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Introduction. Rational parameters and modes of an inclined
batch screw mixer are validated to achieve the lowest energy-
intensive feed mixing under observance of the zootechnical
requirements for the feed quality on uneven mixing. The
establishment of functional dependences between parameters
and modes enables to design power-efficient equipment for the
on-farm feed production.

Materials and Methods. Experimental studies of the feed
mixing were implemented on an inclined screw batch feed
mixer. The experimental design included variation of four
independent factors: mixer shaft speed, filling ratio of the
mixing chamber, mixing time, and mixing chamber angle.
Mixing irregularity and energy intensity of the process were
taken as optimization criteria characterizing the mixing
efficiency.

Research Results. The optimization criteria versus the
variability level factor, which are two-dimensional sections of
the second-order response surfaces, are plotted. The rational
values at mixing irregularity of less than 5% were as follows:
mixer shaft speed was 27.5-36.5 min-1, filling ratio of the
mixing chamber was 0.43-0.51, mixing time was 3.0—4.2 min,
mixing chamber angle was 22°-25°. At such parameter values,
the mixing irregularity will be minimal, and it will be 4.10—
4.18%, and the process intensity is from 2.08 to 2.16 kW « h/t
Discussion and Conclusions. The dependences obtained as a
result of the experimental studies allowed establishing the
domain of rational design parameters and modes of an inclined
batch screw mixer. The results obtained can be used in further

studies under the development of initial requirements for the

Beéeoenue. OOOCHOBaHBI palMOHANBHBIC TApaMETPhl |
PEeXXUMbI HAKJIOHHOTO IIHEKOBOI'O CMECHUTEISI IEPUOIUIECKOTO
JNENCTBUA Ul JTOCTHXKEHHMS HAUMEHbIIEH 3HEProeMKOCTH
NPUTOTOBJICHUS KOPMOCMECH MIPU YCIOBUH COOJIIOACHUS
300TEXHUUECKUX TPeOOBaHUI K Ka4eCTBY IMPUTOTOBISIEMBIX
KOpPMOB IO HEPaBHOMEPHOCTH CMEIIUBAHUA. YCTaHOBJIECHUE
(hyHKIMOHANBHBIX 3aBHCUMOCTCH MEXIy NapameTpamMu |
PSKUMaMU TIO3BOJISIET MPOCKTHPOBATH SHEProd(h(EeKTHBHOE
o0opynoBaHUE U BHYTPUXO3SHCTBEHHOTO KOMOHMKOPMOBOTO
TPOU3BOJICTBA.

Mamepuanvt u mMemoovl. DKCIICPUMEHTAIbHbBIE UCCICIOBAHNS
Ipollecca NPUTOTOBIEHHA KOPMOCMECH IPOBOIMIM Ha
HaKJIOHHOM OJIHOBAJbHOM ULIHEKOBOM CMECHTENIe KOPMOB
MEPUOANYECKOrO JeHCTBUs. [lmaH sKcrnepuMeHTa BKIIOYal
BapbUPOBAaHHC  YETHIPbMS  HE3aBHCUMBIMH  (hakTOopamu:
YacTOTOW BpAalICHUs Bajla CMECHTENS, KOI(PPUIUECHTOM
3al0JIHEHUSI KaMepbhl CMECUTEINs, MPOJOJKUTEIbHOCTHIO
CMEIIMBAaHUSl U YIJIOM HAakKJIOHa CMECUTENbHOIl Kkamepol. B

Ka4ecTBe KPHTEPHEB ONTHMH3ALMH, XapaKTEePH3YIOLINX
3¢ peKTHBHOCTH CMEIINBaHUs, ObUTH HPUHSTHL
HEPaBHOMEPHOCTh CMEIIMBAHMS M yACIbHAs JHEPrOEMKOCTH
mpouecca.

Peszynomamol  uccneoosanus.  IlocTpoeHsl  rpaduueckue
3aBHCHMOCTH  KDHTEPHUEB  ONTHMH3ALUM  OT  YPOBHS
BapbUpOBaHUs  (haKTOPOB,  IMPEACTABIAOIIHE  coOoi

IBYMEpHBIC CEUYEHHs MOBEpXHOCTEHl OTKIMKa BTOPOTO
nopsigka. ParpoHanpHbIE 3HAYEHHS IIPH HEPaBHOMEPHOCTH
CMELIMBaHUs MeHee 5% COCTaBMJIM: YacTOTa BpALICHUs Baja
— 27,5-36,5 MuE', KOI)(GHIHEHT 3aMOIHEHHS KaMepbl
cmecurenst — 0,43-0,51, mpomoOmKUTENPHOCT CMELIMBAHUS
— 3,0-4,2 MuH.; yron HakJOHa CMECUTEIBHOM KaMepbhl —
22°-25°. Ilpu TakuX 3HaYCHMSAX I1apaMETPOB HEOIHOPOIHOCTh
CMEIIMBaHUs OyleT MUHHMAIbHOU u coctaBut 4,10—4,18%, a
9HEPro€MKOCTh Tpolrecca coctaBuia ot 2,08 1o 2,16 kBt u/T

Obcyoicoenue u 3axniovenusi. 3aBUCUMOCTH, TOJydEHHBIE B
pe3ynbTaTe 3KCIEPUMEHTAIBHBIX HCCIEAOBaHUH, MO3BOJIMIN

YCTAaHOBUTH  OOJACTM  PAlMOHAIBHBIX  KOHCTPYKTUBHBIX
MapaMeTpoOB U PEXHMMOB  HAKJIOHHOTO  OJHOBAIBLHOTO
IIHEKOBOTO  CMECHTENs MEPHOJUUECKOTO  JEHCTBHS.
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Introduction. An urgent task in the design of new feed mixing equipment is to ensure a lower cost of feed
preparation [1-3]. Thus, it is necessary to reduce the energy intensity of the processes while maintaining the required
quality of the feed. High-quality feed mixing is most effectually performed by a periodic (batch) mixer [4, 5]. Among them,
blade mixers and screw ones [6] are widespread. This is due to the fact that the feed composition is characterized by the
presence of dry crushed grain (more than 90%), which does not change its properties in the process of mixing with
additives. That is, the rheological properties of the mixture can be considered unchanged throughout the experiment [7].

One of the advanced models of the circulation mixers is a model with an inclined bunker, inside which one or two
screw working bodies are installed. Herewith, the reduction of the process energy intensity is achieved due to the fact that
the forced supply of the mixed material at the upper horizontal level is replaced by its gravitation shattering from the upper
part of the bunker [8]. Unlike horizontal mixers, the practical absence of “pressing” feed layers in the top part of the screw
improves significantly the diffusion mixing of the product [9]. When using modern crushers [10, 11], the intensive
movement of the material and the equalized granulometric raw material composition enables to minimize the segregation
effects that occur under shattering [12].

Materials and Methods. The experimental studies were carried out on AKM-3, an inclined single-shaft screw
batch feed mixer developed in “Donskoy” Agricultural Research Centre. AKM-3 feed mixer (Fig. 1) with the capacity of
2.5 m’ is designed to obtain a homogeneous mixture of dry powdered components (grain, farinaceous, protein-mineral raw
material) under the batch (periodic) operation mode. It consists of a frame, housing with a mixing chamber in which a shaft
with a spiral tape counterflow winding is placed, and of blades in the top part of the bunker. It is possible to install the
housing on the strain gauges.

Fig. 1. General view of inclined single-screw batch mixer
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In such a mixer, under the shaft rotation, the displacement of material particle groups from one place to another
(convective mixing) is performed as follows: a screw transports the material to the upper part of the inclined bunker, and
then its gravitation shattering to the lower part of the bunker takes place. Therefore, the main advantage of an inclined
mixer, compared to vertical and horizontal ones, is the absence of dead zones between the working bodies and the walls of
the mixing chamber [13].

Irregularity in the dispersion of the reference ingredient in the mixture and the process specific energy intensity were
taken as criteria that characterize the mixing efficiency. Shredded wheat with moisture content up to 15% with dense
loaded density of 750 kg / m® was used in the experiments as the basic ingredient (filler) of the mixture.

As a result, a two-component mixture composed of shredded wheat - 99%, ground common salt - 1% (by weight)
was prepared.

Ground common salt was used as the reference ingredients to determine the mixing irregularity. Its distribution
was determined by taking 20 samples weighing 50 g each from different points of the mixing chamber [14]. The selection
of a specific sample was made according to GOST 13 496.0—80. The content of the dry reference component (table salt) in
the samples was determined through the ionometric technique according to GOST 13 496.1-98. The variation coefficient of
the actual distribution of the reference component in samples v, % (y;) was used as an index of mixing irregularity.

Ny, (y2) specific energy intensity of the mixing process was defined as the total energy intensity related to the
mass of the feed mixture measured using a three-phase electric meter [15].

The mixer shaft speed was changed by DELTAVFd-075E frequency converter through the current frequency
variation of the asynchronous motor.

A three-tier second-order design was implemented during the experiment. The experiments were carried out in
triplicate [16,17].

The design of the experiments involved the variation of four independent factors affecting the mixing process
(Table 1).

It is established that the signification of the mixing irregularity index is much higher than that of the latter factor
which should be considered accessory.

Table 1
Factors and levels of variation
Factor Coded identification Variability range Variability interval
Shaft speed, min™' xi 20-40 10
Filling factor of mixing chamber X 0.4-0.6 0.1
Mixing cycle (time), min X3 2-6 2
Tilt angle of mixing chamber, grade X4 15-35 10

Research Results. After processing the experimental results, the regression equations in coded form were
obtained, and the corresponding correlation coefficients were determined:

y1=4.06 — 0.96x, + 0.29x, + 0.16x5 — 0.88x4 — 0.14x X, — 0.19x ;x5 +0.54x x4 + 0.28x,X3 — 0.39x,x4 — 0.20x;3%4
+0.56x% + 0.27x%, + 0.34x%; + 0.64x75,

correlation coefficient R; = 0.9607;

y2=2.26 + 0.99x, + 0.42x, — 0.07x5 — 0.28x4 + 0.22x X, — 0.15xx5 +0.35x ;x4 + 0.13x,x;5 + 0.47x,x4 — 0.08x3x4
+0.73x% + +0.37x%, + 0.14x5 + 0.84x%5,

correlation coefficient R, = 0.9781.

The model adequacy was evaluated by the Fisher criterion. The tabular value of the Fisher criterion with the
significance level A = 0.05 equals to ' = 2.8. The Fisher criterion value in the models is as follows: mixing irregularity - F'
= 2.51; energy intensity of the mixing process - F' = 2.65. Comparison of the calculated values with the tabulated values has
shown that their calculated values are less than the tabulated values. Consequently, regression models adequately describe
the process under study. The experimental values of the Cochran test do not exceed the tabulated values. Dispersions are
homogeneous.

Turning from the coded values of the factors (X;, X,, X3, X4) to natural ones (n, k, t, ¢), we have obtained
dependences of the mixing irregularity indicators (Jd, %) and the mixing energy intensity (N, kW ¢ h) on the basic factors in
the following form:

— mixing irregularity:

6=3.76+ 11n—0.15k — 1.02¢ — 2.35¢ + 16nk — 21nt — 59n¢p — 0.06kt + 0.98kp + 2.35tp + 2.15n° + 4.33k” + 3.65¢7
+0.75F;
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— mixing energy intensity:

N=2.19+23n+4.13k+6.25¢ — 13nk—3.4np — 5.23kp +0.997° + 048/ + 0.39¢".

The experimental data processing has resulted in plotting characteristic curves of the optimization criteria versus
the factor variation level. They are combined two-dimensional sections of second-order response surfaces.

Figures 3 and 4 show some two-dimensional response surfaces of the factor influence to the mixing process. In
particular, the dependences of the effect of the shaft speed and the loading factor of the mixing chamber on the mixing
irregularity and the process energy intensity are shown.
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Fig. 3. Effect of shaft speed and loading ratio of the mixing chamber on mixing irregularity
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Fig. 4. Effect of shaft speed and loading factor of the mixing chamber on mixing energy
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The research has resulted in determining the rational values of parameters and operation modes of the inclined
single-shaft screw batch mixer with the capacity of 2.5 m’ during the preparation of feed mixtures that meet the
zootechnical requirements on mixing irregularity under the condition of minimum energy intensity of the process. The
rational values to obtain mixing irregularity up to 5% are the following: shaft speed is 411
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n=27.5-36.5 min™'; loading factor of the mixing chamber is k = 0.43-0.51; mixing time is ¢ = 3—4.2 min; tilt angle
of the mixing chamber is ¢ = 22-25°. In this case, the energy intensity of the process was equal to 2.08 — 2.16 kWh/t.

Besides, as a result of the experimental studies, the smallest mixing irregularity of 3.2% is set under the following
mixing modes and parameters of the mixer: shaft speed is n = 35 min™'; loading factor of the mixing chamber is k = 0.5;
mixing time is ¢ = 3 min; tilt angle of the mixing chamber is ¢ = 30°. In this case, the energy intensity of the process was
2.2 kWh / t. The smallest energy consumption of 2.1 kWh / t under mixing irregularity of 5% is obtained at the following
values of parameters and operating modes of the mixer: shaft speed is #n =30 min™; loading factor of the mixing chamber is
k= 0.55; mixing time is ¢ = 3 min; tilt angle of the mixing chamber is ¢ = 25°.

Discussion and Conclusions. The dependences resulting from the experimental studies enable to establish
domains of rational design parameters and modes of the inclined single-shaft screw batch mixer. The results can be used for
the development of technical means for the production of complete feed, as well as for the modernization of existing mixed
feed industry to increase their energy efficiency.
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