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INJECTION MOLDING NOZZLE HAVING A
TIP RETAINER MOVABLE RELATIVE TO A
NOZZLE HOUSING

solidi?es almost as soon as the mold is ?lled. Mold assembly
or die are terms used to describe the tooling used to produce

plastic parts in molding. The mold assembly is used in mass

CROSS REFERENCE TO RELATED PATENT
APPLICATION

production Where thousands of parts are produced. Molds are
typically constructed from hardened steel, etc. Hot-runner
systems are used in molding systems, along With mold assem

blies, for the manufacture of plastic articles. Usually, hot
This patent application is a continuation in part patent

runners systems and mold assemblies are treated as tools that

application of prior US. patent application Ser. No. 11/956,

may be sold and supplied separately from molding systems.

742, ?led Dec. 14, 2007, noW abandoned, Which claims ben
e?t to the US. provisional Patent Application No. 60/ 887,
391, ?led Jan. 31, 2007 Which is abandoned.

SUMMARY OF THE INVENTION

TECHNICAL FIELD

knoWn molding systems that inadvertently manufacture bad

The inventor has researched a problem associated With

quality molded articles or parts. After much study, the inven
tors believe they have arrived at an understanding of the
problem and its solution, Which are stated beloW, and the
inventors believe this understanding is not knoWn to the pub

The present disclosure relates to molding systems and,
more particularly, relates to noZZles for use With injection

molding systems.

lic. The folloWing problems have been identi?ed With knoW
BACKGROUND

20

injection molding noZZles: (i) no control of pre-load applied
on a tip insert ?ange, (ii) all pre-load force is directly trans

The ?rst man-made plastic Was invented in Britain in 1851
by Alexander PARKES. He publicly demonstrated it at the
1862 International Exhibition in London, calling the material
Parkesine. Derived from cellulose, Parkesine could be heated,
molded, and retain its shape When cooled. It Was, hoWever,

ferred to a tip insert ?ange, (iii) a variable load is applied on
a tip insert ?ange, (iv) an overload force can cause ?ange

failure (static and fatigue).
25

According to one aspect, there is provided an injection
noZZle assembly, comprising: a noZZle housing; a noZZle tip
having an inlet portion being contactable With the noZZle
housing; and a tip retainer being movable relative to the
noZZle housing betWeen a ?rst position, a second position and

30

a third position.

expensive to produce, prone to cracking, and highly ?am
mable. In 1868, American inventor John Wesley HYATT
developed a plastic material he named Celluloid, improving
on PARKES’ invention so that it could be processed into

?nished form. HYATT patented the ?rst injection molding
machine in 1872. It Worked like a large hypodermic needle,
using a plunger to inject plastic through a heated cylinder into

Other aspects and features of the non-limiting embodi
ments Will noW become apparent to those skilled in the art
upon revieW of the folloWing detailed description of the non

a mold. The industry expanded rapidly in the 1940s because
World War II created a huge demand for inexpensive, mass

limiting embodiments With the accompanying draWings.
35

produced products. In 1946, American inventor James Wat

BRIEF DESCRIPTION OF THE DRAWINGS

son HENDRY built the ?rst screW injection machine. This

machine also alloWed material to be mixed before injection,
so that colored or recycled plastic could be added to virgin

material and mixed thoroughly before being injected. In the

40

These and other features and advantages of the present
disclosure Will be better understood by reading the folloWing
detailed description, taken together With the draWings

1970s, HENDRY Went on to develop the ?rst gas-assisted

Wherein:

injection molding process.

FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 1G depict a cross section of
an example of an injection noZZle assembly;

Injection molding machines consist of a material hopper,
an injection ram or screW-type plunger, and a heating unit.
They are also knoWn as presses, they hold the molds in Which

the components are shaped. Presses are rated by tonnage,
Which expresses the amount of clamping force that the
machine can exert. This force keeps the mold closed during
the injection process. Tonnage can vary from less than ?ve
tons to 6000 tons, With the higher ?gures used in compara

45

FIGS. 2A, 2B, 2C, 2D depict several examples of an injec
tion noZZle assembly;
FIG. 3 is a cross-sectional vieW of one embodiment of a

noZZle having a pre-load limiter gap according to the present
disclosure shoWn in a partially assembled position;
FIG. 4 is a cross-sectional vieW of another embodiment of
50

tively feW manufacturing operations. The total clamp force
needed is determined by the projected area of the part being
molded. This projected area is multiplied by a clamp force of
from tWo to eight tons for each square inch of the projected

a noZZle having a pre-load limiter gap according to the present
disclosure shoWn in a partially assembled position;
FIG. 5 is a cross-sectional vieW of the noZZle shoWn in FIG.

3 in a fully assembled position;
FIG. 6 is a cross-sectional vieW of the noZZle shoWn in FIG.

areas. As a rule of thumb, four or ?ve tons per square inch can 55 4 in a fully assembled position;

be used for most products. If the plastic material is very stiff,
it Will require more injection pressure to ?ll the mold, thus
more clamp tonnage to hold the mold closed. The required
force can also be determined by the material used and the siZe

of the part, larger parts require higher clamping force. With
Injection Molding, granular plastic is fed by gravity from a

60

shaped interface according to the present disclosure;

hopper into a heated barrel. As the granules are sloWly moved
forWard by a screW-type plunger, the plastic is forced into a

heated chamber, Where it is melted. As the plunger advances,
the melted plastic is forced through a noZZle that rests against
the mold, alloWing it to enter the mold cavity through a gate
and runner system. The mold remains cold so the plastic

FIG. 7a is a partial, cross-sectional vieW of another
embodiment of a noZZle according to the present disclosure
having a linear or constant frustoconical shaped interface;
FIG. 7b is a partial, cross-sectional vieW of the noZZle
shoWn in FIG. 711 having a non-linear, arcuate, or radiused

65

FIG. 8a is a partial, cross-sectional vieW of another
embodiment of a noZZle according to the present disclosure
having a linear or constant frustoconical shaped interface;
FIG. 8b is a partial, cross-sectional vieW of the noZZle
shoWn in FIG. 811 having a non-linear, arcuate, or radiused

shaped interface according to the present disclosure

US 8,087,924 B2
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FIG. 9a is a cross-sectional vieW of another embodiment of
a nozzle according to the present disclosure comprising a

injection nozzle assembly (300) in a partially assembledposi
tion. In the ?rst position, the tip retainer (310) is in contact
With the nozzle tip (3 04) and also is set apart from the nozzle
housing (302). In the ?rst position, a force is not transferred

tapered interface having both a non-linear, arcuate, or radi
used shaped interface and a linear or constant frustoconical

from the tip retainer (310) to the nozzle tip (3 04).
FIG. 1E depicts the tip retainer (310) positioned at the
second position. In the second position, the tip retainer (310)
contacts the nozzle housing (3 02) Without transmission of
force from the tip retainer (310) to the nozzle housing (302).
In addition, the tip retainer (310) is forcefully connected With
the inlet portion (306), or the ?ange (307), of the nozzle tip

shaped interface; and
FIG. 9b is a close-up of the tapered interface having both a
non-linear, arcuate, or radiused shaped interface and a linear
or constant frustoconical shaped interface as shoWn in FIG.
9a.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENT(S)

(304) via a ?rst force-transmission path (342). In response to
the above arrangement, a pre-load force (400) becomes trans

FIGS. 1A, 1B, 1C, 1D, 1E, 1F, 1G depict the cross section
of an example of an injection nozzle assembly (300).
FIG. 1A depicts an exploded vieW of the injection nozzle
assembly (300) in an unassembled state; that is, the parts and
components of the inj ection nozzle assembly (300) are not yet

mitted from the tip retainer (310) to the inlet portion (306).
Speci?cally, the retainer (310) is further rotated so as to

20

compress the inlet portion (306) or the ?ange (307) While the
gap (311) (as depicted in FIG. 1D) becomes smaller and
eventually the gap (311) disappears as a result of the tip
retainer (310) making contact With the nozzle housing (302).
In the second position, the tip retainer (310) does not make
forcible contact With the nozzle housing (302). In the second
position, this condition provides just the right amount of the
pre-load force (400) to the inlet portion (306) or the ?ange
(307) for sealing the inlet portion (306) With the nozzle hous

25

ing (302).

in an assembled state, as described beloW in association With

FIG. 1E. The injection nozzle assembly (300) includes (but is
not limited to): (i) a nozzle housing (302), (ii) a nozzle tip
(304), and (iii) a tip retainer (310). The nozzle housing (302)
may de?ne a nozzle recess (3 03). The nozzle tip (3 04) has an
inlet portion (306) and also has an outlet portion (308). The

inlet portion (306) may include a ?ange (3 07), Which is
optional. The nozzle tip (304) may be received in the nozzle
recess (303) (that is, another embodiment contemplates the
nozzle tip (304) not being received in the nozzle recess (303).
The nozzle tip (304) de?nes a melt channel (305) that extends
from the inlet portion (306) to the outlet portion (308). The
inlet portion (306) is contactable With the nozzle housing
(302) in the nozzle recess (303). The tip retainer (310) is
connectable to the nozzle housing (3 02), as described further
beloW in association With FIG. 1C. The tip retainer (310) is,
generally speaking, movable relative to the nozzle housing
(302). The tip retainer (310) is con?gured to transfer a pre
load force (400) to the inlet portion (306) of the nozzle tip
(304) and to the nozzle housing (302), as described beloW in
association With FIG. 1E. The tip retainer (310) is movable
relative to the nozzle housing (302) betWeen a ?rst position

30

sharable transmitted from the tip retainer (310) to the inlet
35

40

(as depicted in FIG. ID), a second position (as depicted in
FIG. 1E) and a third position (as depicted in FIG. 1F).
FIG. 1B depicts the nozzle tip (3 04) being slidably received
contact With the nozzle housing (3 02), as depicted in FIG. 1C.
FIG. 1C depicts the tip retainer (310) being connected to
the nozzle housing (3 02), and more speci?cally, being rotat
ably connected by Way of threads (309) to the nozzle housing
(302) Within the nozzle recess (303). The threads (309) pro
vide rotatable translation of the tip retainer (310) relative to

accidental or inadvertent rotation of the tip retainer (310)
most of the injection pressure load is transferred betWeen the
45

altemating load or forces may be experienced on the inlet

The inlet portion or the ?ange is a Weak location of failure
due to excessive load. Some knoWn nozzles are constructed
50

portion (306), or the ?ange (307), as described beloW in
55

FIG. 1D depicts the tip retainer (310) positioned at the ?rst
position. The tip retainer (310) is movable relative to the
nozzle housing (302) betWeen the ?rst position, the second

position (as depicted in FIG. 1E) and the third position (as
depicted in FIG. 1F) In the ?rst position, the tip retainer (310)
makes contact With the inlet portion (306), or the ?ange (307).
Once contact is made betWeen the tip retainer (310) With the
inlet portion (306), a gap (311) is de?ned betWeen the tip
retainer (310) and the nozzle housing (302). As depicted in
FIG. 1D, the tip retainer (310) is not yet rotated so as to apply
a load (force) to the inlet portion (306) or the ?ange (307) at
this time. It Will be appreciated that FIG. 1D depicts the

tip retainer (310) and the nozzle housing (3 02) hence less

portion (306) or the ?ange (307).

the nozzle housing (3 02). The tip retainer (3 1 0) is rotated until
the tip retainer (310) eventually makes contact With the inlet
connection With FIG. 1D.

portion (306) and to the nozzle housing (3 02) via the ?rst
force-transmission path (342) and the second force-transmis
sionpath (340). That is, the pre-load force (400) is shared over
the ?rst force-transmission path (342) and the second force
transmission path (340). An advantage of the third position is:
(a) transfer of excessive preload force from the tip retainer
(310) to the nozzle housing (302) that may be caused by

hence avoiding application of accidental excessive preload
force to the inlet portion (306) or the ?ange (307), and/or (b)

in the nozzle recess (303) of the nozzle housing (302), so that

eventually, the inlet portion (306), or the ?ange (307), makes

FIG. 1F depicts the tip retainer (310) positioned at the third
position. In the third position, the tip retainer (310) is force
fully connected With the inlet portion (306) of the nozzle tip
(304) via the ?rst force-transmission path (342). The tip
retainer (310) is forcefully connected With the nozzle housing
(302) via a second force-transmission path (340). In response
to the above arrangement, the pre-load force (400) becomes

such that there is alWays a gap betWeen tip retainer and the
nozzle housing after ?nal assembly, and then any further
rotation of the tip retainer (that is, an over torque condition,
etc) may produce excessive preload force that may act on the
inlet portion or the ?ange of these knoWn nozzles. The
arrangement of FIG. 1F reduces the negative issues associ
ated With the knoWn nozzles. The inlet portion (306) or the

?ange (307) becomes compressed because the nozzle tip
60

(304) includes a copper alloy that is relatively soft and may be
compressed as the tip retainer (310) continues to be rotatable
translated into the nozzle recess (303) of the nozzle housing
(302). Once or after the tip retainer (310) contacts both the

nozzle housing (3 02) and the inlet portion (306) or the ?ange
(307), the tip retainer (310) transfers the pre-load force (400)
to the inlet portion (306) (or the ?ange (3 07) of the nozzle tip
65

(304) and to the nozzle housing (3 02). There are tWo paths of
transmission for the pre-load force (400) to traverse: the sec

ond force-transmission path (340) from the tip retainer (310)

US 8,087,924 B2
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to the nozzle housing (302), and the second force-transmis

the insert seal portion 153 of the tip insert 116 against the is
nozzle seal engagement portion 154 of the nozzle housing

sion path (342) from the tip retainer (310) to the inlet portion
(306) or the ?ange (307) of the nozzle tip (304). Each path

112 to form a seal 156 betWeen the tip insert 116 and the

nozzle housing 112.

shares some of the pre-load force (400). A technical effect of
the above arrangement is that the amount of the pre-load force
(400) that is transmitted to the inlet portion (306) or the ?ange
(307) is kept at a relatively smaller amount of force, Which

While not a limitation of the present disclosure unless
speci?cally claimed as such, the tip insert 116 may be con
structed from a material having a high thermal conductivity
(such as, but not limited to, a copper alloy or the like). In

avoids over compressing (over straining) the inlet portion
(306) or the ?ange (307).

contrast, the nozzle housing 112 and/or the tip retainer 124

FIG. 1G depicts the case Where in the third position, the tip
retainer (310) is further con?gured to transfer an injection

force (420) (also called in injection pressure) to the inlet
portion (306) of the nozzle tip (304) and to the nozzle housing
(302). The injection force (420) is transferred betWeen the tip
retainer (310) and the nozzle housing (302) along tWo trans
mission paths. The majority of the injection force (420) is
transmitted along the nozzle housing (302).
FIGS. 2A, 2B, 2C, 2D depict several examples of an inj ec
tion nozzle assembly (300).
FIG. 2A depicts an exploded (cross-sectional) vieW of
another example of the injection nozzle assembly (300),

may be constructed from a material having a loWer thermal

conductivity but a higher strength compared to the tip insert
116. As such, the tip insert 116 (and speci?cally the tip insert
?ange 150) is particularly susceptible to damage due to exces
sive force (particularly excessive compressive force).
As mentioned above, the injection molding nozzle 100
according to the present disclosure may also feature a pre
load limiter gap 170 betWeen the nozzle housing 112 and the
tip retainer 124. As Will be explained in greater detail here
20

pre-load limiter gap 170 may alloW for a prede?ned amount

of pre-load force/torque P to be applied to the tip insert 116
(and speci?cally the tip insert ?ange 150) to create the seal
156 and/or substantially prevent, reduce, and/or limit addi

Which are further described beloW in more detail.

FIG. 2B depicts an assembled (cross-sectional) vieW of

another example of the injection nozzle assembly (300) of
FIG. 2A.

25

another example of the injection nozzle assembly (300),

As used herein, the term “pre-load force/torque P” is
intended to mean a desired amount of force/torque betWeen

Which are further described beloW in more detail.

FIG. 2D depicts an assembled (cross-sectional) vieW of yet
30

FIG. 2C.

term “excessive force” as used herein is intended to mean a

force betWeen the tip insert 116 and the nozzle housing 112 in
excess of a prede?ned limit/threshold above the pre-load

force/torque P. The pre-load force/torque P and force thresh
old are considered Within the knoWledge of one of ordinary
skill in the art and may be determined experimentally or

explained in greater detail hereinbeloW, the pre-load limiter
gap 170 may alloW for a desired amount of pre-load force/
40

being transmitted against the tip insert 116.
The injection molding nozzle 100 may include a nozzle

ized molten material (not shoWn) and a melt channel 114
therethrough that may be in ?uid communication With the
source of pressurized molten material in any manner knoWn
to those skilled in the art. A tip insert 116 may be installed
about the proximal end 118 of the nozzle housing 112 so that
a tip channel 122 formed in tip insert 116 may be in ?uid
communication With the melt channel 114. The tip channel
122 may also include at least one outlet aperture 120 in ?uid

radially from the tip insert 116. The force applied against the
tip insert 116 (and speci?cally the tip insert ?ange 150) urges

through ?nite element analysis and Will vary depending upon
the intended application. For exemplary purposes only, the
pre-load torque may be betWeen approximately 30 ft-lb to
approximately 35 ft-lb and the prede?ned limit/threshold
may be betWeen approximately 0.03 mm (millimeters) to
approximately 0.035 mm.
The pre-load limiter gap 170 may be de?ned as the distance
betWeen the ?rst pre-load engagement surface 171 and the
second pre-load engagement surface 172 of the nozzle hous
ing 112 and the tip retainer 124 in a partially assembled

housing 112 con?gured to be secured to a source of pressur

communication With tip channel 122.
The injection molding nozzle 100 may also include a tip
retainer 124 con?gured to receive and retain the tip insert 116
relative to the nozzle housing 112 When tip retainer 124 is
secured to the proximal end 118 of nozzle housing 112. The
tip retainer 124 may be removably a?ixed to the proximal end
118 of the nozzle housing 112 by Way of threads 126 that
threadably engage With corresponding threads 127 on the
nozzle housing 112 or any to functional equivalents thereof.
As the tip retainer 124 is screWed onto the proximal end 118
of the nozzle housing 112, a ?ange engagement portion 151
of the tip retainer 124 may generally apply a force/torque
against at least a portion of a tip insert ?ange 150 extending

the tip insert 116, tip retainer 124 and the nozzle housing 112
that Will create seal 156 (that is satisfactory and reliable)
betWeen the tip insert 116 and the nozzle housing 112 Without

causing damage to the injection molding nozzle 100. The

According to one embodiment, the present disclosure may
feature an injection molding nozzle 100, as depicted in FIGS.
3-6, Which may include a nozzle housing 112, a tip insert 116
that may be secured relative to the nozzle housing 112 by a tip
retainer 124, and a pre-load limiter gap 170 betWeen the
nozzle housing 112 and the tip retainer 124. As Will be
torque P to be applied to the tip insert 116 and/ or substantially
prevent, reduce, and/ or limit additional, excessive force from

tional, excessive force from being transmitted against the tip
insert 116.

FIG. 2C depicts an exploded (cross-sectional) vieW of yet

another example of the injection nozzle assembly (300) of

inbeloW, by setting the dimensions and tolerances of the
nozzle housing 112, tip insert 116, and the tip retainer 124, the

position (Wherein the tip insert ?ange 150 is initially substan
tially contacting/abutting both the ?ange engagement portion
151 of the tip retainer 124 and the nozzle seal engagement
portion 154 of the nozzle housing 112 as shoWn in FIGS. 3

55

and 4) and a fully-assembled position (Wherein the ?rst pre
load engagement surface 171 and the second pre-load
engagement surface 172 of the nozzle housing and the tip
retainer 124 substantially abut against each other as shoWn in
FIGS. 5 and 6) that Will create the desired amount of pre-load
force P. While not a limitation of the present disclosure unless

65

speci?cally claimed as such, the pre-load limiter gap 170 may
be betWeen approximately 0.03 to approximately 0.08 mm.
Such a pre-load limiter gap 170 may result in a pre-load
torque P of approximately 30 ft-lb depending on the materials
chosen.
According to one embodiment of the injection molding
nozzle 100 shoWn in FIGS. 3 and 5, the tip retainer 124 may

include threads 126 (i.e., internal threads) disposed about a

surface 158 of the tip retainer 124 generally facing radially

