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Annomauvus

B cmamuve npedcmasnen ananus u Gopmanuzauus cyuecmay-
OUUX Memo0o8 pacuema Npou3Bo0UMenvHOCHU PA3/IUHBIX
81008 000py008aHUsL, O/IT MeXAHUUECKOTi 00PABOMKU CoIPbS €O
WHEKOBBIM PABOHUM Opearom (B0TUKU, MEWANKY, HAcOCbL). Om-
Meuaemcst, 4mo OaHHbvle Mermoobl He yHumvl8aom HaIU4Us npo-
Mue00asneHust Ha 8vixode, 20e HAOM00Aemcst 00PAMHbLLL NOMOK
06pabamvi6aemoeo Culpbs, NOIMOMY pacHern NPoOU3B00UMeNLHO-
cmu, Hanpumep, B0UKO8 U HACOCOB NPOU3BOOSIM YNPOULEHHO 34
cuem UCHOMb308AHUST 00HO20 IMNUPUHECK020 KOIPPuyenma,
CBA3LIBAIOULE20 KOHCMPYKMUBHDIE NAPAMEMPbL, CMPYKIMYPHO-
MexaHuueckue Xapakmepucmuky Colpbs U 8eNUHUHY NPOMUE0-
daeneHus ¢ npou3so0UmMenLHOCHbIO.

Ilokaszano, umo cyujecmeyioujue MemoouKy pacuermos npous-
800umenvHOCU  PA3padamvi6anucy O/ 20M02eHHOL Ccpedbl,
C UCNOMb308AHUEM HLIONMOHOBCKOU U30MEPMULECKOT MOOenu
U UX CO2NIACO8AHUE C IKCHEPUMEHMATIDHLIMU OAHHVIMU NPOU3-
B00UIOCH NYyMeM 86e0eHUST COOMBEMCINBYIOULUX IMNUPUHECKUX
Koagppuyuernmos. dmu pexomeHOAUUU UAUPOKO UCHOTLIYIOMCH,
00HAKO OHU He NO3BONTION NPOUIBOOUMb PaCHem NPOU3BOOU-
MeIbHOCU C YHermoM NPOmMuU600a6IeHUs.

Hcenedosariue npogedero Mamemamuueckum nymem Ha 6ase me-
MOOUKU, 8 KOMOPOLi 34 OCHOBY NPUHSIN NPUEM «PA3BEPNbIBAHUS
BUHIO0B020 KAHATIA» 8 BUOE NPSIMOY2ONbHUKA, HAKPLIMO20 NAd-
cmumoil (cmenkoti kamepot pabouezo YUAUHOPA) U OBUNCYU4e20CS
¢ NOCMOHHOTI cKOpocmbio. [1a8H0e 6HUMAHUE 00paUAEMCS HA
NPUHSTINOE YCI08Ue, 4O KAHAT WHEKA BbINOTHEH 6 BU0e NPAMO-
YeonmbHUKA, 00HA U3 CIMOPOH KOMOPO20 pasHa enybute HAPe3KU,
a 6MOPAs COPOHA PABHA ULA2Y HAPE3KU.

Paspabomano ypasuenue, cesi3viearoujee 00veMHyI0 NPOU3BOOU-
MeNbHOCD ¢ 260MEeMPUHECKUMU NAPAMEMPAMU WiHeKd, Popmy-
71 onpedeneHus 06veMHOT NPOUZBOOUMENLHOCU 00PAMHO20
08UMNCEHUST MACCHL U YpABHEHUe, CE3bl6atoiee PAKMUUECKy10
NPOU3600UMENTLHOCD WIHEKA C €20 2e0MEMPUHECKUMU NAPaMe-
mMpamu, 4acmomoti 8pAawseHUss, NPOMUB00ABIEHUEM U PEONO2U-
UeCKUMU XAPAKMEPUCUKAMU n00a6aemozo Colpbs. Paccuuma-
HA BeAUMUHA NOMEPU NPOUIBOOUMENTLHOCU UWIHEK0B020 Npecca
npu 06pamuom nomoxe Maca uepe3 uienv. Bnepevie paspaboman
Memod pacuema NPOU3BOOUMENLHOCINY  UIHEKOBbIX NPeccos
MeXaHu4eckoll 008AKuY, NO3BONTIOUSULE YHUMbIBAMb BTUTHUE
3a30p06 MeH0y epebHem wiHeKa U KOPNYcom, a makdice 3a30pos
«QUnb3a-WiHeK» HA GENUHUHY NOMEPL NPOU3BOOUMENbHOCTU
060py006aHUSL.
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Abstract

The article presents an analysis and formalization of existing
methods for calculating the performance of different equipment
for mechanical processing of raw materials with screw working
body (grinders, mixers, pumps). It is noted that these methods do
not consider the presence of counterpressure at the exit, where the
reverse flow of the processed raw material is observed. Thus, the
calculation of performance (e.g. grinders and pumps) is carried out
more simply through the use of single empirical coefficient linking
the design parameters, structural and mechanical properties of raw
materials and the value of counterpressure with performance.

It is shown that the existing calculation methods are developed
for a homogeneous medium using Newtonian isothermal models
and that their adjustment to experimental data was carried out by
introducing the relevant empirical coefficients. These recommen-
dations are widely used, but they do not allow the calculation of
performance based on the counterpressure.

The study was conducted mathematically by the method based on
the technique of «deployment of the screw channel» in the form
of a rectangle covered by plate (wall of the working cylinder) and
moving at a constant speed. The main attention is drawn to the
assumption that the screw channel has the form of a rectangle, one
side of which is equal to the depth of thread and the second side is
equal to the pitch of thread.

The equation linking volumetric performance with the geometric
parameters of the screw, the formula for determining the volumet-
ric performance of the reverse flow and the equation linking the
actual performance of the screw with its geometrical parameters,
rotation speed, counterpressure and the rheological characteris-
tics of raw materials are developed. The value of performance loss
for the screw press is calculated considering reverse flow of meat
through the gap. For the first time, a method for calculating the
performance of mechanical deboning screw presses is developed al-
lowing to consider the effect of the gaps between the tip of the screw
and the chamber, as well as the effect of «sleeve-screw» gaps on the
value of the performance loss.
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BBengenne

MexaHn4ecKy0 00BalKy Msica IITUI{BI HA NITHUIETIEpe-
pabaThIBAIOLINX MPENUPUATHAX NPOBOAAT C MCIIOIb30-
BaHMeM Pa3JIMYHBIX TUIOB 00OPY/OBaHMA: TMAPAB/IAYe-
CKMX YCTAHOBOK, 6apabaHa ¢ rmOKOIl JT€HTOl, ITHEKOBBIX
npeccoB [1]. Hanbonblree pacrpocTpaHeHue IOTyYIN
YCTQHOBKU Il OOBAa/IKM, OCHOBHBIM pabo4yM OpPraHOM
KOTOPBIX ABJIAETCSA IITHEK, BBIIIOMTHEHHBIII B BUJIE €AJHOTO
6710Ka, COCTOAIIETO 13 IBYX 30H: IIMTAloMIel! (Iofaomert)
u cenapupyoueit. [InTaromias 30Ha HeKa obecrednBaeT
3aXBaT, TPAaHCIOPTUPOBKY 1 HOJIPECCOBKY ChIPbS, Cea-
pupyolas 4acTb — 00ecIednBaeT CO3flaHMe BBICOKOTO
aBieHus, Oarofaps 4eMy IPOMCXOANT BbIie/IeHne Msic-
HOJI MacChl Yepe3 OTBEPCTUSA IMIb3bI (BTY/IKM).

OcraBurascs MOCIe CemapypoBaHMs KOCTHAs Macca
C ocTaTKaMM KOXXJ U MBILIEYHON TKaHM yfla/AeTCs depes
KOJIBLIEBYIO IIIe/Ib MEX/Y KOHUYECKMMIY MIOBEPXHOCTAMMU
XBOCTOBMKA IIIHeKa M KiamaHa (KOHycHoU BTynku). Ile-
peMelljeHNeM K/IallaHa BIOIb OCK IIHEKa PeryInpyeTcs
Be/IMYMHA JaB/IeHNs IpeccoBaHms, obecnednBas Tpebye-
MBI YPOBEHb BBIXO/Ia MsICa MEXaHIYEeCKOI OOBaIKIL.

I[Ipy sKCIUTyaTalyy MIHEKOBBIX IPECCOB I 0OBa/IKM
Msica ITHUIBI CYLIECTBYeT pobieMa 0OpaTHOTO XOfia Chl-
pbsl, YTO C SKOHOMMYECKOIT TOUKM 3peHns He 3G deKTus-
Ho. [ToaToMy 0c060r0 BHMMaHMA 3aC/TyXXIBaeT pas3pabdor-
Ka METOfIMKM pacyeTa IPOU3BOAUTETBHOCTI LIHEKOBBIX
ITHEKOBBIX YCTAHOBOK C Y4€TOM IIPOTMBO/ABIICHIA

AHanus MeTOIOB pacyeTa IMPOU3BOANUTENbHOCTH IITHE-
KOBBIX YCTPOJCTB pasiIMYHBIX BUJOB OOODPYOBaHIS
MeXaHNYeCcKol 00pabOTKM ChIpbs (BOMYKY, MeIIAJIKY,
HACOCBI) II0OKa3aJl, YTO OHY He YUUTHIBAIOT HA/INYN IIPO-
TUBOJABJIEHNsI Ha BBIXOfe, Ifje HabmofaeTcss 0OpaTHbIN
HOTOK IPOAYKLNY, CHYDKAIOIWIL HPOM3BOAUTEIBHOCTD
obopynoBanus. [10aTOMy Ipyu CyliecTBYIOLIEN IpaKTUKe
pacyeT IMpOM3BOAUTETBHOCTY ITHEKOBBIX YCTPOJCTB Ta-
KIX, KaK BOTYKM ¥ HACOCBI, IPOM3BOAUTCS BeCbMa YIIpO-
IIEHHO 32 CYeT VICIIOIb30BaHNA IMIIMPIYECKOr0 Koo pu-
IIVIEHTa (p, CBA3BIBAIONIETO KOHCTPYKTVBHBIE ITApaMeTphI
IIHEeKa, CKOPOCTD €T0 BpallleHVs, Be/IMYMHY 3a30pa MeX-
Iy TpebHeM IIHEKa U MOBEPXHOCTHIO Pabodyero IMINH-
ipa, CTPYKTYPHO-MeXaHNYeCKIe XapaKTePUCTUKI ChIPbA
U Be/IMYVMHY IPOTUBOJAB/IEHNS C IIPOU3BOANUTENBHOCTBIO.
Hamnpumep, 3HadeHme 9T0r0 K03 duiineHTa sl BOTIKOB
cocrasseT 0,25+ 0,35 [2], 4TO CBUAETENIBCTBYET O CyLIe-
CTBEHHOM B/IMSHUM IIPOTUBO/AB/IEHNISI HA BEIMYMHY IIPO-
U3BOINUTENbHOCTH.

[Tpo6rema 06paTHOTO X0/ CHIPHSI B ITHEKOBBIX IIpec-
Cax CYLIeCTBYeT ¥ B PasHBIX OTPAC/ISIX MPOMBIIIIEHHO-
ctu: HedTAHON (HmpM foObIYe M TepepaboTKe BIA3KMX
cper) [3], B muineBoil MPOMBINIICHHOCTU (HalpuMmep,
npy 06e3BOKMBAHNM MaHUOKM) [4, 5], mpu akcTpysnn
HONMMEPHbIX MaTepuanoB [6]. Tak, B crarbe [4] aBTO-
PBI U3y4aay XapaKTep M3MeHEHNs NaBJIeHVs BIOIb OCU
IIHeKa Npu 00e3BOXMBAHMU MaHMOKU. [lomydeHHBIN
pe3y/IbTaT NpeAcTaBlIeH pacHpefie/ieHNeM JJaBlIeHNs I10
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Introduction

Mechanical deboning at poultry processing plants is
carried out using various types of equipment: hydraulic
equipment, drum with a flexible tape, and screw presses [1].
The most widely used equipment for deboning has a screw
as the main working body, which is designed as a single
unit consisting of two areas: feeding zone and separating
zone. The feeding part of screw enables capture, transport
and prepressing of raw material and separating part gener-
ates high pressure, so the meat mass come out through the
sleeve opening.

After separation, the remaining part of bone, skin, and
muscle tissue is removed through the ring-shaped gap
between the conical surfaces of the screw and the coni-
cal sleeve. Compaction pressure is adjusted by moving the
sleeve along the axis of the screw providing the required
level of output rate for mechanically deboned meat.

When using screw presses for poultry deboning, there
is a problem of raw material reverse flow that is effective
from economic point of view. Therefore, special attention
should be paid to develop methodology for calculating
performance of screw equipment considering counter-
pressure.

The analysis of methods for calculating the perfor-
mance of various types of screw equipment designed for
mechanical processing of raw materials (grinders, mixers,
pumps) has shown that these methods do not consider
the presence of the counterpressure at the output, where
reverse flow of product is observed reducing the perfor-
mance of equipment. Therefore, under the current prac-
tice, the calculation of performance of screw equipment
such as grinders and pumps, is carried out in a very sim-
plified manner through the use of empirical coeflicient ¢
linking the design parameters of the screw, speed of rota-
tion, the gap between the tip of the screw and the surface
of the working cylinder, structural and mechanical charac-
teristics of raw materials, and counterpressure value with
the performance. For example, the value of this coeflicient
for grinders is 0.25 to 0.35 [2], which indicates a significant
impact of counterpressure value on the performance.

The problem of reverse flow of raw materials in screw
presses exists in different sectors: in oil industry (mining
and processing of viscous media) [3], in food industry (for
example, dehydration of cassava) [4, 5], in the extrusion
of polymer materials [6]. Thus, in [4] the authors studied
the nature of pressure variability along the screw axis in
dehydration of cassava. The result obtained is shown by
the pressure distribution along the screw axis and by the
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OCH LITHEKA 1 3HAYEHUSIMU TTapaMeTPOB /IS IIPOEKTUPO-
BaHNA 000pyoBaHMA. B mocieqyommx cTaTbsaxX aBTOPDI
VICCTIeZIOBAIN BIVSIHVE CKOPOCTHM BpalljeHMs IIHEKa OT
20 06/MuH 10 100 06/MUH U [aBIEeHNs HA TIPOU3BOMM-
TEeNIbHOCTDb. BelnuyHa IpOTMBOJABIEHNA YCTaHOBJIEHA
9KCIepUMEHTANbHO [5].

B monorpadum [6] mpencTaBieHbl METOLBI pacyeTa,
HpYBefieHbl AITOPUTMbI ¥ IIPOrPaMMHOEe obecriedeHue,
H03BOJIAIONIee POU3BOAUTD aBTOMATU3MPOBAHHOE IIPO-
eKTHpOBaHMe IIHEKOBOro obopymoBaHyA. PaspaboraH-
Hble aBTOPaMM METORUKY 6asMpyIOTCS Ha TEOPETUIECKUX
U SKCIIEPMMEHTAJIbHBIX MCCIESOBAaHMAX MIPOoLiecca SKCTpPy-
3U TIOTIMMEPHBIX MaTepPUaIoB B OfHOITHEKOBBIX MaIlIMHAX
¥ CMeLleHNe U IVICTIEPTYPOBaHNe BBICOKOBA3KIX ITOIMED-
HBIX KOMITO3UIINIA B IBYXIITHEKOBBIX 9KCTPY/iEPax.

PacyeTpl ILIHEKOBBIX YCTPOVICTB TEXHOJOTMYECKOTO
000pyHOBaHUA MACHOI IPOMBILIJIEHHOCTH IpecTaBe-
HbI B MoHOTpadusx [7, 8, 9]. [lenees A.V. [7] mpusBogut
MaTeMaTH4yecKyie MOJeIN pacyeTa IpON3BOJUTE/IbBHOCTH
MI0OBIX OFfHOBMHTOBBIX U OJHOIHEKOBBIX YCTPOJCTB CO
CBOOOJHBIM OTBOJOM ITPOJYKTA I IIHEKOBBIX M BUHTOBBIX
YCTPOJICTB, paboTaomMX ¢ MpoTrBOAasIeHyeM. [locnen-
His ompefieneHa 1o ¢opmyne llleHkens, BKIOYaroLIen
TPU CIaTaeMbIX: MaKCHMa/IbHO BO3MOXKHYIO. IIPOM3BOMM-
TE/IPHOCTD IIIHEKa, [TOTePI0 NMPOU3BOAUTENBHOCTU B pe-
3y/lbTaTe OOpPaTHOTO ABVDKEHVS MAacChl BIOTb KaHaBKU
IIHEKa U TIOTepPI0 MPOM3BOAUTENILHOCTU BCIECTBUE BO3-
BpaTa Macchl 4epes LIe/i.

[IpuBeneHHble MUTEpaTypHbIe HaHHBbIE [3-9] mMO3BO-
JIAIOT CHle/aTh BBIBOJ O TOM, YTO B HACTOsllee BpeMs OT-
CYTCTBYeT 0oOlInas MaTeMaTH4yecKas TeOpus TeYeHUs He-
HBIOTOHOBCKIX XKU/JKOCTEJl B IITHEKOBOM KaHaje, 4TO He
laeT BO3MOXKHOCTV TEOPETUYECKV JOCTOBEPHO PacCUM-
THIBATh IPOU3BOANTENbHOCTb MUTAIOMIE/l JaCcTy ITHEKO-
BOTO IIpecca 1 MPUBOANUT K HEOOXOAMMOCTH Pa3paboTKu
MaTeMaTU4YeCKIX MOJe/Iel, MCIIOIb30BaHye KOTOPBIX BO3-
MOXKHO C HEeOOXOAVMOI [OIOTHUTENbHON 9KCIIepYMeH-
Ta/IbHOM KOPPEKTUPOBKON PaCYeTHBIX 3aBUCUMOCTEN.
JlonoONMHNTENbHBIM apTYMEHTOM B IIONb3y Pa3paboTKu
YIPOILLEHHOJ MOJie/M pacyeTa MPOU3BOANTETbHOCTY T~
TAIOIell YaCTV ITHEKOBDIX IIPECCOB MeXaHMYeCKol 00BaJI-
KU sIBTIsI€TCsL (PAKTOP HEOFHOPOSHOCTY ChIPbsI, IMEIOIETO
pas/IMYHble IIPOYHOCTHDIE XaPaKTEPUCTUKY IIPU CXKATUML.

ITenp paboThI: pa3paboTaTh MaTEMATUIECKYIO MOJIENb
pacueTa IIPOM3BOAUTEIBHOCTY IIHEKOBOTO IIpecca Mexa-
HIYECKOI 00BAJIKM C Y4€TOM IIPOTMBOJABICHMAL.

OOBEKTHI ¥ METObI MICCIETOBAHMIT

OO6'bEKTDI UCCIIENOBAHMA:

— LITHEKOBBII IIPecc MeXaHWYeCKOo 0OBaIKM Msca NTH-
1IbI YHUKOH, IPOU3BOAUTENbHOCTBIO 1000 Kr/4;

— MSCOKOCTHOE ChIpbe (KOCTM MsICa IITUIIBI C IPUPE3SIMU
MAKOTHBIX TKaHell 40% — HeogHOpO[HasA Macca, co-
CTOAIIASA U3 MBILIEYHOI, XMPOBOII, COESUHNUTENbHON
VI KOCTHOJM TKaHU C PasIMYHbIMU IIPOYHOCTHBIMM Xa-
PpaKTepUCTUKAMMN.
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parameters for the equipment engineering. In subsequent
articles authors investigated the effect of screw speed (20 to
100 rpm) and pressure on the performance. The value of
counterpressure is experimentally determined [5].

In [6], methods of calculation, algorithms and software
that allows to make computer-aided design of screw equip-
ment are presented. The methods developed by the authors
are based on theoretical and experimental studies of poly-
mer materials extrusion process in single-screw machines
and mixing and dispersion of high viscosity polymer com-
positions in double-screw extruders.

Calculations of screw equipment in meat industry are
presented in [7, 8, 9]. Peleev A.L [7] discusses the math-
ematical models for calculating the performance of any
single-screw equipment with a free product output and
screw machines operating with counterpressure. The latter
model is defined by Schenkel formula consisting of three
components: the highest possible screw performance, the
loss of performance as a result of the product reverse flow
along the groove of the screw, and the loss of performance
due to return of the product through the gaps.

These literature data [3-9] allow to conclude that, cur-
rently, there is no general mathematical theory of non-
Newtonian fluids flow in the screw channel, which makes
it impossible to reliably calculate the theoretical perfor-
mance of the feeding part of screw press. Thus, there is
need to develop the mathematical models that can be used
with the required additional experimental adjustment of
calculated dependences. An additional argument in favor
of the development of a simplified model for calculating
the performance of the feeding part of mechanical debon-
ing screw press is the fact of raw material heterogeneity re-
sulting in different strength characteristics at compression.

The objective was to develop the mathematical model
for calculating the performance of mechanical deboning

screw press considering counterpressure.

Objects and methods

Objects of research:

— Unicon screw press for mechanical deboning of poultry
meat with performance of 1000 kg/h;

— Meat and bone materials (poultry bones with remain-
ing muscle tissue 40% — non-homogeneous mass con-
sisting of muscle, fat, connective, and bone tissue with

different strength characteristics);
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— MSICO MeXaHNYecKol 00BanKu (OHOPOHAS TOHKOUS-
Me/IbYeHHas TOMOTeHHas Macca, o0/Iafaomas CTpyK-
TYPHO-MeXaHWYECKUMIY CBOJICTBAMU, OTIMYHBIMM OT
MICXOIHOTO CBIPbS).

Mertop uccnenoBaHsa — MaTeMaTUYeCKIIl.

PesynpraTsl 1 nX 06cyKaeHne

[TpyHINIT pabOTHI MIHEKOBBIX IIPECCOB CepUN YHNUKOH
U TIpoliecC MeXoOBa/lKM MsACA ITUIBI C UX UCIONb30Ba-
HIeM JOCTAaTOYHO IIOAPOOHO PaccMOTpeHbl B paborax
[9, 10, 11, 12], rme mokasaHO, YTO UX HPOU3BOIUTE/Ib-
HOCTb OIIpefie/isieTCsi KaK KOHCTPYKTMBHBIMM Iapame-
TpaMM IIHeKa (BeIMYMHOI HApY)XHOTO A1aMeTpa, IIyonu-
HOJl M IIaTOM Hapes3Ky, CKOPOCTBIO €ro BpalleHMsA), TaK
U IIPOYHOCTHBIMM XapaKTePUCTHMKAMIU IepepabarbiBae-
MOTO CBIPbA (TYIIKM, YaCTY TYILIEK, ey, KAPKAaChI).

[IpyHIMI pabOTH YKasaHHBIX IPECCOB 3aK/TI0YaeTCs
B 00paboTKe CBIPbsI IaB/I€HIEM, CBSI3aHHBIM C 00'beMHBIM
ero CXKaTueM M MO0 KIacCUPUKALMM TEXHOMTOTMIECKOTO
000pyHOBaHUA MSCHOI INPOMBILUIEHHOCTY OHM MOTYT
OBbITb OTHECEHBI K K/IACCY CIeI[a/IbHBIX ITpeccoB [7]. toT
TUII 000PYAOBAHNUSA XapaKTEPU3YeTCsl BO3/EIICTBIEM BbI-
COKOTO JIaBJIEHUA Ha ChIpbe C Pa3pyLIeHNeM ero CTPYK-
TYpbI U BbIfieJIEHIIEM U3 Hee MATKOI QpaKuuy, Ipyu 9TOM
1A obecriedeHnA o6BanKy MsAca TpeOyeTcs HaBeHe He
MmeHee 300 x10° ITa.

C apyroit CTOpPOHBI, 110 IPUHINITY M3METbYeHNs Chl-
pbA IIyTeM pe3aHMs, IIHEKOBbIe IIPECChl MOTYT OBITh OT-
HeCeHBI K K/IacCy MsCO pe3aTelbHbIX MAlIMH. DTOT THUII
000pyHOBaHNUA TAaKXKe IpeAIonaraeT Haluuue JaBIeHNs
[IpeccoBaHMs, HEOOXOAMMOTrO /IS BABIMBAHNUSA MaTepu-
ajla B OTBEPCTIE PeLIeTKY, OFHAKO ero BeMYIMHA 3HAUN-
TE/IbHO MeHblle. B c¢BA3M ¢ aTuM 11 o60ocHOBaHMA Me-
TOJVIKY pacyeTa OCHOBHBIX TEXHMYECKUX XapaKTePUCTUK
IIPeCCOB cepyyt YHUKOH 1[e7Ieco00pasHo MpefiBapUTe/IbHO
O3HAKOMUTBHCSI C KOHCTPYKLMEN ¥ NPUHIUIIOM pabo-
TBI HamboJee MPeCTaBUTE/IbHBIX 00pPasIOB yKa3aHHBIX
KJTaCCOB: IIPECC HeIIPEPhIBHOTO AENCTBIUA /11 00paboTKM
HIKBaphl 1 OT>KMMa 13 Hee Xupa MII-4A n Bomuok MII-82.
[MTuex mpecca MII-4A BBINIO/IHEH C TIepeMEHHBIM IIaTOM
(kak ¥ B IIHEKe Ipecca TUIIA YHVKOH) IIepefHAs 4YacThb
KOTOPOTO MMeeT IOAAIolIe BUTKM, 0OecrednBarolye 3a-
XBaT IIKBApPbl I TOfjady ee K MPeCCYLM BUTKaM boree
KpyToit Hape3ku. IIpeccyiomas 4acTp LIHeKa MOMeIjeHa
B 3eepHOM (paboueM) LMIMHApPE, COCTOsALIEM U3 Habopa
CTa/IbHBIX IUIACTUH C KaHaBKaMM, BBIITOTTHEHHBIMM TaKUM
o6pasoM, 4TO mpy ux c6opke 0OpasynTCsA MPOTOIbHbIE
1[IV [/Is1 BBITEKAHVISI )KMpa TIpK TpeccoBaHui. [laBeHne
IIPeCCOBaHMsA 1 CTENIEHb OT)KATMsA IIKBAPBI B 36ePHOM LI~
JIMHJpPE PeryImpyeTcs IepeMelleHneM KOHyca (a B IIHe-
KOBOM IIpecce — IepeMellieH)eM KOJIbLIeBOrO KJIalaHa)
YCTQHOBJICHHOTO Ha BBIXOfie M3 LVIMHApa U 0bpasyio-
I[er0 KOJIbLIEBYIO 1ie/Ib, BEMYMHA KOTOPOI M3MEHSIEeTCs
C IIOMOIIBI0 YEePBAYHOTO MeXaHM3Ma. TakuM o6pasom,
IPUHIMI pabOThI IITHEKA C 3eePHBIM MEXaHIU3MOM CXOJeH
C IPMHIUIIOM PabOThI CEIAapUPYIOIETro Mpecca, a OCHOB-
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— Mechanically deboned meat (finely cut homogeneous
mass, which has the structural and mechanical proper-
ties different from the original raw material).

The research method is mathematical.

Results and discussion

The operation principle of Unicon screw presses and
the process of mechanical deboning of poultry meat using
these presses is detailed in [9, 10, 11, 12]. These works show
that the performance of these presses is defined both by
design parameters of the screw (the size of the outer diam-
eter, depth and pitch of thread, speed of its rotation) and
the strength characteristics of the processed raw materials
(carcasses, carcass parts, necks, etc.).

The operation principle of these presses is the process-
ing of raw materials using pressure related to volumetric
compression. According to classification of technological
equipment in meat industry, these presses can be classi-
fied as special presses [7]. This type of equipment is also
characterized by the action of high pressure on raw materi-
als with the destruction of its structure and separation of
soft fraction. Meat deboning requires pressure of at least
300x10° Pa.

On the other hand, in view of the principle of raw
material grinding by cutting, screw presses may be clas-
sified as meat cutting machines. This type of equipment
also requires a compaction pressure to force the material
into the hole of lattice, but its value is much less. In this
connection, to support the method of calculating the ba-
sic characteristics of Unicon presses it is advisable to study
the construction and the operation principle of most rep-
resentative equipment in these classes: continuous action
press for processing of greaves and fat pressing-out, model
MP-4A, and grinder, model MP-82. The screw of MP-4A
press is produced with variable pitch (as in the Unicon
screw press), the front part of which has feeding turns pro-
viding greaves capture and feeding it to pressing turns. The
pressing part of screw placed in pressing (working) cylin-
der consisting of a set of steel plates with grooves made
so that when they are assembled they form longitudinal
gaps for fat leakage during pressing. Compaction pressure
and degree of greaves squeezing in pressing cylinder is ad-
justed by moving the cone (and in screw press, by moving
the annular sleeve) installed at the outlet of the cylinder
and forming an annular gap, which size is changed by the

worm gear. Thus, the operation principle of the screw with
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HOe pasiuyye B TOM, YTO B IIHEKOBBIX Ipeccax cepun
YHMKOH ILIHEK BBINOJHAET HONOTHUTENbHO U (YHKIINIO
PEXYIIero sJIeMeHTa IIpy Cellapalyi.

B o011 cBA3M /11 aHA/IN3A IIPOLIecCa pe3aHus Msca Lie-
11ec006pa3HO PacCMOTPEeTb IPMHLMI PabOThI 1 KOHCTPYK-
nuio Bomruka MII-82, aBysromerocs npegcTaBUTeNIbHBIM
00pasIoM Kjaacca MACO pes3arelbHbIX MauiH. OCHOB-
HpIMM y3/1amy Bomuka MII-82 aBnAroTcs npreMHO-TIOA-
AWl M peXXyWuil MeXaHn3Mbl. [IponsBognTeIbHOCTD
BOJTYKA OIpefe/AeTCs MPOIYCKHOI CIIOCOOHOCTDIO PeXy-
miero MexaHusma. Ilogarommii MexaHu3M UMeeT [jBa IIHe-
Ka, pacIlo/I0KEHHbIX Ha OJJHOM Bajly, HO MMEIOIMX pa3Hble
CKOPOCTH BpalleHys. [[namMeTp nepBoro IrHeka (HarHera-
I0LIIeT0) 3HAYUTE/TBHO OOJIbIle AaMeTpa BTOPOro, 6aro-
faps yeMy obecre4rBaeTCs paBHOMepHas 3arpyskKa BOJI-
YKa C MOAIIPECCOBbIBAHMEM MaTepyajaa IpU ero Iogade
B PEXYLMiI MeXaHN3M. PexXyImii MexaHu3M OT/Ie/IEH OT
pabodeit 30HBI IIHEKA ¥ COCTOUT 13 IPUEMHOI peLIeTK,
HOXKa, IIPOMEXYTOYHOI pelIeTKM, BTOPOro KPecTOBOI'O
HOYKa 1 BBIXOJHOI PeIIeTK! C OTBEPCTUAMMI JUaMeTPOM
3mM. Tun BomdyKa BBIOpaH OJHOBMHTOBBIM 0€3 yCTPOICT-
Ba /Il IPUHYAUTEIbHO IIOfIaul ChIPbA U3 3aTPY304YHOTO
OyHKepa, CXOIHBIM C ITHEKOBBIM IIPECCOM, @ eT0 JUuaMeTp
perretky (82 MM) ¥ CKOPOCTb BpalljeHNsI LITHeKa Hanboree
613Ky K AraMeTpy mrHeka Y-1000 (95,1 MM) u ckopocTn
ero BpauteHns 180 06/mMuH. VI3HOC pebep HWIMHApPA U Ha-
PY>KHOJM KPOMKM IIHEKa CHYDKAeT IPOU3BOAMUTENTbHOCTD
IIpecca, TaK KaK yBelIMunBaeTCs Le/lb, Yepe3 KOTOPYIO IOf
laB/IeH1eM B pabouyeil YacTy BBITECHSETCS 0OPATHO «Te-
Ky4as» Qppakumsa Msca. YMeHbIIeHe IIPOU3BOANTEIbHO-
CTU IIPY 3TOM IIPSIMO NIPOIOPLIMOHAIBHO BeJIMYMHE 1Ie/IN,
BO3BEJICHHOI B Ky0 11 Be/IUMHe JaB/IeHNUsA, CO3[]aBaeMOTro
B paboueit yacTu Bomuka [7]. VI3 aHamm3a npuHIuIa pa-
60TBI M KOHCTpyKIMM Bomuka MIT-4A n mpecca MII-82
MOXKHO CJIe/IaTh BBIBOJ, YTO METO[MKA pacuyeTa OCHOBHBIX
[IapaMeTPOB TEXHOJIOTMYECKOro 0OOpPYy/OBaHMSA LIHEKO-
BBIX IIPECCOB Cepuu YHUKOH MOXKeT OBITb IIOCTpOEHa Ha
UCIIO/Ib30BAHN METOAVK pacyeTa ABYX TUIIOB TEXHOJIO-
TMYeCKOTr0 000PYLOBAHNA: CIIeMA/TbHBIX IIPECCOB U MACO
pe3aTeNbHbIX MAIIVH.

[TepBblit TUII 00OPYNOBAaHUs XapaKTepU3yeTCsi BO3-
IelICTBYIEM OYEeHb BBICOKOTO IaBJIEHN s, BTOPOI TUII TAKXKe
IpefIonaraeT Hajuuye AaBAeHNs, OFHAKO €ro BelMdlHa
3HauUTeNbHO MeHblle. Kpome Toro, mia obecnedyeHus
Ipoliecca pesaHus B MACO pe3aTe/lbHbIX MAalllMHAX Ipef-
YCMOTPEHO Ha/ln4ye pexxylero Mexanusma. ITostomy 3a
OCHOBY METOAVIKI pacyeTa NPOM3BOAUTENTbHOCTY IIHe-
KOBOTO ITpecca YHUKOH MOXKeT OBbITh IPUHATA METOMKA
pacyeTra NPOM3BOJAUTENBHOCTY BOMTYKOB (Kak Hamboree
6/1M3Kasi), HO C y4eToM criennpuKy 06BaIKy Msca.

ITponsBoANTENbHOCTD BOMYKA OIPENENAETCA 1O Mpo-
U3BOAMTE/IBHOCTI PEXYyILIero MexaHmusMma. llpumenn-
TE/IbHO K pelLIeHMI0 HACTOAIIel 3ajady IenecooOpasHo
OCTAHOBUTDBCA Ha pacueTe PeXYILero MeXaH3Ma BOMTIKa,
HOPAJOK IIPOBeeHNsI KOTOPOTO U3JIOXKeH B pabote Iere-
esa A.J. [7]. 3a ocHOBY Ipy pacyeTe MPUHATO MPEJIIOIIO-
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pressing mechanism is similar to the operation principle
of the separating press, and the main difference is that in
Unicon screw presses the screw has an additional function
of cutting during the separation.

In this connection, to analyze the process of meat cutting
it is useful to consider operation principle and construction
of MP-82 grinder, which is a representative example of meat
cutting machines. The main components of MP-82 grinder
are receiving-feeding and cutting mechanisms. The MP-82
grinder of grinder is defined by cutting mechanism capac-
ity. The feeding mechanism consists of two screws located
on the same shaft, but having different rotation speeds. The
diameter of the first screw (pumping screw) is considerably
higher than the diameter of the second one, which ensures
uniform loading of grinder and compacts raw material at it
is transported to the cutting mechanism. The cutting mech-
anism is separated from the working area of the screw and
consists of receiving lattice, blade, intermediate lattice, sec-
ond cruciform blade and outlet lattice with holes of 3 mm
in diameter. The grinder is single-screw without the device
for forced feed of raw material from the hopper similar to
a screw press, and its lattice diameter (82 mm) and a screw
rotation speed are closest to diameter (95.1 mm) and rota-
tion speed (about 180/min) of U-1000 screw. Wear of cylin-
der ribs and the outer edge of the screw reduces the perfor-
mance of the press as the gap increases, through which the
“flowing” meat fraction is forced back by the pressure in the
working part. The performance decrease is proportional to
the magnitude of the gap cubed and to the pressure gener-
ated in the working part of grinder [7]. The analysis of the
operation principle and the design of MP-4A grinder and
MP-82 press allows to conclude that the calculation method
of the main parameters of Unicon screw presses can be built
on the use of calculation method of two types of processing
equipment: special presses and meat cutting machines.

The first type of equipment is characterized by very
high pressure and the second type also requires a pressure
but its value is considerably lower. Furthermore, to per-
form cut, the meat cutting machines have cutting mecha-
nism. Therefore, the basis for the calculation method of
the performance of Unicon screw press can represent the
calculation method of the performance of grinders (as the
closest one) but taking into account the specifics of meat
deboning.

The performance of grinder is determined by the per-
formance of cutting mechanism. With regard to the solu-
tion of this problem it is advisable to use the calculation of
grinder cutting mechanism described by Peleev A.L [7].
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JKEHNe, 9TO CUJIa JIaB/IeHNsl, HeOOXOIMMOTO /ISl IPOXOfa

HIPOAYKIMM Yepe3 peleTKy, KOMIIEHCUPYeTCs COPOTUB-

JIeHUEeM Cpe3a I10 TIepUMeTPY KPOMKI OTBEPCTH CeIapu-

pyolieit BTy/IKu (TO eCTh CONPOTHBIIEHNE Cpe3a Ha efi-

Huny gvasl) 0,3 +4 x10° H/m.

Hanbomnee npocto $popManusyoTcss pacyeTsl Ipous3-
BOAMTENBHOCTH LIHEKOBBIX YCTPOICTB B C/ydae cBOOOJ-
HOTO OTBOJja IIPOAYKIINU

OO6BIYHO TIPU TPOBEEHNN TAKMX PACIETOB paccMma-
TPUBAIOTCSA TPY CIyYas IepeMelleH s IPORyKIVN:

— BJO/b OCK ILIHeKa 6e3 MPOBOPAaYMBAHUS 10 HAIPAB-
JISTIOIMM TIOJ00HO IBVDKEHWIO TAKV MPU BpaleHNn
BUHTA;

— I10 HAK/IOHHOJI IJIOCKOCTH LITHEKa 63 HAIPaB/ISIOIINX
u 6e3 y4eTa TpeHuA O pabOUyIo IIOBEPXHOCTD;

— I10 HAaK/IOHHOJI IJIOCKOCTY LITHEKa 6e3 HaIpaB/IsIoIINX
Y TPV Ha/IM4MYU TPeHUs HPOAYKLMM O pabodyio Io-
BEPXHOCTD LITHEKA.

B nepBoM ciry4ae CKOPOCTb OCEBOTO CMEIEHNS ChIPbs
(mpomyxuym) 6yger paBHa:

Vv, =v-tgos 1)
rge: v — Opr)KHaH CKOpOCTI) TOYKMN, HaXOHHHIeI/UICH Ha pa6o‘{el7[

HOBerHOCTI/I n paBHaH

V=1 (2)
rge: @ — yI‘/'IOBaH CKOPOCTD BpallleHN: LITHEKA, CeKil;

 — HAPY>KHBIIl pafiyc IIHEKa, M;

0L — YroJI HaK/IOHA pasBepTKY IPeOHs IIIHeKa.

Bo BTOpOM cy4ae CKOPOCTb CMeIleHNUs NPORYKIUN
BJI0/Ib HAKTIOHHOJT INTOCKOCTY IIHeKa OyJeT paBHa:

Vv, =V Cost (3)
1, COOTBETCTBEHHO, COCTABUT BJO/Ib OCY LIHEKA
V, =V CosaL- sino; (4)

B TpeTbeM crydae CKOPOCTD ABVDKEHNS IIPOAYKIIN 1O
IVIOCKOCTY ITHeKa (IO TeopeMe CUHYCOB) OymeT paBHa:
v,=v-(cosa—p-sina); (5)

1, COOTBETCTBEHHO, COCTABUT BIO/Ib OCH IITHEKA
(5)

v,=v-(cosa - p-sina);

r7ie: L — KO3 PUIVEHT TPEeHNMA.

C y4eToM pasjm4HbIX 3HAYEHUII OCEBOV CKOPOCTH V,
o6beMHasi TPOU3BOIUTEIBHOCTh OJHOBUTKOBOTO IIHE-
KOBOTO YCTPOJICTBA IPU CBOOOJHOM OTBOJiE IPOAYKIIVN
Oyzmer paBHa:

M=o, VP f; (7)
rjie: VP — CPe/IHsAA CKOPOCTD TIOCTYTIATENIbHOTO IBVKEHMS TIPO-

AYKLUU BOMb OCK IIHEKa, M/CeK;

f— mnomazp cBOOGORHOTO ceveHns xemoba IHeKa, M
¢, — K0apuImeHT 3anomHeHNs sxemoba mHeKa.

[Ipu aToMm VP mjist paccMaTpuBaeMbIX C/Ty4aeB repeMe-
IMIeHV TPOAYKINN OIpefenseTcs o GopMyIam:

®)

p — . . 7 )
vsP= o r,- tgo (mepBblii crryvai);
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The basis of the calculation is the assumption that pressure

value required to pass through the lattice is balanced out

by shear strength along the perimeter of the edge of sepa-
rating sleeve opening (i.e., shear strength per length unit)

0.3 to 4 x10° N/m.

It is the simplest to formalize the calculation of screw
equipment performance in the case of free removal of
product.

Usually, during such calculations, three cases of prod-
uct moving are considered:

— along the screw axis without turning, like the move-
ment of the nut while rotating the screw;

— along the inclined plane of the screw without guides
and not considering the friction on the working sur-
face;

— along the inclined plane of the screw without guides in
the presence of product friction on the working surface
of the screw.

In the first case, the speed of axial displacement of raw
material (product) will be equal to:

O

where: v — the circumferential speed of a point on the working
surface will be equal to:

V= v-tgay

V=0-1;

(2)
where: ® — the angular speed of the screw, sec™;

r — the outer radius of the screw, m;
o — inclination angle of the screw tip.

In the second case, the speed of product displacement
along the inclined plane of the screw will be equal to:

v, =V cosoy (3)
and, accordingly, will be along the screw axis
V, =V CcosoLsinoy (4)

In the third case, the speed of product movement along
the screw plane (according to the law of sines) will be equal to:

v,=v-(coso— p-sina); (5)
and, accordingly, will be along the screw axis
v,=v-(cosa - p-sina); (5)

where: u — the friction coefficient.

Taking into account the different axial speed v, the
volumetric performance single-turn screw equipment with
free output of the product will be equal to:

M,= 0, v f @)
where: v» — average speed of onward movement of the product
along the screw axis, m/sec;

f— the area of free cross section of the screw conveyer box, m%
¢, — screw conveyer box filling factor.

At the same time, veP for the discussed cases of the
product movement is determined by the formulas:

(8)

vP= - r_ - tgo (the first case);
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vP= - r - sino_- coso (BTopoii cy4ait); (9)
vP=o-r sino - (coso —p-sina ) (TpeTuit cay4ait);  (10)

rae: TC — CpeAHEKBaApaTNIHOE 3HaAUCHIIE palifyCa IITHEKA, paBHOE

r. =071’ =1’ (11)

Tfie: ¥ M 1, — HAPY>KHBII ¥ BHY TPEHHUI PAfINYChI IIIHEKa;
O, — 3HA4YEHMe YIIa Pa3BEPTKM IIHEKa IPU I, ONpefenseMoe
u3 GOpPMYIIBL:

h

>
2w,

tgo, = (12)
B cBOI0 0Yepenp II0IAAb CBOOOTHOTO CEYEHMS SKeTI0-
6a onpepensercs mo popmyre:
B b-(r,—1)

f=r(r) —1))——"—w3 (13)
cosQL,

rfe: b — TomuHa Tpe6GHsI IHEKa, M.

Panee [10] 65U 0OOCHOBaHBI ¥ PACCYUTAHBI BeJN-
YMHBI HIDKHETO U BEPXHETO JJaB/IeHNs [IPeCCOBAHMS, IIPU
KOTOPBIX OCYLIEeCTB/IAETCA IPOLeCC pPe3aHus He paspy-
LIE€HHOV MBbIIIEYHOM TKaHM CbIpbsl KPOMKaMM Cellapu-
PYIOLINX OTBEPCTUIl NIPY €0 BIABIMBAHUU B OTBEPCTUA
C HOCTIEAYIOINM OTCedeHVeM pparMeHTOB Msca rpebHeM
Bpallapuierocs mHeka. Hammame KocTHOV TKaHU B IIpec-
cyeMoit Macce o6eryaet IpoLecc OT/e/eH s MBIIIeYHO
TKaHH, TaK KaK IIpeccyeMoe Cblpbe KpoMe IIOCTYIaTeNlb-
HOTO JIBVDKEHMA BIOMb OCU >Keloba IIHeKa coBepIuaeT
U BpalllaTe/lIbHOE JIBVDKEHME OTHOCHUTEIBHO OCH Kenmoba,
nepeMelNBasAch M MePeTUpasAch 10 Mepe MPOABIDKEHNA
K KOJbIIeBOM IIIeu K/IamaHa.

HwxHee naBneHne IpeccOBaHMA COOTBETCTBYET Haya-
JIy TIpoliecca peccoBaHMsA 1 06ecredrBaeTCs MUTAOIei
(mopmaromieit) 4acThIO IIHEKa, BEpPXHee — COOTBETCTBYET
KOHIly IIpeccoBaHms u obecrneynBaeTcsi KOHCTPYKIVI-
ell cemapupymolleil 30HbI IIHEKa. BenMumMHbI HaBIeHMit
(HVDKHETO VI BEPXHETO) OIIpefie/IeHbl ICXOAIA 13 COIPOTYB-
TIEHV pe3aHMIO He Pa3pyLIEeHHON CTPYKTYpPhI MsAca IITU-
upl. JlaByienne, mpy KOTOPOM He paspyllIeHHasA MblIIeYHas
TKaHb HAUMHAET BBIIAB/INBATbCA (MICTEKATh) U3 KPYITIOTO
OTBEpPCTHUsA, MOXKET OBITh OIpefie/IeHO 10 SMIMPUYECKOI
¢dopmyne [9, 10, 11, 12, 13]

40

, Ia (14)

p:

rie: ® — HaIpsyKeHNe Havasla CfIBUTA Ha eUHMIY JUIMHBI (cO-
[IpOTHUBIIEHNE pe3annio), H/m;
d — muameTp OTBepCTHs, M.

B yacTHOCTM IPUHATO, 4TO I obecredeHNs Havama
Ipolecca Celnapanyuy BeIMYMHA HVDKHETO ypOBHA [aB-
JIeHUA IPEeCcCOBaHMA, OIpPeNe/AeMOro 3HaYeHUeM IIpe-
[EIbHOTO HAIPSXKEHMA paspblBa MbIIIEYHOV TKAaHU OT
pacTspKeHMs, (IaB/IeHye MIOAIPECCOBK ChIPbs Ieper ce-
mapanmei) TomKHO cocTaBnsaTh 3-10° I1a (mast oTBepCTHit
nraMeTpoM 1,2 MM), BeTMUIHA BEPXHETO, OTIPefiensieMOTro
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(9)

vP=o-r sino - (coso - p-sina ) (the third case); (10)

vP= - r,-sina_- cosa, (the second case);

where: . — root-mean-square value of the screw radius equal to

r.=0,714r’ -1’ (11)

where: r and r, — the outer and inner radii of the screw;
o, — the value of the screw sweep angle at rc determined from
the formula:

h

b
2w,

tgo, = (12)
In turn, the area of free cross section of screw conveyer

box is determined by the formula:
b-(r,—r) |

feme =)=
cos oL,

(13)

where: b — the thickness of the screw tip, m.

Previously [10], the values of upper and lower com-
paction pressure were justified and calculated, at which
the cutting process of undamaged muscle tissue of raw
material is performed by the edges of separating holes
when raw material is pressed into holes followed by cut-
ting off the pieces of meat with the tip of rotating screw.
The presence of bone tissue in the pressed mass facilitates
separation of muscle tissue, since the pressed raw mate-
rial, in addition to translational movement along the axis
of screw conveyer box, performs rotational movement
around the axis of screw conveyer box while raw material
is mixed up and grinded as it passes to the ring-shaped
gap of sleeve.

Lower compaction pressure corresponds to the begin-
ning of the pressing process and is provided by the feeding
part of the screw. Upper compaction pressure corresponds
to the end of pressing process and is provided by the design
of separating part of the screw. The pressure values (lower
and upper) are defined on the basis of shear strength of
undamaged poultry meat structure. The pressure, at which
undamaged muscle tissue begins to extrude (flow out) of
the circular hole, can be determined by the empirical for-
mula [9, 10, 11, 12, 13]

40
d

where: ® — start shear stress per length unit (shear strength),
N/my;
d — diameter of the hole, m.

, Ia (14)

p:

In particular, it is assumed that for the beginning of
separating, the value of the lower level of compacting pres-
sure determined by the value of the muscle tensile stress
(prepressing pressure of raw material before separation)
should be 3-10° Pa (for holes with diameter of 1.2 mm) and
the value of the upper level of compacting pressure deter-
mined by the value of the maximum tensile stress of con-
nective tissue should be 70-10°Pa [7].
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3Ha4YEeHIEM IIpeJie/TbHOTO HAIIPsDKEHS Pa3pblBa COEIMHN-
TenbHOM TKauu, — 70-10°I1a [7].

YuuThIBasg OTCYTCTBYE NAHHBIX IO MSACY HTUIIBL IJIA
pacyeTa HIDKHETO M BEpPXHEro [aB/IeHNs IIpeccoBa-
HUA JICIIONIb30BAHbI Pe3Y/IbTaThl yccnegoBanmil Ilenee-
Ba B.JI. [7], ompenenuBiuine 3HaueHMe CONPOTUBIEHUS
pesaHus TKaHel: mapHoro msca 5+8x10° H/Mm, moBepx-
HOCTHOTO Mpa — 4,2x10° P/M, pasIn4HbIX MYCKY/IOB
1,3+ 8,8x10° H/M, smacTu4HbIX BOJIOKOH 27,5%10° H/M,
KOJITareHOBBIX BOMOKOH — 41x10° H/m. [Insa pacueta
BEpPXHETO JIaB/IeHNA IPeCCOBaHMA B pacyeTax HpUHA-
TO COIIPOTYBJ/ICHNE PE3aHNIO Ha eAVHILY JIVHBI Je3BUA
HOXa — 3,6 +6x10° H/Mm.

OKCIepUMEHTANIbHBIMY  UCCIefoBaHuAMU  JIumo-
HoBa ['E., ycTaHOBNEHO, 4TO IpM AuaMeTpe OTBEpCTHUIl
ot 0,65 1o 4,0 MM I OX/TaXKIEHHOTO TOBSKbEro Msica
HaIpsDKeHNMe Hadaja COBUTA VI3MEHseTCA B IIpefenax
® = 0,3+5-10° ITa [16]. Ha ocHOBaHMM 3TUX HAHHBIX MO-
TyT OBITh PACCYNTAHBI MUHMMAIbHbIE 3HAYEHIS JaB/ICHNS
IIPeCCOBaHMs, MIPYU KOTOPBIX IPOUCXOUT IIPOLECC UCTe-
4yeHNA (CBUT) He paspyLIEHHON CTPYKTYpPbI MAcCa depes
cenapupyolee orBepcTue. HI>KHNUIT YpOBEHD JaBeHUA
IIpECCOBAHMA I OTBEPCTUI AMAMETPOM 4 MM COCTaB-
nstet 0,3-10°I1a, a Bepxumit — 5-10° [Ta. s oTBepcTmit
puameTpoMm 1,2 u 1,5 MM BETMYMHbBI HUXKHETO YPOBHA JJaB-
JIeHVs TIPeCCOBaHMA (JjaB/ieHNe TOAIIPECCOBKIA), TO/DKHBI
cocraBnATh 8+10-10° Ia, BepxHero — 80-+100-10° ITa.
OnHaKo, 3TU BEINYMHBI MOTYT OBITb IOBEPTHYTHI KOP-
PEKTUPOBKE IIpM YMEHDBLIEHM!U OMaMeTpa Cenapupylo-
IIVX OTBEPCTUI VI MCIONb30BAHMUMN TIOAMOPOKEHHOTO
CBIPbSI.

[ToryueHHbIe JaHHbIE XOPOIIO COITIACYIOTCS C Pe3yIlb-
TaTaMM 9KCIIEPYMEHTA/IbHBIX M3MEPEeHMIT JaB/eHNs IpU
00BEMHOM CXKaTUM MsCa B IIHEKOBOM IIpecce, BBINOJI-
HeHHbIX [E. JIuMOHOBBIM [16], KOTOPBIM YCTaHOBJIEHO,
9TO IPU MeXaHWYEeCKOIl 06BaIKe OTPYOOB rOBSKBYX TYIII
CpefiHee 3HAUYEHNeE JaB/IeHNsI HA KOHEUHOM y4JacTKe 3eep-
HOro MexaHusma cocrasuio p =10+12 MIla a Benumyuna
MaKCUMaJIbHOTO IaB/ieHns gocruraia pme= 20 MlTa.

Takum o6pasom, A obecredeHns Hadana mpolecca
cemapanyy Msca OTHUIBI B IIHEKOBOM Iipecce (muameTp
oTBepcTys 1,2 MM) IaBjIeHMe PeCCOBaHMS JO/DKHO OBITh
He Hmwke 0,3-10° ITa. OpmHako, maBjeHMe, CO3JaBaeMoe
IUTAIOLIell YacThI0 IIHEeKa, AeICTBYeT B ABYX B3aMMHO-
IIPOTMBONONIOKHBIX HAIlPaB/IEHNAX: II0 HAIIPaB/ICHUIO
IBVDKEHNUS B 30HY Celapauyy M oOpaTHO HAIlpPaBJIEHUIO
IBVDKEHNA (B CTOPOHY 3arPy3KI CBIPbS).

Ecmm npepnonoxmuTh, 4TO TedeHMe ChIpbsl II0 INHe-
KOBOMY KaHaJy NPOMCXOAUT B BIJie IPSAMOrO IIOTOKA
B CeNapMpYyIOIIyI0 30HY, TO 3TO Ke JaBJeHUe CO3/aeT
1 0OPATHBII IIOTOK B CTOPOHY 3arpy304Hoii 30HbL. O6par-
HOe IBIDKEeHME IPOMCXONUT KaK BAOTb OCU IIHEKOBOTO
KaHazma (keno6a), Tak 1 4epe3 KOJMBIEBYIO Ie/lb MEXAY
rpe6HeM IlIHeKa U BHYTPEHHel IIOBEPXHOCTHIO paboyero
ynHApa (Kopiyca). B eiicTBUTeIbHOCTI Heb3sl pac-
CMaTpUBATh IPOLECC TeYEeHNUS ChIPhs KaK JIBa pa3/ie/IbHbIX
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Taking into account the lack of data on poultry meat for
the calculation of lower and upper compaction pressure,
the results of studies by Peleev V. I. [7] were used where the
values of tissue shear strength were determined: i.e. fresh
meat 5 to 8 x10°N/m, surface fat — 4.2 x10° N/m, different
muscles 1.3 to 8.8 x 10° N/m, elastic fibers 27.5x10° N/m,
collagen fibers — 41x10° N/m. To calculate the upper
compaction pressure, shear strength per length unit of the
blade in calculations is 3.6 to 6 x10° N/m.

Experimental studies by Limonov G. E. found that with
a diameter of holes from 0.65 to 4.0 mm start shear stress
for chilled beef ®=0,3 to 5-10° Pa [16]. On the basis of
these data, minimum values of compaction pressure can
be calculated, at which the process of flowing out (shear) of
undamaged meat structure takes place through the sepa-
rating hole. For the holes of 4 mm in diameter, the lower
level of compaction pressure is 0.3-10° Pa and the upper
one is 5- 10° Pa. For the holes of 1.2 and 1.5 mm in diam-
eter, the lower level of compaction pressure (prepressing)
must be 8 to 10-10° Pa and the upper one must be 80 to
100-10° Pa. However, these values may be subject to adjust-
ment by reducing the diameter of the separating holes or
using the surface-frozen raw material.

The data received are in good agreement with the ex-
perimental measurements of pressure at a volumetric
compression of meat in screw press carried out by Li-
monov G.E. [16] who found that during the mechanical
deboning of beef cuts the average value of the pressure on
the end of pressing mechanism was 10 to 12 MPa and the
maximum pressure reached 20 MPa.

Thus, for the beginning of poultry meat separation in a
screw press (hole diameter is 1.2 mm) compaction pressure
should not be lower than 0.3-10° Pa. However, the pressure
generated by the feeding part of the screw is directed in
two opposite directions: in the direction of movement to
the separation zone and backwards (to the side of the raw
material loading).

Assuming that the raw material within the screw chan-
nel moves in a direct flow to the separating zone, the
same pressure creates a flow in the opposite direction to
the loading zone. The reverse movement takes place both
along the axis of the screw channel (screw conveyer box)
and through the annular gap between the tip of the screw
and the inner surface of the working cylinder (chamber).
In fact, the process of raw material flow cannot be consid-
ered as two separate processes as they are superimposed
on each other forming a flow that determines the perfor-
mance of the feeding part of screw press.



THEORY AND PRACTICE OF MEAT PROCESSING N°3 | 2016

IpoIlecca, TaK KaK OHM HAaK/IA/IbIBAIOTCA APYT Ha APYyTa,
(dhopMMpys NOTOK, OIIpefie/ AN IPOU3BOSUTEIBHOCTD
HOJAOIIell YacTy LTHEKOBOTO IIpecca.

V3y4as cymiecTByroIye MeTOAbI pacyeTa IIPOM3BOMN-
TEIbHOCTY IIHEKOBBIX YCTPOJNCTB, BBIAB/IEHO, 4YTO IpPH-
MEHUTETIbHO K MACO Pe3aTe/IbHbIM MaIlVHaM (BOTYKaM)
ITeneen A.J1.[8] maeT mpakTuyecKue peKOMeHIALMM IO T1a-
paMeTpaM IIHeKa (J/IVHe 1 YICTY BUTKOB) C y4eTOM JaBJIe-
HIIS B 30HE MOZIIPECCOBKN. [I/IHA IIHeKa 3aMeTHO B/IMAET
Ha ITPOM3BOJIUTETbHOCTD BOTYKA: ITPY HE3HAYMUTEIbHOI €TO
JUIMHE ¥ MAJIOM KO/ITYeCTBe BUTKOB BO3pacTaeT OOpaTHBIN
HOTOK CBIPbs, IIPK LIHEKaxX ¢ 5-6 BUTKaMy OOpaTHBI 110-
TOK YMEHbIIAETCS, IPOU3BOANTEbHOCTD YBEIMIMBACTCS;
IpY JajbHeilIIeM YBelTN4YeHNN IIVMHBI YepBsAKa IPOU3BO-
IUTETbHOCTDb CTAOVIVBUPYETCs, HO BO3PACcTaeT YAe/IbHBII
pacxop sHeprun. 1o 0OBSICHAETCS TEM, YTO IIPU HATMIUN
5-6 BUTKOB B 30HE IOJIIPECCOBKY HAOTIOAAeTCA Hanbob-
mnit 9pQeKT NUTI030BaHNA U BIMAHNE IPOTUBOAAB/ICHNUSA
KOMIICHCUPYeTCs JTa0MPUHTHBIMM YCTPOVICTBAMM IIHEKa.

AHalOrMYHO pelaeTcs BOIPOC IPOEKTUPOBAHNA
IIHEKOBBIX YCTPOJCTB B BOJNYKaX 3apyOEXHBIX (GUPM.
Tak, B yHuBepcanbHbix Bomukax ¢upmbl Wolfking ([Ja-
HI) B 3aBUCHMOCTY OT BUJja IlepepabaTbIBaeMOTro ChIpbs
yCTaHaB/IMBAETCA COOTBETCTBYIOMIAsA KOMOMHALMA IIHEKa
1 pabovero VINH/PA, PasINYaIoIVXCS JINHOM, YICIOM
u mraroM BUTKOB. OJJHAKO y BCeX IIHEKOB 4JIC/IO BUTKOB
VIX 3aKpBITONM YacTu cocraBAeT 3—4 unn 6. ITo Takoir xe
cXeMe CKOHCTPYMPOBAaHBI ITHEKOBbIE YCTPOIICTBA B BOJI-
ykax ¢pupmsl Weiler (CIIIA).

[IpennoxeHHbIe BBl peKOMEHAAIMN MOTYT OBITh VIC-
HO/Ib30BaHbI IIPY Pa3pabOTKe ITHEKOBBIX IIPECCOB MeXaHM-
4eCcKOyl 00BAJIKM MsIca IITUIIbI, OfIHAKO OHM He IO3BOJIIOT
IPON3BOINTD PacyeT IPOM3BOAUTEILHOCTY C YIeTOM Be-
NYMHBI TPOTUBOJABIeHNA. Takye MeTOAMKM pacueToB
MIVPOKO VICIIO/Ib3YIOTCS B MUIIEBON IIPOMBIIIIEHHOCTH JIA
pacyera INPOM3BOAUTENbHOCTY IIHEKOBBIX HArHeTaTerleil
IIpy NepepaboTKe TaKMX IMIIEBbIX MacC KaK TeCTO, KOHM-
TepCKye Macchl, acThl, Gapiun u ap. [17] OpHaxo, crenyer
Y4UTBIBATD, YTO STV METOAMKI PACYETOB Pa3pabaThIBaINCh
IJL1 TOMOT€HHOM CPefbl € VICIIO/Ib30BAaHNEM HbIOTOHOBCKOI
M30TepMIYECKOll MOJENN M VX COIJIACOBaHME C 3KCIepH-
MEHTa/IbHBIMI JJAHHBIMI IIPOU3BOAMIOCH ITyTeM BBEIeHNsA
COOTBETCTBYIOLIVX SMIVMPUIECKIX KOIPPUIVIEHTOB.

[Ipn paspaboTKe 9TMX METOAMK 332 OCHOBY IIPUHSAT
IIpUeM «pa3BepThIBaHMA BUHTOBOTO KaHAa/Ia» B BUJIE IIpA-
MOYTO/IbHMKA, HAKPBITOTO IIIACTMHOI (CTEHKOJ KaMepsbl
pabodero HVIMHAPA) U BIDKYIIETOCS C TOCTOSHHON CKO-
poctbio v (1)

v=n-n-D-cosa; (15)
[Jie: 1 — 4acTOTa BpallleHysI IIHeKa, 06/cek;
D — napy>xHblil AMaMeTp LIHEKa, M;
0L — YTOJI Hape3Ky TPpeOHs LIHeKa, TPaj.

[Tpu HamM4MM IPOTUBOAABIEHVSI 0O'beMHAsT IPOU3BO-
OUTENbHOCTb LIHEKOBOT'O HarHeTaTe/ls AjA OFLHOPOIHOI
cpepnbl onpenensercs no Metony lllenkens [9]:
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During the studies of existing methods for calculating
the performance of screw equipment, it is revealed that, for
the meat cutting machines (grinders), Peleev A. 1. [8] pro-
vides practical guidance on the screw parameters (length
and number of turns) taking into account the pressure in
the prepressing zone. Screw length considerably influences
the performance of grinder: with insufficient length and
small number of turns, the reverse flow of raw material
increases; with screw having 5-6 turns the reverse flow is
reduced and the performance is increased; with further in-
crease in screw length, the performance is stabilized but
specific consumption of energy increases. This is due to the
fact that, with 5-6 turns, there is the greatest locking effect
in the prepressing zone and the influence of counterpres-
sure is compensated by screw labyrinths.

Foreign companies solve the problem of designing the
screw devices in grinders similarly. Thus, in all-purpose
grinders by Wolfking (Denmark), depending on the type
of raw material being processed, appropriate combination
of screw and working cylinder is set differing in length,
number and pitch of turns. However, the number of turns
in the closed part of all screws is 3-4 or 6. The same design
is implemented in the screws of grinders by Weiler (USA).

The proposed recommendations can be used for devel-
opment of mechanical deboning screw presses for poultry
meat but they do not provide the calculation of the per-
formance considering the value of counterpressure. Such
calculation methods are widely used in the food industry
for the calculation of the performance of screw feeders in
the processing of such food products like dough, confec-
tionery masses, pastes, minced meat etc. [17]. However, it
should be understood that these calculation methods were
developed for homogeneous materials using Newtonian
isothermal model and their adjustment to experimental
data was carried out by introducing the relevant empirical
coeflicients.

The development of these methods was carried out
based on the technique of “deployment of the screw chan-
nel” in the form of a rectangle covered by plate (wall of the
working cylinder) and moving at a constant speed v (1).

y=n-n-D-cosay (15)
where: n —frequency of screw rotation, rps;

D — outer diameter of the screw, m;
o — angle off the thread of the screw tip, deg.

In the presence of counterpressure, the volumetric per-
formance of screw feeder for a homogeneous material is
determined by the Schenkel method [9]:

M,=M, - M,; (16)
where: M| — the performance of the device operating with the

free passage of the product;
M, — theloss of the performance due to the reverse flow of product.
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M,=M,-M; (16)
rjie: M, — IpOM3BOAUTENBHOCTD YCTPOMCTBA, PA6OTAIOIIETO CO
CBOOOHBIM IIPOXOIOM MPOAYKLVN;
M _— moTeps Npou3BOAUTENbHOCTY BCIEACTBME 06PATHOTO TI0-
TOKa IIPOAYKIUN.

Ecnmu npuHATH yC/I0BHO KaHas HiHeKa (puc. 1) Bemosn-
HEHHBIM B BlJie IPSIMOYTOJIbHIKA, Of{Ha M3 CTOPOH KOTOPO-
ro paBHa ry6uHe Hapesku (H, M) a Bropast cropoHa paBHa
mary Hapesku W, m (W = n-D-sina.), To ypaBHeHMe, CBS-
3bIBalollee 0OBEMHYIO IIPOV3BOUTEIBHOCTD C TeOMETPU-
JeCK/MI IIapaMeTpaMI IIHeKa, OyeT IMeTb BU;

n’D*-n-H-sino- cosol
M, = ;
2

CKOpOCTb 06paTHOTO IMOTOKA TOMOTEHHOI cpefbl (Te-
cro, daput, mactsr) (v, ) ONPENENAETCA MO yPABHEHIIO
ITyaseiins [7]

(17)

- Ap-H*
- TA . 70

°p- 12- u -l

rge: Ap — noteps ngasnenus, [la;

H — rny6uHa HapesKu IIHeKa, M;

1, — k03 GUIMEHT BASKOCTU TPAHCIOPTUPYEMOIt 1O Xemoby

Macchl;
| — pnviHa Iy TH [BYDKEHVISI MACCBI, M.

(18)

Ecmut yMHOXWTD v Ha IUIONIAIb CBOOOJHOTO CeYeHNs
xenoba mHeka f (popmyna 7), (f = H-t = h-D-sina)

U Y4ECTDb, 4YTO
L

B >
sIna

Ime: t — mar nrHeka, M;

h — 3a30p «IIHEK-PabOUNIT LVTHHAPY I «IIHEK-TUIb3a», M,

TO NOTy4YMM (POPMYITY OlpefeieHns 06'beMHOI ITPOMU3BO-
IUTENBHOCTY 0OPAaTHOTO JIBMYKEHNS MaCCHI:

_ Ap-H’-m-D-sin’a
n IZ'MM'L

5 (19)
rre: L — pnmHa pabouero umunmupipa (Kopiryca) mpecca, M.

Torma ypaBHeHMe, cBsA3bIBaloIee (PaKTUIECKYIO IIPO-
M3BOJUTENBHOCTD 1HeKa (M) ¢ ero reomeTpudecKumu
IapaMeTpaMy, 4acTOTON BpallleHus, HMPOTUBOAABICHMU-
eM U PeOoIOrMYeCKVIMY XapaKTEPUCTIKAMI ITOIaBaeMOro
CBIpBA (€ y4yeToM aMIMpuYecknx K0appuiuneHTos) OymeT
VIMETb BUJ

M(ﬁ:

m?-D?-n-H-sino- cosa. P
2 <V
n-D?  H-sin*o ’

IZ'HM'L Ap'Fq

(20)

tpe: F,u F, — smmnupuieckue kosQQuinenTs: pOpMbI HapesKy
IIHeKa, COOTBETCTBEHHO, /ISl CBOOOIHOrO IIOTOKA ¥ OTOKA
07, IaBJIeHIIeM;

\J — TIONMpPaBOYHBIN KOI((ULUMEHT, YINTHIBAOLINIT HEHBIOTO-
HOBCKOE Te4eHIIe MaCChl;

Ap — noteps nasnenus, Ila;
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Figure 1. Schematic diagram of the working body of deboning press
Puc. 1. IlpuHiummanbHas cxema pabodero opraHa 00BaIoqHOTo pecca

Assuming that the screw channel (Figure 1) has the form
of arectangle, one side of which is equal to the depth of thread
(H, m) and the second side is equal to the pitch of thread
W, m (W = n-D-sina), the equation linking the volumetric
performance with geometric screw parameters will be:

n’D* -n-H -sinot- cos o
M, = ;
2

Reverse flow speed of the homogeneous material
(dough, minced meat, pasta) (vgﬁp‘) is determined by the
Poiseuille equation [7]

(17)

s
o6p. 12- l"lml >
where: Ap — pressure loss Pa;
H — depth of screw thread, m;
u, — viscosity of material conveyed by the screw conveyer box;
I — length of material path, m.

(18)

If we multiply v by the area of free cross section of
the screw conveyer box f (Formula 7), (f= H-t = h-D-sina)
and take into account that

- L

sina.
Where: t — pitch of the screw, m;

h — gap between the screw and the working cylinder and

between the screw and sleeve, m,

then we will obtain the formula for determining the volu-
metric performance of reverse product flow:
Ap-H-m-D-sin’o.
12-p L ’

M, = (19)

where: L — length of the working cylinder (chamber) of the
press, m.

Thus, the equation linking the actual the performance
of the screw (M) with its geometrical parameters, speed of
rotation, counterpressure and rheological characteristics
of raw material (considering empirical coeflicients) will be:
n*-D*-n-H-sina.- cosa

5 ‘Foy
n-D*-H-sin’ol ;

AT A

M,

(20)

where: F and F, — empirical coefficients for the shape of thread
of the screw for the free flow and pressurized flow respectively;
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B mannoit popmyne xospdunmentor Gpopmbr F. u E
BcerAa OyayT MeHbllle eIVHMIBI, TaK KaK IUIOIAJb cede-
HIsL XKeZo0a IIHeKa MeHbllle IJIOLIA/N MPSIMOYTO/IbHIUKA.
KoadduimenT BASKOCTI | TaK)Ke MOXKET CIUTAThCA IM-
nMpU4eckuM KoapduumeHToM, Tak KakK IPOM3BECTU €ro
pacyer IS KYCKOBOTO MsICa IITHUIIBI C KOCTAMY He IIpef-
cTaBjsieTcsi BO3MOXKHBIM. KoaddunyeHT y Takke MeHblIiie
eIVHMIIBI Y €r0 BE/ITMYNMHA 3aBVUCUT OT COOTHOLIEHNS ITTy-
OMHBI 1 11ara Hape3KI U, B [IePBOM IIPUOTVDKEHNN, MOXKET
6pth mpuHATa 0,7. [TomydyeHHas ¢opMyna He yYUTBIBaeT
yTedeK MACHOI Macchl 4epes 3a30p MeX/y rpeOHeM ILIHeKa
Y BHyTPEHHelI IIOBEPXHOCTbIO paboyero IyImHipa.

CKOpPOCTD ABVDKEHVS TEKy4eil MacChl yepes Iie/ib TaK-
K€ MOYXHO OIpPEJeNNTb IO KJIACCUYECKOMY ypaBHEHMIO
Ilyaseiins [7], a uMeHHO:

_ Apk

v = (21)
“oo 1200l

M/c;

rie h — Benu4YuHa 3a30pa MeXAY IpeOHeM IIHeka M pabodnm
IVIVHIPOM, M;

| — Iy Tb IBYKEHVA MACChI, M;

M, — BASKOCTD TeKydeii maccel, ITa-c.

Otcrofa o6beMHasi MPOU3BOAUTEIBHOCTD IBVKEHVS
TEKY‘-ICIZ MacCcChbl paBHa
Ap-h*-b-sin*a
bl
12-p, L

Mm =fm' v, = (22)

e fM — IUIOWa/ib CeYeHMs IeMM MeX/y IIHEeKOM M paboduum
LWIVHAPOM, M?

b — mmpuHa menu (mmprHa rpeOHs IMHeKa), M.

B oTnmune oT CbIpbs, TPAHCIOPTUPYEMOTO IO Ke/lo-
Oy mHeka, Qppakiua MAcCa «TeKyllasg» B IeIN, KaK IIpa-
BIJIO, HE COZIEP>KUT KOCTHBIX BK/IIOYEHMII U TIOITOMY ee
BA3KOCTb MOXKHO IIPUHATD PAaBHOI 3 (HeKTUBHOI BA3KO-
CTU TOBsDKbero (apia, KOTopas HaXOfUTCS B IIpefenax
H, = 10+20-10° ITa-c. Vcxopms u3 aToro paccuymraHa Be-
MMYMHA TOTEPY MPON3BOAUTENTBHOCTH IIHEKOBOTO IIpec-
ca mpy oOpaTHOM IIOTOKEe MSCHOJ MacChl 4epe3 Iiesb.
s mpoBefieHNA pacdyeToB IO ONpefe/IeHNIO BeTMYVHbI
yTedeK MACHOI Macchl Yepe3 3a30pbl «IIHEK-KOPIyc» I
«ITHEK-TU/Ib3a» HEOOXORVMMO OIpeNeNUTbCA C BeINdM-
HOJI NPOTUBOJABJIEHNA B 30HE [0 Hadajla Cemapaunyy U
HEeIIOCPe[ICTBEHHO B 30He cemapanuu. Torna, Ha npuMepe
napameTpoB npecca Y-1000 MoxkeT ObITb paccUnTaHa I10-
Teps. IPOU3BOAUTEIBHOCTY BCIENCTBUE YTe4eK MACHOI
Macchl 4epes miefb i = 2 MM Ha y4acTKe «ITHEeK-KOpITyC»
u mwenb h = 0,7 MM Ha Yy4acTKe «IIHEK-IM/Ib3a», BEINYM-
Ha KOTOPOJ COCTaBMJIa, COOTBETCTBEHHO, M"M =18 xr/u n

; = 4,5 Kr/4. Y4UTbIBasA MaIyI0 BeIMYNHY IIOTOKA MAC-
HOII Macchl yepes I1[e/Ib, COU3MEPUMYIO C IIOTPEIIHOCTAMMI
U3MepeHNA IPOU3BOAUTETBHOCTY IIpecca 3a OTpaHNYeH-
HOe BpeMsi, 9TOI COCTaB/IsAIeil GOPMYIIBI IIPOM3BOY-
TETIBHOCTY MOYKHO ITpeHeOpeyb.

TakuM 006pa3oM, M3IOKeHHas BBIIIE JIBYXWICHHAs
¢dopmyna (20) 1o ompepeNIeHNI0 HTPOU3BOAUTEIbHOCTH
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y — correction coefficient to account for non-Newtonian flow;
Ap — pressure loss, Pa;

In this formula, coefficients of the shape F and F are
always less than one as the sectional area of screw conveyer
box is smaller than the area of rectangle. The viscosity co-
efficient i can also be considered an empirical coefficient
as its calculation for poultry meat cuts with bones is not
possible. The y coefficient is also smaller than one and its
value depends on the ratio of depth of thread and pitch of
thread. As approximation, its value can be considered to
be 0.7. The obtained formula does not account for the meat
mass leakage through the gap between the tip of the screw
and the inner surface of the working cylinder.

Speed of raw material flow across the gap can also be de-
termined by the classical Poiseuille equation [7], as follows:

_ Apk

v o= (21)
“oo 1200l

M/C;

where h — gap size between the tip of the screw and the working
cylinder, m;

I — path of raw material movement, m;

u,, — viscosity of flowing raw material, Pa-s

Hence, the volumetric performance of flowing raw ma-
terial movement is

Ap-B’-b-sinfa
2n L
u

M, =f v, = (22)

Where f, — sectional area of gap between the screw and the
working cylinder, m2;

b — width of gap (width of tip of the screw), m.

In contrast to raw material transported through screw
conveyer box, meat fraction flowing to the gap, as a rule,
does not contain bone inclusions and therefore its viscosity
may be considered to be the effective viscosity of ground
beef, which is within M, = 10+20-10° Pa-s. On this basis,
the loss of screw press performance is calculated which due
to the reverse flow of meat through the gap. To calculate
the value of meat leakage through the gaps between the
screw and chamber and between the screw and sleeve, it
is necessary to determine the value of counterpressure in
pre-separation zone and directly in separation zone. Then,
by the example of U-1000 press parameters the loss of the
performance can be calculated arising due to leakage of the
meat through the gap &_= 2 mm in the zone “from screw
to chamber” and through the gap h = 0,7 mm in the zone
“from screw to sleeve”. The value of the performance loss
amounted 18 kg/h and 4.5 kg/h respectively. Taking into
account the small flow of meat through the gap compa-
rable to the errors of press performance measurement for
a limited time, this part of the formula of the performance
can be neglected.

Thus, the above binomial formula (20) for calculation
of the performance of the feeding part of the screw can be
adopted in its final form.
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HUTAIOI[ell YacTy IIHEeKa MOXKeT ObITb IPUHATA B OKOH-
4yaTe/IbHOM BUJE.

Ha ocHoBaHuu npuHATON (HOpMYyNbl ObIIa paccyu-
TaHa MaccoBas IPOM3BOUTENIbHOCTD IOJAOMIE JacTh
nrHeka s npecca Y-1000 mpu cBo60gHOM OTBOJE TIPO-
pykuyy. Ona cocraBmia M =2812 kr/4. [Ina yrouHeHuA
PpacYeTHBIX [AHHBIX NIPOBEJeH SKCIIEPMMEHT Ha IIpecce
¥-1000 ¢ mOMHOCTBIO OTKPBITBIM KJ/IAIIAHOM, PETyIupy-
IOI[MM JIaB/IeHNe IIPeCCOBAaHNsA, YTO COOTBETCTBYET pas-
MepaM KOHYcHOI menn A = 9 MM. B aTom ciyyae npo-
U3BOAUTENBHOCTH (MO ChIPbI0) cocTaBuma M =1465 Kr/d.
Vcxops u3 aToro 6bU1 onpeseneH KoapOUIMEeHT, YYNThI-
Barolnit popMy HapesKy IIHeKa IIPU OTBOJE IPOAYK-
LYY, KOTOPBIIT B IEPBOM HPUOTVKEHNN MOXKET CUUTATh-
cs1 paBHBIM ¥ K03 duimeHTy GopMbl Hape3Ku LIHeKa
IJId TIOTOKA TIOf, JaB/eHueM. VIX 3HaueHus onpenenaoT-
€A U3 COOTHOILEHUS

M 1465
M,y 2812-0,7

F =F

. =F, 0,74

(23)

OnHoBpeMeHHO py pabore mpecca Y-1000 Ha 3TOM e
ChIpbe Obl/a oIpefiesieHa IPOU3BOAUTEIbBHOCTD IIPY pado-
4eM IIOJIOKEHUY TaliKi PerylnpoBaHus AaBIeHNsA Ipec-
COBaHUS, BEIMYMHA KOTOPOJl COCTaBMIIA Mpa6'=620 KT/4.

Vcxops U3 ONBITHBIX JAHHBIX OblIA pacCYMTAHA ITOTe-
P51 MacCOBOJI IPONU3BOAVTEIBHOCTY BC/IEACTBIE OOPATHO-
TO IIOTOKA IIPOAYKIINU

M,=M- M, =845 xr/ (24)

[To momy4eHHOI BelMYMHE IOTEPU IPOU3BOLVUTENIb-
HOCTM MII MOXXeT OBITb PacCYMTAHO SMIMPUYECKOE 3HA-
YeH)e YCIOBHON BA3KOCTU CBIPbs, TPAHCIIOPTUPYEMOTO
B Cenapypyroulyio 301y (1, ). YCIOBHAsA BASKOCTh MOXKET
OBbITh OmpefienieHa 13 GOPMyYIIBI pacyeTa MOTEPU IPOU3BO-
IUTETbHOCTY BC/IEICTBUE OOPATHOTO MOTOKA IPOAYKIINNA,
TO €CTh:

_ Ap-H’-m-D-sin’o
Mo =M 12

H}IH IIpoBENEHNA pacieTa H€O6XOIH/IMO OIIpefennTbCA
C BEIMYMHON IIPpOTMBOJABJ/IEHNA 3a BbIYE€TOM [OaB/I€HUA
IIpY IIO/THOCTHIO OTKPBITOM K/IaIlaHE:

Ap=p,-P, (26)
rje: p, — HIDKHWII ypOBEHb JIaB/eHNA IIPeccoBaHysA (Hadaso
cemaparun);

p, — MaBleHWe B MpefCenapyupyoiell 30He TPy MOTHOCTHIO
OTKpPBITOM KJIAIlAHE YCTPOICTBA, KOTOPBIM PETYIUPYETCS
3a30p «IIHEK-K/IamaH», obecrednBamoLyii Heo6XoxmnMoe
IaBJIeHMe IpeccoBaHmA. [JaBlieHNe pacCUNTHIBACTCS VICXOA
U3 Be/IMYMHBI COIPOTUBICHNUS PEe3aHMIO 1 JMaMeTpa cera-
pupyomux oTBepcTuit [12].

F

q

(25)

I mpecca Y-1000 ¢ KOMOMHMPOBAHHO IM/IB30i1 (1~
amerp orBepcTuit 1,5+1,3+1,1 MM ) HVDKHUI YPOBEHD J]aB-
nenus coctaBut P =8-10° Ila, a ¢ y4eTOM MONpaBoOIHOTO
k03¢ duIenTa Ha 1eCTPYKLMIO MBIIIEYHO TKaHM (TOH-
KOe M3MeJIbueHNe) ObUI IPUHAT paBHbIM 3 + 4 -10° I1a).
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On the basis of the adopted formula, the weight per-
formance of the screw feeding part of U-1000 press was
calculated with free output of product. It is M = 2812 kg/h.
To adjust calculated data, an experiment was conducted
for U-1000 press with a fully open sleeve regulating the
compaction pressure, which corresponds to the size of the
conical gap A = 9 mm. In this case, the performance (for
raw material) is M = 1465 kg/h. Based on this, coefficient
has been determined that taking into account the shape of
thread of the screw during output of products. As approxi-
mation, this coefficient can be considered equal to coef-
ficient of screw thread shape for the flow under pressure.
Their values are determined by the relation:

M 1465
F =F = = =
M,y 2812-0,7

. =F, 0,74

(23)

Simultaneously, during U-1000 press operation, for the
same raw material the performance was determined at the
working position of the nut regulating the compaction
pressure, the value of which amounted M, =620 kg/h.

Based on the experimental data, the loss of the weight
performance was calculated, which is due to the reverse
flow of the product:

M,=M-M, =845 xr/ (24)

From the resulting loss of the performance Mm, the
empirical value of relative viscosity of raw material trans-
ported in separation zone (p ) can be calculated. Relative
viscosity can be determined from the formula of calcu-
lation of the performance loss due to the reverse flow of
product, i.e.:

_ Ap-H’-m-D-sin’o

- F
Hyen M -12L

q

(25)

For the calculation it is necessary to determine the
value of counterpressure excluding the pressure when the
sleeve is fully open:

Ap=p,-p, (26)
where: p — the lower level of compaction pressure (the start of
separation);

p, — pressure in pre-separation zone with fully open sleeve,
which regulates the gap between screw and sleeve providing
necessary compaction pressure. The pressure is calculated
from the value of shear strength and the diameter of the
separating holes [12].

For U-1000 press with combined sleeve (hole diameter
1.5+1.3+11 mm) lower level of pressure will be 8-10° Pa.
Based on a correction factor for the degradation of muscle
tissue (fine grinding) level of pressure is assumed to be 3 to
4-10° Pa.
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[laBnenue p, TpM TONTHOCTBIO OTKPHITOM KjIamaHe
olpefe/sieTCs BeNMYNHON [aBJIeHUs IOJIIPECCOBKM, He-
00XOIVIMOTO 1A IIPEOJOIEHN CUT TPEHMA IIPOAYKLIUIL.

B nmepBoM IpuOIDKeHNN 3TO 3HAYEHVE MOXKeT COCTa-
BuTh p=0,5+1,0- 10° I'1a.

OpHako, C y4eTOM INPUTYIUIEHUA PEXYIUMX KPOMOK
CENapMpyoIIX OTBEPCTMil M TpebHA IIHEKa, YBeu-
YYBAOIINX HOPOT HIDKHETO YPOBHA [aB/IeHMs Cella-
pauuy, MOXXHO TPUHATH BEINYVMHY IPOTUBONABICHUA
p,=3+4-10° ITa. Vicnonbsys sHauenus p u Ap B paHee
npuBefieHHOI popmyrte (18) MOXKHO pacCUUTaTh BEIMYN-
HY YCTIOBHOJ BA3KOCTU KYCKOBOTO MACOKOCTHOTO CBIPbA.
OHa cocTaBuT M, = 100+130-10° ITa-c.

CpaBHUBas BENMYMHY MOJTY4€HHOTO 3HAUYEHM YCIOB-
HOJl BA3KOCTM C IUIACTUYECKON BA3KOCTBIO TOBSKbETO
(apia BUIHO, YTO YC/IOBHASI BA3KOCTb MACOKOCTHOTO ChI-
pbsA NTUIBI B 5-6 pa3 BbIIIE, YTO 0OYC/IOBIEHO Ha/INMYIeM
B JKelloOe IIHeKa KPYITHBIX KYCKOB MsCOKOCTHOTO ChIPbs
U pa3pyllIeHHOI KOCTHOM TKaH!, YTO CYIeCTBEHHO MOBBI-
maeT K09 PUIeHT BHYTPEHHETO TPEHMS ChIPbSL.

B 3akmoueHny HeOOXOAMMO OTMETHUTD, YTO PACUeThI
YCIOBHOI BA3KOCTU MACOKOCTHOTO CBIpbs ITHUIIBL, a TaK-
e sHavyeHus koapunmentos dhopmbl Hapesku F. u E
ObUIV TIpUBesieHsl 1A npecca Y-1000 ¢ minTenbHBIM Bpe-
MeHeM 9KCIUTyaTaly, He 06ecreuBaoliero nacnopTHON
npousopnuTenbHocTy 1000 Kr/4., y KOTOpOro HOMMHA/Ib-
HBIV 3a30P MEX/y IIHEKOM U TU/Ib30il 6611 0,75 MM, npu
HopMmupyeMbIM 0,1 MM.

B cBsasu ¢ oTMM, ObIT BOCCTAHOBIEH paboumit 3a-
30p «IHeK-Tuab3a» 0,1 MM ¥ IIOBTOPHO 3aMepsA/IN €ro
IPOM3BOAUTEIBHOCTD NIPU CBOOOJHOM OTBOJiE IPOAYK-
i M, =1644 kr/4 u pabodeMm MONOXKEHMN KIallaHa
M, ;=1200 kr/4. [IoTepy IPON3BOJUTETLHOCTI BCIIE/ICT-
Bye 0OPATHOTO ITOTOKA IPORAYKINU COCTABYIN, COOTBET-
CTBEHHO, M?=444 xr/4 BMmecto M, =845 xr/4. [To nomy-
YeHHOMY 3HA4eHUI0 IOTepM INPOU3BOAUTENbHOCTU /A
BOCCTaHOBJICHHOTO IIpecca OBbIIO pacCYMTaHO HOBOE 3Ha-
YeHIe YCIIOBHOM BA3KOCTU MsACOKOCTHOT'O ChIpbsl, KOTOpOe
cocrasuno Wy =760 10° ITa- c. Takoe pacxoxXpeHue B Be-
JIMYMHE YCTIOBHOM BA3KOCTYU IPY paboTe ¢ M3HOIICHHBIM
Y BOCCTAHOBJICHHBIM pabO4lM TPaKTOM CBUJETEIbCTBYET
O CylLIeCTBEHHOM W3MEHEHUM CTPYKTYPHO-MeXaHuye-
CKMX XapaKTePUCTUK ChIPbs, BbI3BAHHBIM €r0 «MATHEM»
IIpY M3HOUIEHHOM TpakTe. [Ipy 3TOM 13 MBIIIEYHOI TKa-
HY BBIIE/IAETCS XUAKas Ppakums, KoTopas yBeInuuBaeT
BOIHO-0€JIKOBYIO IIPOCTIONKY IPORYKTa, TeM CaMbIM, CHI-
>Kas BeMMYMHY YCIOBHOM BA3KOCTHU. VI3 ckasaHHOTO cle-
IYeT, 4TO IO BEINYMHE YCTOBHOV BA3SKOCTU CBHIPbA WIN
10 Be/IMYMHE IIOTEPU IIPOM3BOAUTEILHOCTY BCIENCTBIE
006paTHOTrO XOfja MOXKHO NPOM3BOAUTD OLIEHKY CTEHeHU
V3HOLIEHHOCT! paboyero TpakTa Ipecca.

BopiBopbI

Briepsble paspaboTaH MeTOX pacyeTa IIPOM3BOAU-
TEIbHOCTY IITHEKOBBIX IIPECCOB MEXaHNYECKON 0OBaIKM
Msca ITUIBL C yYeTOM IIPOTMBOJAaBIeHNA. [JaHHBI MeTOf
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Pressure p, for fully open sleeve is determined by the
prepressing pressure required to overcome the friction of
production.

As approximation, this value can be p; = 0.5 to 1.0-10° Pa.

However, given the dulling of the cutting edges of the
separation holes and screw tip, which increases the lower
level of separating pressure, it can be assumed that the val-
ue of counterpressure is p =3 to 4-105 Pa. Using p_and Ap
values in the above formula (18) we can calculate the value
of the relative viscosity of meat cuts with bones. It will be
M, =100+130- 10° Pa-s.

Comparing the obtained value of relative viscosity with
plastic viscosity of ground beef it can be seen that relative
viscosity of poultry meat with bones is 5-6 times higher
due to the presence of large meat and bone pieces in screw
conveyer box and destruction of bone tissue, which signifi-
cantly increases the internal friction of raw material.

In conclusion, it should be noted that the calculations
of relative viscosity for poultry meat with bones, as well
as the coefficients of thread shape F, and F, were given
for U-1000 press after long-time operation, which does
not provide the nameplate performance of 1000 kg/h, and
which has nominal gap between the screw and the sleeve of
0.75 mm, while specification is 0.1 mm.

In this regard, the working gap between the screw and the
sleeve of 0.1 mm was reset and its performance was re-mea-
sured with the free output of product, 1644 kg/h, and with
the working position of sleeve, 1200 kg/h. The performance
loss due to reverse flow of product were 444 kg/h respectively
instead of 845 kg/h. From the performance loss for repaired
press the new value of the relative viscosity of meat and bone
raw material was calculated 760-105 Pa-s. Such a difference in
relative viscosity when working with worn-out and repaired
mechanisms indicates a significant change in the structural
and mechanical characteristics of raw material with its rum-
pling by worn-out mechanism. At the same time, liquid frac-
tion is released from the muscle tissue, which increases the
water and protein layer of the product, thereby reducing the
relative viscosity. From this it follows that the value of rela-
tive viscosity of raw material or the value of the performance
loss due to reverse flow can be used to assess the degree of
wearing-out of the working mechanism of the press.

Conclusions

For the first time, the method was developed for cal-
culating the performance of screw presses for mechanical
deboning of poultry meat considering counterpressure.
This method allows to address the effect of the gaps be-
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[I03BOJISIET YYUTBIBATh BIMSAHIE 3a30POB MEX/y IpebHeM
IITHEeKa U KOPITYCOM, a TaK>Ke 3a30pOB «IMJIb3a-IIHEK» Ha
BE/IMYMHY IIOTE€Pb IPOU3BOAUTEIBHOCTI 00OPYAOBAHUA.

[TpakTiyeckoe 3HaYeHMe Pa3pabOTaHHOTO METOMA yde-
Ta IPOTUBOJAB/IEHNA ITIPU pacyeTe IPOM3BOAUTEIbHOCTU
LIIHEKOBBIX IIPECCOB MEXaHMYECKOI 00BAIKY 3aK/TI0YaeTCs B
BO3MOYXHOCTH OLIEHKV CTelleH) BIMSAHMA NTapaMeTpOB KOH-
CTPYKLUM IITHeKa (J/IMHBI, AMaMeTpa, IIyOUHbI U IIIara Ha-
PEe3KM, CKOPOCTY €r0 BpallleH!s) Ha IPOU3BOAUTEIbHOCTD.

Victionpb3oBaHMe JaHHOTO METO/Ia II03BOJISIET ONTUMI-
3MpOBaTh MapaMeTPhbl LIIHEKOBBIX IIPECCOB U JaBaTb pe-
KOMEHJJal[!1 110 MOBBLIIIEHNI0 IPOU3BOAUTEIBHOCTY CY-
IIeCTBYIOLIVX MIpeccoB. [laHHbBI BbIBOJ IMOATBEPKAAeTCs
Ha IpuMepe OLleHKN paboTocrocobHocTH mpecca Y-1000.
Tak, aKcIlepyMeHTaIbHO U3MepeHHasl HU3Kasl IPOU3BOMMN-
TE/IPHOCTb CEPUITHO BBIITyCKaeMoro obpasija mpecca o0-
YC/IOB/IEHa C OIHOVI CTOPOHBI Ha/I4yeM OO0/IbIIOro 3a30pa
B TpaKTe «TUib3a-1urHek» (A=0,75MM), a ¢ ApYyroin — KOH-
CTPYKTUBHBIMU OCOOEHHOCTSAMM IUTAIOLIEN YacTy LIHe-
ka (1,5 BuTKa IIpOTUB peKoMeHayeMbIX 3,0 +4,0 BUTKOB).
Il obecriedeHnsi MACHOPTHON HPOU3BOSUTEIBHOCT
Ipecca Ipy JaHHOJ KOHCTPYKIUY IIHEKa JO/KHBI ObITH
YCTaHOBJIEHBI KeCTKIE OTPaHIYeHISI HA BeINIMHY MIHI-
MajIbHOTO 3a30pa B TPaKTe «IU/Ib3a-IIHEK» (A=0,38 Mm),
YTO 3KOHOMMYECKV HEBBITOJHO BCIENCTBUU OBICTPOTO
M3HOCA IITHEKAa M TUIb3bl. PellleHne maHHOrO BoOIpoca B
paMKax CyLecTBYIOLell KOHCTPYKIMY — B IIOBBIIIEHUN
M3HOCOCTOMKOCTH (YIpouHeHnn) pabounx opraHos. Kap-
IVHA/IbHOE pelleHle 3TOr0 BOIIPOca 3aK/II0YaeTcsA B J0-
paboTKe KOHCTPYKLIMM IOAAIOLIeil YacTy IHeka Y-1000
(TO eCTb yBe/IMYEHUN YUC/IAa BUTKOB).

C yBemryeHMeM 3a30pOB «IIHEK-TU/Ib3a» U «IIHEK-KOp-
IyC» BO3pacTaeT OOPATHBIN IIOTOK ChIPbsI, 00YCTIOB/ICHHBII
€T0 «MATHEM» U «IIepeTVPaHyeM», CHVYDKAIOUIVIMI BeTUYUHY
YC/IOBHOJ BSISKOCTY MSICOKOCTHOTO CBIPbsI B >Ke/o0e IITHeKa.
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tween the tip of the screw and chamber as well as the gaps
between the screw and sleeve on the value of the perfor-
mance loss of the equipment.

The practical importance of this method considering
counterpressure in the calculation of the performance of
mechanical deboning screw presses is the ability to assess
the degree of influence of the screw geometrical param-
eters (length, diameter, depth and pitch of thread, speed of
its rotation) on the performance.

Using this method allows to optimize the parameters
of screw presses and make recommendations for improve-
ment of the performance of existing presses. This conclu-
sion is confirmed by the example of U-1000 press perfor-
mance evaluation. Thus, experimentally measured low
performance of commercially available press is, on the one
hand, due to the large gap between the screw and sleeve
(A = 0.75 mm), and on the other hand, due to the design
features of the screw feeding part (1.5 turns versus recom-
mended 3.0 to 4.0 turns). To ensure the nameplate perfor-
mance of the press with the current screw design, strin-
gent limits should be set on the minimum gap between the
screw and sleeve (A = 0.38 mm), which is uneconomical
due to the rapid wear of the screw and sleeve. The solution
of this issue within the existing design is to increase wear
resistance (hardening) of working bodies. A fundamen-
tal solution to this problem is to modify the design of the
screw feeding part (to increase the number of turns).

With the increase in the gaps between the screw and
sleeve and between the screw and chamber, the reverse
flow of raw material increases due to its rumpling and
grinding, which reduces the relative viscosity of meat and
bone raw material in screw conveyer box.
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