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[57] ABSTRACT

Undercut tubular synthetic plastic articles, such as fit-
tings, are formed in the mold cavity of an injection
molding machine on a two-piece core a tubular compo-
nent of which is surrounded by the undercut portion of
the article and a first smaller-diameter portion at one
side of the undercut portion. A cylindrical component
of the core slidably guides the tubular component and is
surrounded by a second smaller-diameter portion of the
article at the other side of the undercut portion. When
the injection of plasticized material is completed, the
housing of the mold is opened to expose the undercut
portion and the first smaller-diameter portion of the
article on the core, the first smaller-diameter portion
and the undercut portion are heated to or maintained at
a temperature at which they can undergo elastic defor-
mation, and the tubular component is moved axially of
the article and of the cylindrical component so that the
first smaller-diameter portion of the article s expanded
by an external ring-shaped projection which forms part
of the tubular component and was surrounded by the
undercut portion. The first smaller-diameter portion of
the article thereupon contracts so that its inner diameter
is again less than the inner diameter of the undercut
portion. The article is allowed to harden prior to com-
plete separation from the core, and the first smaller-
diameter portion is held against excessive contraction

13 Claims, 6 Drawing Figures
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METHOD OF PRODUCING UNDERCUT
TUBULAR PLASTIC ARTICLES

Matter enclosed in heavy brackets [ ] appears in the 5
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a method of produc-
ing plastic articles which constitute tubes or include
tubular portions, and more particularly to improve-
ments in a method of producing plastic articles which
exhibit one or more undercuts in the form of internal
grooves or recesses provided in a tubular portion which
is flanked by tubular portions having smaller inner di-
ameters. Such undercuts are often necessary in fittings
in order to receive sealing elements in the form of gas-
kets or packings. Still more particularly, the invention
relates to improvements in the molds of injection mold-
ing or analogous machines, and in a method which can
be practiced by resorting to such molds.

Flanged fittings or pipe connectors (e.g., elbows,
return bends, tees, crosses, reducing couplings or
straight unions) are often provided with undercuts to
accommodate sealing elements for the ends of flexible
or rigid pipes which are inserted into the fittings. In
accordance with a presently prevailing technique, un-
dercuts in the flanges of fittings which are produced in
injection molding machines are formed by resorting to
one or more secondary operations which contribute to
the cost of such articles. For example, it is known to
provide a flange of a fitting with a relatively thick cir-
cumferentially complete rib or bead which is thereupon
treated from within (e.g., by resorting to milling or
turning tools) in order to form therein a ring-shaped
internal recess or groove for reception of a sealing ele-
ment. The formation of such internal groove takes place
subsequent to ejection of the article from an injection
molding machine so that the interval which is required
for completion of an undercut fitting is much longer
than the interval which is required for completion of the
injection molding cycle.

It was further proposed to make undercut fittings in
specially designed injection molding machines wherein
the injection molding cycle precedes a blowing cycle
serving for the formation of an undercut in one or more
flanges of the fitting. It is also known to produce fittings
in conventional injection molding machines which fur- 50
nish fittings with flanges having internal surfaces of
constant diameter, and to thereupon introduce such
fittings into a blow molding machine which expands a
selected portion of a flange so as to provide the internal
surface of the flange with a groove for reception of 55
sealing means. Such procedures are not satisfactory
because the wall thickness of a blow molded undercut
portion invariably deviates from the wall thickness of
neighboring portions of the finished article.

In accordance with still another presently known 60
technique, that flange of a fitting which is to be pro-
vided with an undercut resembles an outwardly flaring
hollow frustum of a cone, and the outermost portion of
such flange is thereupon treated to reduce its dimen-
sions, i.e., the inner diameter of the thus contracted 65
portion is less than the inner diameter of the neighbor-
ing portion. The neighboring portion can receive a
sealing element which is held against axial movement
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by the contracted portion of the flange. The just de-
scribed procedure shares the drawbacks of previously
outlined techniques, i.e., the internal groove of the un-
dercut portion must be formed in a separate operation
which follows the making of the fitting. Moreover if a
fitting, whose flange has been formed with an undercut
in accordance with the last mentioned prior procedure,
is used in pipe lines for hot fluids, the connection be-
tween the flange and a flexible or rigid conduit rapidly
develops a leak. This is attributable to a peculiarity of
thermoplastic synthetic plastic materials which is
known as thermal restoration. Briefly stated, the mole-
cules of thermoplastic material assume a predetermined
orientation during introduction of plasticized material
into a mold. Thus, the orientation of molecules in a
flange which, at the time of introduction of plasticized
material into the molding cavity, resembles a hollow
conical frustum is different from the orientation of mol-
ecules in a cylindrical flange. When the flange is heated
subsequent to formation of an undercut therein (by
causing the free end of the flange to shrink), the mole-
cules tend to assume the original orientation which is
characteristic of a hollow frustoconical flange with the
result that the flange opens up and permits communica-
tion between the confined fluid and the surrounding
atmosphere.

OBJECTS AND SUMMARY OF THE
INVENTION

An object of the invention is to provide a novel and
improved method of producing fittings or other hollow
articles which consist of synthetic plastic material and
include undercut tubular portions flanked by smaller-
diameter tubular portions.

Another object of the invention is to provide a
method which renders it possible to form undercut
portions simultaneously with the making of hollow
articles, i.e., wherein the undercuts develop at the time
the respective articles are formed in an injection mold-
ing or like machine.

A further object of the invention is to provide a
method which can be used for mass-production of un-
dercut hollow articles with a high degree of reproduc-
ibility, within short intervals of time, and by resorting to
relatively simple apparatus.

An additional object of the invention is to provide a
method of making synthetic plastic fittings or other

hollow articles which can be practiced by resorting to
retrofitted apparatus.

Another object of the invention is to provide an un-
dercut fitting or another undercut hollow synthetic
plastic article which is produced in accordance with the
above-outlined method.

The invention resides in the provision of a method of
making tubular articles of the type wherein two outer
tubular or annular portions having first inner diameters
flank an intermediate (undercut) annular or tubular
portion having a larger second inner diameter. The
method comprises the steps of introducing (preferably
injecting) plasticized synthetic plastic material (prefera-
bly a synthetic thermoplastic substance) into a mold
with a cavity having a configuration which matches
that of an article of the aforementioned type and sur-
rounding a core including a larger portion (e.g., a ring-
shaped projection) with an outer diameter correspond-
ing to the second inner diameter and two smaller por-
tions which flank the larger portion and have outer
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diameters corresponding to the first inner diameters
whereby the introduced plasticized material (which fills
the cavity) is converted into an article of the aforemen-
tioned type, exposing the exterior of the article (at least
in the region of the intermediate portion and one outer
portion of the article), maintaining the one outer portion
of the exposed article in a state (e.g., within a predeter-
mined temperature range) in which the one outer por-
tion can undergo elastic deformation, and moving the
article and at least a part of the core relative to each
other (i.e., the article can be moved relative to the core
and/or vice versa) in a direction to force the larger
portion of the core through the one outer portion of the
article thereon whereby the one outer portion expands
during the passage of the larger portion therethrough
and thereupon contracts so that its inner diameter is
again less than the inner diameter of the undercut inter-
mediate portion of the article.

The difference between the radii of the outer annular

portions and the radius of the intermediate portion of 20

the article preferably at least equals (and may be a multi-
ple of) the wall thickness of the article, i.e., the one
outer portion of the article can undergo a radial expan-
sion which is several times the wall thickness of the
article.

The method preferably further comprises a first addi-
tional step of causing the material of the entire article to
set or harden subsequent to the aforementioned moving
step, and a second additional step of completely with-
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drawing the core from the article upon completion of 30

the setting or hardening step.

‘The one outer portion of the article can be supported
from within the course of the first additional step to
prevent excessive reduction of its inner diameter due to
shrinkage; this can be achieved by maintaining a portion
of the core in the interior of the one outer portion subse-
quent to forcible movement of the larger portion of the
core through the one outer portion of the article.

If the material of the article is a synthetic thermoplas-
tic substance, the temperature of the one outer portion
of the article preferably exceeds the temperature of the
other outer portion of the article in the course of the
moving step. A layer of gaseous fluid (e.g., compressed
air) can be established and maintained between the exte-
rior of the core and the interior of the article in the
course of the moving step; this facilitates the movement
of article relative to the core and/or vice versa. Such
layer can be established by providing the periphery of
the core with ports which discharge compressed air in
the course of relative movement between the core and
the article. The temperature of compressed air can be
selected and regulated with a view to insure that the one
outer portion of the article remains elastically deform-
able during forcible passage of the larger core portion
therethrough. Since the intermediate portion of the
article 1s likely to undergo at least some expansion dur-
ing passage of the larger core portion through the one
outer portion, the intermediate portion is preferably
treated in the same way as the one outer portion, i.e., it
1s elastically deformable so that it can contract upon
withdrawal of the larger portion from its internal
groove Or recess.

The novel features which are considered as charac-

teristic of the invention are set forth in particular in the
appended claims. The improved method itself, how-
ever, together with additional features and advantages
thereof, will be best understood upon perusal of the
following detailed description of certain specific em-
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bodiments of the apparatus for the practice of the
method with reference to the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 11s a schematic elevational view of an injection
molding machine having a first mold, two plate-like
sections of the housing of the mold being shown in open
positions;

FIG. 2 is an enlarged transverse vertical sectional
view, substantially as seen in the direction of arrows
from the line II—II of FIG. 1;

F1G. 3 is a fragmentary central sectional view of the
mold in the machine of FIG. 1, with the mold in closed
position;

F1G. 4 illustrates the structure of FIG. 3, but with the
plate-like sections of the housing of the mold in partly
open position and with a sleeve of the housing in partly
retracted position;

FIG. § illustrates the structure of FIG. 4, but with the
sleeve of the housing of the mold in fully retracted
position; and

FIG. 6 is a fragmentary central sectional view of a
modified mold.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring first to FIGS. 1 and 2, the injection mold-
ing machine 23 comprises a base 27 supporting a mold
opening, closing and locking unit 25, a plasticizing cyl-
inder 26 with a hopper 26a and injection nozzle 26b,
horizontal tie rods 30 for the platen 28 of an inter-
changeable mold section 101, another interchangeable
mold section 1 which is movable between the positions
shown in FIGS. 3 and 4 and is mounted on a platen 29,
and a hydraulically operated actuating unit 124 for a
reciprocable third section or sleeve 8 of the mold. The
mold section 101 carries centering pins 32 which enter
complementary sockets 33 of the mold section 1 when
the mold is closed. The sections 1, 101 and 8 can be said
to constitute a housing or shell of the mold, and the
latter further comprises a composite first core including
a cylindrical main component 3 and a sleeve-like tubular
component 7 (FIGS. 3 to 5) which is slidable, within
limits, remative to the main component 3. A second
core 8a i1s movable by a second hydraulically operated
actuating unit 24.

In order to close the mold, the unit 25 moves the
section 1 from the position shown in FIG. 4 to that
shown in FIG. 3 (while the unit 124 maintains the sleeve
8 in the end position shown in FI1G. 3), and the unit 25
also moves the section 1 toward the section 101 so that
the centering pins 32 enter the sockets 33 of the section

1. The unit 25 comprises means for locking the sections
1, 101 agamnst movement away from each other. The
machine 23 is then ready for injection of plasticized
synthetic plastic material into a mold cavity 31 which is
defined by the parts 1, 101, 8, 3, 7 and 8a and whose
configuration matches that of an article which is to be
produced. The article is assumed to be a fitting or con-
nector having a first part including an undercut (larger-
diameter) intermediate portion §, a first outer portion 6
which is located at one side of the intermediate portion
S and whose inner diameter is less than the inner diame-
ter of the portion §, and a second outer portion 4 which
is located at the other side of the intermediate portion 5
and whose inner diameter is also less than the inner
diameter of the portion § (the inner diameter of the
outer portion 4 may equal that of the outer portion 6).
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When the mold is closed (FIG. 3), the nozzle 26b of the
cylinder 26 injects plasticized material into the cavity 31
whereby such material fills the cavity and is converted
into a hollow article including the portions 4, 5 and 6.
The illustrated article includes a second part which is
integral with the portion 4, remote from the outer por-
tion 6 and makes an acute, right or obtuse angle with the
common axis 2 of the portions 4, §, 6 and first core 3, 7.
The second part of the article surrounds the core 8a. If
the second part of the article is to be provided with an
undercut, the second core 8a is replaced with a core
which is analogous to or identical with the first core.
The actuating unit 24 then moves the components of the
second core in the same or similar way as will be de-
scribed in connection with the actuating unit 124 and
the first core. |

The manner in which an article including the portions
4, 5 and 6 is formed in the mold cavity 31, and the
manner in which the article is thereupon treated and
separated from the first core including the components
3 and 7, is shown in FIGS. 3, 4 and 5. As stated above,
FIG. 3 shows the mold in closed position in which the
left-hand end portion 18 of the tubular component 7 of
the composite first core abuts against an external shoul-
der 9 of the cylindrical main component 3. A collar 7a
at the right-hand end of the tubular component 7 is
engaged by an internal shoulder 10 of the sleeve 8 with
a force which suffices to insure that the end portion 18
remains in abutment with the shoulder 9. The outer
diameter of the end portion 18 equals the outer diameter
of an enlarged portion 3a of the main component, and
the portions 3a, 18 determine the inner diameter of the
outer portion 4 of the article which is formed in the
mold cavity 31. The inner diameter of the undercut
intermediate portion § of the article is determined by
the outer diameter of a ring-shaped larger portion or
projection 13 of the tubular component 7, and the inner
diameter of the outer portion 6 is determined by an
intermediate portion 7b of the component 7. It will be
noted that the radius of the projection 13 exceeds the
radius of the portion 7b or 18 to an extent which is
greater than the wall thickness of the article in the mold
cavity 31; in fact, the difference between the radius of
projection 13 and the radii of portions 7b, 18 may be
several times the wall thickness of an article.

The mold section 101 has been omitted in FIGS. 3 to
§ for the sake of clarity. The mold section 1 has a sub-
stantially semicircular wedge-like locking member 12
which extends into a circumferential groove 11 of the
sleeve 8 to maintain the sleeve in the position of F1G. 3.
The locking member 12 is optional; it can be omitted if
the motion transmitting member 15 of the actuating unit
124 is capable of holding the sleeve 8 in the end position
of FIG. 3 without any axial movement in a direction
away from the enlarged portion 3a of the component 3.
The right-hand end portion 19 of the main component 3
constitutes a collar which serves to guide the sleeve 8
during axial movement with respect to the first core and
mold sections 1, 101. The sleeve 8 includes a removable
portion or insert 14 which is secured thereto by one or
more radially extending pins 14a and whose internal
surface determines the outer diameters of the portions 3,
6 of an article in the mold cavity 31. The outer diameter
of the portion 4 is determined by the adjacent internal
surfaces of the mold sections 1 and 101. The right-hand
end face 16 of the insert 14 can be moved against an
external shoulder 17 of the tubular component 7 to
move the latter in a direction away from the shoulder 9
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(compare FIGS. 4 and §). The main component 3 of the
first core of the improved mold can be moved axially in
a direction to the right, as viewed in FIGS. 3, 4 and ),
when its collar 19 is engaged by an internal shoulder 21
of the sleeve 8 and the sleeve continues to move in a
direction to the right (upwardly, as viewed 1n F1G. 1 or
2).

The insert 14 contains a heating device 22, preferably
an electric resistance heater, which surrounds the por-
tions 5 and 6 of the article in the mold cavity 31 and
serves to insure that these portions {(or at least the por-
tion 6) will remain sufficiently elastic to allow for ex-
traction of the projection 13 from the interior of the
article, i.e., to allow the projection 13 to forcibly ex-
pand the outer portion 6 during movement of such
projection from the position of FIG. 4 to the position of
FIG. §S.

The reference character 20 denotes a cylindrical me-
dian portion of the component 3 which is surrounded by
the tubular component 7 and extends from the enlarged
portion 3a to the collar 19. The plane in which the mold
sections 1 and 101 abut against each other when the
mold is closed preferably includes the axis 2.

The portions 4, 5 and 6 may constitute only a small
part of an article (e.g., a fitting) which is obtained in
response to injection and subsequent hardening of plas-
ticized synthetic plastic material in the mold cavity 31.
The major part of such article can be formed on the
second core 8a in that portion of the cavity 31 which is
located to the left of FIGS. 3 to 5. The exact configura-
tion of such major part of the article is immatenal for
the purposes of the present invention,; al that counts is to
design and operate the improved mold in such a way
that the article can be provided with an undercut por-
tion § which is flanked by two outer portions having
smaller inside or inner diameters than the inside or inner
diameter of the undercut portion § and that the provi-
sion of such undercut intermediate portion takes place
at the time the article is formed, i.e., as a direct result of
injection of plasticized material into the closed mold
without resorting to a core having a radially movable
projection which is retracted after the material of the
article sets in order to allow for movement of the fin-
ished article axially of the first core and/or vice versa.
As a rule, the undercut portion § will serve to receive an
annular sealing element (not shown), such as a packing
or a gasket, depending upon whether or not the part
which is surrounded by the portions 4, 5 and 6 moves
relative to the article.

If the external surface of the undercut intermediate
portion § of the article is not cylindrical, e.g., if such
surface slopes toward the axis 2 in a direction to the
right, as viewed in FIG. 3, the insert 14 of the sleeve 8
surrounds that portion of such external surface which is
located to the right of the maximum-diameter portion.
This is desirable because the insert 14 should be mov-
able between the positions shown in FIGS. 3 and 4.

The sleeve 8 can contain or carry one or more tem-
perature measuring devices (not shown) which monitor
the temperature of the insert 14 and regulate the heating
action of the device 22 so that the temperature of the
insert 14 and of portions § and 6 of the article in the
mold cavity 31 invariably remains within an optimum
range which is best suited to insure that at least the
outer portion 6 (but preferably the portions § and 6) will
remain sufficiently elastic to allow for temporary radial
expansion during extraction of the projection 13 as well
as that such expansion is followed by contraction of the
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portion § and/or 6 so that the inner diameter of the
portion 3 will again exceed the inner diameters of por-
tions 4 and 6. If desired, the heating device 22 can be
replaced with a heating device 122 (shown in FIG. § by
broken lines) which is installed in the projection 13.
Alternatively, the mold may comprise two heating de-
vices, one in the insert 14 (which latter can be said to
form part of the sleeve 8) and one in the projection 13.

The aforementioned temperature measuring or moni-
toring means can be used to regulate the heating action
of the device 22, of the device 122 or of the devices 22,
122 in a fully automatic way, or it may include a pointer
whose position is read by an attendant so that the atten-
dant can manually adjust the heating action when the
monitored temperature deviates from an optimum tem-
perature or temperature range. Monitoring devices
which can be used in or in combination with the mold of
the present invention are known in the art.

The operation

When the mold is to be closed, the unit 25 moves the
mold section 1 and the actuating units 24, 124 toward
the platen 28, and the nozzle 26b injects plasticized
synthetic plastic material (e.g., a thermoplastic sub-
stance) into the cavity 31. When the material in the
cavity 31 becomes self-supporting, the mold section 1 1s
moved away from the mold section 101 (the mold sec-
tion 1 then assumes the position shown in FIGS. 4 and
5) whereby the mold section 1 withdraws the locking
- member 12 from the groove 11 and thus enables the
motion transmitting member 15 of the actuating unit 124
to move the sleeve 8 from the position of FIG. 3 to the
position of FIG. 4. The rightward movement of the
sleeve 8 is terminated when the end face 16 of the insert
14 moves into abutment with the external shoulder 17 of
the tubular component 7. The external surfaces of the
portions 4, 5 and 6 of the article in the mold cavity 31
are then exposed because the insert 14 has been moved
axially of the main component 3 and away from the
shoulder 9 and the mold section 1 has been moved radi-
ally of and away from the axis 2 and also away from the
mold section 101, |

The cooling of the portion 4 of the article in the mold
cavity 31 is more pronounced than that of the portions
S and 6 (this is due to the provision of heating device 22,
heating device 122 or heating devices 22 and 122). The
arrangement may be such that the heating device or
devices are connected with an energy source subse-
quent to injection of plasticized material or prior to or
during such injection, i.e., the heating means can pre-
vent excessive cooling of injected material or the heat-
ing means reheats the material of the portions 5 and 6
subsequent to completion of the injecting step. All that
counts is to insure that the material of the portions 5 and
6 remains in or is brought into a state in which the
portions 5 and 6 can undergo elastic expansion to permit
for extraction of the projection 13 from the article (in a
direction toward and through the outer portion 6). If
the injected plasticized material is polyvinyl chloride,
the heating element 22 can be set to maintain the insert
14 at a temperature of 70°-130° C. in the course of the
injecting step. Such heating of the insert 14 does not
prevent any and all cooling of the portions 5 and 6 (and
it also fails to prevent a reorientation of molecules of
injected material in accordance with the nature of the
mold cavity); however, it has been found that the afore-
mentioned temperature range is normally sufficient to
insure that the material of the article does not harden to
such an extent (or sets) that the portions § and 6 would
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be incapable of undergoing temporary elastic expansion
during withdrawal of the projection 13.

In order to withdraw the projection 13 from the
undercut intermediate portion § of the article, the mo-
tion transmitting member 15 of the actuating umt 124
moves the sleeve beyond the position of FIG. 4
whereby the end face 16 of the insert 14 (which is rigid
with the sleeve 8) entrains the tubular component 7 of
the first core in a direction to the right so that the pro-
jection 13 expands the tapering part of the intermediate
portion 8 as well as the outer portion 6. The elasticity of
the portions § and 6 is sufficient to insure that these
portions contract upon extraction of the projection 13
whereby the internal surface of the outer portion 6
preferably comes into abutment with the external sur-
face of the end portion 18 of the tubular component 7 to
prevent excessive contraction of such outer portion.
The tubular component 7 thereupon remains in the
position of FIG. 5 until the material ofsthe article sets
sufficiently to warrant complete separation of the arti-
cle from the first core, e.g., by moving the internal
shoulder 21 of the sleeve 8 into abutment with the collar
19 and by causing the actuating unit 124 to move the
sleeve 8 beyond the position shown in FIG. 5. The
actuating unit 24 withdraws the second core 8a prior to,
simultaneously with or subsequent to separation of por-
tions 4, 5 and 6 from the first core. The machine 23 is
then ready to start the next cycle which begins as soon
as the mold closes. Such closing includes a movement of
components 3 and 7 of the first core back to the posi-
tions shown in FIG. 3 (whereby the internal shoulder 10
of the sleeve 8 urges the end portion 18 of the tubular
component 7 against the shoulder 9 of the main compo-
nent 3) and subsequent movement of the mold section 1
toward the mold section 101 so that the locking member
12 can enter the groove 11 of the sleeve 8 and the unit
25 can clamp the sections 1 and 101 to each other. Also,
the actuating unit 24 returns the second core 8a to the
position shown in FIG. 2.

In order to reduce the length of intervals which are
needed for the completion of a cycle, the injection
molding machine 23 may comprise means for promot-
ing the setting of plastic material of an article, especially
subsequent to withdrawal of the projection 13. This can
be achieved by providing the mold sections 1 and 101
with ports (see the ports 1b in the mold section 1 of

FIG. 4) which direct compressed air or another fld
coolant against the external surface of the article on the

main component 3 of the first core.

It is further possible to facilitate the withdrawal of
projection 13 from the interior of the article by estab-
lishing a layer or film of a preferably gaseous fluid be-
tween the core and the internal surfaces of the portions
4, 5 and 6 (or at least between the first core and the
portions 5 and 6). This can be achieved by providing the
portion 20 of the main component 3 and/or the end
portion 18 and projection 13 of the tubular component
7 of the first core with ports which discharge fluid
against the internal surface of the article. One such port
is shown in FIG. 5, as at 118.

My invention is based on the recognition that the
majority of synthetic plastic materials which are pres-
ently used for the making of pipe fittings or the like
(especially synthetic thermoplastic materials) exhibit a
pronounced elasticity immediately npon completion of
the injecting step in an injection molding or an analo-
gous machine, that such elasticity can be enhanced
and/or maintained by appropriate treatment {especially
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heating) to insure that the annular portions 5 and 6 of an
article in the mold cavity 31 can expand during forcible
extraction of the larger portion or projection 13 of the
tubular component 7, and that such annular portions
thereupon contract automatically to reassume or to at
least closely approach their desired shape (especially
the inner diameters as determined by the outer diame-
ters of projection 13 and smaller portion 7b of the tubu-
lar component 7). All that is necessary is to maintain at
least the outer portion 6 (but preferably also the under-
cut intermediate portion §) within a temperature range
which depends on the nature and/or composition of
selected synthetic plastic material and which, in the
case of polyvinyl chloride, is normally that temperature
which is achieved by heating the insert 14 of the sleeve
8 to a temperature of 70°-130° C., preferably 80°-90" C.
The conditioning of articles in the mold cavity 31 prior
to and during extraction of the projection 13 can be
enhanced by localized cooling of articles in addition to
aforementioned heating by the device 22 and/or 122,
e.g., by cooling with air streams which issue from the
ports 1b and/or 118. The feature that the undercut
intermediate portion 5§ of an article in the mold cavity 1s
finished simultaneously with the making of the article
(i.e., without necessitating resort to a secondary treat-
ment, such as removal of material by one or more tools
and/or a blowing operation) contributes to a much
higher output of the machine and reduces the inttial cost
of the articles. Moreover, the dimensions of each and
every article of a long series of articles are invariably
identical since the circumstances under which the un-
dercut intermediate portions 5§ of successive articles are
formed remain unchanged during each cycle of the
injection molding machine.

In accordance with presently known molding tech-
niques, molded articles are expelled from the cavity or
separated from the core after the material of the articles
has been allowed to set. This is considered necessary 1n
view of the generally accepted belief that a pronounced
deformation of an article whose material is still hot will
result in permanent deformation. Therefore, certain
presently known injection molding machines for the
production of hollow articles having undercut tubular
portions employ a cylindrical core of constant diameter
and a collapsible ring which surrounds the core and is
received in the undercut portion of the article. When
the material of the article has been allowed to set, the
core is withdrawn from the article and from the collaps-
ible ring, and the ring is thereupon collapsed so that 1t
can be readily withdrawn from the undercut portion.
The mold of the just described conventional machine
does not have an outer housing so that the wall thick-
ness is likely to vary (and normally varies) from article
to article. Also, the removal of collapsible ring 1s a
time-consuming operation which contributes to the cost
of articles.

The method of the present invention takes advantage
of the aforediscussed peculiarity (thermal restoration)
of synthetic plastic materials, i.e., the portions (5 and 6)
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such orientation of molecules which takes place when
the plasticized material is injected into the mold cavity
31. This insures that the portions § and 6 contract as
soon as the extraction of the projection 13 is completed.
In other words, whereas the so-called thermal restora-
tion is undesirable in accordance with certain presently
known techniques of making tubular articles with un-
dercut portions, such characteristic of plastic material is
used in accordance with the present method to insure
the making of undercut tubular articles by resorting to
relatively simple and inexpensive molds which need not
employ collapsible rings or other complex devices for
the making of undercuts.

Other presently preferred materials which can be
utilized for the making of undercut hollow articles 1n
the improved machine include high- and low-density
polyethylene, polypropylene, polystyrene and acryloni-
trile-butadiene-styrene copolymers. The presently pre-
ferred temperature range during temporary expansion
of articles which consist of the above-enumerated mate-
rials is between 70° and 130° C.

FIG. 6 shows a portion of a mold wherein all such
parts which are identical with or clearly analogous to
corresponding parts of the mold of FIGS. 3 to 5 are
denoted by similar reference characters. The main dif-
ference between the two molds is that the mold of FIG.
6 does not have a heating means in or on the insert 14 of

 the sleeve 8. The mold of FIG. 6 is shown in closed
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which are expanded radially outwardly in response to 60

movement of the projection 13 from the position of
FIG. 4 to the position of FIG. § exhibit a pronounced
tendency (o reassume the shape shown in FIGS. 3 and
4 with the result that the portions 5§ and 6 contract as

soon as the projection 13 has been withdrawn. As stated 65

above, the temperature of portions 5 and 6 during ex-
traction of the projection 13 from the article should be
selected with a view to avoid any interference with

position corresponding to that of FIG. 3. The nature of
material which forms the article in the mold cavity 1is
assumed to be such that the elasticity of portions § and
6 suffices (without resorting to a heating device in or on
the insert 14) to insure that the projection 13 can be
withdrawn from the article and that these portions con-
tract as soon as the projection 13 reaches a position
corresponding to that shown in FIG. 5.

The mold is susceptible of many additional modifica-
tions. For example, the housing of the mold may consist
of more than three sections and the tubular component
7 of the first core may also consist of two or more sec-
tions which are movable relative to each other in a
given sequence so as to withdraw the projection 13
from the undercut intermediate portion 5 before the
material of the article sets but subsequent to exposure of
the undercut portion 5 and outer portion 6. Further-
more, the configuration of the outer surfaces of all three
annular portions 4, 5 and 6 of an article in the mold
cavity 31 can be determined by the mold sections 1 and
101 alone. In such molds, the motion transmitting means
of the actuating unit 124 (or an analogous actuating
unit) can be coupled directly to the tubular component
T of the first core.

It will be readily appreciated that fittings (e.g., el-
bows) and/or the like constitute but a few examples of
articles which can be produced in accordance with the
method of the present invention. The improved method
can be resorted to for the production of a large vanety
of articles, especially articles wherein the inner diame-
ter of the undercut portion greatly exceeds the inner
diameters of the adjoining outer portions, including
articles of circular, oval or polygonal cross-sectional
outline as well as articles which are closed at one end,
e.g., plastic containers which are provided with under-
cut portions constituting aerating channels or the like. If
the undercut portion of a container is immediately adja-
cent to one end wall (e.g., the bottom wall), such end
wall constitutes an equivalent of the portion 4 of the
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article shown in FIG. 3, and the inner diameter of such
end wall 1s zero.

It 1s further clear that the method can be used for the
production of fittings or other types of hollow articles
each of which has two or more undercut portions.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for
various applications without omitting features that,
from the standpoint of prior art, fairly constitute essen-
tial characteristics of the generic and specific aspects of
my contribution to the art and, therefore, such adapta-
tions should and are intended to be comprehended
within the meaning and range of equivalence of the
appended claims.

What i1s claimed is:

1. A method of making a tubular pipe fitting of the
type having a longitudinally extending axis and having
a predetermined wall thickness throughout and wherein
two outer circumferentially extending annular portions
having first inner diameters flanking an intermediate
circumferentially extending annular portion having a
larger second inner diameter defining a circumferen-
tially extending annular groove for receiving a gasket,
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packing or the like, the difference between the radii of 25

said outer annular portions and the radius of said inter-
mediate annular portion being within a range of more
than to at least equal to said thickness, comprising the
steps of introducing plasticized synthetic plastic mate-
rial into a mold whose cavity has a configuration match-
ing that of the fitting, the mold being shiftable between
an open position to facilitate removal of the fitting and
a closed position to form the cavity and facilitate forma-
tion of the fitting, the mold cavity being defined by a
core having a first core part for cooperating in forming
one of the outer annular portions and a second core part
for cooperating in forming the other of the annular
portions together with the intermediate annular portion,
the core parts being axially shiftable relative to one
another between a first position at which the core parts
cooperate in forming the mold cavity and second posi-
tion at which the second core part is adapted to be
stripped from the intermediate annular portion of the
fitting, the mold cavity also being defined by a first
outer mold part radially shiftable between a first posi-
tion at which it cooperates in forming part of the cavity
for one of the outer annular portions and part of the
second intermediate annular portion and second radial
position away from the fitting to permit stripping of the
core, the mold cavity also being defined by a second
outer mold part shiftable axially between a first position
at which it cooperates in forming part of the cavity for
the other of the outer annular portions and the remain-
der of the intermediate annular portion and a second
axial position away from the fitting to permit stripping
of the core, the mold cavity surrounds the core includ-
ing a larger portion with an outer diameter correspond-
ing to said second inner diameter and two smaller por-
tions flanking said larger portion and having outer di-
ameters corresponding to said first diameters whereby
the introduced material is converted into said fitting;
exposing the exterior of the fitting by shifting the first
and second outer mold parts to their respective second
position, at least in the region of said intermediate por-
tion and one of said outer portions; maintaining the
latter one outer portion of the exposed fitting in a state
in which it can undergo elastic deformation; and mov-
ing the fitting and the second core part relative to each
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other in a direction to force the larger portion of the
core through said latter one outer portion of the fitting
whereby this one outer portion expands during the
passage of said larger portion therethrough and there-
upon contracts so that its inner diameter is again less
than the inner diameter of said intermediate portion.

2. A method as defined in claim 1, wherein said intro-
ducing step includes injecting said plastic material into
the cavity.

3. A method as defined in claim 1, wherein said plas-
tic material is a thermoplastic substance and said main-
taining step includes maintaining the temperature of
satd one outer portion within a predetermined range.

4. A method as defined in claim 1, further comprising
the first additional step of causing the matenal of the
entire article to set and the second additional step of
thereupon completely withdrawing the core from the
article.

5. A method as defined in claim 4, further comprising
the step of internally supporting at least said one outer
portion of the article in the course of said first additional
step.

6. A method as defined 1n claim 1, wherein said main-
taining step includes maintaining said one outer portion
of the article at a temperature which exceeds the tem-
perature of the other outer portion of the article.

7. A method as defined in claim 1, further comprising
the step of establishing a layer of gaseous fluid between

said core and at least a portion of the surrounding arti-
cle in the course of said moving step.

8. A method as defined in claim 7, wherein said gase-
ous fluid is compressed air. |
9. A method for forming a hollow thermoplastic article,
having an enlarged bell end with an inner annular groove
therein, and a body portion having at least a longitudinal
section thereof of smaller inner diameter than the diameter
of said inner annular groove of said bell end, which com-
prises the steps of-
introducing molten plastic into a hollow article forming
mold means including a cavity means and core means
which cavity and core means together, in closed posi-
tion, define said bell end and said body portion, said
core means being movable, with respect to said cavity
means, from a closed position to at least one partially
retracted position and thence to a fully retracted posi-
tion clear of said cavity means and said cavity means
being openable to enable said article to be ejected from
said cavity means; |
cooling the molten plastic of at least a first part of said
body portion, while said mold means is in closed posi-
tion, to a first temperature range within which said
plastic forming said first part of said body portion is
substantially rigid and non-deformabie and,
cooling the molten plastic forming said bell end, while
said mold means is in closed position, to a second
temperature range in which said plastic forming said
bell end remains resiliently deformable, said second
temperature range being substantially higher than
said first temperature range;
in sequence, partially retracting said core means to
thereby remove said core means defining said bell end
with some elastic deformation of said bell end while

the plastic forming said bell end lies within said sec-
ond higher temperature range and is still readily de-

formable and said first part of said body portion lies
within said first lower temperature range and then,
fully retracting said core means; and
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ejecting said formed thermoplastic article from said
cavity means before said bell end has cooled to a
substantially rigid condition to allow said bell end to
recover to its undeformed shape. |
10. The method of claim 9 which includes the step of
opening said cavity means just prior to said partial retrac-
tion of said core means.
11. The method of claim 9 wherein said plastic material
is PVC. 10
12, The method of claim 9 wherein cooling fluid is
passed through that portion of the core means defining said
first part of said body portion of said hollow article to cool
said first part of said body portion to temperatures within
said first temperature range at the time of partial retraction 13
of said core means.
13. A method for forming a thermoplastic article having
an enlarged bell end with an inner groove and a body
portion having at least a section thereof of smaller inner 5,
diameter than the diameter of said inner groove, which
comprises the steps of:
heating thermoplastic material to a temperature where
said material is resiliently deformable,
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molding said material to form said article by disposing
the heated thermoplastic material around a first and
second molding means, said first molding means
forming said bell end of said hollow and said second
molding means forming said body portion of said
hollow;

cooling said second molding means to cause the thermo-
plastic material adjacent to said second molding
means to cool to a temperature range where said ther-
moplastic material is substantially rigid and non-
deformable;

cooling said first molding means to cause said thermo-
plastic material adjacent to said first molding means
to be cooled to a second temperature range in which
said thermoplastic material remains resiliently de-
formable, said second temperature range being sub-
stantially higher than said first temperature range;

withdrawing said first molding means causing elastic
deformation of said bell end; and

withdrawing said second molding means and allowing
said bell end to recover to its undeformed shape before
said bell end has cooled to a substantially rigid condi-

tion.
b | *x x i
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