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Title: INJEGTION MOLDING HEATER WITH MELT BORE
THERETHROUGH

BACKGROUND OF THE INVENTION

This invention relates generally to injection molding and
more particularly to an electrical heater with a melt bore extending
therethrough to be mounted between a melt distribution manifold and a
nozzle. : - _ _ _

As seen in U.S. Patent Number 5,007,821 to Schmidt which
issued April 16, 1991, it is known in hot runner technology to attach a
separate plate heater to the rear face of a melt distribution manifold. It is
also known to mount a separate electrical heater around a nozzle. While
this is satisfactory for some applications, it has the disadvantage that the
heat transfer is not very efficient. In cases where more heat is required, it

is well known to provide heating elements extending integrally in melt

- distribution-manifolds and in nozsles:* While~this heat ‘transfer is much *

more efficient, this has the* disadvantage of being more costly to produce.

The applicant's U.S. Patent Number 4,433,969 which issued
February 28, 1984 shows that it is also known to mount a bushing through
which the melt flows between the front face of the melt distribution

manifold and the rear eﬁd of the nozzle.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view of a portion of an injection
molding system showing a heater according to one embodiment of the
invention,

_ Figure 2 is an isometric view showing the components of the
heater seen in Figure 1,
Figure 3 is an isometric view of the same heater with the
components integrally joined. together,

Figure 4 is a plan view of a heater according to another

embodiment of the invention,
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Figure 5 is a plan view of a heater according to a further
embodiment of the invention,

Figure 6 is an isometric view of a heater according to another
embodiment of the invention,

Figure 7 is a sectional view along line 7-7 in Figure 6,

Figure 8 is an isometric view of a heater according to another
embodiment of the invention,

Figure 9 is an isometric view of a heater according to a further
embodiment of the invention, and

Figure 10 is a sectional view along line 10-10 in Figure 9.

- SU Y OF THE INVENTION

Accordingly, it is an object of the present invention to at least
partially overcome the disadvantages of the prior art by providing a
separate removable heater having a melt bore extending therethrough
which can be mounted between the melt distribution manifold and each
nozzle. This is used to provide less heat in some cases and more
supplementary heat in other cases.

To this end, in one of its aspects, the invention provides an
injection molding heater having a planar body and means to heat the
planar body. The planar body is made of a thermally conductive material
and has one or more melt bores extending therethrough from its rear face
to its front face.

In another of its aspects, the invention provides a hot runner
injection molding apparatus having a melt distribution manifold and a
plurality of nozzles seated in a mold with a melt passage branching in the
melt distribution manifold from a common inlet and extending through
each of the nozzles towards one or more cavities. A heater is removaBly
mounted between the melt distribution manifold and one or more of the
nozzles. Each heater has a planar body and means to heat the planar body.
The planar body is made of a thermally conductive material and has one

or more melt bores extending therethrough from its rear face to its front
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face. The rear face abuts against the melt distribution manifold, the front
face abuts against one of the nozzles, and the melt bore extending through
the heater forms a portion of the melt passagé-.

In a further é.spect, the inventibn provides a hot runner
injection molding apparatus having a melt distribution manifold and a
plurality of nozzlés seated in a mold with a melt passage branching in the
melt distribution manifold from a common inlet and extending through
each of the nozzles towards one or more cavities. A number of heaters are
each removably mounted between the melt distribution manifold and one
or more of the nozzles. Each heater has a planar body and means to heat
the planar body. The planar body is made of a thermally conductive
material and has one or more melt bores extending therethrough from its
rear face to its front face. The rear face abuts against the melt distribution
manifold and the front face abuts against one of the nozzles. The melt
bore extending through the heater forms a portion of the melt passage and
there are means to separately adjust the temperature of one or more of the
heaters. |

Further objects and advantages of the invention will appear
from the following description taken together with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, and to
show more clearly how it may be carried into effect, reference will now be
made by way of example to the accompanying drawings. The drawings
show preferred embodiments of the present invention, in which:

| Figure 1 is a sectional view of a portion of an injection

molding system showing a heater according to one embodiment of the
invention, |

Figure 2 is an isometric view showing the components of the

heater seen in Figure 1,
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Figure 3 is an isometric view of the same heater with the
components integrally joined together,
Figure 4 is a plan view of a heater according to another

embodiment of the invention,

Figure 5 is a plan view of a heater according to a further
embodiment of the invention,

Figure 6 is an isometric view of a heater according to another
embodiment of the invention,

Figure 7 is a sectional view along line 7-7 in Figure 6,

Figure 8 is an isometric view of a heater according to another
embodiment of the invention, '

Figure 9 is an isometric view of a heater according to a further

embodiment of the invention, and

Figure 10 is a sectional view along line 10-10 in Figure 9.

DETAILED DESCRIPTION OF THE PR DE DI

Reference is first made to Figure 1 which shows a portion of a
multi-cavity injection molding system or apparatus according to a first
embodiment of the invention having a number of heated nozzles 10, each
seated in a well 12 in a mold 14. While the mold 14 usually has a greater
number of plates depending upon the application, in this case, only a back
plate 16, a manifold plate 18, a cavity plate 20, and a core plate 22 are shown
for ease of illustration. The mold 18 is cooled by pumping cooling water
through cooling conduits 24.. A melt distribution manifold 26 is mounted
between the cavity plate 20 and the back plate 16 by a central locating ring
28 and a number of insulative spacers 30 to provide an insulative air space
32 between the melt distribution manifold 26 and the surrounding cooled
mold 14. The melt distribution manifold 18 is accurately aligned in place
by a locating pin 34 extending outwardly into a cam 36 seated in the
manifold plate 18.

A heater 38 according to the invention is removably
mounted between the rear end 40 of each heated nozzle 10 and the front
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face 42 of the melt distribution manifold 26 by screws 44 which extend into
the melt'distribﬁ_tfion manifold 26. The he‘atéi'- 38 is accurately aligned in
place by locatin'g'pins 46 which extend frorﬁ it info the melt distribution
manifold - 18. Each nozzle 10 has a heatmg element 48. In this

: embod1ment the heatmg element 48 is ‘an integral electrical heating

element 48 with a terminal 50 and a helical portlon 52 extending around a
central melt bore 54.. In other applications; the heater 38 at the rear end 40
of the nozzle 10 and the melt itself may supply sufficient heat that a
heating element is not required in the nozzle 10. As can be seen, in this
embodinient, each heated nozzle 10 is securéd' to its respective electrical
heater 38 and the melt distribution manifdl_d 26 by bolts 56 extending
through the melt distribution manifold 26 and the heater 38. An outer

collar 58 at the rear end 40 of each nozzle 1.(_) has a forwardly extending

flange portion 60 which sits on a circular seat 62 in the mold 14 to locate

the rear end 40 of the heated nozzle 10 to provide an insulative air space 64
between the heated nozzle 10 and the surrounding cooled moid 14. A
removable thermocouple element 66 extends t_hrough the air space 64 into
an opening 68 in the front end 70 of the heated nozzle 10 to monitor and
control the operating temperature. ' '

A melt passage 72 extends from a central inlet 74 in an inlet
portion 76 of the melt distribution manifold 18 and branches outwardly in
the melt distribution manifold 18 to convey melt through a melt bore 78
in each electrical heater 38 to the central melt bore 54 in each heated nozzle
10. In this embodiment, a two-piece nozzle. seal 80 is screwed into the
front end 70 of each heated nozzle 10. Each two-piece nozzle seal 80 has a
melt bore 82 aligned with the central melt bore 54 through the heated
nozzle 10 and a gate 84 leading to a cavity 86. ‘The heated nozzle 10 is made
of steel, the outer piece 88 of the two-piece nozzle seal 80 is made of a
titanium alloy and the inner piece 90 of the two-piece nozzle seal 80 is

made of a material such as beryllium copper having a combination of

. thermal conductivity and wear and corrosion resistance suitable for the

material being molded.
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Refer-rli.;}g: also to Figures 2 and 3, e_ach heater 38 has a planar
body 92 which in t}us embodiment is made of a rear plate 94 and a front
plate 96 which are joined together with an electrical heating element 98
extending therebetween with terminal portions 99 extending outwardly
from the planar body 92 to be connected to leads (not shown) from a
controlled power supply. The rear plate 94 and the front plate 96 are made
of a suitable thermally conductive material such as H13 steel. In this
embodiment, the front face 100 of the rear plate 94 and the rear face 102 of
the front plate 96 have matching channels 104, 106 therein wherein the
electrical heating element 98 is received when the plates 94, 96 are joined
together. The configuration of the channels 104, 106 and the heating
element 98 is designed to provide the heater 38 with a desired temperature
pattern depending upon the application. In this embodiment, the plates
94, 96 and the electrical heating element 98 are integrally brazed together,
but in another embodiment (not shown) the plates 94, 96 are joined
together with screws. While the heater 38 is shown with the channels 104,
106 in both the _ffont face 100 of the rear plate 94 and the rear face 102 of the
front plate 96, in other embodiments the electrical heating element is
received in a channel in either the front face 100 of the rear plate 94 or the
rear face 102 of the front plate 96. In addition to the central melt bore 78,
each heater 38 has holes 108 through which the screws 44 extend to secure
it to the melt distribution manifold 26 and holes 110 through which the
bolts 56 extend to secure the nozzle 10, heater 38 and melt distribution
manifold 26 together. Of course, other arrangements can be used to fasten
them together or they can just be secured in place by pressure between the
nozzles 10 and the melt distribution manifold 26. Each heater 38 also has
holes 112 from which the locating pins 46 extend into matching holes 116
in the melt distribution manifold 26 to accurately locate the heater 38 in
place with its melt bore 78 aligned with one branch 118 of the melt passage
72 in the melt distribution manifold 26 and the central melt bore 54
through the adjacent nozzle 10. The heater 38 also has an opening 120
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into which a removable thermocouple element 122 is inserted to monitor
and control the operating temperature of the heater 38.

- . In use, the apparatus is first installed as shown in Figure 1
and described above.. Electrical power is then applied to the heating
elements 48 in each of the nozzles 10 and to the heating elements 98 in
each of the heaters 38 to heat them to a predetermined operating
temperature. The Iheating elements 98 in the heaters 38 can be connected
in series or in parallel. Alternatively, each heating element 98 or one or
more groups of the heating elements 98 can be connected to a separately
controlled power source (not shown) to individually adjust its
temperature. In order to maintain the whole melt passage 72 at a uniform
temperature it can be necessary to provide more heat from some heaters 38

than from others. For instance, less heat is usually required from heaters

38 in the center of the mold 14 than from those around the periphery.

Pressurized melt is applied from a molding machine (not shown) to the
central inlet 74 of the melt passage 72 to provide sprue gating according to
a predetermined injection cycle. The melt flows' through ‘the melt
distribution manifold 26, the melt bores 78 in the heaters 38, the aligned
melt bores 54 in the heated nozzles 10, the aligned melt bores 80 through
the two-piece nozzle seals 80 and through the gates 88 into the cavities 90.
After the cavities 90 are filled and a suitable packing and cooling period
has expired, the injection pressure is released and the melt conveying
system is decompressed to avoid stringing through the open gates 88. The
mold 14 is then opened to eject the molded products. After ejection, the
mold 14 is closed and the cycle is repeated continuously with the cycle time
dependent upon the size of the cavities 90 and the type of material being
molded.

Reference is now'made to _Figurés 4 and 5 which show a
heater 38 according to different embodiments of the invention. Most of
the elements of these embodiments are similar to those described above
and common elements are described and illustrated using the same

reference numerals. Each heater 38 has a planar body 92 with two melt
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bores 78 extendmg therethrough rather than one.. This allows the heater
38 to be mounted between the melt dlstnbutlon manifold 26 and two
adjacent nozzles 10. In alternate embodiments, the heater 38 can have
three or more melt bores extending therethrough to be mounted with
three or more adjacent nbzzles 10. As can be seen, each heater 38 has an
integral electrical heating element 98, a hole 108 for a screw 44, holes-110
for the bolts 56, holes 112 for the locating pins 112 and an opening 120 to
receive a thermocouple element 122 as described above.

Reference is now made to Figures 6 and 7 showing a heater 38
according to another embodiment of the invention. In this case, the
planar body 92 is again made of rear and front plates 94, 96 having
matching channels 104, 106 therein integrally brazed together. However,

~ in this case rather than having a heating element the heat is provided by

pumping a heating fluid 124 such as hot oil through a passage 126 formed
by the channels 104, 106 in the two plates 94, 96.

Reference is now made to Figure 8 showing a heater 38
'according to a further embodiment. In this case, the heater 38 has an
electrical heating element 98 which is integrally cast in a one-piece planar
.body 92 made of a suitable thermally conductive material such as H13
steel. The casting is preferably done in a vacuum furnace which bonds the
two materials together to allow maximum heat transfer between them as
described in the applicant's U.S. Patent Number 4,355,460 which issued
October 26, 1982 and is specifically incorporated in its entirety herein. As
can be seen, the planar body 92 similarly has a central melt bore 78, holes
108 for the screws 44, holes 110 for the bolts 56, holes 112 for the locating
pins 112 and an opening 120 to receive a thermocouple element 122 as
described above.

Finally, reference is made to Figures 9 and 10 which show a
heater 38 according to another embodiment of the invention. In this case,
the planar body 92 is made of one-piece and an electrical heating element
98 is integrally brazed in a channel 128 in its rear face 130 as described in
the applicant's U.S. Patent Number 4,648,546 which issued March 10, 1987
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and is spec1f1cally incorporated in 1ts entlrety herein. In an alternate
embodiment, the channel 128 can be in the front face 132 rather than the
rear face 130 of the one-piece planar body 92. In other embodiments the
heating element 98 can be one ‘or ‘more conventional cartrldge type
resistance heaters_ or heat pipes extending into one or more bores in the
one-piece bddy-':9:2 ‘as described in U.S. Patent Number 4,500,279 to
Devellian et al.  which issued February 19, 1985 and is specrflcally
incorporated in its entirety herein.

Whll_e the description of the injection molding apparatus
having heaters removably mounted between the melt distribution
manifold and the nozzles has been giv'en'_ w_ith' respect to preferred
embodiments, it -will be evident. that various other modifications are
possible without -d_'eparting from the sicope of the invention' as understood
by those skilled in the art and as provided in the following claims.

It is to be understood that what has been described is a
preferred embodiment to the invention. If the invention nonetheless is
susceptible to certain changes and alternative embodiments fully
comprehended by the spirit of the invention as described above, and the
scope of the claims set out below.
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1. ~ An injection molding heater (38) having a planar body (92)

and means to heat the planar body (92), the planar body (92) being made of
a thermally conductive material and having a rear face (130), a front face
(132), and at least one melt bore (78) exfending therethrough from the rear
face (130) to the front face (132).

2. An injection molding heater (38) as claimed in claim 1
further including means to attach the heater (38) to a melt distribution
manifold (26).

3. An injection molding heater (38) as claimed in claim 1
wherein the heating means is a passage (126) extending in the planar body
(92) through which a heating fluid (124) flows. |

4. An injection molding heater (38) as claimed in claim 1
wherein the heating fluid (124) is oil.

5. An injection molding heater (38) as claimed in claim 1
wherein the heating means is at least one heating element (98) extending
in the planar body (92).

6. “An injection molding heater (38) as claimed in claim 5

wherein the at least one heating element (98) is removable.

7. An injection molding heater (38) as claimed in claim 5

wherein the at least one heating element (98) is an electrical cartridge type
heater.

8. An injection molding heater (38) as claimed in claim 5

wherein the at least one heating element (98) is a heat pipe.
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9. An injection molding heater (38) as claimed in claim 5

wherein the at least one heating element (98) is an integral electrical

heating element (98) with at least one terminal portion (99).

10. An injection molding heater (38) as claimed in claim 5
wherein the planar body (92) is a one-piece body (92) into which the at least

one heating element (98) is integrally cast.

11. An injection molding heater (38) as claimed in claim 5
wherein the planar body (92) is a one-piece body (92) with a rear face (130)
and a front face (132), at least one of the rear and front faces (130, 132)
having a channel (128) in which the at least one heating element (98) is

integrally brazed.

12, An injection molding heater (38) as claimed i#* claim 5
wherein the planar body (92) has a rear plate (94) and a front *filate (96)
joined together with the at least one heating element (98) extending
therebetween.

13. An injection molding heater (38) as claimed in claim 12
wherein the rear plate (94) has a front face (100) and the front plate (96) has
a rear face (102), at least one of the front face (100) of the rear plate (94) and
the rear face (102) of the front plate (96) having a channel (104 106) in
which the at least one heating element (98) extends.

14. An injection molding heater (38) as claimed in claim 13
wherein the rear plate (94) and the front plate (96) are integrally brazed
together and the at least one heating element (98) is an electrical heating
element (98) integrally brazed into said channel (104, 106).
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15. An injection molding heater (38) as claimed in claim 14
wherein the rear plate (94) and the front plate (96) are made of steel.

16. An injection molding heater (38) as claimed in claim 1
wherein the planar body (92) has an opening (120) extending therein to

receive a thermocouple element (122).

17. In a hot runner injection molding apparatus having a melt
distribution manifold (26) and a plurality of nozzles (10) seated in a mold
(14) with a melt passage (72) branching in the melt distribution manifold
(26) from a common inlet (74) and extending through each of the nozzles
(10) towards at least one cavity (86), the improvement comprising;

a heater (38) removably mounted between the melt
distribution manifold (26) and at least one of the nozzles (10), each heater
(38) having a planar body (92) and means to heat the planar body (92), the
planar body (92) being made of a thermally conductive material and
having a rear ;f,ace (130), a front face (132), and at least one melt bore (78)
extending therethrough from the rear face (130) to the front face (132), the
rear face (130) abutting against the melt distribution manifold (26), the
front face (132) abutting against the at least one nozzle (10), and the melt

bore (78) extending through the heater (38) forming a portion of the melt
passage (72). | |

18. Hot runner injection molding apparatus as claimed in claim
17 further including means to attach the heater (38) to the melt
distribution manifold (26).

19. Hot runner injection molding apparatus as claimed in claim
17 wherein the heating means is a passage (126) extending in the planar
body (92) through which a heating fluid (124) flows.

___‘_______________,_
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17 wherein the heating means is at least one heating element (98)

extending in the planar body (92).

21. Hot runner injection molding apparatus as claimed in claim

20 wherein the at least one heating element (98) is removable.

22, Hot runner injection molding apparatus as claimed in claim
20 wherein the at least one heating element (98) is an electrical cartridge |

type heater.

23. Hot runner injection molding apparatus as claimed in claim

20 wherein the at least one heating element (98) is a heat pipe.

24. Hot runner injection molding apparatus as. claimed in claim
20 wherein the at least one heating element (98) is an integral electrical

heating element (98) with at least one terminal portion (99).

25. Hot runner injection molding apparatus as claimed in claim
20 wherein the planar body (92) is a one-piece body (92) into which the at

least one heating element (98) is integrally cast.

26. Hot runner injection molding apparatus as claimed in claim
20 wherein the planar body (92) is a one-piece body (92) with a rear face
(130) and a front face (132), at least one of the rear and front faces (130, 132)
having a channel (128) in which the at least one heating element (98) is
integrally brazed. ‘

27, ‘Hot runner injection molding apparatus as claimed in claim

17 wherein the planar body (92) has a rear plate (94) and a front plate (96)

joined together with the at least one heating element (98) extending

therebetween. ' -
cet Has'Been Replaced.
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28. Hot ru?lner injection molding apparétus’ as claimed in claim
27 wherein the rear plate (94) has a front face (100) and the front plate (96)
has a rear face (102), at least one of the front face (100) of the rear plate (94)
and the rear face (102) of the front plate (96) having a channel (104, 106) in
which the heating element (98) extends.

29. Hot runner injection molding apparatus as claimed in claim
28 wherein the rear plate (94) and the front plate (96) are integrally brazed
together and the at least one heating element (98) is an electrical heating

element (98) integrally brazed into said channel (104, 106).

30. Hot runner injection molding apparatus as claimed in claim

17 wherein the planar body (92) has an opening (120) extending therein to
received a thermocouple element (122).

31. In a hot runner injection molding apparatus having a melt
distribution manifold (26) and a plurality of nozzles (10) seated in a mold
(14) with a melt passage (72) branching in the melt distribution manifold
(26) from a common inlet (74) and extending through each of the nozzles
(10) towards at least one cavity (86), the improvement comprising;

a plurality of heaters (38) each removably mounted between
the melt distribution manifold (26) and at least one of the nozzles (10),
each heater (38) having a planar body (92) and means to heat the planar
body (92), the planar body (92) being made of a thermally conductive
material and having a rear face (130), a front face (132), and at least one
melt bore (70) extending therethrough from the rear face (130) to the front
face (132), the rear face (130) abutting against the melt distribution
manifold (26), the front face (132) abutting against the at least one nozzle
(10), the melt bore (78) extending through the heater (38) forming a portion

of the melt passage (72), and means to separately adjust the temperature of
at least one of the heaters (38).
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32. Hot runner injection molding apparatus as claimed in claim

31 having means to individually adjust the température of each heater
(38).
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