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Hocnidxcerno npouec mexaniunoi o6pooxu

uubyni pinuacmoi nio uac i owuwenns Komoino-
eanum cnocoéom. Busnaueno pauionanvii napa-
Mempu npogedenns KomoinoBanozo npouecy ouu-
wenna wyubyai pinwacmoi. Ompumano eenuuuny
Heo0xiono20 Koediuienma 3anosnenns po6ouoi
Kamepu anapama 05 ovumenns yubyi pinuacmoi.
3anpononosano mamemamuuny Mmooesb npoue-
cy mexaniunoi 00pooKu wubyai pinacmoi nio uac
il ouuwenns. Po3paxosano MiHimanvHy uacmomy
obepmanus po6ouoi kamepu anapama

Kniouosi cnosa: yuoyasa pinuacma, xomoéino-
eaHull npouec, napamempu OHUUWECHHsL, NONEPeOHE
npoeapirosamnis, mexaniuna oo6pooxa

=, u|

Hccaedosan npouecc mexanuuecxoil o6paéomxu
JYKA Penuamozo 60 GPeMs €20 OHUCMKU KOMOUHU-
posantvim cnocobom. Onpedenenvt payuonaibHvle
napamempot nposeodeHUss KOMOUHUPOBANHO20 NPO-
uecca ouucmxu ayxa penuamoeo. Ilonyuena eéenu-
YUHA HE00X00UMO20 KO Puuuenma 3anonmenus
paboueil xamepvl annapama OAsL OUUCHIKU JYKA
penuamozo. Ipednoscena mamemamureckas mooeio
npouecca mexanuueckoi odpadomxu ayka pena-
moz0 60 épems ezo ouucmku. Paccuumana munu-
ManvHas uwacmoma epaujenus padoveu xamepol
annapama

Kmouesvie crosa: yx penuamotii, KoMOUHUPO-
8AHHDLI NPOUECC, NAPAMEMPBL OUUCMKU, NPEO8aApU-

meJbHbLE NPosap, mexanuveckas oopadbomra
u| o

1. Introduction

Under conditions of modern economic development,
there is a need to create new resource-saving processes and
equipment that meet all international requirements. In this
case, such indicators should be strictly monitored as quality
of the manufactured product and ecological safety of con-
ducting production processes.

Manufacturing food products from vegetable raw mate-
rials has important economic and social significance. Vege-
tables play an important role in the nutrition of all categories
of population, which necessitates their presence in people’s
daily diet. Therefore, safety and quality of such food, the
absence of physical, chemical and microbiological contam-
ination should be warranted by manufacturers and proces-
sors. To guarantee the safety, producers should apply control
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measures along the entire chain of the production process —
obtaining, processing and preservation of vegetables. These
requirements imply high quality and ecological cleanliness
of the products, as well as maximum mechanization and au-
tomation of the processes [1]. One of the main tasks for the
vegetable-processing industry is to use modern advanced
technology during production [2]. But the intensity of the
pace of development is reduced due to the low degree of
mechanization of most of the processes in the processing of
vegetable raw materials, a high degree of manual work. As
a result, it is impossible to manufacture the products that
would meet European and world requirements [3].

One of the ways to ensure the chosen direction on re-
source- and energy-saving is the development and implemen-
tation into production of new technologies and equipment
for cleaning vegetable raw materials. Despite the fact that at




present sufficient volume of equipment is used to conduct the
process of cleaning vegetables, there are many problematic
issues that need to be addressed. It is known that during
the process of cleaning, a large part of these raw materials
is lost. This happens due to moral and physical wear of the
equipment created earlier for the implementation of the
cleaning process. Most of the devised processes of cleaning
vegetable raw materials lost their relevance, since they are
characterized by significant energy consumption and low
quality indicators of products [4].

A promising trend of the intensification and mechani-
zation of the process of cleaning vegetable raw materials is
the development of new specialized devices, whose principle
of functioning is based on the combination of thermal and
mechanical processes [5]. Implementation of innovative
combined ways of cleaning is complicated by the lack of
comprehensive research in this direction as a whole, in
particular, appropriate information on the typical structur-
al-mechanical, physical-mechanical and thermal-physical
properties of vegetable raw materials, techniques and ex-
perimental installations to determine their influence on the
parameters of processes.

At the present stage of development of society, a relevant
and important direction, providing for a more rational use
of resources, is the development and implementation of new
technological processes [6]. To date, there is an intensive
development of food and processing industry and the in-
troduction of new progressive technologies, energy- and
resource-saving efficient technological processes of process-
ing raw materials with maximum preservation of food and
biological value [7].

But it should be noted that labor productivity at the
Ukrainian enterprises that process agricultural raw mate-
rials is 2—4 times lower than that at the similar enterprises
in developed countries; about 50 % of labor-intensive opera-
tions are performed manually and only 10 % of the existing
equipment are running under automated mode [8]. To solve
the problem of processing agricultural raw materials, it is
necessary to design technical means not only for the indus-
trial processing of agricultural raw materials but introduce
manufacturing of compact equipment for restaurants, farms
mini-shops and private enterprises. It is economically sen-
sible to apply universally and multioperational compact
equipment, which is capable of several processes, which will
make it possible to process different kinds of raw materials
and produce a variety of products with stable quality indica-
tors. The development and implementation in the production
of environmentally safe energy-saving equipment of the new
generation, which implements principally new combined
methods of comprehensive processing of agricultural raw
materials is a relevant and priority task.

2. Literature review and problem statement

Processing of vegetable raw materials is important in
the food industry and restaurant industry. One of the most
labor-intensive processes that are used at the enterprises of
restaurant business is the process of cleaning vegetable raw
materials. The following methods for cleaning the vegetables
are used: physical (thermal), steam water thermal, chemical,
mechanical, combined and burning by air. All of the above
mentioned methods of cleaning from inedible inner part
have reached today a high degree of development and are

effectively used in the processing industry. Of the considered
techniques, mechanical method of cleaning has become the
most widely used due to low energy consumption for the
provision of the process, relative simplicity of design of the
equipment, environmental friendliness, ease of service [9].
But mechanical cleaning method is characterized by high
losses of raw materials.

Despite the low level of mechanization of the process of
cleaning onion at the restaurant enterprises, it is necessary
to analyze possible expediency and efficiency of applying the
methods and devices, which are used at the enterprises of veg-
etable-processing industry. A comprehensive treatment of on-
ion is conducted, as a rule, on the onion-cleaning lines, which
include a number of machines and auxiliary mechanisms [10].
The line includes a unit for sorting the onions, mechanisms for
drilling the stems and cutting the neck by a knife with pres-
sure fork, frictional installations of periodic action for peeling
the bulbs from the husk with the mechanism of temporary
control of the operation duration, scales to determine the
amount of weighted material and water jet wash.

Some vegetable drying plants operate universal line for
the preparation and drying of onion. The line includes ma-
chines for preparing the onion to drying, a dryer and equip-
ment for processing dried onion. The line provides for the
production of dried, sliced into rings, shredded onion and
onion powder [11]. The amount of waste during operation
of the line is from 20 to 26 %. Given the overall dimensions
and high productivity of the technological line, its use in the
restaurant business is not expedient.

In the course of mass processing of onion, the method of
its cleaning is applied using carbon dioxide. A device for the
implementation of this method is equipped with the unit for
cleaning the hulls using chemicals, allowing facilitation and
improvement in reliability of peeling the hulls from onion
and the reduction in water consumption [12]. Considered
machine requires significant production areas, has large
dimensions, is highly productive as it is designed for large
processing enterprises, and it cannot be used in restaurants.

Another issue that arises and requires a solution in the
process of processing onion is cleaning slightly frozen and
frozen onion. The design of device for cleaning frozen onion
has certain peculiarities of operation [13]. The disadvantag-
es of this device is the low quality of cleaning, a considerable
amount of waste and loss of valuable parts of the bulb with
the hulls through cleaning by cutting, the need to control
the level of onion to ensure the implementation of the clean-
ing process, impossibility to use in restaurant business.

Hydraulic method to clean onion that is used primarily
on vegetable drying plants is characterized by certain fea-
tures of its application, the main being the need to addition-
ally clean the bulbs. When cleaning the non-calibrated onion
in the washer machine, they received: 39 % fully cleaned
bulbs, which require additional neck and stem cutting, 38 %
half-peeled and 23 % not-cleaned bulbs [14]. Labor produc-
tivity while additional onion cleaning, after its pre-treat-
ment in the washer machine, increased by 36 % compared to
when conducted manually.

Presented overview of equipment for cleaning onion
demonstrates the impossibility of using existing designs,
intended for use in the vegetable processing industry, in
restaurant business. In addition, presented equipment do
not provide for high quality of cleaning the onion from peel
and have certain drawbacks. Machines for the pre-treatment
of onion perform, as a rule, one operation. When using ma-



chines for the pre-treatment of onion, simultaneously with
an increase in productivity compared with manual handling,
the losses for cleaning increase. For the implementation of
technological process of the pre-treatment of onion, the lines
from a series of single-purpose machines are usually created
that always have different performance efficiency and ca-
pacity, due to which the lines are large in size and low pro-
ductive. When using the line to clean onion from the husk, a
separate machine is necessarily required and when using the
line to clean onion from the stem and neck, it is required to
have mandatory quality calibration of each bulb and to use
a separate machine [15]. The process of cutting onion is con-
ducted in separate units, requiring certain time for reloading
cleaned onion, and it reduces quality of the product when us-
ing the onion-cleaning lines. After the end of the processing,
it is necessary to carry out additional manual cleaning and
sorting of raw materials [16]. The machines and lines for the
pre-treatment of onion imply a significant proportion of man-
ual labor as the known machines do not allow conducting all
basic technological operations for the pre-treatment of onion.

Thus, the known machines for the pre-treatment of onion
are not universal, low efficient, and have a limited scope of
application.

Based on analysis of the presented techniques for cleaning
and the installations for their implementation, effectiveness
of their work and the possibilities of applying in restaurant
business and vegetable processing enterprises, we can con-
clude that the problem of cleaning has not been fully resolved
up to now. One of the ways to ensure the chosen direction
towards resource- and energy-saving is the development and
implementation of environmentally safe equipment that re-
alizes principally new combined methods for comprehensive
processing of various types of agricultural raw materials with
stable quality indicators. An implementation in one machine
of multiple processes allows us to cut down on additional
equipment for calibration, sorting, washing, pre-treatment,
which, in turn, will ensure safety during production, contrib-
uting to the more rational use of resources [17].

On the basis of the conducted review of the literature
data, it was proved that during the cleaning of onion, a
significant part of the raw material is lost while effective
quality control over final products is missing. Well-known
machines for cleaning onion remain ineffective, require addi-
tional equipment and performing manual pre-treatment and
have a limited segment of their application.

A promising trend of the intensification and automation
of the process of high quality cleaning of onion is develop-
ment of the device for cleaning onion ACR-10/160, the new
specialized unit whose principle of functioning is based on
the synthesis of thermal, hydrodynamic and mechanical
processes of treatment. The country of origin is Ukraine.
Design of the device is protected by the patent of Ukraine
for invention No. 106813 [18].

3. The aim and tasks of the study

The aim of present work is to study the process of me-
chanical treatment of napiform onion during its cleaning by
the combined method and to determine rational parameters
of conducting combined process of cleaning napiform onion.

To achieve the set aim, the following tasks were to be
solved:

—to devise methods and experimental installations for
conducting the process of mechanical cleaning and to study
its influence on the quality of cleaning and the percentage of
losses of napiform onion;

—to determine impact of the duration of preliminary
cooking with steam of the surface layer of napiform onion
and structural parameters of working drum on the maximum
degree of cleaning of raw materials;

—to explore dependence of the degree of cleaning the
bulbs on the coefficient of filling the working volume of the
drum and the depth of the product penetration;

— to build a mathematical model for the process of addi-
tional mechanical cleaning of raw materials for determining
the most rational motion of product in the drum unit of the
device.

4. Materials and methods of research into
mechanical processing of vegetable raw materials

In order to minimize the loss of raw materials and to
improve at the same time quality of cleaning the surface
of the napiform onion, there is a need to conduct research
into determining the duration of conducting the process
of mechanical cleaning, depending on the effort to remove
the husk.

We propose to use in the designed experimental setup
(Fig. 1) a rotating drum as a working chamber. Based on
the above selected factors, which need to be explored, we
devised a technique to examine the process. This technique
of examining the process of vegetable raw materials mechan-
ical treatment is presented in detail in paper [19].
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Fig. 1. Schematic of the experimental set-up for
examining the process of cleaning napiform onion:
1 — experimental drum module; 2 — tensometric module;
3 — CTI-1; 4 — electronic scales

3. Research results of mathematical modeling of
the process of mechanical treatment of napiform onion
and determining rational parameters for conducting
the process of its cleaning

For theoretical modeling of the process of mechanical
cleaning of onion in the proposed drum-type device, we
shall use general theory of drum mills. This theory ex-
amines the motion of a layer of solid spherical particles
in the drum, which rotates at a certain frequency. This
model can be expanded to the motion of napiform onion in
the proposed device because the basic assumptions of the
model remain the same:



— particles — solid balls with a diameter much smaller
than the diameter of the drum;

— for the mode of developed motion of the layer of parti-
cles, the equation of only one particle is considered;

—a particle is in contact with the inner surface of the
drum until the moment of separation from it;

—in the moment of breaking, the particle loses contact
with the drum.

Depending on the rotation frequency of the drum, there
are three operating modes of motion of the layer of particles
(Fig. 2), which are defined by the ratio of rotation frequency
to the critical frequency:

Fig. 2. Scheme of motion of solid particles in
the drum depending on the rotation frequency:

a— mode |, n=0,4...0,6 n_; b — mode I, n=0,6...0,8 n_;
¢ — mode lll, n>n,

Critical rotation frequency of the drum is determined
under conditions of equality of the centrifugal force and the
force of gravity:

m’R =mg. @)

Hence, taking into account connection between cyclic
frequency and rotation frequency ®=nn /30, we obtain:

29,9

n= T @)

where m is the mass of a particle, kg; o is the cyclic rotation
frequency of the drum, rad/s; n,, is the drum rotation fre-
quency, min'; R is the inner radius of the drum, m.

Under the first mode of motion of the layer of particles
at n=0,4...0,6n,,, there is the equilibrium state of the layer
without destroying its shape due to the fact that the forces of
friction and the force of gravity exceed the centrifugal force
and the main interaction between the particles and the inner
surface of the drum occurs due to friction. The layer of parti-
cles under the influence of friction force is trying to move up,
but the growing component of the force of gravity eventually
makes the whole layer shift into the equilibrium state. Peri-
odically, this oscillatory motion is repeated. In terms of the
process of cleaning onion, it is an ineffective mode because
the equilibrium of all forces applied to the bulb may be less
than the effort to remove its husk.

The third mode at n>n, is also ineffective in terms of
cleaning because it lacks the motion of bulb relative to the
inner surface of the drum with the cutting openings.

It is obvious that the optimal mode is the second mode at
n=0,6...0,8n, when the layer of bulbs loses equilibrium state
and the sliding forces occur relative to the inner surface of
the drum, which, together with the force of friction, deter-
mine the effort of cutting the neck and stem of bulbs. In this
case, removal of husk is achieved due to the friction between

individual bulbs.

Based on this analysis, we shall define theoretical con-
ditions for the work of the set-up for cleaning onion under
optimum mode. First, we shall obtain necessary geometrical
ratios (Fig. 3).

Drum

Layer with
product

Fig. 3. Scheme of position of the layer of onion in the drum

Let us find the magnitude of coefficient of filling the
drum:

B=3 3)

where B is the coefficient of filling the drum with a layer of
product; S, is the cross-sectional area of the drum; m? S is
the cross-section of the drum filled with product, m?.

The magnitude S, will be found as the difference
between areas of sector ACBA and triangle ABC with
AC ground.

Sp =S_acea ~Saasc- “)
Obviously:

N Y
SuACBA - o mR”, (5)

1 N
Sy == 2Rsin[ L
sne =73 sm(2)x
xR cos(%) = %RZ sin(y), (6)

where yis the central angle of the segment with product, rad.
Accordingly, the area of the layer of product:

szinRz—%stin(y). %)

Substituting (7) into (3), and taking into account the
area of cross-section of the drum:

S, =nR? (8)

we obtain the magnitude of coefficient of filling the drum
with a layer of product:

p=-(v-sin(y)) ©

The mass of the product in the set-up will be found with
regard to the bulk density of the product and coefficient of
filling the drum with product:

1 .
m, :pprpb=§ppr2b(y—sm(y)), (10)



is the bulk density of product, kg/m? b is the

where p,
length of the drum, m.

The distance to the center of masses of the segment of
product is determined by the known formula:

pb

= dpsin(r/2) (11)

¢ 3 y-siny
where r, is the distance from the axis of rotation of the drum
to the center of masses of the segment of product.

The next step will define the boundary conditions for
the existence of the first mode of motion of the layer of bulbs
when the layer retains its shape and moves as a whole one.
This, as stated above, is not optimal mode in terms of clean-
ing, but the particular boundary conditions of this regime
determine the minimum rotation frequency of the drum,
above which the second one starts — the optimal mode of
operation of the set-up.

Let us find connection of angle o, at which we may ro-
tate the layer of product relative to the horizontal axis of the
drum without disturbing its shape (Fig. 4).

Fig. 4. Scheme of the forces that determine angle of
lifting the layer of product a, under the first mode of
the drum operation

The equilibrium of product segment with mass m, is
determined from the condition of equality of oppositely
directed moments of forces — friction M; and moving
component M, of weight M ,=mgsin(c,). Force of fric-
tion F,, is written down as the product of coefficient of
external friction f; and force of normal pressure; the latter
is the sum of the centrifugal force acting on the centre of
gravity of segment F.=m r.0* and radial component of
force of gravity mgcos(a.,), that is

F, =f.(m ro’+mgcosa,). 12)

Shoulder of the force of friction is equal to radius of the
drum R, shoulder of the moving force of gravity is equal to the
distance to the center of masses of segment r, (14). Equality of
these moments determines the conditions for the equilibrium
of entire segment of the product:

f,(m r.o*+m gcoso, )R =m gsina, .. (13)

The last equation is convenient to represent for analysis
in the dimensionless form. After simple transformations, we
obtain

Fr:isinoc —§ yosmy

_y-siny oo
B T a sy

(14)

is the Froude number; R is the radius of the drum, m; ® is the
cyclic rotation frequency of the drum, rad/s; g is the free fall
acceleration, m/s?.

It is obvious that the maximum angle of lifting the seg-
ment of product is equal to the angle of natural bevel of the
layer of bulbs max(ot,)=0,and maximum central angle of the
segment with product in this case y=180°, because at larger
values of angles o, and v, the entire segment of product will
be destroyed (upper bulbs of the segment will be rolled along
its outer surface). Taking into account these considerations,
the Froude number’s boundary value for the first mode of
motion is equal to:

Fr . :isin(x

min f

™

y—ﬁ,n;ﬂcosoc . 15)
4sin’(n/2) Y
If we substitute in (15) the value of natural bevel angle of
the layer of bulbs o, =40° and coefficient of friction of a bulb
with metal f,=0,29, then we receive the condition to deter-
mine minimum rotation frequency of the drum:

Fr,, =0.41. (16)
That is
Fr. g
“) X = min , 17
min R ( )

or, with regard to the connection between cyclic rate and
rotation frequency

L _30 [o4lg _19.19
min P R \/ﬁ ’

where n_, is the minimum rotation frequency of the
drum, min™; R is the radius of the drum, m.

Let us note that this formula is valid only for the max-
imum permissible load of the drum under the first mode of
motion, which is easy to calculate by substituting in formu-
la (9) values y=m, then B,,.=0.5.

If the load is less, then the first mode of motion of prod-
uct in the drum will occur at larger rotation frequencies
because moment of moving force m gsina, -, increases (due
to r.), and, to compensate for it, it is necessary to increase
the force of normal pressure. This dependence, based on (15)
and data for onion o, =40° f;=0.29, takes the following form:

(18)

Y —siny

Frmm = 2,22 —0,5837
sin“(y/2)

(19)

In this formula, central angle of the segment with product
varies in the range 0<y<m, corresponding to the coefficient
of loading according to (9) within 0<p<0.5. Formula (19),
together with (18), allows us to calculate the minimum ro-
tation frequency of the drum for the transition into optimal
mode of motion of the layer of onion at random drum load, in
contrast to (16).

As noted above, optimal conditions for cleaning onion
in the drum occur under the second mode of the motion
of its layer, the upper limit of which is the critical rotation



frequency (2). It should be noted that formula (2) does not
correspond to the real situation since, when receiving it, the
assumption was made that the layer of product is infinitely
thin, meaning the load factor of the drum B—0. When actu-
ally loaded, the bulbs in the drum will take up a certain vol-
ume, the thickness of their layer for the third mode of motion
is related to the load factor by obvious ratio:

R’ —nR,
=== 20
B Y (20)
where R, is the inner radius of the layer of product, m.
Hence
R, =R\1-B. 1)

The equilibrium conditions for the layer of product under
the third mode of motion will be determined by centrifugal
force for the smallest radius of the layer, that is,

m("‘)n1ax2R1 = mg’ (22)
from where, given (21) and expression for Froude number,

we shall receive boundary condition for critical (maximum)
rotation frequency of the drum:

(23)

When Froude numbers exceed Fr,, , the third motion
mode will be provided for the entire layer of product. Thus,
the optimal mode of operation of the set-up for cleaning on-
ion is defined by the following range:

Frmin < Fr < Frmax' (24)

With regard to (19), (23) and (9), we shall receive

2,22-0,58— Y _ppo ! . (25)
sin(y/2)

\/1—i(y—sin(y))

In practice, it is convenient to use as an argument not
the central angle of the segment with product vy, but the
coefficient of filling the drum B, but expressing the relation-
ship y(B) from transcendental equation (9) is not possible,
that is why we proposed approximate equation, found by the
method of regression analysis, which describes exact deci-
sion (2) with error of 5 % in the range f=0,2...0,8 (Fig. 5).

o (099B)
y(B)—3.04(1_B) .

Then condition (26) can be written down through coef-
ficient of filling the drum:

Y(B)-sin[v(®)] 1

— <Fr< .

sin [y(B)/Z] J1-B
Fig. 6 displays dependences of determinant criterion
Froude on the coefficient of filling the drum with onion. As al-
ready discussed above, the region of optimal modes of the set-
up for cleaning onion lies between the lines of maximal and

minimal Froude numbers, that is, it corresponds to mode II.

(26)

2.22-0.58 27)
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Fig. 5. Relationship between the coefficient of filling
the drum and central angle of the segment with product:
1 — equation (9); 2 — approximate equation (26)
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Fig. 6. Dependence of the Froude number’s limiting values on
the coefficient of filling the drum with onion

With a decrease in the coefficient of filling, the range
of optimum modes narrows and at values $<0.2, there is
no second motion mode of the layer of bulbs in the drum,
that is, the existence of either the first or the third mode
of motion is possible, but, as noted at the beginning of the
section, they are ineffective in terms of mechanical clean-
ing. It should be noted that the results presented will cer-
tainly be subject to experimental refinement because the
resulting model only in the first approximation represents
complex real processes that occur when moving a product
in the centrifugal drum. These data were used in planning
further experimental research, the purpose of which was
to find the optimal modes of operation of the set-up for
mechanical cleaning of onion.

The effectiveness of removing husk of onion after ther-
mal treatment can be evaluated by measuring the magnitude
of effort to remove the husk from onion. Fig. 7 displays de-
pendence of influence of the duration of thermal processing
of onion on the effort for removing its husk.
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Fig. 7. Dependence of the effort of removing the husk of
onion on the duration of its steam treatment



Reducing the magnitude of the effort for removing the
husk will occur as a result of weakening bonds between cells
of the surface layer of napiform onion. The conducted studies
allowed us to find out that during the process of mechanical
cleaning, the depth of thermal treatment of napiform onion
will significantly affect the percentage of losses of raw materi-
als, and the effort to remove the husk will affect the percentage
of cleaned bulbs and duration of the process of mechanical
cleaning of onion. In order to improve quality of cleaning and
minimize the loss of raw materials, it is necessary to identify all
the factors that influence this process. A direct impact on the
process of mechanical cleaning will be exerted by the duration
of this process. An increase in the duration of the process of
mechanical cleaning leads to increased losses of raw materials,
but their reduction could lead to deterioration in the quality of
cleaning the product.

In order to minimize the loss of raw materials and to
improve at the same time the quality of cleaning the surface
of napiform onion, there is a need to conduct research into
determining the duration of carrying out the process of
mechanical cleaning, depending on the effort to remove its
husk. Results of these studies are presented in Fig. 8.
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Fig. 8. Dependence of duration of mechanical cleaning of
napiform onion on the effort to remove its husk

The results of research presented indicate that onion,
whose husk is separated with a large effort, requires longer
mechanical cleaning.

A correlation analysis revealed that the largest degree
of correlation is demonstrated by the percentage of cleaned
bulbs and the thickness of penetration through the surface
layer of bulbs. That is why, by the methods of regression
analysis (Table 1), we established the following dependence
of the percentage of cleaned bulbs on the thickness of pene-
tration through their surface layer:

P=a, +a, 8+a, &, (28)
where P is the percentage of cleaned bulbs, %; & is the thick-
ness of penetration through the surface layer of onion, mm;
a, are the regression coefficients.

Fig.9-11 demonstrates the calculated data, built ac-
cording to model (28), to determine the percentage of
cleaned bulbs from the thickness of penetration through the
surface layer of a bulb.

The obtained data allow us to state that the maximum
degree of cleaning the bulbs is approaching 100 %; in this
case, at a low drum filling factor 0.3..0.5, we observe
two extrema in the range of thickness of the penetration
4..4.5 mm for K,=0.3 and 3.5..5 for K=0.5. The curves
are divided into two families: curves 1, 2, 4 have a smaller
area of openings of the drum than curves of 3, 5, 6. At the
same time, for the drum filling factor at 0.7, there is only
one extremum at $=4.8 mm.

Table 1

Values of regression coefficients for different shapes and
diameters of openings

Shape and diameter of a a a
openings ! 2 3
load factor 0,3
Circle, 12 mm —111 95 —11.46
Circle, 17 mm -94 75 -7.99
Circle, 22 mm -312 176 -18.96
Ellipse, 12x18 mm -104 92 -11.19
Ellipse, 17x23 mm —134 103 -11.86
Ellipse, 22x28 mm -265 163 -18.21
load factor 0,5
Circle, 12 mm —-168 135 -17.96
Circle, 17 mm -101 74 ~7.44
Circle, 22 mm -318 174 -18.09
Ellipse, 12x18 mm -107 87 -9.75
Ellipse, 17x23 mm -152 104 -11
Ellipse, 22x28 mm —445 230 —24.28
load factor 0,7
Circle, 12 mm -121 76.3 -7.09
Circle, 17 mm -132 90.7 -9.53
Circle, 22 mm -278 157.6 -16.63
Ellipse, 12x18 mm -17 7.6 2.02
Ellipse, 1723 mm -176 105.3 -10.52
Ellipse, 22x28 mm -130 100.8 -11.09
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Fig. 9. Influence of the thickness of penetration through the
surface layer of bulb on the degree of cleaning the bulbs at
load factor 0.3 and shape and diameter of openings:

1 —circle, 12 mm; 2 — circle, 17 mm; 3 — circle, 22 mm;

4 — ellipse, 12x18 mm; 5 — ellipse, 17x23 mm;

6 — ellipse, 22x28 mm

Thus, depending on the filling factor, the maximum of
degree of cleaning is observed for openings with a larger
area, but at different depth of the penetration.



Let us separately consider the question of rational rota-
tion speed of the drum during mechanical cleaning.

Fig. 12 demonstrates results of regression analysis of
dependence of the degree of cleaning on the drum rotation
frequency.
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Fig. 10. Influence of the thickness of penetration through
the surface layer of bulb on the degree of cleaning the bulbs
at load factor 0.5 and shape and diameter of openings:

1 — circle, 12 mm; 2 — circle, 17 mm; 3 — circle, 22 mm;

4 — ellipse, 12x18 mm; 5 — ellipse, 17x23 mm;

6 — ellipse, 22x28 mm
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Fig. 11. Influence of the thickness of penetration through
the surface layer of bulb on the degree of cleaning the bulbs
at load factor 0.7 and shape and diameter of openings:

1 — circle, 12 mm; 2 — circle, 17 mm; 3 — circle, 22 mm;

4 — ellipse, 12x18 mm; 5 — ellipse, 17x23 mm;

6 — ellipse, 22x28 mm

As we can see, the optimal value of rotation frequency by
the indicator of quantity of removed parts of a bulb corre-
sponds to value 100 min™.

Corresponding regression equation takes the following
form:

K=-168+4,68-1-0,021-n% (29)
where K is the number of removed parts of a bulb, %; n is the
drum rotation frequency, min™.

The presence of characteristic optimum of rotation fre-
quency n=100 min*! directly follows from the theoretical
model of the process of cleaning. According to this model,

at high rotation frequencies, there occurs the so-called third
non-working mode of the drum when the layer of bulbs is
pressed to the inner surface of the drum by centrifugal force
and at which efforts for cutting do not occur.
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Fig. 12. Determining optimal drum rotation frequency by
the indicator of quantity of removed parts of a bulb:
x — experimental research; — correlation curve

6. Discussion of results of examining the process of
mechanical cleaning of napiform onion

The research results of the combined process of clean-
ing napiform onion allow us to specify the duration of its
pre-boiling to the condition that provides for the maximum
degree of cleaning and minimum percentage of losses of raw
materials during subsequent mechanical treatment.

The obtained data enable us to state that the maximum
degree of cleaning the bulbs is 88...98 %, coefficient of filling
the volume of working drum is 0.3...0.7.

As a result of regression analysis of dependence of the
degree of rotation frequency of the drum, we defined rational
value of its rotation frequency by the indicator of quantity of
removed parts of a bulb, which corresponds to 100 min™. A
larger rotation frequency leads to pressing the layer of bulbs
onto the inner surface of the drum by centrifugal force; in
this case, efforts on cutting do not occur.

A mathematical modeling of the process of mechanical
treatment of napiform onion with the purpose of defining
rational parameters of the combined process of cleaning is a
new study to date. Based on the conducted theoretical and
experimental research, we designed a device for the com-
bined cleaning of onion and specified rational modes of its
operation. This will substantially intensify and mechanize
the cleaning process, will provide high quality of cleaning
the product and minimize the loss of raw materials. Designed
device for the combined cleaning of napiform onion might be
used in restaurant business, purchasing departments and at
the enterprises of food industry. Further studies are planned
for conducting design calculations of the device for the pur-
pose of its improvement, which will provide the possibility
to take the size of the bulbs into account, as well as their
varietal features in the process of cleaning.

7. Conclusions

1. We designed an experimental installation with the
appropriate methodology that allows studying the process
of mechanical cleaning of napiform onion and determined



dependence of the percentage of losses of raw materials on
the process parameters.

2. Research results allowed us to define the duration of
pre-cooking of onion to the condition that provides for the
maximum degree of cleaning. Thus, at load factor 0.3, ratio-
nal duration of cooking onion in the drum with openings’
area within (3.07..4.84)-10"m? is 140 s and, accordingly,
rational duration of cooking in the drum for the same open-
ings at load factor 0.5 is 170 s, and at load factor 0.7 — 180 s.

3. It was established that the maximum degree of clean-
ing the bulbs is 88...98 %; in this case, at a low coefficient
of filling the drum (K)) 0.3...0.5, we observed two extrema
in the range of thickness of the penetration: 4..4.5 mm for
K,=0.3 and 3.5...5 for K =0.5, and for drum filling coeffi-
cient at 0.7, there is only one extremum at 8=4.8 mm. There-
fore, depending on the coefficient of filling, maximum degree
of cleaning is observed for the openings with a larger area,
but at varying depth of the penetration.

4. A mathematical model is proposed on the quality level
for the process of treating napiform onion during its me-
chanical cleaning, which theoretically substantiates that the
optimal mode of motion of the product in the drum device for
cleaning is the mode, at which a layer of bulbs lose equilibri-
um state and there occur sliding forces relative to the inner
surface of the drum, which, along with the force of friction,
determine the effort for cutting the neck and stem of a bulb.
Mathematical model, found by the method of regression
analysis, has error of 5 % within the value of coefficient of
filling the drum B=0.2...0.8. Mathematical model takes the
form of a system of inequalities, which is characterized by
the Froude criterion. It connects the coefficient of filling the
drum and central angle of the segment with a product.

We obtained equations to calculate the limiting modes of
motion when moving in the drum, which explicitly take into
account the friction coefficient, the angle of natural bevel of
the layer of product and the magnitude of drum load.
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Buseneno 3axonomiprocmi ma mexa-
HI3MU KOMNILEKCHOTL 01T npouecie eauboxoi
nepepooxu KapomuneMicHoi pocaunHHOL
CUPOBUHU 3AMOPOINCYBAHHA MA Kpiome-
xanodecmpyxuii Ha 30epexcenns i euny-
YenHs Kapomunoioie, 36°93aHux 6 HaHo-
Komnaexcax 3 Oiononimepamu, y 6iviy
ma 2iopoginony popmu. Bemanosaetno,
wWo npu po3poéui Hanomexnonozil Kpi-
oniope 6i00yeaemvca excmpaxuis p-xa-
pomuny y einviy dopmy 6 3...3,5 pasu
Oivute, Hidic Yy 6UXIONI cuposui

Kntouosi crosa: kpiomexanodecmpyx -
uisl, HaAHOMEXHOJI02il, Kapomunoiou, poc-
JUHHL 000a6KU, PYUHYEAHHA HAHOKOMN-
Jiexcie, Giononimepu, 36’a3amni popmu

Buoisasnenwvt 3axonomeprnocmu u mexa-
HU3MBL KOMNILEKCHO20 0elicmeust npoyec-
co6 enyboxol nepepabomxu Kapomui-
codepiicawezo pacmumebiozo Couipbs,
3aMOPANCUBANUA U KPUOMEXANO0ECPYK -
uuu Ha coxparenue u ueeuenue Kapo-
MUHOUO08, CEA3AHBIX 6 HAHOKOMNIIEKCAX
¢ Ouonoaumepamu, 6 c60600HY10 u 2udpo-
dunvnyro popmul. Yemanosneno, umo
npu paspadomie HAHOMEXHON02UI KPUO-
niope npoucxooum sKcmpaxkuus B-xapo-
muna 6 c60600nyto popmy 6 3...3,5 paza
Oostbute, wem 6 UCXOOHOM Cblpbe

Knouesvte caosa: xpuomexamnooe-
CMpYKUUL, HAHOMEXHON02UU, KAPOMU-
HOUObL, pacmumeivitvle 000a6KU, pa3py-
wenue HaHOKOMNIIEKCO8, OUONOIUMEPOE,
cesazanivte Popmot
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1. Introduction

the possibility of providing for the food products that are

Provision of population with rational and balanced nu-
trition is one of the most important problems of mankind.
It is much more complicated by the fact that the dynamics
of growth of the total population of the Earth is larger than

necessary for life activity, affordable in price and traditional
for the given region. According to the estimates of scientists,
to date, about 50 % of the world population is beyond pov-
erty and are starving [1, 2]. To address the global problem
of hunger, various countries of the world initiated the pro-




