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ABSTRACT

The research is aimed at studying Cedar nut seeds and the use of special pneumatic reactive and
centrifugal equipment for their processing. The main purpose of the work is to develop
equipment for cleaning cedar grain. The article describes the features of Cedar nut seeds, which
are widely distributed in the east of the Republic of Kazakhstan, and also presents a
technological scheme for extracting Cedar nut kernels. The main attention is paid to the results
of the development of special equipment that allows you to separate the kernels of cedar grain
from the shell without damaging them. Experiments were carried out on this equipment, the
results of which were presented in the form of graphs. Studies have shown what air velocities
and torques are used to eject grains of various sizes when exposed to a target. In the first
experiment, it is shown at what air velocity the grains are peeled from the shell, depending on
their diameter, that is, cedar grains are peeled from the shell when hitting a target with an air
velocity of 5 mm-41 m/s, 6 mm — 39 m/s, 7 mm — 38 m/s, 8 mm-35 m/s, 9 mm-31 m/s. In the
second experiment, it is shown at which torque of the disc, depending on the diameter of the
grains, that is, cedar grains are peeled from the shell when hitting a target with a torque of 5
mm —15N*m, 7 mm —-13 N*m, 8 mm-10 N* m, 9 mm - 8 N* m.
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Introduction

Research and review articles on the Cedar nut

Russian Federation and European countries, a large
number of medicines, medicinal oils and pine nuts
from pine nuts are widely used as a food additive.

(Pinus sibirica du Tour) have so far been devoted
mainly to the biochemical characteristics of its
grains, and the prospects for the use of grains for
medical, food and technical purposes [[1], [2]]. At
the same time, the scientific literature does not
sufficiently cover the technological aspects of the
production of such products. Studies have shown
that the average weight of a cedar grain is 0.23-
0.25 grams. Grains are 9 mm, medium — 7-9 mm,
small — 7 mm and less. In particular, when cedar
nuts are processed into kernels or cedar oil, a shell
is formed, which accounts for an average of 51-59%
of the weight of the original raw material, and 5-
10% of the same residue contains grains with a
disturbed structure [[3], [4]]. Currently, in the

And in the Russian Federation, plants for the
production of pine nuts as finished products are
developing.

The analysis of technical means and technical
literature on the separation of pine nuts from the
shell showed that they are designed for large-scale
production, have high energy consumption,
complex technologies, and the need to use a large
amount of equipment. Since the pine nut grows
only in the east of Kazakhstan, only farms are
cultivated around it, so small multifunctional
equipment is required. The use of such equipment
makes it possible to reduce transportation costs
and increase the profitability of production.
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That means that it is relevant to design small
equipment designed to accurately separate the
cedar texture from the bark without disturbing its
structure. Therefore, careful processing from cedar
nuts without disturbing the structure of the grain is
an urgent problem. And to solve this problem, the
following tasks were set:

- Study of the technical and physical
characteristics of cedar nuts growing in the eastern
region of the Republic of Kazakhstan;

- analysis of the scheme of installations for
separating cedar nuts from the Shell to determine
the promising direction of research;

- development of a project for carefully
separating the Cedar grain from the bark without
destroying its structure;

This article is devoted to the consideration of
the main technological aspects of complex
processing without disturbing the structure of the
Cedar nut grain.

Experimental part

For processing Cedar nut grain, which comes in
large batches, the design of the equipment changes
significantly, depending on the mechanical
properties, regional and climatic characteristics of
the region of its growth, as well as the technology
of preparation and primary processing. The large
distribution of physical characteristics makes us pay
more attention to the first stage of the
technological process [[5], [6], [7]]. Primary sorting
and calibration will allow you to highlight the nut
with underdeveloped kernels and residues. The
amount of primary waste can be from 3 to 15% of
the total weight of raw materials. The moisture
content of the seeds that come for processing is
very important, they can vary from 10 to 30%. High
humidity of the nuclei leads to their destruction
and loss. The low moisture content of the shell
increases its hardness and relative size of the
nuclei, which prevents the separation of the nuclei
from the Shell and beyond [[8], [9], [10]].

Therefore, when working out the industrial
process of peeling cedar nuts, a sequence of
operations was found that included convective
drying of nuts with warm air to ~10% humidity and
short-term humidification of them for 2-8 hours
[[11], [12], [13]]. Thus, at a relatively low humidity
of the nuclei, it is possible to achieve a high
humidity of the Shell, which ensures a decrease in

its strength and an increase in its relative size. As a
result, the distribution indicators of finished
products are significantly improved [[14], [15],
[16]].
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grains _from s_mall calibration moisturizing
impurities the grain shell
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Figure 1 - Technological scheme for obtaining
Cedar nut kernels

Figure 1 shows the scheme of complex
processing of cedar nuts. The Cedar grain
preparation stage (l) consists of four stages: (1)
drying the grains, (2) cleaning them from fine
impurities by airing, (3) calibration, (4) moistening
the grain shells. At the stage of peeling (ll), in
pneumatic or centrifugal peeling equipment, the
grain is separated from the shell (5), in the drum
separator (6) there is a destruction of the grain
shell, that is, the separation of the shell from cedar
nuts and unprocessed grains, then the peeled
grains are pre-dried in a convection drying cabinet
(7), and then the cleaning of the protective film (8)
is performed. At Stage lll, grain sorting (9), washing
(10), drying (11) and packaging (12) are carried out
[[17], [18]].

Since the kernels of nuts on the market must
meet the requirements for environmentally friendly
food products, we know that during their
processing it is not necessary to use any chemical
reagents, high temperatures and other effects that
can lead to partial destruction of the protein -
vitamin complex of the seeds. For this reason, of all
the possibilities, the mechanical method of
separating the grain from the Shell was chosen.
Traditional mechanical methods of processing
grains are relatively simple and usually involve
separation from the Shell between rotating
cylinders or millstones [[19], [20]].

In semi-industrial conditions, reactive stripping
equipment has been tested, which works as
follows. Cedar nut seeds through the ejector node
(figure 2) the accelerator enters the tube, where it
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gains a speed of ~ 40 m/s with an air flow, and
then, when hitting the target, they are reflected.
The impact Force acquires efficiency with a change
in the speed of the air flow due to the strength and
elasticity of the shell. This makes it possible to
reduce the destruction of the nuclei during impact
to a minimum. The disadvantages of this method
should include relatively low performance and low
efficiency, since the efficiency of air compression is
low. In addition, it is necessary to purify the
compressed air from compressor oil vapors,
otherwise the chemical composition of the grain
may change.

Therefore, for an industrial installation, a
device without the above disadvantages is a multi —
channel centrifugal stripping equipment (figure 3)
applied. It works as follows. From the hopper, cedar
nuts are fed by the dispenser to a disk of radius R,
which rotates at an adjustable angular velocity,
where, under the influence of centrifugal force, N is
distributed along radial channels. By friction against
the walls of the channels, the grains acquire a linear
velocity close to r at the exit, and then reflect when
hitting the target.

Grain
n Pipe

Air ::;]

Target
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!

Ejector

;
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Figure 2 - Pneumatic jet stripping equipment

Target Overclocking drive

Figure 3 - Multi-channel centrifugal stripping equipment

The resulting grain is sucked into a tube
through the ejector assembly, where it s
accelerated by airflow. At the moment of hitting
the target, its reflection occurs. The nuclei and
shells are discharged into the receiver by air. The

resulting grain is fed to the centre of the rotating
accelerator disk, where it is distributed through
radial channels and, having a linear speed close to r
in them, hits and reflects the annular target.

This force is determined by the time the grain
pulse collides with the normal target. In turn, the
collision time depends on the elasticity of the grain
shell, that is, its moisture and direction at the time
of collision.

To assess the effect of air velocity on the
separation of the shell from the grain, a number of
experiments were conducted, where sensors were
installed at various points to measure air velocity in
different parts of the target and due to centrifugal
force. In the first type of experiment, cedar grains
with different diameters were used as a control
group to determine how the diameter affects the
air velocity required to peel them from the shell. In
the second case, by setting different speeds of
rotation of the disk, the centralizing force was
calculated and the efficiency of separating the shell
from the grain at each speed was measured.

An analysis of the data was carried out in order
to determine the relationship between the grain
diameter, the air velocity and the disk required for
their purification. Due to this, a dependence graph
was constructed and statistical methods were used
to assess the significance of the results obtained.

The study was carried out on special equipment
that allows you to separate the kernels of cedar
grain from the shell without damaging them. The
data was processed using Statistica 10 statistical
analysis software. A one-factor analysis of variance
was performed for different grain diameters.

The results of the experiment showed that
grain diameters require higher air velocities for
successful shell cleaning and this is useful for
optimizing the cleaning process. This process made
it possible to quantify the effect of grain diameter
on the air velocity required to peel them from the
shell.

Discussion of results

The above dimensions of the booster channel
made it possible to reduce the distribution of
impact force, thereby reducing costs and increasing
productivity. When using dried healthy grains, the
yield of the finished product was increased to 30-
33%, and the yield of the decomposer increased to
150-200 kg of processed raw materials per hour.

A mixture of cores, unbreakable cores and
shells from centrifugal stripping equipment enters
the drum separators, where they are separated
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from each other. The seeds are wrapped in a loop,
and the kernels come to pre-dry. As practice shows,
such nuclei are harvested from 5 to 20-25%
depending on the conditions of seed collection,
processing, storage. After that, the commercial
nuclei reach a humidity of less than 3% for washing
and final drying. Dry kernels can be stored for a
long time in the open air, without losing their
marketable properties.

Experiments on the cleaning from the shell of
Cedar grain on pneumatic jet stripping equipment
were carried out and filled in Table 1. As a result of
the experiment, it was observed that between an
air speed of 42 m/s and 30 m/s, Cedar grains were
peeled from their shells without disturbing the
grain structure.

Table 1 — Experiment results on pneumatic jet stripping
equipment

Cedar grain sizes
Experi 5mm 6mm 7mm 8mm 9mm
ment
Ne
1 w | 42m/s | 38m/s | 37m/s | 36 m/s | 33m/s
S~
€
2 Z | 40m/s | 40m/s | 39m/s | 34m/s | 31m/s
3 S [ 41m/s | 38m/s | 36m/s | 36m/s | 32m/s
()]
4 ; 41m/s | 41m/s | 39m/s | 35m/s | 32m/s
5 < | 42m/s | 39m/s | 38m/s | 35m/s | 30m/s
44
a2t T
40+
w38 ¢
£
=
g 36
@
=
< 34+
32
30t
28

5 6 7 8 9 |
Cedar grain sizes, mm i

Figure 4 - The ratio of air velocity to grain diameter in
pneumatic jet stripping equipment

Figure 4 shows the experiment results for the
ratio of air velocity to grain diameter in pneumatic
jet stripping equipment. The experiment shows at
what air speed the grains peel, depending on their
diameter , that is, 5 mm Cedar grains are reflected

when struck at an air speed of 41 m/s, 6 mm — 39
m/s, 7 mm-38 m/s, 8 mm-35 m/s, 9 mm-31 m/s.

In the first case, the results of the experiment
showed that for successful cleaning of grain from
the shell, a high air supply rate is required, but not
more than 45 m/s and not less than 25 m/s, which
is useful for optimizing the cleaning process.

Experiments were carried out on the
equipment of centrifugal stripping of Cedar grain
and filled in Table 2. As a result of the experiment,
it was observed that between 18 N*m and 7 N*m
of torque, Cedar grains are peeled from their shells
without disturbing the grain structure.

Table 2 - Experiment results on centrifugal stripping
equipment

Cedar grain sizes
Experi 5mm 6mm 7mm 8mm 9mm
ment
Ne
1 16 N*m 14 N*m 12 N*m 11 N*m 9 N*m
2 14 N*m 15 N*m 11 N*m 9 N*m 7 N*m
*E
3 Z ["18N*m | 16N*m | 13N*m | 10N*m | 8 N*m
g
g
4 ’2 15 N*m 16 N*m 14 N*m 9 N*m 7 N*m
5 17 N*m 15 N*m 14 N*m 9 N*m 8 N*m
20
18
16
£ 14
=
o
=
o
5 12
=
10
8
6
5 6 7 8 9

Cedar grain sizes, mm

Figure 5 - The ratio of torque to grain diameter in
centrifugal stripping equipment

Figure 5 shows the experiment results for the
ratio of torque to grain diameter in Centrifugal
stripping equipment. The experiment shows at
what torque the disc peels, depending on the
diameter of the grains, that is, 5 mm Cedar grains
separate from the shell when hitting the target with
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a torque of 16 N*m, 6 mm — 15 N*m, 7 mm — 13
N*m, 8 mm-10 N*m, 9 mm - 8 N*m.

Numerous experiments have shown that the
disadvantage of this method is the low yield of the
finished product and the destruction of the grain
structure. With an average grain weight without a
shell of 43%, the yield was less than half of the
specified number. We were able to eliminate losses
using the shock method, which occurs when the
detachment of the grain shell hits the target.

Conclusion

A technological scheme for the complex
processing of cedar nuts has been developed,
which includes the production of refined grains of
Cedar nuts. It has been shown that optimal peeling
conditions are achieved after drying and short-term
moistening of nuts. As a result of the experiments
performed, it was shown at what airspeed and with

what torque grains of different sizes are peeled
when hitting the target. In the course of semi-
industrial experiments, it was found that among the
tested types of Walnut peeling equipment, good
results are achieved through the use of multi-
channel centrifugal peeling equipment.

Conflicts of interest. On behalf of all authors, the
corresponding author states that there is no conflict of
interest.

CRediT author statement

A.H. Hamitbek: Reviewing and editing,
software, A.E. Kairbaeva: Analysis of scientific
research results, interpretation of results, M.V.
Kopylov: Research, methodology, data processing

Formatting of funding sources. This research
did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit
sectors.

Cite this article as: Hamitbek AH, Kairbaeva AE, Kopylov MV. Experimental studies for the Development of special equipment

for cleaning cedar nuts from the shell. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources.

2025; 333(2):34-40. https://doi.org/10.31643/2025/6445.15

Bbankaparait }KaHfafblH KabbifblHaH Ta3apTyFa apHaNfaH apHaMbl XXababIKTbl

93ipney 60MbIHLWIA 3KCNEPUMEHTTIK 3epTTeyaep

*A.X. Xamutbek, A.E. Kaiipb6aesa,

Anmamel mexHon02UAnNbIK yHUsepcumemi, Aamamel, KazakcmaH

TYWIHAEME

Makana kengi: 18 Haypeoi3 2024
CapanTtamagaH eTTi: 3 mameip 2024
Kabbinganabl: 10 mameip 2024

3epTrey 6ankapafail KaHFafblHbIH, [A9HIH 3epTTeyre KaHe onapgpl eHAey YLWiH apHalibl
NMHEBMAaTUKa/bIK, PEaKTMBTI KaHe OpTanblKTaH Ternkiw KabAablKTbl KongaHyFa 6afbiTTanfaH.
yMbICTbIH, Heri3ri makcaTbl — banKkapaFfail XKaHfafblH Ta3apTyFa apHaifaH apHalbl KababIKTbl
a3ipney. Makanaga KasakctaH Pecnyb/vKacbiHbIH, LWbIFbICbIHAA KeH TapanfaH 6ankaparail
JKaHFaFbl TYKbIMAAPbIHbIH, epPeKLeNnikTepi cunaTrasfaH, CoHAan-aK KapaFrai »KaHfafbl AdHAEPIH
anyablH, TEXHONOTMANBIK CXemacbl YCbiHbIAFaH. Bankapafait O9HiHIH, AgponapblH KabbIKTaH
3aKkbiMZamait b6enyre MyMKiHAK 6epeTiH apHalibl KabAablKTbl 33ipsiey HaTuKenepiHe Hasap
ayfapblnagbl. Ocbl XabablKTapaa 3KCNepUMEHTTEp XKYPrisingi, onapablH, HaTUXKenepi rpaduk
TYPiHAE YCbIHbINAbI. 3epTTeynep HbicaHafa Kapalk bafbiTTanFaH apTypai enwemaeri AsHAepA
KabblfblHaH Ta3apTy YLWiH KaHAal aya XKblngamapblFbl MeH aliHany MOMEHTTEPI KONAaHbIATbIHbIH
KepceTTi. BipiHwWi cbiHaKTa AsHAEP AMamMeTpiHe Kapai KabblKkTaH KaHAal aya XKbligamaplfbiMeH
Ta3apTblNaTbiHbl KOPCETiNreH, AFHn 5 mm-41 m/c, 6 mm — 39 m/c, 7 mm — 38 m/c, 8 mm -35 m/c, 9
MM-31 M/C aya XblNgamaplFbIMEH HbiCaHafa COfblafaH Kesge 6ankaparail AsHaepi KabbikTaH
TasapTbinaTbiHbl KepceTinreH. EKiHWi cbiHaKTa AsHAepAiH, AvameTpiHe 6ainaHbICTbl AMUCKIHIH,
KaHZau aiiHany MOMEHTIMEH aiHany Keperi KepceTinreH, AFHn 5 Mm-15 H * m, 7 Mm-13 H * m, 8
Mm-10 H* m, 9 mm-8 H*m allHany MOMEHTIMEH HbicaHafa COfblAFaH Ke3ge KabbiKTaH
Ta3apTblNaHbl KOPCETINTEH.

TyliiH ce30ep: 6ankaparail }aHfafbl, Ta3anay Kabablfbl, NTHEBMATUKANbIK KabapblK, OpTanblKTaH
TenKil abaplK, TEXHONOTUANbIK CXema
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JKcnepumeHTaibHble UCcCcnen0BaHMA No pa3paboTKe cnewuanbHOro
060pypo0BaHUA 418 OYUCTKU KEAPOBbIX OPEXOB OT CKOPAYMbI

*A.X.Xamutb6ek, A.E.Kaiip6aesa,

AnmamuHcKuli mexHonozauveckuli yHusepcumem, Aamamel, KasaxcmaH

AHHOTAUMA

MccneposaHne HanpaBneHo Ha U3ydYeHME CEMAH KeAPOBOro Opexa U NPUMeEHeHWe cneunanbHoro
NMHEBMATUYECKOro PeakTMBHOTO U LieHTpobexxHoro obopyaosaHua ana nx o6pabotkun. OcHoBHan
uenb paboTbl 3aktoyaeTca B pa3paboTke cneunanbHoOro o6opyA0BaHUA ANA OYUCTKU KeApPOBOro
opexa. B cratbe onucbiBaloTcA OCOBEHHOCTU CEMAH KeapoBOro Opexa, KOTopble LWMPOKO
pacnpocTpaHeHbl Ha BOCTOKe Pecnybanku KasaxcTaH, a TakKe npeacTaBneHa TEXHONOrn4yeckas
Mocrynuna: 18 mapma 2024 CXema Wu3B/eYeHUsA Afdep KeapoBoro opexa. OCHOBHOE BHUMaHWe yAeneHo pesynbTaTam
PeLeHaMpoBaHme: 3 mas 2024 pa3paboTku cneunanbHoro obopyaoBaHMA, KOTOpoe MO3BONAET OTAEAUTb AApa KeapoBOro
MpuHaTa B NevaTs: 10 mas 2024 3epHa OT 060/104kM 6e3 ux nospexaeHna. [lpoBeaeHbl 3KCNEPUMEHTbl Ha  AAHHOM
obopynoBaHMK, pesynbTaTbl KOTOPbIX OblAM NpeacTaBieHbl B BUAE rpaduKkos. UccnenosaHus
NoKa3anW, KakMe CKOPOCTM BO34yXa M KPYTALLME MOMEHTbI UCNOAL3YIOTCA A8 Bbl6pacbiBaHWUA
3epeH Pas/IMYHOro pasmepa Npu BO3AENCTBUM Ha LeNb. B NepBOM MCNbITaHUMKM MOKasaHo, Npu
KaKol CKOPOCTU BO3ZyXa 3epHa OYMLLAIOTCA OT CKOPAYMbl B 3aBUCMMOCTM OT UX AMameTpa , TO
eCTb KelpOBble 3epHa OUYULLLAIOTCA OT CKOP/YNbl NPY yAape No MULLEHM CO CKOPOCTbIO BO3Ayxa 5
Mm-41 m/c, 6 mm — 39 m/c, 7 mm — 38 m/c, 8 mm-35 m/c, 9 mm-31 m/c. Bo BTOPOM MUCMbITaHMK
NoKasaHo, MPU KaKOM KpyTALLEeM MOMEHTE AMCKa , B 3aBUCMMOCTM OT AMaMeTpa 3epeH, To ecTb 5
MM — 15 H*m, 7 mm — 13 H*m, 8 Mm-10 H*M, 9 Mmm - 8 H*M npu ygape No MULIEHM C KPYTALMM
MOMEHTOM OYMLLAIOTCA OT CKOPAYMbI.

Kniouesble cnoea: kedposoili opex, o0b6opyoosaHue 08 O4YUCMKU, MNHEBMAMUYECKOoe
obopydosaHue, yeHmpobexHoe 06opy0o8aHUE, MexHOM02UHeCKasa cxema
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