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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
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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
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ﬁ

Fig. 1. Basic diagram of the process of applying a powder layer
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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
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Fig. 4. Dependence of layer roughness on application speed
Puc. 4. 3asucumocmsv uiepoxo8amocmu cios om cKOpoCmu HaneceHus

Frontier Materials & Technologies. 2024. No. 4

11



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

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

Table 1. Powder layer density and compaction for rotating rollers

Taonuya 1. [lnomuocme u yniomuenue nopoutko8020 Cos Oisl BpAUAIOWUXC 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




