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Abstract

Ground meat mixers mixing minced muscle tissue with other pre-formulated ingredients, are among the most
common types of specialized meat processing equipment. The quality of minced meat, this being a food
dispersed medium, including a solid, liquid and, in part, a gas phase, is determined by the dispersity and
uniformity of its structure, as well as the uniformity of the distribution of components, that is, by the efficiency
of the mixing process. The research carried out made it possible to theoretically substantiate the processes of
mixing minced meat with the help of specialized technological equipment, including that providing vacuuming
of processed food masses. A list of regulatory requirements for the structures of industrial meat mixers, which
determine their technological efficiency, safety and hygiene, is given. Two main layouts of the specified
equipment are described, horizontal and vertical. The design of a horizontal compact vacuum meat mixer with
a coaxial double working spiral is presented. The results of work on the creation of a model range of vertical
vacuum meat mixers are described, the possibility of using vertical vacuum machines for maceration by
massaging medium-sized and small-sized meat raw materials is proven. It is advisable to carry out such
a transformation of the equipment by replacing the working bodies of mixing with special massaging arms,
these ensuring the most efficient performance of the specified technological operation. The diagram is
presented, the design is described and the working cycle of the vertical vacuum machine with the geometric
capacity of the working bowl is 0.15 m® is described; the main technological and dynamic calculations of the
said machine are given. The calculations made it possible to create an advanced non-metal-intensive design of
a vacuum machine for mixing minced meat and/or massaging meat raw materials, which meets current
requirements for equipment of the purpose. Studies of the quality of mixing of ground meat have shown that
vacuuming makes it possible to consistently achieve a better density of minced meat, and for minced meat
processed on an atmospheric mixer, a more uniform distribution of components was characteristic.
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dapiiemMemanky, ¢ MOMOLIbI0 KOTOPBIX OCYIIECTBIAETCS NMEPEMELINBAHUE WU3MEIbUEHHONH MBIIIEYHOM TKAHH
C JPYrMMHM TIPEAYCMOTPEHHBIMH  PELENTYypOil  WHIPEAMEHTaMH, SBIAIOTCA OAHUM W3  Hamboiee
pacmpocTpaHEeHHBIX BUIOB CHIEHHATN3UPOBAHHOTO MsconepepadaTsiBatomero ooopynosanus. Kauectso apmra
— TMIIEBON JVCIIEPCHON Cpelibl, BKIIOYAIOWEH B ceOs TBEPAYIO, JKHIKYIO M, YaCTH4HO, rasoBylo (asy, —
OTpEENseTCs AUCTIEPCHOCTHIO M OXHOPOJHOCTBIO €0 CTPYKTYPHI, 8 TAKKE PABHOMEPHOCTBIO PacHpeieIeHus
KOMIIOHEHTOB, T. €. 3()(eKTHBHOCTBIO Tpoliecca MepeMemnBanys. [1poBeeHHbIE MCCIEA0BAHMS MO3BOIMIN
TEOPETUYECKH O00OCHOBATh IPOLECCH IepeMeIuBaHus  (apiueil C IMOMOIIBIO  CHELUATU3UPOBAHHOTO
TEXHOJIOTHYECKOT0 O00OpYAOBaHHSA, B TOM 4YHWCIE OOECTEUMBAIONIEI0 BaKyyMHUpPOBaHHE 0OpabaThIBaEMBIX
nMUmeBsIX Macc. [IpuBeneH mepeveHb HOPMATHBHBIX TPEOOBAHMH K KOHCTPYKIMSM MPOMBIIIICHHBIX
(hapiiemeInanok, ONpeneNsIoNMX MX TEXHOJOTMYeCKylo 3((eKTHBHOCTb, O€30MacHOCT M T'MTMEHHYHOCTS.
OrncaHbl 1BE OCHOBHBIE KOMITOHOBOYHBIE CXEMBI YKAa3aHHOTO 000PYIOBAaHNUsA, TOPU3OHTATbHAA U BEPTUKAIbHAS.
[pencraBieHa KOHCTPYKLMS TOPU30HTATBHOM KOMITAKTHOM BaKyyMHO# (hapuiemMemanku ¢ KoaKcHanbHOU
JIBOIHOM paboueii crivpainbio. [IpuBeseHbl pe3ynbTaThl paboThl MO CO3MaHHI0 MOJEIBEHOTO Psiia BEPTUKAIBHBIX
BaKyyMHBIX (papIemMenranok, JOoKa3aHa BO3MOJKHOCTh NMPHMEHEHHS BAKyyMHBIX BEPTHUKAIBHBIX MAIINH U
Marepanuy MyTeM MacCHPOBaHHMSA CPEIHE- M MENKOKYCKOBOTO MSACHOTO ChIpbs. Takyio TpaHc(opmarmio
000pyOBaHHsl  LIENECOOOPa3sHO  OCYIIECTBIATh IYTEM 3aMEHbl pabOYMX OPraHOB  IepeMELIMBAHMU
CTELMaNbHBIME  MaCCHPYIOIUMH JIONACTSAMH, OOecTeynBarOmuMKu  HanOonee 3(h(eKTHBHOE BHIMOIHEHHE
YKa3aHHOI TeXHoJmormueckoil omepaumu. [IpencTaBiaeHa cxema, OnMMcaHa KOHCTPYKLMS M OXapaKTepH30BaH
paboumii UMK BepTUKAILHON BAaKYyMHOH MalIMHBI C T€OMETPMUECKOH eMKOCThIo paboueii nesu 0,15 M’
MIPUBEICHBl OCHOBHBIC TEXHOJOTMYECKME W AWHAMHMYECKHE PACUEThl YKA3aHHOW MamuHbEL BeimoaHeHHBIE
pacyeTsl MO3BONMIM CO3JaTh COBPEMEHHYIO HEMETAUIOEMKYIO KOHCTPYKIMIO BaKyyMHOIH MAIIMHBI JUTS
nepeMelvBanus  Qapma W/WiIM  MacCHpPOBAaHWS MSCHOTO  CHIPBS, COOTBETCTBYIOLIEH JACHCTBYIOLIIMM
TpeboBaHMAM K 00OPYAOBAHHMIO YKA3aHHOTO Ha3Ha4YeHWs. lccrmenmoBaHus KauecTBa MepeMeImnBaHus (papmra
MOKa3aJIM, YTO BaKyyMUPOBAHUE TIO3BOJISIET CTAOMIIBHO JOCTUTaTh Oonee MIOTHOM KOHCUCTEHIIMH (apina, a Juls
(apma, obpaboraHHOro Ha arMoc(epHOll Mellanke, XapakTepHo Oojiee PAaBHOMEPHOE pacnpeseseHue
KOMIIOHEHTOB.

BepOunkuii C. b. u ap. KoHCTpykuusi, pacueT M NpUMEHEHUE YHUBEPCAIbHOH BaKyyMHOH (hapIleMelIanKi.
Bectauk MI'TVY. 2020. T. 23, Ne 3. C. 224-236. DOI: 10.21443/1560-9278-2020-23-3-224-236.
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Introduction

Modern meat processing production consists of a variety of technological processes and specialized
equipment used for their implementation (Barbut, 2016, Bekhit, 2017, Cummins et al., 2016, Toldrd, 2017),
which is selected based on various technical and technological criteria, the main of which is energy efficiency
(Hamawand et al., 2017; Pathare et al., 2019). Without the involvement of innovative technologies and
appropriate means of production, it is impossible to achieve progress in the food industry, in particular, such its
sector as the meat and meat processing industry (Diachenko, 2017; Kovalenko et al., 2017; 2020).

Along with mincing raw materials, filling casings and heat treatment, mixing of ground meat is one of the
main technological operations of sausage production, which largely determines the proper quality of the finished
product. Meat mixers, which mix minced muscle tissue with other pre-formulated ingredients, are among the
most common types of specialized meat processing equipment. Although the mixing of raw materials is carried
out simultaneously with its comminuting directly in cutters with a rotating bowl in the manufacture of minced
meat of structureless sausages, the use of flow cutters for comminuting, which are increasingly widespread, is
also not complete without the use of a ground meat mixer (Verbytskyi, 2016; Rogov et al., 2000).

The quality of ground meat — a food dispersed medium, including a solid, liquid and, partially, a gas
phase — is determined by the dispersity and uniformity of its structure, as well as the uniformity of distribution of
components, that is, by the efficiency of the mixing process using specialized equipment (Murashev et al., 2015).
The physical essence of the process of mixing ground meat, in general, is down to the fact that when the working
bodies of the meat mixer rotate, there is a forced mutual convective diffusion — the mutual distribution of
components in a multicomponent system. The mixing process is most efficiently fulfilled when the velocity
gradients between the layers of the mixed masses are the highest, and the velocity gradients over the working
volume of the mixer are the smallest. The larger the working volume of the mixer, the more difficult it is to ensure
the quality and speed of mixing. The temptation to intensify the process by increasing the speed of the working parts
of the mixer is fraught with the formation of discontinuities in the density of the processed mass under conditions of
shear deformation, as well as an unjustified increase in power consumption (Vasukova et al., 2002).

During the mechanical mixing of raw meat by the working bodies of the technological equipment, changes
in muscle and adipose tissues are certain to take place. This contributes to an acceptable, in a technological
sense, water-holding capacity of the resulting minced meat, the ability of mutual adhesion of fragments of muscle
and adipose tissue, this minced meat components (Sielaff et al., 2005). Ground meat being a dispersed medium
includes solid, liquid and, partially, gas phase (Murashev et al., 2015). Ground meat used for manufacturing
sausages, before its heat treatment, is a typical representative of a body with a coagulation structure formed by
the cohesion of particles through interlayers of a dispersion medium associated with them. Being a heterogeneous,
dispersed phase of the ground meat is represented by protein particles and aggregates, particles of fat, the smallest
scraps of muscle and adipose tissue, the continuous phase is an aqueous solution of some muscle proteins, other
organic compounds, as well as sodium chloride and other electrolytes. The proteins dissolved in the continuous phase
impart stickiness and plasticity to the ground meat. As the liquid phase is being removed, it is accompanied by
the appearance of stronger bonds between particles, coagulation structures are formed from condensation
structures, for example, ground meat for Mortadella type and raw smoked sausages (Verbytskyi et al., 2019).

Shear deformation at a high mixing rate and density discontinuities in the mixed system does not
contribute to the desired uniformity of the mutual distribution of phases, and at a high-speed mode, the power
consumption increases sharply (Vas'ukova et al., 2002). It is extremely important to accurately select the shape
of the working blades of the mixers and the elements of their working bowls, since the above-mentioned features
of the process of mixing viscous food media, in particular ground meat, lead to the fact that high-speed and
energy-intensive mixing is by no means always high-quality mixing. However, in the total balance of electricity
consumption at a meat processing plant, 55 % are energy consumption of refrigeration equipment, 25 % —
various grinders, 11 % — ventilation equipment, 6 % — fillers, and only 3 % falls on all other technological
equipment, including mixing devices' (Verbytskyi et al., 2019; Kang et al., 2016).

The uniformity of mixing of the entire volume of the loaded product is one of the main requirements that
the design of meat mixers must meet according to the national standard of Ukraine DSTU 7511:2014 developed
by the employees of our scientific institution?, which regulates the manufacture of these machines. In addition to
the general norms for all food equipment, the standard establishes the following requirements directly related to
the design of meat mixers:

— availability of devices that protect service personnel from accidental contact with the working mixing
body;

' Becker, M. 2016. Energiceffizienz in der Kilte- und Klimatechnik durch adéiquaten Einsatz von

Automatesierungstechnik. Sindelfingen: Vortrag DKV-Bezirksverein Stuttgart, S. 1-57.

% Installations and equipment for meat industry. Machines for mixing ground meats. Basic parameters, technical
requirements and methods of testing: DSTU 7511:2014. Kyiv, State Enterprise "Ukrainian Research and Training Center of
Standardization, Certification and Quality", 2014. 15 p.
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— presence of blocking of the mixing working bodies and the loading device during the operation of the
mixing working bodies or when unloading the product from the bowl;

— blocking in case of opening the cover;

— reverse mixing bodies;

— possibility of CIP cleaning and disinfection;

— mechanized movement of the cover, openings for unloading minced meat in machines with a fixed bowl
attachment.

The specified regulatory requirements correspond to the well-founded long-term successful practice of
development and industrial production of meat mixers to the requirements of the standard GOST 28107-89°.

Purpose and tasks of work

The purpose of the work is to carry out a set of experimental design and research activities to create a
vertical vacuum appliance with a geometric capacity of 0.15 m® for mixing and/or massaging raw meats. The
achievement of this goal is stipulated by the solution of the main tasks listed below:

— study and analysis of scientific and technical information regarding the processes of mixing raw meats,
the effect of vacuum on the specified process, as well as maceration of meat cuts by massaging them;

— study and evaluation the functionality of meat mixers of different designs, horizontal and vertical,
atmospheric and vacuum, as well as vertical machines for mixing / massaging raw meat, in order to select
rational technical solutions for the equipment being created;

— engineering calculations for assigning operating parameters of the created meat mixer and ensuring the
reliability of its design;

— express-research of the ground meat masses obtained as a result of experimental-industrial operation to
assess the quality of their mixing.

Materials and methods

A systematic approach to the research of factual materials, in particular regulatory documents, abstract-
logical approach to generalization of research results and formulation of conclusions were used by the authors in
the work.

The development of the equipment was carried out in accordance with the current industry guidelines for
the conduct of research and development work in compliance with the current regulatory legal acts and standards.

Engineering calculations were carried out in accordance with the well-known profile manuals (vashov, 2010;
Logosha, 1966; Peleev, 1971).

Based on the goals of this engineering development work, an express-algorithm for assessing the quality
of the ground meat stuff during mixing was proposed and implemented in practice using different models of
specialized technological equipment: a traditional atmospheric horizontal mixer with coaxial working shafts and
an experimental vacuum vertical type meat mixer.

The ground meat for manufacturing Odesskaya sausage of the first grade, DSTU 4435: 2005*, was
studied. The ground meat, the essential raw materials for the manufacture of which are: desinewed beef — 65 %,
desinewed semi-fat pork — 10 %, sausage backfat — 25 %, was produced in the meat processing workshop of the
Experimental Technological Enterprise of the Institute (ETE). Immediately after the end of the mixing, the
members of the expert panel, consisting of 4 representatives of the developer and 6 representatives of the ETE,
evaluated the ground meat according to two indicators being the verbal analogs (Verbitskyi, 2019) of the
rheological parameters of the ground meat and expressed by the following questions: "How tough is the
consistency of the ground meat?" (from "too loose" — 0 to "too tough" — 10) and "How well is the minced meat
mixed?" (from "unevenly" — 0 to "evenly" — 10). Conceptually, the procedure for sensorial evaluation was in
accordance with DSTU 4823.2: 2007’ for ready-to-use meat products.

The corresponding minced meat samples were also investigated by the instrumental method — the
penetration values were measured according to GOST R 50814-95° using for this purpose an automatic
penetrometer model 1719 manufactured by the British company Stanhope Seta Ltd., equipped with an electronic
unit model 1720.

The obtained values of the sensorial parameters and penetration of the corresponding samples of the
ground meat were compared and conclusions were drawn about the quality of its mixing.

3 Machines for mixing minced meat. Main parameters, technical requirements and test methods: GOST 28107-89.
1989. Moscow, Standards Publishing House, 7 p.

* Semi-smoked sausages. General specifications: DSTU 4435:2005. Kyiv, State Committee of Ukraine on Technical
Regulation and Consumer Policy, 2006. 23 p.

> Meat products. Organoleptic evaluation of quality characteristics. Part 2. General requirements: DSTU 4823.2:2007.
Kyiv, State Committee of Ukraine on Technical Regulation and Consumer Policy, 2008. 13 p.

® Meat products. Methods of penetration determination by means of the cone and the needle indentor: GOST R
50814-95. Moscow, Russian Scientific-Technical Information Centre for Standardization, Metrology and Conformity
Assessment, 2010. 10 p.
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Results and discussion

There are two basic design layouts of meat mixers: with horizontal and vertical arrangement of the
working shaft (working shafts). Much more often, the subject of consideration of scientists and specialists is
horizontal meat mixers, and numerous scientific and technical sources are devoted to them, for example
(Angel'uk et al, 2014a; b). Scientists and designers of our scientific institution were also engaged in the
development of devices of this type — meat mixers Ya5-FFE.150 and YaS-FFE.300 with coaxial spiral working
bodies, protected by the Patents of Ukraine for a useful model (Shevchenko et al., 2007; 2008). These designs
differ from each other by the drive of the working spirals: if in (Shevchenko et al., 2007) both spirals are rigidly
connected to each other (Fig. 1), then in (Shevchenko et al., 2008) the applied drive scheme ensures their rotation
at different speeds, due to which the mixing of the components of the ground meat is more intensive.

Sometimes ground meat mixing machines are equipped with two ellipsoidal blades rotating in opposite
directions, with the small blade rotating in the sphere of the large blade. There are horizontal meat mixers with
working bodies in the form of augers, with working bodies being Z-shaped or of another configuration. The
technical characteristics of some domestic meat mixers — horizontal machines L5-FM2-U-150 and FMV-0.15, as
well as a vertical type experimental vacuum meat mixer YaS-FFV of our own design are presented in Table 1.

5 7
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G e

]

C
! ] 8

Fig. 1. Meat mixer with working bodies in the form of coaxial ribbon spirals rigidly connected to each other:
1 — frame; 2 — working bowl; 3 — product unloading hatch; 4 — hatch cover for product unloading; 5 — cover
of the working bowl; 6 — easily removable working body; 7 — drive; 8 — vacuum pump; 9 — vacuum system

(Shevchenko et al., 2007)

Puc. 1. ®apiiemernanka ¢ pabouyuMu oOpraHaMy B BUIE KOAKCHAIBHBIX JEHTOYHBIX CIIUpaei, )eCcTKOo
CBSA3aHHBIX MeXIy co00ii: | — pama; 2 — pabouas aexa; 3 — IFOK AJIS BBITPY3KHM MPOIYKTA; 4 — KpbILIKa JIFOKa
JUIs BBITPY3KHM MPOAYKTA; 5 — KphILKa padoyeil aexu; 6 — 1erkocbeMHblil pabounii oprat; 7 — IpUBOL;

8 — BakyyMHBIIT Hacoc; 9 — BakyymHas cuctema (Shevchenko et al., 2007)
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Table 1. Specifications of domestic equipment
Tabnuma 1. Texandeckne XapakTepUCTUKN OTEYECTBEHHOTO 000py10BaHUS

Parameters Uni Values of parameters
t
Model . L5-FM2-U-150 | FMV-0,15 | Ya5-FFV

1 | Capacity kg/h 11000 1000 600
2 | Geometrical volume 1 150 150 80
3 | Nominal power kW 3.0 5.2 2.0
4 | Rotation frequency of working bodies s 0.52 - -
5 | Dimensions: mm

length 2940 1220 1200

width 965 825 670

height 1330 1200 1475
6 | Required area m 2.26 - -
7 | Weight kg 490 500 200

The vacuum system of the meat mixer (vacuum pump, vacuum trap, regulating devices, vacuum lines),

according to’, must be air-tight. The norms stipulate that a vacuum in the working cavity from 0.025 to 0.040
MPa should be achieved within the period from 8 to 30 s. It also provides for automatic shutdown of the vacuum
pump upon reaching the required vacuum depth. After switching off the vacuum pump, the decrease in the
vacuum value should not exceed 10 % of the achieved value within 5 min.

Vacuum mixers are much more expensive than atmospheric mixers due to the need to equip the machine
with elements of a vacuum system and a massive sealed cover, as well as due to the complication of other units
associated with ensuring the tightness of the working cavity. On the other hand, vacuumation of ground meat
while mixing is economically justified, as it allows more efficient filling of sausage casings and improve the
quality of finished products. The vast majority of vertical type meat mixers on the domestic market are imported
(Tablse 2) and belong to vacuum machines, however, atmospheric devices are also produced by machine-building
firms”.

Table 2. Technical characteristics of foreign equipment
Tabnuua 2. TexHUYecKkre XapaKTepUCTUKH 3apyOexHOro o60pyaoBaHuA

Parameter Values of parameters
Country Unit Austria Gefmany Germany
Manufacturer LASKA RUHLE STEPHAN
Model ME 130 MTR 50 | MTR 75 VM 100

1 | Capacity 1 130 130 150 125

2 | Geometrical volume kW 4.0 1.1 1.3 1.5

3 | Nominal power sf1 — — — 0.33

4 | Rotation frequency of working bodies mm
Dimensions: 1150 1050 1150 1080
length 750 800 800 1000
width 1150 1200 1250 1260
height kg 500 200 220 150

5 | Required area

6 | Weight

The use of ground meat mixers with temperature control in the working bowl is not typical for the
domestic practice of meat processing. The use of complex and expensive devices with forced cooling or heating
of the mixed masses is justified only at large enterprises with special production specialization. However,
vertical type meat mixers with working bowl cooling are widely represented in our market and are purchased by
meat processing enterprises as universal devices applicable both for mixing minced meat and for massaging meat
raw materials.

7 Installations and equipment for meat industry. Machines for mixing ground meats. Basic parameters, technical
requirements and methods of testing: DSTU 7511:2014. Kyiv, State Enterprise "Ukrainian Research and Training Center of
Standardization, Certification and Quality", 2014. 15 p.

8 Baureihen zeichnen sich durch schnelle Einsatzbereitschaft aus, 2017. F. leischwirtschaft, 12, p. 67.
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Known methods for calculating the working bodies of tank equipment, for example, those described in’
(Shevchuk et al., 2020), allow effective selecting and calculating of the working blades of vertical meat mixers.
A feature of vertical-layout meat mixers is their versatility, that is, the possibility of using these machines both
for mixing minced meat, and for efficient maceration of medium-sized and small-sized pieces meat raw
materials by massaging it with universal multi-purpose blades or by means of a simple readjustment, which
consists in replacing the mixing working bodies with massaging ones. Due to this versatility, such machines are
often positioned precisely as meat massagers, considering the maceration of meat raw materials to be their main
technological function (Shugurova, 2010).

In our scientific institution, a series of projects has been performed to create universal vacuum meat
mixers with the possibility of using them as meat massagers (Verbytskyi et al., 2019). For small enterprises and
workshops for the production of meat products, the Ya5-FFV unit with a working bowl of 0.08 m’ is intended.
For medium-sized enterprises, a Ya5-FSG vacuum machine with a working bowl of 0.15 m’ is designed. Its
design is as follows (Fig. 2). A cylindrical bowl (2) with working bodies (7), closed by a sealed cover, is
attached to the frame of the welded structure (1) by semi-shafts. The unit consisting of an electric motor, a V-belt
transmission and a gearbox is the drive of the installation (3). The shaft of the working bodies is connected to the
output shaft of the gearbox. A pump-compressor (4) and a vacuum line with a pressure gauge and a vacuum
relief valve located in the upper part of the bowl are intended to evacuate the working cavity. The control
functions of the machine are carried out using the control panel (5). A mechanism (6) is provided for turning and
overturning the bowl; it is a worm gear pair with a manual drive. A universal vacuum appliance for mixing /
massaging raw meat works as follows. The raw meat to be processed and other components provided by the
formulation are loaded into the working bowl, the lid is closed, the unit drive is turned on, and then, the pump-
compressor of the vacuum system. When the technological processing is completed, it is necessary to turn off the
drive of the installation and the pump-compressor, open the drain valve, open the lid, turn the bowl and unload
the product into the prepared transport container.

6010 0] | ST
O |

O O A

(L
;

Fig. 2. Ya5-FSG vacuum unit for mixing / massaging meat raw materials
(geometric capacity 0.15 m’, drive power 2.2 kW, drive power of the vacuum pump 0.37 kW, weight 290 kg,
dimensions 1300x800x1750 mm) (Verbytskyi et al., 2019)
Puc. 2. Bakyymnas yctanoska S5-®CI" onst nepememnBaHus / MacCUPOBAHUS MSICHOTO CBIPbs (TeOMeTpruUecKas
BMecTiMOCTb 0,15 M°, MOIIHOCTB npuBoja 2,2 kBT, MowHoCTh NpuBOJa BakyyMHoro Hacoca 0,37 kBT, macca
290 xr, radaputsr 1300x800x1 750 mm) (Verbytskyi et al., 2019)

? Perkovi¢, D. 2018. Konstrukcijske i funkcionalne znadajke elemenata konstrukcija na primjeru proizvoda MZM-
PD-2018: Diss. Slavonski Brod: Josip Juraj Strossmayer University of Osijek, Mechanical Engineering Faculty.
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A series of necessary structural, kinematic and dynamic calculations was performed, the results of which
are presented below.

We determine the performance of a vacuum meat mixer when working in a horizontal position by the
formula

0 =60xal 9 — 60x0.4212x1100 3, ke (1
T 0 h

where a — the filling factor of the capacity of the meat mixer in the massaging mode (a = 0.4); V' — the volume of

the mixing tank of the mixer, V' = 0.15 m’; O — the specific gravity of minced meat, ¢ = 1100 kg/m’; T — the

cycle time, min.
T=ti+t,+1=9+ 12+ 5 =26 min, ®)

where ¢, — the duration of loading the working bowl, min; #, — the duration of the mixing process, min; #; — the
duration of unloading of the working bowl, min.

From the experience of operating meat mixers of a similar design: #; = 9 min, &, = 12 min, ; = 5 min. We
accept for the calculation 7' = 30 min. Power of the electric motor of the drive of the working bodies of the
vacuum meat mixer when operating in a horizontal position in terms of specific energy consumption

g x0  25x0.132
k 0.63

N

=0.54 kW, 3)

where g, — the specific energy consumption per 1 ton of raw meat of minced meat consistency, q; = 2.5-2.6;
k — the efficiency of the geared motor £ = 0.63.
We determine the required torque M,, N-m, on the output shaft of the gear motor using the formula

MOZPIXL1+P2><L2+P3><L3, (4)

where L — the distance from the mixer axis to the point of application of the force (structurally L; = 0.254 m,
L, =0.132 m, L; = 0.143 m); P — the resistance by this blade, N

P=cxF, (®)]

where F — the frontal surface of the blade, m’ (structurally F; = 0.022 m%, F,=0.015m>% F;=0.04 mz); o is the
corresponding resistivity, N/m?, determined by the formula

oC=0Cptaxv, (6)

where o, — the specific initial resistance, N/m? (we take 6, = 13000 N/m?); a — the constant parameter depending
on the type of raw material (we take a = 8000); v — the speed of movement of the corresponding blade, m/s

nxnxL
30

. )

When n = 12 rev/min, then

M, =FxL+PxL,+PxL, =

L L
=(c50 +a%)g xF +(c50 +a%}Lz x F, +

—“X”XL3JL < F, =
3 3

+(co+a

x0.254x0.022 +

8
=(13000+80003'14X12X0‘254j ®)

x0.132x0.015 +

+(13000+80003.14><12><0.l32j

x0.143x0.040 =199 Nm.

+(13000+80003'14X12X0'143j

Nominal torque on the output shaft of the selected geared motor M, = 600 Nm. The geared motor is
selected correctly because M, > M,,.

Based on the data obtained and taking into account short-term overloads, we take a gear motor MV3-125-
12-330 U3, 380, electric motor power N = 0.75 kW, output shaft speed » = 12 rpm.
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From design conditions we use a pump-compressor of the 2NVR-5DM type. Electric motor power N =
0.55 kW, rotor speed n = 1430 rpm.

We determine the performance of a vacuum meat mixer when working in a vertical position according to
the formula

Vxq 0.15x1100

0 =60xa—F=60x07=—_— =232k, )

where a — the filling factor of the capacity of the meat mixer in the mixing mode (a = 0.6-0.7); V- the volume of
the mixing bowl of the mixer, ¥ = 0.15 m’; g — the specific gravity of minced meat, ¢ = 1100 kg/m’; T — the
cycle time, min

T=t,+t,+1=9+ 12 +5=26min. (10)

where #; — the duration of loading the working bowl, min; #, — the duration of the mixing process, min; #; — the
duration of unloading of the working bowl, min.

From the experience of operating meat mixers of a similar design: ¢, =9 min, £, = 12 min, #; = 5 min. We
accept for the calculation 7= 30 min.

Checking the selection of the geared motor for the torque on the output shaft when the mixer is in vertical
position is necessary.

We find the power required to overcome the resistance of the horizontal blades. The resistance coefficient
is found by the formula

Kz‘{’xq

s 11
2x g (i

where \y — the coefficient depending on the shape of the blade and the ratio of its height and length.
Due to the high viscosity of the liquid, this coefficient is taken in the range of 1.2—1.5. We take y = 1.5,

then
K=1'5X1100=84. (12)
2x9.8
We find the surface of the blade (Fig. 3)
S=Gatfyt 1) xr, (13)

where r; = 0.295 m.

Fig. 3. Scheme for calculating the geometric parameters of the blade
Puc. 3. CxeMa K pacueTy reoMeTpUUYECKHX MapaMeTPOB JIOMACTH

Jfa=a xcosa=0.054 x cos70° = 0.054 x 0.342 = 0.0185 m; (14)
Jfo = a xcosa=0.022 x cos45° = 0.022 x 0.7071 = 0.0156 m; (15)
Je=axcosa=0.06 x cos75°=0.06 x 0.2528 = 0.0156 m; (16)
£=(0.019+0.016 +0.016) x 0.295=0.051 x 0.295=0.015 m’. a7
Moving speed of the blade is determined by the formula
Vmax=2><n><rl><n’ (18)
60

where n = 12 rpm — the number of blade revolutions in min.
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The medium resistance of a rotationally moving horizontal blade is determined by the formula

Zx K x fxV?
plz j max’ (19)

where z = 1 — the number of blades of the type, then

1x84%0.015%0.37°
b= 4

=0.016 kgm/s. (20)
For a vertically rotating blade, the resistance of the medium is determined by the formula

Kxh xo’
’, :+><(r24—r14), @

where / — the blade height, m; © — the angular speed of rotation of the blades, s .

nxn 3.14x12
w= = —

—127s 7, 22
30 30 y (22)

where r, — the outer radius of blade rotation, m; »; — the inner radius of blade rotation, m.

3
_ 3Ax042x127 (0298 ~0.233*) = 0.093 kems. 23)

)2

For a vertically rotating blade-activator, the resistance of the medium is determined by the formula

_Kxhxo

B0 () 4)

b

where 4 — the height of the activator blade, m; ® — the angular speed of rotation of the blades, s .

nxn 3.14x12
n=—=—-

—127s ", 25
30 30 y 25)

where r, — the outer radius of rotation of the activator blade, m; »; — the inner radius of rotation of the activator
blade, m.

3
py = SPOZEET (02550 ~0.057) = 0.036 ke, (26)
We determine the total resistance of the medium to the rotation of all blades
P=p;+p,+p;=0.016+0.093 +0.036 =0.145 kgm/s. 27)
Then the drive power of the meat mixer when working in a horizontal position

P
102x1°

(28)

where 7 = 0.63 is the efficiency of the drive, then

0.145

=2 _0.0023 kW. (29)
102x0.63

The resulting power value does not exceed the rated power of the selected geared motor.

The calculations made it possible to create a modern non-metal-intensive design of a vacuum machine for
mixing minced meat and/or massaging meat raw materials, which meets modern requirements for equipment for
the specified purpose and is not inferior in terms of technical characteristics and technological capabilities,
similar to meat processing machines imported from abroad.

In accordance with the above-described express algorithm for studying the quality parameters of the
ground meat subjected to mixing, comparative studies were carried out, covering 5 samples of the ground meat —
processed on the atmospheric horizontal meat mixer L5-FM2-U-150 (the first sample) and four samples
processed in the experimental mixer (samples from the second to the fifth one). The results of the measurements
performed are shown in Table 3.
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Table 3. Mixing quality of minced meat
Tabmmua 3. KauecTBo nmepememmBanus apia

Sensorial parameters Strain of th
(average scores for samples) ;22 d(;r J €
of tg:;if};zgcieat Quality of mixing penetration, Pa
Sample 1 (control) 5 10 1423
Sample 2 8 7 1813
Sample 3 10 8 1926
Sample 4 10 7 1887
Sample 5 9 9 1855

Thus, all the samples of the vacuum treated ground meat showed a tougher consistency — this is
confirmed by both sensorial and instrumental studies. At the same time, the ground meat processed in an
atmospheric mixer was characterized by a more even distribution of components. This may be due to the
improper design of the working bodies and internal elements of the bowl requiring further improvement.

Conclusion

The research carried out made it possible to collect and analyze the necessary array of information regarding
processes of mixing ground meat with the help of specialized technological equipment, including the one that provides
vacuuming of processed food masses. Two principal design layouts of the specified equipment, horizontal and vertical,
are presented, the possibility of using vertical vacuum machines for maceration by massaging medium and small meat
raw materials is proven. The design of a vertical vacuum machine with a geometric capacity of the working bowl of
0.15 m’ is described, and the main technological and dynamic calculations of this machine are given. The calculations
made it possible to create a modern non-metal-intensive design of a vacuum machine for mixing minced meat and/or
massaging meat raw materials, which meets modern requirements for equipment for the purpose. Comparative
express-studies of the quality of mixing of the ground meat using routine equipment of meat processing plants
and the newly developed machine showed that vacuuming allows consistent achieving a tougher ground meat
consistency, while for the ground meat processed on an atmospheric mixer, a more uniform distribution of
components was characteristic. This may be due to the improper design of the working bodies and internal
elements of the bowl, so the said design requires further improvement. The issue of using the developed
appliance as a meat massager, which is beyond the scope of this work, also requires a comprehensive study.
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