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RESEARCH OF
TECHNOLOGICAL EQUIPMENT
FOR THE PRODUCTION OF BULK
FOOD MIXTURES

The development of technologies and modern equipment
for the agricultural sector, as well as growing competition in the
field of growing major agricultural products, lead agricultural
producers to try to optimize their own production.

The process of mixing can be thought of as the
volumetric movement of particles of two or more components to
obtain a homogeneous medium (in terms of composition,
physical, mechanical, and other properties). To mix bulk
materials, external forces must be applied to allow the particles of
the components to be mixed to move relative to each other.

The heterogeneity of the mixture depends on a number of
reasons, in particular: the supply of the initial components to the
vibrating mixer; insufficient mixing of the bulk mixture causes a
deviation in the distribution of component particles, etc.

An analysis of existing mixer designs has shown that
most technological processes use rotary drum mixers and mixers
with rotating working bodies - paddle, screw, frame.

To study the process of mixing bulk food mixtures, a
laboratory and experimental setup was developed, consisting of a
vibration-centrifugal mixer, a loading hopper, and a control panel.

The developed machine (mixer) is based on the task of
intensifying the process of mixing materials by reducing the
adhesive forces between material particles through the use of the
gravitational effect. Vibrational impact on the mixing of materials
and the mixer's working bodies significantly increases the
process productivity, reduce energy consumption and improves
the quality of the mixture.

The developed design can be widely used in various
industries in the production of spices, bakery mixes, feed, protein
and vitamin supplements.

Keywords: vibration, mixing, bulk medium, spices, flour,
vibration effect, frequency, vibrating centrifugal mixer.

traditional and develop new technological

bulk food mixtures directly at small enterprises
using small-sized equipment is economically
justified, since the cost of delivering raw materials
and storing them is reduced, and in general, all
resources are used more efficiently. The production
of these mixtures using continuous vibration mixers
has not been sufficiently studied, so this study is
relevant.

Analysis of last researches and
publications. Over the past decades, mixing
technology has become more widely used in
various sectors of the Ukrainian economy, in
particular, in the agricultural sector. Its application
has made it possible to fundamentally improve
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processes and means for their implementation.
Thus, the oscillatory mode of movement of the
particles of the technological load ensures both
effective mixing and a decrease in the internal
viscosity of the mixture and, as a result, a decrease
in the friction force during mixing. Therefore, most
existing technologies can use vibration technology,
as these machines are much more efficient than
conventional ones, both in terms of energy
consumption and processing time.

The vibration effect on mixing materials and
mixer working bodies significantly increases
process productivity, reduce energy consumption
and improves the quality of the mixture. At the
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same time, vibration in some cases can only
intensify the main process (e.g., screw vibration in a
screw mixer), while in others it can cause specific
vibration effects used for mixing (e.g., circulating
vibration-transporting mixtures inside a cylindrical or
torus-shaped vessel). The process of mixing with
the imposition of vibrations is accompanied, in
addition, by additional effects of grain destruction,
destruction of coagulation structures, increased
dispersion of solid particles and gas - activation of
the mixture [1, 12].

The purpose research. The aim of this
work is to improve the quality of finished products
by improving the design and operating modes of a
vibration centrifugal mixer of bulk food mixtures.
Also, to analyze existing designs of mixers for bulk
materials and identify areas for improving their
designs.

Presentation of main material. Mixing is
carried out by a large number of mixers, which

ma mexHorsoegissx
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differ in both a variety of designs and different
interaction of working bodies with raw materials

(fig. 1).

Spice  production is a complex
multifactorial process in which mixing is an
important operation. However, the technical

means available for this purpose in small-scale
production facilities do not provide high-quality
homogeneous mixing at the micro-volume level. It
is believed that 90...95% homogeneity is sufficient
for the production of these mixtures directly at the
production site.

The Ukrainian spice market is filled with
both domestic and imported spices. Domestically
produced spices are in demand among the
population because they are much cheaper.
Imported spices come from China, Georgia and
India. The Ukrainian market also receives black
pepper from Vietnam, bay leaf from Turkey, and
cloves from Madagascar [5, 15].

By purpose

I special | I universal I

combined

(shredder-mixers)

| Organization of the technological process I

portioned

with a fixed
camera

streaming
(continuous)

(periodic action)

with moving
camera

| By design |
-l screw | | lobed '——' drums | circulating l—
-‘ belt | | turbine '—_ belt- | vibration !-
blade
-{ frame I I cellular l——l propeller I I anchors I‘

swing

pin

| By placement of agitator |

I

| horizontal | | vertical

| inclined | | planetary l

| By number of agitators

single-shaft |

| two-shaft l
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By kinematic indicators

I low-speed

|
| high-speed I

Fig. 1. Classification of food mixers
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Currently, the population is interested in The basic technological line for the
spices, which gives good prospects for their production of food mixtures (spices) is shown in

production [2]. fig. 2 [3, 10].

2l T 9
L7 V> P
7

- -
N

Fig. 2. Technological line of spices production: 1 - loading hopper; 2, 6 - screw conveyor;
3 -mill; 4 - cyclone; 5 - vibrating separator with filter; 7, 8 - belt mixer

Spices are widely used in the production cooking, and in the corn snack production line (fig.
of canned food and snacks. 4) before the packaging process.

In the canning industry, spices are used to Spices are stored in paper bags at a
give canned food a specific flavor and aroma. temperature not exceeding 15°C and relative
Most of the spices in the canned meat production  humidity not exceeding 75% in dry warehouses
line (fig. 3) are added at the initial stages of that are notinfested with storage pests [4, 9].

Fig. 4. Production line for corn snacks: 1 - mixer; 2 - screw conveyor; 3 - extruder; 4 - air
conveyor; 5 - dryer; 6 - conveyor; 7 - sprayer; 8 —cooler
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In most mixing processes, rotary drum
mixers and mixers with rotating working bodies -
paddle, screw, frame, etc.

Rotary cone mixer (fig. 5). The mixing vessel
and the inner shaft with the working bodies rotate in
opposite directions, which ensures high efficiency
and homogeneity (fig. 6). It is equipped with a digital
timer for ease of use. This mixer is suitable for
medium to small production volumes in the
biotechnology, pharmaceutical and food industries.

Fig. 6. Shaft and working bodies of cone mixer

The mixing of the mixture in such devices is
caused by convective (circulation) and diffusion
processes. The former arise as a result of the
general movement of the entire mass of the load
(macro processes), while the latter are provided as a
result of the relative movement of the medium
particles, which affects the change in friction and
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adhesion forces between the particles (micro
processes).

A horizontal belt mixer (fig. 7) is a trough-
shaped vessel inside which a shaft with two "S" type
belts rotates (fig. 8). The wraps of the belts are
directed in opposite directions to neutralize transport
phenomena. This results in intensive and uniform
mixing. To improve the quality of mixing, the shaft
rotation is reversed. The mixed product is unloaded
with the mixer running and can be discharged from
the middle or from the end of the mixer. All parts
(mixer body, shaft, auger) that come into contact with
food are made of AISI-304 stainless steel [5, 8, 13].

Fig. 8. Shaft with two "S" type belts

The vertical belt mixer is used for mixing
bulk food products. Depending on the design, they
can be single-shaft (fig. 9), two-shaft (fig. 10) and
multi-shaft. The mixer is a vertical hopper inside
which a shaft is mounted that initiates a three-
dimensional flow, creating a helical motion upward at
the periphery and a downward flow in the center. It is
driven from above, using only one or two bearings,
respectively.
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Fig. 10. Vertical twin-shaft belt mixer and product circulation scheme

These mixers can be used for mixing bulk, insufficient intensification of the material mixing
paste, liquid mixtures and dough. Ensuring perfect  process, since the design does not provide for the
mixing quality at filling levels from 10 to 100% [6, possibility of 360-degree rotation of the body with
14]. the material to be mixed around the horizontal

The disadvantage of these mixers is (fig. axis, which does not allow for the reduction of
11): the high price of the mixer affects the final adhesive forces between the material particles by
price of the finished product, which consequently  using the gravitational effect [7, 11].
reduces its competitiveness in the market;

[ 3
High price
- >
Disadvantages ( )
Insufficient intensification of
mixing process
\ J

Fig. 11. Disadvantages of the reviewed faucets

The basis of the developed machine mixing materials by reducing the adhesive forces
(mixer) is the task of intensifying the process of between material particles through the use of the
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gravitational effect. This is achieved by the fact
that the vibrating mixer is fixed to the housing on
racks with the ability to rotate 360° around the
horizontal axis; the blade shaft inside the container
can also rotate around its horizontal axis; the
drives of the container and the blade shaft are
made separately.

The vibratory mixer (fig. 12) contains a
container 5, into which material is loaded through
the hatch 13 to prepare one portion of the mixture.
The vibration exciter 3 drives the body 1, which is
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mounted on elastic elements 2, into oscillatory
vibration motion. At the same time as the body 1,
the container 5, along with the material loaded into
it, comes into oscillatory vibration motion, since it
is fixed to the body 1 on the supports 7. The
electric motor 8 drives the blade shaft 6 mounted
on the racks 4. The electric motor 10 drives the
container 5 with the material loaded into it through
the clutch 11 and the open gear 12 to rotate 360
around the horizontal axis.

S

p

(T
/ ; — T T 1
‘"[ M%/ T‘
Fig. 12. Schematic diagram of a vibration centrifugal mixer: 1 - body;
2 - elastic elements; 3 - vibration exciter; 4 - rack; 5 - container; 6 - blade shaft;
7 - support; 8, 10 - electric motor;9, 11 - coupling; 12 - gear transmission;
13 - hatch
As a result of the simultaneous, combined  obrobky sil's'’kohospodars'koyi syrovyny

effect, the material particles are affected by the
vibration generated by the vibration exciter 3,
turbulence created by the rotation of the blade
shaft 6 and the rotational movement of the
container 5 around the axis by 360° which
together leads to an intensification of the material
mixing process.

Conclusions.The combination of the
movements of the working chamber (rotational,
vibration) and the rotational movement of the
activator, which can be realized independently of
each other in one design scheme, significantly
expands the technological capabilities of the
mixer.

The developed design can be widely used
in various industries in the production of bakery
mixes, spices, mixed fodder, protein and vitamin
supplements.
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AOOCHNIAXEHHA TEXHONOI4YHOIro
OBNAOHAHHA AnA OTPUMAHHA CUMNMKUX
XAPYOBUX CYMILLEN

Possumok mexHornoeili ma cy4yacHO20
obnadHaHHs Ol a2porpoMUCIIO8020 CEeKmopa, a
makox  3pOCmaHHSI  KOHKypeHuii 8  cqbepi
8UPOWy8aHHS OCHOBHUX rpodyKmis, npu3eodsims
00 mo20, WO CinbCbKo2ocnodapchki 8UPOBHUKU
HamaezarombCsl onmumizysamu enacHe
8UpobHUUMEO.

lpouec 3miwysaHHSI MOXHa ys8umu SK
ob'emHe nepemiwieHHs 4YacmuHOK 0eox i binbwe
KOMMoOHeHmie Ons ompumaHHs  OOHOPIOHO20
cepedosulja (3a cKknadom, YIi3UKO-MexaHIHHUMU
ma iHwumu enacmusocmsamu). Lns 3miwyeaHHs
Curnkux mamepiasie nompibHo Gokacmu 308HIUWHI
3ycunns, sAki daromb  3MO2y  YacmuHKam
KOMINOHEHMI8, W0 3MilWyombCs, rnepecysamucs
00Ha 8iOHOCHO OOHOI.

HeodHopidHicmb cymiwi 3anexums 8i0
HU3KU MpUYUH, 30Kpema: nodaya BUXIOHUX
KOMroHeHmie y e8ibpauitiHul  3miwysayd; rpu
HedocmamHbOMy  3Milly8aHHi  CUnKoi  cymiwi
BUHUKae  8iOXuneHHss  po3nodifly  4acmuHOK
KOMIoHeHmie ma iH.

AHani3 iCHyto4ux KOHCmpyKuid 3miwysaydie
nokasas, wo 8 binbwocmi MexHOMo2iYHUX
rnpouecie mae micye sukopucmaHHs obepmosux
bapabaHHux  3miwyeadie |  3Mmiwysayie 3
obepmosumu poboyumu opaaHamu -
Jionamesumu, WHeKO8UMU, paMKoguMu i m.d.

[na docnidxeHHs1 npouecy 3MillysaHHS
CUMKux xap4doeux cymiwel 6yno po3pobreHo
nabopamopHo-eKkcriepuMeHmarbHy  yCmaHO8KY,
sKa cknadaemsbcsi i3 3miwysaya
8ibp0o8iIdueHMpPo8o20 murny, 3agaHmaxygasnbHo20
b6yHKepa, nynbma KepyeaHHs.

B OCHOBY  PO3POb6MIEHOI  MaWwUuHU
(3miwyeaya) nocmaeneHa 3adaya iHmeHcugikayii


http://www.mill.com.tw/
https://www.mill.com.tw/en/category/Mixers-Blenders/mixers-blenders.html
https://www.mill.com.tw/en/category/Mixers-Blenders/mixers-blenders.html
http://www.amixon.com/
https://www.amixon.com/en/products/mixers-overview
https://www.amixon.com/en/products/mixers-overview
https://doi.org/10.12737/11239

Ne 3 (110) Bibpauii 8 mexHiui
2023 ma mexHoJso2isx

rnpouecy 3MiwyeaHHs  Mamepianie  WIISAXOM  [IPOMUC/I080CMI  npu  8upobHuumei  creuid,
3MEHWeHHs alz2e3iiHux cun MK 4YacmuHkamu  xsibornekapcbkux cymiwed, kombikopmie, binkoeo-
mamepiany 3a paxyHoK suKopucmaHHsi  eimamiHHux 0obagox.

epasimaujitiHozo egpekmy. BibpauiliHul ennue Ha Knro4voei cnoea: sibpauis, 3miwysaHHS,
3MiwyeaHHsT Mamepianie i poboyi opeaHu  cunke cepedosuue, cneui, 6opouwiHo,
3Miwyeaya 3Ha4yHoO 36inbwye npodykmueHicmb  eibpauitiHul ernus, yacmoma,

rnpouecy, 3HUXYye eHep2oeMHiCmb | rokpauwlye  8ibposidueHmposul 3millysay.
AKicmb CymiLui.

Po3pobrieHa KOHCMPpyKUisi MOxe mamu
WUPOKe  B8UKOPUCMAaHHS 8  pPIi3HUX  2any3sx
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