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Abstract: This project titled “Design and Development of a 3D Printing Filament Extruder” aims to create a cost-effective
and efficient system for producing high-quality 3D printing filament using thermoplastic materials. The main objective is to
design and fabricate an extruder that can convert raw plastic pellets or recycled waste into consistent filament suitable for
Fused Deposition Modeling (FDM) 3D printers. The system comprises essential components such as a feed hopper, screw-
driven extrusion mechanism, heating barrel, temperature control unit, nozzle die, and filament winding assembly. The design
focuses on achieving precise temperature control and uniform extrusion to maintain a consistent filament diameter. The
developed prototype was tested using materials such as PLA (Polylactic Acid) and ABS (Acrylonitrile Butadiene Styrene) to
evaluate its performance in terms of extrusion rate, filament quality, and dimensional accuracy.
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l. INTRODUCTION

In recent years, 3D printing has advanced rapidly from
a prototyping tool to a common manufacturing technology
that is now utilized in a number of industries, with
applications ranging across aerospace, automotive,
healthcare, education, and consumer goods. One of the
aspects that are critical to 3D printing is filament used, and
the quality and consistency of filament extrusion, and
growing interest in extruding filament from recycled plastics
has become more financially desirable and environmentally
friendly. However, there are challenges regarding the post
extrusion processes of filament handling, particularly
winding filament.

The manual winding process has a tendency to result in
uneven layers, tangling and inconsistent tension, leading to
filament feeding issues, and problematic first layer adhesion
that compromises print quality. With this knowledge, the
addition of an automated filament winder is a beneficial
improvement to any small scale or DIY filament production
setup. The wuse of signals from steppers motors,
programmable microcontrollers and traverse could
coordinate the winding of extruded filament with a consistent
tension and distribution.

1. LITERATURE SURVEY

» Study 1: Development of Low-Cost Filament Extruder
Researchers developed compact filament extruders
using single-screw extrusion mechanisms for educational and
small-scale industrial use. The system included a hopper,
heated barrel, rotating screw, and cooling unit. The study
concluded that low-cost extruders can successfully produce
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PLA and ABS filaments with acceptable dimensional
accuracy.

» Study 2: Recycling Plastic Waste into Filament

Several researchers focused on converting waste plastic
materials such as PET bottles and failed 3D prints into
reusable filament. The process involved shredding, drying,
melting, and extrusion. The results showed that recycled
filament reduced material cost and minimized environmental
pollution while maintaining suitable mechanical properties
for 3D printing.

» Study 3: Temperature Control in Filament Extrusion

Temperature variation during extrusion significantly
affects filament quality. Researchers implemented PID
temperature controllers and thermocouples to maintain
uniform heating. The study observed that stable temperature
control improved filament diameter consistency and reduced
defects such as bubbles and uneven surfaces.

» Study 4: Screw Design Optimization

Different screw geometries were analyzed to improve
plastic melting and flow rate. Compression ratio, pitch, and
screw length were optimized to achieve smooth extrusion.
The findings indicated that proper screw design enhances
mixing efficiency and improves filament surface finish.

» Study 5: Automatic Diameter Monitoring System

Advanced extruders incorporated laser sensors and
microcontrollers for real-time filament diameter monitoring.
Automatic speed adjustment systems were used to maintain
constant filament thickness. The research concluded that
automation improves filament precision and reduces material
wastage.
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METHODOLOGY
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1. DESIGN

Design the extruder
components and
mechanical assembly
using CAD software.
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2. FABRICATE PARTS

Manufacture the parts
using appropriate
methods such as 3D
printing, CNC
machining, or laser

Assemble the
mechanical components
including the frame,
gearbox, motor, hopper,
barrel, and nozzle.

4. INTEGRATE
ELECTRONICS

Install and connect
electronics including
motor driver, sensors,
heater, and temperature
control systems.

5. TEST AND CALIBRATE

Test the extruder for
proper filament
extrusion, calibrate
parameters, and
ensure consistent

cutting.

performance.

&)

Fig 1.1 Methodology

The picture illustrates the step-by-step methodology
involved in the fabrication of a filament extruder for 3D
printing. The process begins with the design stage, where all
the extruder components and the mechanical assembly are
modeled using CAD software. This stage helps in planning
dimensions, material selection, and overall machine structure
before manufacturing begins. The second stage is fabrication
of parts, where components are manufactured using methods
such as 3D printing, CNC machining, or laser cutting. These
methods ensure accurate and reliable production of machine
parts. The third stage is assembly, in which all the mechanical
components such as the frame, gearbox, motor, hopper,
barrel, and nozzle are assembled together to form the
complete extrusion system. Proper alignment and fitting are
important for smooth operation. The fourth stage involves
integration of electronics, where electronic components
including heaters, sensors, motor drivers, and temperature
control systems are installed and connected. This stage
enables controlled heating and material flow during
extrusion. Finally, the testing and calibration stage ensures the
extruder functions correctly. The machine is tested for proper
filament extrusion, and parameters such as temperature and
extrusion speed are calibrated to achieve consistent filament
quality and reliable performance.

V. CONCLUSION

To close, the project has achieved its goal of creating an
automatic filament winding subsystem for 3D printing in
order to improve filament consistency and winding quality.
The prototype design was validated in testing, as it
demonstrated the ability to wind filament into evenly layered
coils while spooling the filament with controlled tension, and
the rotating spool spindle and wire feeder carriage movement
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helped to keep loose loops and tangles to an absolute
minimum using the winder. Over all the prototype described
in this project led directly to a low cost, modular device that
is well suited to small and DIY filament production
environments, that reduced the physical labor involved in
manual filament winding activities and allowed for
continuous, trouble free spooling of filament as part of a
desktop extrusion workflow.
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