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Aim. Enhancing the quality and improving the technological process of mixing feeds using the new con-
struction of the mixer and substantiating its rational parameters. Methods. Mathematical modeling theories,
fundamentals of using machinery in animal breeding. Results. The estimated model of the functioning of a
constructive-technological scheme of a composite mixer and the mathematical model of the dynamic interac-
tion of mixer paddles and the solid mass of feeds were elaborated. It was established that the technological
efficiency of preparing the homogeneous mixture depends on physical and mechanic properties of its compo-
nents, the impact and interaction between the form and geometric parameters of the attacking surface of the
paddles, the slope angle, the setting increment and working modes of the mixer. Conclusions. The results of the
studies confirm the possibility of enhancing the efficiency of the technology of preparing completely balanced
feeding mixtures for cattle via the intensification of the mixing process using the construction of the composite
belt-paddle mixer, the elaboration of theoretical fundamentals of the interaction of feed components with the

working bodies and substantiating their main constructive and technological parameters.
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INTRODUCTION

Enhancing the efficiency of animal breeding as
an industry depends considerably on the quality of
preparing mixtures, as their share takes 30—60 % of
expenses in the structure of production costs [1-3].
Progressive technologies, providing for complete im-
plementation of genetic potential of animals, have not
been widely applied in Ukraine due to the absence of
required technical provisions.

Current constructions of feed mixers for cattle
do not meet all the zootechnic requirements to the
preparation of multi-component balanced complete
feeding mixtures because they are characterized by
high energy losses as well as specific consumption of
materials. Therefore, the studies, aimed at elaborat-
ing the working bodies for feed mixers which will
ensure the creation of highly efficient feeding foun-
dation with low expenses of energy and materials,
are of economic value [4-6].
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The aim of the studies is enhancing the quality and
improving the technological process of mixing feeds
using the new construction of the mixer and substanti-
ating its rational parameters.

MATERIALS AND METHODS

The methods of mathematical modeling theories and
fundamentals of machinery use in feeds mixing were
applied in theoretical studies.

RESULTS AND DISCUSSION

The estimated model of the functioning of a con-
structive-technological scheme of a composite mixer
and the mathematical model of the dynamic interac-
tion of mixer paddles and the solid mass of feeds were
elaborated. It was established that the technological
efficiency of preparing the homogeneous mixture de-
pends on physical and mechanic properties of its com-
ponents, the impact and interaction between the form
and geometric parameters of the attacking surface of
the paddles, the slope angle, the setting increment and
working modes of the mixer [7-9].
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Fig. 1. The technological scheme of a line-paddle mixer of feeds
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Fig. 2. The technological scheme of an improved composite mixer: / — shaft; 2 — frame of a helical mixer; 3 — junction plate
of a paddle mixer; 4, 5 — helical line; 6, 7 — left paddle; 8 — frame of a paddle mixer; 9 — junction plate of a helical mixer; /0,

11 — radial fingers; /2 — horizontal pipe; /3, /4 — right paddle

An improved mixer with a combined scheme of the
flow of raw materials using multi-section helical, line
and flat paddles is suggested for elimination of current
drawbacks of traditional mixers (Fig. 1).

To expand the mass, to intensify the process and to
enhance the dynamics of mixing the components in the
microvolumes, the helical and flat paddles were addi-
tionally equipped with radial paddles.

The process of mixing feeds using the improved mi-
xer is done as follows. The corresponding doses of the
components of the feeding mixture are loaded in lay-
ers into the tank using the composite transporter with
gradual leveling of the raw material using the long line
helical paddles with fingers and then are supplied into
the multi-section mixer with flat paddles (Fig. 2). The
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paddles of the upper range with the right slope angle
separate the mixture portion along the width of the pad-
dle and transport it in radial, circular, and axial direc-
tions towards the right end of the mixer, and the second
range, with the left slope angle — towards the left end
of the mixer, creating a large microvolume mass of the
mixture with the discrete content of the shares of the
mixture components along with the radial fingers. Here
the shares of each mixture component enter the area
of interaction of complicated movements, crossings,
and collisions, and are periodically transported from
one flow to the other which ensures the intense mass
exchange and accelerates the process of feed mixing.

The translocation of a feed mixture along the sur-
face of paddles with different slope angle in the zone
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Fig. 3. The scheme of location of helical and flat paddles with a different direction of their slope angle to the axis which are

placed along the periphery

of inertial (free) motion is made in the mode of in-
creased dynamics of the process and the increased
number of collisions and crossings in the radial and
axial directions which is determined by the form and
sizes of the attaching paddle, their setting increment,
the slope angle and kinematic modes of the work of
paddles (Fig. 3).

The determination of kinematics of the motion of a
mixture share was conducted with the consideration of
the friction forces and the slope angle for paddles [10—
12]. In case of friction, depending on the slope angle
of the paddle towards the shaft axis a the translocation
of the material point of the mixture component in the
axial direction will occur while the paddle moves by
the value of (Fig. 4):

cosacos(a + ©)

hy=S"- —cosp (1)

lags behind in the axial direction by the value of:

sinasin(a +
Z,=S" %, )
lags behind in the circular direction:

cosa-sin(o + @)

p=s. SOUINOTO), 3)

where o — the slope angle of the paddle;

¢ — the angle of the particle friction along the paddle
surface;

S — projection of the paddle width.

The axial velocity of the translocation of the mixture
share is defined using the equation:
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Fig. 4. The translocation of the material share in the axial
direction while it passes the paddle

sino- (sino +
8,=5 (1 =5 [1- MEEMATO], (g
where p — coefficient of the axial lagging behind of
the shares depending on the angles o and ¢.

The analysis of equations (1), (2) and (4) demon-
strates that the translocation of mixture shares in the
axial direction and the axial velocity of their translo-
cation depend on the slope angle of the paddles to-
wards the shaft axis of the mixer o, the friction angle
for the mixture along the paddle surface and the coef-
ficient of axial lagging behind of the material shares
of the mixture p (Fig. 5, 6). With the increase in the
angle a on condition of constant coefficient of fric-
tion f'the axial lagging behind of the translocation of
mixture shares decreases, and with the constant slope
angle of the paddle a on condition of increasing the
coefficient of friction f, there is also an increase in
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1 — movement velocity Vz at f= 0.4;

2, 3, 4 — axial translocation h0 at f= 0.4,

0.7; 1.2 respectively
Fig. 5. The dependence of the value of the axial translocation
h0 and the axial velocity of translocation V, of the mixture
shares on the slope angle of the paddles a
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Fig. 6. The dependence of the coefficient of the axial lagging
behind of the mixture shares on the angle a and the friction
coefficient f

axial lagging behind and a decrease in the axial veloc-
ity of their movement.

For flat paddles with the slope angle o = 40 ... 50°
there occur dead spots at the coefficient of friction
£>0.6 ... 0.7, which does not correspond to the techno-
logical requirements to mixing the feeds, and discrete
particles have only rotational movements.

In the process of the movement of the mixer, when
the mixture is separated by paddles, the shares receive
the impulse from radial and normal effort P'’» = P cosa
and P'» = Pyssina (o — the slope angle for the paddle
towards the rotation axis of the shaft).

In addition, the normal component of the force R in
the plane of the movement of shares along the paddle
leads to the friction force /' = f- Py, which is directed
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against the relative movement of shares along the pad-
dle. The friction force F is divided into the circular and
axial components:

F',=F-sina.=f" Py - sina, ®)]
F',=F-cosa.=f" Py cosa. (6)
Taking the received vectors into consideration by the

movement directions, we receive the circular and axial
efforts:

P,=P,/+F,=Py-(cosa+f-sina), (7
P,=P',+F,= Py (sina—f cosa). ®)

In case of incomplete filling of the mixer tank the
normal component Py, is defined using the formula:

P,=981y - h,, - F, 1g'(45+ ), )
where i ~—average depth of the largest depression on
the paddle, m;

F, — projection of the paddle area on the direction
of the rotation of the mixer, m?;

¢ — internal friction angle, degrees;

v — bulk weight of the mixture, kg/cc.

The required power of the drive of the mixer paddles

is defined using the equation, kilowatt:
_ 1 .

Np = 1000 Py, +Pp, -2, (10)

where Z, — the number of paddles, which are simultane-
ously submerged into the feeding mixture.

Therefore, the total power of the mixer drive is de-
fined as follows:

Ny = Nip + Npp + Ny + No + Ny + Nyorp +
+N+N,, (11)
where Ny, Np, Ny, Niis Njy Niorps Ny N, — power loss-
es on the drive regarding the helical and flat paddles,
frames of helical and flat paddles, radial fingers, hori-
zontal pipes, friction of the mixer from the body and
bearings of the shaft, kilowatt.
Nhip = P, +P3, 7
P00 v
The power on the drive of helical and flat paddles:
where P, P, — circular and axial effort, H; §,, 3, — cir-
cular and axial velocity of the mixture movement, m/s;
Z,—number of simultaneously submerged paddles.

(12)

The power on the drive of frames of helical and flat
paddles
N = M, 7, o

= (13)
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where M;, — rotational moment from the force of resis-
tance of the frame, H - m.

M= 1R b ayge Hom (4)

where / — frame length, m; % — ratio of the frame
length to the resistance force, m;

aver.

h,..— average depth of submerging the frame into the

ave

feed mass, m;
o — frame width, m;
¢ — angle of feed slope, degrees.

The power on the drive of radial fingers, kilowatt:

M2z 0 (15)

N= =

where M, — rotational moment from the force of resis-
tance of the finger, H - m.
M= Py ;" dp” Ry (16)
where P, the relative resistance of the mixture, H/m?;
l,— finger length, m;
d,;— finger diameter, m;
R, — average radius of rotation for the fingers, m.
The power on the drive of horizontal pipes, kilowatt:
M, 7,

N, = —L——

iy = 253 (a7

where M, —rotational moment from the resistance force
of the horizontal pipe, H/m.
M, :P/"L'dp‘Rp
CONCLUSIONS

(18)

The usage of the composite belt-paddle mixer can
enchance the efficiency of the technology of preparing
completely balanced feeding mixtures for cattle. The
suggested construction of the mixer ensures the ho-
mogeneity of the mixture ¥, = 95...98 % and required
technological efficiency and reliability of performing
the process with minimal energy losses which cor-
responds to the active zootechnic requirements (V,=
90...92 %) to the homogeneity of preparing complete
mixtures for cattle.
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Merta. [linBumIeHHS SKOCTI Ta YIOCKOHQJICHHS TEXHOJIO-
TiYHOTO TPOIeCy 3MINIyBaHHS KOPMIB 3a PaxyHOK 3acTo-
CyBaHHS HOBOI KOHCTpPYKIii 3MimIyBada Ta OOIDYHTY-
BaHHS HOro parioHajabHUX mnapamerpiB. Meromm. Teopii
MaTreMaTHYHOrO MOJIEJIIOBaHHS, OCHOB MAalIHOBHKOPHC-
TaHHA B TBapuHHUNTBI. Pe3yabraTtu. Po3pobieHo pos-
paxyHKOBY MoJeNb (DYHKIIOHYBaHHS KOHCTPYKTHBHO-TEX-
HOJIOTIYHOI CXeMHM KOMOIHOBaHOTO 3MillyBada 1 Marema-
TUYHY MOJEJb JAMHAMIYHOI B3a€MOJII JIomaTell Millanku 3
KOPMOBHM MOHOJIITOM. BcCTaHOBiIEHO, IO TEXHOJIOriuHA
e(eKTUBHICTh ITPUTOTYBAHHS OJHOPIAHOI CyMillll 3aJIC)KUTh
Bil (Di3MKO-MEXaHIYHUX BIACTUBOCTEH 1i KOMIIOHCHTIB,
BIUIUBY 1 B3aeMofii (opMu 1 reoMeTpHUYHHX MapameTpiB
aTaKkyro4yoi TIOBEpXHI Jlomarei, KyTa Haxuiy, KpOKYy
YCTaHOBKH Ta PEKHUMIB POOOTH 3MillyBaya. BHCHOBKH.
Pesynbrati  NpOBENCHUX  JOCIIDKEHb  IMiATBEPIKYHOTH
MOXIUBICTh ITiBUIICHHS €(PEKTUBHOCTI TEXHOJIOTIl IMpH-
TOTYBaHHS IOBHOIIIHHHUX 30aJaHCOBaHHX KOPMOCYMIIlIei
s BPX muraxom iHTeHCHiKarii mporecy 3MINTyBaHHS 3
3aCTOCYBaHHSAM KOHCTPYKIlii KOMOIHOBAaHOTO CTpPiY4KOBO-
JIOIIaTEeBOIO 3MilllyBaya, PO3pPOOKOK0 TEOPETUYHHX OCHOB
B3a€MOJIii KOMIIOHEHTIB KOpMY 3 HOr0 pOOOYMMH OpraHaMH
Ta OOIPYHTYBaHHSIM iX OCHOBHHUX KOHCTPYKTUBHUX Ta
TEXHOJIOTYHUX TTapaMeTpiB.

Koarouogi cioBa: 3minryBad KOpMiB, KOpMH, TBAPUHHHUITBO,
JlonareBa MillalKka, KOpMOCYMilll, 300TeXHIYHI BUMOTH

HccnenoBanue monecca NpUroToBJIeHUsS] KOPMOBBIX
cMeceii KOMOMHMPOBAHHBIM CMeCHTeIeM
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Hean. [ToBeeHne kadecTBa M COBEPIICHCTBOBAHUS TEX-
HOJIOTHYECKOTO TIPOIecca CMEIIMBAHUS KOPMOB 3a CUET
MIPUMCHEHNSI HOBOW KOHCTPYKIIMM CMecHuTens u oboc-
HOBaHME €ro PALMOHAIBHBIX IapaMeTpoB. MeToabl. Teo-
pUM MaTeMaTHYECKOTO MOJEINPOBAHHS, OCHOB MAIIWHO-
HCIIOJIB30BaHUsl B >KMBOTHOBOACTBE. Pedyabrarbl. Paspa-
6oTana pacueTHas Mozesb (DYHKIIMOHUPOBAHUS KOHCTPYK-
THUBHO-TEXHOJIOTHYECKOH CXEMbl KOMOWHHMPOBAHHOTO CMe-
CHTeNsI W MareMaThdeckass MoOJelb JAWHAMHUYECKOTO
B3aUMOJICHCTBHS JIONATOK MEMIAIKH C KOPMOBBIM MOHO-
JUTOM. YCTAaHOBJICHO, YTO TEXHOJOTHYecKas 3(PQPEeKTHB-
HOCTb IIPUTOTOBJIEHHS OJHOPOAHON CMECH 3aBUCHT OT (hu-
3MKO-MEXaHMYECKHX CBOMCTB €€ KOMIOHEHTOB, BIUSHUSA U
B3aUMOJICHCTBHUA (OPMBI M T€OMETPUUYECKUX MapaMeTpoB
aTaKyollell TMOBEPXHOCTH JIOMATOK, yIlla HAKJIOHA, IIara
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YCTaHOBKHM M PEXUMOB pabOTBI cMecuTens. BbIBOABI.
Pe3ynpTarsl TIPOBENCHHBIX HMCCICIOBAHWN TOATBEPKAAIOT
BO3MOKHOCTH TIOBBIIICHUS AI(PQPEKTUBHOCTH TEXHOJIOTUH
TIPUTOTOBJICHHUS TIONHOIIEHHBIX COATaHCHPOBAHHBIX KOPMO-
cmeceit mmas KPC myrem wmHTeHcH(UKAIMH Ipolecca
CMCIIMBAHNASA C TPUMEHCHHEM KOHCTPYKIUH KOMOWHH-
POBAaHHOTO JICHTOYHO-JIOMIACTHOTO CMECHTENs, pa3padoT-
KOl TEOpeTMYECKUX OCHOB B3aUMOJEHCTBUS KOMIIOHEH-
TOB KOpMa C €ro pabo4MMH OpraHaMd ¥ OO0OCHOBaHHEM
UX OCHOBHBIX KOHCTPYKTHBHBIX M TEXHOJOTHYECKHX IIa-
pameTpoB.

KiaroueBble ciioBa: cMmecuresb KOpMOB, KOpMa, KHUBOT-
HOBOJCTBO, JiOIIaCTHAasA MCIIAaJIKa, KOPMOCMECH, 300TCX-
HUYCCKHUC Tp€60BaHI/I${.
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