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Abstract

The packaging industry is on the brink of process change—including manufacturing, materials
and their applications. New concepts are being born via computer screens and virtually nurtured
to create commercially-viable packages. This is taking place before ever touching the mold,
creating an actual package or conducting a physical test.

It's important to understand various aspects of processing, material properties, package design,
product characteristics, as well as specifications and performance parameters that need to be
met.

Design guidelines have matured to the point where “moldable” geometry is part of the CAD
software’s intelligent database. This helps take concepts, convert them to viable production
ready designs and provide a degree of confidence that the package can be manufactured.

However, the output from this stage does not tell us whether or not a specific performance
characteristic—such as improving the drop impact performance—has been achieved. This is
where the second component of virtual modeling comes into play. The intricate CAD geometry
can be manipulated to add further definition regarding thickness and material properties.

Introduction

Parker Plastics is a major supplier of extrusion blow molded containers. These are plastic
containers commonly molded from polyolefin materials such as high-density polyethylene and
polypropylene. Extrusion blow molding is typically a manufacturing process of choice for
handled containers like milk jugs, oil and detergent bottles. The process is desirable when a
relatively large volume of liquid needs to handled by consumers in daily use such as pouring
and filling. In one such scenario, it was observed that a significant proportion of the 1 Gallon,
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Figure 1: Rupture area on a drop tested 1 gallon container



Figure 2: Drop test apparatus

230g filled bottles were encountering unacceptable rupture when dropped from a height of 3
feet. A filled gallon container typically weighs more than 4 kilograms and a height of 3 feet is a
reasonable specification for a container that may slip out of consumer hands and impact the
ground. The expectation is that the plastic container should not leak or explode under such
conditions.

This unexpected failure is shown in Figure 1 along the container’s view stripe region which also
happens to be the mold parting line. This area is formed from multiple material flow fronts that
converge and can be weak compared to a monolithic structure formed without a weld line. The
containers supplied were molded with white, grey and black colorants. However, their weights
and thickness distribution were similar. Based on the test results, the colorant did not play a big
role in changing the container’s drop impact performance.

An extrusion blow molding process typically involves two mold halves that pinch an inflated
parison. The resulting thickness distribution is dependent on the mold geometry and the
stretching characteristic of the material. Extrusion blow molded containers derive their thickness
distribution from the parison shape which is the precursor to the blown bottle. The goal of this
work was to understand the reason for the container failure and identify a design improvement
that could eliminate the problem. Further, typical containers in this size category weigh between



190g and 240g. Hence an additional study objective was to determine the extent to which the
container can be light weighted.

Analysis

Initial container tests used a test apparatus as shown in Figure 2. Production containers were
drop tested from various heights and recorded for failure rate. As a first step, PTI mapped the
thickness distribution of the production containers using the Mapped Field input option available
in Abaqus/CAE. The resultant thickness distribution is shown in Figure 3. PTI also pulled some
tensile samples off the container sidewall to understand the mechanical properties of the
material as a function of different strain rates.

The model was set up replicating the test physics with a container filled with water represented
as Abaqus/CEL (Coupled Eulerian Lagrangian) elements. It was then dropped from the
prescribed height with a contact angle close to 5 degrees, replicating what was observed from
the actual tests. The CEL elements allow the introduction of inertial effects compared to fluid
cavities which do not impart any kinetic energy and is the appropriate choice in this analysis.

In general, even if the container is dropped perfectly vertically from the test platform shown in
Figure 2, the contact occurs at the ground at a slight angle. Typically, the base corners are the
first to impact the ground and that was replicated in the simulation setup.

Figure 4 shows the container impacting with ground with the liquid sloshing inside the container
and different regions of the container showing stress and deformation.

Figure 3. Mapped thickness distribution for 1 gallon bottle (Units: mm)
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Figure 4. Drop impact simulation of a typical extrusion blow molded oil bottle

Figure 5 shows a high speed video capture of the same container at the moment of impact with
deformation closely matching that of the actual container. The physical container quickly retracts
back to the original shape and unless a high speed video capture is made, the intermediate
deformation characteristics would not be self-evident. The crease marks visible on the dropped
container as seen in Figure 1 is also a good indicator of the region where the high deformations
occur with possible rupture. The overall project objective was to reduce the extent of stress in
the bottle sidewall by changing container geometry within the design envelope defined by
Parker Plastics.

Figure 5. Deformation validation captured with high-speed camera during drop testing



Figure 6 shows the container stress and deformation as the bottle bounces off the rigid floor
with high stress regions propagating from the base corners to the upper sections of the
container. As a consequence of the base deformation, the container bulges in the label panel

Progression of Stress During Drop Immediately After Contact

Figure 6. Stress, strain and deformation of the 230g filled container upon impact

with consequent regions of high strain along the parting line location where some of the tested
containers were observed to rupture.

The changes made to the design (as shown in Figure 7) alleviate the stress build up during
impact by modifying the base corners to be less sharp along with increase of the label panel
area to allow for a soother propagation of the stress front. The vertical rib at the corner of the
label panel area was removed and the handle cross section was made more round to eliminate
another issue related to handle webbing during forming. More radical changes could not be
made to the design to remain within the constraints of marketing and distribution requirements.

Old Design New Design

Figure 7. Comparison of the New Design with Previous



The stress and deformation plot in Figure 8 shows the extent to which the localized stresses
and strains were relieved due to the effect of the new geometry. The peak stress along the
wrinkle in the parting line was reduced from 45 MPa to 30 MPa under identical loading
conditions. The peak strain observed in the same area was also reduced by about 25% in the
affected region. As can be seen from the deformation plot comparison in the middle frame, a
higher area of the panel region is observed to bulge in the New Design compared to the Old
Design. This implies that the stress is distributed over a wider area reducing the localized
strains to help make the container perform better in drop impact.
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Overall, the new design allows for a quick bottle expansion under impact and relieves
considerable stress as shown in Figure 9. The trace for the old bottle shows a rapidly expanding
container volume. The volume change is also negative for a short while, possibly building
internal pressure and hastening failure.
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Figure 9. Effect of changed geometry on accommodating volume change due to impact



Parker Plastics prototyped the new design. Initial tests indicated that the impact failure problems
from the 3 foot drop have been almost completely eliminated. Work is underway to investigate
light weighting the container to 220g and 210g in steps. However, there are challenges with the
lighter weight targets. Due to reduced thickness distribution, for the same impact energy, the
force will distributed over a thinner cross sectional area causing the stresses to be higher. As
long as the stresses are below the critical limit in the view stripe area, no failure is anticipated. A
variety of techniques including parison programming on blow molding machines may allow the
redistribution of material in the affected regions to overcome the failure point.

In conclusion, the use of modeling allows package modification and optimization that results in
lighter weight, robust designs. These are not only economical from material savings point of
view, but also from reduced processing time.
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