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Additive manufacturing, or 3D printing, describes technologies that manufacture parts by depositing thin layers of
molten material on top of each other and creating the final part layer by layer. Each layer is built on the basis of
geometry designed in CAD systems. Additive manufacturing technology opens up new design approaches: "design
manufacturing” versus the traditional "design for manufacturing™ approach. Geometric freedom allows you to design
products as they are visualized, without manufacturing restrictions. Recently, 3D printers with Delta-type kinematics
have gained popularity, which is an alternative to standard, cartesian 3D printers. These models use a more complex
control system due to differences in the generation of print paths, but may have some advantages over a cartesian
configuration. In order to expand the knowledge of additive manufacturing, a comparative study was conducted with
cartesian and Delta printers to evaluate the printing performance of the test part.

This article examines 3D printers with CoreXY and Delta kinematics, compares their characteristics, and
identifies key differences in printing processes. As an example, for quality comparison, arbitrary parts printed in
batches of three units from the same material with the same settings inside the slicer program were considered. Parts
from both 3D printers were scanned using a LIDAR scanner, and the resulting scan models were transferred to a CAD
environment for comparison.

The results of the comparison were obtained by the shape and quality of the surface, the production time of one
part and batch of parts, mass and dimensional characteristics. Looking at the results, it can be seen that the parts
printed by the 3D printer with Delta kinematics have a better surface quality without post-processing, while the parts
printed by the 3D printer with kinematics CoreXY correspond as closely as possible to the dimensions specified in the

CAD model.
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Introduction

Fused Deposition Modeling (referred to as
FDM), as production technology, originated in 1989
and patented in 1992 by Stratasys, USA. This
technology refers to the device and process for the
formation of a three-dimensional object with a
predefined structure, in particular to the manufacturing
of a product by applying several layers of material in a
liquid state on the building base. After deposition of
molten material, its temperature is controlled in such a
way that it is solidified almost instantly during
extrusion or distribution to the base, with the
accumulation of layers that sequentially form the
desired product [1, 2].

Additive production processes are characterized
by the same basic stages, differing in the way of
constructing layers [3, 4]. These processes were
popularized through the creation of 3D printers where
objects are built by a 3D model layer [5].

In the process of FDM 3D printing, the layers
are obtained by deposition of the heated polymer,
which is passed through a hot end (printing head).
The printing head is equipped with heating
components for plasticization of the filament and
temperature sensors, which provide evenly high

temperature inside the nozzle. The pressure created
by the entrance of the thread provides extrusion of
molten material through the nozzle [6].

Currently, the use of these technologies goes
beyond the initial purpose of rapid prototyping,
allowing the final products. The use of this
technology progresses in a variety of knowledge.
However, the applicability of the equipment has some
restrictions, especially given the small volume of
production through the size of the construction
platform, small batch of printing and a small
selection of commercially available material.

The most common 3D printer configuration is
the Cartesian configuration (Fig. 1), that is, printing
movements occur on orthogonal axes of X, Y and Z.
CoreXY is a new configuration for cartesian printers,
in which the extruder nozzle moves on the horizontal
axes of X and Y, and the building platform on the
vertical Z axis [7].

Since recent times, new 3D printers have
emerged on the market who have departed from
Cartesian kinematics and received Delta kinematics
instead. Delta printers are based on a parallel
coordinate system, the printing head moves freely on
trajectories created by hinged axes, while the printing
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platform remains static. Although Delta printers
move more difficult, they have some advantages over
the Cartesian, such as high speed and height of
printing, greater production volume, lower inertia of
the extrusion node, reduced number of motor parts,
simpler housing and better temperature control [8].

As a result of analyzing the technical
capabilities of 3D printing equipment and comparing
the quality of objects, the goal of this research is to
create automated means of obtaining the required
accuracy of the dimensions of printed parts.

Delta kinematics

Cartesian kinematics
Fig. 1. Comparison of 3d-printers’ kinematics

Comparative analysis

To analyze the details printed on two 3D
printers with different kinematics, a special part was
created, which contains elements of geometry that are
difficult to reproduce with a 3D printer without
having any dimensional errors. The part represents a
certain variety of sizes, angles of inclination,
different wall thickness and more than one shape -
the part has a square base, a cylindrical vertex inside
and an octagonal shape from the outside. After
creating a part, segments for measurement (Fig. 2), as
well as other aspects of comparison, such as printing
time, mass of parts and surface characteristics, were
identified.
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Fig. 2. Drawing of a test part

Printing procedure

The following 3D printers were selected for the
manufacture of parts: 1) Creality K1Max with
Cartesian Kinematics of CoreXY type (Fig. 3), and
2) Anycubic Predator with Delta kinematics (Fig. 4).
The Ultimaker Cura Version 5.6 was used to create
the G-code to control the printing. The program used
standard settings, except for the following: printing
speed - 60 mm/s, layer thickness - 0.3 mm, filling —
50 %, printing temperature - 200 ° C. To ensure the
same ambient temperature, from 3D printer 1) the
lining of the housing was removed, which prevented
the mixing of temperature inside the printer and the
ambient temperature. The material that was used for
printing is regular PLA gray of the eSun supplier.

Fig. 3. Photo of a Creality K1Max CoreXY 3D
printer

Fig. 4. Photo of an Anycubic Predator 3D printer

Measuring process

To check the details by comparing scanned
physical samples with the CAD model, a tabletop 3D
scanner SHINING 3D EinScan SE V2 was used,
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which, thanks to the rotary platform, made it possible
to obtain clear models of parts by scanning from all
sides. The result of scanning and combining models
for verification is shown ir] Figure 5.

T

i eiiiifiifiiid

Creality K1Max Anyubic Predator
Fig. 5. Scanned part and CAD-model comparison

Data on the time spent was taken from the slicer
program, the mass of parts measured using digital
weights with an error up to 0.01 g.

Results of the study

First, a visual inspection of parts for mechanical
damage and defects was performed after printing
(Fig. 6). It can be noted that the surfaces of the part
printed with Anycubic Predator 3D printer have a
smoother outer and inner surfaces texture than those
of Creality K1Max.

Creality K1Max
Anycubic Predator
Fig. 6. Parts’ surface quality camera shots

We can see from those images that the
transitions between the layers on the details made on
the 3D printer Anycubic Predator are better than on
Creality Kl1Max. This may be due to the
configuration of parameters for the G-code. When the
layer is finished, the machine moves only along the Z
axis, and since when moving the printing head, the
head usually continues to apply the material, it leads
to defects on the surface of the workpiece.

Some defects that are observed in Creality
K1Max parts associated with excessive extrusion.
These defects can also be attributed to adjusting
technological parameters, such as the excessive
power of the extruder stepper motor, incorrect
settings of driver steps, incorrect print temperature
settings and more.

According to the slicing software, the time of
printing one part without taking into account the time
for the preparation of the platform and removal of the
part on the Anycubic Predator was 5 hours and 50
minutes, while it took longer on the Creality K1Max
with the time of 6 hours and 54 minutes. It should be
noted that printing time on both 3D printers can be
significantly reduced by raising the speed of printing.
At best, print time can take up to one hour, but the
quality of the surfaces will be reduced.

The data on the mass and dimensions that were
measured during the study are given in Table 1. The
dimensions, except for 3D scanning, were physically
measured by a digital caliper with an error up to
0.01 mm.

The characteristics of the mass of the parts were
very close, the parts made with the Creality K1Max
were 5% higher compared to Anycubic Predator.
However, such a deviation is not significant because
it is included in the permissible margin of the error of
printed parts.

As for the measured size of parts, Creality
Ki1Max showed the best result, with an average
deviation up to 0.5% of the CAD model. Anycubic
Predator showed a slightly worse result, with a
deviation of up to 1.1% of the CAD model. It is
worth noting that Creality K1Max comes in prebuilt,
while Anycubic Predator — disassembled. This also
may include an error in the 3D printing process. Also,
when creating a G-code, the part was not scaled
according to the polymer shrinkage ratios due to
cooling.

Development of control software for the
high-speed dimensional measurement module
(HSM)

Along with the hardware of HSM module, it
was necessary to develop and test its software.

The software of HSM module consists of two
main parts: the movement/rotation part and the
measurement part. The movement/rotation part tracks
the movement and rotation of the camera using
stepper motors. The signals that the microcomputer

52 Bicnuk KII1I. Cepia IIPUTA/IOBY/IYBAHHA, Bun. 68(2), 2024



ISSN (e) 2663-3450, ISSN (p) 0321-2211
Bucokoeghekmueni mexunonoziuni npoyecu ¢ npuiadodyoyeamnHi

will send to the stepper motor drivers will ensure the
movement of the stepper motor itself.

The measurement part is responsible for
photofixing the printed part under investigation by
the camera, morphological image processing,

recalculating the size of the part from pixels to
millimeters, and providing the operator with
information about the measured parameters.

In the process of research, an image processing
algorithm was created (Fig. 7)..

Table 1. Mass and dimensions measurement results
CAD Creality K1Max Anycubic Predator
model Pt. 1 Pt. 2 Pt. 3 Avg. % Pt. 1 Pt. 2 Pt. 3 Avg. %
A, mm 110 | 110.49 | 110.44 | 110.45 | 110.46 | 0.11 | 110.10 | 110.01 | 109.96 | 110.02 | 0.06
B, mm 55 5496 | 55.02 | 55.33 | 55.10 0.20 55.85 | 56.10 | 56.01 | 55.986 | 0.12
C, mm 55 55.02 | 55.10 | 55.27 | 55.13 0.17 55,55 | 55.76 | 55.67 | 55.66 0.11
D, mm 85 83.50 | 84.93 | 84.80 | 84.41 0.80 86.02 | 86.40 | 86.18 | 86.20 0.25

E, mm 85 84.78 | 85.20 | 85.59 | 85.19 042 | 86.32 | 86.14 | 86.29 | 86.25 0.15

F, mm 82 81.70 | 81.36 | 81.48 | 81.51 0.92 82.66 | 82.39 | 82,50 | 82.516 | 0.19

Mass, gr | 117,00 | 132.76 | 133.30 | 127.37 | 131.14 | 9.27 | 126.25 | 125.87 | 119.29 | 123.8 6.27
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Fig. 7. Image processing algorithm

So, for image processing, finding contours, and
getting rid of unwanted artifacts during photo fixa-
tion, the OpenCV library was used, namely such
functions and methods as cvtColor, Canny, Opening,
Closing.

The next step after converting the image to
black and white is the Opening operation. The Open-
ing operation in OpenCV consists of two simpler
operations — Erosion and Dilation, and is a sequential
processing of the image first by erosion, and then by
dilation. The Opening operation consists in removing
noise from the image — first erosion “removes” un-
necessary points and artifacts from the image, and
then dilation returns the image to its original state,
but with the artifacts erased) [9].

In the case of photofixation of HSM module, the
unfolding operation removes the image from dots and
artifacts on the surface where the part is located.

Next, the Canny function is executed, as one of
the main tools in OpenCV, allowing you to determine
the contours of the desired object [10].

The Canny function is an algorithm with several
stages, which are noise removal operations using a
Gaussian filter with a 5x5 kernel, gradient intensity
determination using a Sobel kernel, and removal of
unwanted pixels that do not constitute the object
boundary [11].

The last image processing function is the Clos-
ing function. Like the Opening function, Closing also
consists of the basic Erosion and Dilation functions,
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but in Closing they are performed in reverse order.
First, Dilation enlarges the boundaries of our image,
closing the gaps and gaps in the photo of the object,
after which Erosion returns the image without arti-
facts inside the object to its previous size [9]. During
image processing using the software of the HSM
module, these operations are also performed on the
image of the part. That is, the sequential conversion
of a multi-color image into a contour image.

After performing image transformations, the
program calculates the image dimensions in pixels.
For this purpose, the cv2FindContours function is
used, which finds and determines the dimensions in
pixels of the bounding box of the object contours.
Since in our case the boundaries of part have already
been determined by the Canny, Opening and Closing
methods, the bounding box will be applied as accu-
rately as possible. After finding the dimensions of the
border frame in pixels, it is necessary to convert them
to millimeters. To do this, using an object whose
exact dimensions in millimeters are known in ad-
vance, for example, a metal ruler scale from 0 to 100
mm, it is necessary to find the pixel-to-millimeter

Press 'c' to capture an image for measurement. Press

conversion factor. At a distance of 150 mm, the cam-
era was fixed in a stationary position and the image
was centered relative to the camera focus to reduce
image distortion. After that, OpenCV tools similar to
the previous methods were used to determine the
length of the straight line drawn from the ruler divi-
sion 0 to the division 100. In the end, a factor of 7.42
was obtained, which shows that at a distance of
150mm from the camera, 1 millimeter of the object
corresponds to 7.42 pixels in its image.

Having received the dimensions of the bounding
box of the part from the cv2FindContours function,
the dimensions in pixels are converted to dimensions
in millimeters. Information about the measured di-
mensions is fed to the console (Fig. 8) and stored in
global variables, which allows the automated system
to obtain data about the dimensions at any time.

The detection and measurement of the bearing
hole are performed in a similar way, only if a rectan-
gular mask was used in the detection of the boundary
box, then in the case of the hole, circle masks are
used.

q' to quit.

Capturing and processing the image

Object's sizes are as follows:
Image captured and processed

33.82749326145552 mm X 22.911051212938006 mm

Fig. 8. Console of the software environment with the obtained dimensions

So, based on the experiment and the developed
model of the module operation, the algorithms of the
module operation and software were created, the
hardware application was selected and the CAD model
of the HSM module was created. Also, the software of
the HSM module was developed, which performs the
detection and measurement of the dimensions of the
part being investigated.

Conclusion

This study made possible the comparison of the
quality of parts created by 3D printers that use
different configuration, Cartesian (CoreXY) and
Delta. Depending on the material, the type of further
postprocessing (coating, special surface parameters,
etc.), it is possible to choose a 3D printer
configuration, which will reduce the number of
postprocessing operations, which in turn will help to
avoid production defects, increase the number of parts
in the batch and increase the profit.

The study shows that 3D printers with Delta
kinematics will have a smoother overall surface after
printing, which will eliminate the abrasive grinding
from the post-processing. In addition, the part will
have stronger connections between the layers due to
the absence of external interventions, which will help
avoid the unnecessary defects of printed parts.

Given the dimensional parameters, the 3D printer
with CoreXY kinematics showed better result,
providing smaller deviations from the initial CAD
model. This is confirmed by both scanning and

measuring the size by hand. On the other side, despite
the dimensional accuracy, the surface was printed in a
less satisfactory condition, but the right choice of
material and print parameters will help to avoid these
errors. In addition, taking into account the coefficient
of the polymer thermal shrinkage will help print a
detail with more accurate dimensions, which can even
be a substitute part for the basis of critical and precise
parts and mechanisms.

The details printed with both 3D printers showed
an almost identical result, but the 3D printer with
Delta kinematics showed a much better result as a
surface without post-processing. The end result of the
printing will depend on how much the process
parameters and the software every 3D printer is
suitable for printed parts.
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Hayionanvnuii mexuiunuii ynieepcumem Yxpainu «Kuiecokuu nonimexniynutl incmumym imeni leo-
pa Cikopcvkozoy, Kuis, Yxpaina

TIOPIBHAHHA SAKOCTI JETAJIEM, BUKOHAHHUX 3D-JIPYKOM 3 JIOIIOMOI'OIO
[MPUHTEPIB I3 KIHEMATUKAMMU “CoreXY” TA “DELTA”

AnuTHBHE BUPOOHHUITBO, a00 * 3D-Apyk, onmucye TEXHOJIOT], 32 JOMOMOTOI0 SIKUX BHUTOTOBJISIIOTHCS J€Tali HarllaB-
JICHHSIM TOHKHX IIapiB Marepially OJWH IOBEpX IHIIOrO Ta CTBOPEHHsS KiHIEBOI HeTaii map 3a mapom. Koxken map
OyayeThcsi HAa OCHOBI reoMmeTpii, crpoekroBanoi B CAD-cuctemax. TeXHOJIOTIS aAUTUBHOIO BUPOOHHUIITBA BIAKPUBAE
HOBI MAXOAN IU3alHY: «BUPOOHHIITBO NU3alHY» NMPOTH TPAAUIIHHOTO MiAX0MY «ANM3aHH Ul BUpOOHHUITBa». ['eomeT-
pudHa cBoOoma B IW3aifHI TO3BOJSE MPOEKTYBATH MPOAYKTH TakK, SK iX Bi3yalli3ylOTh, 0€3 BHPOOHHYMX OOMEKCHB.
OcranHiM yacoM HaOymu nomyssipHocTi 3D-npuHTEpH 3 KIHEMATHKOIO, IO € aJbTePHATUBOIO CTAHJAPTHUM, JEKapTo-
BuM, 3D-npuntepam: 3 kinemarukoro tumy Delta. 1li 3D-npuHTEpH BUKOPHCTOBYIOTH OUIBII CKJIAJAHY CHCTEMY Ke-
PYBaHHS 3aBISIKM BiIIMIHHOCTSIM Y T'eHepallii TpaekTopii NpyKy, aje MOXKYTh MaTu AesKi IepeBard nepes AeKapToBOO
koHpirypamier. 11{o6 po3mmpuTy 3HaHHS PO AIUTUBHE BUPOOHUIITBO, OYIIO IPOBEICHO MOPIBHSIBHE TOCITIIKCHHS 3
JICKapTOBHMH Ta JIeNbTa-IIPUHTEPAMH VISl OL[IHKH POJYKTUBHOCTI IPYKY TECTOBOI YaCTHHH.

B nawiii cratti posrisinyto 3D-npunTepu 3 kinemarukamu CoreXY Ta Delta, mopiBHsIHO TXHI XapaKTEPUCTHKH, BH3HA-
YEHO KJIFOYOBI BIIMIHHOCTI MPOIIECiB APYKY. B sikocTi mpuknaay Aisi HOPIiBHSHHS SKOCTI PO3MIISTHYTO JOBUIBHI AeTali,
HAJIPYKOBaHi MapTisiMK MO TPU OJMHUIII 3 OJHAKOBOI'O Marepiaiy, 3 OJIHAKOBUMHU HaJAIITYBaHHSIMHU BCEPEIUHI ITporpa-
Mu-craiicepa. Jlerami 3 060x 3D-mpunTepiB BinckaHoBaHO 3a momomoror LIDAR-ckaHepy, oTpuMaHi MOJeli CKaHIiB
nepeneceno y CAD-cepenosumie st mopiBHEIHHSA. OTpUMaHO pe3yabTaTH MOPIBHIHHS 32 (POPMOIO Ta SKICTIO TOBEPX-
Hi, yacy BHTOTOBIJICHHS OJHI€l meTaii Ta mapTii Jeraneif, MacoBo-rabapuTHUMH XapaKTEpUCTUKaMHU. 3 OTJIsiAy Ha pe-
3yIbTATH BHUIHO, LIO JeTani, HajpykoBaHi 3D-npuntepom 3 kiHemarukorw Delta, maroth kpaliy skicTh moBepxHi 6e3
moctoOpoOKky, B TOH Hac, AK Jnerani, HaapykoBaHi 3D-mpuaTepom 3 kiHematukoro CoreXY skomora TOYHiIIe
BiINoOBinaroTh 3aganuM B CAD-Mozerni po3Mipam.

Karouosi cioBa: 3D-npyk; 3D-npunrep; CoreXY; Delta; kinemaTnka, SKicTb.
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