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STATEMENT OF POLICY
ON
RELEASE FOR PUBLICATION
OF
SPE CONFERENCE PAPERS

An SPE Conference is a forum for discussion of contributions to
the scientific and engineering knowledge of plastics. Conference
preprints aid communication between speakers and audience,
encouraging meaningful discussion. They are not a substitute for
publication. F

Selected conference papers and discussions are added to the
literature through publication by the Society in its established
periodicals. Others are released for publication elsewhere in
accordance with the following policy.

2 All papers submitted to and accepted by the Society for
presentation at one of its conferences become the property
of the Society of Plastics Engineers, and all publication
rights are reserved by the Society.

23 As soon as practicable after a conference, the Society will
contact all authors whose papers are being considered for
publication by SPE. All other papers will be released upon
request of their authors and may be offered for publication
elsewhere with the stipulation that, if published, appro-
priate source credit be given to the Society and the
specific conference involved.

3, The Society shall not grant previous or simultaneous
publishing rights to any of the papers it intends to publish.

4. The Society shall not be responsible for statements or 2
opinions advanced in publications, reports, papers or in
discussions at its meetings unless specifically approved
by €ouneil.

S An abstract, not to exceed one-fifth the length of the
original paper presented at a conference, may be published
without further permission from the Society, provided
appropriate source credit is given to the Society of
Plastics Engineers and the specific conference involved.
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DESIGN OF HOT RUNNER SYSTEMS

BY

MICHAEL URQUHART

HUSKY INJECTION MOLDING SYSTEMS LIMITED

BOLTON, ONTARIO, CANADA



DESIGN OF HOT RUNNER SYSTEMS

In order to ensure efficient molding operation, hot
runner systems should be designed to meet the
following objectives:

* Equal flow and pressure to each cavity.

% Minimum pressure drop from the sprue to the
cavity.

le
w

Uniform heat distribution through the runner.

* Minimum heat 1loss and -allowance for thermal
expansion.

* Good cavity support.

* Reduced maintenance requirements.

BALANCED SYSTEM

A balanced hot runner system provides equal flow and
pressure so the molten plastic is delivered under
identical conditions to each cavity. Non-uniform
resin flows that occur when systems are very
unbalanced can create part quality problems.

Systems are balanced by having equal flow lengths
and the same numbers of bends to each cavity.
Systems with any number of cavities can be balanced.
In some cases, however, this would require arranging
the cavities along the perimeter of a circle,
leaving a large area in the middle of the mold which
is wasted. This can be avoided by designing systems
around numbers of cavities which can be balanced
while making efficient use of mold space - for
example, 2, &, &, B, 12, ¥6, 24, 32, 36 aml aB.

Hot runner systems with higher numbers of cavities
can be balanced by having resin flow to cavities on
two levels. In the case of a 16 cavity mold, for
example, resin from the machine nozzle can be
distributed on one level through four melt channels
which in turn each feed one group of four cavities
on the second 1level. In effect, four 4-cavity
balanced systems are created.
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MINIMIZED PRESSURE DROP

A hot runner system designed to minimize pressure
drop will reduce the injection force requirements.
In order to minimize friction losses, melt channels
should be round and have smooth sides. Sharp corners
should be avoided.

The latter can be accomplished by machining a
curvature into hot rumner plugs. This not only
reduces friction losses, but eliminates dead areas
where the resin 1is stagnant and susceptible to
degradation. ‘

Systems which have heating elements inside melt
channels, creating annular resin flow, have several
disadvantages;

* Since the resin flows in an annulus, it 1is
exposed to two friction surfaces - one at the
outer wall of the melt channel and the second
at the surface of the heating element. Melt
channels must intersect at right angles to
accomodate cartridge heating elements, creating
sharp corners which increase friction losses
further and create dead areas. The result is a
high pressure drop.

To reduce the pressure drop, such systems have
larger melt channels. The result is a large
resin inventory, more resin to decompress and
therefore more material losses through drooling
at the gate or the sprue bushing, and slower
color changes.

UNIFORM HEATING

A well designed heating system which provides
uniform heat distribution throughout the hot runner
system is important in maintaining a homogeneous
melt.



Uniform manifold heating can be achieved by milling
grooves into the top and bottom surfaces of the
manifold, equidistant from each cavity (see Figure
1). Tubular heating elements, which maintain a
uniform temperature along their length, can then be
bent to follow this shape, and pressed into the
grooves.

The use of band heaters with resistance accuracy to
within +/- 1% will provide uniform heating to all
nozzles.

This combination of wuniform nozzle and manifold
heating and the balanced runner system will allow
all nozzle heaters to be controlled with a single
heat controller. Either a manual percentage time or
Variac controller, or an automatic controller with a
single thermocouple can be used.

INSULATION AND THERMAL EXPANSION

Hot runner systems should be designed to minimize
heat losses - maintaining uniform heat distribution
and reducing energy requirements - while allowing
for thermal expansion to ensure that no filling
problems occur due to misalignment. A manifold
completely surrounded by an insulating air gap and
supported only on the nozzle housings and insulators
will accomplish this (see Figure 2).

The conductive heat losses from such an arrangement
will be much greater than convective heat losses.
The heat 1loss from the system can therefore be
minimized by keeping the cross sectional area of
housings and insulators as thin as possible, and by
making these thin sections as long as possible.

Once the system is running, most of the heat needed
to maintain the melt temperature through the nozzle
housing is supplied by conduction from the manifold
and resin.
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As a manifold heats wup, it wundergoes thermal
expansion. With the center of the manifold held in
the manifold plate by the sprue insulator, the
manifold expands equally in all directions. As
expansion occurs, the manifold slides across the
nozzle housings and insulators, which are held
tightly in pockets in the manifold plate and
manifold backing plate respectively.

In the cold condition, a clearance should be
designed between the housing, manifold and
insulator, and the pockets in the manifold plate and
manifold backing plate (see Figure 3). Once the
system undergoes thermal expansion, the manifold is
supported between the insulator and the housing.

Since the manifold is allowed to slide across the
nozzle housing, the nozzle tip position relative to
the gate does not change as the system heats up,
except that the tip expands directly towards the
gate. This eliminates the need for the mold designer
to calculate thermal expansion in order to ensure
accurate alignment of the tip of the nozzle with the
gate. The system should be designed so that the melt
channels in the manifold and the nozzle are aligned
in the hot condition. This requires only a one-time
thermal expansion calculation by the manifold
manufacturer.

Accurate alignment is less critical at the
manifold/housing interface than at the nozzle/gate
interface due to the sizes of the channels at the
two locations. At the gate, which typically has a
diameter i the orter 6f 040" (1,9 " mm), 4
misalignment of only .002" (.05 mm) can cause
filling problems. At the manifold/housing interface,
such a misalignment will not cause any problems.
Therefore, if manifold temperatures must be varied
for different grades of material, nozzle
misalignment is not a factor.



CAVITY SUPPORT

Good cavity support ensures that the cavity plate
will not deflect during clamping and injection.
Manifolds should be designed to be as narrow as
possible, and placed in machined pockets in the
manifold plate which closely follow the outline of
the manifold. This maximizes the area in the plate
around the manifold available for cavity support
(see Figure 4).

With 1large manifolds, holes can be made in the
manifold which support pillars in the manifold plate
can pass through. This provides cavity support’ in
the large open area in the middle of the plate.

Some hot runner systems bolt the manifold directly
onto the plate. Manifolds must then be wide enough
to accomodate the - bolts around each cavity,
resulting in less manifold plate area available for
cavity support, and this also increases the heat
loss to the plates.

Still other systems suggest the use of spacer blocks
to frame the hot runner manifold, eliminating the
manifold plate. The result of this approach is an
even larger open rectangular area which provides no
cavity support.

MAINTENANCE

Maintenance can be reduced with a well designed hot
runner system.

Good cavity support minimizes cavity plate
deflection and reduces wear on mold tapers.

A cooling circuit can be built into the manifold
plate, separating the hot runner and the cavities.
This allows the cavities and the cores to be kept at
the same temperature, eliminating different rates of
thermal expansion, which can cause wear on the
interlocking faces of the mold.




Nozzles should be designed so gates can be cleaned
and nozzle tips or heaters changed while the mold is
in the machine. Cavities can be individually removed
or the cavity plate can be moved forward away from
the manifold plate to expose the nozzle tips (see
Figure 5).

ADVANTAGES OF A COMPLETE SYSTEM

Hot runner systems which are completely assembled
with manifold plates and are fully wired, require no

"buyer engineering'. They are easily aligned and
bolted to the rest of the mold, and can be fully
tested Dbefore delivery. This simplifies mold
start-up.

SUMMARY

Hot runner systems should be designed to ensure part
quality, minimize energy requirements, and reduce
downtime due to maintenance.

Balanced flow and uniform, accurate heating, both in
the manifold and the nozzles, will allow all the
nozzle heaters to be run with only one controller.
Smooth melt channels and rounded bends will minimize
the pressure drop through the system and eliminate
dead spots where resin can degrade. A small resin
inventory allows fast start-up or color changes, and
reduces drool.

Well designed hot runners minimize heat losses and
eliminate filling problems due to inaccurate
alignment of nozzles and gates.

Downtime can be reduced by reducing mold wear and
allowing gates to be cleaned and heaters to be
changed while the mold is in the machine.

M. Urquhart/vkh
November 24th, 1983.



i mak

F{g.‘1 ; s o, Fig. 2




ADVANCES IN VENTED BARREL INJECTION MOLDING OF

THERMOPLASTICS

ROBERT E. NUNN
Associate Professor

Plastics Engineering Dept.

University of Lowell
Lowell, MA 01854

Central Indiana RETEC

BY

and

for

WILLIAM S. HAMMOND
Product Manager,
Injection Molding

HPM Corporation

820 Marion Road

Mt. Gilead, Ohio 43338

Society of Plastics Engineers

Indianapolis, IN

November, 1984



L

INTRODUCTION

Many - engineering thermoplastics are hygroscopic in nature
and may produce unacceptable product unless entrained moisture
is removed prior to molding a part. In some cases, excessive
moisture content may produce appearance defects. In others,
losses in physical properties may occur due either to the for-
mation of macroscopic defects or chemical changes in the
material composition. One approach to removing entrained
moisture is by predrying the material prior to its introduction
to the molding machine. However, in most cases, a more viable
approach is the use of a vented barrel molding machine without
predrying. With this approach, rapid devolatilization of the
polymer is achieved directly from the melt. This is accom-
polished through the use of a specially designed two-stage screw.
The first stage of the screw performs the operations of feeding
and melting the material; the second stage devolatilizes and
delivers the material to the shot reservior downstream of the
screw tip.

Vented barrel injection molding has been widely accepted by
the industry since its commercial introduction in the U.S.A. a
decade ago, and most machinery manufacturers currently offer
vented barrel equipment in their product lines. Over the last
ten years, continuing development programs have enabled the
process to evolve from rather empirical origins to one that is
now based upon firmly established scientific principles. In a
previous publication (1),the fundamentals of the vented barrel
injection molding process were reviewed in some detail. At that
time it was evident that some operating limitations were still
present in the process, as follows: .

Output rates with typical two-stage screws were often much
lower than with standard single-stage screws on which machine
specifications are usually based. In general, often only
50-65% of standard screw outputs could be achieved, depending
upon the material being processed. In most cases, other
economic advantages of vented barrel injection molding more than
compensated for a marginal increase in cycle time. However,
there clearly was an opportunity to further improve productivity
by increasing screw output capability by applying new techniques
in screw design to the process.

Vent bleed can be a problem, particularly during process
setup. Although vent bleed may appear at different points in
the molding cycle, its basic cause is overfilling of the devolat-
ilization section of the screw channel due to an imbalance be-
tween the conveying capabilities of the first and second stages
of the screw. Since second stage metering zones are generally
short and since delivery .pressure is not insignificant,
typically 500-1000 1lb./sq. in. melt pressure due to the inertia
of the retracting unit plus an increment due to flow through the
non-return valve, the pumping capability of the second stage is
normally quite low. As a result, the second stage can often be



