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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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Paspabomxa nosvix mamepuanog 013 paduayuoHHbIX IKPAHOE KOCMUHECKUX annapamos mpeoyem moHKoU K1accu-
Quxayuu nopouwiKosbix Mamepuaios no pamepy wacmuy. B cmamoe paccmompena koHcmpyKkyusi 1ab60pamopHo2o ce-
napamopa nopouiKosbIx Mamepuanos. [lannsiii 6u0 pasoenenus Mamepuaia OmHOCUMCs K epasumayuoHHbIM Memo-
Odam. 3a npomomun KoHcmpykyuu 8vlopan nabopamopnulii cenapamop Mosu, y Komopozo npoyecc cenapayuu ocyuje-
Ccmensiemcst nPOOOIbHLIM 6CIMPAXUBAHUEM CIOAA U NONEPEYHbIMU KONeOaHUusMUu nocpedcmeom 0ygepos. /lebanranchulii
BUOPAMOP NO360IUL NOTYYAMb 2APMOHUYECKUE KONeOAHU NOBEPXHOCMU cenapayuu 0eKu 60 6cex Hanpaegienusx. Pezy-
JUPOBKA HANPANCEHUS. O8Ucamens NOCIMOAHHO20 TOKA 0ebaNancHo20 8UOpamopa niagHo UMeHsem 4acmomy eubpa-
yuu, umo cnocobcmeyem 6onee MOHKOMY pazoeieHuio mamepuaia. Beedenuem numaroweco nampybra peanuzosama
B03MOJCHOCMb HENPEPBLIBHO20 BedeHUs npoyecca pazoeienus, 8 omaudue om npomomuna, 2oe Hasecka 0o 100 e obpa-
oamwieaemces 00 5 mun. /[ nosvluenus @ hexmusHocmu pasoeneHus MOHKUX U MEIKUX KIAcco8 Mamepuanos Ha no-
8EPXHOCIU cenapayui 8biNOIHeHbl pugau, onpedenaouue Mecma KOHyeHmpayuy vacmuy mamepuana. B pesynomame
NPOBEOCHHBIX UCCAe008ANULL OIS UCKTIOUEHU BePOAMHOCIU S603HUKHOBEHUA SMOPUUHBIX YUDKYIAYUOHHBIX NOMOKO8
Oviia paspabomana cucmema noNepeyHvlX HApu@IeHul: 6vlcoma pughneli NPUMEPHO PABHA MAKCUMATLHOMY Pa3Mepy
uacmuy pasoensaemozo mamepuand, 8 OanHou konempykyuu 0,2 mm; paccmosnnue mexcoy pugaamu 50 mMm, y2on Hak1o-
Ha cocmasun 80 epadycos omHOCUMENLHO NPOOOTLHOU CMOPOHYL OeKu. [{gudiceHnue uacmuy 3a6Ucum om yena HaKiond
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nosepxnocmu cenapayuu. Ilpu yenax 00 5 2padycoe KpynHwie 4acmuybl OBUNCYMCA 66epX, NpU OOIbUIUX — GHU3.
3a cuem usmenenus wacmomol u AMAAUNTYObL GUOPAYUY, A MAKICE PE2YIUPOSAHUS Y2Id HAKIOHA NOBEPXHOCIU Cenapayui,
B03MOJICHO Nepemeujenue U pe2yiuposanue CKOPOCHU OBUNCEHUS PAZHO20 NO CEOUCMBAM U PAZMEPAM UCCNe0YeMO20
mamepuana. Qusuueckue 3¢pgpekmsl, Ha KOMOPLIX OCHOBAHA paboma 1abOpamopHO20 cenapamopd, Oarm 803MOHiC-
HOCMb 8apbUPO8AmMb U MECMO pasMeljeHus 8 HeM NUMarwe2o nampyoxa. Imo no3eoiem npucnocooums KOHCMpyK-
Yuro K pasHooOpa3HbiM KOHKPEMHbIM YCIO08UAM, YUMo pacuiupsem obracms npumenenus ycmpovcmea. Konempykyus
cenapamopa npocma 8 U320MoeleHUl U IKCRIYAmayuu, npu HeoOX0OUMOCMU ee MOX’CHO ObICpo NepeHanaoums.
Komnaxmnocmo cenapamopa no3zeonsem mpancnopmuposams e2o.

Kniouegvie cnosa: sxpanuposanue, KOMROZUMHbIL MAMEPUAT, CENapamop, GpakyuoHHblii cocmas, kapouo bopa.

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].
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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 1/ 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 / 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 B4C 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

Puc. 1. Cxema cenaparopa:
1 — ocHOBaHue; 2 — paboyasi MIOBEPXHOCTh; 3 — IebanaHCHBINH BUOpATOp;
4 — perynupoBO4HbIil BUHT; 5 — Oydep; 6 — mapHup;
7 — NUTAIOIMH naTpyOoK
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Fig. 2. Scheme rifle

Puc. 2. Cxema HapudneHuit

12000 - 0.3
10000 0,25
—#— Dependence of
2000 0,2 the frequency of
the voltage
£ 6000 0,15
o
= —8— Dependence of
= 4000 0,1 the amplitude
on the voltage
2000 0,05
0 =~ 0
] 5 10 15 20
U,B
Fig. 3. Dependence of the amplitude and frequency of oscillations of the working
surface on the voltage on the vibration motor
Puc. 3. 3aBUCHMOCTS aMIUTUTYABI U YACTOTHI KoJieOaHui paboyeit
MOBEPXHOCTH OT HAIPSDKECHUS Ha BUOPOMOTOpE
The area of particles passed through different streams under different modes
U,B Bottom Middle 1 Middle 2 Top
11 - — - —
11.2 29-40 mkm® 20-30 mkm’ - 5-19 mkm’
11.6 12-40 mkm® 5-23 mkm’ - -
11.8 17-40 mkm® 11-29 mkm® - 5-22 mkm’
12.5 27-40 mkm’ 14-32 mkm® 9-23mkm’ 5-16 mkm’
13.5 26-40 mkm® 18-29 mkm’ 10-23 mkm’ 5-17 mkm”
13.5; angle 16° 30-40 mkm? 16-30 mkm? 10-18 mkm? 5-14 mkm?
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 o 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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