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Abstract

3D printing technology has been widely applied in various industries, including manufacturing,
healthcare, automotive, aerospace, and others. High 3D printing speeds, such as 1200 mm/s, offer the potential
to significantly accelerate the production process. However, increasing this speed also presents challenges
related to the quality and dimensional consistency of the printed parts. Therefore, understanding how each
parameter interacts and affectsthe printing resultsis key to optimizing high-speed 3D printing processes. This
research focuseson the dimensional accuracy of 3D printed objects. The method used involves printing 5 cube
samples measuring 20mmx 20mm x20 mmwith a 10 mm through all hole using Acrylonitrile Butadiene Styrene
(ABS) Highspeedand Polylactic Acid (PLA) Highspeed materials at a maximum printspeed of 1200 mm/s. After
the printing process, the dimensions of each sample are carefully measured using a vernier caliper at three
different points. PLA material tends to have a larger deviation than ABS, especially in the circle diameter
parameter with a deviation percentage of 5.88%, while ABS is 5.02%. Based on the results overall the deviation
oflength, width, height,andholediameter dimensions inbothmaterials is notsignificant for general applications,

but the deviation in hole diameter shows a higher value than other dimensions.
Keywords: Highspeed 3D Printing, 3D Printing Material, Dimensional Consystency.

1. Introduction

3D printing technology has been
widely applied in various industries,
including  manufacturing,  healthcare,
automotive, aerospace, and others [1-4].
One crucial aspect of the 3D printing
process is the dimensional consistency of the
printed parts, which is essential. With the
increasing need for faster and more efficient
production, research on higher printing
speeds has become increasingly relevant [5].
High 3D printing speeds, such as 1200
mm/s, offer the potential to significantly
accelerate the production process. However,
increasing this speed also presents
challenges related to the quality and
dimensional consistency of the printed parts.
Therefore, understanding how each
parameter interacts and affects the printing
results is key to optimizing high-speed 3D
printing processes.

Although high printing speeds can
increase production efficiency, there are
several issues that need to be addressed to
ensure optimal print quality. One major
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issue is thermal deformation that can occur
due to uneven temperatures during the
printing process [6-7]. This deformation can
lead to dimensional distortion, resulting in
prints that do not conform to the desired
design. Additionally, high material flow
rates can cause instability inthe 3D printing
material extrusion, which can in turn result
in rough surfaces or structural defects in the
prints [8]. Dimensional consistency is also
influenced by factors such as cooling rate,
layer-to-layer interaction, and nozzle wear
[9]. Another issue to consider is quality
control during the printing process, where
sensors and monitoring technologies must
be able to detect and correct deviations in
real-time to maintain consistent results [10].

This study aims to investigate the
dimensional consistency of two commonly
used 3D printing highspeed materials,
Polylactic Acid (PLA) and Acrylonitrile
Butadiene Styrene (ABS), at high printing
speeds. By comparing the performance of
these materials, this research seeks to
provide insights into how each material
maintains dimensional accuracy under high-
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speed conditions, helping to determine
which material may be more suitable for
applications requiring efficient yet precise
production.

This research has several limitations
that should be considered. First, this study
focuses on the use of specific materials
commonly used in 3D printing, such as
Polylactic Acid (PLA) and (ABS)
Acrylonitrile Butadiene Styrene [11].
Additionally, this study focuses more on
testing the dimensional consistency of
printed parts without considering other
factors such as mechanical strength and
surface properties.

2. Material and Methods

This research focuses on the
dimensional accuracy of 3D printed objects.
The method used involves printing 5 cube
samples measuring 20mm x20mm x20 mm
with a through all 10 mm hole using ABS
Highspeed and PLA Highspeed materials at
a maximum print speed of 1200 mm/s. After
the printing process, the dimensions of each
sample are carefully measured using a
vernier caliper at three different points.

To analyze the data, the authors calculated
the average deviation and percentage
deviation from the design dimensions. The
average deviation shows how far the average
measurement results deviate from the
predetermined design dimensions [12]. The
calculation of Average Deviation is shown
in Equation 1.

Average Deviation = (2 |Xi - X]) / n

Meanwhile, the percentage deviation
provides a clearer picture of the level of
inaccuracy in percentage form. Thus, the
author can analyze the correlation between
the printing process variables and the
resulting deviation. The calculation of
Average Deviation is shown in Equation 2.

Percentage Deviation = [(Actual Value -
Reference Value) / Reference Value] x

The reference values used in this
study are the length, width, height
dimensions of the sample cube design of 20
mm and the hole diameter of 10 mm. The
sample cube designin this study is shown in
Figure 1.

Figure 1. Sample Cube Size 20x20x20mm and 10
mm diameter hole

2.1. 3D Printing Settingand Material

In this study, experiments were
conducted by adjusting the 3D printer
machine according to the characteristics of
each material. For ABS, the nozzle
temperature was set in the 230-260°C range
with a bed temperature of 100-110°C, while
for PLA the nozzle temperature was set at
190-220°C and the bed temperature at 60-
70°C. Both materials use print fans and
enclosures to ensure optimal print quality.
The machine settings are shown in Table 1.

Table 1. 3D Printer Setting

Setting ABS PLA
Nozzle 230-260°C  190-220°C
Temperature

Bed Temperature 100-110°C  60-70°C
Print Fan On On
Enclosure Yes Yes
Brim/Raft Yes Yes
Support No No
Maximum 1200 mm/s 1200 mm/s

Printing Speed
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3. Result and Discussion
3.1 Dimension measurement result

Measuring Result in X axis
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Figure 3. Measuring Resultin X axis

Based on the results of measuring the
dimensions of 3D printed objects in the X-
axis using PLA and ABS materials shownin
Figure 3, there is a significant deviation
compared to the reference dimensions. In
PLA material, the resulting dimensions are
always larger than the reference dimensions.
The dimension range on the PLA samples
ranged from 20.05 mm to 20.2 mm, with the
largest deviation seen on the 4th sample
reaching around 20.22 mm, while the
smallest deviation was found on the 1st
sample.

On the other hand, the ABS material
showed greater fluctuations. In most
samples, the ABS dimensions were below
the reference dimensions, with the lowest
deviation recorded in the 2nd sample which
had dimensions of about 19.95 mm.
However, in the 4th and 5th samples, the
ABS dimension actually exceeded the
reference value, reaching more than 20.1
mm.

Based on the graph of the
dimensional measurement results of 3D
printed objects on the Y-axis shown in
Figure 4, there is a deviation or error
between the printed results with PLA and
ABS materials compared to the reference
dimensions. For the PLA material, the
resulting dimensions are consistently larger
than the reference dimensions. At first, the

deviation was relatively small, around 20.2
mm, but increased significantly by the 4th
sample, reaching over 20.45 mm, before
decreasing slightly by the 5th sample. This
indicates that the PLA material tends to
produce larger dimensions and is less stable
against the reference. Meanwhile, the ABS
material showed a different deviation
pattern. In the initial sample, the ABS
dimension was larger than the reference
dimension, hovering around 20.3 mm, but
started to decrease drastically in the 4th
sample, reaching a value below 20 mm,
before finally rising back to near the
reference value in the 5th sample. The
largest deviation occurred in the 4th sample,
where the ABS dimension dropped below
the stable reference value.

Measuring Result in Y Axis
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Figure 5. Measuring Resultin X axis

Based on the graph of the
dimensional measurement results of 3D
printed objects on the Z-axis shown in
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Figure 5, it can be seen that there is a
deviation or error between the printed results
using PLA and ABS materials compared to
the reference dimensions. In PLA material,
the dimensions produced tend to vary but are
relatively more stable than ABS. The
measurement results on PLA show
dimensions that range from around 20.05
mm to 20.15 mm. Although there are
fluctuations, the largest deviation occurs in
the 5th sample with dimensions reaching
almost 20.15 mm, which is still slightly
above  the  reference  dimensions.
Meanwhile, the ABS material showed a
more significant deviation pattern. In the
initial samples, the ABS dimensions were
larger than the reference, hovering around
20.15 mmto 20.18 mm. However, by the 5th
sample, the ABS dimensions increased
significantly, reaching more than 20.2 mm.
The largest deviation in ABS occurred in the
5th sample, showing a much higher increase
compared to the reference dimension.

Diameter Measuring Result

dimensions of the objects produced are
generally smaller than the reference
dimensions, especially in the 2nd sample.

3.2 Average Deviation and Deviation
Percentage

Analysis of the deviation data in 3D
printing with ABS and PLA materials based
on Table 2 and Table 3. shown that there is
a mismatch between the printed dimensions
and the design dimensions. In general, both
ABS and PLA materials experienced
deviation from the expected dimensions. In
ABS, the largest deviation occurred in the
diameter axis, reaching 5.02%. This
indicates that the printing process tends to
produce smaller object diameters compared
to the initial design. Meanwhile, in the PLA
material, the largest deviation also occurred
in the diameter axis, which amounted to
5.88%. This result shows a similar trend to
the ABS material, where the object diameter
tends to be smaller than planned.

Table 2. ABS 3D printing deviation

101 Sample Deviation
10 X Y 4 Diameter
QR 9,9 AXxis  Axis  Axis (mm)

£ 9,8 (mm) (mm) (mm)
5 9,7 1 0.00 030 0.13 -0.37
2 o 2 010 030 013  -0.60
£ o4 3 000 030 0.10 -0.70
gi 4 0.20 -0.04 0.10 -0.37
" 5 4 6 5 0.06 0.00 0.20 -0.47
sample Avgrage 0.07 019 0.13 0.50

Refference Dimension ABS PLA Dev!at!on

Deviation 0.36 094 0.66 5.02%

Percentage % % %

Figure 6. Hole Diameter measuring result

Dimensional deviations observed in
high-speed 3D printing using PLA and ABS
materials are closely linked to the intrinsic
thermomechanical properties of each
polymer and their interaction with the
process dynamics [13]. PLA, while popular
for its ease of printing and biodegradability,
has inherent limitations that affect its
dimensional  stability  under  rapid
manufacturing conditions. One critical

The graphs based on Figure 6 shown
that the dimensional measurement results of
the 3D printed PLA and ABS objects show
a significant deviation compared to the
reference dimensions. It can be seen that the
ABS material tends to produce objects with
dimensions that are slightly larger than
expected, especially in the 3rd and 4th
samples. In contrast, the PLA material
shows the opposite tendency, where the
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factor is its relatively high coefficient of
friction, which increases surface abrasion as
the material moves through the extrusion
system. This elevated friction generates
additional mechanical stress on the printed
layers, causing distortion—especially in
high-speed conditions where the material is
deposited more rapidly and with less cooling
time between layers [14]. Furthermore, PLA
has a lower glass transition temperature and
poorer heat resistance, making it more prone
to softening and deformation under
sustained thermal and mechanical loads.
These characteristics compromise PLA’s
ability to retain its intended shape during
rapid deposition, particularly in the lateral
(X and Y) dimensions where nozzle-induced
drag and acceleration changes are more
pronounced.

Table 3. PLA 3D printing deviation

Sample Deviation
X Axis Y Axis Z Axis Diameter
(mm) (mm) (mm) (mm)
1 0.20 0.13 0.03 -0.60
2 0.23 0.10 0.10 -0.70
3 0.23 0.10 0.10 -0.64
4 0.13 0.46 0.00 -0.50
5 0.16 0.30 0.10 -0.50
Average 0.19 0.22 0.07 0.59
Deviation
Deviation 0.95% 1.09% 0.33% 5.88%
Percentage

In addition to friction and heat
sensitivity, PLA's longer cooling time also
contributes to dimensional inaccuracy. In
high-speed printing, the nozzle moves
quickly from one region to another, often
depositing new layers before the previous
ones have sufficiently cooled and solidified.
This can result in poor interlayer adhesion
and geometric warping, especially near
sharp corners or unsupported sections [15].
As a result, prints made from PLA under
these conditions may exhibit swelling or
shrinkage depending on local thermal
gradients, further distorting the final

geometry. Conversely, ABS demonstrates
better structural resilience during high-
speed printing due to several favorable
material attributes. Although ABS is known
to be more difficult to print due to its
tendency to warp under normal conditions,
its higher thermal resistance and more stable
wear behavior provide an advantage in high-
speed scenarios. The increased porosity of
ABS filaments enhances thermal dissipation
and allows more even shrinkage, which
helps maintain structural uniformity.
Moreover, ABS undergoes more predictable
thermal contraction during cooling, which,
when properly managed, leads to consistent
dimensional results.

In this study, ABS showed relatively
lower deviation in lateral dimensions, as
well as better control over diameter changes,
despite a slightly higher vertical deviation.
The vertical deviation in ABS may be
attributed to its faster cooling rate, which
can cause micro-gaps or layer separation
along the build direction if the process is not
adequately optimized. However, overall,
ABS's mechanical robustness and thermally
balanced behavior enable it to perform more
reliably in  high-speed 3D printing
applications, where dimensional fidelity is
critical. Therefore, for applications that
demand high-precision and consistency
across multiple axes in rapid prototyping or
mass customization workflows, ABS is
generally amore suitable material than PLA,
provided that warping issues can be
mitigated through enclosure control, bed
adhesion techniques, or post-processing
calibration [16].

4. Conclusion

Based on the results of the research
on dimensional consistency in the high-
speed 3D printing process, it was found that
there were deviations in the printouts of both
ABS and PLA materials. Overall, the
deviation of length, width, height, and hole
diameter dimensions in both materials is not
significant for general applications, but the
deviation in hole diameter shows a higher
value than other dimensions. PLA material

62 TURBO p-ISSN: 2301-6663, e-ISSN: 2447-250X Vol. 14, No. 01, 2025



tends to have a larger deviation than ABS,
especially in the circle diameter parameter
with a deviation percentage of 5.88%, while
ABS is 5.02%. This shows that although

high-speed 3D printing can
production efficiency,

improve
the quality of

dimensional consistency is still affected by
print speed and material selection.

Reference

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Mihalko, W. M. (2019). Additive
manufacturing  of  arthroplasty
implants.  In3D  Printing in
Orthopaedic Surgery (pp. 49-53).
Elsevier.

Flores Ituarte, 1., Chekurov, S,
Tuomi, J., Mascolo, J. E., Zanella,
A., Springer, P., & Partanen, J.
(2018).  Digital  manufacturing
applicability of a laser sintered
component for automotive industry:
a case study.Rapid Prototyping
Journal, 24(7), 1203-1211.
Karolewska, K., & Ligaj, B. (2019,
February). Comparison analysis of
titanium alloy Ti6Al4V produced by

metallurgical and 3D printing
method. In AIP Conference
Proceedings (Vol. 2077, No. 1). AIP
Publishing.

Iftekar, S. F., Aabid, A., Amir, A, &
Baig, M. (2023). Advancements and
limitations in 3D printing materials
and  technologies: a  critical
review. Polymers, 15(11), 2519.
Nugroho, A. D., Suwandono, P.,
Hermawan, D., & Rizki, A. (2022).
Pengaruh jumlah sudu terhadap
unjuk kerja 3D print turbin air tipe
vortex. Jurnal Turbo, 11(1), 95-108.
Ramian, J., Ramian, J., & Dziob, D.
(2021). Thermal deformations of
thermoplast during 3D printing:
warping in  the case of
ABS. Materials, 14(22), 7070.
Cahyono, A. (2020). Pengaruh Print
Speed Extruder dan Height Layer
terhadap Kekuatan Tekan dan Foto
Makro pada Hasil 3D Printing.
Buletin Profesi Insinyur, 13(2).

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Shahrubudin, N., Koshy, P., Alipal,
J., Kadir, M. H. A., & Lee, T. C.
(2020). Challenges of 3D printing
technology  for  manufacturing
biomedical products: A case study of
Malaysian manufacturing
firms. Heliyon, 6(4).

Valvez, S., Silva, A. P., & Reis, P. N.
(2022). Optimization of printing
parameters to  maximize the
mechanical properties of 3D-printed
PETG-based

parts. Polymers, 14(13), 2564.
Taufik, 1., Herianto, H.,, &
Herliansyah, M. K. (2017).
Monitoring dan analisis mesin 3d
printing berbasis sensor getaran
untuk  mengoptimalkan kualitas
hasil. Jurnal E-Komtek (Elektro-
Komputer-Teknik), 1(1), 64-75.
Abeykoon, C., Sri-Amphorn, P., &
Fernando, A. (2020). Optimization of
fused deposition modeling
parameters for improved PLA and
ABS 3D printed structures.
International Journal of Lightweight
Materials and Manufacture, 3(3),
284-297.

Zhang, Z. (2023). Computer
simulation method for data trust
analysis based on average deviation
algorithm. IEEE Access, 11, 19602-1
9

Harris, M., Potgieter, J., Archer, R.,
& Arif, K. M. (2019). Effect of
material and process specific factors
on the strength of printed parts in
fused filament fabrication: A review
of recent
developments. Materials, 12(10),
1664.

Roy, R., & Mukhopadhyay, A.
(2021). Tribological studies of 3D
printed ABS and PLA plastic
parts. Materials Today:
Proceedings, 41, 856-862.

Farbman, D., & McCoy, C. (2016,
June). Materials testing of 3D printed
ABS and PLA samples to guide
mechanical design. In International

TURBO p-ISSN: 2301-6663, e-ISSN: 2447-250X Vol. 14, No. 01, 2025 63



manufacturing science and
engineering conference (\ol. 49903,
p. V002T01A015).  American
Society of Mechanical Engineers.

[16] Kantaros, A., Katsantoni, M.,
Ganetsos, T., & Petrescu, N. (2025).
The Evolution of Thermoplastic Raw
Materials in High-Speed FFF/FDM
3D Printing Era: Challenges and
Opportunities. Materials, 18(6),
1220.

64 TURBO p-ISSN: 2301-6663, e-ISSN: 2447-250X Vol. 14, No. 01, 2025



