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(57) Abstract: A combined heater and heat diffuser for fitting to
an injection nozzle (10) for moulding plastics materials, where
the nozzle comprises a tubular metal core (12) with an injection
duct (14) and a cylindrical lateral surface (13). The heater and
heat diffuser includes a resistor (40) housed in a channel-shaped
seat (32) formed in a cylindrical internal surface (30d) of a heat
diffuser (30) made of a metal material of a tubular shape for fit-
ting around the core (12) of the nozzle.
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A combined heater and heat diffuser for an injection nozzle

for moulding plastics materials, and a method for the

production thereof

The present invention relates to a combined heater and heat
diffuser for an injection nozzle for the moulding of plastics
materials; the invention also relates to a method for

manufacturing such a heater-heat diffuser.

Conventionally, an injection nozzle for moulding plastics
materials comprises a steel cylindrical tubular core which
forms a central longitudinal injection duct for injecting the
molten plastics material through one or more injection holes
into the moulding cavity of a mould. An electrical resistor
is wound around the tubular core for heating the plastics
material flowing through the injection duct and for
maintaining the parts of the nozzle in contact with the flow
of material at a controlled temperature in order to prevent
the flow from solidifying. The coils of the resistor are
usually closer together in the area near the injection
aperture, which is closer to the moulding cavity and thus
tends to cool more quickly than the central portion of the
nozzle. A capillary thermocouple measures the temperature of
the nozzle near the injection aperture. The heat imparted by
the resistor tends to accumulate in the central portion of
the nozzle, which reaches higher temperatures than the area
around the injection aperture which are at times unacceptable
for the type of plastics material being moulded, which needs
to be kept within a somewhat low temperature range, otherwise
the material may deteriorate. It can therefore happen that
the resistor is activated as soon as the thermocouple detects
that the temperature in the region of the injection aperture

has dropped below an established minimum, while the
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temperature of the central portion of the injection duct,
while still acceptable, rises on activation of the resistor
until it goes over the maximum admissible value for the

material.

Such prior art arrangements mostly use spiral resistors with
a rectangular cross section in order to increase the contact
surface between the resistor and the tubular core of the
nozzle around which it is wound. However, this contact
surface constitutes only a fraction of the overall surface of
the resistor, so that most of the heat generated by the
resistor is not in fact transmitted to the nozzle but is
dissipated into the surrounding mould and therefore wasted.
In fact the mould needs to be cooled in order to keep the
surfaces of the moulding cavity at the lowest possible
temperature in order to speed up the solidification of the

molten material and thereby shorten moulding cycles.

In‘order to dissipate heat from the central portion of the
nozzle and to diffuse it more evenly along the injection
duct, it has been suggested that the resistor be incorporated
in a tubular diffuser element made of metal which is fitted
on the outside of the tubular core of the nozzle. In this
arrangement, a channel-like seat igs formed in the outer
surface of a cylindrical tubular element for inserting the
registor therein. Tn this case as well, however, excessive
heat is dissipated from the outer surface of the resistor
into the surrounding mould; in addition, there is no direct
contact between the resistor and the tubular core of the
nozzle (and therefore no direct heat transmission by

conduction) .
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The object of the present invention is therefore to provide a
combined heater and heat diffuser of an improved type, the
main aim being to solve the problems of:
- evenly heating the injection duct of a nozzle within an
established and limited temperature range;
- avoiding heat accumulation and therefore excessively
high temperatures in the central portion of the nozzle;
and
- optimizing the electrical power consumption to operate
the resistors, as well as reducing the amount of heat

digsipated into the mould in which the nozzles are fitted.

These and other objects and advantages, which will be
understood better later, are achieved according to a first
aspect of the invention by providing a combined heater and

heat diffuser having the features mentioned in Claim 1.

An additional objéct of the invention is to manufacture an
improved type of heater and heat diffuser both simply and
economically. This additional object is achieved, 'in
accordance with a second aspect of the invention, by
providing a method as defined in Claim 10. Preferred
embodiments of the invention are described in the dependent

Claims.

Characteristics and advantages of the invention will become
apparent from the detailed description of one embodiment
thereof, with reference to the appended drawings, provided
purely by way of non-limitative example, in which:

Figure 1 is a view in cross section of an injection
nozzle with a combined heater and heat diffuser according to

the present invention;
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Figure 2 is an elevational view of a heat diffuser
device of the invention;

Figure 3 is a plan view of one of the sides of the
diffuser of Figure 2 in an initial, flat condition;

Figure 4 is a section taken on the line IV-IV of Figure

2;
Figure 4a is an enlarged view of a detail of figure 4;
Figure 5 is a view from above along the arrow V of
Figure 2;

Figures 6 and 7 are a side view and a plan view
respectively of a locking clip to be fitted to the diffuser
of Figure 2;

Figures 8 and 9 are a plan view and a section taken on
the line IX-IX, respectively, of a semi-finished product for
producing a diffuser of the type shown in Figure 2;

Figures 10 to 12 are views illustrating schematically
three different folding steps in the manufacture of a heat
diffuser of figure 2; and

Figures 13 and 14 are two plan views similar to Figure 2
of two further embodiments of a heat diffuser according to

the invention.

With reference now to Figure 1, an injection nozzle for
moﬁlding plastics materials, generally indicated 10, is
mounted in a mould 20 with a moulding cavity 21. It is clear
that any reference to the types of nozzle and mould shown in
the Figure 1 should not in any way be interpreted as limiting
the scope of the invention. The invention is equally
applicable to nozzles having ﬁore than one injection aperture
and to multiple cavity moulds, as will be apparent to those

skilled in the art.
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The nozzle 10 comprises a steel body 11 forming in one piece
a core 12 in the form of a c¢cylindrical tube with an outer

lateral surface 13.

The tubular core 12 has a central longitudinal injection
channel 14 extending from an upper portion 15 for intake of
the molten material to a lower portion 16 into which is
inserted a conventional tip 17 which forms the end portion of
the injection channel 14. A capillary thermocouple,
indicated 19, extends close to the lower portion 16 of the
injection channel 14 for measuring the temperature near the
area where the molten plastics material is injected into the

moulding cavity.

A cylindrical tubular diffuser 30 is fitted on the outer
lateral surface 13 of the core 12, the central cylindrical
cavity thereof being congruent with the lateral surface 13 of
the core. The diffuser 30 is made of a metal or a metal
alloy with high thermal conductivity, such as brass, copper
or aluminium and, when fitted on a nozzle as shown in Figure
1, extends substantially along the entire length of the core
12.

An important characteristic of the arrangement of the
invention consists in the fact that on its internal
cylindrical surface 30d the diffuser has a concave seat 32 in
the form of a channel which houses an electrical resistor 40
for heating the core 12 directly. The channel 32 follows a
path around the lateral surface of the core in such a way
that the resistor 40 transmits heat uniformly to the core 12,
cooperating with the diffuser 30. Thanks to its high thermal
conductivity, the diffuser 30 also ensures that a

substantially even temperature is maintained along the core
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12 and prevents heat accumulation and the possibility of
excessively high temperatures arising in the central portion

of the nozzle.

The method for manufacturing the combined heater and heat

diffuser of the invention is as follows.

A substantially rectangular flat plate, such as that
indicated 30a in Figures 8 and 9 is obtained from a flat
sheet of metal. The length h of the plate 30a corresponds to
the length of the core 12 of the nozzle onto which the
diffuser is to be fitted, while the width w corresponds to
the circumference of the cylindrical surface 13 of the core.
The thickness t of the plate is selected so that the channel
32 which is subsequently formed in one of the two faces
thereof is suitable to house a wire resistor 40 of a diameter
selected in dependence on the electrical characteristics
desired. For example, in order to house a 1mm wire a plate
of about 2mm thick could be used. In the preferred
embodiment illustrated in the drawings, pairs of small
apertures 30b, 30c are also formed at this stage, aligned

along the two opposite edges 30e, 30f of the plate.

One surface 30d of the plate 30a is then worked, for example
by milling, electro-eroding or other known method, so as to
form a channel 32 with a substantially C or U shaped cross-
section able to house a resistor 40 precisely or with a
predetermined minimal clearance. Alternatively, the step of
forming the channels 32 could be carried out on the initial
metal scheet before it is cut into a number of plates

corresponding to the number of channels.
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The resistor 40 is then inserted into the channel 32 (Figure
3). The surface of the resistor is flush with the surface
30d having the channel 32 or projects slightly beyond it in
order to ensure that it is in direct contact with the nozzle

when in the assembled condition.

The plate 30a with the resistor fitted is then placed in a
first folding device P1 (Figure 10) where the two opposite
edges 30e, 30f of the plate are curved towards the side where
surface 30d is facing. The plate is then placed in a second
folding device P2 (Figure 11) where a C or U shape is
imparted to the plate. Finally, a third folding device P3
(Figure 12) gives the body 30 its definitive form as a
substantially closed ring, thereby obtaining a cylindrical
tubular body with a central longitudinal axis x parallel to

the opposite edges 30e, 30f.

During this folding step a cylindrical forming tool P4 is
placed in contact with the internal surface 30d of the plate;
the diameter of the tool P4 is the same as that of the
cylindrical surface 13 of the core 12 of the nozzle on which

the diffuser is to be fitted.

During the folding steps shown in Figures 11 and 12, the
bending of the diffuser 30 also provides the advantage of a
slight convergence of the facing surfaces 32a, 32b of the
channel 32, at least along those portions where the channel
32 is parallel to the longitudinal axis of the diffuser. The
convergence of the facing surfaces 32a, 32b towards the
centre of the diffuser (Figure 4a) also serves to lock the
resistor 40 in the channel 32. In this case, the shape and

dimensions of the channel 32 and of the resistor 40 should
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naturally be determined with precision in order to obtain

this locking effect.

In order to maintain the diffuser in its final cylindrical
configuration, the facing longitudinal edges 30e, 30f of the
diffuser 30 are secured to each other by metal clips
(illustrated separately Figures 6 and 7) with radial tabs
33b, 33c for insertion into the respective apertures 30b,
30c. Advantageously, a longitudinal gap 30g ig formed
between the facing longitudinal edges 30e, 30f along a
generatrix of the cylindrical surface of the diffuser 30.
This gap can house a capillary thermocouple 19, as shown
schematically in Figures 1 and 5. In this event, the core 12
of the nozzle does not need to be specially worked to form
the side channel indicated 18 in Figure 1. The clips 33 each
form a longitudinal groove 33d for inserting the capillary
thermocouple 19; careful attention to the dimensions of the
groove 33d ensures that it can grip the thermocouple and hold

it in the correct position along the gap 30g.

In order that the clips 33 may be fitted without projecting
from the outer circular outline of the diffuser 30, it is
preferable if the areas of the outer surface indicated 30h,
which are between the apertures 30b, 30c and the edges of the
diffuser, are milled or otherwise worked to form recesses of

a depth corresponding to the thickness of the clips.

Other arrangements than the clips 33 can be used to secure
the edges 30e, 30f to each other; for example, the facing
edges could be joined by spot welding.

It will be appreciated that, unlike the case of prior art

diffusers discussed in the introductory part of this
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description, according to the present invention the resistor
40 is in direct contact with the core 12 of the nozzle. The
even distribution of the resistor around the internal
cylindrical surface of ‘the diffuser ensures that heat is
transmitted evenly along the injection duct, especially in
the area nearest the injection aperture. In addition, since
the resistor 40 is in direct contact with the cylindrical
surface 13 of the nozzle core, it takes less electrical power
to heat the injection duct to the prescribed temperature and
to maintain this. The portion of the surface of the resistor
40 in contact with the surface of the channel 32 transmits
heat to the diffuser 30 instead of dispersing it into the

mould.

It is clear that the invention is mnot 1limited to the
embodiments described and illustrated here, which should be
seen as examples of embodiments of the diffuser and of
methods for the manufacture thereof. The invention may
instead be subjected to changes as to the shape and
arrangement of parts, and constructional and functional
details. For example, as shown in Figures 13 and 14, the path
of the channel 32 along the inner surface of the diffuser can
vary in dependence on the type of nozzle and on the
dimensions and operating requirements thereof. Figures 13
and 14 sghow two examples in which' the channel 32 (and
therefore the resistor 40) is distributed more densely at the
upper and lower ends of the diffuser and less densely in the
central portion in order to prevent heat from accumulating in

this region.
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CLAIMS

1. A combined heater and heat diffuser for fitting to an
injection mnozzle (10) for moulding plastics materials,
wherein the nozzle comprises a-tubular metal core (12) with a
central, longitudinal injection duct (14) and an outer
lateral surface which is essentially cylindrical (13),
and wherein the heater and heat diffuser includes
- a heat diffuser element (30) made of metal and
substantially tubular in shape

with a central cavity defined by an essentially
cylindrical internal surface (30d) congruent with the
cylindrical surface (13) of the nozzle core

and with a concave seat (32) in the form of a channel in
a surface of the diffuser (30),
and
- a resistor element (40) accomodated in the said channel-
shéped seat (32);
characterised in that the channel-shaped seat (32) is formed
in the internal cylindrical surface (30d) and in that the
resistor element (40) is arranged substantially flush with
the said internal surface in order to transmit heat directly

to the nozzle core.

2. A device according to Claim 1, characterised in that the
body of the heat diffuser (30) is cylindrical and bent into a
substantially closed ring with a longitudinal discontinuity
along a generétrix of the cylinder formed by two facing edges

(30e, 30f) secured to each other by fixing means (33).

3.V A device according to Claim 2, characterized in that the
said fixing means include metal clips (33) each having two

engagement portions (33b, 33c) each inserted into ome of a
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pair of apertures (30b, 30c) formed near the facing edges
(30e, 30f) of the diffuser (30).

4. A device according to Claim 3, characterised in that
recesses (30h) are formed in the outer lateral surface of the
diffuser element (30) between the apertures (30b, 30¢) and
the respective edges (30e, 30f), where the depth of the
recesses (30h) corresponds to the thickness of the clips
(33), whereby portions of the clips can be housed without

projecting from the external outline of the diffuser (30).

5. A device according to Claim 2, characterised in that the
facing longitudinal edges (30e, 30f) form between them a
longitudinal gap (30g) for housing a capillary thermocouple
(19) .

6. A device according to Claims 3 and 5, characterised in
that the clips (33) each form a longitudinal groove (33d) for

housing a capillary thermocouple (19).

7. A device according to Claim 1, characterised in that the
channel seat (32) is substantially C or U shaped in cross
section in order to accommodate a wire resistor (40)
accurately or with a predetermined minimal clearance or with

slight interference.

8. A device according to Claim 7, characterised in that the
facing surfaces (32a, 32b) of the said channel seat (32)
converge slightly towards the centre of the diffuser (30) so

as to hold the resistor (40) in the seat (32).

9. A device according to any - preceding Claim,

characterised in that the resistor element (40) is arranged
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in the channel-shaped seat (32) in such a way that, when the
device is fitted onto a nozzle, the resistor (40) is in
direct contact with the outer surface (13) of the core (12)

of the nozzle.

10. A method for the manufacture of a combined heater and
heat diffuser according to Claim 1, characterised in that it
includes the steps of:

a) obtaining a metal plate (30a) substantially rectangular in
shape and of a length (h) corresponding to the length of the
core (12) of a nozzle onto which the heater-diffuser is to be
fitted and of a width (w) corresponding to the circumference
of the outer cylindrical surface (13) of the core (12);

b) forming a concave seat (32) in the form of a channel in
a surface (30d) of the plate (30a) along a predetermined
path;

c) inserting an electrical resistor (40) along this path in
the channel- like seat (32);

d) . folding the plate (30a) about an axis (x) parallel to at
least one edge (30e, 30f) thereof, thereby obtaining a heat
diffuser element which is substantially a cylindrical tube
(30) with the electrical resistor (40) arranged substantially
flush with an internal cylindrical surface (30d) of the said

diffuser element.

11. A method according to Claim 10, characterised in that
the said folding step d) includes the step of
d2) giving the plate (30a) a temporary substantially C or U

shape.

12. A method according to Claim 10, characterised in that

the said folding step d) includes the preliminary step of
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dl) bending the two opposite edges of the plate towards the
way the surface (30d) with the channel seat (32) is facing.

13. A method according to Claim 11, characterised in that
the said folding step d2) is followed by the step of
d3) giving the plate (30a) the shape of a substantially

closed ring.

14. A method according to Claim 13, characterised in that
the said folding step d3) includes the step of inserting a
cylindrical forming tool (P4) in contact with the internal

surface (30d).

15. A method according to Claim 10, characterised in that

- step b) includes the step of forming the channel-like
seat (32) with two opposite surfaces (32a, 32b), and that

- the folding step d) includes the step of causing the
opposite edges (32a, 32b) to converge slightly towards the
centre of the diffuser (30) whereby the converging facing
edges (32a, 32b) cooperate to retain the resistor (40) in the

channel-like seat (32).

16. A method according to Claim 10, characterised in that
the  substantially tubular cylindrical heat diffuser (30)
obtained by step d) has two facing and adjacent longitudinal
edges (30e, 30f), and in that the said step d) is followed by
the step of

e) securing together the facing longitudinal edges (30e, 30f)
by clip fixing means (33).

17. A method according to Claim 10, characterised in that

the said step e) is preceded by the step of
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al) forming pairs of retaining seats (30b, 30c) in two
opposite longitudinal edges (30e, 30f) of the plate (30a) for

the said clip fixing means (33).
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