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FCRHE  Application of Ultrasonic Wave to Polymer Processing

Injection molded precision products have consistently improved in performance and
function over the past years. For that reason, an ultrasonic injection molding (UIM) system,
which applies ultrasonic waves to injection molding, as a precision injection molding
technology was developed.

Replication of a microstructure was evaluated by UIM system. The results showed that the
replication ratio of the microstructure was improved by the UIM system in comparison with
the conventional molding. The mechanism of the improvement of replication in UIM could be
attributed to the inertia force acting on the polymer melt due to ultrasonic vibration during the
melt filling process. The behavior of resin flow under ultrasonic waves was evaluated by slit
die in the extrusion by flow visualization experiments. Wall slip was observed between the
resin and wall surface with ultrasonic vibration. The fluidity of resin was evaluated by UIM
system. The results allowed the improvement of the apparent fluidity of resin compared to the
case without ultrasonic vibration. The melt fracture caused by adhesion between the resin and
wall surface was evaluated in the inflation molding. The critical shear rate of the melt fracture
in the ultrasonic inflation molding was improved four-fold or more compared with the
conventional molding because of the wall slip. The UIM system is difficult to apply for a
complex mold. Accordingly, the improved UIM (UIM-2) system was developed. The UIM-2
system is designed to focus the ultrasonic wave on a part of resin flow channel in the mold.
The replication of spherical surface and residual optical strain of concave lens were evaluated
by UIM-2. Results showed that, by applying ultrasonic waves, oscillatory flow was generated
inside the cavity. Because of ultrasonic energy absorption, local heating was generated inside
the resin, resulting in the formation of oscillatory flow during the holding stage. The surface
finish of the molded lens was significantly improved in UIM-2 compared with that in
conventional molding. Consequently, replication during the holding stage is facilitated by the
UIM-2. Moreover, evaluation of the residual optical strain of the lens revealed that the strain
was much lower in UIM-2 than in conventional molding. The decreased strain was attributed
to the local heat generation by the ultrasonic waves.
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