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Figure 4. Final material
distribution of blow
molded bottle

Figure 5. Initial parison thickness variation for baseline and

optim

ized cases through parison programming

Figure 6. Final bottle thickness variation for baseline and

optim

ized cases through parison programming

The general modeling advantages include the ability to quickly study
the effect of various inputs on the final outcome of the blow molding
process. For example, if you know what the final material distribution
should be, modeling can answer the question, “What should the initial
thickness variation of the parison/preform be to reach that final material
distribution?” Figure 5 shows the required parison initial distribution
compared with an initial guess of a uniform variation to reach the final
thickness variation shown in Figure 6. The bottle shown in the figure is
expected to be stronger since it does not have any weak areas that are
locally very thin (dark blue).

Structural Test Examples

The most common structural tests/loadings are:
Top loading (empty/filled)

S Pressure/vacuum

S Squeeze (side)

S Burst

(2]

These tests may mimic scenarios faced during the manufacturing process,
shipping/handling or end use. A design is considered out of spec, of course,
if the bottle fails to preserve the end product and/or it experiences enough
plastic deformation that would arouse suspicion about the quality of the
product inside (bent neck, squished corners, etc.). Another unacceptable
design is if the bottle experiences just enough elastic deformation under
hydrostatic loading to make it not fit in a desired space (shelf or conveyor
belt, for example).
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Figure 7.
Typical top
load results

Figure 9. Total deformation from drop test

Blow Molding Process Effect on Structural Performance

As mentioned before, bottle structural performance depends on the
material, the thickness variation along the bottle, and the bottle design
itself. Thus, a realistic top-load performance, for example, can be predicted
within reasonable accuracy only if the variable thickness variation is taken
into account. This is why mapping the thickness obtained from the blow
molding simulation to the FEA tests is needed (Figure 10).

Bottle Weight Reduction as Goal-Driven Optimization

Virtual prototyping’s true benefit is when it is used to optimize bottle
design and the blow molding process to reach design objectives. For
example, considering the top-load strength and bottle weight as two
competing design objectives, an interesting GDO problem is, “What should
be the initial thickness variation of a parison that would lead to such a
design?” Since virtual prototyping already offers a closed-loop simulation
environment in which blow molding results are automatically mapped onto
the FEA model of interest, wrapping an optimization algorithm around that
closed loop is actually a simple, yet very effective, task.

The first step of the GDO process is running a design of experiments (DOE)
in which the feasible design space is covered. This usually entails automatic
creation and solution of tens, maybe hundreds, of simulations. Then, the
DOE can be used to mathematically represent a response surface model
(RSM), which is simply a mathematical description of the entire system’s
performance. This includes the blow molding process and the structural
behavior of the bottle since, as far as virtual prototyping is concerned, it is
a continuous system. Finally, the RSM can be used to mathematically find
the optimum design(s) that yield the required objectives related to bottle
weight and required strength.
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Figure 10. Mapped thickness from blow molding process to
structural FEA model
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Conclusion

Virtual prototyping as implemented in blow molding offers a very attractive
way to optimize both the blow molding process and the blow molded part
design to yield to the desired bottle performance at a minimized weight

in an accelerated manner. This results in cost savings and accelerated
adaptability to new designs.
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