ISSN 3083-7219 (Print), ISSN 3083-7227 (Online)

Teopisi i npakmuka memanypeii, 2025, Ne 4
Theory and Practice of Metallurgy, 2025, No. 4

https://doi.org/10.15802/tpm.4.2025.02

YOK 004.9, 621

The impact of object orientation during 3D printing on part quality
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Anomauis. Mema. [JocnidxeHHs ma npakmu4Ha oujiHKa ernusy po3amauwysaHHsi 0emarnel Ha cmori nid yac 3-0pyky
Ha sumpamu mamepiary, Y4ac OpyKy, i sikicmb 0emarnel MawuHobydysaHHs. Memoduka. [TposedeHi npakmuyHi 8urnpo-
bysaHHSs y peanibHUX yMoBax 8UupobHuumea 3 nornepedHbOK OUIHKOI pe3yrbmamie OpyKy y cepedosuli npospamMHo20
npodykmy Ultimaker Cura 5.8.1 ma HacmynHum dpykom demani y 3[] npunmepi ANYCUBIC PHOTON M3 MAX. Haykoea
Hoeu3Ha ma pe3ynbmamu. [lpakmu4Ho posedeHo OocnidxeHHs peanbHo20 3[-0pyKy chomornonimepHo cMmosior Oe-
mauel nicrs aHani3y pisHUXx eapiaHmie poamauwlyeaHHs1 34-modeni Ha nnamagbopmi nobydosu. 3’acoeaHi OocniOHUM wWirsi-
XOM pauioHarsbHi nonoxeHHs1 0ns 3] modened y npocmopi 0551 3MeHWeHHs1 Yacy OpyKy, eumpamu mamepiany ma ycy-
HeHHs1 Oepekmie 3 Opyky. BukoHaHa oujHka ernnugy posmauwyeaHHs 0emarnel Ha cmoni nid yac 3-0pyky ¢gpomonorni-
mepHoro cmornoro ESUN Hard-Tough Resin 6inozo konbopy Ha aumpamu mMamepiany, Yac OpyKy, ma sikicmb demarnel
MawuHobydysaHHs. 3aghikcosaHO 3Hauyywull 8rnnue po3mauwysaHHs Modesi Ha ninamgopmi nobydosu — a came nid Ky-
mom - Ha siKicmb OpyKy OKpeMux eriemeHmie demariel, ocobrnugo OpibHOPO3MIPHUX, Ha KiflbKicmb 8UMpa4YyeHo20 Mame-
piany ma yac OpyKy. lMpakmu4Ha 3Ha4dywicmb. [TposederHHi docnidxeHHss 0o38onunu binbw c8iGoMO 8UKOHy8amu po-
3mauwysaHHsi 3] modenel Ha nnamagopmi nobydosu, nonepedHbO OyiHUMU sumpamu Mamepianay Ha nidmpumMKu ma
gidpedazysamu nomnoxeHHs Modeni y pasi Heg0annozo subopy ma mum caMuM 3MEHWUMU Yac OpyKY i KinbKicmbs empam
y Hacnidok deghekmis dpyKy Yepes gidcymHicmpb niompumok. OdepxaHHSI npakmu4Hoeo doceidy 3-0pyky ma ¢hopmy-
8aHHS MpakmMuy4HUXx pekomeHdauil, wo 003801uo nokpawumu cmaH 3-eupobHuymea Ha nidrnpuemMcmeai.

Knroyoei cnoea: AdumusHe supobHuymeo, Photon M3 Max, eumpama mamepiany, ¢pomonomivmepHa cmona ESUN
Hard-Tough Resin, 06’em nidmpumok, 3 dpyk, yac 3 dpyky.

Abstract. Purpose. Research and practical evaluation of the impact of part placement on the table during 3D printing on
material consumption, printing time, and quality of mechanical engineering parts. Methodology. Practical tests were con-
ducted in real production conditions with a preliminary assessment of printing results in the Ultimaker Cura 5.8.1 software
environment and subsequent printing of the part in a 3D printer ANYCUBIC PHOTON M3 MAX. Originality and Findings.
A practical study of real 3D printing of parts with photopolymer resin was conducted after analyzing various options for
the location of the 3D model on the build plate. Rational positions for 3D models in space were experimentally determined
to reduce printing time, material consumption, and eliminate 3D printing defects. An assessment of the influence of the
location of parts on the table during 3D printing with white photopolymer resin ESUN Hard-Tough Resin on material
consumption, printing time, and quality of mechanical engineering parts was performed. A significant influence of the
location of the model on the build plate - namely at an angle - on the printing quality of individual elements of parts,
especially small ones, on the amount of material consumed, and printing time was recorded. Practical value. The con-
ducted research allowed us to more consciously place 3D models on the build plate, pre-estimate the material costs for
supports and edit the position of the model in case of an unsuccessful choice, thereby reducing printing time and the
number of losses due to printing defects due to the lack of supports. Gaining practical experience in 3D printing and
forming practical recommendations, which allowed us to improve the state of 3D production at the enterprise.
Keywords: Additive Manufacturing, Photon M3 Max, material consumption, photopolymer resin ESUN Hard-Tough
Resin, support volume, 3D printing, 3D printing time.

Introduction. Additive manufacturing technology
has opened up new opportunities for creating complex
shapes and structures in mechanical engineering. 3D
printing is essentially a very important process when it
comes to working out the details of design and
developing new products. It can easily produce internal
sharp corners, complex contours, and even build
structures that are completely inaccessible to
traditional machining or CNC manufacturing. This is
what makes additive manufacturing a powerful tool in
the creation of part prototypes intended for casting and
machining, as it can handle a wide range of product
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design features [1].

Additive manufacturing allows for the production of
parts ranging in size from micro to macro scale. How-
ever, the accuracy of printed parts depends on the ac-
curacy of the used method and the printing scale. For
example, micro-scale 3D printing creates problems
with resolution, surface treatment and layer bonding,
which sometimes require post-processing methods
such as sintering [2]. On the other hand, the limited
range of materials available for 3D printing creates
problems when using this technology in various indus-
tries. Thus, there is a need to develop suitable
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materials that can be used for 3D printing. Further re-
search is also needed to improve the properties of 3D-
printed parts [3].

Analysis of literature data and problem state-
ment. Scientific publications often focus on the follow-
ing issues in the printing field:

optimization of printing parameters to improve me-
chanical properties;

analysis of the economic efficiency of technology
implementation;

elimination of internal defects that occur during the
printing process.

— In the article ‘Effect of printing orientation on me-
chanical properties of FDM 3D printed parts’ (Re-
searchGate) [4], three orientations (XY, YZ, ZX) were
studied in FDM printing. The results showed that the
YZ orientation provides higher tensile and impact
strength, while the XY orientation provides maximum
hardness. This confirms the anisotropy of the material
due to its layered structure.

— The systematic review ‘Impact of 3D printing ori-
entation on accuracy, properties, cost, and time effi-
ciency of additively manufactured dental models’
(BMC Oral Health, 2024) [5] focuses on dental appli-
cations. The authors concluded that the vertical orien-
tation of models allows more details to be placed in a
single printing session, but horizontal orientation
proved to be more optimal in terms of accuracy, time
reduction, cost, and material usage.

The study ‘The Influence of Printing Orientation on
Surface Texture Parameters’ (PMC) [6] analysed
roughness parameters (Ra, Rz) in detail. It was found
that the smoothest surface is formed at an orientation
of 0° tilt (parallel to the working platform). As the angle
of orientation increases, the surface parameters dete-
riorate significantly, which is critical for high-precision
products.

— The article ‘Influence of Printing Orientation on
the Mechanical Properties of Provisional Polymeric
Materials Produced by 3D Printing’ (Polymers, 2025)
[7] analyses samples of dental polymers. The highest
bending strength and modulus of elasticity were shown
by samples printed at an angle of 90°. This confirms
that in dentistry, the choice of orientation has a direct
impact on the reliability of prostheses.

— The article ‘Why Part Orientation Matters in 3D
Printing’ (AZoM) [8] explains that orientation affects all
key parameters: mechanical properties, printing time,
number of supports, surface quality, and cost. The au-
thors emphasise anisotropy as the main factor that
makes the right choice of location critically important.

— Similar conclusions regarding the orientation of
objects during printing are presented in the article
‘Build orientation optimisation of additive manufactured
parts for better mechanical performance by utilising the
principal stress directions’ [9], which presents an algo-
rithm for determining the optimal print orientation in or-
der to increase the mechanical strength of parts.

Some of these issues — defects, uneven mechani-
cal strength due to limited materials, high prices and
small production volumes — are being addressed
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through further scientific research and the develop-
ment of advanced materials and additive manufactur-
ing methods. There are no specific practical recom-
mendations regarding the placement of the 3D model
on the build platform, the placement of supports, and
the time required to build the part, nor is there any cor-
relation between these actions. This creates serious
problems during the manufacturing of parts using 3D
printing, as it is an energy-intensive and time-consum-
ing process that may not produce the desired result.
As a result, the part or its individual element is not
printed in full. This situation leads to financial losses
due to increased material expenses, electricity costs,
and working time. Thus, research on this issue is rele-
vant, especially in the current climate of economical
consumption.

Research goal and objectives. The goal of this
work is to study and practically evaluate the impact of
the placement of parts on the build platform during 3D
printing on material consumption, printing time, and the
quality of printed parts for general mechanical engi-
neering.

One of the important elements of design is the lo-
cation of the part on the build platform of the 3D printer,
which significantly affects printing time, material con-
sumption, and the quality of the final product. Let's ex-
amine the main factors that affect the placement of a
3D model during printing and how to correctly find the
position of the future part on the build platform of a 3D
printer, taking all factors into account.

The location of the part can significantly change the
printing time due to the number of layers. Orienting the
part along the Z-axis (vertically) usually requires more
layers, as each layer is added as the object grows. The
more layers, the longer the printing time. If the part is
printed vertically, the number of layers is at its maxi-
mum, which increases the printing time compared to
printing in a horizontal position, where there are fewer
layers but each layer has a larger surface area.

The orientation of the part often affects the need for
supports. If the part has protrusions or complex geo-
metric elements, the layout may require more support
structures. Printing complex parts horizontally can re-
duce the number of supports, while vertical orientation
may require more to ensure the strength and stability
of the part during printing.

At the same time, increasing the number of sup-
ports not only increases material consumption and
printing time, but also requires additional time after
printing to remove them and further process the part.

After considering and analyzing several positions
from different angles, it is possible to find a position in
which the printing time and quality will be optimal.

In Fig. 1, the part is positioned completely horizon-
tally, with one of the surfaces serving as a platform for
mounting on the table during printing. In this case,
there are no supports at all and the printing time is min-
imal. However, after printing, if the part is thin-walled,
there is a risk of damaging the surface when removing
it from the table.

In the second case (Fig. 2), the part is positioned
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vertically and raised 5-8 mm above the platform for
stabilization. Due to its cylindrical shape, the print re-
quires supports located both outside and inside the
part. This results in maximum printing time, as the
number of layers is maximum, and increased material
consumption and the need for additional processing

- v

after removing the supports.

In Fig. 3, the part is tilted at an angle of 10-20° and
raised 5-8 mm above the platform. Supports are only
needed on the side attached to the table, which re-
duces material consumption compared to a vertical po-
sition.

Consume resin: 4.741ml
Price: 1.043$
Print time: 2h29m51s

Save to Disk

» Slice Settings

» Layer Parameter

Consume resin: 6.701ml
Price: 1.474%
Print time: 7h20m20s

Save to Disk

P> Slice Settings

> Layer Parameter

Consume resin: 6.824ml
Price: 1.501$
Print time: 5h11m30s

Save to Disk

P Slice Settings

» Layer Parameter

Fig. 3 Paositioning of the part at an angle to the 3D printer table
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It is believed that photopolymer printing is per-
formed at an angle in order to reduce the number of
printing failures by reducing the surface area exposed
to resin during printing. This orientation of the object on
the table reduces the tensile force on the working plate
and minimizes the risk of deformation and delamina-
tion. Angled printing improves print quality by reducing
the visibility of layer lines through more efficient resin
runoff and provides better support for overhanging el-
ements, resulting in a surface with less roughness than
when printing without an angle.

The printing time is 5 hours, 11 minutes and 30 sec-
onds, which is longer than with a horizontal orientation
(2 hours, 9 minutes and 5 seconds), but shorter than
with a vertical orientation (7 hours, 20 minutes and 20
seconds). This orientation reduces the risk of damage
to surfaces when removing the part from the table.

Thus, selecting the optimal orientation angle allows
you to achieve a balance between printing speed and
simplifying further processing. The horizontal position
is suitable for parts with simple shapes, the vertical po-
sition is suitable for compact use of space, and the an-
gular position is a compromise that reduces the risk of
damage and defects.

The next parameter affected by the location of the
part is the amount of material used for 3D printing. As
discussed above, incorrect positioning can lead to the
need for a larger number of supports, which will
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increase the amount of material used for printing. The
optimal orientation of the model in the 3D printer space
can reduce the number of supports or eliminate them
altogether.

If the part is poorly positioned, it may require a sig-
nificant amount of support structures to ensure printing
stability. This not only increases material consumption,
but also requires more time for manufacturing and sub-
sequent removal of the supports. Optimal orientation,
such as horizontal, can significantly reduce the number
of supports or eliminate them altogether.

For hollow parts, the orientation determines how
the internal cavities and stiffening ribs will be formed.
Choosing the correct orientation angle can ensure effi-
cient use of the filling material, reduce its quantity, and
take into account the location of holes for removing ex-
cess material.

Proper orientation allows you to reduce the overall
amount of material while maintaining the required
strength of the product. This is especially important for
complex parts where voids and supports can signifi-
cantly affect the final cost.

Thus, choosing the optimal part placement mini-
mizes material consumption, reduces printing time,
and facilitates processing. This is especially true for
hollow products, where it is important to consider the
layout of the internal filling and the points of drainage
for excess material.

Fig. 4 Examples of supports formed during 3D printing.

The placement of the part affects another important
parameter, namely the quality of the printed surfaces
of the part. Vertical orientation of parts often results in
a noticeable staircase effect on surfaces inclined to the
Z-axis. This is due to the technical limitations of layer-
by-layer material deposition. To improve surface qual-
ity, the part can be reoriented, but this may increase
the number of layers and printing time. Surfaces in
contact with supports are usually of lower quality, re-
quiring additional post-processing. Reducing the use

of supports by correctly orienting the part helps to im-
prove the final appearance of the product.

Parts with detailed features or sharp corners re-
quire careful orientation selection to minimize printing
errors. Poor placement can result in defects and print-
ing inaccuracies.

Thus, the quality of printed surfaces depends on the
correct placement of the part on the platform. Vertical
placement is better for parts that require minimal con-
tact with supports, but the risk of defects on the side of
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the platform remains. Horizontal placement is suitable
for simple shapes, but complex elements may lose
quality.

Saving space on the platform is another parameter
that depends on the location of parts on the 3D printer
table. If a 3D printer prints several parts at once, cor-
rect placement will ensure efficient use of the plate
space. This approach will increase the number of ob-
jects printed simultaneously and reduce the overall
production time.

For example, let's look at these four mould parts.

The size of the plate on which the parts are printed is
300x300x150 mm. Let us consider, for example, these
four casting mould parts (fig. 5). The size of the plate
on which the parts are printed is 300 x 300 x 150 mm.
If the parts are placed horizontally during printing (fig
5), only two parts can be placed on the plate, and the
total printing time for the entire mould will be approxi-
mately 14.5 hours. This arrangement will affect not
only the printing time but also the quality of the working
surfaces due to the chosen placement of the supports.

Consume resin: 324.372ml
Price: 71.362$
Print time: 8h36m22s

P Slice Settings

» Layer Parameter

Print time: 5h53m36s

> Slice Settings

» Layer Parameter

Fig. 5 Different layouts for parts on a 3D printer plate (two parts)

When printing parts horizontally on a 300x300x150
mm plate, only two parts can be placed at a time. The
total printing time for four parts in this position is 15
hours. A significant disadvantage of this option is the
use of supports that come into contact with the mould-
ing surfaces and affect the quality of the finished prod-
ucts due to the need to remove them later. An im-
portant disadvantage of this option is the use of sup-
ports that come into contact with the forming surfaces
and affect the quality of the finished products due to
the need to remove them later.
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If the parts are placed vertically (Fig. 6), all four ob-
jects can be placed on the platform at the same time.
In this case, the supports do not come into contact with
the critically important surfaces of the parts. The total
printing time is reduced to 13 hours, which improves
the productivity of the process. However, the possibility
of deformation due to thermal stresses should be taken
into account. The upper layers cool more slowly, cre-
ating additional pressure on the lower ones, which can
lead to distortion of the shape.
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Price: 145.096$
Print time: 12h39m51s

Save to Disk

P Slice Settings

» Layer Parameter

Fig. 6 Different layouts for parts on a 3D printer plate (four parts)

The orientation of a part can also affects its defor-
mation due to thermal stresses. Vertical orientation can
lead to more pronounced deformation, as the upper
layers cool more slowly and can put pressure on the
lower layers.

Conclusion. Optimizing the placement of
parts in 3D printing helps to balance the following pa-
rameters:

Reducing printing time by reducing the number of
layers and the volume of supports.

Saving material by minimizing the volume of sup-
ports and efficiently utilizing the filling of the part's
cross-section.

Improving surface quality by correctly orienting the
part relative to the Z-axis.

Minimizing defects by reducing the likelihood of de-
formations and errors.

Designing and preparing for 3D printing does re-
quire specific knowledge and approaches that differ
from conventional manufacturing methods such as
machining or casting. There are certain specifics and
limitations that must be taken into account when 3D
printing. Parts should be positioned to minimize the
need for support. This will reduce material consump-
tion and post-processing time. Parts that will be under
load are best printed in an orientation where the layers
do not weaken key areas, i.e., avoid placing load areas
along the planes of the layers. For smooth surfaces,
place important areas of the model parallel to the plat-
form plane. Position parts at an angle of 15-45° to the
print plane and 8—-12 mm away from the table to reduce
the effect of sticking to the platform and avoid defects.

Thus, the optimal placement of a part is a compro-
mise between quality, time and material consumption.

Mepenik nocunaHb
1. AputnBHe BUPOOHUUTBO: TEXHOMOriS, MaTepianu Ta nepesarn 3D-apyky - Makerly. https://makerly.eu/uk/adytyvne-
vyrobnycztvo-tehnologiya-materialy-ta-perevagy-3d-druku/_(date of application 04.09.2025).
2. Jasgurpreet Singh Chohan, Rupinder Singh, Kamaljit Singh Boparai, Rosa Penna, Fernando Fraternali, Dimensional
accuracy analysis of coupled fused deposition modeling and vapour smoothing operations for biomedical applications,
Composites Part B: Engineering, Volume 117, 2017, Pages 138-149, ISSN 1359-
8368, https://www.researchgate.net/publication/314275289 Dimensional_accuracy_analysis_of coupled_fused_depositi
on_modeling_and_vapour_smoothing_operations_for_biomedical_applications_(date of application 04.09.2025).
3. Vilas J Kharat, Puran Singh, G Sharath Raju, Dinesh Kumar Yadav, M Satyanarayana.Gupta, Vanya Arun, Ali
Hussein Majeed, Navdeep Singh, Additive manufacturing (3D printing): A review of materials, methods, applications and
challenges, Materials Today: Proceedings, 2023, ISSN 2214-7853, https://doi.org/10.1016/j.matpr.2023.11.033 (date of
application 04.09.2025).
4. The_Effect_of_Printing_Orientation_on_the_Mechanical_Properties_of FDM_3D_Printed_Parts Enabling Industry
4.0 through Advances in Manufacturing and Materials, Lecture Notes in Mechanical Engineering (pp.75-85). Publisher:
Springer,
Singapore.https://www.researchgate.net/publication/362937073_The_Effect_of_Printing_Orientation_on_the_Mechanical
_Properties_of FDM_3D_Printed_Parts (date of application 04.09.2025).
5. Alghauli, M.A., Almuzaini, S.A., Aljohani, R. et al. Impact of 3D printing orientation on accuracy, properties, cost, and
time efficiency of additively manufactured dental models: a systematic review. BMC Oral Health 24, 1550 (2024).
https://doi.org/10.1186/s12903-024-05365-5_(date of application 04.09.2025).
6. Tomasz Kozior, Jerzy Bochnia The Influence of Printing Orientation on Surface Texture Parameters in Powder Bed
Fusion Technology with 316L Steel Micromachines (Basel). 2020 Jun 29;11(7):639. doi: 10.3390/mi11070639
7. Fabio Hideo Kaiahara, Eliane Cristina Gava Pizi, Fabiana Gouveia Straioto, Lucas David Galvani, Milton Carlos Kuga,
Thalita Ayres Arrué, Ageu Raupp Junior, Marcus Vinicius Reis Sé,Jefferson Ricardo Pereira, Hugo Vidotti Influence of
Printing Orientation on the Mechanical Properties of Provisional Polymeric Materials Produced by 3D Printing (Polymers,
2025) https://www.mdpi.com/2073-4360/17/3/265 (date of application 04.09.2025).

19



ISSN 3083-7219 (Print), ISSN 3083-7227 (Online)

Teopisi i npakmuka memanypeii, 2025, Ne 4
Theory and Practice of Metallurgy, 2025, No. 4

8. Atif Suhail Why Part Orientation Matters in 3D Printing
https://www.azom.com/article.aspx?ArticlelD=24438&utm_source=chatgpt.com (date of application 04.09.2025).

9. Marton Taméas Birosz, Ferenc Safranyik, Matyas Andd Build orientation optimization of additive manufactured parts
for better mechanical performance by utilizing the principal stress directions Journal of Manufacturing Processes Volume
84, December 2022, Pages 1094-1102 https://doi.org/10.1016/j.jmapro.2022.10.038 (date of application 04.09.2025).

References
1. Adytyvne vyrobnytstvo: tekhnolohiia, materialy ta perevahy 3D-druku. URL: https://makerly.eu/uk/adytyvne-
vyrobnycztvo-tehnologiya-materialy-ta-perevagy-3d-druku/
2. Jasgurpreet, S. C., Rupinder, S., Kamaljit S. B., Penna, R., & Fernando F. 2017, Dimensional accuracy analysis of
coupled fused deposition modeling and vapour smoothing operations for biomedical applications. Composites Part B:
Engineering, 117, 138-149.
https://www.researchgate.net/publication/314275289_Dimensional_accuracy_analysis_of _coupled_fused_deposition_m
odeling_and_vapour_smoothing_operations_for_biomedical_applications.
3. Vilas, J. K, Puran S., Sharath R., Dinesh K. Y., M Satyanarayana, V. A., Majeed, A. H., & Navdeep S. (2023). Additive
manufacturing (3D  printing): A review of materials, methods, applications and challenges.
https://doi.org/10.1016/j.matpr.2023.11.033.
4.  Mohd Khairul Nizam, M.A.N.b., Ismail, K.I.b., Yap, T.C. (2022). The Effect of Printing Orientation on the Mechanical
Properties of FDM 3D Printed Parts. In: Abdul Sani, A.S., et al. Enabling Industry 4.0 through Advances in Manufacturing
and Materials. Lecture Notes in Mechanical Engineering. Springer, Singapore. https://doi.org/10.1007/978-981-19-2890-
18
5. Alghauli, M. A., Almuzaini, S. A., & Aljohani, R. et al. (2024). Impact of 3D printing orientation on accuracy, properties,
cost, and time efficiency of additively manufactured dental models: a systematic review. BMC Oral Health 24, 1550
https://doi.org/10.1186/s12903-024-05365-5
6. Tomasz, K., & Jerzy B. (2020). The Influence of Printing Orientation on Surface Texture Parameters in Powder Bed
Fusion Technology with 316L Steel Micromachines (Basel). 11(7), 639. https://doi.org/10.3390/mi11070639
7. Fabio, H. K, Eliane C. G. P., Straioto, F. G., Galvan,i L. D., Kuga M. C., Arrué, T. A. Ageu R. J,, S6, M. V. R,, &
Pereira, J. R. H. (2025). Vidotti Influence of Printing Orientation on the Mechanical Properties of Provisional Polymeric
Materials Produced by 3D Printing. https://www.mdpi.com/2073-4360/17/3/265.
8.  Atif, S. Why Part Orientation Matters in 3D Printing
https://www.azom.com/article.aspx?ArticlelD=24438&utm_source=chatgpt.com.
9. Marton, T. B., Safranyik, F., & Andé, M. (2022). Build orientation optimization of additive manufactured parts for better
mechanical performance by utilizing the principal stress directions. Journal of Manufacturing Processes, 84, 1094-1102.
https://doi.org/10.1016/j.jmapro.2022.10.038.

HadicnaHo 0o pedakuii / Received: 30.07.2025
lMpudHsamo 0o dpyky / Accepted: 08.12.2025

20



