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ABSTRACT

The injection molding of thermoplastics involves a large number of
variables which are related to part and mold design, machine operation and
resin properties. Important aspects such as the feeding system (sprue,
runner and gate) and processing conditions govern the flow characteristics
and heat transfer phenomena occuring during the filling and solidifwcation
phases, which in turn affect the mechanical properties of the Ffinished

products.,

This paper will describe, within the framework of computer integra-
ted injection molding, the results of a research project regarding the re-
lationship between the above mentioned aspects. Experimental as well as
process simulation results on a variety of samples (HDPE, PP) will be pre-

sented.
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INTRODUCTION

The injection moulding of thermoplastics involves a large
number of variables which are related to part and mould de-
sign, machine operation and resin properties. Important as-
pects such as the feeding system (sprue, runner and gate) and
processing conditions govern the flow characteristics and heat
transfer phenomena occurring during the filling and solidifi-~
cation phases, which in turn affect the mechanical properties
of the finished products.

Several authors have examined the effect of moulding con-
ditions (1-5) as well as mould design (6-10) on the structural
and mechanical properties of injection moulded samples, ' Some
of these findings have been used to establish mathematical mo-
dels of product performance based mainly on processing condi-
tions and resin characteristics.

The results of investigations of this kind become more
lmportant in the light of the rapid development of Computer
Integrated Injection Moulding (CIIM) (11) technology.

In order to integrate the different components of this
system (Figure 1) 1t 1is desirable to establish theoretical
and/or experimental relationships among them. For example,
the knowledge of the flow characteristics in runners and gates
of different types and dimensions can be used to establish
mould design guidelines (flow simulation - tooling design
link) and to predict final part propertles such as tensile
modulus and shrinkage (flow simulation and stress analysis of
the part relation),

In the long run this approach will enable the CIIM tech-
nology to be a fully predictive tool capable of desecribing the
behaviour of the material in the different stages of the pro-
cess - from part conception to final product performance.

This paper will describe some preliminary results (expe-
rimental as well as theoretical) concerned with the relation-
ship between process conditifons and mould design on one hand
and the mechanical properties of the moulded part on the
other.,

EXPERIMENTAL PROGRAM

Material

Polypropylene (ProfaX 6331: p = 0.902 g/em®, MI = 12 g/10
min (ASTM D 1238 condition I) was used throughout this study.



Injection Moulding Equipment

A mould having two identical cavities in the shape of
tensile test specimens (ASTM D638) was used (Figure 2). By
using movable plugs in the runners, the way the flow enters
each cavity can be controlled. The specimens can be moulded
from both ends simultaneously thus forming a weldline at its
center or from one end alone so that no weldline will be for-
med. The mould 1is also equipped with a set of interchangeable
gates (edge and fan of different dimensions) and is instrumen-
ted in such a way that pressure measurements can be taken both
in the cavity and in the runner system.

The mould was mounted on a 70 ton injection press (Engel
ES 150/70) with closed loop control for speed and pressure as
well as adaptive shot size control.

Experimental Procedure

Four processing parameters - melt and mould temperature,
Injection/holding pressures and cooling time — were varied one
at a time while all the others remained constant (Table 1).
Two different fan gates, one edge and one pin-point gate were
used in this study. Most of the tests were caried out on sam~
ples without a weldline.

The mechanical properties of the samples were measured
using an Instron Tensile Testing Machine (Model 1125). The
test temperature was ambient and the test conditions corres—
pond to the norm ASTM D638. A testing speed of 5 mm/min was
used. The strain was measured by an electrical extensometer.

RESULTS AND DISCUSSION

The gate of an injection mould serves several purposes,
It freezes rapidly and prevents material either entering or
leaving the mould; it provides a small region in which the
melt i1s under the effect of high shear rates; and it provides
an easy means to separate the feeding system from the mould-
ing.

The two purposes mentioned first to a certain extent con-
trol the thermomechanical history of the melt entering the ca-
vity and consequently should be considered among the parame-
ters determining the final properties of the moulded part.
Furthermore the geometrical characteristics of the gate and
its position affect in different forms the flow through them
as well as the flow pattern in the cavity.

Figure 3 shows the shear rate patterns calculated for ga-
tes used in this study. Gates # 1 and # 2 (fan) exhibit simi-
lar values with shear rate decreasing towards the entrance of
the cavity, Gate # 4 (edge) presents a higher shear rate
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value at the entrance of the cavity which remains almost cong-
tant throughout the gate. Gate # 3 (edge) having the smallest
area shows the highest shear rate at the exit.

Figre 4 presents the relation between injection pressure
and tensile modulus of the samples moulded using different
gates. Although the change, in stiffness 1s not very large
(small cavity under normal operating conditions), it can be
seen that the modulus decreases with increasing injection
pressure, This decrease is more significant in the case of
gate # 4. Probably this could be attributed to a low degree
of orientation of the melt entering the mould. The opposite
1s true in the case of gate # 3 where the high shear rate cau-
ses a larger orientation and consequently a higher modulus.
The larger difference in modulus at higher injection pressure
among the gates could also be caused by a more uniform pack-
ing, and therefore absence of a preferred orientation in the
gates with large areas,

Figure 5 shows a comparison of moduli of samples moulded
with higher melt and mould temperatures.

It is found that the samples sheared the most at the gate
exhibit the highest modulus values.

The modulus decreases as the melt temperature increases
probably due to a lower degree of orientation in the melt at
higher temperatures. On the other hand an increase in mould
temperature changes the crystallization of the melt and there-—
fore it could cause a change in structure. Finally, it can
also be seen that the pressure drop across the different gates
follows a similar pattern to that of the tensile modulus.

Figure 6 shows an overall tendency of the tensile modulus
to decrease with increasing temperature.

The significant change in modulus occurs only in a narrow
temperature range (428 - 446°F). This phenomenon cannot be
explained in terms of the pressure drop across the gate or the
pressure required to fill the cavity. In this case it proba- .
bly can be related to the crystallization kinetics of the ma—
terial under a critical temperature gradient causing a dif-
ferent structure.

As expected, this figure also shows that, samples having
a weldline exhibit lower tensile modulus values. This beha-
viour is more evident at lower melt temperature values. TFur-
thermore, the weld line sample shows a melt temperature inde-
pendent tensile modulus. This could be caused by a more uni-
form temperature distribution along the sample since each
stream has to travel a shorter distance.

Figure 7 presents the effect of the injection pressure on
the tensile modulus. As the pressure increases the tensile
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modulus decreases for both samples with and without weldline.
This could be explained by the fact that a higher injection/
holding pressure would reduce the orientation in the sample.

On going studies on HDPE and geometrical and processing
variables such as change in thickness and shape of the part
have shown similar effects on the mechanical properties (30%
variation of the elastic modulus) as well as anisotropy within
the samples.

CONCLUSIONS

The preliminary results given in this paper show that
there is a correlation between the gate geometry ~ represented
by different shear rate patterns - and the tensile properties
of the moulded part. It appears that the mechanical proper-
ties increase with increasing shear rate. The change is more
significant at higher injection pressures and lower melt tem-—
peratures.

For the case of a particular gate the changes in mechani-
cal properties can be related to processing parameters. This
can be very important with longer flow paths from the gate and
smaller part thickness.
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TABLE 1: Experimental Conditions

PROCESS VARIABLES

Injection Melt Mould Cooling
Variable Pressure Temperature| Temperature Time
(psi) (°F) (°F) (s)
Range 6000 - 13000] 410-464 86 - 140 12 -28
" [Basic
Condition 10000 428 113 20
GATE DIMENSIONS
Number Length (L) | Width (W) |[Thickness (H)| Area (A)
(in) (in) (in) (1n?)
1 0.394 0.236 0.125 0.0297
2 0.394 0.354 0.125 0.0233
3 0.394 0.055 . 0.0394 0.00217
4 0.394 0.157 0.0788 0.0124
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FIGURE 1. COMPUTER INTEGRATED INJECTION MOULDING
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Figure 3. Shear Rate Patterns.
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Figure 5. Tensile Modulus: Effect of melt and mold
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Figure 6. Tensile Modulus Vs,
Melt Temperature.
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Figure 7. Tensile Modulus vs. Injection Pressure.
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