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B nocney6opouHoii 00paboTKe CENEKIMOHHOTO MaTepralla Ha CETOAHSIIHNH 1€Hb aKTyaIbHBIM SIBISIETCS OTCYTCTBHE
PELIETHON MalIHbI COOTBETCTBYIOIIEH MPOU3BOAUTEIBHOCTH, YIOBIETBOPSIONIEH BCeM TPeOOBAaHUSM, PEIbSIBIISICMbIM
K CEJIGKIIMOHHBIM MamInHaM. J[71s1 McclieI0OBaHU HCITONIB30BAJICS MAKETHBIA CTEH]] PEIIETHONH MAIIMHBI, HA KOTOPOM
ONpeeNsiIn KUHEMaTUUeCKUe ITapaMeTphl PeIIeTHOTO CTaHa U YIVIbl HakjoHa peureT. ONbIThl IPOBOAMINCE Ha IATH
3HAYCHUAX aMIUTUTYIBI KoeOaHuit pemeTtHoro crana (7, 10, 14, 18 u 22 MM) ipu H3MEHEHUH YaCTOTHI €T0 KOJIeOaHHiA
ot 169 mo 470 mun!. Kunemarnueckuii mokasarelib periera npy 3TOM U3MEHsIICs B npezenax 6,9...19,3 m/c?. Takke OnbITHI
TIPOBOJIMIIMCH NPH ABYX yIVIaX HAKJIOHA pemeTHoro crana 6 u 9 rpagycos. OnpeneneHo, 4To ¢ MOBBILEHHEM KHHEMAaTHIECKOTO
MOKa3aTess pelieT yMEeHbIIAeTCs 3a0MBaeMOCTh UX OTBepCTHH. ONTHMAaNbHBIC 3HAYCHNU KHHEMaTHUECKOTO MTOKa3aTess
PpELIET ¢ MPOAOITOBATBIMH OTBEPCTHSAMH B 3aBUCUMOCTH OT aMILTUTY/IbI KoJieOaHHi HaxomsaTes B npenenax 11,0...15,0 m/c?.
KoadduureHt n3piedeHns: MeIKUX IpuMeceid pu 3tom coctasisiet 84,6...89,6%. [Ipu OonbiioM yrie HakIOHa pelieT
(9 rpagycoB) 3a0MBaeMOCTh BEpXHETO periera (C KpyIJIbIMUA OTBepcTHsIMH) B 3...10 pa3 OoJblue, a HIDKHETO peleTa
(c IPSIMOYTOITFHBIMH OTBEPCTUSIMHU ) IPUMEPHO B 2 pa3a O0bIe 3a0MBaEMOCTH peIIeT MPU WX yTIie HaKJIOHA, PaBHOM
6 TpajycoB. YCTaHOBIIEHO, YTO ONTHMAIBLHBIM PEXUMOM pabOTHI PEIETHON MalIMHbI, KaK IpH 00pad0TKe MEIKOCEMEHHBIX,
TaK U 3ePHOBBIX KYJIBTYD, SIBISIFOTCS aMILTUTY/a KosieOaHuii pelieTHOro crana 9 MM, 4actora ero kosiedauuit 350...450 mun',
YTOJI HaKJIOHA PEHIeT 7 rpagycoB.

KurueBsble ciioBa: CCJICKIUA, CEMEHA, OYMCTKa, COPTUPOBKA, pECIICTHAA MallllHa.

®opmar nutupoBanus: Jlopoxos A.C., Mockosckuit M.H., Xamyes B.T., ['epacumenko C.A. Onpenenenue
ONTHMAEHBIX KHHEMAaTHIECKUX ITapaMeTPOB PEIICTHOTO CTaHa IPH CeTlapalliy 00pas3IiioB CENEKIIMOHHBIX CeMsH // BecTHHK
OT'OY BIIO «MTI'AY umenn B.I1. Topstukuna». 2018. N 6(88). C. 4-10. DOI 10.26897/1728-7936-2018-6-4-10.

DETERMINING OPTIMAL KINEMATIC PARAMETERS OF A SCREEN
SHOE USED FOR SEPARATING BREEDING SEED SAMPLES

ALEKSEI S. DOROKHOYV; DSc (Eng), Professor and Corresponding Member of the Russian Academy

of Sciences
E-mail: dorokhov@rgau-msha.ru

4 BECTHUK ®IOY BMO «MIAY umenn B.M. FOPAYKNHA», 2018, Ne 6 (88)




FARM MACHINERY AND TECHNOLOGIES

MAKSIM N. MOSKOVSKIY, DSc (Eng), Professor of the Russian Academy of Sciences

E-mail: maxmoskovsky74@yandex.ru

VIKTOR G. KHAMUYEV, PhD (Eng)
E-mail: victor250476@yandex.ru

STANISLAV A. GERASIMENKO, postgraduate student

E-mail: stanislav.mkm@gmail.com

Federal Scientific Agroengineering Center VIM; 109428, 1% Institutskiy Proyezd, 5, Moscow, Russian Federation

Today, post-harvest processing of breeding material requires using a screen seed cleaner that should be adequate
in performance and comply with all the requirements for plant-breeding machines. For the research, use was made of a model
bench of a screen seed cleaner with pre-determined kinematic parameters of the scree shoe and the inclination angles of screens.
The experiments were conducted for five variants of the vibration amplitude of a screen shoe (7, 10, 14, 18 and 22 mm),
with a change in the frequency of its vibration frequency from 169 to 470 min!. At the same time, the kinematic screen
index varied within 6.9...19.3 m/sec?. The same experiments were carried out at two inclination angles of the screen shoe —
6 and 9°. It has been shown that an increase in the kinematic indicator of screens leads to decreased clogging of screen
holes. The optimal values of the kinematic indicator of screens with oblong holes, depending on the vibration amplitude,
are within 11.0...15.0 m/sec?. The extraction coefficient of minor impurities in this case varies within 84.6...89.6%. With
a large inclination angle of the screens (9°), the penetration rate of the upper screen (with round holes) is 3...10 times higher,
and the lower screen (with rectangular holes) is clogged approximately 2 times more intensively than at an inclination angle
of 6°. The authors have determined that for a screen seed cleaner to operate at the modes ensuring optimal processing of both
small seeds and grain crops, the vibration amplitude of a screen shoe should equal 9 mm, and its vibration frequency should
range between 350 and 450 min™' at an inclination angle of screens amounting to 7°.
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Introduction. To perform cleaning and sorting of seed
samples grown on breeding plots, usy is made of complex
machines from domestic and foreign producers [1-3]. Do-
mestic machines feature the performance rate less than
150...200 kg/h. Processing lots of seeds weighing more
than 15 kg with these machines is economically unfeasible.
In this respect, there is a need to have a set of simple ma-
chines: an aspiration column, a screen cleaner and a grain
sifter, which could be used depending on the content of im-
purities in the source material, either independently or as
a production line. The most vivid drawback in post-harvest

processing of breeding material today is the lack of a screen
cleaner of an appropriate performance that could meet all
the requirements for breeding machines [4-7].

The research purpose — to develop a screen cleaner
for breeding enterprises and determine the kinematic pa-
rameters of its screen shoe, to study the influence of the in-
clination angle of the screen shoe on the performance.

Material and methods. The authors considered mate-
rials of theoretical and experimental studies on the clean-
ing of breeding seeds. For the experiments, use was made
of a model bench of a screen cleaner shown in Fig. 1.

Fig. 1. Model bench of a seed cleaner:
1 — loading hopper; 2 — vibratory feeder; 3 — primary screen; 4 — cleaning screen; 5 — separating screen;
I — large impurities; II — fine impurities (dunst); III — cleaned material; IV — second grade

Puc. 1. MakeTHBIii CTeH/ pelleTHO MAIIUHbI:
1 — 3arpy30uHslii OyHKep; 2 — BUOPONHUTATENb; 3 — KOJIOCOBOE PEIIETO; 4 — MOACEBHOE PEIIETO; 5 — COPTHPOBAILHOE PEILIETO;
I — xpynabie npumecy; 11 — menkue npumecu (monces); 111 — ounmennsnit marepuain; [V — Bropoii copt
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Kinematic parameters of the screen shoe. As the source ma-
terial for the experiments, use was made of wheat with a seed
variety purity of 97.9%, pretreated in a vertical air flow, after
which all the light impurities were removed. The grain material
contained 1.76% of fine and 0.34% of large impurities.

The screen cleaner bench included: an upper screen with
round holes of @4.5 mm in diameter and a lower screen with
oblong holes of 2.0 mm. The screens were of the same size —
790400 mm. The upper screen featured a slightly smaller size
of the holes for the purpose of a more visual and a precise study
of the effect of loading and kinematic parameters of the screen
shoe on the quality of grain material separation.

The material was divided into three fractions at a capacity
of 500 + 5 kg/h: the siftings from the upper screen, the siftings
from the lower screen and the pass through the lower screen.
All fractions were weighed on AND GF600 scales and ana-
lyzed. Upon the analysis results, the authors determined the ex-
traction coefficient for small impurities using a formula

K =Z= 100%,

0

where Q,, is the amount of impurities passing from the
lower screen, %; Q, — the amount of fine impurities in the
initial material, %.

The authors determined the losses of seeds in the total
amount of material siftings from the upper screen, and the weight
of 1000 seeds in the outcomes of the upper and lower screens.

The clogging of screens was determined after pass-
ing through them an amount of seeds weighing 10 kg.
After the processed material passed through the machine,
the latter continued to work idle for another minute. Then
the screens were removed, turned over 180° upside down,
to let off all the unseized grain seeds. Further on, the seized
grains were separately removed from the holes of the upper
and lower screens, collected, and weighed with scales.

The clogging of screens was determined with a formula:

o

K, ="1.100%,
m

where m, is the mass of seeds seized in the holes, g; m — the
mass of seeds passing onto the screen, g.

One of the main parameters of grain separation mode
are the number of vibrations per minute n and the amplitude
A, which are called kinematic parameters. The acceleration
of the screen determined with the expression w?4 (o is the an-
gular velocity of the eccentric, rad/s) is referred to as a kine-
matic indicator of the screen. The experiments were carried out
at five vibration amplitude variants of the screen shoe (7, 10,
14, 18 and 22 mm) when the vibration frequency changed from
169 min' at 4 =22 mm to 470 min"' at 4 =7 mm. The kine-
matic indicator of the screen ranged between 6.9 and 19.3 m/s.

The inclination angle of the screen shoe. The experi-
ments were catried out on the same initial material at two
inclination angles of the screen shoe of 6 and 9°. The influ-
ence of the screen shoe angle inclination on the machine
performance and cleaning quality of wheat seeds was de-
termined at a constant value of the kinematic indicator
of the screen w’4 = 12.9 m/s?. Only the area of the hopper’s
exhaust window changed in the range of 26.4...39.6 cm?.
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Results and discussion. The experimental results
on the determination of the kinematic parameters of a screen
shoe are presented in Tab. 1 and Fig. 2.

An increase in the kinematic indicator of the screens
is accompanied by more intensive clogging of their
holes. For example, at a change of this indicator from 6.9
to 19.3 m/s?, clogging of a screen with oblong holes de-
creased from 0.34 to 0.02%, and that of a screen with round
holes, — respectively from 0.019 to 0%. We should note that
screens with round holes clogged about 10 times less fre-
quently than those with oblong holes in all operation modes.

The sifting performance of the screen with round holes
was the best at kinematic parameters of screens equaling
11.0...13.0 m/sec®. Higher results were obtained at ampli-
tudes of 7...10 mm and screen vibration frequencies of 410
and 340 min!, respectively.

Optimal values of the kinematic indicator of the screens
with oblong holes, depending on the vibration amplitude, are
within 11.0...15.0 m/sec® The extraction coefficient of small
impurities in this case ranges between 84.6 and 89.6%.
The lower the amplitude is, the greater value of the kinematic
indicator of a screen should be observed. Thus, for an ampli-
tude 4 of 7 mm, the optimal value of the kinematic indicator
of a screen w?4 equals 14.85 m/sec?, and at 4 of 22 mm,
®?A4 is equal to 11.0 m/sec?. It should be noted that for screens
with oblong holes, optimal values of the kinematic indica-
tor (except for data obtained at 4 = 22 mm) are more impor-
tant than for screens with round holes. So, if at an amplitude
A of 7 mm, the optimal value w?4 for screens with oblong
holes is 14.85 m/sec?, and for screens with round holes
®?4 =12.9 m/sec?, but at an amplitude A of 14 mm, respec-
tively, w?4 = 13.5 m/sec? for screens with round holes.

At larger values of the kinematic indicator of screens
(w’4 > 15.5 m/sec?), the grain mass is strongly loosened,
the process of sifting sharply deteriorates, and the mass
(up to 25.5%) overtails from the upper screen.

Atsmallvaluesofthekinematicindicator(w’4 < 8.0m/sec?),
the grain mass on the screen is not loosened, but it is poorly
transported, and the quality of sifting sharply deteriorates.

The extraction coefficient of small impurities drops
to 44.5%, and the capacity of the screen shoe cannot be raised
above 300...325 kg/h, though in all experiments, the authors
have tried to set the performance within 500 + 5% kg/h.
At small values of the screen vibration amplitude (4 = 3 mm),
the grain separation process is not working at all tested vibra-
tion frequencies of a screen (up to 450 min™).

On the basis of the conducted research it is possible
to recommend the following kinematic modes for the sepa-
ration of wheat seeds:

A=7mm, n=410...440 min"' (&’4=12.9...14.85 m/sec?);
A=10 mm, n=350...370 min"' (w’4=13.5...15.0 m/sec?);
A=14 mm, n=250...280 min"! (w’4=9.9...12.0 m/sec?);
A=18 mm, n=225...240 min! (w’4=9.98...11.1 m/sec?);
A=22 mm, n=214...220 min"! (w’4=11.0...11.3 m/sec?),

that will be close to the optimal values for the performance
of a screen shoe, equal to 500+ 5 kg/h, for both screens with
round holes and those with oblong ones.
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Table 1

The rate of screen clogging in course of cleaning wheat seeds depending on the kinematic indicator value of the screen shoe

Tabnuya 1

IToxa3zaren 3a0MBaeMOCTH pemer Ha OUUCTKE CeMAH MIICHUIIBI B 3aBUCHMOCTH 0T Be/THYHUHBI KHHEMATHYCCKOT0 IMOKA3ATEJIA
pelieTHOro CTaHa

No Kinematic indjc?tor . Screen clogging, % No Kinematic indic?tor . Screen clogging, %
of the screen shoe w?4, min upper @4.5 mm | lower @2.0 mm of the screen shoe w?4, min upper @4.5 mm | lower ©2.0 mm
A=T7 mm A=18 mm
1 16.95 0.01 0.17 1 16.24 0 0.030
2 14.85 0.01 0.15 2 13.5 0.003 0.047
3 12.9 0.02 0.27 3 11.08 0.009 0.111
4 11.08 0.02 0.46 4 9.98 0.010 0.090
5 9.4 0.03 0.34 5 8.9 0.010 0.120
A=10 mm 6 6.9 0.02 0.170
1 19.3 0 0.02 A=22 mm
2 17.5 0.002 0.038 1 16.3 0 0.020
3 15.8 0,005 0.095 2 13.5 0.005 0.045
4 14.2 0.006 0.144 3 11.00 0.004 0.086
5 12.7 0.01 0.15 4 8.9 0.007 0.123
6 11.2 0.016 0.164 5 6.9 0.014 0.216
7 9.9 0.05 0.28
8 8.6 0.03 0.29
A=14 mm
1 15.9 0.002 0.018
2 13.6 0.006 0.054
3 11.1 0.008 0.112
4 9.9 0.010 0.100
5 8.83 0.018 0.141
6 6.9 0.019 0.151
m %[ M, % ., %
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Fig. 2. The amount passing from the upper screen (a), the amount passing from the lower screen (b)
and the extraction coefficient of small impurities (c) depending on the value of the kinematic indicator of screens

Puc. 2. Cxop ¢ BepxHero peuiera (a), cxol ¢ Hu:kHero pemeta (b) u ko3¢ GpuuueHT U3BJIAeYeHUs!
MeJIKHX npuMecei (¢) B 3aBHCHMOCTH OT BeJIMYHHbI KHHEMATHYECKOI'0 MOKa3aTeJisi pemer

VESTNIK FGOU VPO «MOSCOW STATE AGROENGINEERING UNIVERSITY NAMED AFTER V.P. GORYACHKIN», 2018, N0 6 (88) =—————— 7




When installing screens with oblong holes only
in the screen shoe, the following operating modes can be
recommended:

A=7 mm, n=440 min! («’4=14.85 m/sec?);
A=10 mm, n=360 min"' (w’4=14.2 m/sec?);
A=14 mm, n=300 min"' (wv’4=13.5 m/sec?);
A=18 mm, n=240 min! (w’4=11.1 m/sec?);
A=22 mm, n=214 min! (0’4=11.0 m/sec?).

In these modes, the separation efficiency of small im-
purities is equal to 84.6...89.6% and clogging of screens
does not exceed 0.15%. When installing screens with round
holes only in a screen shoe, the following operating modes
can be recommended:

TEXHVKA N TEXHOJIOT NN AMK

A=7 mm, n=410 min~! (w’4=12.9 m/sec?);
A=10 mm, n=340 min"' (w’4=12.7 m/sec?);
A=14 mm, n=254 M min"! (0?’4=9.9 m/sec?);

A=18 mm, n=212 min ! (0’4 =8.9 m/sec?);
A=22 mm, n=214 min"! (w’4=11.0 m/sec?).

These modes will ensure maximum sifting and clogging
of the screens will not exceed 0.02%.

The experimental results to determine the inclination
angle of a screen shoe are shown in Tab. 2 and Fig. 3.

At an increase in the hopper outlet window area, the ma-
chine performance grows as well at all inclination angles
of the screens. And with higher inclination angles, the per-
formance was greater by about 40 kg/h at all operating
modes.

Table 2

The rate of screen clogging during the cleaning of wheat seeds,
depending on the inclination angle of the screens (w’4=12.9 m/sec?)

Tabnuya 2

Ioxa3arenp 3a6MBaeMOCTH peLleT NPH OYUCTKE CEMSH MIICHUIbI
B 3aBHCHMOCTH OT yI/Ia HaKJIOHA pemeT (w’4=12,9 m/c?)

Screen clogging, %
Ne | The area of the hopper outlet window, cm? | The inclination angle of the screens, °
upper @4.5 mm lower @2.0 mm
6 0.004 0.16
1 26.4
9 0.026 0.38
6 0.003 0.18
2 29.7
9 0.018 0.32
6 0.002 0.18
3 33.0
9 0.021 0.33
6 0.002 0.15
4 36.3
9 0.019 0.35
6 0.006 0.17
5 39.6
9 0.018 0.36

The coefficient of extraction of small impurities de-
creases as the performance grows by a dependence that
is close to linear. So, at an inclination angle of the screen
shoe & = 0°, the coefficient decreased from 89.12 to 75.2%
at the performance rate, respectively equal to 360.1
and 691.9 kg/h. At an inclination angle A = 9°, the coef-
ficient decreased from 81.91 to 73.51% with an increase
in performance from 400.5 to 721.3 kg/h. It should be
noted that at the performance rate above 600 kg/h, the val-
ues of the extraction coefficients of small impurities con-
verge and range within 72.4...76.86%, i.e. the inclination
angle of screens does not have almost any effect on this
indicator. The clogging of the screens is almost the same
for all performance values. At a large inclination angle
of the screens (A = 9°), the penetration rate of the upper
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screen (with round holes) is 3...10 times higher, and that
ofthe lower screen (with rectangular holes) is about 2 times
higher as compared with screen clogging at an inclination
angle of 6°. The siftings from the upper screen at the per-
formance rate of up to 450 kg/h was less (up to 1%) at an
inclination angle of the screen shoe A = 9°, and the screen
shoe performance rate of 593.2...674.5 kg/h, it in-
creased up to 7.6...17.59% and became 2...3 times high-
er than the amount of siftings for the inclination angle
of the screens of 6°. At 691.9...721.3 kg/h, the screen
value remained the same.

The carried out research has allowed to determine
the operating modes of a screen shoe, which are close
to optimal for the separation of grain seeds. Howev-
er, the developed screen seed cleaner should process




the seed material of small-seed crops (grass, etc.), which
is usually heavily clogged with various impurities. Ac-
cording to V. Lampeter, for their effective removal,

FARM MACHINERY AND TECHNOLOGIES

the kinematic indicators of the screen should not be less
than 14.4 m/sec? and the inclination angle of the screen
shoe should equal 7°.

mn, kz/u [ K% [
700 | 9
600 } s ®6° 85 F
500 | mo 80 |
400 | ® 75 |
300 ! — 70
231 264 29,7 33 363 396 231 264 297 33 363 396 om?
a b
Mm% [
3,% a
035 | T 20 |
. [ ]
03 F o
@6 15 |
0,25 }
mo
10 |
02 | 06
= [ ] [ ] PS
0,15 | P 5 | mo°
01 i i i i j
231 264 297 33 363 39,6 m? 0
23,1 264 297 33 363 396 cm?
c d

Fig. 3. The performance of the screen shoe in cleaning of wheat seeds, depending on its inclination angle:
a — change in the shoe performance; b — change in the extraction coefficient of small impurities;
¢ — change in lower screen clogging; d — change in the amount of siftings from the upper screen

Puc. 3. Iloka3arenn padoThl pelIETHOrO CeNapaTopa Ha OYHCTKE CeMSH MIIeHHIbI
B 3aBHCHMOCTH OT YIUIa HAKJIOHA PEIIeTHOIO CTAHA:
a — U3MEHEHHE MPOU3BOAUTENFHOCTH ceraparopa; b — u3MeHeHHe KodpOUIMECHTa U3BICUCHUS MEIIKHX MPUMECeH;
¢ — U3MCHeHHe 3a0MBAaGMOCTH HIDKHETO pertera; d — H3MEHEHHE CX0/1a C BEPXHETO pelieTa

Conclusion

In order for a screen seed cleaner to operate in modes that
are close to optimal when processing small-seed and grain
crops, the vibration amplitude of the screen shoe should be
equal to 9 mm, and its vibration frequency should be adjust-
able in the range of 350...450 min™ at an inclination angle
of the screens of 7°. In this case, a screen seed cleaner can
operate with an adjustable value of the kinematic indicator
of screens in the range of 12.2...20.0 m/sec?, which will
allow processing seed material of practically all crops with
different content of impurities.
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