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Abstract: In the study and analysis of additive technologies, special attention is paid to increasing the productivity and
quality of printed products. However, to improve the 3D printing productivity, it is impossible to increase simply the speed
of the squeegee without changing its shape or type. In this case, the quality of the powder layer may suffer, which will lead
to a deterioration in the qualities of the final part. To study the effect of roller characteristics on the powder layer deposi-
tion, a series of computer simulations of simulation models was carried out. The effect of roller characteristics on the pow-
der layer applying, was assessed, for roller diameters of 30, 50, 70, 100, 150, 200, 250, 300 mm. The simulation was car-
ried out with three application methods: by a rotating and non-rotating roller, as well as by a rotating roller with additional
powder feed. It was determined that when applying a layer with a rotating roller with additional powder feed, it is possible
to achieve constancy of the forces acting on the roller. This can positively affect the homogeneity of the applied layer.
The application of a layer by a rotating roller with additional powder feed is most suitable for 3D printers with a large print
area. This method allows avoiding the movement of a large mass of powder over the previous layer, which positively in-
fluences the quality of the final part. The study revealed the influence of roller characteristics on the deposition of a pow-
der layer. In particular, with an increase in the roller diameter from 30 to 300 mm, the peak force value also increases.
With an increase in the roller diameter by 7.9 %, the powder layer density also increases. It was found that the non-rotating
roller is affected by the greatest force, and the forces acting on the rotating rollers differ slightly. A rotating roller, without

adding powder, creates the densest layer and allows achieving a powder layer compaction of 5.35 %.
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INTRODUCTION

Additive technologies are advanced technologies at
the current stage of mechanical engineering development.
They allow creating complex products that are impractical
or impossible to produce using traditional methods. In
the study and analysis of additive technologies, special at-
tention is paid to increasing the productivity and quality of
printed products. Increasing requirements for the accuracy
of a part leads to an increase in the time for its creation.
The time of creating a part, consists of the time of applying
the powder layer, and the time of its fusion. Powder deposi-
tion is a fundamental aspect of additive manufacturing, and
requires great research efforts to improve the reliability and
repeatability of the process, and consequently, the quality
of printed components.

The main device for applying and levelling the powder
layer in additive installations is a squeegee. Currently, two
squeegee designs are used, most often as a levelling device:
in the form of a plate (blade) and in the form of a rotating
roller. Roller application mechanisms are used when apply-
ing finely dispersed, or highly cohesive powders, to ensure
the desired technological characteristics and/or properties
of components. The blade-type squeegee has a simpler de-
sign and can be used to apply powders with high flowabi-
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lity, that do not require large applied forces to overcome
interparticle adhesion.

To increase productivity, it is impossible to increase
simply the squeegee speed without changing its shape or
type. This may affect the quality of the powder layer, which
will lead to a deterioration in the quality of the final part
[1]. Therefore, the main trend in the field of powder apply-
ing and levelling, is to study possible squeegee designs to
find a design with the highest deposition rate without losing
the quality of the layer.

Research shows that a high powder layer density is re-
quired to produce a high-quality layer, and a metal powder
with the smallest average particle size should be used [2].
To improve the powder layer density, the author proposed
technologies for powder layer compaction [3; 4], vibration
application [5; 6], and repeated passing by rotating rollers
[7; 8]. The geometry and speed of the levelling device have
the greatest influence on the powder packing density [9;
10]. The following squeegee profiles were considered —
a square with a chamfer, a rotating and fixed roller [9],
a parallelogram, a triangle and a square [10]. Research
shows that by optimising the squeegee geometry, it is pos-
sible to achieve higher packing density values, and lower
roughness of the applied powder layer [10; 11].
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The author considered 48 models with different pa-
rameters of the squeegee edge profile [11]. As a result,
the optimum values for these parameters were deter-
mined. When comparing the optimised profile with
the roller, it was noted that the squeegee with the opti-
mised profile created a slightly lower powder layer den-
sity (0.4 %) at the lowest speed (0.03 m/s). However, it
turned out to be much less sensitive to increasing
the squeegee speed, so that when the speed was in-
creased to 0.06 m/s, the powder layer density was 2 %
higher for the squeegee with the optimised profile. This is
a significant advantage and means that the speed can be
increased (which means higher productivity) while main-
taining quality. When comparing the roughness of the pow-
der layer surface, it was found that the new squeegee
profile is superior to the roller at all tested speeds, and
has an average of 15 % lower roughness values [11].

A distinctive feature of the considered studies [3—11] is
that the powder layer is applied to a smooth, hard surface.
The literature does not consider the case of applying a new
layer to the previous powder layer, and no studies have
been found on the effect of the rotating roller diameter on
the applied layer. The force acting on the roller from
the powder side, and the distribution of this force over
the surface, as well as the dependence of the compressive
force and powder density on the roller diameter and on this
application method are of interest.

The purpose of the work is to identify the optimal me-
thod for applying a powder layer, by studying the influence
of the rotating roller diameter on the quality of the applied
layer using simulation modelling.

METHODS

Simulation model creation

The simulation of the process of powder material apply-
ing and levelling was carried out using the Altair EDEM

Squeegee

Powder
marterial

Feeder
platform

2021 software package. This is software for modelling bulk
and granular materials. EDEM software package is based
on the discrete element method (DEM) and is applicable to
modelling and analysing the behaviour of coal, mined ores,
soils, fibres, grains, tablets, powders, etc.

Most additive technologies included in the PBF
(Powder Bed Fusion) group have a similar process of
powder layer applying. Fig. 1 shows the basic diagram
of the process.

The cycle of building each layer begins with raising
the feeder platform and lowering the build platform by the layer
thickness. Then, the squeegee moves along the platforms,
simultaneously applying and levelling the powder material.
Since only one powder layer will be applied during the pro-
cess simulation, a feeding hopper is not required. To simpli-
fy the simulation model, the preparation stage is limited to
creating the previous powder layer and powder for applying
a new layer.

The created simulation model consists of two sections
(Fig. 2). The first section is a hard surface simulating
a feeder with metal powder, which will need to be applied
as a new layer using a squeegee. The second section is
a hard surface simulating a build platform lowered to
the height of the layer being applied. This section contains
an imitation of the finished applied layer.

Metal powder applying to the finished layer imita-
tion is performed in three ways: 1) by a non-rotating
roller; 2) by a rotating roller; 3) by a rotating roller
with additional powder feed (Fig. 3).

Identification and selection of modelling parameters

First, it is necessary to select the application speed
Vror and the roller rotation speed Vgzor. The application
speed affects the powder layer roughness [12] (Fig. 4),
which is one of the characteristics of the powder layer
quality. Based on Fig. 4, we assume that the permissible
roughnessof the applied layer surface is 6=7.5 pm. To obtain
the powder layer surface of the required quality, the roller

New layer

Part

ﬁ

Fig. 1. Basic diagram of the process of applying a powder layer
Puc. 1. IlpunyunuanvHas cxema npoyeccd HaHeCeHUus HOPOUWKOB020 ClLOSL
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linear speed Vzor must not exceed 60 mm/s. In studies, the
application speed was most often chosen equal to
Vror=50 mm/s [10; 13; 14], which meets our requirements.
The rotation speed Vzor was chosen equal to 60 rpm assum-
ing that the roller rotation speed has little effect on the
powder layer density, however, at high speeds, powder par-
ticles begin to be thrown above the surface, which can lead
to the previous layer damage [15].

Squeegee

Feeder

To identify the optimal method for applying a powder
layer, studies were conducted on a simulation model
with different roller diameters: a non-rotating roller
050 mm, a rotating roller ¥30, 50, 70 mm, a rotating
roller with the addition of powder ¥30, 50, 70, 100, 150,
200, 250, 300 mm.

The diameter of the powder particles used in 3D print-
ing varies from 20 to 100 um. However, the available

Mefal powder — Powder layer

Build platform

Fig. 2. Simulation model
Puc. 2. Umumayuonnas mooens

Fig. 3. Ways of applying a powder layer:
a — a non-rotating roller; b — a rotating roller; ¢ — a rotating roller with additional powder feed
Puc. 3. Cnocobul Hanecenust RHOPOUWIKOBO2O ClLOSL!
a — Hegpawarowuiics poauk,; b — epawarowuiics poruk; ¢ — epawalowuiics poauK ¢ nooadeil OONOIHUMENbHO20 NOPOUIKA
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Fig. 4. Dependence of layer roughness on application speed
Puc. 4. 3asucumocmsv uiepoxo8amocmu cios om cKOpoCmu HaneceHus
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computer processing power will not be enough to simulate
particles of such a small size in a short time, because when
the particle diameter decreases, it is also necessary to de-
crease the time step, and therefore, the calculations will be
more time-consuming. DSL 05 365 GOST 11964-81 shot
was chosen as the powder material.

For the study, the powder granulometric composition
having a normal distribution with a mean value of
m=0.5 mm and a standard deviation of 6=0.05 was chosen,
because wider ranges of particle sizes lead to greater fluctu-
ations in density and surface roughness due to the uneven
distribution of particles [16].

The computer for the simulation has an Intel Core i3-
6100 3.70 GHz processor, 8§ GB of RAM, and an NVIDIA
GeForce GTX 1050 Ti video card.

Processing the simulation results

To measure the force acting on the roller, the entire
study area was divided into layers. The height of each layer
is equal to the diameter of the particles (0.5 mm). Data on
the force acting on the roller from the powder along the X
and Z axes were obtained from each separately selected
area (Fig. 5).

Time: 5485 s

Fz

Fx

In the analysis, we will assume that the force is applied
to the roller at the centre of the selected layer. After calcu-
lating the force, it is necessary to plot the force distribution
over the roller surface. To do this, we will analytically cal-
culate the dependence of the angle a on the layer height.
The calculation scheme is shown in Fig. 6.

Calculation of the dependence of the angle o on the lay-
er height:

R—t t
cosoo=———>a=arccos| 1—— |.
R R

Now, we can associate the obtained force values with
the angle o, and apply them to the roller. As a result, you
will get a graph of the force distribution over the roller.

RESULTS

From the graphs of the total force acting on a non-
rotating roller with a diameter of 50 mm, depending on
the pressure angle, one can see that the force acting on
the roller becomes smaller over time (Fig. 7). This is

Fig. 5. Calculation of the total force of powder pressure on the roller in each layer
Puc. 5. Pacuem o6wjeil cunivl 0a6eHusi NOPOUKA HA POIUK 8 KANCOOM CLOe

Fig. 6. Scheme for calculating the pressure angle o.
R — roller radius; t — layer height,; o — pressure angle
Puc. 6. Cxema ons pacuema yena 0agneHust o.
R — paouyc ponuxa, t — evicoma cnosi; a.— y2oi 0aeieHus.

12

Frontier Materials & Technologies. 2024. No. 4



Bogdanov V.M. “Influence of roller characteristics on powder layer applying in additive technologies”

explained by the fact that the amount of powder applied by
the roller decreases over time.

One of the most important parameters of the powder
layer is its density. The maximum value of the powder layer
density during application reached 4.573 g/cm?, which cor-
responds to a layer compaction of 1.61 %. According to
GOST 11964-81, the bulk density of steel powder should
be greater than 4.2 g/cm’, with a particle diameter of
0.5 mm and a density of the particles themselves of more
than 7.2 g/cm®. The result obtained satisfies this condition,
which indicates the proximity of the characteristics of
the simulated and real powders.

From the graphs of the total force acting on a rotating
roller with diameters of 30, 50 and 70 mm, depending on
the pressure angle, it is evident that with an increase in the
roller diameter, the peak force value also increases (Fig. 8).
This can increase roller wear and reduce its service life. For
a better understanding of the meaning of this graph (Fig. 8),
the curves were applied to the roller, which allowed obtain-
ing a visual representation of the force distribution over
the roller (Fig. 9). Analysing the maximum density values for
the studied roller diameters, one can notice a clear depen-
dence manifested in an increase in density, with an increase
in the roller diameter (Table 1).

From the graphs of the total force acting on a rotating
roller with additional powder feed, depending on the pres-
sure angle, it is evident that with an increase in the roller
diameter from 30 to 300 mm, the peak force value increas-
es, and the pressure angle decreases (Fig. 10). From Table 2
it is evident that as the roller diameter increases, the powder
layer density also increases, and after overcoming the roller
diameter of D=200 mm, it reaches a plateau and stops
growing significantly.
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DISCUSSION

The EDEM software package has proven itself as
a promising tool for predicting the behaviour of bulk
media [17]. The results of computer modelling using
the discrete element method, qualitatively correspond
to the data obtained in experiments [18]. Based on this,
the obtained modelling results can be considered to
correspond to reality.

To identify the best application method, the graphs
of the total force acting on a roller with a diameter of
D=50 mm, depending on the pressure angle for each
application method were compared (Fig. 11). As a re-
sult, it can be concluded that the non-rotating roller is
affected by the greatest force, and the forces acting on
rotating rollers differ slightly. When comparing the maxi-
mum density values for the studied application me-
thods, it can be concluded that a denser powder layer
can be achieved when using a rotating roller without
adding powder (Table 3).

Based on the analysis of a series of computer simula-
tions of powder layer application, it was found that the total
force acting on the rollers, without additional powder sup-
ply, becomes smaller over time. This is explained by
the fact that the amount of powder applied by the roller
decreases over time. This application method is suitable for
3D printers with a small printing zone. As the printing zone
increases, the amount of powder that needs to be applied
also increases. This poses two problems. First, the powder
bed height with a large printing zone may exceed the roller
diameter, making it impossible to form a layer. Second,
moving a large mass of powder over the previously applied
layer may damage it, and adversely affect the quality of
the final part.

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

Pressure angle, deg.

Fig. 7. Dependence of the total force acting on a non-rotating roller with a diameter of 50 mm on the pressure angle.
Three time points of the steady-state application mode are given: start — 3.5 s, centre — 4.5 s, end — 5.5 s
Puc. 7. 3asucumocmsv obweii cunvl, deticmsyroujell Ha Heepawanwuiica poauxk ouamempom 50 mm, om yena 0asneHus.
Tpusedenvt mpu epemenHbvie MOUKU YCMAHOBUBULE20CA PEXCUMA HaHeceHusA.! Hayano — 3,5 ¢, yeump — 4,5 ¢, koney — 5,5 ¢
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Fig. 8. Dependence of the total force acting on a rotating roller on the pressure angle.

Graphs are given for three roller diameters: 30, 50, 70 mm

Puc. 8. 3asucumocmov 0b6well cunvl, oeticmsyrouell Ha PAWArWULICS. POTIUK, OM Yeld Oa6NIeHU.
Tpugedenwv epaghuru ons mpex ouamempog ponuka: 30, 50, 70 mm

250

Fig. 9. Force distribution over the rollers with the diameters of 30, 50, 70 mm
Puc. 9. Pacnpeoenenue cunvi no poruxam c¢ ouamempamu 30, 50, 70 mm

Table 1. Powder layer density and compaction for rotating rollers

Tabauya 1. [Inomnocms u yniomuenue nopouiko8o2o Cos 05l 6pAUAIOUWUXCI POTUKOB

Roller diameter, mm Layer density, g/cm? Layer compaction, %
Before application 4.500 -
30 4.692 4.26
50 4.740 5.35
70 4.796 6.59
Frontier Materials & Technologies. 2024. No. 4
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Fig. 10. Dependence of the total force acting on a rotating roller with additional powder feed on the pressure angle.
Graphs are given for eight roller diameters: 30, 50, 70, 100, 150, 200, 250, 300 mm
Puc. 10. 3asucumocmo obweti cunvl, delicmgyowell Ha pauarWUiics POIUK ¢ OONOTHUMENbHOU NOOAYeli NOPOWKA, OM Yeid 0AIeHUs.
Ipusedenvt epapuru ons 6ocomu ouamempos poauxa: 30, 50, 70, 100, 150, 200, 250, 300 ymm

Table 2. Powder layer density and compaction for rotating rollers with additional powder feed
Tabnuya 2. [Tnomuocms u yniomueHue nOPOUKOG020 CLOsL OISl BPAWAIOUUXCSL POIUKOS ¢ OONOIHUMENLHOTU NOJAYeli NOPOUKA

Roller diameter, mm Layer density, g/cm? Layer compaction, %
Before application 4.500 -
30 4.675 3.89
50 4.679 3.98
70 4.682 4.04
100 4.800 6.66
150 4.810 6.89
200 4.854 7.87
250 4.849 7.75
300 4.855 7.90

When applying a layer with a rotating roller with
an additional powder feed, it is possible to achieve
a constant force acting on the roller, since there is
the same amount of powder in front of the roller during
application. This can have a positive effect on the ho-
mogeneity of the applied layer.

It has been found that when the roller diameter increases
from 30 to 300 mm, the peak force value also increases.
This can increase roller wear and reduce its service life.
With an increase in the roller diameter, the powder layer
density also increases by 7.9 % and after overcoming

the roller diameter of D=200 mm, the powder layer density
reaches a plateau and stops growing significantly.
Summarising the data, we can conclude that the non-
rotating roller is affected by the greatest force, and
the forces acting on the rotating rollers, differ slightly.
It was also found that a rotating roller without adding
powder, creates the densest layer and allows achieving
compaction of the powder layer by 5.35 %. The obtained
data contradict the study, which revealed that a non-
rotating roller creates a 5 % denser layer than a rotating
roller [9]. This discrepancy can be explained by a significant
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Fig. 11. Dependence of the total force acting on a non-rotating roller and a rotating roller with additional powder feed
on the pressure angle. Graphs are given for the roller with a diameter of 50 mm
Puc. 11. 3asucumocms obuyeti cunvl, delicmayowell Ha He8PAWAWULCA POIUK, BPAUAIOUUTICS POIUK U 8PAUAIOUUIICS POTUK
€ QONOTHUMENbHOU nodayell nopowka, om yena oasnenus. Ilpueedenvt epaghuxu ons ponuxa ouamempom 50 um

Table 3. Powder layer density and compaction for various methods of application
Tabnuya 3. [IiomHocms u yniomueHue NOpowK0o8020 Cios 05l PAIUYHBIX CNOCOO08 HAHECEHUs.

Method of application Roller diameter, mm Layer density, g/cm? Layer compaction, %
Before application - 4.500 -
Non-rotating roller 4.573 1.61
Rotating roller 50 4.740 5.35
Rotating roller with additional powder feed 4.679 3.98

difference in the powder layer application speed (0.5 and
50 mm/s). When analysing the effect of application
speed on powder layer density, it was found that with an
increase in application speed, the powder layer density
tends to decrease linearly [9].

In a study on optimising squeegee geometry, when compar-
ing an optimised profile with a roller, it was noted that the squee-
gee with an optimised profile created a slightly higher powder
bed density (0.7 %) at an application speed of 50 mmy/s [11].

The study was the first to examine the influence of roll-
er diameter on powder bed density. The data obtained indi-
cate that the correct choice of application method can sig-
nificantly affect the quality of printed products.

CONCLUSIONS

1. The dependences of the roller characteristics on pow-
der layer application were revealed. In particular, with an

increase in the roller diameter from 30 to 300 mm, the peak
force value also increases. With an increase in the roller
diameter by 7.9 %, the powder layer density also increases,
and after overcoming the roller diameter of D=200 mm, it
reaches a plateau and stops growing significantly.

2. When studying the application methods, it was found
that the non-rotating roller is affected by the greatest force,
and the forces acting on the rotating rollers differ slightly.
A rotating roller without adding powder creates the densest
layer, and allows achieving compaction of the powder layer
by 5.35 %.

3. When optimising powder layer application for 3D
printers with a large printing area, it is recommended to se-
lect layer application using a roller with additional powder
feed, since this helps to avoid moving a large mass of powder
over the previously applied layer, which has a positive effect
on the quality of the final product. This can also have a posi-
tive effect on the homogeneity of the applied layer.

16

Frontier Materials & Technologies. 2024. No. 4



Bogdanov V.M. “Influence of roller characteristics on powder layer applying in additive technologies”

REFERENCES

L.

10.

11.

12.

13.

Chen Hui, Chen Yuxiang, Liu Ying, Wei Qingsong,
Shi Yusheng, Yan Wentao. Packing quality of powder layer
during counter-rolling-type powder spreading process in ad-
ditive manufacturing. International Journal of Machine
Tools and Manufacture, 2020, vol. 153, article number
103553. DOI: 10.1016/j.ijmachtools.2020.103553.

Cao Liu. Numerical simulation of the impact of
laying powder on selective laser melting single-
pass formation. International Journal of Heat and
Mass Transfer, 2019, vol. 141, pp. 1036-1048.
DOI: 10.1016/j.ijheatmasstransfer.2019.07.053.

. Budding A., Vaneker T.H.J. New strategies for powder

compaction in powder-based rapid prototyping tech-
niques. Procedia CIRP, 2013, vol. 6, pp.527-532.
DOI: 10.1016/j.procir.2013.03.100.

Li Ming, Wei Xingjian, Pei Zhijian, Ma Chao.
Binder jetting additive manufacturing: observations
of compaction-induced powder bed surface defects.
Manufacturing Letters, 2021, vol. 28, pp. 50-53.
DOI: 10.1016/j.mfglet.2021.04.003.

Nasato D.S., Briesen H., Poschel T. Influence of vibrating
recoating mechanism for the deposition of powders in addi-
tive manufacturing: Discrete element simulations of po-
lyamide 12. Additive Manufacturing, 2021, vol. 48-A, article
number 102248. DOIL: 10.1016/j.addma.2021.102248.
Zhang Jiangtao, Tan Yangiang, Bao Tao, Xu Yangli,
Jiang Shenggiang. Discrete element simulation for effects
of roller’s vibrations on powder spreading quality. China
Mechanical Engineering, 2020, vol. 31, pp. 1717-1723.
DOI: 10.3969/j.issn.1004-132X.2020.14.011.

Chen Hui, Cheng Tan, Wei Qingsong, Yan Wentao.
Dynamics of short fiber/polymer composite particles in
paving process of additive manufacturing. Additive
Manufacturing, 2021, vol. 47, article number 102246.
DOI: 10.1016/j.addma.2021.102246.

Meyer L., Wegner A., Witt G. Influence of the ratio between
the translation and contra-rotating coating mechanism on dif-
ferent laser sintering materials and their packing density. Solid
Freeform Fabrication 2017: Proceedings of the 28th Annual
International Solid Freeform Fabrication Symposium — An
Additive Manufacturing Conference Reviewed Paper. Texas,
University of Texas at Austin Publ., 2017, pp. 1432-1447.
Cao Liu. Study on the numerical simulation of lay-
ing powder for the selective laser melting process.
The International Journal of Advanced Manufactur-
ing Technology, 2019, vol. 105, pp.2253-2269.
DOI: 10.1007/s00170-019-04440-4.

Wang Lin, Yu Aibing, Li Erlei, Shen Haopeng,
Zhou Zongyan. Effects of spreader geometry on powder
spreading process in powder bed additive manufactur-
ing. Powder Technology, 2021, vol. 384, pp. 211-222.
DOI: 10.1016/j.powtec.2021.02.022.

Haeri S. Optimization of blade type spreaders for powder
bed preparation in Additive Manufacturing using DEM
simulations. Powder Technology, 2017, vol. 321, pp. 94—
104. DOI: 10.1016/j.powtec.2017.08.011.

Parteli E.J.R., Poschel Th. Particle-based simulation
of powder application in additive manufacturing.
Powder Technology, 2016, vol. 288, pp.96-102.
DOI: 10.1016/j.powtec.2015.10.035.

Wang L., Li E.L., Shen H., Zou R.P., Yu A.B., Zhou Z.Y.
Adhesion effects on spreading of metal powders in selective

laser melting. Powder Technology, 2020, vol. 363, pp. 602—
610. DOI: 10.1016/j.powtec.2019.12.048.

14. Yao Dengzhi, An Xizhong, Zhang Haitao, Yang Xiaohong,
Zou Qingchuan, Dong Kejun. Dynamic investigation on
the powder spreading during selective laser melting additive
manufacturing. Additive Manufacturing, 2021, vol. 37,
pp. 101-113. DOI: 10.1016/j.addma.2020.101707.

15. Zhang Jiangtao, Tan Yuanqgiang, Bao Tao, Xu Yangli,
Xiao Xiangwu, Jiang Shenggiang. Discrete element simula-
tion of the effect of roller-spreading parameters on powder-
bed density in additive manufacturing. Materials, 2020,
vol. 13, no. 10, pp. 2285-2300. DOL: 10.3390/mal3102285.

16. Ya Zhao, Jia Wei Chew. Effect of lognormal particle size
distributions on particle spreading in additive manufactur-
ing. Advanced Powder Technology, 2021, vol. 32, no. 4,
pp. 1127-1144. DOI: 10.1016/j.apt.2021.02.019.

17. Feoktistov A.Yu., Kamenetskiy A.A., Blekhman L.L.,
Vasilkov V.B., Skryabin I.N., Ivanov K.S. The applica-
tion of discrete element method to mining and metallur-
gy process modeling. Zapiski Gornogo instituta, 2011,
vol. 192, pp. 145-149. EDN: ROWFBE.

18.Lee Y., Simunovic S., Gurnon A.K. Quantification of
powder spreading process for metal additive manufac-
turing: technical report. Tennessee: OAK Ridge Na-
tional Laboratory Publ., 2019. 36 p.

CIIUCOK JIMTEPATYPbBI

1. Chen Hui, Chen Yuxiang, Liu Ying, Wei Qingsong,
Shi Yusheng, Yan Wentao. Packing quality of pow-
der layer during counter-rolling-type powder
spreading process in additive manufacturing // In-
ternational Journal of Machine Tools and Manufac-
ture. 2020. Vol. 153. Article number 103553.
DOI: 10.1016/j.ijmachtools.2020.103553.

2. Cao Liu. Numerical simulation of the impact of
laying powder on selective laser melting single-
pass formation // International Journal of Heat and
Mass Transfer. 2019. Vol. 141. P. 1036-1048.
DOI: 10.1016/j.ijheatmasstransfer.2019.07.053.

3. Budding A., Vaneker T.H.J. New strategies for powder
compaction in powder-based rapid prototyping tech-
niques // Procedia CIRP. 2013. Vol. 6. P.527-532.
DOI: 10.1016/j.procir.2013.03.100.

4. LiMing, Wei Xingjian, Pei Zhijian, Ma Chao. Binder jetting
additive manufacturing: observations of compaction-induced
powder bed surface defects / Manufacturing Letters. 2021.
Vol. 28. P. 50-53. DOL: 10.1016/j.mfglet.2021.04.003.

5. Nasato D.S., Briesen H., Poschel T. Influence of vibrating
recoating mechanism for the deposition of powders in addi-
tive manufacturing: Discrete element simulations of poly-
amide 12 // Additive Manufacturing. 2021. Vol. 48-A. Arti-
cle number 102248. DOI: 10.1016/j.addma.2021.102248.

6. Zhang Jiangtao, Tan Yanqgiang, Bao Tao, Xu Yangli,
Jiang Shenggiang. Discrete element simulation for effects
of roller’s vibrations on powder spreading quality / China
Mechanical Engineering. 2020. Vol. 31. P.1717-1723.
DOI: 10.3969/;.1ssn.1004-132X.2020.14.011.

7. Chen Hui, Cheng Tan, Wei Qingsong, Yan Wentao.
Dynamics of short fiber/polymer composite particles in
paving process of additive manufacturing // Additive
Manufacturing. 2021. Vol. 47. Article number 102246.
DOI: 10.1016/j.addma.2021.102246.

Frontier Materials & Technologies. 2024. No. 4

17


https://doi.org/10.1016/j.ijmachtools.2020.103553
https://doi.org/10.1016/j.ijheatmasstransfer.2019.07.053
https://doi.org/10.1016/j.procir.2013.03.100
https://doi.org/10.1016/j.mfglet.2021.04.003
https://doi.org/10.1016/j.addma.2021.102248
https://doi.org/10.3969/j.issn.1004-132X.2020.14.011
https://doi.org/10.1016/j.addma.2021.102246
https://doi.org/10.1007/s00170-019-04440-4
https://doi.org/10.1016/j.powtec.2021.02.022
https://doi.org/10.1016/j.powtec.2017.08.011
https://doi.org/10.1016/j.powtec.2015.10.035
https://doi.org/10.1016/j.powtec.2019.12.048
https://doi.org/10.1016/j.addma.2020.101707
https://doi.org/10.3390/ma13102285
https://doi.org/10.1016/j.apt.2021.02.019
https://www.elibrary.ru/rowfbf
https://doi.org/10.1016/j.ijmachtools.2020.103553
https://doi.org/10.1016/j.ijheatmasstransfer.2019.07.053
https://doi.org/10.1016/j.procir.2013.03.100
https://doi.org/10.1016/j.mfglet.2021.04.003
https://doi.org/10.1016/j.addma.2021.102248
https://doi.org/10.3969/j.issn.1004-132X.2020.14.011
https://doi.org/10.1016/j.addma.2021.102246

Bogdanov V.M. “Influence of roller characteristics on powder layer applying in additive technologies”

8. Meyer L., Wegner A., Witt G. Influence of the ratio laser melting // Powder Technology. 2020. Vol. 363. P. 602—

between the translation and contra-rotating coating 610. DOI: 10.1016/j.powtec.2019.12.048.

mechanism on different laser sintering materials and 14.Yao Dengzhi, An Xizhong, Zhang Haitao,Yang Xiao-
their packing density // Solid Freeform Fabrication hong, Zou Qingchuan, Dong Kejun. Dynamic inves-
2017: Proceedings of the 28th Annual International So- tigation on the powder spreading during selective
lid Freeform Fabrication Symposium — An Additive laser melting additive manufacturing // Additive
Manufacturing Conference Reviewed Paper. Texas: Manufacturing. 2021. Vol. 37. P.101-113. DOI:
University of Texas at Austin, 2017. P. 1432—1447. 10.1016/j.addma.2020.101707.

9. Cao Liu. Study on the numerical simulation of laying 15.Zhang Jiangtao, Tan Yuangiang, Bao Tao, Xu Yangli,
powder for the selective laser melting process // Xiao Xiangwu, Jiang Shenggiang. Discrete element
The International Journal of Advanced Manufactur- simulation of the effect of roller-spreading parameters
ing Technology. 2019. Vol. 105. P.2253-2269. on powder-bed density in additive manufacturing / Ma-
DOI: 10.1007/s00170-019-04440-4. terials. 2020. Vol. 13. Ne 10. P. 2285-2300.

10. Wang Lin, Yu Aibing, Li Erlei, Shen Haopeng, DOI: 10.3390/ma13102285.

Zhou Zongyan. Effects of spreader geometry on powder 16. Ya Zhao, Jia Wei Chew. Effect of lognormal particle size
spreading process in powder bed additive manufacturing // distributions on particle spreading in additive manufactur-
Powder Technology. 2021. Vol. 384. P. 211-222. DOI: ing // Advanced Powder Technology. 2021. Vol. 32. Ne 4.
10.1016/j.powtec.2021.02.022. P. 1127-1144. DOI: 10.1016/j.apt.2021.02.019.

11. Haeri S. Optimization of blade type spreaders for powder 17. ®eokrucros A.}O., Kameneuxuii A.A., bnexman JLU.,
bed preparation in Additive Manufacturing using DEM BacunbskoB B.b., Ckpsioun M.H., UBanos K.C. Ilpume-

simulations // Powder Technology. 2017. Vol. 321. P. 94— HEHHE METOJa ITUCKPETHBIX 3JEMEHTOB U MOJIEIUPO-
104. DOI: 10.1016/j.powtec.2017.08.011. BaHMS MPOLECCOB B TOPHO-METAJULYPrUUECKOU Mpo-
12. Parteli E.J.R., Poschel Th. Particle-based simulation MbimuieHHocTH // 3ammcku ['opHoro mactmTyTa. 2011.

of powder application in additive manufacturing // T. 192. C. 145-149. EDN: ROWFBF.
Powder Technology. 2016. Vol.288. P.96-102. 18.Lee Y., Simunovic S., Gurnon A.K. Quantification of

DOI: 10.1016/j.powtec.2015.10.035. powder spreading process for metal additive manufac-
13. Wang L., Li E.L., Shen H., Zou R.P., Yu A.B., Zhou Z.Y. turing: technical report. Tennessee: OAK Ridge Natio-
Adhesion effects on spreading of metal powders in selective nal Laboratory, 2019. 36 p.

Bausinne xapakTepuCTHK POJIMKA HA HAHECEHHe NMOPOIIKOBOI0 CJIOS
B a/UIUTUBHBIX TEXHOJIOTUSIX

bozoanoe Banepuit Muxaiinosuu, acnipant
Cankm-Ilemep6ypeckuii nonumexuuueckuti ynusepcumem Ilempa Benuxozo, Canxkm-Ilemepoype (Poccus)

*E-mail: bogdanov.vm@edu.spbstu.ru ORCID: https://orcid.org/0009-0006-6865-3579

Hocmynuna 6 peoaxyuro 08.05.2024 Ilepecmompena 18.09.2024 IHpunama k nyoauxayuu 07.11.2024

Annomayusn: Ilpu UccieoOBaHUU W aHAIN3E aJIMTHBHBIX TEXHOJIOTHMH 0C000€ BHHUMAHHE YJEJSICTCS MOBBIMICHUIO
IMPOU3BOAUTCIIBHOCTH U Ka4Y€CTBAa Hal€daTaHHBIX I/ISJICHPlﬁ. O]lHaKO JJId TIOBBIIICHUSA ITPOU3BOAUTCIBHOCTH 3D-meuatn
HEIIb3s1 IPOCTO YBEINYUTH CKOPOCTh TMIEPEMEIICHHUS pakesi 0e3 n3MeHeHust ero (OopMbl WK THMa. M3-3a 3Toro Moser mo-
CTpaJaTb KAQ4Y€CTBO MMOPOUIKOBOI'O CJIOsA, YTO MPUBECACT K YXYAUICHUIO Ka4CCTB KOHCYHOM JACTAJIN. 21]'[5{ HUCCJIICAOBAHUA BJIN-
SIHUSI XapaKTEPHCTHK POJIMKA Ha HAHECCHNE MOPOIIKOBOTO CJIOS MPOBEJECHA CEPHsi KOMIBIOTEPHBIX MOJICIUPOBAHIIA UMH-
TAIIMOHHBIX Mojenel. OleHKa BIUSIHUS XapaKTEPUCTHK POJIMKA HAa HAHECEHHE OPOIIKOBOTO CJIOSI IIPOBOJIUIIACK IS Tua-
MeTpoB ponmka 30, 50, 70, 100, 150, 200, 250, 300 mM. MomenupoBaHIe POBOJUIOCE C TPEMs CIIOCOOaMH HAHECCHHS:
BPAIIAIOIIMMCS M HEBPAIAIOIIUMCS POJIMKOM, a TAKKe BPAIIAOIIUMCS POJIMKOM C MOJa4uei TOMOJHUTEIBHOTO MOPOIIKA.
OmnpeneneHo, 9To MpyU HAHECCHUH CJIOS BPAIAIOIIMMCS POJIMKOM C JIOTIOJIHUTEIBHON 1MoJ1aueii opolKa MOXKHO TOCTHYb
MOCTOSIHCTBA CHJI, ICHCTBYIOIINX HAa POJNUK. DTO MOJXKET IOJIOKUTENBHO TOBIUATh HA OJXHOPOAHOCTH HAHOCHMOTO CJOSI.
Hanecenue ci0s1 BpalaronMcsi pojMKOM C JIOTIOJHHUTENBHOM Mojadyel nopomka Haubosaee npurogHo B 3D-npuHTepax
¢ Ooupmioit 30HOW mocTpoeHus. JaHHBIN crmoco® Mo3BOIsET M30eraTh MEepeMemIeHHs] OOJBIIOW MacChl TOPOIIKA IO
MpEeABIIYIIEMY CJIO0, YTO IOJIOKUTENBHO BIMSET HAa KaYeCTBO KOHEYHOH aeTaiy. BBISBIEHO BIHMSHUE XapaKTEepHCTHK
pOJHKa Ha HAHECEHHE TIOPOIIKOBOTO clios. B wacTHOCTH, pn yBenmudeHun nuamerpa ponuka ¢ 30 go 300 MM yBennunBa-
eTcsl M 3HaueHHe MUKOBOM cwilbl. [Ipu yBenudyeHun nuaMerpa poirka Ha 7,9 % yBelnuuBaeTcst ¥ IUIOTHOCTh MTOPOILIKOBO-
r0 cios. BEISBIIEHO, YTO HA HEBPAMIAIOIIUICS POJHK NEHCTBYeT HAaMOOIBINAsl CHIa, a CHJIBI, NEHCTBYIOIINE Ha Bpallaro-
IMeCs POJIMKH, HE3HAYUTENBHO OTJIMYaroTcsl. Bpatatomuiicss ponuk 6e3 jpo0aBiieHHs MOPOIIKA CO3aeT Hanboliee mioT-
HBII CIIOH ¥ TTO3BOJIAET JOONUTHCS YIUIOTHEHHUS MOPOIIKOBOTO cios Ha 5,35 %.

Knrwouesvie cnoga: XxapakTepUCTHKU POJIMKA; IMOPOIIKOBBINA CJIOH; aAUTUBHbIE TEXHOIOTHUH; aAJIUTHBHOE IMPOU3BOJ-
CTBO; IMaMETpP POJIMKA; pa3paBHUBAHKE MOPOIIKOBOTO CJIOS; HAHECEHHE MOPOIIKOBOTO CIIOSI; TUIOTHOCTH IOPOIIKOBOTO
CJI0S1; paKeb.
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