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(57) Abréegée/Abstract:

The invention relates to an electric heating device (10, 30) for hot runner systems, especially for hot runner nozzles (12) and/or hot
runner manifolds, comprising at least one tubular or cylindrical support element (20, 32), produced from a sintered material, and at

least one heating layer (22) having at least one heating resistor (23), the heating layer (22) being a fired film or a fired thick-film
paste.
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ABSTRACT

The invention relates to an electric heating unit for hot runner systems, Iin particular
for hot runner nozzles and/or hot runner manifolds, comprising at least one tubular or muft-
like support made of a sintered substance and comprising at least one heating layer fitted

with heating conductor tracks, where said heating layer is a fired foil or a fired thick-film

paste.

Fig. 2.
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ELECTRIC HEATING UNIT FOR HOT RUNNER SYSTEMS

The present invention relates to an electric heating unit for hot runner systems, In

particular for hot runner nozzles and/or hot runner manifolds.

Hot runner systems are used in injection moids to feed a flowable material, for in-
stance a plastic melt, at a predetemmined temperature and at high pressure to a separable
mold insert. Most systems comprise a material feed pipe fitted with a flow duct terminating
into a nozzle mouth. Said mouth subtends at its end a nozzle discharge aperture issuing
through a gate in the mold insert (mold nest). To prevent the flowable matenal within the
material feed pipe from cooling prematurely, one or more heating units are used assuring as
uniform as possible uniform temperature as far as into said nozzle mouth.

lllustratively the electric heating unit may be a separate component fitted with a win-
ding heating element integrated into a tubular casing and circumferentially affixable on the
material feed pipe. As illustratively disclosed in the German patent document U 295 07 848
or the US patent 4,558, 210, said casing Is a rigid structure affixed in the axial direction by
additional bracing or clamping means on the material feed pipe. Alternatively heating may
be carried out using heating strips or a flexible heating mat between electrically insulating
layers and where called for of different thermal conductivites. In this respect the European
patent document EP B1 - 0 028 153 provides thermally conducting adhesive strips whereas
the WO 97/03540 patent document uses flexible straps with velcro or snap-in connections.

The known heating units incur among other drawbacks that of being fairly bulky, so

that much space must be made available to the hot runner nozzles when being installed,

such a feature in most applications being undesirable, in particular where small nest separa-
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tions are required. Such relatively large dimensions also entail high heating output, nega-
tively affecting energy consumption. Moreover, the entailed large thermal inertias lengthen
the heating and cooling phases, thereby limiting increased productivity.

The German patent document DE - A 199 41 034 proposes eliminating such difficul-
ties by integrally depositing on at least one material feed pipe wall associated with a flow duc
at least one insulating layer and at least one heating layer fitted with heating conductor
tracks by direct coating, in other words, to design integrally the heating unit and the material
feed pipe. lllustratively said direct coating may be implemented by means of the foll, thick-
film or screen printing techniques, where, following deposition, the layers in each case are
baked, hereafter “fired”, separately or simultaneously (co-fired). The integrated layered
deposition of the heating unit assures a durably firm connection to the flow duct wall and
thereby firm affixation to the hot runner manifold or the hot runner nozzle. Because of the
small thicknesses attained by direct deposition, the heating unit only occupies little space,
whereby, compared with the previously cited heating units and at nearly equal output pa-
rameters, very high compactness may be achieved. Moreover the output density may be

raised because the heat is directly generated on and removed from the surface of the hot

runner element to be heated. Overheating the most delicate heating elements Is precluded
thereby. Again the nozzle may be accurately and rapidly heated, favorably affecting the full
production run.

However such heating units integral with the material feed pipe incur the drawback
they cannot be exchanged in case of emergency and can be repaired only with difficulty.

Moreover the substance selection regarding the individual layer is restricted to such of
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which the firing temperature is low enough not to affect the microstructure of the material
feed pipe, which typically is made of tool steel, and which also is exposed to said firing tem-
peratures. Accordingly the firing temperatures of the individual layers may not exceed the
thermal treatment temperature of the material feed pipe.

Accordingly the object of the present invention is to circumvent the above and further
drawbacks of the state of the art and to offer an improved heating unit allowming simple and
economical manufacture. In particular said objective shall relate to a corresponding manu-
facturing method, an improved hot runner system and an improved hot runner nozzle.

The main features of the present invention are defined in the claims 1, 23, 25 and 28.
Embodiment modes are defined in claims 2 through 22, 24, 26 through 27 and 29 through
34,

According to the present invention, an electric heating unit for hot runner systems, In
particular for hot runner nozzles and/or hot runner manifolds, comprises at least one tubular
or muff-like support and at least one heating layer fitted with heating conductor tracks, said
heating layer being a fired foil or a fired thick film.

Because of the tubular or muff-like design of the support, the heating unit as a whole
may be illustratively slipped onto a hot runner nozzle, resulting in an overall two-part assem-
bly of the heating unit and the material feed pipe. Accordingly the heating unit is exchange-
able. The heating layer being a fired foil or a fired thick film paste, the heating unit's thick-
nesses are tiny and accordingly occupy only little space, whereby, compared to other me-

chanically detachable heating units and at nearly equal output features, extremely compact
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hot runner nozzles can be implemented by the present invention. Moreover its heating unit
may be manufactured in simple and economical manner, lowering such manufacturing costs.

Preferably at least one electrically insulating cover layer is present above the heating
layer and covers and electrically insulates the support from its ambience. Advantageous this
cover layer shall be the outermost layer of the heating unit.

Preferably at least one further layer acting as the temperature sensor is used to de-
tect the actual temperature in the flow duct, its electrical resistance being temperature de-
pendent Due to the variable electrical resistance, the actual temperature may be ascer-
tained continuously, the measurement values being used to control the heating unit of the
present invention. The layer acting as the temperature sensor preferably is fitted with a PTC
or an NTC substance. Alternatively a thermocouple may be used as the temperature sensor
having the same geometry as an electrical resistance sensor and with the measuring point
configured near the nozzle tip.

The layer respectively the thermocouple acting as the temperature sensor and the
heating layer advantageously are configured radially in a common plane, as a result of which

the space required by the heating unit of the present invention can be reduced further. At
least one electrically insulating contacting layer may be configured for improved themrmal con-

tact between the two layers.

Preferably the support is made of a sintered substance such as a ceramic or a sin-
tered metal. However a metal, an alloy of metals, a steel or an alloy of steels may be used.
Using a ceramic offers the advantage that the heating layer can be directly deposited on the

support. |f an electrically conducting substance such as a metal, for instance a tool steel, a

4
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hard metal or the like, or also a steel are used, an insulating layer shall be configured be-
tween the support and the heating layer to electrically insulate the heating layer from the

support. However such an insulating intermediate layer also may be present on a ceramic

support, for instance to improve adhesion.

Preferably the cover layer and the insulating layer acting as the intermediary layer
each is a vitreous and/or ceramic dielectric layer which, following at least one firing proce-
dure shall be pressure prestressed relative to the support, as a result of which delamination
forces arising at different levels in radial dependency when the support is loaded by inner
prestressing can be compensated within the insulating layer. Preferably pressure prestress-
ing is attained in predetermining as a function of the pertinent expansion parameters of the
support in each case a specific mismatch between the linear expansion coefficient of the ce-
ramic insulating layer TECpe respectively the linear thermal expansion coefficient TECpea of

the cover layer and the corresponding support value TEC,, the differential expansion TECye

- TECy respectively TECpea - TECy not exceeding 510° K.

Moreover the insulating layer and/or the cover layer preferably shall be able to wet
the support surface at the particular firing temperature. Advantageously, in some circum-

stances, the material system at least partly shall be converted into the crystalline state.

The insulating layer and/or the cover layer may comprise a vitreous or vitreous-
crystalline matenal system containing at least one preformed glass that, at a predetermined

firing temperature, shall wet the support’s surface. Said substance system moreover may
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contain at least one preformed glass that is converted at least partly into a crystalline state

at a predetermined firing temperature.

Additionally respectively alternatively the substance system may contain a further
glass not crystallizing under firing and/or at least one a priori crystalline compound, where,
by optimizing the quantitative proportions of the preformed vitreous and crystalline compo-
nents of the substance system, and while taking into account their particular TEC incre-
ments under the conditions of the particular firing procedure, a ceramic dielectric layer shall

be produced with a TEC value in the range between 0 and 13-10° K.

Additionally a compensating layer may be configured between the support and the
insulating layer and illustratively it may be a chemical nickel. Such a compensating layer
also serves to compensate different thermal expansion coefficients between the support
substance and the insulating layer. The compensating layer may be deposited in the same

way as the insulating layer and the cover layer.

Preferably the insulating layer and/or the cover layer and/or the compensating layer
is a fired foil or a fired thick-film paste. However the layers also may be deposited by deto-
nation coating or thermal coating. Alternatively dip coating with subsequent firing also may

be employed.

The design and/or the configuration of the heating conductor tracks within the heating
layer i1s matched to the particular heat output requirement. Consequently the heating con-

ductor track segments of a matenal feed pipe segment to be subsequently mounted on a
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material feed pipe segment requiring especially large heating may be designed with a slim-

mer or larger cross-section in order to release more or less thermal energy in this segment.

If the heating conductor track is coil-like or meandering, the coil pitch may be se-
lected segment-wise to be smaller or larger to vary the release of heat energy. Also track

separations varying segment-wise may be selected.

To prevent higher spot-wise temperatures (so-called "hot spots™) at the reversal
points of the heating conductor tracks, a further development of the present invention pro-
vides that the meandering heating conductor tracks be fitted at or in their reversal points with
at least segment-wise with an additional conducting layer. These layer bridges link respec-
tively widen adjacent heating conductor track segments, as a result of which the resistance
of the electrical heating conductor track at the reversal points is designed to be slightly less
than in the other areas. Accordingly the heating unit provides an exceedingly uniform tem-

perature distribution.

The conducting layer bridges preferably are deposited in the form of foils or thick film
pastes on the heating conductor layer. However the layers also may be deposited by deto-

nation coating or thermal coating.

A contacting layer may be configured in each instance between the heating conduc-
tor layer and/or the temperature sensor. Again this layer and/or the electric resistance layer
acting as a temperature sensor and/or insulating respectively the adhesive intermediate (in-
sulating) layer configured between the support and the heating conductor track preferably

shall selectively be fired foils or fired thick film pastes. They may be deposited in simple and
7
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economic manner, in particular they may be easily structured and handled, as a result of

which it is possible to manufacture an exceedingly reliable and advantageous heating unit.

Altogether the insulating layer, the heating layer, the cover layer, the contacting layer

and the layer serving as the temperature sensor preferably constitute a layered compound,

whereby the heating unit of the present shall always be compact.

The present invention moreover relates to a hot runner system, in particular a hot
runner nozzle or a hot runner manifold fitted with an electrical heating unit as described
above. Said electrical heating unit is mounted respectively slipped by means of the tubular or

muff-like support on a material feed pipe, a bar, a manifold arm, a nozzle or the like.

Furthemrmore the present invention relates to a hot runner nozzle fitted with an elec-
tric heating unit, said heating unit respectively the tubular or muff-like support being mounted

on a material feed pipe with a fit subtending a predetemmined play.

Lastly the present invention relates to a method for manufacturing an electric heating

unit for hot runner systems, in particular for hot runner nozzles and/or hot runner manifolds,
the heating layer and/or the insulating layer and/or the cover layer and/or the contacting
layer and/or the layer serving as the temperature sensor being deposited in by foil or screen
printing techniques. Such a deposition technique is easily controlled and economical. The
produced layers may be deposited accurately with attendant good temperature distribution

and heating element service life.
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The screen-printed layers advantageously are deposited, using the wraparound tech-

nique in the form of pastes, assuring procedural economy.

Each layer may be deposited separately and be fired at different temperatures. |llus-
tratively a resistive substance such as platinum may be used on the ceramic support, said
resistive substance being fired at a temperature higher than applied to the cover layer fired
in the next step. Alternatively the resistive substance together with the substance used for
the temperature sensor may be fired simultaneously and at a higher temperature than the
cover layer fired in the subsequent step. Alternatively also all layers once deposited may be
fired simultaneously (co-fired). Preferably the firing temperature range is between 800 and

1,400°C.

Further features, particulars and advantages of the present invention are defined In
the claims and are discussed in the description below of illustrative embodiments shown In
the appended drawings.

Fig. 1 is a schematic sectional view of a hot runner nozzle of the invention fitted with

a first embodiment of a heating unit of the invention,

Fig. 2 shows the heating unit of Fig. 1 in a geometrically developed and partly fanned
out representation,

Fig. 3 shows the heating unit of Figs. 1 and 2 fitted with a thermal sensor shown In
geometrically developed form,

Fig. 4 shows another kind configuration of a heating unit and a temperature sensor,
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Fig. 5 shows still another embodiment mode of heating unit with a thermal sensor,

and

Fig. 6 shows an alternative embodiment of a heating unit of the invention in a geo-
metrically developed and partly unfolded representation.

5 Below the same references denote similar components.

The hot runner nozzle 12 sketched in Fig. 1 is part of an injection molding equipment
processing thermoplasts and shall be affixed to an omitted manifold and is fitted with an
omitted housing receiving a cylindrical material feed pipe 13. A base 17 at the end of said
pipe terminates flush with the housing and rests in sealing manner against a manifold. A

10 nozzle tip 18 is inserted, preferably screwed, into the end of the matenial feed pipe 13 run-
ning in the axial direction and extends the flow duct 14 subtended in the material feed pipe
13 as far as the omitted plane of an omitted mold nest. The nozzle tip 18 also may be inte-

gral with the material feed pipe 13, its operation remaining the same.

A heating unit 10 is slipped onto the circumference of the wall 16 of the material feed

15 pipe 13 made of steel. Said heating unit comprises a muff-like ceramic support 20, which
simultaneous serves as electric insulation, and above latter there is a deposited heating

layer 22 which, as schematically indicated in Fig. 2, comprises meandering heating conduc-

tor tracks 23, further an outer cover layer 24 which externally covers and electrically insu-

lates the heating conductor tracks 23 and the support 20 below. The heating conductor

20 tracks 23 may be deposited/arrayed in arbitrary manner depending on the needed electric
power at different densities and configurations on the support 20. In this manner a defined

temperature distribution may be attained within the material feed pipe 13.

10
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To monitor respectively control and regulate both the rise in and the evolution of the
temperature within the material feed tube 13 respectively within the wall 16, at least one
layer 28 made of a PTC substance acting as a temperature sensor is configured at least
segment-wise between the heating layer 22 and the cover layer 24, the electric resistivity of
said layer 28 increasing with rising temperature (Fig. 2). Also a thermocouple made of a
suitable substance may be used instead of using a temperature-dependent resistive sub-
stance. To attain improved thermal contact, an electrically insulating contact layer 26 is situ-
ated between the layer 28 acting as the temperature sensor and an electrically insulating

contact layer 26 which as needed also may be configured between further layers.

Just as Is the heating layer 22, the layer 28 acting as the temperature sensor may be
fitted with electrically conducting tracks 29 which, being thermocouples acting as tempera-
ture sensors, measure the temperature (Fig. 4). The conductor tracks 29 appropriately are
situated n the same plane as the heating conductor tracks 23 of the heating layer 22 and are
protected jointly with latter from the ambience by the cover layer 24. In this manner the
height of the heating unit 10 is minimized. Figs. 3, 4 and 5 show alternative ways to struc-

ture the heating conductor tracks 23 and the temperature measurement conductor tracks 29.

Each layer 22, 24, 26, 28 is integrally deposited by direct coating on the support 20
and then is fired according to the particular substance-specific firing conditions, resulting in
an integral layer-compound constituting the heating unit 10. Because the individual func-
tional layers 20, 22, 24, 26, 28 of the layer-compound due to their substance-specific very

similar designs also are exceedingly mutually adhesive, the heating unit 10 as a whole dura-

11
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bly withstanding even extreme mechanical and/or thermal stresses. After the layer com-

pound has been manufactured, the heating unit 10 is slipped onto the material feed pipe 13

at a predetemmined play selected in a way that in its heated state, the heating unit 10 cannot
be damaged by the material feed pipe 13 of greater thermal expansion while nevertheless

good heat transfer between the support 20 and the material feed pipe 13 is assured.

Heat transfer may be further improved by additionally roughening the inside of the
support respectively the outside of the material feed pipe. Improved heat transfer also is at-
tained by a dark or black paint on the inside of the support respectively the outside of the
material feed pipe. lllustratively this layer may consist of a black paint such as used for heat
radiating elements. Alternatively or additionally, a dark substance, for instance a dark ce-
ramic may be used for the support, for instance black aluminum oxide. When a metallic
support is used, the metal may be deliberately tarnished darkly at the inside of the support

[tube] due to the firing procedure.

An appropriate coating procedure to deposit the individual functional layers is offered

by the foil printing and the thick-film screen printing technology and as regards depositing
the insulating layer and/or the cover layer as called for by the detonation coating or thermal
coating procedures. Preferably however the thick-film screen technology using wraparound

shall be used. Layer firing may be carried out individually or jointly.

The electric terminals 23’ and 29’ for the heating conductor tracks 23 and for the

layer 28 acting as the temperature sensor also are carried out by the thick-film technique,

12
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the required electrical contacts being designed in a manner that the electric power supply

respectively the data transmission may be impiemented by plug-in cable connections.

Fig. 6 shows an alternative embodiment mode of a heating unit 30 of the present in-
vention in a geometrically developed and partly fanned-out representation. The heating unit
30 comprises a tubular or muff-like support 32 substantially corresponding to the support 20
of Figs. 1 and 2 of the heating unit 10, however not being made of a ceramic but instead of a
metal or a metal alloy. The electric insulation is implemented by an insulatng layer respec-
tively dielectric layer 34 mounted on the support 20, and, subsequently to the deposition of
said layer, it is fitted consecutively with the heating layer 22, the contacting layer 26, the
layer 28 constituting a temperature sensor and the cover layer 24 -- as is the case for the
heating unit 10 of Fig. 2. The individual functional layers are deposited in the same manner

as is the case for the heating unit 10.

A thick-film paste is deposited on the surface -- conventionally roughened to improve
adhesion -- of support 32 to produce the dielectric layer 34 by the wraparound procedure.
The solid content of said paste illustratively may be in the form of an in-situ crystallizing
glass when in a temperature range above 900°C and having the components BaO, AI203
and SiO, of the approximate molar composition BaO Al,O; 4Si0,. The TEC of the dielectric

layer 32 following firing is 6:10° K™ in the temperature range of 20 to 300°C.

Due to the ensuing TEC mismatch between the metal wall 16 and the dielectric layer
34 of the order of magnitude of 5:10° K™, the cooled wall 16 of the support 32 covered with

the dielecfric layer will be in the range of purely elastic deformation, that is between the

13
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glass’ transformation temperature of about 700°C and room temperature, giving rise to an-

ticipated pressure stresses of about 3,500 bars (for an assumed dielectric layer (34) Young's

modulus of 2:10° bars). The level of the pressure prestressing does not yet reach the criti-
cal boundary zone of the intrinsic mechanical strength of the dielectric which begins at 6,000
bars. However such level is sufficient to reliably preclude the occurrence of tensile strains in
the dielectric layer 34 and hence in the subsequent layers 22, 24 when the wall 16 of the

support 32 is cyclically loaded at 2,000 bars.

The present invention is not restricted to one of the above described illustrative em-
bodiment modes. Instead modifications and changes are conceivable without transcending
the range of protection of the present invention as defined by the appended claims. lllustra-
tively the insulating layer and/or the cover layer may be fitted with a vitreous or vitreous-
crystalline substance system containing at least one preformed glass which shall wet the
support's surface at a predetermined firing temperature. The substance system moreover
may contain at least one preformed glass that shall at least be partly converted into a crys-

talline state at a predetermined firing temperature.

Additionally respectively alternatively the substance system may contain a further
glass which does not crystallize under firing conditions and/or it may contain at least one a
priori crystalline compound, optimizing the quantitative proportions of the preformed vitreous
and crystalline components of the substance system while taking into account their particular
TEC increments under the conditions of the particular firing procedure resulting in a ceramic

dielectric layer havinga TEC value in the range between 0 and 9-10° K™,

14
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The insulating layer and/or the cover layer preferably is -- like the compensating layer
-- a fired foil or a fired thick-film paste. All three also may be deposited by detonation coating

or thermal coating. Alternatively dip-coating with subsequent firing may be employed.

All features and advantages implicit in and explicit from the claims, specification and
drawings including manufacturing details, spatial configurations and procedural steps, may

be construed being inventive per se or in arbitrary combination(s).

15
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LIST OF REFERENCES

10 heating unit

12 hot runner nozzle

13 material feed pipe

14 flow duct

16 wall

17 base zone

18 nozzle tip

20 support

22 heating layer

23 heating conductor tracks
23’ electric connection terminal
24 cover layer

20 contacting layer

28 layer serving as temperature sensor
29 conductor tracks

29 electric connection terminal
30 heating unit

32 support

34 dielectric layer

16



CA 02666918 2009-04-17

CLAIMS

1. Electric heating unit (10; 30) for hot runner systems, in particular for hot run-
ner nozzles (12) and/or hot runner manifolds, comprising at least one tubular or muff-like
support (20; 32) and at least one heating layer (22) fitted with heating conductor tracks (23),

said heating layer being a fired foil or a fired thick-film paste.

2. Heating unit as claimed in claim 1, characterized in that at least one electn-

cally insulating cover layer (24) is deposited on the heating layer (22).

3. Heating unit as claimed in either of claims 1 and 2, characterized by at least
one further electrically conducting layer (28) acting as a temperature sensor, the electrical

resistance of said layer being temperature dependent.

4. Heating unit as claimed in claim 3, characterized in that the layer (28) serving

as a temperature sensor comprises a PTC or an NTC substance.

17
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5. Heating unit as claimed in either of claims 3 and 4, characterized in that the
layer (28) acting as a temperature sensor is a thermocouple and iIs made of a substance

suitable to generate a thermoelectric voltage.

6. Heating unit as claimed in one of claims 3 through 5, characterized in that the
layer (28) acting as a temperature sensor and the heating layer (22) radially are situated in

one plane

7. Heating unit as claimed in one of claims 1 through 6, characterized in that the

support (22; 32) iIs made of a sintered substance.

8. Heating unit as claimed in claim 7, characterized in that the sintered sub-

stance Is a sintered ceramic, a sintered metal or a sintered metal alloy.

9. Heating unit as claimed in one of claims 1 through 6, characterized in that the

support (20; 32) Is made of a metal, a metal alloy, steel or a steel alloy.

10. Heating unit as claimed n one of claims 1 through 9, characterized in that an

iInsulating layer (34) is configured between the support (20; 32) and the heating layer (22).

18
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11. Heating unit as claimed in one of claims 1 through 10, characterized in that a

compensating layer is configured between the support (20; 32) and the insulating layer (34).

12. Heating unit as claimed in one of claims 1 through 11, characterized in that
the insulating layer (34) and/or the cover layer (24) and/or the compensating layer is a vitre-

ous and/or ceramic dielectric layer.

13. Heating unit as claimed in one of claims 9 through 12, characterized in that

the insulating layer (34) and/or the cover layer (24) and/or the compensating layer subse-

quently to at least one firing procedure is pressure-prestressed relative to the support (20;

32).

14. Heating unit as claimed in claim 13, characterized in that the linear thermal
coefficient of expansion (TECpg) of the insulating layer (34) and/or the linear thermal coeffi-
cient of expansion (TECpea) of the cover layer (24) and/or the linear thermal coefficient of
expansion (TECpega) of the compensation layer following the firing procedure is smaller than

the linear thermal coefficient of expansion (TECy ) of the support 20; 32).

19
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15. Heating unit as claimed in one of the above claims, characterized in that the
insulating layer (34) and/or the cover layer (24) and/or the compensating layer is a fired foil

and/or a fired thick-film paste.

16, Heating unit as claimed in one of the above claims, characterized in that the
Insulating layer (34) and/or the cover layer (24) and/or the compensation layer is deposited

by detonation coating or by thermal coating or by dip coating.

17. Heating unit as claimed in one the above claims, characterized in that the de-
sign and/or the configuration of the heating conductor tracks (23) within the heating layer

(22) Is matched to the particular heating need.

18. Heating unit as claimed in one of the above claims, characterized in that the

heating conductor tracks (23) are designed to be at least segment-wise meandering.

19. Heating unit as claimed in claim 18, characterized in that the meandering
heating conductor tracks (23) at and/or in their turning points are fitted at least segment-

wise with an additional conducting layer.

20
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20. Heating unit as claimed in one of the above claims, characterized in that one
contact layer (26) each is fitted between the insulating layer (34), the heating layer (22)

and/or the layer (28) acting as the temperature sensor.

21. Heating unit as claimed in one of the above claims, characterized in that the

contacting layer (26) and/or the layer (28) acting as the temperature sensor are fired foils or

fired thick-film pastes.

22. Heating unit as claimed in one of the above claims, characterized in that the
insulating layer (34) and/or the heating layer (22) and/or the cover layer (24) and/or the
compensating layer and/or the contacting layer (26) and/or the layer (28) acting as the tem-

perature sensor constitute [together] a compound of layers.

23. Hot runner system, in particular a hot runner nozzle or hot runner manifold,

fitted with an electric heating unit (10; 30) defined in one of claims 1 through 22.

24 Hot runner system as claimed in claim 23, characterized in that the electric
heating unit (10; 30) is mounted on a material feed pipe (13), a bar, a distributor arm, a noz-

zle or the like.

21



CA 02666918 2009-04-17

25. Hot runner nozzle fitted with an electrical heating unit (20; 30) as claimed in one
of claims 1 through 22, characterized in that the electric heating unit (10; 30) iIs mounted at a

fit with a predetermined play on a cylindrical material feed pipe (13).

20. Hot runner nozzle as claimed in claim 25, characterized in that the inner side
of the support (20; 32) of the electric heating unit (10; 30) and/or the outer side of the mate-

nal feed pipe (13) are roughened slightly or substantially.

27. Hot runner nozzle as claimed In either of clams 25 and 26, characterized in
that the inner side of the support (20; 32) of the electric heating unit (10; 30) and/or the outer

side of the material feed pipe (13) Is coated darkly or is tarnished darkly by heat treatment.

28. Method for manufacturing an electric heating unit (10; 30) for hot runner sys-
tems, In particular for hot runner nozzles (12) and/or for hot runner manifolds as claimed in
one of claims 1 through 22, characterized in that the heating layer (22) and/or the insulating
layer (34) and/or the cover layer (24) and/or the contacting layer (26) and/or the layer (28)
acting as the temperature sensor are deposited by means of foil printing or screen printing

procedures.
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29. Method as claimed in claim 28, characterized in that the layers deposited In

by screen printing are deposited in the form of pastes using the wraparound procedure.

30. Method as claimed in either of claims 28 and 29, characterized in that each

layer is deposited separately and then is fired.

31. Method as claimed in one of claims 28 through 30, characterized in that the

firing temperature is varied for each layer

32. Method as claimed Iin claim 31, characterized in that the firing temperature is

varied for each layer and is lowered after each firing step.

33. Method as claimed in one of claims 28 through 32, characterized in that all

layers are deposited separately and are fired simultaneously (co-fired).

34. Method as claimed in one of claims 28 through 33, characterized in that the

firing temperature is between 800 and 1,400°C.

Fetherstonhaugh
Ottawa, Canada
Patent Agents
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