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Abstract

Fiber-reinforced thermoplastics (FRPs) have been widely applied in industries such as
aerospace, automotive, wind energy, and marine/yacht manufacturing. However, these materials
often exhibit asymmetric shrinkage in injection molded products due to the internal behavior of the
fibers, the underlying mechanisms of which remain not fully understood. To address this issue, this
study aims to improve the shrinkage behavior by utilizing the melt rotation effect. Specifically, two
sets of four-cavity mold systems were employed as the research platform—one with a balanced
runner (BR) system and the other with a non-balanced runner (NBR) system. In both mold systems,
each cavity has an ASTM D638 standard specimen, with dimensions of 63.5 mm X 9.53 mm x 3.5
mm. To thoroughly investigate the melt rotation effect and its influence, both theoretical simulation
(using the Moldex3D software) and experimental analysis (conducted with the Arburg injection
molding machine) were carried out. The results showed that, for both BR and NBR systems, the
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filling behavior predicted by simulation quite matched the experimental results. Furthermore, by
observing and comparing the geometric shrinkage variations of molded products from the NBR and
BR systems, it was found that dimensional deformation differed significantly in all three directions
(x, y, and z). Specifically, in the end of filling region (EFR), the shrinkage variation along the flow
direction was not significantly different; however, the shrinkage variation perpendicular to the flow
direction was notably reduced. In addition, for corresponding cavities in both BR and NBR systems,
the melt rotation effect significantly reduced shrinkage in both the transverse and thickness directions.
These findings clearly demonstrate that the melt rotation effect can be effectively utilized to correct
dimensional shrinkage in injection-molded components. Moreover, simulation analysis was further
applied to compare fiber orientation between the BR and NBR systems. The results revealed that the
melt rotation effect had a greater impact on fiber orientation in the NBR system. Specifically, the
fiber orientation tensor in the flow direction (Aj1) exhibited an increasing trend, whereas the
orientation tensors in both the transverse direction (A22) and thickness direction (As3) showed
decreasing trends. These results suggest that the melt rotation effect induces changes in the flow field,
which weaken the flow—fiber coupling effect, thereby altering fiber orientation and subsequently
reducing the asymmetric shrinkage in the transverse direction of the molded parts.

Keywords: Injection molding, Fiber-reinforced plastics (FRP), Fiber orientation, Melt rotation effect,
CAE simulation analysis
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