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METALLIC OVERCOAT FOR THICK FILM HEATER_TERMINATION

Field of the Invention

The present invention relates to thick film heaters, such as those used for
injection molding nozzles, and more particularly to a metallic overcoat for the
termination of the same.

Background of the Invention

The injection molding industry in particular has long needed improved heating for
runner nozzles. A typical injection molding systems has a multitude of heated passage
ways carrying melted thermoplastics (“melt”). The melt is delivered into molds via a
series of runner nozzles. lt is vital that these runner nozzles be kept heated to prevent
the melt from freezing too garly, before it reaches the mold cavity. If a portion of the
melt freezes in the nozzle, the nozzle is incapable of adequately controlling the flow
rate of the melt, and may become completely blocked in some instances.

It is well known to place electrical resistance heaters around the runner nozzles
to prevent the melt from freezing. Over the years, many new advancements have been
made to the heaters to make them more reliable, provide more even heat distribution,
and to reduce the size of the heaters. The size of the heater is an important factor,

particularly with small mold sizes. Obviously, the smaller the heater around the nozzle,
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the more nozzles (with heaters) can be placed on the same manifold. Every millimeter
saved in the size of the heater fhickness can possibly result in several additional
nozzle/mold combinations on the same manifold.

Eventually experimentation began involving the use of thick film heating
elements to heat the runner nozzles. Only in very recent years was the idea of thick
film heating for runner nozzles made feasible and practical by Watlow Electric
Manufacturing Company of St. Louis, Missouri. Watlow’s improvement is disclosed in
U.S. Patent 5,973,296 to Juliano et al. (“the ‘296 patent”), which is incorporated herein
by reference in its entirety. Essentially, the ‘296 patent taught placing the thick film
heating element on a metal tubular substrate with a dielectric film on either side of the
heating element.

Although the 296 patent represents a giant advancement in the art of runner
nozzle heating, it still has its limitations as disclosed. The most significant limitation of
the ‘296 patent is the attachment of the power leads. The thick film nozzle heater of the
‘296 patent is significantly thinner than any other heaters that could deliver heat as
reliably and as evenly. It is significantly thinner than heaters with coiled resistance wire,
but the magnitude space conservation is based on the width at thickest portion of the
heater design, which is typically the termination of the heating element. The heating
element must have an electrical current to operate, and that current must be fed by
some sort of power lead. The power leads in the 296 patent represent the thickest
portion of the heater.

Additionally, the biggest limitation in the ‘296 heater compared to its coiled
resistance wire ancestors is mechanical strength. Coiled resistance wire heaters have
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an outer sheath, typically made of stainless steel or similar alternative. The thick film
heater, although tough in its own right, is more vulnerable to physical damage than a
heating element with an outer metal sheath.

Summary of the Invention

Accordingly, it is an object of the present invention to provide a thick film heater
with a minimized maximum heater thickness.

It is a further object of the present invention to provide improved mechanical
resistance for the heating element.

It is still a further object of the present invention to provide such a heater with
improved thermal efficiency.

In view of the above objects, the present invention is a tubular thick film heater
with a metallic overcoat placed over at least the termination portion of the heater. The
overcoat satisfies, directly and indirectly, all of the above objects. The overcoat
obviously provides mechanical safety to the heating element, but in the presented
embodiment below, it allows the power leads to be attached to the heating element in a
way that does not increase wall thickness of the heater. This actually reduces the total
thickness of the heater (even with the overcoat) when compared to a thick film heater
with conventionally attached power leads. Lastly, the overcoat directs more heat
transfer through the substrate (inner layer), and thus onto the runner nozzle. The
added heat transfer (or reduced heat loss to the outside) means a more efficient heater
and less energy consumption.

The overcoat is placed around the thick film heater with holes pre-drilled therein
to match the termination points of the heating element. This allows the termination
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points to be seen through the holes in the overcoat. Narrow holes parallel to the axis of
the tube are then drilled in the joined assembly. Power leads are then inserted into the
narrow holes. The larger holes in the overcoat wall allow the power leads to be
properly affixed to the termination points on the heating element using any one c;f
several known methods. Once the heating element is properly terminated, the hole in
the overcoat is filled in with a dielectric potting material. Although the overcoat can run
the entire length of the heater, it is foreseeable that the overcoat may only cover the
termination portion of the heating element.

The resulting heater has a wall thickness on the order of 2 millimeters. More
importantly, however, the termination of the heating element and the power leads do
not increase the overall heater thickness at all.

Brief Description of the Drawings

So that the manner in which the above-identified features, advantages, and objects
of the present invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by reference to the
embodiment thereof which is illustrated in the appended drawings.

Itis noted however, that the appended drawings illustrate only a typical embodiment
of this invention and is therefore not to be considered limiting of its scope, for the invention
may admit to other equally effective embodiments. Reference the appended drawings,
wherein:

Fig. 1 is an isometric view of a heater constructed according to the present
invention;

Fig. 2 is a front view closeup of the termination portion of the heater of Fig. 1,
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Fig. 3 is a side view closeup of the termination portion of the heater of Fig. 1;

Fig. 4 is a top view of the heater of Figs. 2 and 3 taken along line 4-4;

Fig. 5 is a cross-sectional view of the substrate, heating element, and overcoat of
the heater of Fig. 1;

Fig. 6 is a front view closeup of the termination portion of an alternate embodiment
of the present invention having angled leads;

Fig. 7 is a side view closeup of the termination portion of the alternate embodiment
of Fig. 6;

Fig. 8 is a detail of the termination of the present heater according to either
embodiment.

Detailed Description of the Drawings

Referring now to Fig. 1 an electric heater 10 is shown generally according to the
present invention. The heater 10 consists of a tubular substrate 12 and a metallic overcoat
14. The overcoat 14 may be made of any suitable material. Keeping in mind that one
object for the overcoat is to provide mechanical protection to the heating element, 304
stainless steel is recommended. In between the substrate 12 and the overcoat 14 is a
thick film heating element 16, which is not visible in Fig. 1, but best seen in the cross-
section of Fig. 5. As the substrate 12 is typically metallic as well (430 stainless steel is
exemplary), the preferred embodiment includes a dielectric film 22 surrounding the heating
element (except at the termination portion). Also extending from the substrate 12 and
overcoat 14 combination are a plurality of power leads 18. The powe} leads 18 may
extend from the heater 10 at positions diametrically opposed on the substrate 12/ overcoat
14 as shown in the figures. In the majority of applications, however, it will be preferable
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to have the power leads 18 extend from positions located close to one another on the
substrate 12.

Referring now to Figs. 2-4, the termination portion of heater 10 is shown more
closely. The overcoat 14 has a plurality of access holes 20 drilled therein before
installation thereof over the substrate 12 and heating element 16. The number of access
holes 20 should match the number of termination points for the heating element 16. Most
typically, the heater 10 will have a single heating element 16 with two terminating points.
It is conceivable, however, that the heater would have multiple heating elements, a three-
phase heating element, or a separate sensor circuit, all of which may result in more than
two terminating points, and thus more than Mo access holes 20.

Foratypical heater 10, the access holes 20 will be approximately 6 mm in diameter,
but this size will vary depending upon the overall size of the heater 10 and the types of
power leads 18 being installed. The access holes 20, as will be seen later on, are used
to complete the termination of the heating element 16 with the power leads 18. Once the
overcoat 14 is cut to the proper length to match that of the substrate 12, and the access
holes 20 are drilled, it is instalied over the substrate 12. At this point, the substrate 12
already has a heating element 16 and dielectric film 22 in place. Essentially, the substrate
12 is a completed prior art heater according té the ‘296 patent, however prior to termination
of the heating element.

In the preferred embodiment, the overcoat 1‘4 should have a small clearance
between it and the dielectrjc film 22 protecting the heating element 16. This air gap 30 not
only keeps the overcoat 14 from damaging the heating element 16 during assembly, but
also provides a natural insulator. Since the heating element 16 does not have a
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conductive heat transfer path to the overcoat 14, a larger portion of the heat is directed
inward to the target object. To help maintain the air gap 30 between the overcoat 14 and
the heating element 16, annular spacers 28 may be used at either end of the overcoat 14.
The gap 30 should be very small relative to the substrate 12 and overcoat 14. A typical
heater 10 may have a total wall thickness of 2.0 millimeters, of which the substrate 12 and
overcoat 14 together account for 1.6 millimeters. The total wall thickness should not
exceed 2.0 millimeters under normal circumstances, a thinner wall is acceptable and even
desirable for some heater sizes.

In place of spacers 28, it is also possible to fill any gaps at the ends of the resulting
substrate-overcoat combination with a potting material (such as the same material used
to pot the access holes 20 discussed below). Another option is to form a tight precision
fit between the heating element 16 and the inside of the overcoat 14, although this is not
preferred. In addition to any of the above-mentioned methods of positioning the overcoat
14 around the hearing element 16, a plurality of very small pins (not shown) may optionally
be inserted at one or both ends to help hold the relative positions of the various parts of
the substrate 12, the overcoat 14, and if used, the spacers 28.

After the overcoat 14 is properly positioned, holes for the power leads 18 are drilled
in the end of heater 10, the holes being parallel to the axis of the heater 10. The power
leads 18 may be of any conventional type, however, the inventors have found that mineral
insulated leads are particularly well suited for the typical applications of the present
invention. It should be noted at this point that while the present invention was developed
with the injection molding industry in mind, it is in no way limited to such an application.
The present invention may be used in any application requiring an annular or ring-type
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heater, particularly where overall wall thickness or physical protection of the hearing
element are primary concerns.

Once the power leads 18 are inserted, the access holes 20 are used to properly
terminate the heating element 16 with the power leads 18. This connection can be made
using brazing, epoxy, welding, a cured conductive paste, or any other connection
technique that is well known in the art. The connection can be seen in detail in Fig. 8. By
way of example, Fig. 8 shows mineral insulated leads 18 (both in the typical straight
embodiment and in a right-angle embodiment as discussed below). The mineral insulated
power lead 18 consists of a conductor element 24 surrounded by an insulating element 26
made of magnesium-oxide-filled metal cable.

Once the heating element 16 is terminated, the access holes 20 are no longer
needed. Therefore, itis desirable to refill the access holes 20 with a potting material. The
inventors have found AB1000F manufactureq by Cuyahoga Plastics of Cleveland, Ohio to
be particularly appropriate and preferred. Sauereisen® cement manufactured by
Sauereisen, Inc. of Pittsburgh, Pennsylvania has also been found to be suitable.

Figs. 6 and 7 show an alternate embodiment of the present invention. As is readily
seen, the power leads 118 exit the heater 10 at a right-angles to the heater axis. Of
course, lesser angles may be used. The right-angle embodiment requires the addition of
a slot 32 placed in the overcoat 14 before the installation thereof. This allows the power
leads 118 to be installed the same way, as is seen in Fig. 8, but keeping the leads 118
flush with the end of the heater 10. Af the same time the overall thickness of the heater
10 is kept to a minimum all of t'he way up to the very end of the heater 10 where the leads

118 emerge.



WO 02/32190 PCT/US01/42650

As mentioned above, in the Summary of the Invention, it is foreseeable that the
overcoat 14 might only extend over the termination of the heating element 16. This
envisioned embodiment still provides the advantage of a very small overall heater wall
thickness after termination. However, the advantages of an insulating air gap 30 and

mechanical protection for the heating element 16 are lost.

While the foregoing is directed to the preferred embodiments of the present
invention, other and future embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims which

follow.
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Claims
We claim:
1. An electric heater comprising:

a tubular substrate;

a thick film resisﬁve heating element disposed about said substrate; and

a metallic overcoat encasing at least a termination portion of said heating element
between said substrate and said overcoat.
2. The electric heater of claim 1, further comprising a plurality of power leads extending
from said heating element parallel to an axis of said tubular substrate.
3. The electric heater of claim 2, further comprising a plurality of holes bored therein,
said power leads being located in said holes, and said holes overlapping said substrate
and said overcoat.
4, The electric heater of claim 1, further comprising termination access points located
in said overcoat.
5. The electric heater of claim 4, wherein said termination access points are filled with
a potting material.
6. The electric heater of claim 1, wherein said overcoat extends the entire length of
said substrate.
7. The electric heater of claim 1, wherein said overcoat does not extend the entire

length of said substrate.
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