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Abstract

To develop equipment for cutting the crust and crushing the pulp of the
melon, you need to know the linear dimensions of it. The article presents the
geometric characteristics of melons of the variety "Mirzachulchkaya" and melons
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of the variety "Kolkhoznitsa". The knowledge about the linear dimensions of
melon fruits is important for the development of equipment for cutting the peel,
cutting, and grinding (wiping) the pulp. The justification of rational modes of
mechanized processing is carried out considering the classification of melon fruits.
The parameters of cutting tools are investigated. The optimization has been carried
out to obtain optimal parameters at which the machine will clean melons
efficiently, without damaging or reducing the pulp layer.
Key words: melon; processing; shape; size; variety; mass; pulp.

Introduction
The bulk of melons produced

in the republic are consumed in a
fresh way, but the consumption period
of such product is very short. Also,
the sensory qualities of freshly cut
melon, including density, flesh color,
etc., can deteriorate rapidly due to an
increase in respiratory rate and
ethylene release [1]. At the same time,
industrial melon processing allows a
production of a wide range of natural
consumer products, such as juices,
jams, dehydrated pulp and salads or
snacks [2].

It has been established that with
waste-free processing from 1 ton of
melon, it is possible to obtain: melon
jam - 155-165 kg, or bekmes - 65-70
kg, dried melon - 70-75 kg, vegetable

Materials and methods

Melons of the
"Myrzachulskaya" and
"Kolkhoznitsa" varieties of the 2021
harvest were taken as the object of
research. Melons were grown in
Maktaaral district of Turkestan
region.

The linear dimensions of melon
fruits:  length, diameter  were
determined using a caliper with an

oil - 2.5-3 kg, protein flour from the
peel - 20-23 kg [3].

Cleaning, as a preliminary and
main stage of post-harvest processing,
is currently done by mechanical,
chemical and thermal methods [4].
Although each method has its
advantages and limitations,
mechanical methods are preferable
because they preserve the edible parts
of fresh and undamaged products [5].

The analysis of existing
technologies of primary melon
processing, especially the transition to
multi-tonnage production, requires the
search and development of such
technical means that would provide a
complete replacement or replacement
of most of the manual labor used with
minimal loss ofresources.

accuracy of 1 mm, with a 5 trials of
experiments for fruits of different
sizes. After measurements, the index
of form i was calculated, which is the
ratio of the length of the fruit to its
diameter.



The weight of the fruits was
determined by weighing them on the
scales of VNC-10. The measurement
results were recorded after statistical
calibration.

The index of the form was
determined throughout mathematical
calculation. It allows you to compare
the shapes of melons with each other
and is calculated according to the
formula of A.L. Romanov:

IF =100 x d/D (1)
where: d is the transverse
(small) diameter, mm;

D is the longitudinal (large)
diameter, mm.

An experiment to study the
parameters of the cutting tool was
carried out on a sample of melon of
the "Myrzachulskaya" wvariety. The
main technique of the experiment is to
clean melons in one batch with a
change in the main parameters
affecting the quality of cleaning. The
staging part of the experiment consists

Results

of constructing a matrix of conducting
experiments on cleaning melons. The
following factors were taken as the
main parameters affecting the quality
of cleaning: the product rotation speed
(N, rpm), the gap distance between
the roller and the knife (D, mm) and
the forces applied to cutting (H, N/m).

The percentage of melon peel
loss was calculated using the weight
of the product before and after
cleaning, as indicated below. The
efficiency of melon cleaning was

calculated by the formula 2:

_wi-wz
Y= W1+t

where: W2 must be zero or W1.

All the samples obtained were
weighed before (W1) and
immediately after (W2) peeling on a
scale with an accuracy of £ 1 g.

The blades were sharpened
from the side outside to ensure the
discharge of the separated melon peel
to the side.

The appearance of melons of the "Kolkhoznitsa" and "Mirzachulskaya"

varieties are determined according to GOST 7178-2015 "Fresh melons. Technical
conditions". Studies have established that the variety "Kolkhoznitsa" in appearance
is a round fruit, weighing up to 1.5 kg.

The variety "Mirzachulskaya" in appearance has an oblong shape, a rich
yellow color of the peel, with thin white veins forming a meshy pattern. The smell
resembles the aroma of vanilla, honey and pear, the taste is very sweet with a
vanilla flavor. The flesh is milky in color, the consistency is gently oily, juicy.

The fruits of the melon variety "Kolkhoznitsa" are rounded up to 1.5 kg,
dense, bright yellow with an orange tint, and sometimes yellow-green, depending
on ripeness. There is a mesh pattern, but not dense, rare. The rind is thin and the
flesh is very soft, juicy and sweet with a light color. If the melon is not overripe,
then when biting, you can hear a characteristic crunch.

The geometric characteristics of melon fruits and the mass of the constituent
parts of the fruit are shown in Table 1.



Table 1 - Yield of components when cutting melon fruits

_ Mass of Flesh Peel Placenta Seeds

Variety .
fruit, g | g % g % r % | T | %
"Mirzachulskaya" | 5575 [4000| 71,75|1370| 24,57 | 133 | 2,39 | 72 |1,29
"Kolkhoznitsa" 1500 | 800 |63,35| 500 |31,62| 65 | 3,23 | 30 | 1,8
From Table 1 it can be The seed content varies from

observed that the yield of pulp in the
melon variety "Myrzachulskaya" is
71.75% and in the melon variety
"Kolkhoznitsa" - 63.35%. The
thickest crust was found in the melon
variety  "Kolkhoznitsa"  31.62%
against the variety "Myrzachulskaya"
- 24.57%.

1.29 to 1.8%. The dependence of the
seed content on which class the
melons belong to in terms of
maturation has not beenobserved.
This indicator depends only on the
characteristics of the variety.

The indices of the melon shape
obtained by calculation are presented
in Table 2.

Table 2 - Characteristic parameters of melon

The melon variety

Index of form

"Mirzachulskaya"

1,80-1,90, average 1,85

"Kolkhoznitsa"

1,20-1,25, average 1,23

The index of form is very
important when choosing devices for
removing the peel from melon fruits.
The higher the shape index, the easier
it is to mechanize the process of
cutting it. Theamount of mechanical
force needed for cutting the peel of
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pulp for further recycling
weredetermined. For example,
Figures 1 and 2 show graphs of the
"displacement - cutting force"
relationship for the peel and pulp of
melon.
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Figure 1 - Graph of the relationships of the cutting force against the
movement of the knife when cutting the pulp of melon variety "Kolkhoznitsa"
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Figure 2 - Graph of the relationships of the cutting force against the
movement of the knife when cutting the pulp of melon variety "Myrzachulskaya"

Analyzing the given data of
characteristic both melons, it can be
concluded that during the initial
period of contact of the knife with the
crust, elastic-plastic deformation of
the crust occurs. At the same time, the
cutting force changes only slightly,
whilst at the maximum value of
deformation, an abrupt increase in
force occurs, afterwards leading to the
destruction of the material. When
cutting the pulp, the cutting force
remains almost constant during the
movement of the blades.

Based on the planning matrix,
20 melon cleaning experiments with
various parameters were carried out.
The experimental data obtained are
presented in Table 3.

From the data obtained, it can
be seen that the yield of the peel
varies from 19 to 29%. This tells us
that with some parameters, the melon

was not sufficiently peeled or the peel
was removed along with part of the
pulp.

To obtain optimal parameters at
which the machine will clean melons
qualitatively without removing the
pulp, it is necessary to optimize the
specifications of the technology.

Table 3 - Matrix of experiments on melon cleaning

Encoded values Natural values Op timization
criteria
Ne N,
X1 Xo X3 rotations/ D,mm H,N/m B, %
min
1 - - - 35 6 2 369,5 20
2 - - + 35 6 2 380,5 25




3 - + - 35 12 2 369,5 23
4 - + + 35 12 2 380,5 26
5 + - - 45 6 2 369,5 19
6 + - + 45 6 2 380,5 18
7 + + - 45 12 2 369,5 17
8 + + + 45 12 2 380,5 20
9 -1,68 0 0 30 9 2375 17
10 +1,68 0 0 50 9 2375 26
11 0 -1,68 0 40 3 2375 25
12 0 +1,68 0 40 15 2375 22
13 0 0 -1,68 40 9 2 364 29
14 0 0 +1,68 40 9 2 386 19
15 0 0 0 40 9 2375 22
16 0 0 0 40 9 2375 21
17 0 0 0 40 9 2375 21
18 0 0 0 40 9 2375 20
19 0 0 0 40 9 2375 21
20 0 0 0 40 9 2375 20
Based on the data of the In the course of optimizing the
conducted experiments, a parameters that affect the effective

mathematical model is constructed
(Figure 3). Also, a regression equation
was obtained that helps to calculate
the optimal parameters of the
indicators when their values change:

yl= 21,40118752- 0,43627x;-
0,4187x,-  0,17275x5—  0,125x:Xxo-
0,625x; - 0,125x:xs -0,60624x,° +
0,62856x5°+ 98136x°5

The three-dimensional model
shows that each variable is equally
important  for  performing the
technological process of melon
cleaning.

peeling of melons, the product
rotation speed is of particular interest
as a characteristic that determines one
of the main parameters. Figure 3a
shows that the faster the product
rotates and the larger (wider) the gap
between the roller and the knife, the
greater the loss of the product itself,
that is, the pulp. Figure 3a shows the
percentage of crust in the melon of the
"Myrzachulskaya" variety, it is

22.38%. This means that the entire
optimization process is focused on
achieving this
separation.

indicator of crust




a — the rotation speed of the product (N, rpm) and the gap between the roller and
the knife (D, mm); b - the rotation speed of the product (N, rpm) and the force
applied to cut (H, N/m); c - the effect of the gap between the roller and the knife
(D, mm) and the force applied to cut (H, N/m)
Figure 3 - A three-dimensional model in space characterizing the dependence of
x,=f(N,D,H) on y,=f(B)

The main peak of losses
occurred at rotation rates up to 30 rpm
and the applied maximum force of
2,386 N/m - 30% was removed
(Figure 3b). At the same time, in the
extraction of the crust of 22.38%, the
loss of the necessary raw materials
amounted to 7.62%.

Figure 3c shows the effect of
the force and clearance of the roller
and knife on the separation of the
peel. The graph shows that with the
maximum effort applied, regardless of

Discussion

Currently, the technology of
removing the outer cover from the
fruits of melons to obtain purified
pulp is based on the use of manual
labor, and the existing design and
technological solutions of machines
for cleaning fruits from the bark do
not provide effective and high-quality
work when processing melons - full
completeness of cleaning and small
losses of edible pulp. In addition, in
all known bark removal machines, the

Conclusion

Thus, the geometric parameters
of melons of 2 wvarieties sold in
Kazakhstan in the period from the end
of June to the end of October have
been determined. They differ in terms
of maturation, size and shape, the
shape index varies for varieties from
0.92 (spherical) to 2.4 (cylindrical).
This requires the development of a

the gap of the roller and its resistance,
the knife rushes deep into the pulp,
cutting off its valuable part. While at
minimum values, the cutting of the
peel is less effective.

Thus, it follows from the model
shown in Figure 3 that the optimal
parameters for peeling melons fall on
the peel separation rate of 22.5%. The
optimal rotation speed of the product
will be 40 rpm with a roller clearance
width of 6 mm, as well as with an
average applied force of 1375 N/m.

quality of the technological process
depends on the fruit shape index. The
lack of clarity in the classification and
choice of the type of these machines
creates certain difficulties for their
theoretical and computational
justification when processing melons.
Therefore, the problem of
mechanization of primary melon
processing operations is an urgent
task nowadays.

universal technology for separating
the crust.

Thus, the optimal parameters
for cleaning melons from the peel fall
on the peel separation rate of 22.5%.
The optimal rotation speed of the
product will be 40 rpm with a roller
clearance width of 6 mm, as well as
with an average applied force of 1,375



N/m. When determining the optimal
parameters for cleaning melons from
the peel, the sharpening angle of the
knife was not taken into account,
since the geometry of the cutting
element is not the main indicator of
cleaning efficiency.
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AnHoTtanus: UtoObl pa3paboTaTh 000pyJoBaHMe AJisi Cpe3aHHs KOPKU U
Ipo0JieHusT MSIKOTU AbIHK, He0OX0JUMO 3HaTh ee JMHeWHbIe pa3Mepbl. B craThe
Tpe/iCTaB/IeHbl reOMeTpUYeCKre XapaKTepUCTHUKU [IbIHb copTa "Mup3auy/ibukas' v
IbIiHb copTa "Konxo3Huiia". 3HaHUs O JIMHEMHBIX pa3Mepax M/0/I0B JAbIHU Ba)KHbI
ISt pa3pabOTKu 00OpY/IOBaHMS [l CPe3aHusl KOXKYPbI, Pe3KH U HW3MeJbUeHus
(mpoTupaHus) MSKOTU. O0ocHoOBaHue paLMOHa/IbHbIX PeXUMOB
MeXaHU3UPOBaHHOM 00pabOTKH TIPOBOAMUTCS C y4yeTOM K/jacCHdUKal[iy TII0ZI0B
OeiHA. ViccneoBaHbI TTapaMeTphbl PexKyIero WHcTpymeHTa. OntuMu3anust Obuia
rpoBeJieHa /i MOJyYeHUs ONTUMaJ/IbHbIX [apaMeTpoB, TMPU KOTOPBLIX MallhHa
OyzeT 3¢ heKTUBHO OUMIIATh JBIHU, He TIOBPeJK/asi U He YMeHbIIasi CJION MSKOTH.
KnioueBble c/oBa: [biHS; TiepepaboTka; ¢dopma; pa3Mep; COPT; Macca;
MSIKOTb.
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Tyiin. KayblHHBIH KaObIFBIH Kecyre >KoHe MoMeriH ycakTayfa apHalFaH
»KabABIKTBI »Kacay VIIIiH OHBIH ChI3BIKTBIK, eiiiemMzepiH 0iny Kaker. Makanaja
"Mwup3auynbukasa'" COPTBIHBIH, KaybHZApel MeH "Kosixo3Hulja" COPTBIHBIH
KayblHAAPbIHBIH ~ TFeOMeTpUS/IBIK ~ CUMaTTaMasapbl  KenaripiireH.  KaybiH
»KeMicTepiHiH ChI3BIKTBIK, MeJilepiH 0ily KaObIKThI Kecyre, MoleriH Kecyre >KoHe
Maiifiaslayra apHaaFaH »ab/bIKThI ’Kacay YIIiH MaHbI3Zbl. MexaHuKaaHAbIpbUIFaH
OHJeY/IiH YTbIMbl PeXXUM/EPiH Heri3/ey KayblH JKeMICTepiHiH, XKIKTe/lyiH ecKkepe
OTBIPBINT JKy3ere achipblaafpl. Keckill KypanzblH [apamMeTpsiepi 3epTTesjil.
OHraubl MapameTpsepAi aly YIIiH OHTAWIaHABIPY >KYPri3isifi, OHJa MallvHa
KaybIHAapAbl KYMCaK, MoMeKTi KabaThlH Oy/amipMed Hemece asalTmail THIiMIi
Ta3apTapbl.
KinT ce3pep: KayblH; oH/JeY; MillliH; MeJlliep; CypbI; Macca; Molek.
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