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MULTI-CAVITY INJECTION MOLDING
APPARATUS SPLITTING MELT NEAR
NOZZLE FRONT

Matter enclosed in heavy brackets [ ] appears in the 3
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a reissue of U.S. application Ser. No. 10

09/285,179 filed Mar. 23, 1999, now U.S. Pat. No. 6,162,044
issued Dec. 19, 2000.

BACKGROUND OF THE INVENTION

This invention relates generally to hot runner injection >

molding and more particularly to valve gated injection
molding apparatus wherein each heated nozzle has a number
of valve pins extending therethrough and a central melt bore
in which the melt splits near the front end of the nozzle to
flow through removable nozzle inserts aligned with the
gates.

As seen in U.S. Pat. No. 5,094,603 to Gellert which 1ssued
Mar. 10, 1992, 1t 1s known to split an 1injection hot runner at
or near the rear end of a heated nozzle. Another example 1s
shown 1n U.S. Pat. No. 5,368,470 to Manner which 1ssued
Nov. 29, 1994 wherein several valve pins are driven by a
common piston drive. However, having the hot runner split
near the rear end of the heated nozzle has the disadvantage
that the split runners extending through the nozzle are
smaller which produces more stress in the melt.

DE 37 33 363 shows a hot runner which splits closer to
the front end of the nozzle, but it has the disadvantage that
there are no individual nozzle inserts that can be made of a

more suitable material and are removable for cleaning or ;s
replacement 11 the need arises.
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SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to at
least partially overcome the disadvantages of the prior art by 40
providing valve gated 1njection molding apparatus wherein
the melt bore splits 1n a valve bushing near the front end of
the heated nozzle to flow through removable nozzle inserts
aligned with the gates.

To this end, in one of 1ts aspects, the invention provides 45
a multi-cavity valve gated injection molding apparatus hav-
ing one or more heated nozzles extending forwardly into a
well 1n a cooled mold with an sulative air space extending,
between each heated nozzle and the surrounding cooled
mold. Each heated nozzle has a rear end, a front end and a 50
plurality of equally spaced valve pin bores extending there-
through from the rear end to the front end. A corresponding,
plurality of elongated valve pins are each received 1n one of
the valve pin bores through the heated nozzle. A valve pin
actuating mechanism 1s connected to the valve pins to 55
simultaneously reciprocate the valve pins between an open
position and a closed position. Each heated nozzle has a melt
bore extending therethrough from a central inlet at the rear
end. A valve bushing 1s seated in a recessed seat 1n the front
end of each heated nozzle. The valve bushing has a rear end, 60
a front end, several equally spaced valve pin bores extending
therethrough from the rear end to the front end 1n alignment
with the valve pin bores through the heated nozzle, and a
melt bore extending therethrough from the rear end to the
front end. The melt bore has several front portions and a 65
central rear portion extending from the rear end in alignment
with the melt bore through the heated nozzle. Each front

2

portion extends from the central rear portion diagonally
outwardly to join one of the valve pin bores adjacent the
front end of the valve bushing. A retaining ring 1s seated 1n
the recessed seat 1n the front end of the heated nozzle
adjacent the front end of the valve bushing. The retaining
ring has a rear end, a front end and several openings
extending therethrough from the rear end to the front end.
Each opening extends 1n alignment with one of the valve pin
bores through the valve bushing. Several elongated hollow
nozzle inserts are retainably seated in the openings through
the retaining ring, each having a front portion extending
forwardly from the retaiming ring in alignment with a gate
leading to a cavity. Each nozzle insert has a rear end, a front
end, and a central opening extending therethrough from the
rear end to the front end to receive one of the valve pins
therein. A space extends around the valve pin to convey melt
from one of the diagonal front portions of the melt bore
through the valve bushing to the aligned gate. A nozzle seal
removably mounted at the front end of the heated nozzle
bridges the insulative air space between the heated nozzle
and the cooled mold, locates the front end of the heated
nozzle, and retains the bushing seal, the retaining ring, and
the nozzle inserts in place.

Further objects and advantages of the invention waill
appear from the following description taken together with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a portion of a multi-cavity
valve gated injection molding system or apparatus having
heated nozzles according to a preferred embodiment of the
imnvention,

FIG. 2 1s an enlarged sectional view of a portion of FIG.
1.

FIG. 3 1s a sectional view along line 3—3 1n FIG. 2, and

FIG. 4 1s an exploded i1sometric view showing a valve
bushing, retaiming ring, heated nozzles and a nozzle seal
ready to be mounted 1n the front end of a heated nozzle.

DETAILED DESCRIPTION OF TH.
INVENTION

Reference 1s first made to FIGS. 1-3 which show a
portion of a multi-cavity valve gated injection molding
system or apparatus having a melt distribution manifold 10
interconnecting several heated nozzles 12. Each nozzle 12 1s
seated 1n a well 14 1n a mold 16. While the mold 16 usually
has a greater number of plates depending upon the
application, 1n this case, only a back plate 18, a manifold
plate 20, a cavity plate 22 and a core plate 24 are shown for
case ol illustration. The melt distribution manifold 10 1s
heated by an integral electrical heating element 26 and the
mold 16 1s cooled by pumping cooling water through
cooling condwts 28. The melt distribution manifold 10 1s
mounted between the manifold plate 20 and the back plate
18 by a central locating ring 30 and a number of mnsulative
spacers 32 attached to the melt distribution manifold 10 by
screws 34 to provide an insulative air space 36 between the
heated manifold 10 and the surrounding cooled mold 16.

(Ll

The rear end 38 of each nozzle 12 1s secured by screws 40
against the front face 42 of the melt distribution manifold 10.
Each nozzle 12 has an integral electrical heating element 44
with a terminal 46 and a helical portion 48 extending around
a melt bore 50 extending through the heated nozzle 12 from
a central inlet 52 at its rear end 38. An outer collar 54 at the
rear end 38 of each nozzle 12 has a forwardly extending
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flange portion 56 which sits on a circular seat 58 1n the mold
16 to locate the rear end 38 of the heated nozzle 12 and
provide an msulative air space 60 between the heated nozzle
12 and the surrounding cooled mold 16.

A number of elongated valve pins 62 are received 1n
equally spaced valve pin bores 64 extending in the heated
nozzle 12 1n alignment with gates 66 leading to cavities 68.
The valve pins 62 are simultaneously reciprocated by
hydraulic actuating mechanism 70 1n the back plate 18. The

hydraulic actuating mechanism 70 includes a piston 72
extending through a high pressured seal 74 1n a cylinder 76
mounted 1n the back plate 18. Each elongated valve pin 62
has an enlarged head 78 which 1s secured to the piston 72 by
a removable cap 80. Controlled fluid pressure 1s applied to
the cylinder 76 on opposite sides of the piston 72 through
hydraulic lines 82, 84 to simultaneously reciprocate the
clongated valve pins 62 between a retracted open position
and a forward closed position in which the front end 86 of
cach elongated valve pin 62 is seated 1n one of the gates 66.

A melt passage 88 extends from a central mnlet 90 1n a
cylindrical inlet portion 92 of the melt distribution manifold
10 and branches outwardly 1n the melt distribution manifold
10 to convey melt to the melt bore 50 in each heated nozzle
12. Each heated nozzle 12 has a hole 94 near 1ts front end
96 1into which a thermocouple element 98 extends to monitor
and control the operating temperature.

As best seen 1n FIG. 2, each heated nozzle 12 according
to the invention has a valve brushing 100 made of tool steel
seated 1n a recessed seat 102 1n 1ts front end 96. The valve
brushing 100 has three equally spaced valve pin bores 104
extending from 1ts rear end 106 to its front end 108. While
the valve pin brushing 100 shown has three valve pin bores
104, 1t can have more or less 1n other embodiments. A steel
dowel 110 extending between the heated nozzle 12 and the
valve bushing 100 ensures the valve bushing 100 1s oriented
in the recessed seat 102 with each valve pin bore 104
through the valve bushing 100 aligned with one of the valve
pin bores 64 through the heated nozzle 12. In this
embodiment, each elongated valve pin 62 has a larger
diameter portion 112 with a smaller diameter portion 114
extending therefrom to the front end 86. The larger diameter
portion 112 of each elongated valve pin 62 fits 1n one of the
valve pin bores 104 to prevent melt leakage as the elongated
valve pin 62 reciprocates. Each valve bushing 100 also has
a melt bore 116 extending therethrough from its rear end 106
to 1ts front end 108. The melt bore 116 has a number of front
portions 118 and a central rear portion 120 extending from
the rear end 106 1n alignment with the melt bore 50 through
the heated nozzle 12. As can be seen, each front portion 118
extends diagonally outward from the central rear portion 120
to join one of the valve bores 104 adjacent the front end 108
of the valve bushing 100.

A retaining ring 122 which fits inside a nozzle seal 124 1s
also received 1n the set 102 1n the front end 96 of the heated
nozzle 12 with 1ts rear end 126 abutting against the front end
108 of the valve bushing 100. The retaining ring 122 1s also
made of H13 tool steel and has three equally spaced open-
ings 128 extending therethrough from 1ts rear end 126 to 1ts
front end 130. Each opening 128 has an elongated hollow
nozzle insert 132 made of a corrosion and wear resistant and
heat conductive material such as a tungsten carbide alloy
seated theremn. Fach nozzle insert 132 has an outwardly
extending circular shoulder 134 which abuts against a shoul-
der 136 extending inwardly around the opening 128 to
secure the nozzle msert 132 1n place with 1ts rear end 138
abutting against the front end 108 of the valve bushing 100
and a front portion 140 extending forwardly from the front
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end 130 of the retaiming ring 122. Another steel dowel 142
extending between the valve bushing 100 and the retaining
ring 122 ensures the nozzle mserts 132 are each aligned with
one of the valve pin bores 104 through the valve bushing 100
and with one of the gates 66. Each elongated nozzle insert
132 has a central bore 144 extending therethrough from its
rear end 138 to 1ts front end 146. The central bore 144 1s big
enough to receive the smaller diameter portion 114 of the
clongated valve pin 62 therethrough with a big enough space
147 extending the elongated valve pin 62 to convey melt
from the diagonal front portion 118 of the melt bore 116

through the valve bushing 100 to the aligned gate 66.

The nozzle seal 124 1s also made of H13 tool steel and has
a central nut portion 148 and a rear portion 150 with a
threaded outer surface 152 which screws into a threaded
front portion 154 of the recessed seat 102 in the front end 96
of the heated nozzle 12. The nozzle seal 124 has an inwardly
extending circular shoulder 156 that abuts against a shoulder
158 extending around the retaining ring 122 to securely
retain the valve bushing 100, the retaining ring 122 and the
clongated nozzle inserts 132 1n place. The nozzle seal 124
also has a sealing and alignment flange portion 160 that
extends forwardly to fit into a matching cylindrical portion
162 of the well 14 1n the mold 16 extending around the gates
66. Thus, the nozzle seal 124 accurately aligns the front end
96 of the heated nozzle 12 and bridges the insulative air
space 60 around the heated nozzle 12 to prevent melt
leakage.

In use, the ijection molding system or apparatus i1s
assembled as shown 1n FIG. 1. Electrical power 1s applied to
the heating element 26 1n the melt distribution manifold 10
and the heating elements 44 in the nozzles 12 to heat them
to a predetermined operating temperature. Water 1s pumped
through the cooling conduits 28 to cool the mold 16. With
hydraulic pressure applied through lines 84 to retract the
clongated valve pins 62 to the open position, pressurized
melt 1s applied from a molding machine (not shown) through
the central inlet 90 to the melt passage 88. The melt branches
in the melt distribution manifold 10 and flows through the
melt bores 50 through the heated nozzles 12, through the
melt bore 116 through the valve bushings 100, around the
valve pins 62 through the bores 144 through the nozzle
inserts 132 and through the gates 66 into the cavities 68.
After the cavities 68 are full and a short packing period has
clapsed, hydraulic pressure 1s released through line 84 and
applied through line 82 to simultaneously drive the elon-
gated valve pins 62 forward to the closed position with their
front ends 86 seated 1n the gates 66. After a short cooling
period, the mold 16 1s opened along the parting line 164 to
¢ject the molded products. After ejection, the mold 16 1s
closed and this injection cycle 1s repeated continuously with
a cycle time dependent upon the size of the cavities 66 and
the type ol material being molded.

While the description of the valve gated injection molding,
apparatus wherein the melt bore 116 splits 1n a valve housing
100 near the front end 96 of each heated nozzle 12 has been
given with respect to a preferred embodiment, it will be
evident that various other modifications are possible without
departing from the scope of the invention as understood by
those skilled in the art and as provided in the following
claims.

The embodiments of the invention m which an exclusive
property or privilege 1s claimed 1s defined as follows:

1. In a multi-cavity valve gated injection molding appa-
ratus having at least one heated nozzle (12) extending
forwardly into a well (14) 1 a cooled mold (16) with an
isulative air space (60) extending between the at least one
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heated nozzle (12) and the surrounding cooled mold (16),
the at least one heated nozzle (12) having a rear end (38), a
front end (96) and a plurality of equally spaced valve pin
bores (64) extending therethrough from the rear end (38) to
the front end (96), a corresponding plurality of elongated
valve pins (62) each received 1n one of the valve pin bores
(64) through the at least one heated nozzle (12), and a valve
pin actuating mechanism (70) connected to the valve pins
(62) to simultaneously reciprocate the valve pins (62)
between at least an open position and a closed position, the
improvement further comprising;

(a) the at least one heated nozzle (12) having a melt bore
(50) extending therethrough from a central inlet (52) at
the rear end (38),

(b) a valve bushing (100) seated 1n a recessed seat (102)
in the front end (96) of the at least one heated nozzle
(12), the valve bushing (100) having a rear end (106),
a front end (108), a plurality of equally spaced valve
pin bores (104) extending therethrough from the rear
end (106) to the front end (108) in alignment with the
valve pin bores (64) through the at least one heated
nozzle (12), and a melt bore (116) extending there-
through from the rear end (106) to the front end (108),
the melt bore (116) having a plurality of front portions
(118) and central rear portion (120) extending from the
rear end (106) in alignment with the melt bore (50)
through the at least one heated nozzle (12), each front
portion (118) extending from the central rear portion
(120) diagonally outwardly to each join one of the
valve pin bores (104) adjacent the front end (108) of the
valve bushing (100),

(c) a retaining ring (122) seated 1n the recessed seat (102)
in the front end (96) of the at least one heated nozzle
(12) adjacent the front end (108) of the valve bushing
(100), the retaining ring (122) having a rear end (126),
a front end (130) and a plurality of openings (128)
extending therethrough from the rear end (126) to the
front end (130), each opening (128) extending 1n align-

ment with one of the valve pin bores (104) through the
valve bushing (100),

(d) a plurality of elongated hollow nozzle iserts (132),
cach retamnably seated 1 one of the openings (128)
through the retaining ring (122) with a front portion
(140) extending forwardly from the retaining ring (122)
in alignment with a gate (66) leading to a cavity (68),
cach nozzle msert (132) having a rear end (138), a front
end (146), and a central bore (144) extending there-
through from the rear end (138) to the front end (146)
to receive one of the valve pins (62) therein, with a
space (147) extending around the valve pin (62) to

convey melt from one of the diagonal front portions
(118) of the melt bore (116) through the valve bushing

(100) to the aligned gate (66), and

(¢) anozzle seal (124) removably mounted at the front end
(96) of the at least one heated nozzle (12) bridging the
insulative air space (60) between the at least one heated
nozzle (12) and the cooled mold (16), locating the front
end (96) of the at least one nozzle (12), and retaining
the valve bushing (100), the retaining ring (122), and
the nozzle inserts (132) 1n place.

2. Imjection molding apparatus as claimed 1n claim 1
wherein the retaining ring (122) has a shoulder (158) and the
nozzle seal (124) has a shoulder (156) which abuts against
the shoulder (158) of the retaining ring (122) to retain the
valve bushing (100), retaining ring (122) and the nozzle
mnserts (132) in place.

10

15

20

25

30

35

40

45

50

55

60

65

6

3. Injection molding apparatus as claimed in claim 2
wherein each nozzle insert (132) has a shoulder (134) and
cach opening (128) extending through the retaining ring
(122) has a shoulder (136) which abuts against the shoulder
(134) of the nozzle msert (132) extending therethrough to
retain the nozzle insert (132) in place.

4. Injection molding apparatus as claimed 1n claim 3
wherein the nozzle seal (124) has a sealing and alignment
flange portion (160) extending forwardly to fit into a match-
ing cylindrical portion (162) of the well (14) 1n the mold (16)
extending around the gates (66) to align the front end (96)
of the at least one heated nozzle (12) and prevent leakage of
melt mto the mnsulative air space (60) between the at least
one heated nozzle (12) and the surrounding cooled mold
(16).

5. Injection molding apparatus as claimed in claim 4
wherein the recessed seat (102) 1n the front end (96) of the
at least one heated nozzle (12) has a threaded portion (154)
and the nozzle seal (124) has a rear portion (150) with a
threaded outer surface (152) which screws into the threaded
portion (154) of the recessed seat (102).

6. Injection molding apparatus as claimed in claim 3
wherein there are three valve pins (62), and three aligned
valve pin bores (64) extending through the at least one
heated nozzle (12), three valve pin bores (104) extending
through the valve bushing (100), and three nozzle inserts
(132) seated 1n three openings (128) through the retaining
ring (122).

7. Injection molding apparatus as claimed in claim 6
wherein the valve pin actuating mechanism comprises a
hydraulically actuated piston (72) 1n a cylinder (76) seated
in the cooled mold (16), the piston (72) being connected to
the valve pins (62) received in the valve pin bores (64)
through the at least one heated nozzle (12).

8. A nozzle assembly for an injection molding apparatus
COmprising.

a heated nozzle having a melt borve extending theve-
through;

a nozzle insert having a centrval bore, said nozzle insert
disposed at a front end of said heated nozzle;

a retaining ring seated in a vecessed seat in the front end
of said heated nozzle, the rvetaining rving having a rear
end, a front end, and an opening extending there-
through to receive said nozzle insert; and

a nozzie seal coupled to the front end of said heated
nozzie, said nozzle seal retaining the retaining ring and
the nozzle insert in place.

9. The nozzle assembly of claim 8, wherein said nozzle
seal is removably engaged to the front end of said heated
nozzle.

10. The nozzle assembly of claim 9, whervein said nozzle
seal is threadably engaged to the front end of said heated
nozzle.

11. The nozzle assembly of claim 8, further comprising:

a plurality of said nozzle inserts; and

a bushing disposed in the recessed seat of said heated
nozzile, whervein a front end of said bushing is disposed
adjacent a rear end of said nozzle inserts.

12. The nozzle assembly of claim 11, further comprising:

a plurality of valve pin bores extending through said
heated nozzle;

a corresponding plurality of elongated valve pins each
received in one of said valve pin bores; and

a valve pin actuating mechanism coupled to said valve
pins to simultaneously reciprocate said valve pins
between at least an open position and a closed position.
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13. The nozzle assembly of claim 12, wherein the central
bores of said plurality of nozzie inserts align with said
plurality of valve pin bores extending through said heated
nozzle, and said valve pins extend into the central bores at
least when said valve pins arve in the closed position.

14. The nozzle assembly of claim 11, wherein said bushing
includes a melt bore extending thevethrvough from a rear end
of said bushing to the front end of said bushing, the melt bore
of said bushing having a plurality of front portions and
central vear portion extending from the rear end in align-
ment with the melt bove of said heated nozzie, each front
portion extending from the central vear portion diagonally
outwardly to join the rvespective central bore of said nozzle
Inserts.

13. The nozzle assembly of claim 14, wherein said retain-
ing ving is a unitary piece having a plurality of openings,
each of said plurality of nozzle inserts disposed in a respec-
tive opening of said retaining rving.

16. The nozzle assembly of claim 8, further comprising a
plurality of said nozzle inserts, each of said nozzile inserts
disposed at the front end of said heated nozzle, wherein said
retaining ving is a unitary piece with a plurality of openings,
each of said plurality of nozzle inserts disposed in a respec-
tive opening of said retaining ving.

17. The nozzile assembly of claim 8, wherein said retaining
ring has a shoulder and said nozzle seal has a shoulder
which abuts against the shoulder of said retaining ring to
retain said retaining ving and said nozzile insert in place.

18. The nozzle assembly of claim 17, wherein said nozzle
insert has a shoulder and the opening extending through
said retaining ving has a shoulder which abuts against the
shoulder of said nozzile insert extending thervethrough to
retain said nozzle insert in place.
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19. An injection molding apparatus comprising:
a melt distribution manifold including a melt passage;

a heated nozzle having a melt bore extending
therethrough, the melt bove being aligned with the melt
passage of said melt distribution manifold;

a nozzle insert having a centrval bore, said nozzle insert
disposed at a front end of said heated nozzle;

a retaining ring seated in a vecessed seat in the front end
of said heated nozzle, the vetaining ving having a rear
end, a front end, and an opening extending there-
through to veceive said nozzle insert; and

a nozzle seal coupled to the front end of said heated
nozzie, said nozzle seal retaining the retaining ring and
the nozzile insert in place.

20. An injection molding apparatus comprising:

a mold including a gate leading to a cavity;

a heated nozzle having a melt bore extending there-
through;

a nozzle insert having a centrval borve, said nozzie insert
disposed at a front end of said heated nozzile, the
central bore being aligned with the gate of said mold;

a retaining ring seated in a vecessed seat in the front end
of said heated nozzle, the rvetaining rving having a rear
end, a front end, and an opening extending there-
through to receive said nozzle insert; and

a nozzle seal coupled to the front end of said heated
nozzle, said nozzle seal vetaining the vetaining ving and
the nozzile insert in place.
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CERTIFICATE OF CORRECTION

PATENT NO. : RE 39,935 E Page 1 of 1
APPLICATION NO. :10/327671

DATED : December 4, 2007

INVENTOR(S) : Denis Babin

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Col. 6, lines 46-48 (Claim 8, lines 11-13): delete “a nozzle seal coupled to the front end
of said heated nozzle, said nozzle seal retaining the retaining ring and the nozzle insert
in place” and replace it with --a nozzle seal bridging an insulative air space between said
heated nozzle and a mold such that said nozzle seal touches both said heated nozzle and
the mold, said nozzle seal being coupled to the front end of said heated nozzle, and said
nozzle seal retaining the retaining ring and the nozzle insert in place--

Col. §, lines 14-16 (Claim 19, lines 12-14): delete “a nozzle seal coupled to the front
end of said heated nozzle, said nozzle seal retaining the retaining ring and the nozzle
insert i place” and replace 1t with --a nozzle seal bridging an insulative air space
between said heated nozzle and a mold such that said nozzle seal touches both said
heated nozzle and the mold, said nozzle seal being coupled to the front end of said
heated nozzle, and said nozzle seal retaming the retaming ring and the nozzle insert in

place--

Col. 8, lines 29-31 (Claim 20, lines 12-14): delete “a nozzle seal coupled to the front
end of said heated nozzle, said nozzle seal retaining the retaining ring and the nozzle
msert m place” and replace 1t with --a nozzle seal bridging an insulative air space
between said heated nozzle and said mold such that said nozzle seal touches both said
heated nozzle and said mold, said nozzle seal being coupled to the front end of said
heated nozzle, and said nozzle seal retaining the retaining ring and the nozzle insert in
place--

Signed and Sealed this

Twenty-fourth Day of June, 2008

hguo-

JON W. DUDAS
Director of the United States Patent and Trademark Office
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