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DETERMINATION OF GEOMETRIC AND
KINEMATIC CHARACTERISTICS OF FOM
3D PRINT PROCESS

Jlocrioxcerno npouyec Hanecents nOIIMepHOZ0 MEPMONIACMUYHO20 Mamepiany 6 npoueci 3D Opyky 3 suxopucman-
nam mexnonozii FDM (Fused Deposition Modeling — gopmyeanis memodom nannasxu). Q6 exmom docrioxcers
cmas OucKkpemuuil wap 00C1io0H020 3paska. /s 6USHAUEHHS 2eOMEMPUYHUX NAPAMEMPIE OYL0 8U20MOBIEHO 3PA3KU
moesugunoro 6 odun diamemp conia (0,5 mm) dpyxysarvnoi zorosxu 3D npunmepa. Ompumani 3pasxu po3pizani
na Oinsmnxu 00naxoeoi wupunu (10 mm), na xoxcniti dinsmnyi 6yno 6i0ciueno oKpemill wap Hanecernozo mamepiaiy.
Ile dano smozy susnavumu 3miny mosuunu 6i0 nouamxosoi 0o Kinuesoi mouxu wapy. Buasuiocs, wo mosuuna
wapy menwa 3a diamemp Conia Ha NOYAMKY PYXY OPYKYEAIbHOI 20I06KU NOCMYNOBO 3POCMAE MA HA NEEHOMY
emani nouunae nepesuwysamu diamemp conia. Ompumani snavenus cmanoguiu 6io 0,4 do 0,6 mm 0is conia
diamempom 0,5 mm. [Ipuvuna nonsizae 6 momy, wjo Ha NOYAmMKy no0ayi BUMPAMHOZ0 MAMEPIALY MAE MICYE BUCOKO-
eracmuune 3ani3Hents Peaxyii noiimepnozo mamepiany na muck y OpyKyeaiviill 201068l Ma NeGHUL NPOMINCOK
UACY YA YACTUHA MAMEPIATY He HAHOCUMbCSL HA 3PA30K, 4 NOMIM MAE Micle epexm po3oyxanis po3niasy noimepy.
Ipuvomy 3i spocmannsm diamempa conia enius wux s8uuy maxoxc spocmae. Taxoxc npoyec Opyxy Qixcysascs
Ha wupokopopmamuy eideokamepy y HD-sxocmi 3 wacmomoro 50 xadpis/c, wo daio smozy docaidumu ouna-
MIKY HAHECeHHS BUMPAMHOZ0 NOIIMEPHO20 MEPMONIACMUYH020 mamepiary. Ompumani pe3yivmamu NOKA3aIu
siOMinHicms weudKkocmeil 6i0 3a0anux y suKoHasuomy xooi. lpu vomy 0 pisHux KOHCMpPYKUill KiLeMamuunux
cxem nepemiwenis OpYKYeaIbHOL 20106KU GLOXULCHHA NAPAMEMPIE OYN0 PIsHUM — pealvii 3nauenns Oyau Oilb-
wumu 6id meopemuunux (3adanux) na 20-50 % e sanexrcnocmi 6id muny FDM 3D npunmepa. Ile noscuwoemocs
BLOMINHICTIO THEPUILIHUX XAPAKMEPUCTRUK PIZHUX KOHCMPYKUTH KIHEMAMUYHUX CXeM nepemiuenis OpYyKYearbHol
20n106KU. Ompumaii pesyivmamu € 0CHO8010 0L NOOAILUL020 OLIbUL OEMATLH020 BUBHEHISA 6NIUGY KOHDizypauil
popmyrouux opeanie ma xoncmpyxyii FDM 3D npunmepie na npoyec npocmopogozo Opyxy.
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1. Introduction

The technology of additive production in recent years
has become widespread in almost all spheres of human life
and industries. Every second manufacturer in the world is
increasing investments in additive manufacturing. Already
more than 80 % of prototypes and 60 % of functional units
are manufactured using 3D printing [1]. Analysts around
the world see explosive growth in additive manufacturing
technology. Equipment manufacturers usually invest the main
resources in the development of new models and types of
equipment. However, the process of product formation itself
remains poorly understood. The instability of the 3D print-
ing process is often observed, it is difficult to foresee at the
stage of product modeling. The operators of this equipment
often deal with various defects resulting from 3D printing.
The causes and nature, and most importantly, the prediction
of the appearance of such defects are unknown.

The basic principle of additive manufacturing is the lay-
ering of structural material according to the digital model
of the product. The most common additive technology is
FDM (Fused Deposition Modeling) [2]. The devices of this
technology use a polymer consumable in the form of a rod
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of a stable diameter — filament. When forming the product,
the molten material is applied to an already frozen layer.
It is known that polymeric materials have characteristics
that are interchangeable with temperature and strain rate.
It is this feature that creates problems when printing with
one or another consumable polymeric material. The main
place for the appearance of defects is the line between the
cold and hot layer. Therefore, it is of interest to study the
properties between the layers of the material. To study this
issue, tests of printed samples for strength were carried out.

Similar studies were conducted by scientists from the
University of Florida and the College of Engineering at the
University of California at Berkeley [3]. The researchers
tested a number of samples for tensile and shear forces
made of ABS and PC. One of the main conclusions is the
anisotropy of the mechanical properties between stretching
along and across the layers of the material (about 30 %).
However, research does not allow to establish the strength
of interlayer adhesion and geometric characteristics in the
contact zone of the layers.

Similar studies were also carried out [4-6], in which
various materials were tested with different printing pa-
rameters. The main disadvantages are that in all studies,
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the conditions for the manufacture of samples were very
variable. Comparing the results for the same materials, a dif-
ference in values should be noted. This can be explained
by the anisotropy of properties and the heterogeneity of
the structure of printed samples.

Of particular interest is the study [7]. This study
shows a macro photo of the cross section of the struc-
ture of samples printed by nozzles of various diameters
and with different layer thicknesses. They show that the
internal volume includes a large number of cavities, and
their shape and size are unstable.

The structure of printed products is generally poorly
defined, so the physical characteristics of the samples are
also ambiguous. Therefore, it is necessary to study the
process of applying the material along the layer, to de-
termine the geometric parameters of a single layer.

So, the object of research is the geometric parameters
of the discrete layer of the prototype. The aim of research
is to establish patterns of influence such as kinematics
and operating modes of 3D printers on the uniformity
and speed of spatial printing.

2. Methods of research

Based on the previous studies performed by the authors,
uneven results were revealed for each type of sample.
In addition, in each group of strength tests there were
a certain number of experiments that fall out of the gene-
ral picture. Therefore, it is necessary to study in detail
the geometric parameters and dynamics of the process of
applying the material within a single layer.

The t;=determination of the geometric parameters of
an individual layer was carried out according to the fol-
lowing procedure:

1. 10 rectangular samples are produced (Fig. 1) with
a length of 100 mm, a height of 20 mm and a thickness
equal to the diameter of the nozzle 0.5 mm.

2. The print parameters are as follows: printing speed
V,=30 mm/s; printing temperature V,=220 °C; layer thick-
ness #;=0.2 mm. The resulting samples were cut every
10 mm. For the obtained segments, the thickness and mass
were measured.

As a recyclable material, polylactide (PLA) was used.

Idling
z
Starting point Extruder
of layer direction

Fig. 1. Scheme for printing samples

The determination of the dynamics of the layer was
carried out according to the following method:

1. The samples were modeled 100 mm long and 20 mm
high with a scale in the form of walls every 10 mm (Fig. 2).
The thickness of the samples is equal to the diameter of
the nozzle.

2. Printing parameters met the most optimal conditions in
accordance with previous studies: £,=220 °C; V,=30 mm/s.
The transition to the next layer occurred at one point, so the
material is applied when moving the extruder from left to
right, in the opposite direction, the idle stroke.
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Fig. 2. The process of shooting the 3D printing process

3. The sample was placed along the X axis of the
3D printer. On the contrary, a video camera is installed at
the level of the working platform, focuses on the sample.

4. After completion of the scale, the camera turns on
and the process of printing several layers is removed. For
one sample, the survey is repeated 2—3 times.

5. These operations must be done for printers with
mechanics such as Prusa i3 and H-Bot.

6. For the captured videos, frames are selected that
correspond to the process of building one layer from the
beginning of the application of the material to the return
of the extruder to the zero position by reverse idle.

7. Each passage is reviewed frame by frame and the
number of frames for each section is considered to be
10 mm. The number of frames per stop at the zero point
of the layer is considered.

3. Research results and discussion

The results of measurements of the geometric parame-
ters of the layer are as follows (Fig. 3, 4).

Based on the results, it is found that the thickness of the
layer is uneven. At the beginning of the layer, the thickness
is less than the diameter of the nozzle, gradually increasing
and toward the end of the layer becomes larger than the
diameter of the nozzle. Also, in the interval from the beginning
of the layer to the middle, delamination Is present. That is,
at the beginning of the movement there is an underextru-
sion, and at the end a «swelling» of the layer (Fig. 4, 5).

The distribution of the print head movement speeds
within the framework of the formation of one layer for
two types of 3D printers: Prusa i3 [8] and H-Bot [9] is
established. The results are shown in Fig. 5, 6.
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Fig. 3. Changing the thickness of the extruded PLA layer
from the print start point
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Fig. 4. Changing the thickness of the extruded PLA layer
from the print start point
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Fig. 5. Graph of the 3D printer extruder speed with Prusa i3 mechanics

45
40
35
30

[
25

! |
N |

0 1 |

5 I

0

*
*
*
*
*

L3
L3
3
<*
L3

Speed, m/s

0 1 2 3 4 5 6
Time, s
Fig. 6. Graph of the 3D printer extruder speed with H-Bot mechanics

The obtained results show the dynamics of the extruder
along the layer. Data from the speeds shows a difference
from the settings in Cura Slicers [10]. For both types of
mechanics, it turned out that the actual average speed is
less than the specified one. Moreover, for each type of me-
chanics this difference is different.

To determine the difference, let’s determine the diffe-
rence in the printing time of the samples from theoreti-
cal at different printing speeds for various designs of 3D
printers (Fig. 7).
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Fig. 7. Printing time for samples on different printers at different speeds

As can be seen from Fig. 7, with increasing printing speed,
the difference from the theoretical printing time from the
actual one gradually decreases. Moreover, prints for H-Bot
mechanics are always more than printing on Prusa i3.

4. Conclusions

The results of experimental studies of 3D printing show
that each polymer layer is applied unevenly, increasing in
length. Actual printing is always more theoretical, the time
difference gradually increases with decreasing printing speed.
Printers with H-Bot kinematics show a greater deviation from
the theoretical printing speed than printers with Prusa kine-
matics. The results are the basis for further more detailed study
of the influence of the configuration of the forming organs and
the design of FDM 3D printers on the spatial printing process.
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