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Abstract. The work aimed to analyse and develop a 3D  printer coil holder using the Python programming 
language. The methodology included a coil holder designed using computer-aided design (CAD) software, namely 
Autodesk Fusion  360. External libraries and plug-ins such as Stress Analysis and Generative Design were used for 
optimisation. The suitability of the developed design for improving the feeding of strings and reducing their tangling 
when printing on a 3D printer was determined. The operation of the coil holder with different types and coil sizes was 
analysed. The developed spool holder successfully passed 97% of the tests for printing models using PLA, ABS and 
PETG. Testing the measurements of the coil holder with a PROTESTER WDF-30 digital dynamometer revealed several 
essential observations: Teflon tubing added additional friction, increasing both the minimum and maximum forces 
by approximately 0.2  N, and slightly reducing the range between the minimum and maximum values; plastic coils 
showed lower minimum forces, ~ 0.4 N, due to reduced friction, but a more extensive range, ~ 0.5 N, due to their greater 
mass, and cardboard coils had higher minimum forces, ~ 0.5 N, but a smaller range, ~ 0.3 N; no tension significantly 
reduced both minimum, ~ 0.2 N, and maximum, ~ 0.3 N, forces, as well as the range between them, ~ 0.1 N, and this 
condition increased the risk of coil entanglement; the effect of the Teflon tube was more pronounced under proper 
tension conditions, approximately 0.2-0.3 N; the high-tension setup showed significantly higher minimum, ~ 0.8 N, 
and maximum, ~ 1.1 N, forces compared to the developed holder (minimum ~ 0.5 N, maximum ~ 0.8 N), but the range 
of acceptable values was similar, the increased minimum force in the high-tension setup could potentially lead to 
insufficient extrusion and increased extruder wear. The developed coil holder reduces the printer’s extruder mechanism 
load by maintaining an optimal tension in the range of 0.5 to 0.8 N. This can significantly extend the life of critical 
components, reducing the cost of maintaining the 3D printer
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TECHNOLOGIES AND ENGINEERING

Introduction
The advancement of additive manufacturing, primarily 
through Fused Filament Fabrication (FFF) technology, has 
led to innovative approaches for creating complex geome-
tries from various materials. A critical component of this 
technology is the filament holder, which plays a key role 

in ensuring consistent filament control during the print-
ing process. Despite progress in 3D  printing, unresolved 
filament management challenges can lead to inefficiencies 
and mechanical failures. Research into filament holder 
design, incorporating mechanical analysis, sustainability 
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handling strategies. C.L.C.  Chan  et al.  (2022) noted that 
these filaments possess unique properties that necessi-
tate precise feeding mechanisms to maintain integrity. 
Integrating Python programming to simulate flow behav-
iour during printing could lead to better control and en-
hanced printing processes, ultimately contributing to en-
vironmentally friendly additive manufacturing. Despite 
the advancements in filament holder designs and the in-
tegration of programming for optimisation, there remain 
several knowledge gaps. For example, while the impact of 
different filament properties on mechanical performance 
has been discussed, comprehensive studies that quantita-
tively measure the effects in real-time during the printing 
process are lacking. Further exploration into the interac-
tions between filament holder design and specific filament 
compositions is needed. Research could investigate the ef-
fects of different holder materials on filament behaviour, 
particularly in high-stress applications such as aerospace 
manufacturing, as highlighted by D. Martinez et al. (2022). 
This could lead to enhanced designs that ensure structural 
integrity in complex components.

The work aimed to design, develop and evaluate an im-
proved filament holder for FFF 3D printers.

Materials and Methods
The research was implemented to compare the perfor-
mance of various filament holders in a controlled labora-
tory environment, specifically developed pole and clamp 
mechanisms. The experimental procedure involved design-
ing, fabricating, and testing multiple filament holder con-
figurations. Two principal types were developed: a mobile 
filament holder featuring a custom nozzle system with a 
removable design (Fig. 1) and a holder with a built-in brake 
mechanism (Fig. 2). The custom nozzle system was engi-
neered to reduce overall weight and improve the gripping 
efficiency of the filament reel, thereby addressing issues 
related to handling coils of varying sizes and designs.

considerations, and Python-based optimisation, is essen-
tial for enhancing 3D printing efficiency and contributing 
to the broader objectives of sustainable and high-through-
put additive manufacturing.

Recent studies have underscored filament character-
istics’ significant influence on printed components’ me-
chanical properties. For instance, F. Calignano et al. (2020) 
highlighted that factors such as infill percentage and build-
ing direction directly affect the mechanical properties of 
carbon fibre-reinforced nylon filaments. A filament holder 
that accommodates these specifications can optimise fila-
ment management, ensuring that the unique requirements 
of different filament types are met. By utilising Python 
programming, algorithms can be developed to dynamically 
adjust the design of the filament holder based on the fila-
ment’s characteristics, ultimately improving print quality 
and mechanical performance.

Similarly, Q. Wang et al.  (2020) emphasised the need 
for specialised handling of cellulose nanofibrils (CNF) and 
polylactic acid (PLA) biocomposite filaments due to their 
unique properties. A Python-based simulation model could 
predict the behaviour of these filaments within the hold-
er, allowing for optimal feeding and minimising the risk 
of jams or breakage. This integration could significantly 
enhance the quality of prints produced with these materi-
als. The sustainability of 3D printing processes is increas-
ingly gaining attention, particularly concerning material 
waste and energy consumption. Researchers J.  Kechagias 
& D. Chaidas (2023) advocated optimising production pa-
rameters to reduce waste, suggesting that a well-designed 
filament holder could contribute to this goal. By employing 
Python programming to develop a monitoring system, fil-
ament usage can be tracked, and alerts can be generated 
when adjustments are necessary. This proactive approach 
aligns with sustainability goals, ensuring that the filament 
holder facilitates efficient filament use and enhances the 
overall quality of printed components.

Moreover, the findings from H. Bakhtiari et al.  (2023) 
on the fatigue properties of FFF parts suggest that moni-
toring the tension and alignment of filaments is essential 
for optimising mechanical performance. A filament hold-
er with sensors that relay data to a Python-based analysis 
system could provide insights into how various filament 
properties influence fatigue resistance, thus contributing 
to more robust and reliable printed parts. The exploration 
of drug-loaded filaments for FFF printing introduces an-
other dimension to filament management. As B. Shaqour et 
al. (2020) indicated, the preparation methods for these fil-
aments are crucial for achieving desired outcomes. A fila-
ment holder explicitly designed for drug-loaded filaments 
could ensure consistent feeding while minimising degrada-
tion risks. Python programming could facilitate the analy-
sis of printing parameters affecting drug homogeneity and 
loading efficiency, thus optimising the holder’s design for 
pharmaceutical applications.

Innovative materials, such as cholesteric hydroxy-
propyl cellulose (HPC) filaments, also require specialised 

Figure 1. Examples of nozzles for standard coils
on the left and custom nozzle on the right

Source: developed by the authors’
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The mobile holder was mounted on an upper shelf 
relative to the printer, ensuring a stable filament supply 
regardless of printer movement. All prototypes were fab-
ricated using standard commercial computer-aided design 
(CAD) software (Autodesk Fusion  360) and produced via 
3D printing with PETG (Polyethylene terephthalate glycol) 
filament (Fig. 3).

critical component of the evaluation process. A PROTEST-
ER WDF-30  (n.d.) digital dynamometer (Fig.  4) was em-
ployed to measure two key indicators: the minimum force 
required to pull the filament and initiate spool movement 
and the maximum force that could be applied without 
causing the spool to spin freely.

Figure 4. Digital dynamometer for force measurement 
PROTESTER WDF-30

Source: based on PROTESTER WDF-30 (n.d.)

Figure 3. Examples of custom filament holder coil with 0.6 kg 
of plastic on the left and 1.0 kg on the right

Source: developed by the authors’

Figure 2. Examples of custom filament holder coil
with brake mechanism

Source: developed by the authors’

Experiments were conducted using two filament 
spool materials: Monofilament plastic spools (empty 
weight  0.23  kg) and Plexiwire cardboard spools (empty 
weight 0.14 kg). Both spool types were loaded with PETG 
filament, with spool load weights varying from 0.1 to 0.6 kg 
and a maximum filament capacity of approximately 0.75 kg. 
In addition, configurations incorporating a Teflon tube as 
a filament guide were evaluated. The Teflon tube was hy-
pothesised to add friction and maintain consistent ten-
sion during filament feeding. Force measurements were a  

Measurements were recorded across the mass range 
(0.1 to 0.6  kg) for each configuration. The dynamometer 
measurements were taken under controlled environmental 
conditions to minimise variability. Each experimental trial 
was repeated multiple times to ensure the reliability and 
repeatability of the measurements. The choice of a digital 
dynamometer was justified by its precision and ease of in-
tegration into the experimental setup.

Data from the dynamometer were processed and an-
alysed using Python programming within a Jupyter Note-
book (Kluyver et al., 2016) environment. The analysis uti-
lised the NumPy (Harris et al., 2020) library for numerical 
computations and Matplotlib (Hunter et al., 2007) for data 
visualisation. Custom Python scripts organised the raw 
data into structured arrays, plotted as line graphs and scat-
ter plots. These visual representations allowed for clear 
comparisons between different spool types and holder de-
signs, with the x-axis representing filament mass (kg) and 
the y-axis representing force (N). Graphical customisations, 
including grid lines, axis limits, labels, and legends, were 
applied to enhance clarity and facilitate interpretation.

The methods combining mechanical measurement 
tools with advanced data analysis techniques were cho-
sen to provide quantitative insights into filament feeding 
stability. This approach is consistent with established 
practices in mechanical testing and data visualisation in 
additive manufacturing research. The digital dynamome-
ter’s use aligns with standard measurement techniques. 
Additionally, the integration of Python-based analysis re-
flects current best practices in scientific computing and 
data transparency.

Results
The Python scripts set up the data for masses and the cor-
responding minimum and maximum force values, creat-
ing a line plot for these forces against mass. The obtained  



Technologies and Engineering, Vol. 26, No. 1, 202514

Development and analysis of filament holder for fused filament fabrication 3D printer...

figures were customised with appropriate labels and leg-
ends, and the grid lines, axis limits, and data points in 
the form of scatter plots were set to improve clarity and 
readability. Plexiwire cardboard spools, which had an emp-
ty weight of approximately 0.14 kg, exhibited a different 
internal friction characteristic. Their lower overall mass 
meant that, with other factors being equal, the gravitation-
al force was lower. However, owing to their material and 
construction, they might have exhibited a wider operation-
al range if the filament had been wound less uniformly.

Monofilament plastic spools, which had a denser and 
more rigid construction with an empty weight of approx-
imately 0.23 kg, tended to distribute the weight of the 
remaining filament more uniformly. Their rigid structure 
meant that the filament unwound smoothly, provided that 
the holder design supported free rotation. When mounted 
on a clamp holder, the inherent rigidity could have contrib-
uted to a predictable and linear increase in tension force as 
the coil emptied. Figures 5 and 6 show a comparison of the 
strength and weight of the developed thread holders.

Min force Plexiwire developed filament holder without teflon tube 
Max force Plexiwire developed filament holder without teflon tube 
Min force Plexiwire developed filament holder with teflon tube 
Max force Plexiwire developed filament holder with teflon tube 
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Figure 5. Developed filament holder force-to-mass comparisons using Plexiwire cardboard spools
Source: developed by the authors’ of this study based on the Matplotlib library

Figure 6. Developed filament holder force-to-mass comparisons using Monofilament plastic spools
Source: developed by the authors’ of this study based on the Matplotlib library

Figures 5 and 6 showed force‐to‐mass comparisons for 
different configurations of Plexiwire and Monofilament 
spools using a developed filament holder system. The x‐axis 
represented mass in kilograms from 0.1 to 0.6 kg, while the 
y‐axis showed force in Newtons from 0.4 to 2.8 N. All se-
ries showed an upward trend as mass increased, indicating 
that force increased with mass. The configuration with the 
Teflon tube consistently showed higher force values than 
the version without the Teflon tube. The maximum force 
values for Monofilament plastic spools with the Teflon tube 
configuration were obtained, approaching 2.8 N at 0.6 kg. 
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Min force Monofilament developed filament holder without teflon tube
Max force Monofilament developed filament holder without teflon tube

 Min force Monofilament developed filament holder with teflon tube
Max force Monofilament developed filament holder with teflon tube

The minimum force values remained below 1.0 N through-
out the mass range.

The developed holder was typically engineered to 
mount directly onto an upper shelf of the printer’s frame. 
Its design often incorporated two key components: a rigid 
metal frame that provided structural stability and an inte-
grated brake or tension‐control mechanism. By position-
ing the spool close to the printer’s extruder, the mobile 
holder minimised the length of the filament path, which 
in turn helped to maintain uniform tension along the fil-
ament. This arrangement was particularly beneficial for  
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reducing fluctuations in feed force variations that could 
cause the extruder gears to slip and ultimately accelerate 
wear. In addition, the braking mechanism prevented the 
spool from free spinning when the extruder ceased pulling 
the filament, thereby ensuring that the filament was nei-
ther too slack (which could have led to tangling) nor too 
tight (which might have induced excessive friction).

The developed holder was more complex than simpler 
designs and typically involved more parts and assembly 
steps. This increased complexity meant that if the align-
ment or the braking mechanism was not precisely cali-
brated, it might have led to nonuniform filament feed or 
even introduced lateral forces on the filament. In some 
cases, misalignment in the holder or an inconsistent brak-
ing force might have contributed to micro‐stress points on 
the filament. Over time, these stress points could not only 
have affected the filament’s structural integrity (leading 
to potential under‐extrusion or clogging) but might also 

have placed additional load on the extruder drive gears, 
thereby accelerating wear.

Because the developed holder kept the spool in a 
fixed, well‐defined position and incorporated a braking 
system, it generally promoted excellent filament uni-
formity. The controlled path minimised the bending and 
twisting of the filament before it reached the extruder. 
Consequently, the extruder experienced a more consist-
ent feed rate and lower intermittent force spikes. With a 
more uniform feed, the extruder gears were less likely to 
experience repetitive high‐torque events that could have 
led to premature wear. This design was particularly ad-
vantageous when printing with materials that required 
consistent tension, such as rigid PLA or ABS (Acryloni-
trile Butadiene Styrene), where even slight irregularities 
in filament feed could have compromised print quali-
ty. The following figures showed force‐to‐weight com-
parisons of the pole filament holders (Figs.  7 and  8).

Figure 7. Pole filament holder force to mass comparisons using Plexiwire plastic spools
Source: developed by the authors’ of this study based on the Matplotlib library

Figure 8. Pole filament holder force to mass comparisons using Monofilament plastic spools
Source: developed by the authors’ of this study based on the Matplotlib library
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Figures 7 and 8 showed force‐to‐mass comparisons for 
different configurations of Plexiwire and Monofilament 
spools using a pole filament holder system. The x‐axis rep-
resented mass in kilograms from 0.1 to 0.6 kg, while the 
y‐axis showed force in Newtons from 0.3 to 1.3 N. All se-
ries showed an upward trend as mass increased, indicat-
ing that force increased with mass. The configuration with 
the Teflon tube consistently showed higher force values 
than the version without the Teflon tube. The maximum 
force values were obtained for Plexiwire and Monofilament 
pole plastic spools with the Teflon tube configuration, ap-
proaching 1.3 N at 0.6 kg. The minimum force without the 
Teflon tube started at around 0.3 N at 0.1 kg. All relation-
ships maintained a consistent linear trend throughout the 
measured mass range.

The pole holder was the simplest of the three designs. 
It typically consisted of a straight rod or pole on which the 
spool was mounted, allowing it to rotate freely using bear-
ings or a low‐friction surface. One of the primary benefits 
of the pole holder was its minimalistic design, which re-
duced the number of components that might have intro-
duced additional friction into the filament path. With few-
er moving parts and a straightforward geometry, the pole 
holder provided a clean and direct path for filament with-
drawal. The pole holder offered an economical and easy‐
to‐assemble solution in setups where space and simplicity 
were paramount.

Despite its simplicity, the pole holder sometimes pre-
sented challenges regarding filament alignment. Since 
the spool rotated along a central pole, the filament path 
from the spool to the extruder became highly depend-
ent on gravity and the angle at which the filament was 
drawn off. Suppose the spool was heavy or the pole was 
not mounted in a location that optimised the filament’s 
natural drop. In that case, the filament might have exited 
at an angle that forced it to bend sharply before reaching 
the extruder. This could have led to inconsistent filament 
tension and caused the filament to rub against adjacent 

surfaces, thereby increasing friction. Furthermore, if the 
spool was not securely fastened to the pole, the entire 
holder might have shifted during printing. The resulting 
fluctuations in filament feed could have caused intermit-
tent high‐torque events in the extruder and contributed 
to accelerated wear on the drive gears.

The pole holder’s lack of an integrated tension‐control 
mechanism meant that filament uniformity was primarily 
determined by the spool’s inherent inertia and the grav-
itational pull on the filament. Under ideal conditions, a 
well‐balanced spool on a securely mounted pole could have 
provided a relatively uniform feed. However, any devia-
tion – such as a spool that was unevenly wound or a pole 
that was misaligned – could have led to filament twisting or 
uneven feed rates. Inconsistent filament feed translated di-
rectly into variable force at the extruder’s drive gear. These 
fluctuations could have increased the frequency of gear 
slippage or skip, raising the risk of extruder wear over pro-
longed printing sessions. This design was better suited to 
lighter spools and materials less sensitive to minor tension 
variations. The following figures showed force‐to‐weight 
comparisons of the clamp filament holders (Figs. 9 and 10).

Figures  9 and 10 showed force‐to‐mass comparisons 
for different configurations of Plexiwire and Monofilament 
spools using a clamp filament holder system. The x‐axis 
represented mass in kilograms from 0.1 to 0.6 kg, while the 
y‐axis showed force in Newtons from 0.6 to 3.1 N. All se-
ries showed an upward trend as mass increased, indicating 
that force increased with mass. The configuration with the 
Teflon tube consistently showed higher force values than 
the version without the Teflon tube. The maximum force 
values were obtained for Plexiwire clamp plastic spools 
with the Teflon tube configuration, approaching 3.1 N at 
0.6 kg. The minimum force without the Teflon tube start-
ed at around 0.6 N at 0.1 kg. All relationships maintained 
a relatively consistent linear trend throughout the meas-
ured mass range, with Teflon tube configurations showing 
steeper slopes than the non‐Teflon tube configurations.
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Figure 9. Clamp filament holder force to mass comparisons using Plexiwire plastic spools
Source: developed by the authors’ of this study based on the Matplotlib library
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The clamp holder employed a mechanism that physi-
cally gripped the filament spool, holding it firmly in place. 
Often featuring adjustable clamps or pressure pads, this 
design ensured that the spool remained stationary rela-
tive to the printer. Such secure mounting was beneficial 
when using heavy or large spools, preventing the spool 
from moving or shifting during the print. The clamp holder 
helped maintain a consistent filament feed path by mini-
mising movement. The fixed positioning was advantageous 
in environments where the printer might have experienced 
vibrations or the spool rolled excessively, compromising 
the filament’s alignment.

The very feature that made the clamp holder secure 
its firm grip could also have become a drawback. Excessive 
clamping pressure might have deformed the spool or com-
pressed the filament, leading to increased friction as the 
filament was pulled from the spool. Over time, the extra 
friction could have caused nonuniform filament feed and 
placed additional stress on the extruder drive gear. Addi-
tionally, suppose the clamp was not correctly adjusted to 
the spool’s diameter. In that case, it might have gripped 
too loosely (allowing unwanted movement) or too tightly 
(damaging the filament or spool structure). In some cas-
es, the clamping mechanisms could have caused localised 
deformation in the filament’s winding, leading to microbe-
ads or creases that adversely affected feed uniformity.

When well‐calibrated, the clamp holder could have 
provided excellent filament uniformity by ensuring that 
the spool did not rotate uncontrollably. However, if the 
clamp applied excessive pressure or was misaligned, the 
filament might have distorted as it exited the spool. Such 
distortion could have manifested as a variable diameter or 
a curled edge, increasing the load on the extruder’s drive 
mechanism. The increased friction and irregular filament 
shape forced the extruder gears to work harder, which 
could eventually have led to accelerated wear. The risk 
was even more significant for flexible or softer filaments, 

as these materials were more susceptible to deformation 
by clamping pressure.

Teflon tubing (typically made of polytetrafluoroethyl-
ene (PTFE)) was widely used as a filament guide because its 
extremely low friction coefficient usually enabled smooth 
material passage. However, even a low‐friction surface 
might have added a small, measurable resistance when 
the filament was drawn through a confined path. The use 
of Teflon tubing served not only to provide a controlled, 
low‐friction pathway for the filament but also to ensure 
that the filament followed a consistent and predictable 
path from the spool to the extruder. Even though the tube 
increased the baseline tension by approximately 0.2 N, this 
increase was generally within the operational tolerance of 
the extruder drive system. The benefit of having a highly 
stable filament path often outweighed the cost of the extra 
force. A predictable feed meant that the extruder gears en-
gaged the filament more uniformly, reducing stress spikes 
that could have led to slippage and accelerated wear. Each 
filament holder design offered its own set of trade‐offs in 
terms of filament uniformity and extruder wear:

Developed Holder: It was best suited for printers in 
which maintaining uniform filament tension was critical. 
Its integrated braking mechanism and controlled filament 
path minimised sudden force spikes and reduced extruder 
wear. This design was optimal for direct‐drive extruders 
and materials sensitive to feed inconsistencies. However, 
its complexity meant that careful assembly and calibra-
tion were essential.

Pole Holder: It offered simplicity and fewer parts, mak-
ing it economical and easy to install. It was ideal for light-
weight spools and setups in which the spool naturally hung 
optimally. However, its reliance on gravity and the absence 
of active tension control might not have been suitable for 
heavier spools or materials that required precise filament 
uniformity. In such cases, the risk of nonuniform feed could 
have led to increased extruder wear over time.
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Figure 10. Clamp filament holder force to mass comparisons using Monofilament plastic spools
Source: developed by the authors’ of this study based on the Matplotlib library
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Clamp Holder: It provides secure and stable position-
ing, especially for heavy spools. It was beneficial in sce-
narios where the external movement of the spool had to 
be minimised. The downside was that excessive clamping 
pressure could have distorted the filament, causing variable 
feed rates and additional friction at the extruder. This de-
sign was best used when the clamp mechanism was adjust-
able and carefully tuned to the specific spool dimensions. 
It might have been more appropriate for robust extruder 
systems that could have handled slight irregularities.

Based on this research, the following recommenda-
tions for 3D printer holder selection were made. For direct-
drive systems, in which the extruder was mounted close to 
the hot end, a developed mobile holder with an integrat-
ed braking mechanism was deemed optimal, as its ability 
to maintain uniform tension was especially beneficial for 
materials such as PLA and ABS. It was essential to ensure 
that the clamp was adjustable to avoid over‐compression of 
the filament. A simple pole holder might have sufficed for 
lightweight setups, in which lightweight spools naturally 
hung in an optimal position. Users were advised to secure 
the pole to prevent any movement during printing.

Design modifications to improve stability included:
♦ Smooth transition interfaces that incorporated cham-

fered or rounded transition pieces at the tube’s entrance 
and exit to reduce abrupt changes in filament direction;

♦ Adjustable tension control through the use of holders 
that offered adjustable clamping or braking mechanisms, 
thereby allowing users to fine‐tune the filament tension 
according to spool weight and filament type;

♦ Regular maintenance to periodically inspect and 
clean the Teflon tube and spool holder to ensure that de-
bris or wear did not increase friction;

♦ A modular design approach whereby the filament 
guide, holder, and tension mechanism could be inde-
pendently replaced or adjusted to accommodate different 
filament materials and spool weights.

A comparative analysis of filament holder designs has 
been undertaken to highlight the critical balance between 
simplicity, stability and precision required for optimal 3D 
printing performance. The developed mobile holder in-
corporates an integrated braking mechanism, delivering 
superior filament uniformity and reduced extruder wear 
for direct-drive systems. In contrast, more straightforward 
pole and clamp holders offer alternatives tailored to lighter 
spools or robust mounting conditions. The selection of a 
filament holder is thus a multifaceted decision that must 
be informed by thoroughly considering the printing setup, 
filament properties, and the necessity for consistent ten-
sion, thereby ensuring both the production of high-quality 
prints and the optimisation of the extruder’s lifespan.

Discussion
The study of filament feeding mechanisms in FFF has gained 
increasing attention because of its impact on extruder wear, 
filament tension stability, and print quality. A fundamen-
tal issue in filament feeding was maintaining consistent  

tension to prevent extruder wear and print defects. H. Bakh-
tiari et al. (2023) reviewed the effect of 3D printing parame-
ters on the fatigue properties of parts manufactured by FFF. 
The researchers emphasised that uncontrolled filament 
tension could lead to increased stress on the extruder and 
a shortened operational lifespan. The present study’s find-
ings agreed with this observation, as integrating a Teflon 
tube into the filament guide stabilised the feed force, there-
by reducing fluctuations that might have accelerated gear 
wear. X. Gao et al. (2021) reviewed interlayer bonding in FFF 
and highlighted that uniform adhesion between deposited 
layers is critical for achieving stable extruder performance 
and robust part fabrication. J. Kechagias et al.  (2022) per-
formed a robust design-based multi-parameter optimisa-
tion for PLA/coconut wood compounds and reported that 
optimised process parameters can minimise feed-force 
inconsistencies during printing. These findings align with 
the present study, which observed that controlled filament 
paths achieved through adjustable spool holders and the in-
corporation of Teflon tubing led to more predictable force 
profiles. M.F. Khan et al.  (2021) demonstrated a real-time 
defect detection system using machine learning, under-
scoring the potential for adaptive control during printing. 
Their work complements the present study’s observation 
that maintaining constant filament tension can reduce 
extruder wear and improve print reliability. K.  Mikula  et 
al.  (2020), I.  Yarova  et al.  (2023), provided a comprehen-
sive review on using 3D printing filament as a second life 
for waste plastics, emphasising the environmental and 
economic benefits of recycling in additive manufacturing. 
J.M.J.  Netto  et al.  (2021) further examined screw-assist-
ed 3D printing with granulated materials, which offers an 
alternative route for processing recycled feedstocks. Both 
studies support the broader notion that filament consist-
ency and feed-force stability are vital for print quality and 
sustainable manufacturing practices. F. Pignatelli & G. Per-
coco  (2022) reviewed advances in large-format additive 
manufacturing and discussed how polymer pellet-based 
3D printing could benefit from customised spool holder 
designs that minimise feed-force fluctuations. The present 
study’s mobile holder with an integrated braking mecha-
nism aligns with these recommendations, as it yielded the 
most stable force profile, particularly when printing with 
heavier spools. J. Quodbach et al. (2021) and N. Sharma et 
al.  (2020) investigated the quality of FDM-printed medi-
cines and customised PEEK implants, respectively. Their 
findings underscore the critical role of precise filament 
feeding in achieving clinically acceptable tolerances and 
mechanical performance. In parallel, S. Singh et al. (2020) 
and A. Yadav et al. (2022) reviewed current challenges and 
future directions of FFF, emphasising that improved fila-
ment feeding systems, such as those incorporating adap-
tive tension controls and friction modifiers, could help mit-
igate common defects and enhance the overall reliability of 
the process. A. Moshenskyi et al. (2023) explored wireless 
sensor networks for smart clothes monitoring, illustrating 
how advanced sensor integration can provide real-time 
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feedback on filament behaviour in nontraditional applica-
tions. J.M.J. Netto et al. (2021) and F. Pignatelli & G. Per-
coco (2022) further highlight that innovations in feedstock 
design and processing parameters are driving forward the 
field of large-format additive manufacturing. These ad-
vancements suggest that the continued development of 
adaptive, sensor-integrated, and environmentally con-
scious filament feeding systems will be crucial to achieving 
high print quality and sustainable production practices.

A.  Nazir  et al.  (2023) examined multi-material addi-
tive manufacturing and determined that controlled feed-
ing mechanisms led to predictable force profiles, which 
enhanced overall extruder performance. The present study 
corroborated this conclusion by demonstrating that the 
Teflon tube increased the feed force by a consistent 0.2 N 
across different spool masses, ensuring a uniform fila-
ment supply. Filament path optimisation was regarded as 
a critical factor in reducing feeding inconsistencies. The 
researchers also emphasised the necessity of adaptive fil-
ament path geometries for preventing feeding disruptions. 
Their work was consistent with the results of the present 
study, which suggested that adjustable spool holders and 
controlled friction elements (such as Teflon tubing) were 
essential for maintaining consistent filament tension and 
preventing feed disruptions. 

T. Ma et al. (2024) further reinforced these findings by 
analysing how variations in polymer composite printing 
influenced feed stability and filament flow. Their study em-
phasised that modifications in filament design, such as sur-
face texture and core material, played a significant role in 
extrusion stability. This was consistent with the results of 
the present study, which demonstrated that modifications 
to the spool holder and the use of controlled friction ele-
ments (such as the Teflon tube) optimised feed consistency. 
The researchers also explored how spool material influenced 
feeding behaviour and found that lightweight cardboard 
spools exhibited more significant operational force varia-
bility than rigid plastic spools. The present study corrobo-
rated these findings by demonstrating that monofilament 
plastic spools provided a more consistent feed force than 
Plexiwire cardboard spools, reinforcing material selection’s 
importance in filament management. Several studies have 
investigated the impact of spool weight on filament feeding. 
S.F.  Iftekar et al.  (2023) reported that filament spool mass 
directly influenced feed force, with heavier spools requiring 
greater force to initiate movement. The results of the pres-
ent study confirmed this relationship, as a linear increase in 
filament tension was observed with increasing spool mass. 

Additionally, Z. Wang et al.  (2024) reviewed advance-
ments in polymer composite printing and noted that 
customised spool holder designs enhanced mechanical 
performance by minimising feed-force inconsistencies. 
The present study’s results agreed with this observation, 
demonstrating that the mobile holder with an integrat-
ed braking mechanism was particularly effective when 
printing with heavier spools. M.  Cao  et al.  (2023) exam-
ined the influence of material integration in 3D-printed  

components and found that inconsistencies in feed paths 
could significantly impact extrusion stability and final 
product quality. The present study extended this principle 
to general FFF applications, demonstrating that integrat-
ing a controlled filament guide enhanced print consistency 
and minimised variations in filament tension.

The design of spool holders was recognised as play-
ing a crucial role in maintaining stable filament tension. 
D. Martinez et al. (2022) conducted a comparative analysis 
of spool holder designs and concluded that mobile hold-
ers with braking mechanisms improved feed stability and 
extended extruder lifespan. The present study’s findings 
supported this conclusion, as the mobile holder used in 
the experiments resulted in the most stable force profile, 
thereby reducing abrupt variations in feed force.

Although the present study aligned with many previ-
ous findings, some differences existed in the research scope. 
For instance, A. Nazir et al. (2023) focused on multi-materi-
al printing challenges, whereas the present study examined 
filament tension dynamics in single-material extrusion. 
Similarly, Z. Wang et al. (2023) emphasised broader materi-
al compatibility issues, while the present research concen-
trated on mechanical stability in filament feeding systems. 
One gap in the literature was identified as the long-term 
impact of different filament holder configurations on ex-
truder wear. While H. Bakhtiari et al. (2023) and D. Martin-
ez  et al.  (2022) discussed the importance of feed stabili-
ty, further experimental studies were needed to quantify 
wear rates under different tensioning conditions. Future 
research was recommended to explore the effects of var-
ying Teflon tube diameters, filament diameter tolerances, 
and long-term operational stability under continuous use.

The present study confirmed and extended prior re-
search on filament-feeding mechanisms in FFF 3D printing. 
The results demonstrated that spool weight, filament guide 
design, and material selection were critical in determining 
feed force stability. By comparing the findings with those 
of key consistencies were identified, and areas for further 
investigation were highlighted. Integrating adaptive spool 
holders and controlled friction elements such as Teflon 
tubing emerged as a recommended strategy for optimising 
filament feed consistency and improving print reliability. 
Future research was advised to build upon these insights by 
exploring advanced tensioning mechanisms and long-term 
extruder wear implications.

Conclusions
The research confirmed that the filament holder design 
had profoundly influenced filament delivery and extruder 
performance in FFF 3D printing. The results indicated that 
the developed holder, which featured an integrated braking 
mechanism, delivered a uniform filament feed. This design 
minimised sudden variations in tension, thereby reducing 
the incidence of extruder gear slippage and ensuring stable 
filament advancement. In contrast, though economical and 
straightforward, the simple pole holder was more vulner-
able to misalignment and gravitational effects, especially 
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was shown to add a slight but steady increase in tension, 
approximately 0.2-0.3 N, which, despite adding extra re-
sistance, standardised the filament’s route. This controlled 
increase in friction helped maintain a predictable feed, 
thereby reducing the risk of tangling and ensuring smooth 
extrusion. The optimal tension range, between  0.5 and 
0.8 N, appeared to balance the need for a reliable filament 
supply with preventing under‐extrusion and mechanical 
strain on the extruder. As a result, the proper selection and 
fine‐tuning of the holder design could have substantially 
lowered maintenance demands by extending the service 
life of critical printer components.

Further research is recommended to explore the dy-
namic interactions between filament material properties, 
spool construction, and extruder configurations across 
a broader range of printing conditions. It was suggested 
that research could have focused on refining Teflon tube 
dimensions, testing additional materials such as flexible 
TPU, and integrating smart tension‐control sensors that 
provided real‐time feedback. Such advancements would 
have enhanced the reliability of filament feeding systems 
and paved the way for adaptive, modular designs catering 
to a wider variety of 3D printing applications.
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Анотація. Мета роботи полягала у проведенні аналізу та розробки тримача котушки 3D-принтера з 
використанням мови програмування Python. Методика включала тримач котушки спроектований за допомогою 
програмного забезпечення автоматизованого проектування, а саме Autodesk Fusion  360. Для оптимізації 
були використані зовнішні бібліотеки та плагіни, такі як Stress Analysis та Generative Design. Було визначено 
придатність розробленої конструкції для покращення подачі стренг та зменшення їх заплутування при друці на 
3D-принтері. Проаналізовано роботу тримача котушки з різними типами та розмірами котушок. Розроблений 
тримач котушки успішно пройшов 97 % тестувань друку моделей з використанням PLA, ABS і PETG. Тестування 
вимірювань тримача котушки за допомогою цифрового динамометра PROTESTER WDF-30 дозволило виявити 
кілька важливих спостережень: тефлонова трубка додавала додаткове тертя, збільшуючи як мінімальне, так і 
максимальне зусилля приблизно на 0,2 Н, а також дещо зменшувала діапазон між мінімальним і максимальним 
значеннями; пластикові котушки показали менші мінімальні зусилля, ~  0,4  Н, через зменшене тертя, але 
більший діапазон, ~ 0,5 Н, через більшу масу, а картонні котушки мали більші мінімальні зусилля, ~ 0,5 Н, але 
менший діапазон, ~  0,3  Н; відсутність натягу суттєво зменшувала як мінімальні, ~  0,2  Н, так і максимальні, 
~ 0,3 Н, зусилля, а також діапазон між ними, ~ 0.1 Н, і цей стан збільшував ризик заплутування котушки; вплив 
тефлонової трубки був більш вираженим за належних умов натягу, приблизно 0,2-0,3 Н; установка з високим 
натягом показала значно вищі мінімальні, ~ 0,8 Н, і максимальні, ~ 1,1 Н, зусилля в порівнянні з розробленим 
тримачем (мінімальне ~ 0,5 Н, максимальне ~ 0,8 Н), але діапазон прийнятних значень був подібним, підвищене 
мінімальне зусилля в установці з високим натягом потенційно могло призвести до недостатнього видавлювання 
і підвищеного зносу екструдера. Розроблений тримач котушки зменшує навантаження на механізм екструдера 
принтера, підтримуючи оптимальний натяг в діапазоні від 0,5 до 0,8  Н. Це може значно подовжити термін 
служби критично важливих компонентів, зменшуючи витрати на обслуговування 3D-принтера
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