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Timing screws are one of the main mechanisms used in packaging and
conveying industrial parts lines. Despite their variety and extensive
use, there are few scientific resources on their design principles. This
research addresses the design, construction, and performance
evaluation of a timing screw mechanism capable of rotating 180
degrees and reversing the direction of the packaging line for
cylindrical parts. First, the main design parameters of the timing screw
were examined, and their values were set based on assembly
requirements. Since the screw is a standard linear-moving screw,
extensions were added to enable 180-degree rotation. A computer
simulation was used for this process. After determining the dimensions
and creating a 3D model of the timing screw and its attached assembly,
manufacturing was carried out with thermoplastic polylactic acid using
the filament-freeform fabrication method. To evaluate performance, an
electric motor was installed on the assembly, and tests were conducted
on real parts. The practical tests show that the designed timing screw
performs its intended function accurately. Additionally, the average
surface roughness measured at 5.34 micrometers is considered a
desirable result given the 3D printing process and proper operation.
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Abstract
Introduction

This research addresses a significant gap in both academic literature and industrial practice by
presenting a comprehensive methodology for the design, additive manufacturing, and functional
validation of a specialized timing screw mechanism. Timing screws are indispensable
components in automated packaging and assembly lines, providing precise control over the
movement, spacing, and orientation of products. Despite their widespread application across
industries such as food, pharmaceuticals, and automotive, publicly accessible scientific
resources detailing their design principles, particularly for complex operations such as rotation,
are remarkably scarce. This gap often forces industries to rely on expensive, imported
proprietary solutions from original equipment manufacturers, leading to economic drain and
vulnerability to production halts. This study focuses on this challenge by demonstrating the
viability of using a materials-by-design and digital fabrication approach to create a functional
timing screw mechanism capable of performing a 180-degree rotation and simultaneous
directional change of cylindrical parts, thereby offering a potential pathway toward import
substitution and enhanced technical self-sufficiency.

Result and Discussion

The introduction establishes the critical role of timing screws in modern automation,
highlighting their function in synchronizing, spacing, and guiding products through various
stages of packaging and assembly. The authors categorize timing screws into several types,
including standard, separating, accelerating, and the focus of this paper: the 180-degree rotation
timing screw. They identify a clear research deficit, noting that while these components are
technologically mature, their design knowledge remains largely proprietary. This is corroborated
by a field study within Iranian industries, which revealed a near-total dependence on foreign
suppliers for these critical components, citing challenges in precise design and manufacturing
for complex geometries. The study, therefore, positions itself to demystify the design process
and leverage the geometric freedom of additive manufacturing (AM) to create a sophisticated
mechanism that would be costly and complex to produce using traditional methods like CNC
machining.

The primary objective of this research is to systematically design, fabricate, and evaluate a
timing screw mechanism that can not only transfer cylindrical parts linearly but also impart a
precise 180-degree rotation while changing their conveyance path. This dual functionality is
essential for production lines where a part must be reoriented or fed into a different assembly
branch. The study aims to achieve this through a structured process that begins with defining
key design parameters based on the part geometry, proceeds through 3D modeling and motion
simulation, and culminates in fabrication using the Filament Freeform Fabrication (FFF) method
with polylactic acid (PLA) filament. A further objective is to assess the dimensional accuracy
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and surface quality of the 3D-printed components to validate the suitability of FFF for
producing such high-precision functional mechanisms.

The methodology is meticulously detailed, starting with the determination of the timing screw's
core design indices. For a cylindrical part with a height of 25 mm and a diameter of 10 mm, the
major diameter of the screw was set to 25 mm, the root diameter to 13 mm, and the length to
185 mm. The pitch was calculated to be 15.417 mm to accommodate twelve threads, resulting in
a helix angle of 10.11 degrees. Crucially, recognizing that a standard timing screw only provides
linear motion, the research involved the innovative design of custom attachments and a base
platform. These components, featuring two inclined pathways with specific angles, 11.31
degrees for the inlet and 14.76 degrees for the outlet, were engineered to guide the part onto and
off the screw, facilitating the controlled 180-degree roll. The entire system, including the screw
and the integrated base with attachments, was modeled and dynamically simulated in
SolidWorks to verify the intended motion before fabrication.

The fabrication was executed using FFF 3D printing on a Creality Ender-3 V3 KE printer with a
0.3 mm nozzle. All components were printed in black PLA with a layer height of 100 microns, a
nozzle temperature of 260°C, and a bed temperature of 60°C. For functional testing, the
assembled mechanism was driven by a small electric motor connected via a rubber belt. The
results of the experimental validation were highly successful. The physical tests confirmed that
the cylindrical part was smoothly conveyed along the inlet path, gradually tilted and seated onto
the rotating timing screw, underwent a flawless 180-degree rotation as it traversed the screw,
and was finally discharged down the steeper outlet path, effectively completing the change in
direction. The repeated cycles demonstrated the mechanism's reliability and accuracy.
Furthermore, quality assessment of the 3D-printed parts revealed an average surface roughness
of 5.34 micrometers, which corresponds to the N8-N9 roughness grade according to ISO 1302.
This surface quality was deemed more than adequate for the intended application, as it did not
impede the smooth operation of the mechanism. The high-dimensional accuracy achieved
through the 100-micron layer height was also critical for the successful assembly and operation
of all components.

Conclusion

In conclusion, this research successfully demonstrates a complete pipeline—from conceptual
design and simulation to functional prototyping—for creating a complex timing screw
mechanism using low-cost, accessible FFF 3D printing. The study not only provides a practical
solution for a specific industrial need but also establishes a foundational framework for the
design and domestic manufacturing of other custom automation components, thereby
contributing to both academic knowledge and practical industrial capability.
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