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New materials for spacecraft radiation screens engineering require a fine classification of powder materials by par-

ticle size. The article concerns the construction of powder materials laboratory separator. This type of material separa-
tion is related to gravity methods. The Moseley laboratory separator serves as the prototype of the construction with 
table longitudinal shaking and diametrical vibrations by means of buffers during the separation process. The unbal-
anced oscillator yields deck separation surface harmonic vibrations in all directions. The unbalanced oscillator DC 
motor voltage control gradually alters the vibration frequency and supports finer separation of the material. A power 
pipe enables to conduct perpetual separation process. In prototype, in contrast, up to 100 g weight is processed for up 
to 5 minutes. To improve the materials fine and small classes separation efficiency, riffles are made on the separation 
surface, which determine the places of concentration of material particles. As a result of the conducted researches for 
elimination of the secondary circulation flows, a system of diametrical reefing is worked out: the riffle is approximately 
equal to the maximum particle size of the separated material and is equal to 0.2 mm in this construction; the distance 
between riffles is equal to 50 mm, the tilt angle is 80 degrees relative to the deck longitudinal side. The particle motion 
depends on the inclination angle of the separation surface. Large particles move upwards at angles of up to 5 degrees, 
and downwards at angles higher than 5 degrees. Vibration frequency and amplitude alteration, as well as adjusting the 
inclination angle of separation surface enables to move and adjust the speed of different properties and sizes of test 
material. The laboratory separator work is based on the physical effects, which enable to vary the location of the power 
pipe. This fact allows the construction to be adapted to a variety of specific conditions and expands the construction 
sphere. The separator construction is simple for production and operation, and can be quickly reconfigured if neces-
sary. The separator portability allows it to be transported. 
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Разработка новых материалов для радиационных экранов космических аппаратов требует тонкой класси- 

фикации порошковых материалов по размеру частиц. В статье рассмотрена конструкция лабораторного се-
паратора порошковых материалов. Данный вид разделения материала относится к гравитационным мето- 
дам. За прототип конструкции выбран лабораторный сепаратор Мозли, у которого процесс сепарации осуще- 
ствляется продольным встряхиванием стола и поперечными колебаниями посредством буферов. Дебалансный  
вибратор позволил получать гармонические колебания поверхности сепарации деки во всех направлениях. Регу- 
лировка напряжения двигателя постоянного тока дебалансного вибратора плавно изменяет частоту вибра- 
ции, что способствует более тонкому разделению материала. Введением питающего патрубка реализована  
возможность непрерывного ведения процесса разделения, в отличие от прототипа, где навеска до 100 г обра- 
батывается до 5 мин. Для повышения эффективности разделения тонких и мелких классов материалов на по- 
верхности сепарации выполнены рифли, определяющие места концентрации частиц материала. В результате  
проведенных исследований для исключения вероятности возникновения вторичных циркуляционных потоков  
была разработана система поперечных нарифлений: высота рифлей примерно равна максимальному размеру  
частиц разделяемого материала, в данной конструкции 0,2 мм; расстояние между рифлями 50 мм, угол накло- 
на составил 80 градусов относительно продольной стороны деки. Движение частиц зависит от угла наклона  
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поверхности сепарации. При углах до 5 градусов крупные частицы движутся вверх, при больших – вниз.  
За счет изменения частоты и амплитуды вибрации, а также регулирования угла наклона поверхности сепарации,  
возможно перемещение и регулирование скорости движения разного по свойствам и размерам исследуемого  
материала. Физические эффекты, на которых основана работа лабораторного сепаратора, дают возмож- 
ность варьировать и место размещения в нем питающего патрубка. Это позволяет приспособить конструк- 
цию к разнообразным конкретным условиям, что расширяет область применения устройства. Конструкция  
сепаратора проста в изготовлении и эксплуатации, при необходимости ее можно быстро переналадить.  
Компактность сепаратора позволяет транспортировать его. 

 
Ключевые слова: экранирование, композитный материал, сепаратор, фракционный состав, карбид бора. 
 
Introduction. In materials science, composite materi-

als are a separate sphere with their own industries and 
markets. Nano sized and ultrafine powders are mainly 
used as fillers for the composite materials production  
[1–3]. 

Shielding is considered to be one of the main means of 
protection against ionizing radiation effects on the Earth's 
orbit [4–6]. 

The most sensitive to ionizing radiation are semicon-
ductor and optical materials, then go polymeric materials 
and metals have the highest resistance.  

Aluminum and its alloys is the main material in the 
production of passive protective screens against ionizing 
radiation of devices and precision devices in space tech-
nology [7]. 

The AeroCube 8 project (4 vehicles A, B, C, D, also 
known as IMPACT) tested a radiation shielding material 
based on CNT / PEEK (Poly-ether-ether-ketone with the 
addition of carbon nanotubes) on board [8]. The Oufti-2 
mission, scheduled for launching in 2021, is preparing an 
experiment as an additional payload to test the effective-
ness of a multi-layer laminated coating on the basis of 
resins with additives and a tungsten alloy [9]. 

Ultrafine powders can improve the quality of materials 
used in rocket and mechanical engineering. Ultra dis-
persed metal powders are used for creation substances 
such as rocket fuel, explosives, pressed and sintered prod-
ucts. Some powders are used as fillers, they allow to ob-
tain effective tread, antifriction, antiwear, resource-
saving, hydrophobic, self-cleaning and bio inert compos-
ite materials [4]. 

The efficiency of the screens declines sharply at 
thicknesses over 1 cm, since the interaction of charged 
particles with the nuclei of the screen material produces 
intense electromagnetic bremsstrahlung radiation, which 
has a high penetrating ability [10].  An increase in the 
mass of protective screens leads to an increase in the cost 
of launching satellites into orbit by 25–50 % [11–12]. 
Therefore, an actual question about the development and 
creation of a new type of protection based on a multi-
layer structure, where the first layer is made of a compos-
ite material, arises. 

In the course of studying the effect of the fractional 
composition on the properties of composites weakening 
ionizing radiation, it became necessary to classify more 
finely the initial boron carbide powder. 

Fraction is composed of particles of the size range be-
tween their maximum and minimum values. The shape 
and size of particles significantly affects the technological 
properties of composites and, through them, the density, 
strength, and uniformity of material properties [13]. 

Historically, manual stripping of minerals was the ear-
liest form of processing, followed by primitive forms of 
gravity beneficiation. They were known more than 2 
thousand years ago, the first descriptions were found in 
the works of Pliny [14] and then Agricola [15]. Gravity 
methods remained prevailing until the 20th century. 

Gravity separation technologies allow to conduct 
separation or beneficiation using highly efficient and not 
complex equipment with minimal energy consumption in 
comparison with other beneficiation processes. Gravita-
tional enrichment is a physical process in which the sepa-
ration of one mineral from another depends on their rela-
tive movement under the influence of gravity and some 
other forces [16]. The main parameters which determine 
the movement of particles are their mass, size, volume 
and density. If these parameters differ significantly from 
each other, then separation takes place relatively easily. It 
must also be taken into consideration that if two particles 
have the same density, then a particle of a larger diameter 
has a higher final velocity and this is the characteristic of 
a homogeneous material, and if two particles have the 
same diameter, then a heavier particle has a higher final 
velocity, what takes place during enrichment. 

There is a wide variety of equipment, but it can be di-
vided into two general classes: those related to particle 
motion in the vertical plane – enrichment in the pulp vol-
ume; and related to the motion of particles along an in-
clined plane – separation in a thin layer. The efficiency of 
sizing is an important factor in the final product. Thus, an 
ideal gravity separation process would separate 100 % of 
one product size in one fraction and 100 % of excellent 
size in another. 

In laboratory conditions, concentration tables are 
mainly used. The particles of the material are given 
periodical movements, caused by the movement of the 
working surface - the deck. Under the influence of the 
cross flow of the pulp and the longitudinal vibrations of 
the deck, the particles move in the longitudinal and 
transverse directions. Each particle of the separated mate-
rial, depending on its density and size, acquires a certain 
speed and direction of movement relative to the deck of 
the concentration table. 

There is a laboratory separator Moseley, which con-
sists of a separation surface, inclined in one direction and 
performing simple harmonic oscillations [17]. Separation 
of material with a particle size from 10 to 200 microns is 
carried out by longitudinal shaking and lateral vibrations 
using buffers. The buffers are pulled from the rod by a 
cam mechanism and roller system and returned by a 
spring. Samples weighing 5–100 g are placed in the upper 
part of the tray, damp and vibrate on the working surface 
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for 3–5 minutes. Heavy particles remain on the separation 
surface or (with a type of end impact) move slowly 
upward. Light particles flow down into the discharge 
container under the influence of a small stream of spray 
water. Depending on the desired result, a longitudinal 
slope of 1.75–3 ° is selected, the oscillation frequency is 
60–110 min – 1, the amplitude is 6–15 mm, and the 
irrigation fluid flow consumption is about 3 l / min. 

Experimental part. Production, assembly and 
refinement were carried out with the Spektr design bureau 
of the REC IKIVT SibGU named after M. F. Reshetnev 
participation. 

The aim of the work was simplifying the design and 
redaction the time of separation. The schematic diagram 
of the separator is shown in fig. 1. 

Working surface 2 is a polished copper plate (fig. 1), 
not rigidly attached to the base 1 by hinges 6, along which 
the powder, depending on the vibration frequency, is 
transported down, up and across. The unbalanced vibrator 
3 sets the vibration frequency of the working surface. 
With the help of the adjusting screw 4, the angle of incli-
nation of the working surface is changed. Buffer 5 creates 
an additional impact on the separation surface. 

The device works as follows. The feed pipe 7 is  
located above the vibrating working surface 2 between  
8.1 and 8.2 grooves (fig. 2) from the upper edge at  
a height of 3–5 cm, and the material to be separated is fed.  
On the rear side of the working surface, an unbalanced 

vibrator is rigidly fixed, which is an unbalanced rotor 
driven by a DC motor. By controlling the engine speed, 
the vibration frequency of the working surface is 
achieved, at which the particle flow begins to split into 
two or more streams, depending on the separation re-
quirements. Streams can form from the supply pipe up-
wards, above the 8.1th riffle; right or left between 8.1 and 
8.2, 8.2 and 8.3, 8.3 and 8.4 riffles and down – below 8.4 
riffles. 

The study of the dependence of the amplitude of oscil-
lations of the free end of the working surface and its fre-
quency on the voltage supplied to the motor of the vibra-
tion drive (fig. 3) on the powder В4С is carried out. 

Several experiments were carried out at different volt-
ages on the vibrating motor. The amplitude of vibrations 
of the working surface was measured by a microscope, 
and the frequency – by a frequency meter. The graph  
(fig. 3) shows that at a voltage of 11 to 13 V, a plateau in 
amplitude with two surges up to 0.25 mm is observed. 
There is also an outburst in the range from 5 to 7 V, but it 
does not lead to the separation of particles into fractions, 
the B4C powder actually rolls down the plate. 

The process of separating particles in the proposed 
device is continuous. Particle movement depends on the 
angle of inclination of the working surface. At angles up 
to 5 degrees, large particles move upward, and small par-
ticles move downward, at large angles – in the opposite 
direction.  

 
 

 
 
 

Fig. 1. Separator scheme: 
1 – base; 2 – working surface; 3 – unbalanced vibrator; 

4 – adjusting screw; 5 – buffer; 6 – joint; 7 – nutrient nozzle 
 

Рис. 1. Схема сепаратора: 
1 – основание; 2 – рабочая поверхность; 3 – дебалансный вибратор; 

4 – регулировочный винт; 5 – буфер; 6 – шарнир;  
7 – питающий патрубок 
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Fig. 2. Scheme rifle 
 

Рис. 2. Cхема нарифлений 
 
 
 

 
 

 
Fig. 3. Dependence of the amplitude and frequency of oscillations of the working 

surface on the voltage on the vibration motor 
 

Рис. 3. Зависимость амплитуды и частоты колебаний рабочей 
поверхности от напряжения на вибромоторе 

 
 
 

The area of particles passed through different streams under different modes 
 

U, В Bottom Middle 1 Middle 2 Top 

11 – – – – 
11.2 29–40 mkm2 20–30 mkm2 – 5–19 mkm2 

11.6 12–40 mkm2 5–23 mkm2 – – 
11.8 17–40 mkm2 11–29 mkm2 – 5–22 mkm2 

12.5 27–40 mkm2 14–32 mkm2 9–23mkm2 5–16 mkm2 

13.5 26–40 mkm2 18–29 mkm2 10–23 mkm2 5–17 mkm2 

13.5; angle 16° 30–40 mkm2 16–30 mkm2 10–18 mkm2 5–14 mkm2 

14.2 – – – – 
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To increase the efficiency of separation of thin and 
small classes of materials, riffles are made on the working 
surface (fig. 2), which serve as a place of concentration of 
particles of a certain size. The design of the working sur-
face should be made in such a way, which would allow to 
exclude the likelihood of secondary circulation flows in 
the interstitial spaces [18]. 

As a result of the experiments carried out, a reefing 
system 8 was developed: the riffle height is approximately 
equal to the maximum particle size of the separated mate-
rial, in this design it is 0.2 mm; the distance between the 
grooves is 50 mm, the angle of inclination α is 80 de-
grees; the riffle shape is round (fig. 3). 

The research was carried out on the B4C powder of 
fraction F150 in the state of delivery, in which, in addition 
to particles with a size of 63–106 microns, there were also 
smaller particles up to 15 % by weight. By preliminary 
separation carried out on the same separator, a part of the 
powder with a size of 5 to 40 microns was isolated. 

When working on a laboratory installation, the powder 
falling out of the hopper branch pipe is divided into sev-
eral streams in different parts of the working surface, 
from which samples for fractional analysis were taken. 
The angle of inclination of the working surface  
is 12 degrees. 

The analysis was carried out on a Levenhuk DTX 30 
microscope at x230 increase with the MicroCapture  
Plus software, included in the set of delivery of the  
microscope, application. The analysis results are shown  
in table. 

As seen from Table 1, the optimum vibrator voltage  
is 11.2 V. Under other voltages, an overlap of particle size 
is observed in different samples. At 11 and 14.2 B separa-
tion does not occur. The angle of inclination of the work-
ing surface increase up to 16 degrees made it possible to 
select a narrower fraction of 5–14 microns. The powder 
consumption is 100 g / min. 

By changing the frequency and amplitude of vibration, 
as well as adjusting the angle of inclination of the work-
ing surface made it possible to move and regulate the 
speed of movement of the test material of different prop-
erties and sizes. 

Conclusion. The studies carried out allowed: to sim-
plify the design of the separator by introducing an unbal-
anced vibrator; to reduce the analysis time, excluding the 
operation of drying the material; to carry out powder clas-
sification continuously by installing a hopper with a 
branch pipe. 

The physical effects, on which work of the laboratory 
separator is based on, make it possible to vary the location 
of the supply pipe in it. This allows the design to be 
adapted to a variety of specific conditions, what broadens 
the sphere of the device application. The design of the 
device is simple in production and operation; in case of 
necessity it is possible to adjust the work of the device 
quickly. 
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