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RESEARCH ON THE IMPACT
OF 3D MODEL PREPARATION TOOLS
ON THE QUALITY OF 3D PRINTING
FOR PROMOTIONAL AND SOUVENIR PRODUCTS

The study investigates the influence of software tools for pre-
paring 3D models of promotional and souvenir product elements
for 3D printing using FDM technology on the accuracy of their
dimensional characteristics. The experimental 3D printing pro-
cess was carried out using identical configuration parameters
of Slicer Software, and the results were analyzed in the context
of comparing deviations in the dimensional characteristics
of the 3D models and the printed elements of promotional
and souvenir products.

The experiment determined that all types of software from
the Slicer Software group ensure the transformation of 3D
models for 3D printing. As a result, the deviations in the di-
mensional characteristics of the printed 3D elements of pro-
motional and souvenir products fall within acceptable limits,
ensuring high-quality reproduction of CAD models.

Keywords: promotional and souvenir products; additive
manufacturing; 3D printing; reproduction accuracy;
dimensional characteristics; wear resistance; print quality;
CAD model.

Introduction

In the modern era of rapid de-
velopment of additive technologies
in the printing market, the issue of
ensuring high-quality final printed
products has gained significant at-
tention. One of the key aspects is
the accuracy of reproducing the
dimensional characteristics of 3D
products, which depends not only
on the equipment but also on the
process of preparing 3D models

for printing. At this stage, software
for model preparation plays a cru-
cial role, as it transforms 3D mod-
els into layers suitable for printing.

Examples of printing products
incorporating additive technologies
include: volumetric promotional bro-
chures or catalogs with integrated
3D-printed components to show-
case products or services; premium-
class souvenir packaging, where 3D
printing is used to create unique
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decorative or functional elements
integrated into the printed box; and
three-dimensional signs or plaques
produced using additive methods
with printed graphic elements [1].
In such products, the accuracy of
preparing 3D models is critical, as
deviations in dimensional charac-
teristics or software compatibility
issues may complicate the integra-
tion of 3D-printed parts with print-
ed elements, negatively impacting
the quality, functionality, and appe-
arance of the final product.

The advantages of additive ma-
nufacturing, such as reduced ma-
terial waste, environmental sustain-
ability and recyclability, process op-
timization, digitalization, and the ac-
cessibility of modeling processes,
make additive technologies well-
suited for industrial use [2].

The FDM (Fused Deposition Mo-
deling) technology involves layer-
by-layer extrusion of consumable
material through the nozzle of 3D
equipment, replicating the cross-
section of the 3D object to form its
geometry [3]. To ensure the quali-
ty of 3D products created with FDM
technology in accordance with ad-
ditive manufacturing quality stan-
dards [4], and to optimize the print-
ing process, various factors and
their impacts must be considered
[5]. One of the primary requirements
for achieving high-quality 3D pro-
ducts with FDM is the accuracy in
reproducing the dimensional cha-
racteristics of the printed 3D object
as compared to its CAD model [6].

A critical stage in the pre-print
preparation process for 3D printing
is the conversion of the CAD mo-
del into G-code. This step enables
the model to be divided into thin
horizontal layers, ensures control
over object orientation, generates

support structures, determines
extrusion speed and temperature,
and optimizes the movement tra-
jectories of the printing tools [7, 8].
These tasks are carried out using
specialized application software
known as Slicer Software.

Currently, there is a wide range
of Slicer Software tools available,
including XYZware, Ultimaker Cura,
and PrusaSlicer. Each of these pro-
grams employs unique algorithms
that can affect the accuracy of re-
producing the dimensional char-
acteristics of 3D models.

However, the comparative ana-
lysis of the capabilities of Slicer
Software tools (e.g., XYZware, Ulti-
maker Cura, PrusaSlicer) in terms
of configuring printing parameters
remains insufficiently explored. There
is a lack of consolidated informa-
tion on the effectiveness of these
tools in optimizing printing param-
eters to enhance the quality of 3D
products. Additionally, no clear ana-
lysis exists regarding the precision
with which these programs repli-
cate the dimensional characteris-
tics of models. Furthermore, the use
of various consumable materials
necessitates consideration of their
physical properties during printing,
requiring precise printing parame-
ter adjustments and accounting
for the technical capabilities of the
3D equipment to ensure the strength
of the final 3D product [9]. These
factors complicate the selection
of optimal software for printing
complex designs of printed prod-
ucts, potentially leading to reduced
product quality, increased materi-
al waste, and extended time for re-
finement. Given the complexity of
3D models in terms of construc-
tion, this stage demands further
investigation.

-
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The need for comparative ana-
lysis of slicing software capabili-
ties (XYZware, Ultimaker Cura,
PrusaSlicer) becomes even more
pertinent when considering speci-
fic equipment, such as the XYZ-
printing da Vinci Jr. 1.0 Pro 3D printer.
This type of printer includes built-
in slicing software, XYZware, deve-
loped specifically by the manufac-
turer. Using third-party software
like Ultimaker Cura or PrusaSlicer
may result in G-code compatibility
issues, as the printer’s firmware
may not support advanced com-
mands or parameters generated
by these programs. This could ne-
gatively affect the accuracy of
dimensional reproduction and the
quality of the final product.

Therefore, it is essential to stu-
dy the impact of preparing 3D mo-
dels using different software tools,
particularly XYZware, Ultimaker
Cura, and PrusaSlicer, given their
popularity in the software market.
This analysis will help develop rec-
ommendations to optimize the
process and improve the dimen-
sional accuracy of the final printed
products.

Objective of the Study to ana-
lyze the impact of software tools
used for preparing three-dimen-
sional models of 3D elements of
promotional and souvenir prod-
ucts (Slicer Software) for 3D print-
ing using FDM technology on the
quality parameters of 3D printing,
specifically the accuracy of repro-
ducing their dimensional charac-
teristics.

Methods

For the experimental research
involving the creation of a CAD mo-
del, Blender 3D 3.5 software was
used, and the developed models

were saved in the *.STL format
[10]. To transform the CAD model,
transfer it to 3D printing equipment,
determine the extrusion speed,
optimize the printing toolpath, and
control the orientation during la-
yer formation, the following Slicer
Software programs were selected:
XYZware [11], Ultimaker Cura [12],
and PrusaSlicer [13]. The compa-
tibility parameters of the 3D equip-
ment with the analyzed software
tools and the key configuration pa-
rameters [14, 15] affecting the ac-
curacy of dimensional reproduc-
tion of promotional and souvenir
products are presented in Table 1.

Unification of parameters for 3D
printing using the studied software
tools is based on setting identical
values for the parameters that have
the greatest impact on the quality
of the printed advertising and sou-
venir product compared to its CAD
model (Table 1). This approach ena-
bles comparative studies on the ac-
curacy of dimensional reproduc-
tion while minimizing the influence
of different settings on the 3D print-
ing results.

At the pre-printing stage, an ex-
perimental CAD model was devel-
oped (Fig. 1) with specified dimen-
sions:a=102mm,b=15mm, c=
=14mm,d=5mm,e=42mm,g=
=92 mm (Fig. 2).

The printing of experimental
samples was carried out using the
3D equipment XYZprinting da Vinci
Jr. 1.0 Pro [16].

Existing consumables for FDM
3D printing have been analyzed,
and their generalized characteris-
tics are presentedin Table 2 [17, 18].

For experimental research, PLA
plastic was chosen as the consum-
able material. The choice was based
on its minimal emission of toxic sub-
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a

Fig. 1. Elements of the experimental 3D product design at the modeling stage:
a — 2D model view; b — CAD model

stances during printing, its eco-
friendliness, and its compatibility
with the experimental equipment
[19].

Input parameters were set in
the software for the experiments.
Considering that high printing
speeds can reduce printing accu-
racy, the printing was conducted

at two speeds, specifically: V4 =
= 30 mm/s and Vo = 60 mm/s.
Calibration and experimental 3D
models do not require high strength;
instead, lightness is an important
characteristic. Based on this, the
following parameters were set for
the research: wall thickness —
0.8 mm, infill density — 10 % [20],

Table 1
Comparative characteristics of Slicer Software
configuration parameters
N2 Parametr XYZware Ultimaker Cura PrusaSlicer
STL, OBJ, 3MF,
1 | Supported file formats| STL, OBJ, 3W | X3D, BMP, GIF, STL, ng‘JF AMF,
JPG, PNG
G-code compatibility
2 with XYZware firmware Complete Complete Complete
3 |Bxtrusion tempera- 180-260 160-280 160-300
ture, °C
4 | Printing speed, mm/s 10-100 10-200 10-200
5 | Layer height, mm 0.1-0.4 0.06-0.4 0.05-0.35
6 | Infill density, % 10-100 0-100 0-100
Extrusion nozzle size
’ 0.4/ 0.4/ 0.4/
7 |mm (standard/other | 5. 6. 08 | 0.25:0.6:0.8 | 0.25:0.6: 0.8
available sizes)
Linear. concen- Linear, concen- | Linear, concen-
8 | Infill methods . ’ tric, hexagonal, | tric, hexagonal,
tric . il .
triangular, cubic]| triangular, cubic|
Market demand
9 | for Slicer Software 20 45 35
in 2022-2024, %
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Fig. 2. Experimental sample with examined linear dimensional characteristics:
a — at the modeling stage; b — after the 3D printing stage

and infill method — linear. Typical-
ly, the thickness of the first bottom
layer, which ensures proper adhe-
sion to the platform of calibration
3D models, is 0.2-0.3 mm. How-
ever, considering the dimensional
characteristics of the experimen-
tal 3D model and to ensure full ad-
hesion, the thickness of the first bot-
tom layer was increased to 1.2 mm.

Platform leveling before print-
ing (Auto Bed Leveling), determin-
ing the number of steps of the ex-
truder stepper motor needed to
feed a certain amount of filament
(E-steps/‘extruder steps’), and
adjusting the distance between
the extruder and platform to set
the height of the first printed layer
(Z-offset) are integrated directly

Comparative characteristics of consumables for FDM printi:—gble °
Ne Characteristic PLA ABS PETG
1 | Eco-friendliness biogradable non biogradable
2 | Styrene Emission (ppm) <5 20-30 <20
3 | Heat Resistance (° C) 55-60 80-105 70-80
4 | Strength (MPa) 45-65 40-80 50-70
5 | Density (g/cm3) 1.24-1.25 1.04-1.06 1.27-1.31
6 | Elastic Modulus (GPa) 3.5-7.5 1.5-3.5 1.5-2.5
7 | Moisture Content (%) <0.3 <0.1 <0.1
8 [ Filament Diameter (mm) 1.75/2.85 1.75/2.85 1.75/2.85
9 [ Extrusion Temperature (° C) 180-220 210-250 230-250
10 | Printing Speed (mm/s) 30-100 30-80 30-60
11 | Layer Thickness (mm) 0.05-0.3 0.05-0.3 0.05-0.3
12 | Shape Recovery (%) 70-90 60-80 70-85
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into the 3D printer, with these pa-
rameters being automatically ma-
naged.

Initially, to verify the quality of
the 3D equipment (platform cali-
bration, PLA filament behavior)
and to establish unified parame-
ters, standard calibration 3D mod-
els were printed, specifically: Cali-
bration Cube and 3D Benchy. Six ca-
libration models of each type were
printed using each of the three stu-
died software programs, with 3 sam-
ples printed at a speed of Vq =
= 30 mm/s and the other 3 sam-
ples at Vo = 60 mm/s.

For the printing process, the
recommended optimal parame-
ters provided by the 3D equipment
manufacturers were set: layer
height (h) was 0.2 mm, infill densi-
ty (I) was 10 %, infill method was
linear, and extrusion temperature
(t) was 220° C [21]. The total num-
ber of printed calibration samples
was 18.

The accuracy of dimensional
reproduction and angles was veri-
fied using a caliper SCTM 0-150
mm (accuracy £0.01) [22] and an

electronic digital protractor Elecall
(accuracy +0.2°) [23]. The sum-
marized measurement results of
the dimensional characteristics of
the calibration samples are pre-
sented in Table 3.

No critical deviations were found
in the dimensional characteristics
or issues with the operation of the
3D equipment and PLA materials
used during the printing of calibra-
tion samples. Therefore, the para-
meters set for the Slicer Software
during the printing of calibration
samples can be applied to the pro-
duction of experimental samples.

For the main experiments, 12 ex-
perimental 3D products were print-
ed for each of the three Slicer Soft-
ware programs under investigation:
6 samples were printed at a printing
speed of 30 mm/s, and the other 6
samples were printed at 60 mm/s
(Figures 3, 4). The total number of
experimental samples was 36.
The number of experimental sam-
ples was determined by the overall
design of the 3D product (Figure
1). The complete design involves
6 elements, each with a different

Table 3

Summarized results of measurements for calibration model printing

) ) Compliance with

Parametrs Calibration Cube 3D Benchy the standard [25]
Dimensional accu-
racy, mm:
1. atVy =30 mm/s:| X;: 20.02 / Y;: X41:60.01 /VY;: Complies
X1/Y1/2Z4 19.98 /74:20.03 |31.99/74:48.98 |(£0.1 mm)
2. at V2 =60 mm/s: X21 20.05 /YQZ X2: 60.08 /Y2:
Xo /Yo [ Zo 19.95/7,: 20.07 |32.03 /Z5:49.05
Overhang (45°%) No defects No defects Complies
Bridges (10 mm) No sagging No sagging Complies
Angle accuracy . . Complies
(90°) 89.8 89.8 (+0.2°)

-
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File Tools Machine Expert Help

Basc | Advanced | Phugins | Stact/end-GCode |
Quality

Layer height (mm) 0.22

Shell thidness (mm) 0.8

Enable retracton c2) (=
1L

Bottom/Top thicdkness (mm) 1.2

Pl Density (%) 10 =
Speed and Temperature
Print speed (mm/s) «©

| Printing temperature (C) 220

| Bed temperature (C) ©
Support
Support type [None

| Platform adhesion type  [Nooe
Filament

* Diameter (mm) 178
Flow (%) (c) 100.0

B

7 %

Fig. 3. Used 3D printing parameters for Slicer Software (using Ultimaker Cura
(c) as an example) for experimental samples ‘sorter’ (b)

groove placement. The absence of
one of the elements prevents further
use of the promotional 3D product.

The basic printing parameters
for 3D printing [24] for all the inves-
tigated Slicer Software programs
are shown using Ultimaker Cura as

an example in Figure 3. The extend-
ed parameter settings are presen-
ted in Table 4.

During the experimental rese-
arch, it was found that the choice
of Slicer Software significantly af-
fects the reproduction of linear

Table 4

Input configuration parameters of Slicer Software during printing
on the XYZwareing da Vinci 1.0 PRO 3D printer

Configuration Parameter

Slicer Software:
XYZware, Ultimaker Cura, PrusaSlicer

Type of material PLA
PLA filament diameter 1.75 mm
Layer height 0.2 mm
Wall thickness 0.8
Extruder nozzle size 0.4
Fill: bottom/top thickness 1.2
Fill density 10 %
Fill method liniar
Print speed 30-60 mm/s
Extrusion temperature 220°C
Support structures no
Process compensation 100 %
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dimensional characteristics of 3D
products. Therefore, the key para-
meters of the study were selected
based on the accuracy of dimen-
sional characteristics reproduc-
tion, depending on the Slicer Soft-
ware used in comparison with the
CAD model. Each CAD model is mark-
ed with a specific color (Fig. 4),
corresponding to the chosen type
of Slicer Software used during the
printing process.

The basis for estimating geome-
tric linear deviations was the least
squares method (LSM), the linear ap-
proximation equations were found
for each of the software groups (XYZ-
ware (1), Ultimaker Cura (2), Prusa-
Slicer (3)), and the graph of the ap-
proximation results was used for
visualization.

Y(xvzware) = 0.9967x — 0.1085 (1)

Y(Ultimaker Cura) = 1.0014x -
—-0.0883 (2)

y(PrusaS”Cer) =1.0001x - 0.1364 (3)

Results

Critical measurement points for
the dimensional characteristics of
3D products were identified (Fig. 2).
Their selection is based on the fact
that significant deviations in dimen-
sional characteristics between the

PrusaSlicer

CAD model and the printed parts
of the 3D products make it impos-
sible to assemble the product’s full
structure, and subsequently, to use
it for its intended purpose. The sum-
marized results of the research for
all Slicer Software are presented in
Table 5.

A detailed analysis of the obta-
ined values (Table 3) indicates that
the dimensional deviations between
the CAD models and the values of
printed promotional souvenir 3D items
from (a) to (g) (Table 5) range from
0.01 to 0.40 mm (up to 2.20 %) at
V¢ = 830 mm/s, and from 0.03 to
0.41 mm (up to 2.63 %) with Vo, =
=60 mm/s settings.

Discussion

According to the classification
of tolerances [25], depending on the
printing technology, the dimensio-
nal characteristics of printed 3D items
and CAD models with dimensions of
length/width/height ranging from
50 to 200 mm and thickness from
5to 20 mm, the permissible dimen-
sional deviations are in the range
of 0.2-0.5 mm, and are divided into
accuracy classes: ‘fine’ (Fine, f) —
0.1-0.15 mm, ‘medium’ (Medium,
m) — 0.2-0.3 mm, ‘coarse’ (Co-
arse, ¢c) — over 0.5 mm.

Ultimaker Cura

Fig. 4. Experimental samples of the CAD model ‘sorter’ after the 3D printing
stage using the studied Slicer Software

L
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The obtained dimensional de-
viations for all investigated Slicer
Software belong to the accuracy
classes: ‘fine’ (Fine, f) — 0.1-0.15
mm and ‘medium’ (Medium, m) —
0.2-0.3 mm, both atV{ =30 mm/s
and Vo = 60 mm/s. This indicates
that there were no critical devia-
tions from the planned parameters
of the Slicer Software, and pre-
printing optimization of the CAD
models contributed to the results.
The smallest dimensional devia-
tion values between CAD models
and the printed 3D items — up to
3.28 % — were observed when

using the Slicer Software Ultima-
ker Cura atV1 =30 mm/s. This allows
Ultimaker Cura to be determined
as the optimal software for manu-
facturing 3D elements for promo-
tional-souvenir products using
additive technologies.

Conclusions

The results of the research pro-
vide grounds to claim that the ex-
perimental Slicer Software, name-
ly XYZware, Ultimaker Cura, and
PrusaSlicer, allow the process of
slicing the 3D model into layers
and setting the printing parame-

Table 5

Summarized results of the measurement of dimensional characteristics
of printed 3D products

Slicer
Soft- XYZware Ultimaker Cura PrusaSlicer
ware
B o) c S ) c S o) c S
Elow- 281 5 |25 (22| % |25 |32| € | £
model,| 38| 3 [82| 8% | 3 [82|8%| 3 [8¢
mm | < =} K < o K < ) K
mm mm % mm mm % mm mm %
Print velocity, V1 =30 mm/s
(a)| 102 [102.16| 0.16 | 3.2 |102.11] 0.11 [ 2.18 [102.11] 0.11 | 2.20
(b)] 15 |14.66| 0.34 | 2.27 [14.89| 0.11 | 0.67 |14.79| 0.21 | 1.40
(c)] 14 |14.09] 0.09 | 0.64 (14.02| 0.02 | 0.14 [14.04| 0.04 | 0.29
(d)] 92 |191.60| 0.40 | 0.45 [92.02( 0.02 | 0.02 |91.69| 0.31 | 0.34
(e)|] 42 |41.68) 0.32 | 0.76 |41.82| 0.18 | 0.43 |41.70| 0.30 | 0.71
(9| 5 489 | 0.11 | 220 | 499 | 0.01 | 0.20 | 4.95 | 0.05 | 1.30
Print velocity, Vo = 60 mm/s
(a)] 102 |101.59] 0.41 | 0.6 (102.12( 0.12 | 2.54 [102.13| 0.13 | 2.56
(b)] 15 |14.64)| 0.36 | 2.43 | 14.87| 0.13 | 0.87 |14.77| 0.23 | 1.53
(c)] 14 |14.11] 0.11 | 0.78 [14.03| 0.03 | 0.21 [14.05| 0.05 | 0.35
(d)] 92 ]191.59| 0.41 | 0.46 [92.03| 0.03 | 0.03 |91.66| 0.34 | 0.36
(e)|] 42 |41.67) 0.33 | 0.78 |41.80| 0.20 | 0.48 |41.68| 0.32 | 0.76
(9)| 5 487 1 0.13 | 263 | 499 | 0.01 | 0.22 | 492 | 0.08 | 1.60
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ters according to the FDM tech-
nology. As a result, the dimension-
al deviations of the manufactured
3D elements for promotional-sou-
venir products are within accept-
able values, ensuring the accura-
cy and quality of the reproduction
of CAD models.

The smallest dimensional devi-
ations between CAD models and
the printed 3D parts were record-
ed when using the Slicer Software
Ultimaker Cura, both at V{ = 30
mm/s and Vo = 60 mm/s. This de-

the data processing algorithms,
the reliability of the software under
varying printing conditions, and the
ability to optimize them. This con-
tributes to the predictability of
printing results, reduces the need
for post-processing of printed 3D
items, and highlights the high level
of integration of Ultimaker Cura with
the hardware of 3D printers. This,
in turn, enables maximum synch-
ronization between software con-
trol and the physical printing pro-
cess, ensuring the accuracy and

monstrates the effectiveness of quality of the products.
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