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The article runs about the issues of improving the design and operating parameters of the machine for
the production of expanded animal forage. Based on the analysis of the research and classification of design
solutions, a promising model of a single-screw press was substantiated and the direction of improving its
design was determined. The main four compaction zones of the forage mixture in the expander are
presented. The modes of operation of the installation without a damping spring on the output head and with
a spring were presented. Mathematical expressions of the capacity of the output head of the expander with
and without a damping spring are also presented. The main adjustable design parameter of the expander is
determined — the width of the annular channel depending on the maximum pressure in the third sealing
zone. The productivity of the machine screw at the end of the third pressure zone is presented. The main
condition of the material flow sustainability ensuring the stable operation of the expander was determined.
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TEOPETUYECKUE UCCNENOBAHUA PABOYETO NPOLIECCA 3KCNAHOEPA
And nNPoOU3BOACTBA KOPMOB CEJIbCKOXO3AUCTBEHHbBIX XKUBOTHbIX

Cana B.FO. — K.m.H., accoyuupogaHHbIl npogheccop, Kocmaralickull peauoHarsbHbIl yHUsepcumem
umeHu A. balimypcbiHosa.

B cmambe paccMompeHbl 801POChl COBEPUIEHCIMBOBAHUST KOHCMPYKMUBHO-PEXUMHbIX apamempos
MawuHbl 0n1a npoudgodcmea 3KCrnaHOUPOB8aHbIX KOPMO8 CellbCKOX035ILUCMBEHHbIX XUBOMHbIX. Ha ocHo-
g8aHuU aHanu3sa uccredosaHull U Knaccughukayuu KOHCmMPYyKmMuU8HbIX peweHull bblia 060CHoB8aHa rnepcrex-
mueHasi modesib 0OHOWHEKO8020 8UHMOB020 fpecca U ornpedesieHO HarpasrieHue Co8epLIEHCM8o8aHuUst
e20 KoHcmpykyuu. [MpedcmaesneHbl OCHO8HbIE Yembipe 30HbI YrTOMHEHUs1 KOpMO8oU cMecu 8 aKcriaHoepe.
PaccmompeHbl pexxumbl pabombl ycmaHo8KU 6e3 OemrichepHOU MpyXuHbl Ha BbIXOOHOU 205108Ke U C
npyxuHod. Takxe npedcmaesrieHbl MamemMamuyecKue 8bipaxXeHusi MporyCcKHOU CrnocobHocmu 6bIX0OHOU
205108KU aKcnaHOepa ¢ Oemncpupyroweli npyxuHol u 6e3 Hee. OnpedenieH OCHOBHOU peaynupyeMbili KOH-
CMpYKmMueHbIU napamemp 3KkcriaHoepa — wupuHa Kosbyeeoeo KaHasa 6 3agucuMoCcCmu Om MakcumMasibHO20
OaeneHusi 8 mpemsbell 30He yrriomHeHusi. [lpedcmasneHa npou3eodumMeIbHOCMb WHEeKa MawuHbl 8 KOHUe
mpembel 30HbI OasrneHuss. OnpedesieHO OCHOBHOE yCrio8UE HerNpepbiBHOCMU [0MoKa Mamepuarna,
obecneyusarowyro ycmoldusyro pabomy akcraHoepa.

Knouessie criosa: akcriaHOuposaHue, cxamue, WHEK, S9Hep20eMKocmb, uccrnedosaHue, memrepa-
mypa, 8/1aKHOCMkb.

AYbl LWWAPYALLBUIbIFbl XXAHYAPJIAPbIHbIH A3blfblH ©HOIPYTE APHATIFAH
SKCNAHAEPAIH X¥MbIC NMPOLEECIH TEOPUAIDbIK 3EPTTEY

Cana B.FO. — m. . k., KaybiIMOacmbipbiriFaH ripogpeccop, A. balimypcbiHoge ambiHOarbl KocmaHal
OHIpniK yHUgsepcumemi.

Makanala aybinwapyalbinbiK XaHyaprapblHbiH 3KcriaHOeprneHaeH XemiH eHOipyae apHarnfaH
MawuHaHbIH KypblibIMObIK XoHe pexumOik napamempriepiH Xemindipy Mecernesnepi KapacmbipbliiFaH.
Bepmmeynepdi manday xoHe KypbibiMObIK wewimoepdi xikmey HeeziziHOe 6ip bypaHOasibl bypaHOarbl
npeccmiy nepcrnekmusmi mMooesni Heeziz0endi xoHe OHbIH Ou3aliHbiH akcapmy b6afbimbl aHbIKmManobl.
OkcnaHdepOe XKem KocriacbiH mbifbi30ayObiH Hezizei mepm aliMarbl yCbiHbInFaH. LLbiry 6acbiHa xaHe cepir-
neeze demrichepriik cepinnecia KOHObIPFbIHbIH XYMbIC pexumoepi Kapacmbipbinadsl. CoHdali-ak, demngbepriik
cepinneci 6ap xoHe OHCbI3 3KkcriaHOepldiH wbify 6acbiHbIH 6mKi3y KabinemminigiHiH MamemamukasbiK
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epHeKmepi YCbiHblFaH. OkcriaHOepOiH Hezidai pemmernemid Ou3alH napamempi aHbIKmanaobi-yWiHWi mbi-
fbi30ay alimarbiHOarbl Makcumasobl KbiCbiMFa balinaHbiCmbl cakuHalslbl apHaHbiH €Hi. YWIiHWI KbICbIM aliMa-
fbIHbIH COHbIHOaA MawuHa OypaHOacbiHbIH ©HiMOAiniei YCbiHbiIFaH. JkcriaHOepOiH mypakmbl XYMbICbIH
Kammamacbi3 ememiH Mamepuar arbiHbIHbIH Y30iKCi30i2iHiH Hezai3ai wapmbl aHbIKManosbl.

TyliHdi ce3dep: akcriaHOUpIiey, KbICY, WHEK, dHepausi CbilibiMObINbIFbI, 3epmmey, memnepamypa,
blFanobInbIK.

Introduction. One of the most important conditions for increasing the production of livestock products
is the growth of the production of high—quality feed and, based on this, the organization of a full-fledged
balanced feeding of animals.

One of the most effective ways of thermomechanical processing of feeds to increase their nutritional
value is expansion. The main advantages of expanders are lower energy consumption, longer service life of
working bodies, high level of liquid components input, improved feed quality and digestibility, elimination of
components harmful to nutrition.

Improving the design and operating parameters of the expander is a complex, but important and
urgent task, the solution of which contributes to the study of the influence of various factors on increasing the
efficiency of the expansion process [1, pp. 62-70, 2, pp. 103-110, 3, pp. 60-72, 4, pp. 30-46].

The analysis of the works of Melnikov S.V., Kartashov L.P., Zavrazhny A.l., Zubkova T.M., Mirzoev
R.G., Gruzdev IL.E., Yankov V.I. and other authors allowed us to substantiate the direction of improving
machines and their workflow in the production of feed by expansion.

Considering that feed is one of the most important factors affecting the production of livestock
products, their preparation is an urgent task. The feed must be easily digested and well digested, which
becomes possible using the technology of expansion of multicomponent raw materials.

Based on the analysis of research and classification of design solutions, a promising model of a sing-
le-screw expander is substantiated and the direction of improving its design-mode parameters is determined.

Materials and methods of research. The experimental installation is a cylindrical body with a
diameter of 80 mm with a screw inside. A die with holes is fixed at one end of the pipe, and at the other end
there is a coupling connecting the screw shaft to the drive motor. To change the rotation speed, three
different sprockets and a chain tensioner mechanism were installed on the screw shaft. The electric motor
was installed on the sled, which made it possible to ensure the alignment of the drive sprockets by moving
the engine. For additional heating of the housing at the end of the third area of the feed seal (see Figure 1)
an electric heater was installed, providing the required temperature expansion mode, which was connected
to a 220 V AC network and heated the output part of the installation to 130 oC. From the analysis of the
design of screw machines, it is recommended to bring the electric heater as close as possible to the output
head of the installation. A landing socket has been installed for a temperature sensor measuring the
temperature in the feed outlet area. Seats were made for load cells that register the pressure being pumped
into the output head. The following design changes were made to the design of the output head of the
installation: the output holes of the head were tripled (to reduce resistance), an additional spring and cones
were installed, necessary for pressure stabilization and compliance with the feed expansion mode. The
choice of the spring was made taking into account the stiffness coefficient. Initially, short springs with a high
stiffness coefficient and a small diameter were used, but the analysis showed that such springs are
unsuitable for this installation, since they require precise adjustment of the clamping force, slightly change
the length, thereby preventing the feed from escaping. When installing springs with a larger diameter and
length and a lower stiffness coefficient, a smoother adjustment of the output gap occurs, the operation of the
screw supercharger becomes more uniform, the pulsations and beats of the screw decrease, thereby saving
electricity and increasing the performance of the expander. The optimal value of the spring stiffness was
determined by calculation and adjusted experimentally, and the necessary geometric dimensions of the
installation were also selected.

I S S—

(BB\\\\V‘ m\\v m\‘ A\\\V r‘\\\\u" A\\\V ] AW

W W

4

F =

o

I~
=

;

EK

P, MIIa

Figure 1 — Feed compaction zones in the expander and changes
in the physical properties of biological raw materials during movement in the working organ
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Research results. The process of compaction of feed in the expander can be divided into four zones:
1st — mixing, moving the feed mixture along the screw and the beginning of compaction; 2nd — pressure
build—up, pressing and destruction of particles; 3rd - further increase in pressure, temperature and transition
of feed into a viscoplastic state; 4th — pushing through the mass through the holes of the output head of the
machine [5, pp. 30-37, 6, pp.61-67].

Consider the operating mode of the installation without a spring on the output head. The inner radius
at the beginning of the channel ry and the length of the annular channel of the expander head Lk change
when the cone is moved. Let the length Ly be equal to Ly, (maybe Ly, = 0) when the output is closed (see
Figure 2).

Ri=rl-

¥

Figure 2 — The initial position of the expander head:
1 — the expander body; 2 — the shut-off cone of the expander head

At the same time r,, = R¢. The outer radius at the beginning of the channel R does not change when
the cone is moved, R = const. Move the cone a distance Ax to the right (Figure 3).

I A

Figure 3 — Working position of the expander head:
1 — expander body; 2 — shut-off cone of the expander head

Then ry = Ry — Ax-tga and Ly = Ly, + Ax-cosa. For example, at a = 60°, there will r.= R — \/gAx, Ly =
Lo + AX/2, where Ax is the axial displacement of the cone.
Throughput of the expander output head, kg/s:

2

_n'(PHI_PATM)'pIH'm R _p* (Ri—rkz)

Qsken = Sn-L M +—R
M In—%
I

cos'a> (1)

where Ly — length of the annular channel, m; Ry, ry — external and internal radii at the beginning of the
channel, m; a — angle between the generatrix of the regulating cone and its height; p; — density of the
mixture at the end of the 3rd zone, kg/m3; m — number of channels of the expander head; P, — maximum
possible the pressure of the treated mixture at the last turn of the screw at the end of the 3rd zone, Pa; n —
dynamic viscosity of the mixture in the 3rd zone, Pa-s.

From equation (1), the dependence of the main adjustable design parameter of the expander — the
width of the annular channel (Ry — r) on the pressure P, at R = const is determined.

An important parameter set depending on the required quality and type of feed being processed is the
pressure of the Py, mixture at the end of the 3rd zone, as much as possible along the entire length of the
auger. It depends on the width of the annular output channel.

With the outlet head openings completely closed, the pressure of the Py, mixture at the end of the 3rd
zone will be maximum, and, assuming that there is practically no pressure between the 1st and 2nd zones, is
determined by the formula (Figure 1), Pa:
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4.1*.D* o
Prwan = Zy+zy) ———5— (2)

(D-d)’

where z,, z;; — number of turns of the screw in the 2nd and 3rd zones; D, d — outer and inner diameters of
the screw, m; w — rotation frequency of the screw, s™;
Formula (1) can be written in the form, kg/s:
Pop,, 3)
n

Qsken =

where P — pressure (the average pressure above atmospheric (P — Patw)/2), Pa; p — density of the mixture,
kg/ m?; & — geometric parameter (depends on Ry, r, Lk, a, m).

G|ven Ry, Lk, a — it is possible to tabulate the dependence &(Ax) and graphically depict this
dependence. When Ax = 0, it will be &, = 0 (because Ry = ry).

Atr,=0, ¢ “Ri0054a'm . For Ax > Rg:cosa/tg a, the formula for Qakcn. it will be different.

4.[Lk0 N R, -cosaj
tga

Auger capacity at the end of the 3rd zone, kg/s:
Qupu =025 (Dz_dz ) (hm_e)'m'PHI‘gmv (4)

where hy, — pitch of the screw turns in the 3rd zone, m; e — thickness of the screw turn, m; g, - coefficient of
axial displacement of the mixture by the last turn of the screw in the 3rd zone, determined by turning the
mass relative to it.

The condition of continuity of material flows, which ensures stable operation of the expander, is deter-
mined by the equality of the throughput capacity of the output head (3) and the productivity of the screw (4):

QaKcn = QmH. . ()

From here we can find the € — coefficient of product displacement. When the output is closed Qakcn. =
0, means Q. = 0 and € = 0, i.e. the product does not move.

To calculate the productivity of the auger, the formula is more effective, where the shape coefficients
for counterflow and average viscosity in the flow, kg/ s, are taken into account:

Qup =D -w-(h-35)-w-cos(8)-(f,/2)- (h3 wf fg/12:np, )(Z‘Pj, (6)
X

where D — outer diameter of the screw, m; h — depth of the turn, m; w — width of the turn (through the step S,
w = S cos(8)), m; d — gap between the edge of the turn and the surface of the screw, m; 6 = arctg S/m(D-25)
— angle of inclination of the thread of the coil, rad.; n — exponent of the power law in the equation of the flow
of a non-Newtonian fluid (material), for example, for non-crushed rapeseed seeds, n = 0.1298; . — wscosﬂy
of a non—Newtonian fluid, (Pa-s); P — pressure, Pa; X — distance along the screw channel, m; f; = 1- (0, 487n°

—0.948n + 0.972)h/w — coefficient of the forced flow shape; f,s = 1-(0, 949n° — 1,87n + 1 ,59)h/w — shape
coefficient for the counterflow caused by the resistance of the output device; f,q — correction coefficient for
the average viscosity in the flow (f,4=0,98).

P
The pressure gradient along the axis of the screw Gj can be approximately replaced by (LJ

Formula (6) can be written in the form, kg / s:
Quu =A-0o-B-P, (7)

where, A=mn-D-w-(h—-23)cos(0)-(f,/2), B:h3-Wofps-fpd/12-n-pc«L — values depending on the

geometric parameters of the screw. The parameters A and B are approximately constant for this screw; L —
length of the screw, m.
Equation (5) can be written as:

P-p
n

ZPe_A.0-B-P. ®)
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This equation allows you to calculate the operating characteristics (pressure, speed and expander
performance). The values of p and n are considered approximately constant, then equation (3) will take the
form, kg/s:

Qoken, =P-€, 9)
, . eecd R2 _p2
rae €= ply; = CO8 & g pd +—( S rk) :
4-L, ln&
%

Based on mathematical transformations, the performance of the experimental expander can be
represented by the expression, kg/s:

C-(Ax+A
QaKcn. :¥
a0

g, (10)

where A — deformation with a constant gap, m; Ax — displacement of the expander head, m; C — spring
stiffness coefficient, N/'m; F.4 — effective cross—sectional area, m?>.
Expander efficiency, ns, is equal to:

— PIII 'ancn. , (11)

N

where P, — pressure of the mixture of the output head of the expander, Pa; Q... — capacity of the expander,
kg/s.

As a result of theoretical studies of the expander workflow, the dependence of productivity and energy
intensity on its design-mode parameters during feed processing is substantiated.

Fragments of the experimental device are shown in Figure 4.

Figure 4 — Fragments of the experimental device

Conclusions. Based on the results of the studies of the expansion process under consideration,
changes in the characteristics of the feedstock during its passage through functional areas (feed compaction
zones) were determined, as well as analytical expressions of productivity (equation 10) and energy intensity
of the expander with a damping device, as well as the equation of the expander efficiency (equation 11) were
clarified.
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B cmambe onucaHbl niposedeHHbie uccriedosaHusi 8 TOO «CXOC «3apeyHoe» no 8030esibieaHUI0
sApoeol nuieHuUbl 8 cesoobopomax 8 cucmeme opaaHu4yecko2o 3emedenus 8 2021 e.

B uccriedosaHrusix bbiniu npedcmasrieHbl 4 cxeMbl pasfiudyHbIX ceeoobopomos.

B akcnepumeHmanbHbix 8apuaHmax npednoymeHue omdaeanochb MPUMEHEHUID CO8PEMEHHOU
MEeXHUKU U OpyOusiM, nMo3807ISIIOUUM MOJTHOCMbIO 8bIMOIHAMb MUHUMAsIbHYIO MEXHOI02UK Ha eapuaHmax,
CHU3UMb [IPU 3MOM pacxo0 3Hepaopecypco8 Ha 8030e/bleaHue 3epHOBbIX Ky/lbmyp U OKa3bleamb
rnonoxumesnbHoe 803delicmeue Ha 800HO-(hu3uvecKkue ceolicmeaa rno4sbl U rniodopodue 8 UEsioM.

lMNMweHuya, so3denbieaemasi 8 4-x NMoIbHOM 3epHONaposom cesoobopome (cxema 1), umena cambili
8bICOKUL rokaszamesib ypoxaluHocmu 6 cpeOHem 5,21-5,49 ufea, 68 ommnu4yue om ocmarsbHbIX
cesoobopomos.

Bce npesbiwieHuUs unu xe MOHUXEHUS] ypoxalHoCmu MueHUUbl ocmarsibHblX ceeoobopomos bbinu
HecyuwecmeseHHbI. 3a UCKIYeHUeM rnueHUUbl, sosderbieaeMoli 8 4-x 3epHONnaposoM cegoobopome (cxema
1) mocne 6uonozu3uposaHHO20 Napa (osec), ypoxalHocmb ee cocmasuina 7,06 u/za.

Xopowut ypoxali eopoxa rosiy4eH 8 oboux cegoobopomax, Komopsbil cocmasusn 8 cpedHem 13,78-
14,20 u/ea.
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