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In cereal production, there are a number of methods for grain peeling. The process of peeling lupine grain having a specific
form, which differs from the spherical one, includes grain crushing, sieve screening, and pneumatic separating. Independent variables
characterizing the processing conditions include the gap between the rollers, grain moisture content, the speed of the rollers,
and their slippage. Roller mills (crushers) were used for crushing. The rotational speed of the rollers was 300 and 600 min™".
During pneumatic separation, the air speed in the pneumatic duct corresponded to 7.5 m/s. It has been established that the gap
between the rollers and the grain moisture content significantly affect the quality indicators of the ground product. As a result
of the experiments, it has been found that an increase in the gap in the range of 1.0...2.5 mm and an increase in the grain moisture
content from 8 to 13.2% result in the increased output of middlings and the average size of particles. However, the number of core
particles with shell remnants increases too, and the output of tailings (mainly, shells) decreases after pneumatic separation.
The output of marketable kernel middlings was about 70%. The technological process of white lupine grain peeling is based
on the traditional equipment of cereal production. The results obtained suggest the possibility of the primary processing of white
lupine grain with such crushers to produce kernel middlings of the required fractional composition.

Key words: white lupine, peeling, crusher, crushed grain material, shells.
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B kpynstHOM npoH3BOICTBE CYIIECTBYET Psii METOLOB 00pyLIeHus 3epHa. [Iporecc oOpymieHus cneruduueckoi GopMsl 3epHa
JIFOTIMHA, OTIIMYHON OT C(eprUueCcKOi, BKIIFOUYAET ONepaliy JpoOIeHNUs 3epHa, IPOCCUBAHKE Ha peLIeTax 1 ITHEBMOCEIapUPOBaHHE.
He3aBucUMBIMU BapbUPyEMbIMH TIEPEMEHHBIMH, XapaKTEPHU3YIOLUIMMHU PEXUMBI 00PaOOTKH, SIBJISIFOTCS 3a30p MEX/Yy BaJbLIAMH,
BJI&YKHOCTb 3€PHA, CKOPOCTh BPAILICHHs BAJIIIOB, HX MPOCKaIb3bIBaHue. [l IpoOIeH s NCTIOJIb30BAIHMChH BAJILI[OBbIE CTAHKU
(mpo6unkmn). CkopocTh BpatieHus BajbiioB coctaisia 300 u 600 mun. [Ipn mHEBMOCETapHUPOBAHUH CKOPOCTH BO3IyXa
B ITHEBMOKaHaJIe COOTBETCTBOBaJIA 7,5 M/C. YCTaHOBJICHO, YTO 3a30p MEX/y BajJbllaMU U BIAYKHOCTh CYIIECTBEHHO BIIHSIOT
Ha [0Ka3aTelli KayecTBa N3MEIBIEHHOTO MPOyKTa. B pesynbrare poBeeHHBIX SKCIIEPUMEHTOB YCTAHOBIIEHO, YTO C POCTOM 3a30pa
B nuanazone 1,0...2,5 MM u yBenudeHust BIaxHocTu ¢ 8 10 13,2% BbIX0J KPYIIKH U CPEIHUN pa3Mep YacTUILl YBEIUYUBAIOTCS,
OJTHaKO BO3pacTaeT JI0JIsl YACTHIL siApa C OCTaTKaMH 000JIOYEK, M CHUXKAETCSI BBIXOZ OTHOCOB (B OCHOBHOM 000JIOYEK) MOCIIE
ITHEeBMoOcenapupoBaHus. Beixo/ ToBapHOI KpynKH sizipa coctaBui okoio 70%. TexHomoruueckuii mpouecc o0pyIieHus 3epHa
0eJI0ro JIONKMHA OCHOBAH Ha TPAJAUIIMOHHOM 000pY/I0BaHHH KPYIISTHOTO NPOM3BOACTBA. [lomyueHHbIe pe3yabTaThl O3BOJISIOT
TOBOPHUTH O BO3MOXKHOCTH MEPBUYHOM MepepadOTKK 3epHa OEJI0r0 JIFOMMHA Ha OJ00HBIX IPOOMIIKAX C MOTYYCHUEM KPYIKH
sIpa HEOOXOMMOTro (PPAKIIMOHHOIO COCTABA.

KuaroueBble ciioBa: Oelblii JIIOMKH, 00pyIIEHUE, IPOOUIIKa, KPYIIKa, 00O0IOUKH.
®opmar nurupoBanus: 3sepeB C.B., Craues A.D., Upirytkun A.C., Angomma H.B., Anmumnaes A.1O. O6pymenne

3epHa 0eJIoTo JIFoTMHA Ha BaJbLeBhIX cTaHKax // Bectauk ®I'OY BIIO «MI'AY umenn B.I1. Topstakunay. 2019. N 4(92). C. 18-23.
DOI: 10.34677/1728-7936-2019-4-18-23.

Introduction. Biological, feed, and technological
features of white lupine make it popular on the market
for vegetable protein. Lupine growing is also a neces-
sary link in preserving the country’s food security [1, 2].
That’s why white lupine is considered not only as an
import-substituting alternative to soybeans, but also as
a crop, the cultivation of which is of interest to producers
in connection with the use by plants during vegetation

of biological nitrogen and tripe-substituted soil phos-
phates [3-5].

White lupine is most widely used in fodder production
[6-8]. Its use in compound feeds, taking into account the pecu-
liarities of the structure of white lupine grain, is advisable after
the separation of the shell (peeling). In this regard, grain sepa-
ration into anatomical parts can be considered the first stage
of processing. Fig. 1 shows the products of primary processing.

Fig. 1. Products of primary processing of white lupine grain in a roller mill:
a, b, ¢ — middlings of three fractions; g — whole grain; d — shell

Puc. 1. lIpoaykThbl nepBUYHON NepepadoTKu 3epHa 0€J1010 JIONNHA HA BAJbLOBOM CTaHKe:
a, b, ¢ — Kpynka Tpex (pakiuii; g — mesaoe 3epHo; d — oboouka
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The specific shape of white lupine seeds does not allow
separating the shells, which constitute 14...19% of the grain
mass, without destroying the kernel. However, crushing leads
to the formation of two fundamentally different products:

— crushed kernel in the form of particles of an irregular
shape and a various size freed from the shell (middlings);

— more or less crushed shells of a flaky form.

These two phases can be separated with a pneumatic sepa-
rator, since middlings have higher density and floating speed
as compared with the shells. It should be noted that in this
case, part of the powdery fraction of the kernel crushing prod-
ucts also gets to the fraction of tailings.

For small enterprises, it is advisable to use machines
of low productivity [9]. When organizing a larger production,
use should be made of roller machines (crushers).

The purpose of the study is an experimental evaluation
of the efficiency of using roller machines in the process of sep-
arating white lupine kernels from their shell (peeling).

The object and methods of research. White lupine seeds
of the “Degas” variety were used as an experimental material.
The seeds were crushed with longitudinal-cutting rollers (diam-
eter 250 mm, cutting pitch 3.3 mm, a = 20°, B = 70°). The rollers
were installed according to the “tip to the tip” scheme. To ensure
the effect of grinding the grains during peeling, rollers had a dif-
ferent rotation speed: 300 and 600 min'. The gap between the roll-
ers was set using a kit of probes with an accuracy of 0.05 mm.

After grinding, the product passed through the “Petkus”
laboratory pneumatic separator at an air speed in the pneu-
matic duct of 7.5 m/s.

To determine the fractional composition of the grinding
products, laboratory sieves with round holes and scales were
used (an accuracy of 0.01 g); with load weight of 100 g.

Seed moisture content was determined according
to GOST 13586.5-93 (Grain. Method for determining mois-
ture content).

Asaresult of search experiments, it has been found that the main
factors significantly affecting the quality indicators of a crushed
product are the gap between the rollers and moisture content [10].

Results and discussion.

The output of middlings. Middlings, i.e. crushed core-free
shell, are the main product of peeling. The overall amount
of middlings in relative units (r/u) after pneumatic separation,
depending on the gap between the rollers during grain crush-
ing, is presented in Fig. 2.
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The change in the output at the stated processing pro-
cedure occurs due to the variation of the proportion of bran
and shells in the middlings (after winnowing). Preliminary
experiments showed that an increase in the gap in the range
of 1.0...2.5 mm results in the increased middlings output. This
is caused both by a decrease in the relative share of the win-
nowed bran, and an increased proportion of the large fraction,
the particles of which still keep shell elements.

The purest fraction shall have particle sizes of 2...4 mm.
The relationship between the output of this fraction (relative
to the output of middlings) and the gap between the roll-
ers is shown in Fig. 3. The moisture content of the fraction
was 10.8%, the ratio of the roller speed with slippage
was 300/600 min™'.
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Fig. 3. The output of the fraction
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Depending on the gap, the fractional composition of mid-
dlings and the average particle size change. Fig. 4 and 5 pres-
ent empirical functions and the distribution density (by mass)
of middlings obtained after screening on sieves with round
holes.
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It was initially assumed that an increase in the gap resulted
in an increased share of large fractions, and a decreased share
of the smaller ones, i.e. the average particle size grew almost
linearly with an increase in the gap. At the same time, an in-
crease in standard deviation was noticed.

The effect of the moisture content. The output of crushed
grain material increases as grain moisture content increases
(Fig. 6). This is associated with a decrease in the propor-
tion of the produced crushed grain material and an increase
in the proportion of a large fraction particles with the remnants
of shells.

In these tests, due to the variation of grain moisture con-
tent, the rotational speeds of the rollers relative to each other
are changed by 450 and 600 min™'. In this regard, an increase
in the average size and standard deviation of particles was ob-
served.
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Fig. 6. The output of middlings depending on the grain
moisture content at the slipping rotation speed
of the rollers of 450/600 min™'
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As moisture content increases, a significant violation
of the symmetry of the empirical distribution density is ob-
served (Fig. 7).
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The symmetry of distribution density is characterized
by the third-order moment. As humidity increases, a sharp in-
crease in the third order moment is observed. A visual analy-
sis of the crushed grain material with different moisture con-
tent showed that an increase in moisture content of a fraction
of more than 4 mm in size resulted in the increased proportion
of particles with shell residues.

The output of tailings. Tailings are a light fraction of crushed
products obtained by winnowing with pneumatic separators.
This fraction consists of shells and small kernel particles. Fig. 8
shows the proportion of the overall relative output after pneu-
matic separation in the pneumatic duct at an air speed of 7.5 m/s.
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Fig. 8. The output of tailings depending on the gap
between the rollers (at roller speed with slippage
of 300/600 min', and moisture content of 10.8%)
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In the fraction triage with a particle size of 2...3 mm,
a certain amount of shells was observed, and a lot of kernel
bran were observed in the sifted material.

As the gap increases, the output of tailings decreases, since
the share of sifted bran decreases, i.e. its relative mass decreas-
es, and a part of shells remains on the particles of the coarse
grain material.
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It is obvious that the obtained relative values and their
composition largely depend on the air speed during pneumatic
separation. The higher it is, the more effective the removal
of the membranes is, but at the same time, larger kernel par-
ticles are carried away, which reduces the output of crushed
grain material.

As moisture content increases, the particle density
in the tailings increases too (with equal geometric character-
istics), therefore, the floating speed increases, and the relative
value of tailings at a constant air speed in the pneumatic duct
decreases (Fig. 9).
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Fig. 9. Influence of moisture content on the output
of tailings (at an air speed in the pneumatic duct
of 7.5 m/s, a gap of 1 mm, and a roller slippage speed
of 450/600 min™)

Puc. 9. Biausinue BJIa;KHOCTH HA BBIXOJ
OTHOCOB (CKOPOCTH BO3/1yXa B IHEBMOKaHaJie 7,5 m/c,
3a30p 1 MM U YacTOTa BpalieHHs! BAJIbIOB
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Thus, the gap between the rollers and the grain moisture
content have a major impact on the fractional composition
of crushed products, the degree of separation of the kernel
and shells, and, accordingly, their acrodynamic characteristics.

Preliminary pneumatic separation moves the powdery
fraction of the kernel to tailings, and there remains an extract-
ed fraction with a particle size of less than 2 mm.

With large gaps and high moisture content in the coarse
fraction of the crushed grain material, there is insufficiently
crushed output as there still remain large kernel particles with
shell elements.

Conclusion

Primary processing of white lupine grain is possible using
roller crushers to obtain the necessary fractional composition.
However, additional equipment and the development of a pro-
cess line are required to obtain shell-free crushed grain mid-
dlings.
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HOJ’Iy‘-IeHI/IC JKOJIOTUYECKU YUCTOMN KapTO(i)eJ'[LHOﬁ npoayKIuu oe3 JOIMOJIHUTCJIIbHOTO MPUMEHCHHA alrpOXUMHUKATOB

MI03BOJISIET OCYIIECTBIISATH TEXHOJIOTHUECKUH TPHEM 00e3IIIaBIMBaHHS, YTO CTUMYIHPYET IIOTEHIIA PACTEHUS U COCOOCTBYET
YBEJIMYEHHIO JINCTOBOH MOBepXHOCTH. CyTh 00€3IIaBIMBaHUS 3aKII0YAeTCs B yAaJICHUH alluKaJbHOW YacTH credieil, uTo
IpoBOLUpYET pa3BuTHE OOKOBHIX oOeros. Kaprodens nmeer kak BepTHKANbHbBIE, TAK M OTKIIOHEHHbIE CcTeONH, epes o0pe3koi
BEPXHIOIO YacTh CJIEJyeT JOBECTH JI0 PEXKYIIETro anmapara, a IIoCKOJIbKY CTeOIH pacTeHHS JIETKO TPaBMUPYEMBbIE, TO 3TOT
MIOJIBOJ] TOJDKEH OBITh OUYEHb JIENMKAaTHBIM. B CBsI3u ¢ 3THM npeniaraercss 0OpaTuTh BHUIMaHUE Ha BO3MOXKHOCTh NOJbEMa
cTebieit kaprodens Ha HOX PeXyIleil MaluHbI IPH 00e3ITIaBINBAHNN C TOMOILBIO BCACHIBAIOLIETO BO3YIIHOTO ITOTOKA,
YTO ITO3BOJISET BBHIMOJHATH ONEPAIMI0 ¢ MUHUMAJIBHBIM TPEHUEM PACTEHHUS O MIOBEPXHOCTH 0e3 MOoBpexaeHus cTedei
n aucTheB. OOOCHOBaHA METO/IMKA OIpE/IeNICHUs TapaMeTPOB THEBMATHYECKOW CHCTEMBI ToIbEMa cTebieil kapTodens.
YcraHoBiIEHO, 4TO JUIs 0OecniedeHus mogbéma crebnelt ¢ nepenagom BeicoT noderos 0,10...0,15 M npu obe3raBnIuBaHUH
KapToQelis HCIONB3YIOT YCTPOWCTBO, TMAMETP YCThs BCachiBatoliel TpyObl koToporo coctasiser 0,35 M, CKOPOCTh BO3yXa —
10...15 M/c COOTBETCTBEHHO.

KaioueBrble ciioBa: xaprodenb, yCTpOHCTBO Al yAaleHus BepXylleK, Oe3HAOPHBIH cpe3, pexylasi KpoMKa, CKOPOCTh
arperara.
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