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3aMOpOHEeHHO20 mAca,

AHHomayus

B Hacmosuee epems 3amoposcerHoe 67104HOe MACO UUPOKO UC-
nonv3yemcsi 8 msconepepabamviéarnuem npoussoocmee Ons
8vIPAbOMKU KONOACHVIX U30enuti U Opyeoti MACHOL NPOOYKUUU.
Appexmusroe usmenvuerue 3aMOPOHEHHO20 MACHOZ0 CoIPLS A6-
JIAEMCSA AKmMyanvHoil 3adadeti 074 CNeUUAnUCmos MACHOL npo-
mouunennocmu. B OI'BHY « BHUVIMII um. B.M. Top6amosa»
paspaboman sHepeo- u pecypcocbepezaiouquii npoyecc usmenv-
ueHUs 0710K08 3aMOPONEHHO20 MSCA MemoOOM (Ppe3eposaHus.
Onpedenerue sHepeo3ampam Ha usmenvueHue Colpbs MHO207E3-
BULIHbIM  UHCIMpPYMeHmom (ppe3amu) Aesemcs 8aNCHeTUUM
9MANOM cO30aHUS USMENLHUMENS HO8020 TMUNA.

BBepenue

[Ipouecc m3MenbueHMs CBIPbsl SIBJISAETCS OHUM M3
CaMBIX 9HEPrOeMKMX TEeXHOJIOTMYECKMX IIPOLeCCOB B
MsACHOI npoMbiineHHocT. B ®I'BHY «Bcepoccuiicknit
Hay4YHO-VICC/IEIOBATeIbCKMI MHCTUTYT MACHOI IPOMBIII-
nenHocty umenu B.M. TopbaroBa» OblM IpOBeeHbI MC-
C/IefloOBaHMs IO CO3JIaHVIO VHHOBALMOHHOTO IIpoljecca
U3Me/Tb4eHNsI 3AMOPO>KEHHOTO OI0YHOTO MsICa METOLOM
(dpesepoBaHus, XapaKTepPU3YIOILIETOCA SHEPrO- U pPecyp-
cocbepexxenuem (1, 2, 3].

OCHOBHBIM HallpaB/IeHMEM UCCIeOBAaHNI BHIOPAHO
U3y4eHMe NpUMeHeHNs Pppe3 pasHO KOHCTPYKLMM B
KayecTBe pabovyero opraHa M3Me/Ib4NTe/Is 3aMOPOXKEH-
HBIX MSCHBIX 610KOB. O60CHOBATDH TaKOW BHIOOP MOXK-
HO C/IefyIOIVIMY 0OCTOATENbCTBAMU: 1) IIpU M3MeNb-
YeHNUM ChIpbs pe3aMy IJIOLI[b KOHTAKTA PEXYIINX
KPOMOK C MsCOM MMHMMaJIbHa B CPaBHEHUU C IUIOLIA-
IbI0 GOKOBBIX IIOBEPXHOCTEI HOXKEll KyTTepa, C/iefjoBa-
TEJIbHO, MOXKHO 00eCIIeYuTb CHIDKEHUEe SHeprosarpar
Ha TpeHMe U afire3nio; 2) M3MeHsAs IapaMeTphl Ipo-
Ijecca M3MeIbYeHMs ChIPbsl MeTOROM Qpe3epoBaHus 1
IpUMEHsA CMEeHHbIe Qpe3bl pa3HOl KOHCTPYKIMHA U Te-
OMeTpuM, MOXXHO BIIUATb Ha GOPMMUPOBaHNE Pa3MepOB
YacTHUIL M3Me/IbYEHHOTO Msca, obecreynBas 3alaHHYIO
CTeleHb U3MeTbYeHNS ChIPbs IPY MOBBINICHNY KayecT-
Ba FOTOBBIX MACONPOAYKTOB; 3) mepepabarbiBas 610KK
3aMOPOXKEHHOT'O MsCa IPOMBIIUIEHHBIX THUIIOPa3Me-
poB MeTOOM (pe3epoBaHMSA B OJHY CTAJUI0, MOXHO
COKPAaTUTh TPAJVIVIOHHYIO TEXHOJIOTMYECKYIO IIeloY-
Ky nepepaboTku 61049HOrOo Msca (610Kopeska — BOJ-
YOK — KyTTep), 4To obecrednT pecypcocbepexeHue un
CHIDKEHMe 3aTpaT 9/IeKTPOIHEPIUY B pacyeTe Ha TOHHY
BbIpabaThIBaeMOIl PO YKIUN.

O6pabotka dpezaMy pa3mMYHBIX MATEPUANOB (Me-
TQ/I/IOB, JPEBECUHBI, IVIACTUKOB U Jp.) MMeeT JaBHUE
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Abstract

Currently, frozen meat blocks are widely used in meat processing
for production of sausages and other meat products. Efficient
grinding of frozen raw meat is an urgent task for meat industry
professionals. The V.M. Gorbatov All-Russian Meat Research
Institute has developed energy- and resource-saving process for
grinding of frozen meat blocks by milling. Determination of energy
consumption for grinding of raw materials by multiple edge tools
(milling tools) is the most important step in the creating of new
type mincing machine.

Introduction

The process of raw material grinding is one of the most
energy intensive processes in meat industry. The V.M. Gor-
batov All-Russian Meat Research Institute has conducted
the studies to establish the innovation process for grinding
of frozen meat blocks by milling, which is characterized by
energy and resource-saving [1, 2, 3].

The main area of research was the study of different
design milling tools as a working element of mincing ma-
chine for frozen meat blocks. To justify such choice, the
following factors may be used: 1) when grinding the raw
material by milling tools the contact area of cutting edges
with meat is minimal compared to the area of side surfaces
of cutter knives, hence reduced power consumption may
be achieved by friction and adhesion reduction; 2) when
changing the parameters of raw material grinding process
by milling and applying removable milling tools of differ-
ent design and geometry, we can influence the formation
of particle sizes of ground meat providing predetermined
degree of raw materials grinding and increasing the quality
of finished meat products; 3) when processing the frozen
meat blocks of industrial sizes by one-stage milling, it is
possible to shorten the traditional workflow of meat blocks
processing (block cutting machine - mincing machine -
cutter), which will ensure resource-saving and reduction
of energy consumption per one ton of product.

Processing of different materials (metal, wood, plastic,
etc.) by milling tools has a long tradition. Methods of cal-
culation and designing of metal cutting tools, drive mech-
anisms and other equipment are developed and tested in
practice [4, 5]. However, grinding of frozen meat by multi-
ple edge tools has its own features and has not been studied
in full [1, 2, 3]. In particular, it is necessary to determine the
energy consumption for the process of frozen meat grind-
ing by milling tools. The results may be used to calculate
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Tpaguuuu. PagpabotaHbl u ampoOMpPOBaHbl HA MPAKTH-
Ke MeTOf[MKI pacyeTa U MPOeKTUPOBAHMS KaK pexylile-
ro MHCTPYMEHTA, TaK ¥ HPUBOJOB MEXAaHM3MOB MeTasl-
JIOPEeXYIIVX CTaHKOB ¥ Jipyroro obopypoBanus (4, 5].
OpHako M3MeTbYeHe 3aMOPOKEHHOTO MsICa MHOTO/Ie3-
BUIHBIM MHCTPYMEHTOM MMeeT CBOYM OCOOEHHOCTM U B
HOTHOM 00béMe elé He nsydeHo [1, 2, 3]. B wactHOCTYH,
HeOoOXOIMMO OTIpeIeTNTh SHEPTO3aTPAThI Ha IPOIIECC U3-
Me/IbYeHMsI 3aMOPOKEHHOTO MSICHOTO ChIpbsi (hpesamt.
[Tomy4yeHHble pe3ylIbTaTbl MOIYT OBITH MCIIO/Ib30BaHBbI
JUIsL pacyeTa YAeNbHBIX 9HEPro3arpar, HMPUXOASIIINXCS
Ha eUHMIY IUIOL[AfM CI0Sl MsCa, CHUMAeMOIo OJfHOB-
peMeHHO pexyiunmu 3y6bsimu ¢pespl. JJlaHHBIE 3TOTO
pacyeTa MO3BOJIAT OLIEHUTD IIOTPEOHYIO MOILHOCTH IPH-
BOJIa PEXYILEro MeXaHn3Ma Gppe3epHoil MaIlINHBI, Ipef-
Ha3HAYEHHOI J/IsI U3MeTIbYeHsI 6/T0KOB 3aMOPOYKEHHOTO
MsiCa MIPOMBIIIIEHHBIX TUITOPAa3MEPOB.

3aMopoXeHHBIe OIOKM Msica XapaKTepU3YITCS CY-
I[eCTBEHHOI HEOZHOPOSHOCTBIO II0 CTPYKTYPHOMY U
TeKCTypHOMY IpusHakaM. Kpome Toro, temmeparypa
ChIpbsl Ilepef; M3Meb4yeHleM HEOAMHAKOBa B INMyOuHe
6710Ka Msica U Ha €ro MOBEPXHOCTU. DTU HAKTOPDI, BIIN-
S0IMe Ha MOMEHT CONPOTUBIIEHNUsI M3MENbYEHMI0 KaK
dyHKIMM BpeMeHH, 1, CIefOBaTe/lbHO, Ha MOTpebise-
MYI0O MOIIHOCTb, MMEIOT CTOXaCTUYeCKMil Xapakrep. B
3TON CBA3MU, 11€1eCO0OPA3HO MPOBECTN CTATUCTUYECKINIT
aHaMM3 W3MEPEHHBIX 3HAYEHWIT MOIIHOCTH,
O7eHHOII TPUBOJOM MeXaHMU3Ma pesaHus QpesepHOro
n3MeIbunTens [6].

norpe-

Marepuabl 1 METObI MICCIElOBAHN A

[ns mccnenoBaHyMA OJHOCTAMITHOTO IIpoliecca pe-
3aHUA 0I0YHOTO 3aMOPOXKEHHOTO MsACa MHOTOJIe3BUIL-
HBIM MHCTPYMEHTOM OBbI/Ia CO3/laHa 9KCIIepUMEHTa/IbHas
ycranoBka VIB®-1 (usmenpunrtens 6710koB (pesepHBIi
Mopndukanym 1). YcTaHOBKa KOMIUIEKTOBaIach ¢ppesa-
MU pa3HON KOHCTPyKLuM 1 reoMeTpun. IlapameTpsl pe-
KIMa pe3aHns (4acTOTy BpauieHMA (ppe3bl U CKOPOCTb
[OJayy ChIPbsl B 30HY U3Me/TbYCHMSI) YCTaHABIMUBAIN
COOTBETCTBYMOIMMI HACTPOIKaMu IpeobpasoBaTesnein
YacTOThl NMTAIOLIETO HAIpPsD>KeHNA, paboTalolux Ha
3NIeKTPOJIBUTATENN IPUBOJOB MEXaHN3MOB pPe3aHMA I
nofayun yctanoBku VIb®-1. AKTMBHYI0 MOIHOCTb, I10O-
TpeO/IAeMyI0 3/MeKTPONPUBOJAOM MeXaHM3Ma pe3aHMA
YCTaHOBKM B pabodeM pexume, usMepsnu u puxcu-
poBa/iM NMPOMBIIIJIEHHBIM aHA/NIN3aTOPOM-PEruCcTpaTo-
pom ACM-3192. TokousMeputeapHble Kaemy npubopa
MOJK/IIOYa/IN K CHJIOBBIM BBIBOZIaM IIKada yrnpasieHus,
KOMIIZIEKTYIoIero yctanoBKy VIb®-1 (pucyHok 1):

I[ToreHIManbHbIe MTPOBOAiA MPUOOPA MOACOSAVHAN K
(ha3HBIM BBIBOZIAaM CTaTOPHON OOMOTKM 3/IeKTPOBUTaTe-
A1 IpUBOJia MeXaHM3Ma pesanHuA ycTaHoBku VIb®-1. Ms-
MepeHNsA NPOBOAWIN MO cXeMe «TpM (as3bl — HEMTpasb»
(pucyHOK 2):
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the specific energy consumption per area unit of meat layer
removed at the same time by milling tool edges. Data from
this calculation will allow to assess the required power for
drive of milling machine designed to grind the frozen meat
blocks of industrial sizes.

Frozen meat blocks are characterized by significant het-
erogeneity regarding their structural and textural param-
eters. Furthermore, the temperature of raw material before
grinding is not uniform in the depth and on the surface of
the meat block. These factors affecting the resistive torque
as functions of time, and therefore affecting the power
consumption, have a stochastic character. In this regard, it
is appropriate to conduct a statistical analysis of the mea-
sured values of power consumed by the drive of milling
machine [6].

Materials and methods

The experimental setup IBF-1 (block milling machine,
modification 1) has been developed to study the one-stage
process of frozen meat blocks cutting by multiple edge
tool. The setup was equipped with milling tools of differ-
ent design and geometry. Cutting mode settings (milling
tool speed and raw material feed rate to the grinding zone)
were set by the appropriate adjustment of supply voltage
frequency converters accompanying the electric motor
drives of IBF-1 cutting and feeding mechanisms. The active
power consumed by the electric motor of cutting mecha-
nism in operation mode was measured and recorded by
industrial ACM-3192 analyzer-recorder. The instrument
clamp devices were connected to the power terminals of
IBF-1 control cabinet (Figure 1):

Figure 1 - IBF-1 control cabinet
Pucynox 1 - lllkad ynpasnenus ycranoskoit b®-1
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1. ACM-3192 power analyzer

2. Cutting mechanism drive motor

1. Ananmusarop momuoct ACM-3192

2. OneKTpopiBUraTe/b IPMBOJA MEXaHM3Ma pe3aHus

Figure 2 - Measurement scheme of active power consumed by IBF-1 cutting mechanism drive motor in operation mode
Pucynox 2 - Cxema m3MepeHMsl aKTMBHOI MOLIHOCTM, IOTPeO/IeMOil 37eKTPOABUIaTe/ieM HPMBOJA MeXaHM3Ma PEe3aHMs YCTAHOBKU

B®-1 B pabouem pexume

Ha ycraHOBKe M3Me/IbyaIy 9KCIIepUMEHTAIbHbIE O/I0KM
3aMOPO>KEHHOTO M#ICa, Hape3aHHbIe U3 (/IOKOB IPOMBIIIICH-
HOTO TUIIOpasMepa (TOBAMVIHBI )KIMIOBAHHOI BTOPOTO COPTa
Y CBUHVHBI >KIJIOBAaHHOI TIOMY>KMPHOIT). B cooTBeTcTBIM C
I'OCT P 54704-2011 «bmoku 13 >KMIOBAaHHOTO Msca 3aMOpPO-
>KE€HHbIE» MacCOBasi IOJLAA COEMVHITEIbHOI 1 YKMPOBOVI TKaHN
B TOBsAAUHEe cocTaBwia He 6onee 20%, B CBMHIHE MAacCOBas
TOJLA KMPOBOI TKaH! cocTaBuIa ot 30% mo 50%. Temnepary-
pa Msca B LIeHTPe SKCIIepPUMEHTATbHOTO 6710Ka Iepeft I3MeTb-
4yeHueM cocTas/sna Munyc 12 °C ... munyc 14 °C.

CrarycTidecKmit aHaIu3 SHeProsaTpar Mporecca 13Meb-
YeH)S 3aMOPOXKEHHOro Msca (ppe3oil IPOBOAWIM METOHOM
pacyera OLIeHOK YVC/IOBbIX XapaKTePVICTHK (MaTeMaTI4eCKOro
OKVIAHMA U AVCIIePCHY) SKCIEPUMEHTA/IBHOTO pacIIpefierie-
HIs1 aKTVBHOJ MOIITHOCTY, TIOTPeO/IsIeMOI1 97IeKTPOfiBUTATeNIEM
IIPUBOJA MEXaHM3Ma pesannA ycraHoBku VIB®-1 B mpomecce
M3MeTIbYeHNA ChIpbs. IIpoBepKy COOTBETCTBIA 3aKOHA JKCTIE-
PUMEHTANIbHOIO pacIpee/ieHl sl MOLIHOCTY KaK CIydaiiHOM
BE/IYMHBI BBIIBYHYTOMY TMIIOTETIYECKOMY 3aKOHY pacIpe-
TeTIeHNA OCYLIECTB/LA/IN IO KpyUTepuio cornacys [ Inpcona.

Pesynbrarbl 1 006CyK/eHe

JlaHHbBIe M3MepeHMil ObIIM IIOTyYeHBI IIPU M3MeJIbue-
HJJ Pa3HBIX SKCIIEPUMEHTA/IbHBIX 67T0KOB 3aMOPO>KEHHOTO
Msca IBYX BUJOB (TOBAAVMHBI M CBUHUHBI). Oblee 4mcio
3aMepoB MOIIHOCTU (06'bEM BBIOOPKM) COCTABUIO 36 3Ha-
veHuit. [Jasee maHHBIe 3aMepOB MOIHOCTM OyzieM paccMa-
TPUBATh KaK eVHYI0 CTATUCTNYECKYI0 BBIOOPKY JJAHHBIX.
910 06YCIOB/IEHO TeM 0OCTOATETBCTBOM, YTO CTATUCTIYE-
CKIMII aHa/IN3 NOTPe6/1AeMOli MOIIHOCTY CTIeflyeT IIPOBECTH
JUIA BCEX CITy4aeB SKCIIePYMEHTAIbHOTO U3MebueHns ¢pe-
3011 OHOTO TUIIA, KOMIUIEKTYIoMell u3Menbuntensb VIbO-1.
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The instrument potential wires were connected to
phase terminals of stator winding of IBF-1 cutting mecha-
nism drive motor. The measurements were carried out us-
ing «three phases - neutral» model (Figure 2):

The setup grinded the experimental frozen meat blocks
derived from industrial size blocks by cutting them (sec-
ond grade trimmed beef and semi-fat trimmed pork). In
accordance with GOST R 54704-2011 «Blocks of frozen
trimmed meat», the mass fraction of connective and fat
tissue in beef was not more than 20% and fat tissue mass
fraction in pork ranged from 30% to 50%. The tempera-
ture of meat at the center of the experimental block before
grinding was minus 12 °C to minus 14 °C.

Statistical analysis of the energy consumption for fro-
zen meat grinding by milling tool was carried out by cal-
culating estimates of numerical characteristics (mean and
variance) of experimental distribution for the active power
consumed by IBF-1 cutting mechanism drive motor in
the process of raw material grinding. Validation of cor-
respondence of active power experimental distribution as
the random variable with the hypothetical distribution law
was carried out by the Pearsonss fitting criterion.

Results and discussion

The measurements were obtained in the process of grind-
ing of different experimental frozen meat blocks of two spe-
cies (beef and pork). The total number of power measure-
ment (sample size) was 36 values. Further details of power
measurements will be regarded as a single statistical data
sampling. This is due to the fact that the statistical analysis
of power consumption should be performed for all cases of
experimental grinding using the milling tool of the same type.
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/13 paHHBIX 3aMepoB CHOpPMUPYeM I'PYHIVPOBAHHBII From these measurements, we will form the grouped
cTaTucTuaeckuit psig (tTabmmua 1). statistical series (Table 1).
Table 1. Grouped statistical data series of power consumption measuring for IBF-1 cutting mechanism drive motor (beef, pork)

Ta6muua 1. [pynnupoBaHHblil CTATUCTUYECKUIT P JAHHDIX 3aMePOB MOTPe6/IsIeMOil MOITHOCTH 3TEKTPOABUIaTEIeM IPIBOJA
MexanusMa pesanus JIb®-1 (roBaguHa; CBUHIHA)

Range and its limits in KW val;Ill;: ﬁlutlﬂginggrgﬁrm o The frequenc! of entering The average power value in the
8 ie rang therange p; |Yacrora range Nip, KW | Cpennee snauene
JIuana3oH u ero rpaHNIbI B KBT 3HAYEHII MOIHOCTH B U pr h
AMAma3oHe TOMafaHNsA B AMaNa3oH i MOIITHOCTH B Ayianasone Nip KBT

Range 15 1.00 - 2.00

Tnanasox 1; 1,00 - 2,00 5 0.139 1.69

Range 2; 2.00 - 2.60

TTnanasoH 2; 2,00 - 2,60 5 0.139 2.36

Range 3; 2.60 - 3.20

TTnanason 3; 2,60 - 3,20 8 0.222 2.84

Range 4; 3.20 - 3.60

IInanasoH 4; 3,20 - 3,60 8 0.222 3.42

Range 5; 3.60 - 4.40

Inamason 5; 3,60 - 4,40 10 0.278 4.02

[To mpuBeneHHBIM B Tabmmie 1 JaHHBIM HOCTPOMM . . .
TUCTOTPAMMY YNCTE€HHOTO paclpefeNieHNs IONaJaHuii Acc.ordmg to Te'tble 1, we W}H plot a histogram of
BE/INMIMHBI MOIHOCTH, IOTpe6IsieMoii anekTponBurare- ~ humerical dl'strlbutlon fpr entering of power consumed
JleM TIPUBOfja MeXaHM3Ma pesaHus ycraHoBku VIBD-1, B by IBF-1 cutting meghamsm drive motor into the selected
BBIOpaHHBIE IVAIIa30HbI € 3Ha4eHMII (PUCYHOK 3). range of its values (Figure 3).

PaccunTaeM IJIOTHOCTY YaCTOTHI 11O {ANIa30HAM 3Ha- We will calcqlate the frequency density at ranges of
JeHmit HoTpebsgeMot MomHoCTH (Tabmmua 2). power consumption values (Table 2).

Table 2. Frequency density at ranges of power consumption values.
Ta6muia 2. IIT0THOCTH YaCTOTHI IO fUANa30HAM 3HAYEHMIT IIOTPeOIsIeMOii MOLIHOCTH.

%‘m‘ts of power values range, kW 1.00 - 2.00 2.00 - 2.60 2.60 - 3.20 3.20 - 3.60 3.60 - 4.40
PaHuUIbI [UANIA30HA 3HAYEHIIT MOITHOCTH, KBT
Frequency density x102, kW-1 13.9 23.20 37.00 55.50 34.80
ITInorHOCTD YacToThI X102, KBT-1 : : : : :
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The limits of ranges of active power values, kW
MpaHMLUbI ANMaNa3soHOB 3HAYEHUN aKTUBHIN MOLLHOCTU, KBT

Figure 3 - Histogram of numerical distribution for entering of power consumed by IBF-1 cutting mechanism drive motor into the selected range
of its values

PI/ICYHOK 3 - FI/ICTOI‘paMMa YUCIEHHOTO paclpenenenns HOHaI[aHI/Hu/I BE€/IMYMHDbI HOTpe6HH€MOI7[ MOIITHOCTN 3/IE€KTpOABUTraTEeIEM IIPpUBOIA
MexaHusMa pesanus VIB®-1 B BbIOpaHHbIe AMAIIa30HBI €€ 3HAYEHMIT
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ITo maHHBIM TA6GMUIIBI 2 TTIOCTPOUM TUCTOTPAMMY IIOT-
HOCTM YaCTOTHI PaCIpeie/ieHVisi MOIIHOCTH, TOTPeOIsIeMoit
B Ipollecce M3MeJIbYeHNsI, B BbIOpAHHBIE IMAIa30HbI €é
3HayeHMil (pucyHOK 4). B oTimdume oT rmcTorpaMMbl 4m-
CJIEHHOTO paclpefeNieHys MoNafaHnil BeTMYNHbBI MOLIHO-
CTU B BbIOpaHHbIE JMAIA30HbI €€ 3Ha4eHMil (PUCYHOK 3),
3/iech MBI IIOZTy4aeM O0beKTUBHYIO KaPTUHY 9KCIIepUMEH-
TaJIbHOTO pacIpefie/ieHs MOLUTHOCTY KaK CIy4ailHOM Be-
JIMYYUHBL, YCTpaHss GakTop cyObeKTMBHOrO BbIOOpaA Ipa-
HII Ayana3oHos [7]. ITo BuAy riucTorpaMMBl IpUBeIeHHON
Ha PUCYHKe 4 MOYKHO IIPEJIIONIOXKUTD, YTO 3aKOH pacIIpeie-
JIeHMsI MOILITHOCTY O/IM30K K 3aKkoHy laycca.

OreHuM mpaBRoNOA00MEe ITON IMITOTE3bl PACUYETHBIM
IyTeM. BBIUMCIMM OLIEHKM YMCIOBBIX XapaKTE€PUCTUK
OTIBITHOTO pacCIpefie/ieHNs] MOIIHOCTH, MOTPebIsieMolt B
IpoLecce N3Meb4eHNA:

According to Table 2, we will plot a histogram of
the frequency density for distribution of power con-
sumed during the grinding process, in its chosen
range of values (Figure 4). In contrast to the histogram
of the numerical distribution of power values enter-
ing the chosen ranges of its values (Figure 3), here
we can see an objective picture of the experimental
power distribution as a random variable eliminating
the factor of subjective choice for ranges limits [7]. By
referring to the histogram shown in Figure 4 it may
be assumed that the power distribution law is close to
the Gaussian one.

We will estimate the plausibility of this hypothesis
by calculation. Let us calculate estimates of numerical
characteristics for experimental distribution of power
consumed in the process of grinding:

k
mf, = Z Nigp - P} = 3,07(xB1), (1)

i=1

on = /Dy = Vo — (m})?=0,789 (xkBT), (2)

T7ie my - OLeHKa MaTeMaTNIeCKOTO O>KUIAHMsI OIIBITHO-
IO pacIpefielieHNIs]; o), - OLjeHKa CPEJJHero KBapaTuiecKo-
T'O OTKJIOHEHVIS OIIBITHOTO pacIipefielieHNs; D, OIleHKa Jin-
CIIepCUM OMIBITHOTO PACIpefieNIeHNs; & 9MCIO NUAla30HOB;
P, - 9acTOTA MOTA/IAHNA B i ~ThIil MAMA30H; Niep - Cpenuee
3Ha4YeHJe MOLIHOCTY B i -TOM JiMalla30He; !, - Ha4a/IbHbIN
MOMEHT BTOPOTO HOPs/IKa OIBITHOTO pacIpefeneHns Mo-
Tpe6/Is1eMOiT MOITHOCTH B TIPOLIeCCe U3MeTbYEHIS.

BbiIBIHEM IMIIOTESY, YTO OIBITHOE CTATUCTIYECKOE pacIpe-
JieTleHyie TIOTPeO/IsIeMOll MOLIJHOCTY 37IeKTPOJIBUTATENIeM TIpH-
BOJIA MeXaHM3Ma pesaHyst v3MenbanTers Vbd-1 nogamHsaercs
HOPMaJIbHOMY 3aKOHY C BbIYVIC/IEHHBIM BbILIE TApaMeTPaMIL:

(a —m)?

where m, estimate of the mean of experimental
distribution; o, - estimate of standard deviation of
experimental distribution; Dj - estimate of the variance
of experimental distribution; p; the number of ranges;
the frequency of entering the ™ range; N, - mean
power value in i™ range; ¢, initial second moment for
experimental distribution of power consumption in the
process of grinding.

We will put forward a hypothesis that the experimental
statistical distribution of the power consumed by IBF-1
cutting mechanism drive motor corresponds to the normal
law with parameters calculated above:

fla) =

[(a;w—n)] P l‘ @ 7 ] ) [(0,7891- V2m) | <P

[—(a—3,07)%/(2-0,622)]. (3)
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Figure 4 - Histogram of the frequency density for distribution of the power consumed by IBF-1 cutting mechanism drive motor in

operation mode - by the ranges of its measured values

PucyHox 4 - I'mcTorpaMma IJIOTHOCTY YacTOThI pacpefie/ieHus MOLHOCTH, IOTpe6/IAeMoil 7IeKTPOBUraTe/IeM IIPUBO/IA MEXaHN3Ma Pe3aHMs
ycranoBku VIb®-1 B pabodeM pexuMe 110 Ayana3oHaM e€ M3MepeHHbIX 3HaUeHMI
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Table 3. The probability of entering the power into the ranges of its values calculated for the hypothetical distribution
Taém/[ua 3. BCPOHTHOCTI/I nmomajgaHmAa 3HaYEeH NIt MONITHOCTHU IO TUIIOTETUYECKOMY PAaCIpENECIEHNI0 B Bblﬁpa]{]—[hle JVana3oHbI

Limits of power values range, kW | 1.00 - 2.00 2.00 - 2.60 2.60-3.20 3.20-3.60 3.60 - 4.40
Ipanuupl AuanasoHa 3HaYeHMIT MOIHOCTH, KBT
Probability | Bepostrocts 0.0824 0.1873 0.2933 0.1811 0.2059

[IpoBepky mpaBAoONOROOUA BBIIBUHYTON TMUIIOTE3BI
OCYILIeCTBMM, UCIIONb3Ys KpuTepuii cornacus:A ITupcona.

B Tabmuue 3 mpuBeneHb BEPOATHOCTM MOMATAHVA
MOIIHOCTY B [IMAINIA30HbI €€ 3HAUeHMI1, BbIYMC/IEHHbIE 110
TUNIOTETUYECKOMY pacIpelie/eHNIO.

Boramcnmm sHadeHne Kpurepus [Inpcona:

n-p;)?

Z (nl(n Pi)

IZie 1 - HOMep iVana3oHa 3Ha4YeHNIT MOLTHOCTY; K - M-
CJI0 IMANa30HOB; YNMC/IO 3HAUYEHUI MOLIHOCTYU B 1 - TOM
OUanasoHe; N - 4YMCIO M3MepeHuit n=36, Zne=n= 2
BEPOATHOCTD MOMAJJAHNA 3HAYEHVSA MOLIHOCTY IO TUIIO-
TeTUYECKOMY PaCIIpefie/IeHNIO B 7 - ThIii AMAIa30H.

Tabmunoe 3HaueHme kpurepusa IImpcoHa A ypos-
HA 3HaumMocty 0,1 IpyM TpexX He3aBUCUMBIX YCIOBMAX
n_mcrne CTereHel! CBOOOABI paBHO r=k-3=5-3=2 [8]:
xmm =4,60.Takum 06pasoM, Ipy IPUHSATBIX YCIOBUAX
paccunTaHHOe 3HadeHue kpurepus [IMpcoHa MeHblue Ta-
6/muHoro 3Havenus (3,70<4,60). CrnemoBarenbHO, TUIIOTE-
3y O HOPMa/IbHOM pacIpefie/IeHNy aKTUBHOJ MOIIHOCTH,
HOTpe6/IAeMOl 37IeKTPOIBUTaTe/IeM IPUBOJA MeXaHM3Ma
pesanua usMenpuntensa VIb®-1 B mporecce u3MenbueHns
KaK C/Iy4aifHOM BeJIMYMHbBI MOXKHO CYUTATD HE IIPOTUBOpE-
Jalleil OIBITHBIM JJAHHbBIM.

Pe3y/bTaThl BBIYMC/IEHNIT TIO3BOJIAIOT IIPEAIONOXNUTD
Ha OCHOBAHUM IIeHTPA/IbHOI IpeielIbHOI TeopeMsl [7, 8],
YTO CTOXacTU4eckue (HakTopbl (HEOZHOPOJHOCTD CHIPbA
[0 TEKCTYPHOMY U CTPYKTYPHOMY IIpM3HAKaM, M3MeHe-
HIle TeMIIEPATypPBbl CBIPbsi B 00béMe 610Ka Msca) MMEIOT
paBHO3HAYHOE B/IMAHNE HA SHEPro3aTparsl Ipoljecca us-
Me/IbYeHN OIOYHOTO 3aMOPOXKEHHOTO MsCa IO METORY
¢dpesepoBaHus.

= 3.70, (4)

BriBopgbI

Kak BUJHO M3 pesy/nbTaTOB CTATMCTMYECKOTO aHa-
NM3a OIBITHOTO pacHpefiefieHNs aKTUBHOI MOIIHOCTH,
HOTpeO/1AeMoil 3/IeKTPOIBUTATeIeM HPUBOiA MEXaHN3-
Ma pesaHus ycraHoku VIbB®-1 B mpolecce msmenbye-
HUA, CyLIeCTBYeT 3HAuMTe/NbHas MAUCIePCUsA 3HAuYeHMit
MOIIHOCTY BO3JI€ OL|eHKM MaTeMaTU4YeCKOro OXKMUTAHUA
MomHOCTY. OTMeTUM, 4TO OIeHKa CPeJHero KBaJpaTiu-
4eCKOTO OTK/IOHEHMA MOIHOCTY COCTaB/IAeT MPYMEpPHO
26% OT 3Ha4YeHMS OLIEHKM MaTeMaTU4eCKOTO OXKMJaHM:.
B aTOl1 CBA3M MOXHO CKa3aTh, YTO MOMEHT COIPOTHBIIE-
HMSA M3Me/bYeHNI0, TO eCTh Harpyska Ha ¢pesy B pabo-
yeM peXMMe, CYLIeCTBEHHO M3MEHSAeTCSA IO BelTMYMHe.
9T0 O0ODBACHAETCA 3HAYNUTENbHON HEOZHOPOJHOCTDIO
UCXOTHOTO chIpbsA. [Ipy M3MeHeHMn Harpysku Ha ¢pesy
U3MENbYNTEIA B pabodyeM pexuMe M3MEHAETCA 4acTo-
Ta e€ BpallleH!s, YTO MPUBOAUT K HNOIIOTHUTEIbHON IM-
CIIepCuy IMHENHBIX pa3MepOB MACHON CTPY>KKU B CBA3U
C M3MEeHeHMeM IIapaMeTpPOB peXMMa pe3aHMsA (Mopaun

We will estimate the plausibility of this hypothesis by
using the Pearsonss fitting criterion.

Table 3 shows the probability of entering the power
into the ranges of its values calculated for the hypothetical
distribution.

Let us calculate the Pearson’s fitting criterion:

z (nl —-n pl)z

(n-py)

where i-number of power values range; k - number of
ranges; number of power values in ' range; n - number
of measurements, n=36 Y n=n p, the probability of
power value entering into ™ range for a hypothetical
distribution.

Tabulated value of Pearson’s criterion for significance
level 0.1 at three independent conditions and at the
number of degrees of freedom is r=k-3=5-3=2 [8]:
%2, =4.60.Thus, under the assumed conditions, the
calculated value is less than the Pearson’s criterion
tabulated value (3.70<4.60). Therefore, the hypothesis
about normal distribution of active power consumed
by IBF-1 cutting mechanism drive motor in the process
of grinding as a random variable may be regarded as
consistent with the experimental data.

On the basis of the central limit theorem [7, 8], the
calculation results suggest that stochastic factors (raw
material heterogeneity regarding texture and structural
characteristics, temperature variability in raw meat

blocks) have equal influence on the energy consumption
in the process of frozen meat blocks grinding by milling.

= 3.70, (4)

Conclusion

As it can be seen from the results of statistical anal-
ysis of the experimental distribution of active power
consumed by IBF-1 cutting mechanism drive motor in
the process of grinding, there is a significant variance
of values near the mean estimates for power. It must be
noted that the estimate of standard deviation for power
is about 26% of the mean estimate. In this regard, it
can be assumed that the resistive torque, i.e. the load
on the milling tool in operation mode, varies consider-
ably. This is due to significant raw material heteroge-
neity. When the load on the milling tool in operation
mode changes the frequency of its rotation changes too,
which leads to further dispersion of the linear dimen-
sions of chipped meat due to changes in cutting mode
parameters (feed onto the milling tool edge and cutting
speed). Taking this into account, it is necessary to en-
sure the stabilization of the cutting mode parameters
by the means of automatic control system (ACS) dur-
ing the grinding in operation mode [9, 10, 11]. The ACS
structure for frozen raw meat grinding process by mill-
ing tool using a control computer is proposed in [12].
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Ha 3y0 Qpesbl ¥ CKOPOCTYU pe3aHus ChIpbs). YUUTHIBASA
3TO, C/lefyeT o0ecrednTb CTAOMIM3ALMIO ApaMeTpPOB
peXyMa pe3aHns CpeiCTBAMI CUCTEMBI aBTOMATIYeCKOTO
ynpasnenus (CAY) nporjeccom usMenbueHns B paboueM
pexume uamenbunrens [9, 10, 11]. Crpykrypa CAY npo-
I[eCCOM M3Me/IbYeHMsI 3aMOPOXEHHOTO MSCHOTO ChIPbs
(pe30ii ¢ UCIIONb30BAHUEM YIIPABJIAIONIEN BEIYMC/INTENb-
HOJT MaIlIMHBI IpeIoKeHa B pabore [12].

YCTaHOB/IEHHBII CTAaTUCTUYECKUM AHANMM30M (aKT
HOPMAJIBHOTO pacIlpefie/ieHNsl 3Ha4eHWI SHeprosarpar
Ipoliecca M3Me/IbYeHNsA ChIPbsi MEeTOOM (pesepoBaHMs,
HO/TyYEHHBIX 9KCIIEPMMEHTA/IbHBIM IIyTeM, IIO3BOJISAET
VICTIONIb30BATh BBIUMCIEHHYIO OLIEHKY MaTeMaTH4ecKoro
OXKUOaHUS HOTpe6HeHHOI7[ akTUBHOI MomHoCTH 3,07 KBT
VISl pacyeTa YCTAHOBJICHHOI MOIHOCTM IIPMBOJiA MeXa-
HU3Ma pe3aHus ¢pe3epHONl MAILIVHBI, IpeJHA3HAYeH-
HOWl /I M3MeNbyeHNus OJIOKOB 3aMOPOXKEHHOTO Msca
IIPOMBIIIEHHBIX TUTIOPAa3MepPOB.
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Statistical analysis established the fact of normal
distribution for energy consumption values during raw
material grinding process by milling obtained experi-
mentally. This allows to use the calculated estimate of
mean consumed active power of 3.07 kW to calculate
rated power for cutting mechanism drive of milling
machine designed for grinding of frozen meat blocks
of industrial sizes.
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