 6 is a vertical cross sectionial view of the heat-
ing structure taken on line 6—6 of Figure 3; and

Figure 7 is an enlarged fragmentary cross sectional
view of the heating structure taken on line 7—7 of
Figure 3.

Referring more specifically to the drawings, numeral
10 designates a wire mesh or screening carrier consisting,
of longitudinal marginal wires 12 and intermediate wires.
14, each marginal wire being connected with an adjacent
intermediate wire 14 at spaced intervals, as at portions
16 at which said wires are interlocked by twisting. - The
portions of the intermediate wire between the twisted
portions 1§ are. offset laterally at 18. The offset portions
18 are in turn twisted or intertwined with portions of
adjacent intermediate wires 14 at 20. The arrangement
is'such that a regular substantially hexagonal pattern is
formed in the screen with adjacent intermediate wire
portions 14 interconnected at twisted portions 20 thereof
regularly and uniformly throughout the area of the screen.
The twisted portions 16 and 20 provide regularly spaced
and arranged portions of reinforced character for in-
creased strength. The wire may be of any suitable
gauge, preferably galvanized and preferably sufficiently
thin to be inherently flexible so that the screen can
be rolled lengthwise into a coil if desired. The screen
will normally be used in widths of twelve inches to
twenty-four inches, and formed in convenient lengths,
such as lengths of five feet, ten feet, twelve feet, twenty
feet, or any other length which will enable a user to
complete a drive or heated area of any desired length

by using a combination of units of different standard
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- An insulated electric resistance or-heating element 21
is carried by the screening. The heating element consists
of resistance wire 22 encased within an insulating water-
proof sheath 24 of flexible materials, such as a thermo-
plastic material: One thermoplastic material particularly
well suited for the insulation 24 is a vinyl resin of thin
wall construction which accommodates bending of the
wire 22, is waterproof, and constitutes a good electrical
insulation. - It will be understood, however, that any type
of insulation coating, such as rubber, synthetic rubber,
fabric coated or impregnated with waterproofing material,
or the like, may be utilized.

The insulated heating wire 21 is arranged in a plurality
of straight sections 28 spaced apart substantially - uni-
formly and interconnected at curved portions 30 ad-
jacent opposite edges of the screen carrier. Each longi-
tudinal section 28 is secured to the carrier at a plurality
of spaced points along its length. The pattern in which
the heating wire is arranged, and the points at which it is
secured to the screen, may vary somewhat from that
shown as long as the spacing of the heating wire sections
imparts the desired heating characteristics to the unit
and as long as a secure anchorage of the heating wire
to the screen. is obtained. )

The manner in which the heating element is secured to
the wire mesh carrier is of primary importance in the
present invention and consists of a plurality of spaced
wire shafts 32 extending laterally across carrier 10 and
interlocking the heating element and carrier by alternately
passing over a section of the element and thence under a
twisted portion 20 as scen at numerals 34 and 36, respec-
tively. The two ends 38 and 40 of the shaft are looped
around or otherwise locked to marginal wires 12 at twisted
portions 16 in order to secure the shafts firmly in place
and to prevent displacement while the heating structure
is being handled. The spacing of the shafts is preferably
uniform throughout most of the length of the structure;
however, it is usually desirable to space the shafts some-
what closer together near the ends of the structure to give
additional support at the places in the structure where
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displacement of the heating element from the carrier is
most likely to occur. The wire shafts are relatively stiff
but are sufficiently flexible that they may dip slightly in
passing over the heating element sections and under
twisted portions 20.

The carrier is preformed for receiving shafts 32 by
bending outwardly or arching as seen at numeral 42, all
of the twisted portions 29 in a particular transverse row
across the carrier, the transverse rows of preformed arches
being spaced from. one another along the carrier, usually
every three to five transverse rows apart. As seen in
Figure 3, the transverse rows of preformed twisted por-
tions near the left hand end are spaced only one row apart
whereas, for the purpose of illustration, the rows in the
intermediate portion of the structure are spaced four rows
apart. When the heating element and shafts are in inter-
locking relationship the sections of the heating element are
bent slightly downwardly, as seen in Figures 4, 5 and 6,
i.e. dipping slightly below the upper plane of the carrier
into or adjacent the V' or trough-shaped connection 44
in and between connecting wires 14. The dipping of the
sections intc the hexagonally shaped spaces prevents
both lateral and longitudinal slippage of the heating ele-
ment sections. While the sections of heating element are
shown overlying the twisted portions 28 in the interme-
diate transverse rows between shafts 32 they may be off-
set slightly to the side one way or another without inter-
fering with the effective locking of the strands in the
hexagonally shaped spaces.

To facilitate the formation of a sturdy connection be-
tween the heating element sections 28 and the carrier,
and to prevent lateral shifting of the sections on the car-
rier, intermediate wires 14 are preferably pre-bent to form
in effect a trough-shaped structure for. receiving and re-
taining the wire sections. Wires 14 may be bent to hold
the wire sections 28 only loosely, as shown at numeral
44’ in Figure 7 or bent to grip or clamp the wire sections,
as illustrated at numeral 44’7, to retain the sections in place
on the carrier without shafts 32. The trough-like struc-
tures for securing the heating element wire in place are
in rows and can be used with carriers having longitudinal
and transversely arranged wires. The troughs may be
in either of these two sets of wires.

In fabricating the present heating structure, a section
of the wire mesh carrier 10 is unrolled from a coil of the
mesh, which has been preformed to provide arches 42
in twisted portions 20 of pre-selected transverse rows, and
cut to the desired length, for example ten, fifteen or
twenty-five feet. The heating element is then cut to length
and laid back and forth in sections as shown in the draw-
ing in a predetermined pattern, generally in equal spaced
parallel relationship. While the sections of the heating
element are held in place on the carrier, a jig of suitable
construction presses the strands downwardly at the place
where the shaft 32 is to be inserted under arches 42 of a
transverse row of twisted portions 20, and the shaft of the
correct length is inserted lengthwise from one side of
the carrier. The shaft is then secured in place by bending
the ends of the shaft around marginal wire 12 with a
suitable tool either manually or power operated. The
jig is moved successively along the carrier from one shaft
inserting operation to. the next until the shafts have been
inserted at all the pre-selected positions. While in the
operation described the jig is moved, in some operations
the jig may be held stationary and the carrier moved
relative to the jig.

The opposite ends of the heating wire are connected
to cold lead wires 52; each preferably being of flexible
character, though not necessarily so, and provided with
an insulating sheath 54 which may be of thermoplastic
material such as a vinyl resin, or of any other suitable type.
The terminal portions of the wires 22 and 52 are con-
nected by a suitable insulated electrical comnector 56.
The electrical leads 52 may be connected to any. suitable
source of power 60.to complete a circuit under the con-
trol of a switch 62. - : .
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In the use of the unit, as in a driveway, concrete 58
is first poured in the usual forms (not shown) to a depth
of at least several inches and preferably to a depth of
one and one-half inches to two inches less than the desired
depth or thickness of the pavement or slab, and is leveled
throughout in the conventional manner. Our unit of the
desired length is then laid upon the concrete. In the
case of a driveway, the units are positioned in the con-
crete at the part or parts where snow removal is desired,
and are laid the length of the driveway with the lead
wires 52 of each unit projecting laterally to the exterior
of the form. In long driveways a number of units may
be required, the units being laid end to end in alignment
throughout. The strip units are laid substantially flat so
as to be substantially parallel with the plane of the finished
surface of the pavement. Thereupon additional concrete
is poured into the form to cover the strip units and to
complete the slab. or pavement.

The lead wires 52 of adjacent strip units or sections
are then connected to a source of power 60 in a circuit
under control of switch 62. If desired, adjacent strip
units or sections may constitute independent circuits or
they may be connected in series or in parallel relation. v

The combination of the wire mesh carrier 10 and the
multiple sections 28 of insulated heating element 21 will
not sink in the fresh or fluid concrete of its own weight,
and will not readily become displaced when the layer of
concrete is poured thereon. Thus the strip units remain
in the desired plane at a selected spacing below the top -
surface of the pavement 58 and substantially uniformly
spaced therefrom throughout its length.

"The wires or heating elements 21 are maintained evenly
or substantially uniformly spaced, or spaced in any other
pattern having substantially uniform heating effect upon
the pavement 58 in which they are embedded. The an-
choring of the heating element to the wire screening
places the insulation sheath 24 of the heating elements
in contact with the wire screen carrier at twisted or re-
inforcing portions 20 so as to transfer heat to the wires
making up the screen. These screen wires, being formed
of metal, constitute good conductors of heat and serve
to distribute evenly the heat gemerated by the heating
element 21 throughout all portions of the carrier 10 and
substantially uniformly throughout the area of the pave-
ment 58 in which the wire screen is embedded.

The strip unit is preferably placed with the heating ele-
ment 21 positioned below the carrier. In this manner
the. wire screen 10 serves to protect the heater wire 21
from injury incident to manipulation of the concrete as
the top layer of the. concrete is leveled by tools in form-
ing the pavement 58. Thus the wire screen protects
the heating element 21 from damage and at the same

_ time serves to retain the heating element in proper po-
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sition in the fluid concrete. In addition to protection of
the heating wire, the wire carrier 10 serves to reinforce
the concrete and to minimize cracking of the concrete:
Avoidance of cracking of the concrete also tends to
protect the heating element: 21 embedded therein against
breakage.

Although the present description has been directed
primarily to a heating structure for installation in drive-
ways, sidewalks, ramps, floors and the like, the struc-
ture can be effectively used without modification to warm
or heat lawns and garden areas, hot beds and other farm
applications, and walks and driveways constructed of
loose- material such as gravel, crushed stone and the like.
In installing the present heating structure for these uses
it is placed at a depth of between two and six inches,
i.e. a sufficient depth below the surface to hold the struc-
ture in place and to protect it from surface travel. The
term “pavement” will be used in the claims to refer to
and include all the uses and purposes of the present heat-
ing structure mentioned herein.
~ While only one embediment of the invention has been
illustrated and described in detail herein, it is under-
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stood that changes in the construction may be made
without departing from the scope of -the invention.

We claim: : ' :

1. A combination heating and reinforcing structure,
comprising a carrier having marginal wires and flexible
longitudinally and diagonaily arranged wires forming
laterally and longitudinally arranged hexagonal spaces
throughout the carrier, the longitudinally arranged wires
having arched portions arranged in spaced transverse rows
across said carrier, the arches of each transverse row
extending in the same direction, an insulated wire heat-
ing element arranged in longitudinal sections extending
substantially the full length of the carrier and being dis-
posed between the longitudinal wires having said arches
and on the side of said carrier on which said arches
extend, said longitudinal sections being connected alter-
nately at their ends, shafts at the transverse rows of said
arches extending under the arches and over the sections
of heating element wire between said arches depressing
said element wire into the respective hexagonal spaces
and being secured at their ends to the marginal wires,
and flexible insulated electrical leads connected to the
ends of said heating element wire and projecting beyond
the edge of said carrier.

2. ‘A combination heating and reinforcing structure,
- comprising a carrier having marginal wires and flexible
longitudinally and diagonally arranged wires forming
laterally and longitudinally arranged hexagonal spaces
throughout the carrier, the longitudinally arranged wires
having arched portions arranged in spaced transverse
rows across said carrier, the arches of each transverse
-row extending in the same direction, a heating element
wire arranged in longitudinal sections extending substan-
tially the full length of the carrier and being disposed
between the longitudinal wires having said arches and
on the side of said carrier on which said arches extend,
said longitudinal sections being connected alternately at
their ends, shafts at the transverse rows of said arches
extending under the arches and over the sections of heat-
ing element wire between said arches depressing said
element wire into the respective hexagonal spaces and
being secured at their ends to the marginal wires, and
electrical leads connected to the ends of said heating ele-
ment.

3. An electric heating structure, comprising a carrier
having marginal wires and longitudinally and diagonally
arranged wires forming laterally and longitudinally ar-
ranged hexagonal spaces throughout the carrier, the longi-
tudinally arranged wires having arched portions arranged
in spaced transverse rows across said carrier, the arches
of each transverse row extending in the same direction,
an insulated wire heating element arranged in longi-
tudinal sections extending substantially the full length
of the carrier and being disposed between the longitudinal

wires having said arches and on the side of said carrier :
on which said arches extend, said longitudinal sections’

being connected alternately at their ends, and shafts at
the transverse rows of said arches extending under the
arches and over the sections of heating element wire
between said arches and being secured at their ends to
the marginal wires.

4. A heating structure, comprising a carrier having
marginal wires and longitudinally and diagonally arranged
- wires forming laterally and longitudinally arranged
hexagonal spaces throughout the carrier, the longitudi-
nally arranged wires having arched portions arranged in
spaced transverse rows across said carrier, the arches of
each transverse row extending in the same direction, an
insulated wire heating element arranged in longitudinal
sections extending substantially the full length of the
carrier and being disposed between the longitudinal wires
having said arches and on the side of said carrier on
which said arches extend, and shafts at the transverse
rows of said arches extending under the arches and over
the sections of heating element wire between said arches.
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“5.”A heating. structure, comprising a carrier of longi-
tudinally and diagonally arranged wires, the longitudinal-
ly arranged wires having arches arranged in spaced trans-
verse rows across said carrier, the arches of each trans-

. verse row extending in the same direction, an insulated

wire heating element arranged in longitudinal sections
and being disposed between the longitudinal wires having
said arches and on the side of said carrier on which
said arches extend, and shafts at the transverse rows of
said arches extending under the arches and -over the
sections of heating element wire between said arches.

6. A heating structure, comprising a carrier having
marginal wires and. longitudinally and transversely ar-
ranged wires, the longitudinally arranged wires having
arched portions arranged in spaced transverse rows across
said carrier, the arches of each transverse row extending
in the same direction, an insulated wire heating element
arranged in longitudinal sections and being disposed be-
tween the longitudinal wires having said arches and on
the side of said carrier on which said arches extend, and
shafts at the transverse rows of said arches extending
under the arches and over the sections of heating element
wire between said arches and being secured at their ends
to the marginal wires.

7. A heating structure, comprising a carrier of longi-
tudinally and transversely arranged wires, the longitudi-
nally arranged wires having arched portions arranged in
spaced transverse rows across said carrier, the arches of
each transverse row extending in the same direction, an
insulated wire heating element arranged in longitudinal
sections and being disposed between the longitudinal
wires having said arches and on the side of said carrier
on which said arches extend, and shafts at the transverse
rows of said arches extending under the arches and over
the sections of heating element wire between said arches.

8. A heating structure, comprising a carrier of longi-
tudinally and transversely arranged wires and marginal
wires connected to said transversely arranged wires, a
heating element wire arranged in longitudinal sections
being disposed between the longitudinal wires, and shafts
at spaced intervals along said carrier- extending trans-
versely thereacross alternately under said longitudinal
wires and over said heating element sections and being
secured at their ends to said marginal wires,

9. A heating structure, comprising a carrier of longi-
tudinally and transversely arranged wires, a heating ele-
ment wire arranged in longitudinal sections being dis-
posed between the longitudinal wires, and shafts at spaced
intervals along said carrier extending transversely there-
across alternately under said longitudinal wires and over
said heating element sections,

10. A heating structure, comprising a carrier of longi-
tudinally and diagonally arranged wires, the longitudinally
arranged wires having arches arranged in spaced trans-
verse rows across said carrier, the arches of each trans-
verse row extending in the same direction, said diagonal
wires having troughs extending in the direction opposite
said arches, an insulated wire heating element arranged
in longitudinal sections and being disposed in said troughs,
and shafts extending under the arches and over the sec-
tions of heating element wire between said arches.

11, A heating structure, comprising a carrier having
marginal wires and longitudinally and transversely ar-
ranged wires, the longitudinally arranged wires having
arches arranged in spaced transverse rows across said
carrier, the arches of each transverse row extending in
the same direction, said transverse wires having troughs
extending in the direction opposite said arches, and an
insulated wire heating element arranged in longitudinal
sections and being disposed in said troughs, and shafts
extending under the arches and over the sections of heat-
ing element wire between said arches and being secured
at their ends to the marginal wires.

12. A heating structure, comprising a carrier of longi-
tudinally and diagonally arranged wires, said diagonal
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wires being bent between said longitudinal wires to form
troughs, and an. insulated wire. heating element arranged
in longitudinal sections and being disposed in said troughs
between the longitudinal wires, the portions of said diag-
onal wires forming said troughs engaging said element
sections.

13. A heating structure, comprising a carrier having
marginal wires. and longitudinally and transversely ar-
ranged wires, said transverse wires having troughs ex-
tending inwardly in the same direction, and an insulated
wire. heating .element arranged in longitudinal sections
disposed in said troughs, the pertion of said transverse
wires forming said troughs: gripping said element sections.
. 14. A heating structure, comprising a carrier having

10

- &
longitudinal and transverse sets of wires, the wires of one
set having troughs extending inwardly in the same. direc-
tion, and an insulated wire heating element arranged:in
a -series of sections disposed in said troughs, the portion

of said wires forming-said troughs gripping said element

sections.
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