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RESEARCH OF DESIGN AND TECHNOLOGICAL
PARAMETERS OF CLEANING CLOVER SEEDS BY COLOR SORTING

The article presents the results of study to establish the design and technological parameters of an
experimental sample of the color sorter, carried out within the framework of the grant project of the
Ministry of Education and Science of the Republic of Kazakhstan AP05130398. The regularities of the
technological process of color sorting - cleaning of clover seeds from seeds of quarantine and hard-
separable impurities and rational regimes providing high efficiency of processing of clover seed material
- have been established. A constructive feature of the tray feeding the seed mixture is proposed, which
allows reducing the massiveness of the separator while increasing the productivity, reducing the useful
production area.

Key words: cleaning seeds of fodder crops (clover) from quarantine and hard-separable impurities,
color sorting.

Introduction. The quality of succulent feed for animal husbandry is determined by
the availability of full seeds, which in turn is determined by the level of equipment of seed
farms with effective seed-cleaning unit for cleaning seed material from seeds of quarantine
and hard-separable weeds. Today, seed producers of fodder crops in the country are import-
dependent for clover seeds, about 60% of seed material is purchased abroad [1].

In world practice, the highest results of cleaning seeds of quarantine and hard-separable
impurities are achieved by separating machines, the operating principle of which is based on optical-
electronic recognition of seeds of impurities. More than 15 machine manufacturing companies
produce these color sorting machines in the world [2]. Their cost varies from 15 to 120 thousand
US dollars, which is unbearable for small producers of fodder crops in the country.

As part of our project, we have set a goal - to improve the design and technological
parameters of the color sorter, achieving a reduction in its cost.

Research methodology and results. Researches were carried out on an experimental
sample of the color sorter [3], the block diagram of which is shown in Figure 1. The
sequence of technological processes in the color sorter includes: SH - storage hopper; VT -
vibrating tray; IPT - inclined pitched tray; VC - video cameras; RU - recognition unit; MC
- microcontroller; PE - pneumatic ejectors; SA1l; SA2 - respectively, amplifiers for signals
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of pneumatic ejectors and vibrating tray; Ifr. and IIft. - respectively, outlet pipes for the first
(alfalfa seeds) and second (seeds of quarantine and hard-separable impurities) fractions.

The experimental setup is equipped with CCD Nikon AF NIKKOR cameras (52mm)
with a minimum resolution of 1800-4500 pixels. A Raspberry Pi3 processor was used as a
microcontroller, and a JMGD LED-W LED lamp was used to supply lighting, providing
32Ix illumination in the object recognition area. Also, the color sorter is equipped with a
Vibrator1 10V Small modei vibrating tray, Ejector 20 Blocks pneumatic ejectors, a Trays size
306mm profile pitched tray, a 64 Holes nozzle plate blowing panel, an air filter and a valve.

The optical-electronic control unit operates on the basis of its own software product
“Digital Seed Cleaning”, which makes it possible to recognize seeds of quarantine and hard-
separable impurities with defects of up to 64 classes [4]. The performance of the separator
was regulated by the speed of transportation on a horizontal vibrating tray, at which uniform
movement of the flow of seeds was ensured in one layer. Once in the survey area, each seed
is examined by cameras separately, so that a high degree of purity of the seed fraction of the
main crop can be achieved with a color sorter.

Figure 1 — Block diagram of technological processes
in the color separator

Basically, impurity seeds differ from clover seeds in shape, weight and color. But,
there is a certain amount of impurities (0.2-1.5%) that have identical parameters with
clover seeds. Because of this, clover seeds overlap with impurities in the inspection
area, which leads to loss - carryover of full alfalfa seeds to waste, or to an increase in
waste in a suitable product, and this, in turn, affects the performance of the separator
as a whole.

Based on the above, the following adjustable parameters of the cleaning process are
adopted, which determine the outcome of the technological process of optical-electronic
separation: the productivity of the vibrating horizontal tray; angle of inclination and length
of the pitched tray; place of installation of pneumatic ejectors. Decoding of the video frames
made it possible to determine the speed of vibratory transport of the mixture in the range
from 0.85 to 2.5 m/s, at a frequency of 150 ... 350 1/min and amplitude of oscillations of
0.5 mm. In all experiments, the moisture content of the seed mixture varied within 14.0% ...
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15.0%. In the experimental seed mixture, the content of impurities was: quarantine - 0.09%;
hard-separable - 0.17%.

The quantitative and qualitative analysis of the technological process of cleaning clover
seed from quarantine and hard-separable impurities was assessed by two indicators:

— the coefficient of purity € of clover seeds, which evaluates the quality aspect of the
separation process, is equal to the ratio of the mass of clover seeds in the first fraction M.

to the total mass of the first fraction, ¢ = Mye -100% ;

. | . ..
— the coefficient of clover seed carryover B, reflecting the quantitative aspect of the
separation process, is equal to the ratio of the mass of the kernel in the second fraction M,

to the mass of clover seeds in the original seed mixture M, 3 = %.100% .
C

The uniformity of feeding the seed mixture in one layer was controlled by a high-speed
video camera, and as a result, the dependence of the change in the throughput of the tray Q
on its inclination angle «, at various values of the tray length L.

As can be seen from the dependence Q (a) (Fig. 2), with an increase in the angle of
inclination of the pitched tray, it is possible to achieve an increase in the throughput of
the chute, i.e. improve productivity. At the same time, with an increase in the angle of
inclination of the tray, the value of productivity approaches the extreme, and with values of
a close to 90 degrees productivity becomes the same for all cases of tray length L, which is
quite natural that when, upon reaching the vertical position of the tray, in all cases of tray
length, the speed of movement of the seeds is equal to the speed of free fall.

The design productivity of the machine sample — 500 kg/h is ensured with the length
and inclination angle of the tray equal, respectively, L(y,) = 30 cm — a = 60°...65°; L(y,) =
=50cm—a=55"..60%L(y,)="70cm—a=53".. 55

Figure 2 — Dependence Q(a)
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Figure 3 shows the dependence of the coefficient of purity of the seed mixture of clover
¢ when cleaning from hard-separable impurities (seeds of the cornflower and pigweed) from
the angle of inclination of the tray a, under experimental conditions: productivity - 500
kg/h; tray width - 120 mm; the surface of the tray - smooth glass.

Figure 3 — Dependence ¢(a) during cleaning hard-separable impurities

As it can be seen, the dependence ¢ (o) is extreme in nature - it reaches a maximum with
an increase in the angle of inclination of the pitched tray and then decreases, the highest
values of alfalfa purity correspond to a longer tray - 70 cm, with an angle of inclination of
the pitched tray - 58°...65°. This is due to the fact that at small angles of inclination of the
tray, the purity of the seeds decreases, due to an increase in the flow of the mixture, which
complicates the conditions for recognizing objects, and at large angles of inclination of the
tray, the number of seeds bouncing off the tray increases, which violates the uniformity of
distribution of seeds along the width and length of the tray ...

Figure 4 shows the dependence ¢(a) when cleaning from quarantine impurities (seeds
of pink bitterling and dodder), under the conditions: productivity - 500 kg/h; the distance
between the tray and the center of the ejector nozzle is 90 mm.

Figure 4 — Dependence €(a) during cleaning quarantine impurities
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As it can be seen, at an angle of inclination of the tray within 60°...65°, the greatest
degree of clover seeds cleaning from quarantine impurities is provided. Moreover, this is
observed in all values of the tray length.

Figure 5 shows the dependence B (a), under the conditions: productivity - 500 kg/h; the
distance between the tray and the ejector is 90 mm. As can be seen, the 3 (o) dependence has a
negative extreme character with a low value of clover seed carryover to waste. With the values
of the inclination angle of the tray from 62° to 66°, the carryover of clover seeds to waste is
below 2%, which meets the requirements for organizing the production of fodder seeds.

Figure 5 — Dependence (o)

Based on the results of the research, it is concluded that rational design and technological
parameters of the experimental sample of the color sorter have been determined, which
ensure the quality of clover seed material that meets the requirements for the production
of fodder seeds. With a pitched tray width of 120 mm, uniform feed of the seed mixture in
one layer was achieved at a productivity of 500 k/h. The highest purity of clover seeds from
quarantine and hard-separable impurities (99.8%) and clover seeds carry-over to waste (less
than 2%) was reached at an angle of inclination of the pitched tray of 60°...65°.

In general, the insignificant influence of the tray length (in the range from 30 cm to 70
cm) on the techno-design parameters of the cleaning process was established, which makes
it possible to assert the possibility of reducing the tray length to 30 cm, while at the same
time achieving sufficiently high cleaning rates for the clover seed mixture.
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Kaszak kaiima enoey srcone masam enepkacinmepi 2bliblMu-3epmmey UHCIUIMYMb,
Anmamer Kanacoi

DOOTOCYPBINITAY MEH BEJIE TYKBIM/IAPBIH TA3AJIAYJbIH
KOHCTPYKTHUBTIK-TEXHOJIOT' USIJIBIK
HHAPAMETPJIEPIH 3EPTTEY

Maxkanaoa KP BocFM epanmmuik kapocoLianovipuliean AP05 130398 sicobacwl asicbinoa sicypeizineen
omocenapamopoviy maxcipubenix ya2iciniy muimoi KOHCMPYKMUSMIK-MeXHOLOLUAIbIK napamempiepin
anvikmayea 6aeimmanean 3epmmey Hamuoicenepi Keimipineen. Domocypulnmay mexHoI0SUAIbIK
NpOYeCiHiy Hco2apbl MUIMOINIKMI KOpcemKiumepine HemKizemin 3aH0bLIbIKMApbl AtiKbIHOAN0bL — bede
MYKbIMOAPbIH KAPAHMUHOIL JHCIHE KUblH OONIHEMIH KOCRALaApOap maszapmy MeH pAyuoHaI0bL PeNCUMOEPIH
anvikmanovl. TYKeIMObIK Kocnanvl Kondey 0agblmmayuiblibly Cenapamopoviy Maccugmi Koaiemin
asaimyaa MymMKiHOIK Oepemin KOHCIMPYKMuemi muimoi cynoacel YColHbliObl, Ol 632eueniK OHOIPICMIK
ay0anowl Kiuipetime omulpbin, OHIMOLIIKMI KeOelinyze MyMKIHOIK Oepeoi.

Tyitin co30ep: man azvlebl 0AKbLIOAPLIHBIY MYKbIMOAPLIH (Dede) KapanmuHOIK JHeate KUblH O6iHemin
Kocnanapoan maszapmy, omocypuinmay.
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Kazaxcruil nayuno-ucciedosamenbckuti uUHCmumym nepepadamvleaioujeil
U NUWEBOL NPOMBIULTIEHHOCU, 2. ATmamul

HNCCIEJOBAHUE KOHCTPYKTUBHO-TEXHOJIOTMYECKHUX
MHHAPAMETPOB OUUCTKU CEMSH KJIIEBEPA ®OTOCEITAPUPOBAHUEM

Ipeocmasnenvl pesyrvmamsl UcC1e008aHUs NO ONPEOCTIEHUIO KOHCPYKIMUGHO-TNEXHOIOSUYECKUX
napamempog KCnepumMeHmanvHo2o obpasya gomocenapamopa, nposooUMble 6 PamKax paHmoso2o
npoexma MOH PK AP05130398. Yemanognenvl 3aKOHOMEPHOCIMU MEXHOLOSUYECKO20 npoyecca (pomo-
Cenapuposaniiss — OYUCMKI CeMAH Klegepa Om CeMaH KapanmuHHblX U mpyoOHOOMOEIUMbIX npumecel u
PayuoHATbHBIe PedCUMbL, 0becneuugaiowue 6blcoKue noxkazamenu dQ@dekmusHocmu 00padomKu cemeH-
no2o mamepuana xkiesepa. IIpeonoscena KOHCMPYKMUGHASL 0COOEHHOCTL NOOAIOWe20 CEMEHHYIO CMeCh
JIOMKA, NO3GONAIOULYIO YMEHLUUMb MACCUBHOCTL CENapamopad npu yeenudeHuu npou3go0umenrbHocm,
CHUDICASL NONE3HYIO0 NPOU3BOOCIBEHHYIO NAOUWAOb.

Kniouesvie cnosa: ouucmra cemsin KOpMogwlx KyIbmyp (Kiesepa) om KapanmunHslx u mpyoHoomoe-
JUMbBIX npumMecel, pomocenapuposanue.



