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TRIMMABLE HEATER

BACKGROUND

Technical Field of the Invention:

{3001} The present invention is related to heaters, including heater assemblies for heating
pipes, fittings, and other piping systern components.

State of the Prior Axt

{0802} Many vacuum, process, transport, and other systems used in industry for
conducting or moving various gaseous, liguid, or solid materials from one point to another
include pipes, valves, and other pipe system components of various lengths, sizes, and shapes
that have to be heated to maintain the pipes and/or materials in the pipes within certain
temperature ranges. Pipe heaters for heating pipes for these and other purposes are well
known 1o persons skilled in the ant and have ranged from simple resistive wires and tape
wrapped around the pipes to more sophisticated, insulated pipe beaters, such as those
described in U8, Patent No. 5,714,738 (Hauschultz et al.), as well as many such heater
products that are gvailable commercially.

{0883] The foregoing exaroples of the related art and limitations related therewith are
intended to be iHustrative and not exclusive, Other Himitations of the related art and other
examples of related art will become apparent to those of skill in the art upon a reading of the

specification and a study of the drawings.

SUMMARY
{80041 The following embodiments and aspects thereof are described and ilhstrated in
conjonction with systems, tools, and methods which are meant 1o be examples and

illustrative, not limiting in scope. In various embodiments and implementations, one or more
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problems have besn reduced or climinated, while other embodiments are divected 1o other
improvements and benefits.

{0005] In one aspect, a trimmable heater apparatus comprises: (1) a heater mat which extends
along a longitudinal length and comprises a phaality of heater mat segments, wherein each of
the heater mat segments extends along a vespective portion of the longitudinal length of the
heater mat, and wherein each of the heater mat segments comprises a segment heater slement,
and wherein the respective segment heater elements are separated longitudinally from each
other by respective trimmable distances; (1) a power bus comprising a first power conductor
and a second power conductor which span all of the trimmable distances between the
segment heater elements to extend in juxiaposed relation with to at least a portion of each of
the heater mat segments, wherein each of the respective heater elements is connecied
electrically to the first and second power conductors at respective segment connection
focations in the power bus that are in juxtaposed relation with the respective heater mat
segments which comprise the respective segment heater elements such that any two of the
plorality of heater mat segments are severable from cach other in the trimmable distance
between the segment heater elements of said two heater mat segments in a manner that does
not affect the electrical connections of the segment heater element in at least one of the two
heater mat segmenis o the first and second power conductors in the power bus,

{00061 In one embodiment, a trimmable heater apparatus includes heater mat segrment
boundary indicia on a surface of the heater mat in sach of the trimmable distances, wherein
the heater mat segment boundary indicia mark severable locations on the heater mal in the
frimmable distances,

{8067 In one embodiment, the trimmable heater apparatus includes bus trim location indicia

on the power bus between the respective segment connection locations in the power bus.

%



WO 2017/007622 PCT/US2016/039511

{8008] In one embodiment, the bus trim location indicia for each mat segment are
longitudinally offset from the heater mat segment boundary indicia for that mat segment.
[000%] In one embodiment, the trimmable heater apparatus includes a cover sheet overlaying
the heater mat segments and the power bus.

{8810] In one embodiment, the trimmable heater apparatus includes a cover sheet overlaying
the heater mat segments and the power bus, wherein the cover sheet is peelable away from
the heater mat segments to reveal the heater mat segmend boundary indicia,

{6611] In one emboediment, the trimmable heater apparatus includes a cover sheet overlaying
the heater mat segments and the power bus, wherein the cover sheet is peelable away from
the power bus to reveal the bus rim location indicia,

{63121 In one embodiment, the trimmable heater apparatus has a heater mat that includes a
thermal insulation layer positioned between the heater mat and the cover sheet.

[8013] In one embodiment, the trimmable heater apparatus has a heater mat that includes a
thermal insulation layer positioned between the heater mat and the cover sheet, and the heater
mat segment boundary indicia is on an exterior surface of the thermal fnsulation layer.
{0014} In one embodiment, the trimmable heater apparatus has a power bus that is positioned
between the thermal insulation layer and the cover sheet,

{8018} In one embodiment, the trimmable heater apparatus includes a power bus, which is
positioned between the segment heater elements and the thermal insulation layer.

{00161 In one embodiment, the heater mat of a trimmable heater includes a heater substrate
on which the segment heater elements are positioned .

{80171 In one embodiment, the trimmable heater apparatus includes segment heater clements
that are sandwiched between the heater subsirate and a heater saperstrate,

{86181 In one embodiment, the thermal insulation layer i1s positioned between the superstrate

and the cover sheet.
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{06191 In one ernbodiment of a trimmable heater apparatug, a heater substrate on which
segment heater elements are positioned comprises a thin film dielectric material.

{(028] In one embodiment the heater mat comprises both the segment heater elements and
the first and second power conductors.

{3321} In one embodiment the segment heater elements are placed on a heater substrate
sheet,

{88221 In one embodiment the first and second power conductors of the power bus are placed
on an interstitial isolation layer which is placed on the segment heater elements on the heater
substrate sheet.

f86231 In another embodiment the fivst and second power conductors of the power bus are
placed on the substrate sheet together with the segment heater elements.

[8024] Another aspeet of the invention includes a method of constrocting a heater appliance,
which includes using a heater mat that comprises an assembly of a plorality of heater mat
segments that have a irimmmable distance between juxiaposed segment heater elements,
connecting each respective one of the segment heater elements in electrical paralled relation
1o first and second powsr conductors in a power bus at respective segment connection
focations of the power bus that are in juxtaposed relation with the respective heater mat
segments in which such segment heater clemenis are positioned, providing respective heater
mat segment boundary indicia on the heater mat at each of the respective frimmable distances
1o mark severable locations at which any two of the plurality of heater mat segments are
severable from each other in a manner that does not affect the electrical connections of the
segment heater element in at least one of the two heater mat segroents o the first and second
power conductons in the power bus.

{66257 Another aspect of the invention includes providing respective bus trim location

indicia on the power bus between the respective segment connection locations of the power
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bus to mark severable bus locations at which the power bus is severable along with a
respective heater mat segment in a manner that does not affect the electrical connection of a
Juxtaposed heater mat segment from which the respective heater mat segment is severable.
{0826} Another aspect of the invention includes positioning the bus trim location indicia for
each respective heater mat scgment in 2 longitudinally offset relation to the respective heater
mat segiment boundary indicia,

{B8827] Another aspect of the invention includes placing a displaceable cover sheet over the
heater mat and over the power bus in a displaceable manner which exposes the heater mat
segment boundary indicia and the bus trim location indicia.

[0428] Another aspect of the invention includes placing a thermal insulation layer between
the segment heater elements and the power bus.

{08297 Another aspect of the invention includes placing the plurality of segment heater
clements on a thin filim dielectric matenial.

{00307 Another aspect of the invention includes forming the plurality of segment heater
elemenis along with additional segment heater elements on a sheet of the thin film dielectric
material.

{88311 Another aspect of the invention includes cutting a portion of the sheet of the thin film
diclectric material on which the plurality of segment beater elements are formed {o separate
that portion of the sheet of the thin film dielectric material from other portions of the sheet of
the thin film dielectric material on which the additional segmemnt heater elements are formed.
{0932] In another embodiment, 2 method of fitting a heater on an item to be heated
comprises: (i) determining a length of the em fo be heated; (i1} determining how many
segments of the heater mat are reguired to span the length of the tem to be heated; (1if)
locating a specific indication on the heater mat that marks a location on the heater mat where

a segment of the heater mat, which is not required for the heater mat to span the length of the
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itern to be heated, is severable from another segment of the heater mat, which is required to
span the length of the item to be heated, without affecting an electrical connection of a power
bus to a heater element in the scgment of the heater mat that is required to span the length of
the itemn to be heated; and (iv) at the specific indication, severing the segment of the heater
mat that is not required to span the length of the item to be heated from the segment of the
heater mat that is required to span the length of the ifem to be heated.

{80331 Another embodiment includes severing the power bus at a location that does not
affect the electrical connection of the power bus to the heater slement in the segment of the
heater mat that is required to span the length of the item to be heated.

§60341 Another embodiment includes displacing a cover sheet that covers the heater mat and
the power bus enough to expose the specific indication and thereby to facilitate the severing,
at the specific indication, of the segment of the heater mat that is not required to span the
fength of the item to be heated from the segment of the heater mat that is required to span the
fength of the item to be heated.

{3035} Another embodiment includes replacing the cover sheet on the segment of the heater
mat that is required {o span the length of the Hem to be heated after the severing of the
segment of the heater mat that is not required to span the length of the item to be heated from
the segment of the heater mat that is required to span the length of the item to be heated.
{68361 In addition to the example aspects, embodiments, and implementations described
above, further aspects, embodiments, and implementations will become apparent to persons
skilted in the art after becoming familiar with the drawings and study of the following

descriptions.
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BRIEK DESCRIPTION OF THE DRAWINGS

{8037] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate some, but not the only or exclusive, example embodiments andfor
features. If is intended that the embodiments and figures disclosed herein are to be
considered illustrative rather than limiting. In the drawings:

{B038] Figure 1 is an isometric view of an example trimmable heater appliance, which is
illustrated for example as mounted on an ohject 1o be heated shown in phantom lines, and
which has a heater mat comprising a plurality of heater mat segments that are severable from
each other at locations marked by indicia;

{88397 Figure 2 15 a side elevation view of the example trimmable heater appliance in Figure
|5

60487 Figure 3 is an end elevation view of the example trimmable heater appliance in Figore
5

{0041} Figure 4 is a cross-section view of the example heater appliance taken along section
plane 4-4 in Figore 2;

{36427 Figure 3 is an enlarged portion of the cross-section view in Figare 4, which s
encircled by the broken line cirele in Figore 4, illustrating an example connection of a power
supply cord to power conductors of a bus in the example heater appliance and to a beater
element in the example heater appliance;

[8043] Figure 6 is a cross-section vigw of the example heater appliance taken along section
plane -6 in Figure 2;

{0044] Figure 7 is an enlarged portion of the cross-section view in Figure 6, which is
encircled by the broken line circle in Figure 6, illustrating an example connection of the

power conductors of a bus fo the heater elernent in the example heater appliance;
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{06457 Figure 8 is an isometric view of a plarality of example heater mat segments that may
be used to form a heater mat in the a trimmable heater apphiance of the type illustrated In
Figure 1

[8846] Figure 9 is an isometric view of example heater mat segments formed in a rolf from
which a desived number of heater mat segments can be taken to form a heater mat in a
rimmable heater appliance of the type illustrated in Figure 1;

{8047] Figore 10 is an isometric exploded view of example components of the example
trimmable heater appliance in Figure 1,

{8048] Pigure 11 is an isometric view of the example components in Figure 10 assembled
together to form an example trimmable heater appliance of the type illostrated in Figure 1
along with a cover sheet positioned in alignment for mounting on the example trimmable
heater appliance, and wherein a portion of the thermal insulation layer of the trimmable
heater appliance cut away o roveal the heater mat and power bus;

{60457 Figure 12 iz an isometric view of the example trimmable heater appliance in Figure 1,
but iltustrating the cover sheet partially peeled back to reveal the power bus and heater mat
ssgment boundary indicia, and also lustrating in phantom lines a distal segment of the
example heater appliance severed from the remaining example heater appliance along a set of
heater mat segment boundary indicia as may be done 1o trim the length of the example
trimmable heater appliance in Figure §;

{0056] Figure 13 is an enlarged pontion of the isometric view in Figure 13 that is encircled by
the broken line circle in Figure 13 1o itlustrate the bus trim Iocation indicia on the power bus;
{08317 Figure 14 is an end elevation view similar to Figure 3, but llustrating an example of
how the example trimmable heater appliance in Figure 1 is deformable for insertion over and

mounting on an object to be heated;



WO 2017/007622 PCT/US2016/039511

{0052] Figure 15 is an enlarged isometric view with the cover sheet peeled back similar to
Figure 13, bot illustrating an alternate example trimmable heater apphiance embodiment in
which the power bus is mounted over the thermal insulation layer and directly under the
cover sheet;

{0853] Figure 16 is an enlarged portion of a cross-section of similar to Figure 7, but
illustrating an example connection of the power bus of the alternate example irimmable
heater appliance embodiment in Figare 15 to the heater element;

{0054] Figure 17 is an enlarged portion of a cross-section similar to Figure 5, but illustrating
an example connection of a power supply cord to the power conductors of the power bus and
o the heater element in the allernate exampie trimmable heater appliance in Figare 1§;
{00557 Figure 18 15 an isometric view of an example alternate heater mat illustrating the
power bus formed as an integral part of the heater mat;

{80361 Figure 19 i3 a top plan view of the example alternate heater mat in Figure 18 showing
the segment heater elements and the power bus in phantom lines;

{80571 Figure 20 is an enlarged cross-section view of one of the heater mat segments of the
example alternate heater mat in Figore 19;

[B058] Figure 21 is an exploded isometric view of the example alternate heater mat in
Figunres 18 and 19;

{80591 Figure 22 is an isometric view of the example alternate heater mat in Figures 18 and
19 with a thermal insulation Jayer moonted on the heater mat shown partially fified to
illustrate example isolations for exposed power bus ends;

{80681 Figure 23 is a top plan view of another example alternate heater mat showing the
power conductors of the power bus integrated together with the heater elements of a plurality

of heater segmenis on the same heater substrate sheet;
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{0061} Figure 24 is a side elevation view of an alternate embodiment trimmable heater
appiiance in a form shaped for mounting on a pipe ethow fitting;

{0062] Figure 25 is a side elevation view of an alternate embodiment trimmable heater
appliance in a form shaped for mounting on a pipe reducer fitting; and

{0863] Figure 26 is a side elevation view of an alternate embodireent trimmabie heater

appliance in a form shaped for mounting on a pipe Tee fitting.

BETAILED DESCRIPTIONS OF EXAMPLE EMBODIMENTS

{0864} An example timmable heater appliance 10 is iHlustrated in Figure  as mounted on an
object to be heated, such as a pipe P, shown in phantom lines. As shown in Figures 1 and 2,
the example trimmmable heater appliance 10 has heater mat segment boundary indicia, e.g.,
roarks 12, 14, 16, 18, which indicate locations on the trimmable heater apphiance 10 where
the trinunable heater apphance 10 can be cut or otherwise severed (o separate one of morg
segments of the trimmable heater appliance 10, e.g., heater sppliance segments 20, 22, 24, 26,
28, from one or more other ones of the heater appliance segments 2{, 22, 24, 26, 28, as
ittustrated, for example in Figuwre 12, without affecting clectrical connections of individual
segment beater elements {deseribed below} in the remaining heater appliance segments o a
power source connection, for example to the power cord 58 or to the power bus 52, The
heater appliance segment that has the power cord 52 is sometimes referred to in this
description as the primary heater appliance segment, and the other heater appliance segmenis
are sometimes referred to as the secondary heater appliance segments or as the trimmable
heater appliance segments. In the example trimmable heater appliance 10, the middie heater
appliance segment 24 has the power cord 32, this is the primary heater appliance segment,
and the other heater appliance segments 20, 22, 26, 28 in the example trimvnable heater

appliance 10 do not have the power cord 52 and are the secondary or trimmable heater
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appliance segments, However, any of the heater appHance segments 20, 22, 24, 26, 28 could
have the power cord 52, thus could be the primary heater appliance segment, and the others
wonld be the secondary or trimmable heater appliance segments. Also, while the example
trimmable heater appliance 10 is shown in Figures 1 and 2 with five trimmable or severable
heater appliance segments 20, 22, 24, 26, 28, such a trimmable heater appliance 10 can be
made with any number of trimmable or severabie heater appliance segments in any desired
iength or lengths.

{88651 Bach of the heater apphance segments 20, 22, 24, 26, 28 has an individual segment
heating element 42, 44, 46, 48, 50 (see Figure 10} connected in electrical parallel to a power
bus 32, and the power bus 32 is elecirically connected to the power source connection, e.g., 8
the power cord 58, as will be explained in more detail below, Accordingly, each of the
segment heating elements 42, 44, 46, 48, 50 can be powered by connecting the power source
connection, e.g., the power cord 58, to a source of eleciric power (not shown). Consequently,
any of the secondary heater appliance segments, ¢.g., the secondary heater appliance
segments 20, 22, 26, 28 in the example trimmable heater appliance 10, can be cut away from
any other ones of the secondary heater appliance segments or from the primary heater
apphance segment 24, and the remaining primary heater appliance segment 24 as well as any
secondary heater appliance segment that is still connected to the primary heater appliance
segment 24 will continue to be functional for producing heat when the power cord 58 is
connected electrically to a source of electric power {not shown). Therefore, when the
frimmable heater appliance 10 is toe long to fit neatly and securcly on an object 1o be heated,
one or more of the heater appRance segments 20, 22, 24, 26, 28 with iis respective segment
heater element 42, 44, 46, 48, 50 (Figure 10) can be severed from one or more other ones of
the heater applisnce segments 20, 22, 24, 26, 28 o trim the heater appliance 10 to a desired or

appropriate length to fit neatly or securely on the object. The heater mat segrnent boundary
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indicia 12, 14, 16, 1& in Figures 1 and 2 are tHustrated as marks on a visible surface of the
heater apphance 10, but they can be provided in any convenient form, including, for example,
stots, burnps, grooves, notches, weakened tear Hne, or other instrumentality.

{B866] Referring now primarily to Figores 10 and 11 with secondary reference to Figures 1-
7, the example trimmable heater appliance 10 has a heater mat 30, which has a plurality of
heater mat segments, €.g., heater mat segments 32, 34, 34, 38, 40, extending along a
iongitudinal length L. Longitudinal as used in this description refers (0 the dimension of the
example irimmable heater appliance 10 in which the example heater appliance 10 is
trimmable, i.e., can be shortened by culting away or otherwise removing one or more of the
secondary heater mat segments from the rest of the heater mat segments as explained above.
Accordingly, for example, the longitudinal axds 100 of the heater mat 30 shown in Figures 8-
13 extends through the plurality of heater mat segments 32, 34, 36, 38, 40, In Figures 1-4
and 10-12, where the example triomable heater appliance 10 is illustrated as having a
cylindrical shape that defines a heater appliance longitudinal axis 101, the longitudinal length
L and the beater mat longitodinal axis 100 extend in the direction of, and paraliel to, the
cylindrical heater appliance longitudinal axis 101

[5067] Each of the heater mat segments 32, 34, 36, 38, 40 has a segment beater element, e.g.,
segment heater elements 42, 44, 46, 48, 50, respectively, which generates heat when electric
power is applied to ¥, Generally, each segment heater element may comprise an electrically
resistive wire, ribbon, trace, sheet, mesh, or other resistive material that penerates heat when
a voltage is applied across it and a cwrvent flows through i, although other kinds of heat
generating devices could be used for the segment heater elements, For example, any of a
variety of known electrically resistive metals or metal alloys can be used for the segment
heater elements 42, 44, 46, 48, 50, including, but not limited to, nickel-chromium, iron-

chrominm-alominum, or copper-nickel, Other example electrically resistive materials may
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include, but are not Hmited to, ceramics and polymer matrices foaded with conductive
particles,

{068] Hach of the example individual segment heater elements 42, 44, 46, 48, SO s
connected to an electric power bus 52, which has at least two power conductors, e.g., a first
power conductor 34 and second power conductor 56, for conducting electric power o the
individual segment heater elements 42, 44, 46, 48, 50, The first power conductor $4 and the
second power conductor 36 extend in juxtaposed relation with the segment heater elements
42, 44, 46, 48, 50 in cach of the heater mat segments 32, 34, 36, 38, 44 so that electrical
connection of the individual segrent heater elements to the first and second power
conductors 54, 36 of the power bus 52 are made at respective segment connection locations in
the power bas 52 that are in juxiaposed relation with each of the respective heater mat
segments 32, 34, 36, 38, 40, Such electrical connections of the individual segment heater
elements 42, 44, 46, 48, 50 to the first and second power conductors 34, 56 at the respective
segment connection locations in the power bus 32 can be made in any convenient manner, as
will be discussed in more detail below, as long as such connections are made in a segment
connection location where severance of one or more of the heater mat segments 32, 34, 36,
3%, or 40 from one or more of the other heater mat segments 32, 34, 36, 3§, 40 does not
interfere with the elecirical connections of the remaining heater mat segments 32, 34, 36, 38,
or 40 to the first and second power conductors 54, 56 which are connected 1o the power cord
58 as will be explained in more detail below. The heater mat segments 32, 34, 36, 38, 40 are
severable from each other in trimmable distances D {see Figures 8-10) between juxtaposed
ones of the segment heater elements 42, 44, 46, 48, 50 of the respective heater mat segments
32, 34, 36, 38, 40 where no parts of the segment heater elements 42, 44, 46, 48, 50 that are
necassary for production of heat by the segment heater elements 42, 44, 46, 48, 50 are

focated, as will be explained in more detail below. Bach of the heater appliance segments 20,
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22, 24, 16, 28 of the example trimmable heater appliance 10 comprises a respective one of
the heater mat segments 32, 34, 36, 38, 40, which define the trimmable heater appliance
segments 20, 22, 24, 26, 28 that are severable from one or more of the other heater appliance
segments 20, 22, 24, 26, 28 in a manner that does not interfere with the electrical connections
of the segment heater elements 42, 44, 46, 48, 50 in the remaining heater appliance segments
20, 22, 24, 26, 28 to the power bus 52, which is connected to the power cord 58 in the
primary heater appliance segment as will also be explained in more detail below.

{3069] In the example trimmable heater appliance 10 in Figures 1-11, each of the segment
heater elements 42, 44, 46, 48, 50 are electrically connected in paraliel to the first and second
power conductors 52, 84 of the electric power bus 52, although series electrical connections
of segment heater elements to the electric power bus 52 would be possible, The paraliel
electrical connections of the individual segment beater elements 42, 44, 46, 48, 50 o the
power conductors 34, 56 of the power bus 52 at the segment connection locations can be
made in a variety of ways as would be understood by persons skilled in the art once they
come to understand the principles of the inventions and apparatus described and shown in the
drawings. One example of such electrical connections at the segment connection locations as
illostrated n Figures 10 and 11 includes self-stripping tap connectors 60, 62, 64, 66, 88,
which will be described in more detail below,

{0076] An optional thermal insulation layer 70 can be provided over the heater mat 30, In
the example cylindrical shaped heater appliance 10 shown in Figuves 1-11, the thermal
insulation layer 70 is comprised of two half sections 72, 74 of thermal insulation that are
sized and shaped to §it snugly over the heater mat 30, as best seen in Figores 10and 11, A
cover sheet 76 is positioned around the thermal insulation layer 70, The cover sheet 76 in the
example heater appliance 10 includes a rib 78 that is sized and shaped to fill a gap 80 in the

thermal insulation laver 70 and provides a substrate for mounting the electric power cord 58,
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as will be described in move detail below. Straps 82, 84, &5, 88, 90 are provided on the cover
sheet 76 for fastening the cover sheet 76 around the thermal insulation layer 70. If the
optional thermal insulation layer 70 is not provided, then the cover sheet 76 would be sized to
fit directly around the heater mat 30, and the rib 78 would also be sized differently or just
eliminated.

{0871} As mentioned above, each segment heater element 42, 44, 46, 48, 50 is contained
within its respective heater mat segment 32, 34, 36, 38, 40, inchuding the location of its
respective electrical connection o the power bus 52, As mentioned above and best seen in
Figure 18 as well as in Figures 8 and 9, there is a trimmable distance D between juxtaposed
ones of the segment heater elements 42, 44, 46, 48, 50 in the heater mat 30. None of the
segmernt heater elements 42, 44, 46, 48, 50 and no electrically conductive parts of the
segment heater elements 42, 44, 46, 48, 50 that have to conduct electricity in order for the
segment heater elementis 42, 44, 46, 48, 50 1o generate heat extend into the timmable
distances D between juxtaposed segment heater slements 42, 44, 46, 48, 50. Therefore, any
of the heater mat segrnents 32, 34, 34, 38, 40 can be trimmed or severed away from other
ones of the heater mat segments 32, 34, 36, 38, 40 by cuiting or otherwise separating them
from each other in the trimmable distance I3 between the respective segment heater elerments
42, 44, 46, 48, 50 withowt cutting any part of a segment heater element 42, 44, 46, 48, 50 in
the heater mat segments 32, 34, 36, 38, 40 that are to remain as part of the functional heater
appliance as long as the heater mat segiments that remain are still connectad to a part of the
power bus 52 that is still elecirically connected to the power cord 58, Therefore, of course,
the heater mat segment 36, which has the part of the power bus 32 that connects to the power
cord 58 in the example heater appliance 10, has to remain as part of the remaining heater
appliance 10 afler any other heater mat segment 32, 34, 38, 40 is removed in order for the

remaining segment beater elements to operate and generate heat, as will be understood by
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persons skitied in the art once they understand the principles of this invention. In that sense,
the heater mat segment 36 in the example trimmable heater appliance 10 can be considered as
a master heater mat segment or main heater mat segment, and the other heater mat segments
32, 34, 38, 40 that are distal to the heater mat segment 36 can be considered as the trimmable
heater mat segments. Consequently, a user would retain, as part of the remaining functional
heater appliance 10, as many of the heater appliance segments that are most proximal to the
location where the power bus 52 is connected to the power cord 38 as are desired to covera
desired length of the object (o be heated,

{80721 As mentioned above and as shown, for example, in Figures 1, 2, 10, and 11, heater
mat segment boundary indicia in the form of marks 12, 14, 16, 18 (or other indicia
instrumentalities) are provided on the external surface of the thermal insulation layer 70 w0
indicate where the example trinunable heater appliance 10 can be cut or otherwise severed to
separate of trisn away on or more heater appliance segments 20, 22, 24, 26, 28 from other
heater appliance segments 20, 22, 24, 26, 28 as desired. Those heater mat segment boundary
indicia 12, 14, 16, 18 are aligned with the trimmable heater distances D on the heater moat 30,
so that cutting or otherwise severing the trimwmable heater appliance along any of those heater
mat boundary indicia 12, 14, 16, 18 will not cut through or sever and part of the segment
heater elements 42, 44, 46, 48, 50 that remain as parts of the remaining heater apphiance 10
In the example trimmable heater appliance 10, which is tHlustrated as being in a cylindrical
form, the heater mat segment boundary indicia 12, 14, 16, 18 are in radial alignment with the
trimmable distances [ of the heater mat 30, However, the trimmable heater appliance 10
does not have to be cylindrical. ¥t can be made in other shapes, including, but not Himited to
flat trimmable heater appliances and can be flexible so that it can be wrapped aroond or

gtherwise conform fo swrfaces or shapes of objects to be heated.
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{86731 Other heater mat segment boundary indicia can also be provided in addition to, or in
lien of, the indicator marks 12, 14, 16, 18, For example, as illustrated in Figures 10 and 11,
heater mat segment boundary indicia in the form of marks 92, 94, 96, 98 {or other indicia
instruimentalities as explained above) can be provided on a swrface of the heater mat 30 in the
trimmable distances 1. Also, as tHustrated for example in Figures 1, 2, 10, and 11, heater
mat indicia in the form of marks 102, 104, 106, 108 {or other indicia jnstrumentalities as
explained above) can be provided on a surface of the cover sheet 76 in alignment with the
trimmable distances I of the heater mat 30, Any surface that is visible or that may be
expasable 1o vision may be an appropriate place for such heater mat segment boundary
indicia. For example, if the optional thermal insulation layer 70 is not included in a
trimmable heater appliance, it may be desirable to provide at least a thin, electrically
insulating protective sheet or heater supersirate (not shown in Figures 1-13} over the heater
mat 30 to protect and electrically insulate the segment heater elements 40, 42, 44, 46, 48, in
which case heater mat segment boundary indicia may be placed on an outer surface of such
protective sheet. A heater superstrate over the segraent heater elements can be provided
regardless of whether the thermal insulation layer 70 is provided. Sse, for example, the outer
isolation layer (Superstrate) 350 in Figures 19-22.

{0074] Referring now primarily o Figures 8-11, the heater mat 30 can be fabricated initially
on one or move dielectric or otherwise electrically non-conductive heater substrate sheets
110. For example, the beater substrate sheets 110 may comprise a thin fitm polyimide such
as Kapton (trademark of E.L du Pont de Nemours and Company) or a similar polyimide
material with a thickness in a range of 0.3 mil to 5.0 mil, although other thicknesses may be
appropriate for particular situations or applications. Other electrically non-conductive heater
substrate materials may include a silicons material, a fiberglass, or some other material. The

examnple heater mat segments 32, 34, 36, 38, 40 shown in Figure § can be falwicated on
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individual heater substrate sheets 110, or multiple heater mat segments can be fabricated
together on large or Jong heater substrate sheets 110 as Hlustrated, for example, by the roll
112 of multiple heater mat segments on a fong heater substrate sheet 110, The segment
heater elementis 42, 44, 46, 48, 50 can be fabricated onto the heater substrate material 110 in
any convenient maﬁmn for example, by laying and adhering a conductive wire onio the
heater substrate material 110, ink jet printing a conductive ink material onto the heater
substrate material 110, vapor deposition or other deposition techniques of producing a
conductive material on the heater substrate material 110,

{08751 As mentioned above, the triramable heater appliances can be made with as many
heater mat segments as desived and for any desived length, so any number of heater mat
segments can be cut from the roll 112 and either fabricated together, e.g., not separated, into a
keater mat 30 of any desired length. As shown in Figure 9, the fabrication process can
include silk screening or otherwise providing the heater mat segment boundary indicia 92, 94,
46, 98 in the trimmable distances D, which can be used as a guids for cutting any number of
heater mat segments from the roll 112 or left intact for use as the heater mat segment
houndary indicia 92, 94, 96, 98 shown in Figores 10 and 11, The desired number of heater
mat segments, e.g., heater mat segments 32, 34, 36, 38, 40, can be formed into a heater mat
30 of any desired shape, for example, the cylindrical shape Hlustrated in Figures 10 and 11,
by any convenient technigque. For example, as shown in Figare 10, the heater mat segments
32, 34, 36, 38, 40 are rolled onto 2 mandrel M (shown in phantom lines). Depending on the
heater substrate material used, the heater mat segments 32, 34, 36, 38, 40 can then be
vulcanized on the mandrel M inio the cylindrical shape and size of the mandrel M or they
may be formed and retained in that shape and size by attaching the thermal insulation layer
70, Of course, the heater mat segments can also be flat similar to the alternate example

illustrations in Figures 18-23, and they can be flexible so that they can be rolled or wrapped
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around an object to be heated. They can also be fabricated to have a specific rigid shape as
desived. Persons skilled in the art will also understand that a variety of other fabrication and
assernbly methods and techniques can be used to fabricate trimmable heater mats and
appliances once they understand the principies of this tavention. For example, bt not for
fimitation, the segment heater elements could be fabricated on a separate sheet and then
stitched, bonded, or otherwise fastened to a base material or substrate which can be, but does
nof have {6 be, a dielectric or other electrical insulation material,

[8876] As also best seen in Figures §-11, each of the example segment heater elements 42,
44, 46, 48, 50 is illustrated as a strand or trace of electrically resistive material laidina
pattern on the heater substrate 118 as a long, civeuitous loop with two ends, e.g., a first end
114 and a second end 116, Those two loop ends 114, 116 of each segment heater element 42,
44, 46, 48, 50 are connected electrically to the power bus 52 by the self-stripping tap
connectors 60, 62, &4, 66, 68, respectively. For example, as best seen in Figures 5 and 7 with
secondary reference to Figures 10 and 11, each self-stripping tap connector 60, 62, 64, 66, 68
{represented by the self-stripping tap connectors 64, 66 in Figures 3 and 7, respectively), has
3 first connector bracket 118 and a second connactor bracket 120 for connecting the first loop
end 114 and the second loop end 116, respectively, to the first power conductor 54 and the
second power conductor 56 of the power bus 52, The first connector bracket 118 has a fiest
bottom contact 122 exposed under s bottom susface, and the second connector bracket 120
has a second bottom contact 124 exposed under its bottom surface, The first bottom contact
122 and the second botiom contact 124 are spaced the same distance apart as the first and
second loop ends 114, 116 of the segment heater element. Therefore, when the self-stripping
tap connectors 64, 66 are pressed into place as shown in Figures 5 and 7, the first bottom
contact 122 is placed into contact with the first loop end 114, and the second boitom contact

124 is placed into contact with the second loop end 116, respeetively,
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{80771 Also, the first connector bracket 118 has a first pair of juxtaposed, upwardly
extending knife contacts 126, and the second connector bracket has a second pair of
juxtaposed, upwardly extending knife contacts 128 When the first and second power
conductors 54, 56 of the power bus 52 are pressed into the self-stripping tap connectors 84,
66, the first pair of knife contacts 126 slice through the electrical insulation on the first power
conducior 54 to make electrical contact with the first power conductor 54, and the second pair
of knife contacts 128 slice through the electrical insulation on the second power conductor 56
to make electrical contact with the second power conductor. The first and second connector
brackets 118, 120 are electrically conductive. Therefore, with the first bottom contact 122 in
contact with the first loop end 114 and the first pair of knife contacts 126 in contact with the
first power conductor 34, the first connector bracket 118 effectively connects the first loop
end 114 electrically to the first power conductor 34, Likewise, with the second bottom
contact 124 in contact with the second loop end 116 and the second pair of knife contacts 128
in contact with the second power conductor 56, the second connector bracket 118 effectively
connects the second loop end 116 electrically to the second power condoctor 56, Ag best
seen in Figare 7, when the cover sheet 76 is fastened in place, the 1ib 78 isolates the {first and
second power conductors 54, 56 and the first and second connector brackets 118, 120 from
the exterior of the example trimmable heater appliance 10 and holds the self-stripping tap
conmectors 60, 62, 64, 66, 68 in place to secure the electrical connections of the segment
heater elements 42, 44, 44, 48, 50 to the power bus 52,

{BH78] As best seen in Figures 5, 10, and 11, the power bus 32 inchudes two prongs 138, 132
1o facilitate electrical connection of the power bus 52 to the power cord 538, The first proang
120 is connected to the first power conductor 54 of the power bus 52, and the second prong
132 is connected to the second power conductor 36, As best seen in Figure 3, fivst and

second cord wires 134, 136 in the power cord 38 are connected respectively to electrically
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conductive first and second prong sockets 138, 140 in the rib 78. When the cover sheet 76
along with the rib 78 and power cord 58 are fastened in place, the first and second prongs
130, 132 protrude into the first and second prong sockets 138, 140, respectively, which make
electrical contact with the prongs 130, 132, for example, at lips 142, 144 in the prong sockets
138, 140. Therefore, the first and second prongs 130, 132 and the first and second prong
sockets 138, 140, when assembled together as described, effectively make the electrical
connections of the first and second cord wires 134, 136 in the power cord 58 to the first and
second power condactors 34, 56 of the power bus 52. Of course, this example connection of
the first and second cord wires 134, 136 in the power cord 58 to the first and second power
conductors 54, 36 of the power bus 52 is not the only way to make those connections, and
persons skilled in the art may devise other connections once they understand the principles of
this invention. Also, heat sensors {not shown), thermal switches or fases (not shown), and
other heater control and data features can also be added to or used with the trivunable heater
appliance 1{ as described, for example, in ULS. Patent No. 6,894,254 (Hauschultz), 1.5,
Patent No's 7,932,480 (G, et al.), and 8,541,716 (Gy, et al),

{0079] The example trimmable heater appliance 10 in Figure 12 is similar to the example
trimmable heater appliance 10 in Figures 1-11 and described above, except that it shows a
sixth heater appliance segment 1530, which has been severed from the heater appliance
segment 20 and removed from the remainder of the heater appliance 10 to further iltustrate
the trimnming features and processes. To sever and remove the more distal heater appliance
segment 150 from the more proximal heater appliance segment 20 (in relation o location
where the power cord 58 s connected to the power bus 52 as explained above), the example
heater appliance 10 is cut or otherwise severed at a location marked by heater mat segment
boundary indicia 152, which is aligned with a triamable distance D {not shown in Figure 12)

in the heater mat 30 as explained above. Also, the cover sheet 76 is shown in Figure 12
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peeled back along with the rib 78 to facilitate exposing and trimming the power conductors
54, 56 of the power bus 52, which can be done gither before or after the heater appliance
segment 130 is severed and removed.

{80881 To explain further, reference is now made primarily o the enfarged Figure 13 view of
the remaining heater appliance segment 20, which is shown with a portion of the thermal
insulation layer 70 cut away to reveal more of the power conductors 54, 56 and a part of the
segment heater element 42 of the heater mat segment 32. Bus trim location indicia 154 are
provided on the power conductors 54, 36 to indicate an appropriate location for cutting,
trimming, or otherwise severing the power conductors 34, 56. The bus trim location indicia
154 are severable bus locations on the power conductors 34, 56 between segment connection
locations at a longitudinal offset or setback distance 156 into the heater appliance segraent 20
from the cut face or edge 158 of the heater mat segment 32, which was cut or otherwise
severed in a cut plane marked by the heater mat segment boondary indicia 152, The segment
connection locations in the example trimmable heater appliance 10 are at the locations of the
self-stripping tap connectors 60, 62, 64, 66, 68 described above, A purpose of the setback
distance 156 for cutting or otherwise severing the power conductors 54, 56 is so that the bare,
cut ends of the power conductors 54, 56, after cutting the power conduciors 54, 56 on the bus
frim location indicia 134, will be setback from the exposed cut face or edge 158 by the
setback distance 156, where they will be covered and electrically isolated from each other
and from persons or extranesus ohjects by replacement of the cover sheet 76 and rib 78 onto
the thermal insulation layer 70 and into the gap 80 as discussed above. Such setback and
covering of the cut ends of the power conductors 54, 56 by the cover sheet 76 and rib 78
prevents accidental shock to 8 person who may touch the exposed cut face or edge 158 and
prevents short circuits or other damage to the heater that could result from extranecus objects

coming into contact with the cut ends of the power condactors 54, 56, Also, the bus trim
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location indicia 154 can be offset a distance 136 that avoids possible contact of the bare faces
of the power conductors 54, 56 with the heater mat segment 42.

{60811 The seam 160 where the opposite edges of the thermal insulation layer 70 meet and
the opposite edges of the heater mat 30 meet are left not joined 50 that the heater appliance
i, 10, can be spread or opened as shown in Figure 14 for insertion over an object, e.g., pipe
P, to be heated.

{80821 An example aliernate smbodiment trimmable heater appliance 200 is shown in
Figures 15-17, wherein the power bus 252 is mounted over the thermal insulation layer 270
instead of on the heater mat 30, Therefore, the thickness of the thermal insulation 278 that
separates the power conductors 254, 236 of the power bus 232 from the loop ends 114, 116 of
the segment heater clement 42, 44, 46, 48, or 50. Therefore, a longer self-stripping tap
connector 266 with longer first and second bracket connectors 218, 220 can be provided with
ionger bottom contacts 222, 224 1o span that additional thickness to connect the loop ends
114, 116 to the power conductors 254, 256, Ctherwise, the example longer self-stripping tap
connector 206 in Figures 16 and 17 are quite the same as the seli-stripping tap connectors 60,
62, 64, 66, 68 as shown in Figures 3, 7, 10, and 11 and described above, although the rib 78 is
not needed.

{B083] An alternate example heater mat 300 shown in Figures 18-22 has a power bus 302
comprising a first power conductor 302 and a second power conductor 304 formed as an
integral part of the heater mat 300. As best seen in Figores 19, 20, and 21, the segment heater
slements 310, 312, 314, 314, 318 of the respective heater mat segments 320, 322, 324, 328,
328 are positioned on a heater substrate sheet 330 as deseribed above for the segment heater
elements 42, 44, 46, 48, 50 of the example trivunable heater appliance 10 in Figures 1-11L
Also, the same kinds of materials can be used for segment heater elements 310, 312, 314,

316, 315 and the heater substrate sheet 330 as described above for the example trimmable
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heater appliance 10 in Figores 1-11, and those segment heater elements 310, 312, 314, 316,
318 and heater substrate sheet 330 provide essentially the same functions as the segment
heater elements 42, 44, 46, 48, 50 and heater substrate sheet 110 of the example trimmable
heater appliance 10 in Figures 111,

[6084] The first and second power conductors 304, 306 of the power bus 302 are formed and
provided as an integral part of the alternate heater mat 300, In the example alternate heater
mat 300 shown in Figures 18-22, the first and second power conductors are positioned to
span fongitudinally across the central portions of the plurality of the segment heater elements
310, 312, 314, 316, 318 of the heater mat segments 320, 322, 326, 328, e.g., along opposite
sides of the longitudinal axis 100. Each of the plurality of segment heater elements 310, 312,
314, 316, 318 has two power bus connection pads 332, 334, one at each respective end 336,
338 of the respective segment heater element, to provide electrical connections between the
power bus 302 and each of the segment heater elements 310, 312, 314, 316, 318 at segment
connection locations in the power bus 302 that align with the power bus connection pads 332,
334. As will be explained in more detail below, one of the power bus connection pads, e.g.,
the first power bus connection pad 332, is connecied electrically to the first power conductor
304, and the other one of the power bus connection pads, e.g., the second power bus
connection pad 334, is connected electrically to the second power condoctor 306, Therefore,
in this example alternate trimmable heater mat 300, the segment heater elements 310, 312,
314, 316, 318 are connected in electrical parallel to the power bus 302,

{06857 The power bus 302 in the example heater mat 300 in Figures 19-22 is positioned on a
dielectric interstitial isolation layer 340 in juxtaposed relation with the segment heater
elements 310, 312, 314, 316, 318, The diclectric interstitial layer 340 is positioned as a
superstrate over the segment heater elements 310, 312, 314, 316, 318 on the heater substrate

sheet 330 so that the segment heater elements segment heater elements 310, 312, 314, 315,
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318 are sandwiched between the heater substrate sheet 330 and the diclectric interstitial layer
340. The dielectric interstitial isolation layer 340 can be, for example, a thin film polyimide
such as Kapton {rademark of E1 du Pont de Nemours and Company) or a simeilar polyimide
material, fiberglass, or some other electrically non-conductive material in a thickness range of
03 mil to 5.0 mil, although other thicknesses may be appropriate for particular situations or
applications, The first and second power conductors 304, 306 can be any known electrically
conductive material that can withstand the temperatores produced by the segment heater
elements 310, 312, 314, 316, 318 as would be weli-known {o persons skilled in the art, and
they can be placed on the interstitial isolation laver 344 iny any known manner, e.g., by laying
and adhering a conductive wire onto the interstitial isolation layer 340 or by ink jet printing a
condoctive ink material onto the heater substrate material 110, vapor deposition, or other
deposition techniques of producing a conductive material on the interstitial isolation layer
340, The dielectric interstitial isolation layer 340 s positioned over the segment heater
slements 310, 312, 314, 316, 318 to elecirically isolate the first and second powsr conduciors
334, 306 of the power bus 302 from the segment heater elements 310, 312, 314, 316, 318 w0
prevent an electrical short circnit, especially where the first and second power conductors 304
cross a part of the segment heater elements, e.g., at the part 342 of the example segment
heater elements 310, 312, 314, 316, 318 as best seen in Figures 19 and 20

[0086] The interstitial isolation layer 340 has two power connection pass-through holes, e.g.,
a first power connection pass-through hole 344 and a second power connection pass-through
hole 346, for each heater mat segment 326, 322, 324, 326, 328. The pass-through holes 344,
346 are sized and positioned for alignment with the respective first and second power bus
connection pads 332, 334 of the respective segment heater elements 310, 312, 314, 316, 318
as indicated by the arrows 345, 347 in Figure 21, The first and second power conductors 304,

306 of the power hus 302 are positioned over the respective first and second power
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connection pass-through holes 344, 346 in each heater mat segment 320, 322, 324, 326, 328,
as ilustrated by the arrows 303, 307 in Figure 21, o make an electrical contact with the
respective first and second power bus connection pads 332, 334 of each segment heater
element 310, 312, 314, 316, 318, The electrical connection of the first power conductor 304
to the first power bus conmection pad 332 through the first power connection pass-through
hiole 344 is illustrated in the Figure 20 enlarged cross-section view of the of the segment
heater elernent 312, but the other electrical connections of the first and second power
conductors 304, 306 to the respective first and second power bus connection pads 332, 334
are similar. The slectrical connection can be made as part of the process of forming the
power bus 302, For example, if the segment heater elements 310, 312, 314, 316, 318 and the
first and second power conductors 304, 306 of the power bus 302 are formed fn situ by an
operation such as ink jet printing, vapor deposition, or some flowable method, the conductive
interface between the segment heater elemenis and the first and second power conduoctors can
be formed at the same tire in the same manner. As shown in Figure 20, an optional
conductive interface material 348, such as solder, can be provided betwesn the power
conductors 304, 306 and the power bus connection pads 332, 334 1o facilitate effective
electrical connection between those components, for example, by spot welding during the
fabrication process.

{00871 An optional outer isolation layer (sometimes also referred to as a superstrate} 350
comprising a dielectric or other electrically insuiating material is shown in the example heater
mat 300 in Figures 18-22 positioned over the power conductors 304, 306 of the power bus
302 on the interstitial isolation layer to protect the power bus conductors 304, 306 and to
prevent people or extraneous objects from coming into electrical contact with the power bus
conductors 304, 306. Optional first and second power cord connection through-holes 352,

354 can be provided in the ooter isolation layer 330 in alignment with the first and second
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power conductors 304, 306, respectively, to accommaodate connection of a power cord 336
{see Figure 22) to the first and second power conductors 304, 306 of the power bus 302, In
the Figures 18-22 example, the first and second power cord connection through-holes 352,
354 are provided in all of the heater map segments 320, 322, 324, 326, 328 so that a power
cord 356 can be connected to any selecied one or more of the heater map segments. For
example, if the heater map segments 330, 322, 324, 326, 328 are fabricated slong with many
more identical heater mats in long strips, e.g., similar to the long strip of heater mat segments
G2, 54, 96, 98, et. seq., in the roll 112 in Figure 9, any number of such heater mat segments
can be cut from the Jong strip to make a heater appliance of a desired longitudinal length L,
and a power cord 356 can then be electrically connected to the power conductors 304, 306 of
the power bas 302 at any of such heater mat segments {0 provide power via the power bus
302 to all of the segment heater elements in the heater spplisnce. However, such power cord
connection through-holes 352, 354 could be provided on only some of the heater mat
segments if desired.

{0{88] The example heater mat 300 is shown as 3 component in an example trimmable heater
apphiance 360 with an optional thermal insulation layer 362 covering the heater mat 300, The
thermal insulation layer 362 covers the power cord connection through-holes 3532, 354 so that
the power conductors 304, 306 of the power bus 302 are not exposed through the through-
holes 352, 334, However, if the heater mat 300 is ssed in a trimmabie heater appliance that
does not have such a thermal insulation laver 362, the power cord connection through-holes
352, 354 that are not used for connecting the power cord 356 o the power bus 302 can be
covered with some other protective material, for example, a dielectric tape, o protect the
power bus 302 and o prevent persons or extraneous objects from contacting the power

conductors 304, 306 of the power bus 302,
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{30897 As bestseen in Figares 19 and 21, thers is a trimmable distance D between the
Juxtaposed segment heater elements 318, 312, 314, 316, 318 of the respective heater mat
segments 320, 332, 324, 326, 328. As explained above regarding the Figures 1-17 exampie
trimmable heater appliance 1{, any of the juxtaposed heater mat segments 320, 322, 324,
326, 328 can be cut apart from each other in the trimmable distance D without cutting or
interfering with the segment heater elements of each other and without interfering with the
electrical connections of the segment heater clements in the rernaining heater mat segments to
the first and second power conductors 304, 306 of the power bus 302, Heater mat segment
boundary indicia 358 are provided en an exposed or accessible surface 359 of the heater mat
300 in alignment with the irimmable distances D to provide a visual indication of where the
heater mat 300 can be cut to trim or cut away one or more of the heater mat segments 320,
322, 324, 326, 328 from one of more remaining heater mat segments without cotting or
interfering with the scgment heater elements of the remaining heater mat segments and
without interfering with the elecirical connections of the segment heater elements of the
remaining heater mat segments with the first and second power conductors 304, 306 of the
power bus 302, If the optional thermal insulation layer 362 (Figure 22} is provided, such
heater mat segment boundary indicia 358 and also be provided on an exposed or aceessible
surface 361 of the thermal insulation layer 362.

FOH80T When heater mat 300 is cut from a long sirip comprising many heater mal segments,
or when one heater mat segment is cut away from the remaining heater mat segments as
explained above, the cut distal ends 364, 366 of the respective first and second power
conductors 304, 208 may be exposed as shown, for example, in Figores 18, 19, and 22, Such
exposed distal ends 364, 366 of the power conductors 304, 306 can be a shock hazard to a
person who might touch them or a safety hazard due to possible sparks or short circuits. Such

shock or safety hazards can be mitigated in a number of ways. For one example, an isolation

28



WO 2017/007622 PCT/US2016/039511

hole 368 can be punched through the heater mat 300, as shown in Figare 22, a distance P
spaced inwardly from the distal ends 364, 366 to sever the power conductors 304, 306 that
distance P from the distal ends 364, 366, With the power conductors 304, 306 severed in that
manner, the distal ends 364, 366 are benign and no longer a shock or safety hazard. As best
seent in Figures 19 and 21, the segment heater clements 318, 320, 322, 324, 326, 328 are
positioned in a manner on the heater substrate sheet 330 that leaves at least one punch zone
370 iny each heater segment 320, 322, 324, 326, 328 over or through which the power
conduoctors 304, 306 pass, but in which no part of the segment heater elements 310, 320, 322,
324,326, 328 exiends. Therefore, the isolation hole 368 punched through the punch zone
370 can sever the power conductors 304, 306 without severing or interfering with any part of
the segment heater elemenis 310, 320, 322, 324, 326, 328, Ponch zone indicia 372 are
provided on an exposed or accessible surface 359 of the heater mat 300 in alignment with the
punch zones 370 to indicate where the isolation holes 368 can be punched to isolate distal
ends of the power conductors 304, 3006 without severing or lnterfering with the segment
heater elements 310, 320, 322, 324, 326, 328,

{80911 For another example, electrical isolation of the distal ends 364, 366 of the power
conductors 304, 306 of the power bus 302 can be provided by a distal end patch 374 ag
shown in Figore 22. The distal end patch 374 can be, for example, a dieleciric tape that is
adhered onto the heater segment 300 over the distal ends 364, 366, For another example,
electrical isolation of the distal ends 384, 366 of the power conductors 304, 306 of the power
bus 302 can be provided by a dollop of dislectric or other elecirically insulating adhesive {(not
shown} on the distal ends 364, 366.

{80921 The electrical isolation of the first and second power bus conductors 304, 306 from
the segment heater elements 310, 312, 314, 316, 318 may not require the full interstitial

isolation layer 340, especially where the part 342 of the segment heater elements 310, 312,
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314, 316, 318 where the power conductors 304, 306 cross the segment heater elements 310,
312, 314, 316, 318 is small as shown in Figore 19, Instead, such electrical isolation between
the power conductors 304, 306 and the small part 342 could be provided by a small paich of
dielectric material positioned between the first and second power bus condactors 304, 306
and the part 342 that is just large enough to provide the electrical isolation or any other
convenient size if desired,

{8093] Heat sensors (not shown) can be formed or embedded along with the segment heater
elements 310, 312, 314, 316, 318 on the dicleciric healer substrate sheet 330 or along with the
first and second power conductors 304, 306 of the power bus 302 on the dislectric interstitial
fayer 340 as will be understood by persons skilled in the art once they understand the
principles of this example heater mat 300, A variety of heat sensor materials or devices {not
shown) are known {0 persons skilled in the art and available commercially that can be affixed
o any of the layers, e.g., the heater substrate sheet 330, the interstitial layer 340, or the outer
isolation layer during the assembly process. Also, heat sensors can be affixed divectly to the
obicct, e.g., piping P (Figure 1) being heated with any of the example heater mats.

{3084} In another example embodiment heater mat 400 shown in Figure 23, the sepment
heater elements 402, 404, 406, 408 of a plorality of heater oat segments, e.g., heater mat
segments 410, 412, 414, 4186, and the first and second power conductors 422, 424 of the
power bus 420 are both positioned in juxtaposed relation with each other on the heater
substrate sheet 426 in a manner such that neither of the power conductors 422, 424 cross any
part of the segment heater elements 402, 404, 404, 408, Therefore, the first and second
power conductors 422, 424 can be placed on the heater substrate sheet 426 in a unutary
manner with the segment heater cloments 402, 404, 406, 408, and there is no requirement for
an interstitial laver to isolate the fiest and second power conductors 422, 424 from the

segment heater elements 402, 404, 406, 408, Also, the first and second power conductors
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422, 424 can comprise an electrically resistive metal, metal allow, ceramic, or polymer
matrix load with conductive panticles similar o the segment heater elements 4072, 404, 408,
408, so that the first and second power conductors 422, 424 create heat when connected to a
source of power (not shown) to function as supplemental heat producing elements that
produce and contribute heat in the heater mat 300 in addition to the heat produced by the
segment heater slements 402, 404, 406, 408.

{88957 In the Figure 23 embodiment, the power conductors 422, 424 of the power bus 420
are positioned on laterally opposite sides 440, 442 of the heater mat segments 410, 412, 414,
416 with the respective segment heater elements 402, 404, 406, 408 positioned between the
power conductors 422, 424 so that neither of the power conductors 422, 424 crosses or
intersects the segment heater clements 402, 404, 406, 408 except at the first and second
segment connection locations 444, 444 in the power bus 420 where the respective first and
second opposite distal ends 448, 450 of the segment heater elements 402, 404, 4006, 408
connect 1o the respective first and second power conductors 422, 424, First and second
power plug connection pads 428, 430 in the vespective power conductors 422, 424 can be
provided at any convenient location to facilitate connection of a power cord (not shown) to
the first and second power conductors 422, 424 of the power bus 420 at any one or more of
such locations where the first and second plug connection pads 428, 430 are provided. Une
example convenient location for the first and second plug connection pads 428, 430 is in
juxtaposed relation with each other along the longitudinal axis 100 to facilitate connection of
the power plug {not shown) in a location along the longitudinal axis 100, Therefore, in the
Figore 23 example, the respective first and second power conductors 422, 424 of the power
bus 420 have legs 452, 454 and 456, 438, respectively, along longitudinally opposite ends of

the respective heater mat segrenis 410, 412, 414, 416 that route the power conductors 1o the
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plug connection pads 428, 430 in juxtaposed relation with the longitudinal axis 100 in the
trimmable distances D between the segment heater elements 402, 404, 406, 408.

[8096] Since the first and second power conductors 422, 424 are connected in an integral
manyer with the segment heater elements 402, 404, 4006, 408 on the same heater substrate
sheet 426 with no interstitial layer required, as explained above, no other connection pads or
connectors are needed {o connect the segment heater elements 402, 404, 406, 408 to the first
and second power conductors 422, 424, Heater mat segment boundary indicia 432 are
provided on the heater mat 300 in alignment with the trimmable distances D for the same
purposes as explained above for the heater mat boundary indicia described above for the
other example heater mat embodiments 30 and 300, While no outer isolation layer or
supersirate is shown in Figure 23, such an outer isolation laver or superstrate sheet of
dielectric or other electrically insulating material can be provided over the segment heater
slements 402, 404, 406, 408 to sandwich the segment heater elements 402, 404, 406, 408
between the heater substrate sheet 420 and such superstrate sheet, Also, a thermal insulation
laver is not shown on the heater mat 400 in Figure 23, but a thermal insulation layer can be
provided if desired. Also, punch zones 434 are zones or areas at which the heater mat 400
can be punched or cut to recess exposed distal ends 436, 438 of the first and second power
condactors 422, 424 inwardly from the side edges of the heater mat 400 in 2 similar manner
as the punch zones 370 of the heater mat 300 described above. Alternatively, a distal end
patch (not shown) similar to the distal end patch 374 shown in Figure 22 can be used for
slectrical isolation of the otherwise exposed distal ends 436, 438 of the power conduciors
422, 424,

{66971 Heat sensors (not shown) can formed or embedded along with the segment heater

elements 402, 404, 406, 408 on the heater substrate sheet 426, Also, heat sensors can be
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affixed directly to the object being heated, for example, to the piping P in Figure 1) with any
of the example heater mats 10, 1Y, 200, 300, and 400 described above.

{0098} The example trimmable heater appliances 10, 1, 200, 300, and 400 described above
can also be provided in a variety of shapes for various applications. For example, the
trimmable heater appliance 500 shown in Figure 24 is shaped for heating elbow pipe fittings
{(not shown). The trimmable heater appliance 310 shown in Figure 25 is shaped for heating
reducer pipe fittings (not shown). The trimmable heater appliance 520 in Figure 26 is shaped
for heating Tee pipe fittings.

[0099] The foregoing description provides examples that illustrate the principles of the
mvention, which is defined by the features that follow. Since numerous insignificant
modifications and changes will readily oceur to those skilled in the art once they understand
the invention, it is not desired to limit the invention to the exact example constructions and
processes shown and described above, Accordingly, resort may be made to all suitable
combinations, sabcombinations, modifications, and equivalents that fall within the scope of
the invention as defined by the features. The words “comprise,” “comprises,” “comprising,”
“inchede,” “including,” and “includes” when used in this specification, includihg the features,
are intended to specify the presence of stated features, integers, components, or steps, bt
they do not preclude the presence or addition of one or more other features, integers,
components, steps, or groups thereof. Also, directional terms, such as “upwardly”, e.g.,
“upwardly extending”, or “over” relate to ortentation in the drawing sheets, not to any
particular physical orientation or any Himitation on orientation of the appliance or component

in actual use.
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CLAIMS
1. Trimmable heater apparatus, comprising:

a heater mat which extends along a longitudinal length and comprises a plurality of
heater mat segments, wherein each of the heater mat segments extends along a respective
portion of the longitudinal length of the heater mat, and wherein each of the heater mat
segments comprises a segment heater element, and wherein the respective segment heater
elements are separated longitudinally from each other by respective trimmable distances;

a power bus comprising a first power conductor and a second power conductor which
span all of the trimmable distances between the segment heater elements to extend in
juxtaposed relation with at least a portion of each of the heater mat segments, wherein each of
the respective segment heater elements is connected electrically to the first and second power
conductors at respective segment connection locations in the power bus that are in juxtaposed
relation with the respective heater mat segments which comprise the respective segment
heater elements such that any two of the plurality of heater mat segments are severable from
each other in the trimmable distance between the segment heater elements of said two heater
mat segments in a manner that does not affect the electrical connections of the segment heater
element in at least one of the two heater mat segments to the first and second power
conductors in the power bus;

a displaceable cover sheet overlaying the heater mat and overlaying the power bus,
said cover sheet being displaceable in a manner that uncovers the power bus in the trimmable
distance in which one of the heater mat segments is severed from another of the heater mat
segments to accommodate trimming of exposed ends of the power bus and said cover sheet
being replaceable over the power bus to cover and electrically isolate the trimmed ends of the

power bus.
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2 The trimmable heater apparatus of claim 1, including heater mat segment boundary
indicia on a surface of the heater mat in each of the trimmable distances, wherein the heater
mat segment boundary indicia mark severable locations on the heater mat in the trimmable
distances.

3. The trimmable heater apparatus of claim 2, including bus trim location indicia on the
power bus between the respective segment connection locations in the power bus.

4. The trimmable heater apparatus of claim 3, wherein the bus trim location indicia for
each heater mat segment is longitudinally offset from the heater mat segment boundary
indicia for that mat segment.

5. The trimmable heater apparatus of claim 2, wherein the cover sheet is peelable away
from the heater mat segments to reveal the heater mat segment boundary indicia.

6. The trimmable heater apparatus of claim 3, wherein the cover sheet is peelable away
from the power bus to reveal the bus trim location indicia.

7. The trimmable heater apparatus of claim 1, wherein the heater mat includes a thermal
insulation layer positioned between the heater mat and the cover sheet.

8. The trimmable heater apparatus of claim 5, wherein the heater mat includes a thermal
insulation layer positioned between the heater mat and the cover sheet, and the heater mat
segment boundary indicia is on an exterior surface of the thermal insulation layer.

9. The trimmable heater apparatus of claim 8, wherein the power bus is positioned
between the thermal insulation layer and the cover sheet.

10.  The trimmable heater apparatus of claim 8, wherein the power bus is positioned
between the segment heater elements and the thermal insulation layer.

11. The trimmable heater apparatus of claim 1, wherein the heater mat includes a heater

substrate on which the segment heater elements are positioned.
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12. The trimmable heater apparatus of claim 11, wherein the segment heater elements are
sandwiched between the heater substrate and a heater superstrate.
13. The trimmable heater apparatus of claim 8, wherein the thermal insulation layer is
positioned between the heater superstrate and the cover sheet.
14. The trimmable heater apparatus of claim 11, wherein the heater substrate comprises a
thin film dielectric material.
15. The trimmable heater apparatus of claim 1, wherein the segment heater elements are
placed on a heater substrate sheet.
16. The trimmable heater apparatus of claim 15, wherein the first and second power
conductors of the power bus are placed on an interstitial isolation layer which is placed on the
segment heater elements on the heater substrate sheet.
17. The trimmable heater apparatus of claim 1, wherein the first and second power
conductors of the power bus are placed on the substrate sheet together with the segment
heater elements.
18. A method of constructing a heater appliance, comprising:

with a plurality of heater mat segments, each of which heater mat segments has a
segment heater element, assembled together as a heater mat in such a manner that there is a
trimmable distance between the respective segment heater elements, connecting each
respective one of the segment heater elements in electrical parallel relation to first and second
power conductors in a power bus at respective segment connection locations of the power bus
that are in juxtaposed relation with the respective heater mat segments in which such segment
heater elements are positioned; and

providing respective heater mat segment boundary indicia on a surface of the heater
mat at each of the respective trimmable distances to mark severable locations at which any

two of the plurality of heater mat segments are severable from each other in a manner that
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does not affect the electrical connections of the segment heater element in at least one of the

two heater mat segments to the first and second power conductors in the power bus; and
placing a displaceable cover sheet over the heater mat and over the power bus that is

displaceable in a manner that uncovers the power bus in the trimmable distance and exposes

the heater mat segment boundary indicia and the bus trim location indicia in a manner that is

replaceable over the power bus to electrically isolate severed ends of the power bus after the

power bus has been severed at the bus trim location indicia.

19. The method of claim 18, including providing respective bus trim location indicia on

the power bus between the respective segment connection locations of the power bus to mark

severable bus locations at which the power bus is severable along with a respective heater

mat segment in a manner that does not affect the electrical connection of a juxtaposed heater

mat segment from which the respective heater mat segment is severable.

20. The method of claim 19, including positioning the bus trim location indicia for each

respective heater mat segment in a longitudinally offset relation to the respective heater mat

segment boundary indicia.

21. The method of claim 20, including placing a thermal insulation layer between the

segment heater elements and the power bus.

22. The method of claim 20, including placing the power bus in juxtaposed relation with

the segment heater elements and placing a thermal insulation layer between the power bus

and the displaceable cover sheet.

23. The method of claim 18, including placing the plurality of segment heater elements on

a thin film dielectric material.

24. The method of claim 23, including forming the plurality of segment heater elements

along with additional segment heater elements on a sheet of the thin film dielectric material.

37



25. The method of claim 24, including cutting a portion of the sheet of the thin film
dielectric material on which the plurality of segment heater elements are formed to separate
that portion of the sheet of the thin film dielectric material from other portions of the sheet of
the thin film dielectric material on which the additional segment heater elements are formed.
26. A method of fitting a heater mat on an item to be heated, comprising:

determining a length of the item to be heated;

determining how many segments of the heater mat are required to span the length of
the item to be heated;

locating a specific indication on a surface of the heater mat that marks a location on
the heater mat where a segment of the heater mat, which is not required for the heater mat to
span the length of the item to be heated, is severable from another segment of the heater mat,
which is required to span the length of the item to be heated, without affecting an electrical
connection of a power bus to a segment heater element in the segment of the heater mat that
is required to span the length of the item to be heated; and

at the specific indication, severing the segment of the heater mat that is not required to
span the length of the item to be heated from the segment of the heater mat that is required to
span the length of the item to be heated.
27. The method of claim 26, including severing the power bus at a location that does not
affect the electrical connection of the power bus to the segment heater element in the segment
of the heater mat that is required to span the length of the item to be heated.
28. The method of claim 27, including displacing a cover sheet that covers the heater mat
and the power bus enough to expose the specific indication and thereby to facilitate the
severing, at the specific indication, of the segment of the heater mat that is not required to
span the length of the item to be heated from the segment of the heater mat that is required to

span the length of the item to be heated.
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29. The method of claim 28, including replacing the cover sheet on the segment of the
heater mat that is required to span the length of the item to be heated after the severing of the
segment of the heater mat that is not required to span the length of the item to be heated from
the segment of the heater mat that is required to span the length of the item to be heated.
30. The trimmable heater apparatus of claim 1, including a power cord with a first cord
wire and a second cord wire electrically connected respectively to the first power conductor
and the second power conductor of the power bus at a location adjacent to one of the heater
mat segments between two of the trimmable distances.
31. The trimmable heater apparatus of claim 30, including a first prong connected to and
extending laterally from the first power conductor and a second prong connected to and
extending laterally from the second power conductor in juxtaposed, spaced relation to each
other at the location adjacent to one of the heater mat segments between the two trimmable
distances, wherein the first and second cord wires are connected electrically to respective first
and second prong sockets, and wherein the first prong protrudes into the first prong socket
and the second prong protrudes into the second prong socket to provide the respective
electrical connections of the first and second cord wires of the power cord to the first and
second power conductors of the power bus so that the power cord extends laterally from the
heater mat segment.
32. The trimmable heater apparatus of claim 1, wherein each of the respective segment
heater elements is connected electrically to the first and second power conductors by a self-
stripping tap connector.
33. A method of fitting a heater mat on an item to be heated, comprising:

determining how many segments of the heater mat are required to span a length of the

item to be heated;
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locating a specific location on the heater mat where a segment of the heater mat,
which is not required for the heater mat to span the length of the item to be heated, is
severable from another segment of the heater mat, which is required to span the length of the
item to be heated, without affecting an electrical connection of a power bus to a segment
heater element in the segment of the heater mat that is required to span the length of the item
to be heated;

at the specific location, severing the segment of the heater mat that is not required
from the segment of the heater mat that is required, including severing the power bus at a
location that does not affect the electrical connection of the power bus to the segment heater
element in the segment of the heater mat that is required;

either before or after the severing of the segment of the heater mat that is not required
from the segment of the heater mat that is required, displacing a cover sheet that covers the
power bus enough to uncover at least a portion of the power bus in the segment of the heater
mat that is required;

trimming the power bus at a setback distance from the specific location by severing
and removing an additional length of the power bus in the segment of the heater mat that is
required to create severed ends of the power bus in the segment of the heater mat that is
required; and

covering and electrically isolating the severed ends of the power bus by replacing the

cover sheet on the segment of the heater mat that is required.
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