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Comparative research of 3D printer main control parameters
and characteristics utilising Klipper firmware

Abstract. 3D printing is replacing traditional machine design methods, providing manufacturers with flexibility, ease
of operation, and the ability to adjust process parameters in real-time. This study focused on determining the print
speed to produce high-quality models in two scenarios: without Klipper firmware and using Klipper firmware for control
parameters during printing. The 3D printer used in study used a Creality Ender 3 V3 SE printer with two sample 3D
models. The authors conducted the testing process with three presets of print speed: medium speed, above-average speed,
and maximum possible speed (maximum print speed 345 mm/s; above-average speed 180 mm/s; average 150 mm/s).
As a result of the study, it was found that the most critical problem is that the stepper motor only sometimes has time
to move the table by the required number of steps. The standard acceleration values were set at the level the original
equipment manufacturer recommended, and the optimal printing speed was up to 120 mm/s. During the experiments, the
standard acceleration values were increased, which showed positive changes and led to better print quality and stability
of this process. It has been determined that it is best to keep the default settings and settings in the case of a standard
(ready-to-pack) printer, as the printer will not be able to print faster due to its hardware limitations. In contrast, special
hardware firmware can help dynamically adjust print parameters while maintaining maximum quality and optimising job
performance. The study results can be used in industrial production to optimise 3D printing processes, improve product
quality, and reduce manufacturing costs
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INTRODUCTION

Modern 3D printers increasingly rely on advanced hard-
ware and firmware solutions to enhance performance and
expand functionality. Contemporary hardware-software
solutions offer a distributed architecture, high-speed com-
mand processing, and fine-tuned parameter adjustment
capabilities in real time. These features enable precise mo-
tion control, higher printing speeds, and a reduction in the
likelihood of defects, making them highly advantageous for

various applications. Comparative analysis of such systems
with traditional approaches is essential to identify optimal
configurations for specific usage scenarios. This contrib-
utes to advancing 3D printing technology across industrial,
scientific, educational, and other fields, ensuring more effi-
cient and reliable printing processes.

Scientific study concerning 3D printers’ print quality
and speed is crucial, as it can significantly improve printer

Article’s History: Received: 16.10.2024; Revised: 08.01.2025; Accepted: 27.02.2025.

Suggested Citation:

Nazarenko, V., & Ostroushko, B. (2025). Comparative research of 3D printer main control parameters and characteristics
utilising Klipper firmware. Machinery & Energetics, 16(1), 81-90. doi: 10.31548/machinery/1.2025.81.

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0002-7433-2484
https://orcid.org/0009-0003-0849-8990

Comparative research of 3D printer main control parameters...

efficiency. H. Hemminger et al. (2022) emphasised the im-
portance of effective system design for low-cost 3D print-
ers, highlighting how stability, speed, and precision influ-
ence the printing process’s output quality. The researchers
examined key factors, including firmware, as essential
components to enhance both speed and quality. Similarly,
P. Geng et al. (2019) studied the effects of extrusion and
printing speed on the stability of PEEK filaments. Their find-
ings demonstrated that optimal parameter tuning signifi-
cantly improves process consistency and output precision.

C. Arnold et al. (2019) explored strategies to achieve
high accuracy and smooth surface quality in 3D-printed
models, even when printing at elevated speeds. Their work
provided insights into how specific adjustments to pro-
cess parameters impact overall model quality. Expanding
on this theme, A. Jandyal et al. (2022) presented a broader
perspective, detailing the integration of 3D printing into
Industry 4.0 frameworks. Their review highlighted sus-
tainable practices and advanced technologies such as IoT
and Al, showcasing their transformative potential for in-
dustrial applications.

Technical innovations in high-speed 3D printing, par-
ticularly with Fused Filament Fabrication (FFF) systems,
have also been a focus of researchers. A.S. Suiker (2022) in-
vestigated the influence of small-scale parameters like ras-
ter angle and infill density, aiming to mitigate errors and
enhance reliability in low-cost printers. Their work served
as a foundation for improving mechanical properties and
optimising speed. Similarly, R. Afshar et al. (2023) conduct-
ed a detailed analysis of the mechanical properties of PLA,
utilising nonlinear modelling methods to determine the
optimal infill density for maximising strength and mini-
mising material usage.

Material optimisation remains another critical area of
study. For example, M. Pivar et al. (2021) examined shape
transformation capabilities in 3D-printed structures, em-
phasising the relationship between printing parameters
and structural adaptability. S. Stanciulescu et al. (2015)
addressed the issues of requirements to modify and adjust
the open source firmware for embedded devices. In another
study,M.R.Khosravani & T.Reinicke (2020) analysed the im-
pact of raster orientation and printing speed on the strength
of 3D-printed components, underscoring the importance
of parameter optimisation for load-bearing applications.

Lastly, the exploration of material-specific settings
has advanced 3D printing processes. J. Kentzer et al. (2011)
focused on PLA, while others, like A. Jandyal et al. (2022),
investigated nylon and composite materials, providing in-
sights into durability and structural efficiency. R. Zucca et
al. (2019) presented a case of modifying and adjusting 3D
printer during set-up phase to fit a specific printing task.
Collectively, these studies demonstrate that optimising pa-
rameters, material selection, and leveraging technological
advancements are central to pushing the boundaries of 3D
printing capabilities.

The research aimed to run an experiment using two
identical printers, but one of them had been improved with

the Creality Sonic Pad, which uses Klipper firmware to im-
prove the processing of motor steps.

The tasks of the research included:

1. Analysing and comparing key parameters of 3D
printers, such as printing accuracy, process stability, and job
speed, focusing on their dependence on printing velocity.

2. Assessing the economic feasibility of upgrading
printer firmware or implementing other modernisation
measures by evaluating whether the potential improve-
ments in printer performance justify the investment.

MATERIALS AND METHODS

This research was conducted in May 2024 at the research
lab of the Department of Information Technologies, Na-
tional University of Life and Environmental Sciences of
Ukraine. Within the scope of the study, the printing speed
of a conventional 3D printer and a printer with Klipper had
been compared. Considering their technical features, the
two printing options were carried out on the same printers.
The main difference between the two printers was using
the second printer of an additional controller called the
Creality Sonic Pad, on which the Klipper is installed. In the
course of the work, Creality Ender 3 V3 SE printers (Shen-
zhen Creality 3D Technology Co., Ltd., China) were used,
which did not differ from each other, except for an addi-
tionally installed tablet with Klipper firmware (Fig. 1). It
should be noted that the replacement of components that
could affect their further operation was not carried out.

CREAUTY

Figure 1. 3D Printing equipment and materials
Note: a — Ender 3 V3 SE printer, b — Creality Sonic pad,
¢ — sample yellow PLA material
Source: authors’ photos

Machinery & Energetics. Vol. 16, No. 1

4



Critical to achieving high print quality was that the
Ender 3 V3 SE has a sturdy aluminum frame that ensures
high stability and accuracy when printing. The printer was
designed to minimise vibrations, which was very conven-
ient due to partial assembly before delivery; the setup pro-
cess was greatly simplified, which lowered the entry thresh-
old for different categories of users of this equipment.

The print area range of the Ender 3 V3 SE was quite
wide and is 220x220x250 mm, which allowed one to create
relatively large models without the need to divide them
into parts. The heating platform of the device, which dis-
tributes heat quickly and evenly, allowed one to work with
a wide range of different materials, such as PLA (polylactic
acid), ABS (acrylonitrile butadiene styrene), TPU (ther-
moplastic polyurethane), and others. This provided flex-
ibility in the choice of materials and expanded the possi-
bilities of using this printer. Note that the Bowden-type

Type

7’ sensor display
1024x600 pixel res.
ARM Cortex-A7 1.2 GHz.

Creality Sonic Pad

Table 1. 3D printer characteristics and sample print model data

Parameters

Nazarenko & Ostroushko

filament feeding system provides accurate and stable
material feeding, which was essential for achieving high
print quality even at high speeds. The use of high-preci-
sion threaded screws contributes to the accuracy of axis
movement, which had a positive effect on the detail of
printed models. The desktop of the Ender 3 V3 SE printer
had a special coating that improves the adhesion of the
first layer and makes it easier to remove finished models.
This reduced the risk of deformation and damage to fin-
ished models when removed. An optional 32-bit control
board provides smooth and precise control over the print-
ing process, which was critical to achieving consistent,
high-quality results. The equipment was equipped with an
LCD (liquid-crystal display), which made it easy to adjust
printing parameters and monitor the process. The detailed
research hardware and set-up information is provided
in Table 1.

Description

USB, Wi-Fi Ta Ethernet
G-code and STL - file support

Ender 3 V3 SE 32-bit module

220%220%250 mm. (printing range)

PLA, ABS, TPU — materials support

Klipper Raspberry Pi

Open source firmware

OctoPrint support

Calibration Cube

3D models 3D Benchy Model

3 axes calibration cube
Complex 3D model of a ship

Source: developed by the authors

In the study, the Creality Sonic Pad were used, a
high-tech accessory for 3D printers aimed at improving
the control and optimisation of the printing process.
It should be noted that the device was equipped with a
7-inch touchscreen with a resolution of 1024x600, which
provides an intuitive interface for easy setup and moni-
toring of printing by users. The Sonic Pad supports USB,
Wi-Fi, and Ethernet connectivity, providing a wide range
of options for data transfer. This allowed users to easily
upload files for printing directly from their computer or
other devices. The device was compatible with G-code and
STL file formats, allowing for the flexibility to use various
3D printing software.

An important characteristic of the Creality Sonic Pad
was its ability to upgrade firmware, allowing users to in-
tegrate new features and improvements easily. This made
the printer more adaptable to new technologies and user
needs. The 1.2GHz ARM Cortex-A7 processor ensured fast
data processing and stable operation even when printing
complex models. The Sonic Pad also supported model pre-
views and real-time tracking of print progress. Which in
turn allowed the authors to control the printing process
during the study and make the necessary adjustments
promptly. In addition, the device has built-in capabilities

for automatic platform calibration, which reduces setup
time and increases print accuracy. Figure 2 and Table 2 out-
line the 3D model and printing details.

For comparison, the filament from the manufacturer
Fainyi was selected with a type of plastic for printing —
standard PLA. Such standard plastic required an operating
temperature of 215-240 degrees at the nozzle outlet and a
table heating temperature of 50-60. The following parame-
ters were used during the work: nozzle temperature — 225°C
and table heating temperature — 60°C. The recommended
printing speed by the manufacturer of this equipment was
40-90 mm/s; these speeds result in sufficient print quality.

To conduct experimental research, a popular 3D model
of the Benchy boat was picked, which had the necessary
complexity and detail and contained a sufficient number of
complex elements to check the print quality. This 3D model
is often used as a base model for testing print quality. The
basic and experimental printers needed a .gcode file that
had been created using a slicer to print. For this, Creali-
ty Print, a slicer from the printer manufacturer, was used.
During the experimental work, the following basic settings
of the slicer were chosen: layer height of 0.20 mm, number
of wall lines - 2, number of layers of the bottom and lid of
4, and Occupancy — 15%.
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Figure 2. 3D print models
Note: a - calibration cube, b — sample research print 3D model

Source: developed by the authors

Table 2. Printing data

Components/Stage

3D printer filament

default PLA (Fainyi)

Parameters

Description

215 - 250C Nozzle output temperature
50-60C Print Bed temperature

3D printer filament

research set-up PLA (Fainyi)

225C Nozzle output temperature
60C Print Bed temperature

Printing Speed 40-90 mm/s
recommended for optimal 3d printing model quality
3D models 3D Ship model (Fig. 2) Designed in Benchy
1. printing tasks 1. gcode code
2. ball height 2.0.2 mm
3d printer slicer 3. number of wall lines 3.2
4. number of layers of the bottom and lid 4.4
5. occupancy 5.15%

Source: developed by the authors

In the study, Klipper, a powerful and flexible software
for managing 3D printers, was used; it was necessary to
improve the productivity and quality of printing. Such
was an open-source firmware that leverages the comput-
ing capabilities of both the printer itself and an additional
computer, usually with a single plateau such as a Raspberry
Pi. The primary purpose of using the optional Klipper soft-
ware was to streamline the printing process by reducing
delays and improving motion control accuracy. During the
work, Klipper ensured efficient task distribution: the ba-
sic calculations related to motion planning and command
processing were performed on an additional computer. At
the same time, the printer’s microcontroller was used only
for low-level tasks. This approach allowed us to achieve
smoother and more precise motion control, which was es-
pecially useful when printing complex or high-speed mod-
els. With efficient motion planning and minimised latency,
Klipper has made it possible to significantly improve print
speeds without sacrificing quality. It was found that more
precise control of the movement of the extruder and axes
provides better positioning and detail of the printed mod-
els during the work.

RESULTS AND DISCUSSION
It has been found that during the operation phase, Klip-
per supported a wide range of functions, including the
ability to control several extruders, which made it pos-
sible to print simultaneously from several materials and
colors when performing work. Various printing settings,

including acceleration, speed, and other characteristics,
could be easily adjusted, which helped achieve optimal
research results. Compatibility with popular 3D print-
er management software, such as OctoPrint, provided a
user-friendly web interface for monitoring and managing
the printing process.

As a result of the research, the equipment was utilised
to its full capacity, including software and performance
characteristics. After identifying the main features of dif-
ferent printers, it was possible to proceed to a practical
comparison and test two different technologies (Klipper
and standard firmware). During the work, the print quali-
ty was compared on two printers with the same technical
component, but one was equipped with an additional de-
vice that should improve printing at high speeds. There-
fore, during the study, the authors planned to study what
speed indicators guarantee the printing quality and com-
pare the work of two printers: the basic configuration and
the improved version with Klipper retrofitting.

During the experiment, it the initial print speed set-
tings were based on the previous experience and research
reports. For the initial testing the default print speed had
been set up, as expected the output model had been in
high quality (Table 3). One of the research questions was
to evaluate at what speed there would be a noticeable dete-
rioration in print quality and how much worse the quality
would be when using a basic printer. Accordingly, during
the experiment, the following settings for the print speed
in mm/s were set (Table 4).

Machinery & Energetics. Vol. 16, No. 1
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Table 3. Print iterations velocity data

Iteration Perimeters, mm/s Filling, mm/s Bridge, Fill-in gaps, First layer
number ,5:mal  small  external normal  solid topsolid  MmYs mm/s speed, mm/s
1 70 50 60 90 40 70 25 30 150 30
2 80 60 70 100 50 80 25 30 150 30
3 10 90 90 120 70 100 25 120 150 30

Source: developed by the authors

Table 4. First print iteration speed parameters (average speed)

. . Top/Bottom layer First layer Acceleration of the top/  Speeding up the printing
e Print speed speed movement speed bottom layer of the first layer
Value 150 mmy/s 75 mm/s 33 mm/s 2500 mm/s? 500 mm/s?

Source: developed by the authors

It should be noted that the other research models had
already been printed using these printer settings, and the
output print quality had been sufficient. There was no need
to interfere with the print acceleration setting, and the print

time on both printers was 1 hour and 28 minutes. The print
output model is highlighted in Figure 3. The next phase
of the research was to significantly increase the printing
speed and adjust the acceleration parameters (Table 5).

Figure 3. Ship model result during the first iteration
Note: a — without using Klipper, b - with using Klipper
Source: developed by the authors

Table 5. Second print iteration speed parameters (higher speed)

. . Top/Bottom layer First layer Acceleration of the Speeding up the printing
SISl Print speed speed movement speed top/bottom layer of the first layer
Value 300 mm/s 250 mm/s 16.67 mm/s 3500 mm/s? 1500 mm/s?

Source: developed by the authors

There were no particular differences in print quality;
both models had sufficient quality. With the increase in
print speed and acceleration, the quality of both printers
did not deteriorate, but certain work features were revealed.
At this stage, there was already a noticeable difference in
printing time between the two printers. A standard printer
printed a part in 1 hour and 13 minutes, and a printer with
a clipper in 51 minutes and 33 seconds. This result was un-
expected and required determining its reason because the
slicer displayed the approximate printing time as 48 min-
utes. Based on previous experience, the printing time using
firmware was always less than the standard settings print-
ing time by 3-5 minutes, which fits into the printing time of
a printer with a clipper but is significantly different from a
regular printer (Fig. 4). This could happen due to the insuf-
ficient processing power of a conventional printer, which
does not have time to process each next step for a stepper
motor. Accordingly, it led to the conclusion that the printer

had certain architectural limitations that did not allow it
to print at higher speed. The printer’s printing speed with
the Clipper was unexpected during the second attempt. It
was clear, based on the printing process, that printing new
layers becomes complex layers. The printer operated at a
much higher volume than under normal conditions pri-
or. At the same time, it should be noted that despite the
mentioned issues, the printer continued its process, and
the print speed was still significantly ahead of the com-
petitor’s. The main point of this experiment was to reduce
the actual printing time. The goal was to reduce the print-
ing time to at least 40 minutes. However, achieving such a
goal took a great deal of effort. As a result, the final print
time was reduced to 42 minutes. In order to achieve and
maintain the speed, the layers’ movement speed had been
significantly increased. The printing time of the model was
1:13 on a regular printer, which was the limit for this print-
er, and 46:24 on a printer with a clipper.

Machinery & Energetics. Vol. 16, No. 1
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Figure 4. Ship model result on higher print speed

Note: a — without using Klipper, b - with using Klipper
Source: developed by the authors

Table 6. Third print iteration speed parameters (maximum speed)

Setting Print speed Top/bottom layer

First layer movement

Acceleration of the Speeding up the printing

speed

Value 345 mm/s 350 mm/s

speed
45 mm/s

of the first layer
4000 mm/s?

top/bottom layer
5000 mm/s?

Source: developed by the authors

The numerical results showcased in the data table ap-
pear good (better than before); however, the original ob-
jective of the study was to evaluate the output model qual-
ity, which in this case could have been better (Fig. 5). The
resulting model was of poor quality. It was now a minor
flaw - the model of such quality can be used in practice

under any application. It can only be used to highlight the
results of scientific research. It was determined that the
main reason for poor output quality was due to the printer
engine. The engine did not have enough time to move the
pin, and due to this fact, the engine skipped several prelim-
inary steps altogether.

Figure 5. Ship model result during third speed-test iteration

Note: a - first try, b — third try, both using Klipper
Source: developed by the authors

The next step of the research was to print the XYZ
calibration cube (Fig. 6). It was decided to keep the print
settings the same and determine if the printer could han-
dle the model quality at high printing speed. The project-
ed printing time was 14 minutes, but the printer with the
Clipper coped with it in 15 minutes, and the regular printer
in 23 minutes and 1 second. Surprisingly, judging by the

a)

print quality alone, a default settings printer had output
a lower quality model than the Clipper. The model can be
determined to be quite simple in terms of geometrical de-
tails and has few complex elements. At the same time, the
printer with the Clipper produced a high-quality model, as
it showed with more complex models in previous research
iterations.

Figure 6. XYZ calibration cube printing at highest speed

Note: a — without using Klipper, b - with using Klipper
Source: developed by the authors
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After conducting a series of experimental studies and
comparing the main parameters and characteristics of a
conventional 3D printer and a printer retrofitted with Klip-
per, increasing printing speeds, it was found that the print
quality is independent of the use of standard printer firm-
ware or Klipper. In most cases, the study experiments had
determined that in case when the equipment and its soft-
ware parameters are set correctly, temperature and speed,
acceleration values are selected correctly, the print quality

Nazarenko & Ostroushko

does not change critically (not significantly) with an in-
crease in print speed (Fig. 7). In some cases, degradation of
the output printing model was detected. It should be noted
that the changes were insignificant. However, if the param-
eters are set-up beyond the recommended print speeds, it
could be stated that a printer with standard firmware does
not have time to process the required steps for stepper mo-
tors and does not print faster, even if this was programmed
in the slicer settings.

Avarage model print time

6000
5000
4000
3000

seconds

2000
1000

0

Iteration 1 Iteration 2

B Without Klipper 5280 4380

Using Klipper 5280 3093

B Without Klipper

Using Klipper

Iteration 3 Max. speed (Fig. 5a) XYZcube (max. speed)

4380 1381

2784 2520 900

Figure 7. Iterations speed comparison charts — without and using Klipper firmware

Source: developed by the authors

The pursuit of high-speed 3D printing has become a
focal point of research and development within additive
manufacturing, driven by the need to improve productivi-
ty without compromising quality. This research compared
experimental findings on the limitations of high-speed
3D printing with critical insights from scientific studies
addressing the role of process parameters, hardware im-
provements, and material performance. Collectively, it
was explored how advancements in print speed intersect
with printer mechanics, material behavior, and industri-
al applicability. A critical speed ceiling for standard 3D
printers was identified at approximately 180 mm/s, with
most operations optimised around 150 mm/s. When aug-
mented with systems like Klipper, speeds can reach up
to 249 mm/s, but these enhancements expose significant
mechanical and structural challenges. Chief among these
issues is the stepper motors’ inability to maintain pre-
cise control at high speeds, leading to printer vibrations,
misalignment along the Y-axis, and, ultimately, print
failure. The research results aligned with A. Kantaros &
D. Piromalis’s (2021) findings emphasised that low-cost
desktop 3D printers struggle with maintaining accuracy at
elevated speeds due to hardware constraints, particularly
mass and inertia. The referred research focused on stud-
ying the moving parts, such as printer beds. Additionally,
V.G. Gokhale et al. (2017) highlighted the impact of errors
and degraded print quality at higher speeds for low-cost
3D printers, underscoring the importance of tuning accel-
eration values and optimising firmware settings.

There are many limitations related to low-cost 3D
printers. Some researchers used different approaches to
address and overcome such limitations — modifying slicer
settings or adjusting acceleration, all efforts to improve
model print quality. J. Wu (2018) showcased the post-ef-
fects of optimisation parameters, such as layer height,
nozzle speed, and extrusion rates, to mitigate inaccuracies
at higher printing speeds. At the same time, it should be
noted that the experiment results showed that the effect
of the mentioned modifications had to be balanced, adher-
ing to the physical limitations of cartesian printers. This
is all because the movement of heavy components poses
inherent challenges. A. Lanzotti et al. (2015) found that
hardware and parameter tuning had to be set up so that
the joint parameters set up and material picked both lead
to performance optimisation in the case of PLA parts for
open-source printers.

High printing speed and movement acceleration in-
troduced an additional layer of system complexity related
to material properties, particularly in thermoplastics like
PLA and nylon composites. The experimental results of the
referenced scientists highlighted that the stress on printer
structures and motors increases with increased print speed.
It can sometimes lead to issues like uneven material deposi-
tion and reduced interlayer bonding. A. Kaman et al. (2023)
proved this statement by the research findings, stating
that nylon-based composites require careful calibration
of temperature and speed to maintain structural integri-
ty. It has been proven that at elevated speeds, the thermal

Machinery & Energetics. Vol. 16, No. 1

N



Comparative research of 3D printer main control parameters...

environment around the nozzle and the cooling rate of the
material become critical factors influencing print quality.

According to I. Christodoulou et al. (2023), the cur-
rent trend of 3D printing innovations lies in achieving
reliable high-speed 3D printing utilising the Fused Fil-
ament Fabrication (FFF) system. This work showcased
the improvements in print head dynamics and the in-
ertia reduction for the moving components. Using a
fused filament system enabled significantly higher print
speeds than standard printers. The highlighted approach
addressed issues, such as the challenges of heavy-mov-
ing beds in Cartesian systems. K. Gomathi et al. (2021)
explored advanced error characterisation and system
optimisation for 3D printer systems, presenting firm-
ware-level interventions to mitigate the impact of rapid
movements on print accuracy. The presented findings
can be summarised as the importance of balancing high-
speed printing with adjustments tailored to specific ap-
plications and material requirements.

The experimental results of this work set the founda-
tion for future research, such as firmware level code mod-
ifications, using complex 3D models, and expanding the
range of tested printers. This path adheres to the broader
trends in additive manufacturing research, where improv-
ing printer capabilities and expanding material compat-
ibility are vital priorities. This research goal had been
proven by the research conducted by A. Albar et al. (2019)
and D. Chen et al. (2013). They strongly emphasised the
importance of intelligent control systems and modular
hardware integration. This leads to new system designs
that support a broader range of industrial applications.
Similarly, it has been noted that the precision and resolu-
tion of different 3D printing technologies at high printing
speeds must be at the center of the resulting 3D printed
model to meet industrial standards (Kluska, 2018). Exam-
ples of industrial applications where high-speed printing
can be used include aerospace, automotive, and consumer
goods sectors. Reducing model (part) production times is
critical for the mentioned areas.

The comparison of experimental findings presented
in this work with those conducted by renowned scientists
highlights the complex nature of the high-speed printing
field. Many more printed issues and challenges must be
addressed apart from those mentioned in this research.
Using Klipper firmware and fused filament fabrication
systems has solved some of the high-speed printing chal-
lenges; optimisation of printing (filling) material usage
and end-model mechanical endurance will be solved.
The author plans to address the presented challenges by
utilising printing and material process optimisation and
creating a robust software framework for high-speed 3D
printers to automatically adjust system parameters based
on the printing industry and the end goal of the process.
Besides, it can be beneficial to study and compare various
3D printer construction technologies in the future.

CONCLUSIONS

It had been established that the maximum print speed on
a standard printer cannot exceed 180 mm/s; most often,
it is about 150 mmy/s. With additional equipment such as
Klipper, the print speed can reach 249 mm/s, which is rel-
atively high for printing, although it cannot be constant.
At these print speeds, many properties could be improved,
namely those that had to do with engine and layer func-
tionality. In the study it was outlined that the most criti-
cal problem was the stepper motor only in some cases had
time to move the table by the required number of steps.
This was reflected in the appearance of a crackling sound
in the printer and the vibrations of the equipment. In ad-
dition, the model was then offset along the Y-axis. After
such an event, the printing process the could not contin-
ue print operations as the output model would had been
damaged, and there was no point in reprinting it.

During the study, a newfound problem was identified.
This issue arises when the print speed was increased —
which resulted in a significant load on the engine. Due to
which the structure and motors of the printer had been
affected. Such loads were too significant for such classes
of printers, namely those that utilise Cartesian mechan-
ics. The main disadvantage was the movement of the ta-
ble, which had a significant mass and took much energy
to move. On average the printer only in a small number of
cases had time to move then table. As the study showed, if
one experienced a high print speed in a slicer, this would
only in several occasions be considered when cutting the
model because the slicer also considers the acceleration
values, which are configured separately. Typically, the
acceleration values were set to the OEM’s recommended
settings and did not require adjustments when set to op-
timal print speeds (up to 120 mmy/s). During the experi-
ment, the acceleration values were increased proportion-
ally, which showed positive results.

If we take a case when the stock printer was used, like
the research readings. In that case, one should refrain
from interfering much with their standard parameters
and settings because the printer could not print faster
due to its hardware limitations. In the future, the authors
plan to expand the presented research results, make
manual code edits to the firmware, use more complex 3D
models, and increase the variety of tested printers with
a research focus on applications to several industrial ap-
plications.
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MopiBHANbHe pgocnig)XeHHA OCHOBHUX NapaMeTpiB i XapaKTepPUCTUK
CUCTeMU ynpaBniHHA napaMeTpamu 3D-npuHTepa
3 BUKOPUCTaHHSAM anapaTtHoro 3a6esneyeHHa Tuny Klipper

AHoTauis. 3D-ApyK aKTUBHO 3aMiHIOE TPaAMUIIi/iHI METOAY KOHCTPYIOBAaHHS MallliH, 3a6e3meuyour BUPOOHUKIB
THYUKiCTIO, 3pyUYHICTIO YIIPaB/JiHHS Ta MOXK/IMBICTIO peajbHOTO Yacy HaJIallITOBYBAaTU MapaMeTpu Ipoliecy. [laHe
IOCTiIKeHHs 6y/10 30cepeikeHO Ha BM3HAUeHHI IBUAKOCTI APYKY JJis OTPMMaHHS SIKICHUX MOJieeii 3a ABOMa ClieHapisaMu:
6e3 BukopucTaHHs npourku Klipper Ta 3 Bukopuctanasim mikporiporpamu Klipper mjist KOHTpOIbHUX ITapaMeTpiB y
rpoueci ApyKy. 3D-IPUHTEPOM, KM BUKOPUCTOBYBABCS B JOC/iKeHHi, 6yB ipuHTep Creality Ender 3 V3 SE 3 gBoma
3paskaMu 3D-moperneii. IIponiec TecTyBaHHS IPOBOAMBCS 3 TPbOMa IONEpeAHIMIM HaJalITyBaHHSIMM IIBUAKOCTI IPYKY:
cepelHs IBU/IKICTb, BUILle-CePEIHbOTO UIBMUKICTh Ta MaKCMMaabHO MOXK/IMBA LIBUIKICTh (MaKCMMa/lbHA MIBUKICTb IPYKY
345 MM/C; BUIIle-CEPEIHBOTO MBUAKICTh 180 MM/c; cepemus — 150 mm/c). B pesynbraTi JOCTiAKEHHST CTAHOBJIEHO, 1110
Hai61/IbII KPUTUYHA TPO6IeMa TIONSITAE B TOMY, 110 KPOKOBUI ABUTYH He 3aBXKAY BCTUTAE MepeMillaTi CTil Ha HeoOXigHy
KinbKicTb KpokiB. CTaHAAPTHI 3HAaUEHHS IPMUCKOPEHHS OY/IM BCTAHOBJIEH] Ha PiBHI peKOMEeHL0BaHUX BUPOOGHUKOM
OpUTiHaIbHOTO 06IaAHAHHS, & OTITMMAaJIbHA MIBUIKICTh APYKY cTaHOBW/IA 10 120 Mm/c. Y XOfi TPOBeIeHHSI eKCTIePMMEHTiB
6y710 361/1bIIIEHO CTAHAAPTHI 3HAUEHHS MPUCKOPEHHSI, 110 ITOKA3a/I0 TTO3UTUBHI 3MiHM, Ta IPMU3BEJIO N0 KPAIIoi SIKOCTi
IPYKY i cTabimbHOCTI TaKoOro npotecy. byo BU3HaueHo, 10 y BUTIAAKY 3i CTAHAAPTHMUM (TOTOBUM 3 MAKyBaHHS 0 PO6OTH)
TIPMHTEPOM Halikpalie 36eperTu CTaHZAPTHI NTapamMeTpu Ta HaJalITyBaHHS, OCKiIIbKY IIPUHTEP He 3MOXKe APYKyBaTH
MIBUJIIIIE Yepe3 CBOi arapaTHi 06MeskeHHs, y TO vac SIK crelliaabHa arnapaTHa IPOIIMBKa MOsKe TOMIOMOI'TY Y BUKOHAHHI
3aBIAHHS JMHAMIYHOTO HAIAIITYBAHHS IMapaMeTpiB JpyKY Py LIbOMY 36epiraiouy MakCMMaIbHY SIKiCTh Ta OMTUMi3yIOun
Ha BMKOHAHHS 3aBAaHb. Pe3ynbTaTu JOCTiIKeHHSI MOYKHA BUKOPUCTATH B IIPOMUCIOBOMY BUPOOHMUIITBI AJ1s onTUMi3allii
npotieciB 3D-ApyKy, MiIBUILEHHS SIKOCTi BUPOOIB Ta 3MeHIIeHHSI BUTPAT Ha BUTOTOBIEHHS

Kniouosi cnosa: 3D [pyK; amapaTHe MporpamMHe 3a0esredyeHHs; aBTOMAaTMU30BaHi CMCTeMM; KOHTPOJIb ITapaMeTpiB;
iTepalijiHa OlliHKa CUCTeMM; CUCTEMM YIIPaBJIiHHS
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