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Hocaigxenns piznko-MexXaHiYHUX BJIACTUBOCTEH POCTMHHMX IUIOAIB HA MPUKJIAIL
ropixa BoJIOCbKOI0

M. I. IIsarak | B. B. [Taganka

TonTascsKuit AepsKaBHmii Bararopiuni HacamKeHHs sIKi paHOHYIOThCS B YKpaiHi O3BOJSIOTH OTPUMATH BHCOKOSIKICHI Iogu (ropixu),

arpapHuii yHiBepcHTET IO ZIOCUTH LIMPOKO 3aCTOCOBYIOTH B apdyMepHiii, GpapMarieBTHUHIN, OMiiiHIi, KOHIUTEPCHKIl Ta IHIINX Tamy3sX,
M. [onraga, BUTOTOBJIAIOTH KOPMH Ta KOPMOBI 100aBKH. BinoMi TexHouorii MacoBoi nepepoOKkH siipa ropixy, nepeBaxHo, 100pe
Vkpaina MPALIOIOTh 3 KYJIBTYpaMH, IUIOOH SKUX MaroTh cdepuuny, abo Onusbky 10 cdepuynoi 30BHImHI Gopmu. s

JIYIIEHHS TOPiXiB BUKOPHCTOBYIOTHCS HaWPi3HOMAHITHIIII 32 KOHCTPYKLIEK MEXaHI3MU 4YM MAIMHH, ajle BCi 1X
MOXKHa TMOJUIMTH HAa TaKi THOM SK: aBTOMaTH4Hi, Py4YHi, HamiBaBTOMATH4HI, CaMOpOOHi, MPOMHCIIOBI.
HaiinpocrimmM, ane HalMEHII NPOAYKTUBHUM € NPHUMITHBHI Py4Hi NPUCTOCYBAaHHS Ul JYLIEHHS OOONOHKH
ropixy. [Tonpu npocToTy KOHCTpPYKIIi, Il MPUCTOCYBaHHS MAJIONPOIYKTHBHI Ta MAJIONPUIATHI 10 HAJTAIITYBaHHS
iX poOOTH 10 pi3HHX COPTIB Ta (i3MKO-MEXaHIYHUX BJIACTUBOCTEH Oionoriunux mionis. [IpoananizoBani Bigomi
KOHCTPYKLIT MaIlIMH 1 MEXaHi3MiB pYHHYBaHHS ILIKApIIyITH BOJIOCHKOTO TOpiXy MoKa3aal HEOOXiAHICT TOCTiKEHb
(i3MKO-MeXaHIYHUX BIACTUBOCTEH OIONOTIYHUX IUIOAIB (rOpiXy), PO3POOHMTH TEXHIUHI peKkoMeHnamil o
KOHCTPYKIIii MeXaHi3MiB BIUTMBY JUISl i IBUIIEHHS SKOCTI pyHHYBAaHHS O0OJOHKH Ta MOXJIMBOCTI IX 3aCTOCYBAaHHS
B TEXHOJIOTisSIX MacOBOr0 BUPOOHHMITBA. Po3pobiiena MeToMKa HOCIiKEeHb, BUTOTOBJIEHA JJaDOpaTOpHa yCTaHOBKA
Ta TPOBEAEHI eKcrepuMeHTH. [l BCTAHOBJICHHS XapaKTePUCTHK Ha MILHICTh, aBTOPOM CKOHCTPYHOBAaHO Ta
BUTOTOBJICHO IIPUCTOCYBAHHS. SIKe CKIAJAETBCS 3 BaXKUIBHOTO MEXaHi3My Ta Je()OpMYHOUYOro MPHCTOCYBAHHS.
Po3mipy Ta BUMIpIOBaHHS HaBaHTa)KCHHs [IPOBOJMIIOCS 33 3arajbHOBIJIOMUMH METOAMKAaMH (i3HYHOI MEXaHIKH.
CraTHCTHYHAI aHAI3 pe3yNbTaTiB IOKa3aB HEOOXITHICTh MOIIMOJNEHHX HAayKOBHX IOCITIDKEHb I'€OMETPUYHHX
mapameTpiB KOHCTPYKLIi poOOYMX OpraHiB MalldH Uil PyHHYBaHHI OOOJOHKH TOPiXy BOJOCHKOrO B MEXaHi3Max
MaIl{H IS JIYIICHHS IUIOAIB 3 BPaXyBaHHAM SKICHHX MOKa3HHMKIB BUKOHAHHS POOIT Ta yMOB iX NpPOBEICHHS.
3a pe3ynpTaTaMi EKCIICPUMEHTIB iCHY€ IOCTATHBRO BHCOKA 3ANICKHICTh MK T€OMETPUYHHMH PO3MIpaMU ILIOLY
ropixy Ha pieHi 0,72, 0,57 Ta 0,49 BignoBinHo. Bara mioziB TakoX 3aJI€XHUTh Bifl 10r0 pO3MIpHHX XapaKTEPHUCTHK,
o € sorivHuM Ha piBai 0,6-0,75. 3ycHiuist KPUTHYHOTO CTATHYHOTO PYHHYBAaHHS Mae C1abKy KOpeIUidHy
3aJIKHICTh BiZl PO3MIPHUX XapakTeprCTUK Ha piBHi 0,3. Ta Mao 3a1eXUTh Bif IUIOLIMHA HOTO NPHKIAJAAHHSL.
K1040Bi c/10Ba: BONOIICHKHUIT TOPiX, TOPIXOKOI, MEXaHi3M, (i3HMKO-MeXaH{uHi BIACTUBOCTI.
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Introduction

Ukraine has been growing perennial plants for quite a
long time. Some of the fruits (nuts) obtained from such
plants are widely used in the perfumery, pharmaceutical,
oil, confectionery and other industries, as well as in the
production of feed and feed additives [1-10]. The need to
create equipment for fruit processing is due to the fact that
walnut is a valuable nut crop and an indispensable raw
material for the confectionery industry.

Some fruits have similar geometric properties.
It is known that the more the fruit conforms to the correct
geometric shape, the easier it is to mechanically break the
shell and separate the core. The known technologies for
mass processing of walnut kernels mainly work well with
crops that have a spherical or close to spherical external
shape.

The technical means to break the shell qualitatively,
as exemplified by the walnut, are not perfect and
inefficient. In the industrial processing of nuts by
separating the shell from the kernel, there is a
technological problem of preserving it without damage
and destruction. Existing devices for destroying the shell
of nuts in one pass destroy 70-80 %, and about 20 %
of the peeled kernels are damaged after machine shell
destruction [11-17].

The design of machines and their mechanisms is based
on the physical, mechanical, and geometric properties of
the object of impact. The study of these properties and the
methodology of their implementation is an urgent task
that is basic for the development of technologies for me-
chanical destruction of walnut shells, which can be used
in both piece and mass production machines.

The purpose of the study

The aim of the work is to develop technical
recommendations for the design of impact mechanisms to
improve the quality of shell destruction and the possibility
of their application in mass production technologies,
taking into account the analysis of the results of studies of
the physical and mechanical properties of biological fruits
(walnuts).

To achieve this goal, the following tasks were
formulated and set:

1.  To develop a methodology for determining the
geometric and physical and mechanical properties of
biological fruits (walnut) on the example of walnut.

2. To develop a research methodology and a
laboratory setup for determining geometric parameters,
shell hardness, and static fracture force.

3. Analyze the research experiments. To give
recommendations for the design of impact mechanisms to
improve the quality of shell fracture.

Materials and methods

The subject of the study is the identification of
develop technical recommendations for the design of
impact mechanisms to improve the quality of shell
destruction and the possibility of their application in mass
production technologies. The methods of mathematical

analysis and statistical processing of the empirical data are
used.

Results and discussion

The real leader among all types of nuts in terms
of popularity and useful properties is the walnut,
which grows well in our region and pleases with a
generous harvest every year. This year, some people
have already harvested walnuts, while others are just now
picking them in Fig. 1.

Nuts are not only a delicious snack. They are rich in
carbohydrates, fats, proteins, vitamins, iron, potassium,
magnesium, phosphorus, zinc, copper, manganese, etc.,
so they are very useful for the body and have a beneficial
effect on various organs and systems: They stimulate
brain function, improve memory and concentration, have
a positive effect on the heart and cardiovascular system,
strengthen the walls of blood vessels, normalize choles-
terol levels, prevent diabetes, reduce the risk of bowel
cancer, boost immunity, etc [18].

Figure 1. Walnut (Juglans regia)
Source: [19].

Walnuts can be stored for up to a year, and their
beneficial properties are preserved. The ideal storage
temperature is between +10 and -5 degrees. It is best to
store them in a wooden box.

Walnut is the most common species in Ukraine.
It was first grown on land from Eastern Turkey and
Lebanon to Northwest India. They are 65 % fat, and
only healthy fats. They are high in omega-3 essential
fatty acid [18].

Machines and technology of nut shelling.

A wide variety of mechanisms or machines are used
for shelling nuts, but they can all be divided into types,
such as automatic, manual, semi-automatic, home-made,
and industrial.

The simplest, but least productive, are primitive
manual devices for peeling walnut shells in Fig. 2.
Despite the simplicity of their design, these devices
are inefficient and unsuitable for adjusting their operation
to different varieties and physical and mechanical
properties of biological fruits.
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Figure 2. Hand tools for cracking walnuts
Source: [20].

The principle of operation of such devices is to
manually press the handles, which leads to the destruction
of the shell of a properly installed nut in a specially
designed seat. The compression force and, accordingly,
the force exerted on the shell directly depends on the user.

To simplify the operation of the mechanisms, a
manual mechanism of improved design is proposed
(Fig. 3).The walnut fruit is crimped using a lever mecha-
nism in a cone-type press [21].

Figure 3. Improved manual walnut cracker
Source: [20].

This mechanical device has a more advanced design.
It does not require force adjustments, as the nut is oriented
by itself with the help of corners installed under the cone.
Such a mechanism requires the ability to adjust the
distance between the corners, as it regulates the
deformation of the fruit walls and, as a result, the
destruction of the shell.

A more productive machine based on the principle of
crimping is the machine proposed in Fig. 4.

Figure 4. Mehanize device for cracking walnut shells
(for non-industrial production volumes)
Source: [21].

The advantage of its design is the possibility of
automating the process, the presence of a dosing
mechanism and an eccentric for applying an appropriate
breaking force to the crimping mechanism. The
disadvantage of the design is the lack of research on the
configuration of the crimping surface.

A more advanced machine, recommended by the
authors for industrial volumes of walnut kernel
processing, is a walnut hulling machine by Etalon [21]
(Fig. 5). It is a machine for fast and productive walnut
cracking, which is used at large and medium-sized
enterprises. It differs from other industrial walnut crackers
by the ability to work without calibrating the nut and
maximum productivity. This model of walnut cracker
uses a cone type of cracking, which allows for a whole
kernel yield of up to 80 %.

AT & 4 Co |
JALim Gk l

Figure 5. Nut sheller for industrial use Reference
Source: [21].

Advantages of installing the Standard: high power —
a 1.5 kW motor is installed. Time saving — no preliminary
calibration of the nut is required. High percentage of
whole kernels — up to 80%.

Versatility — perfect for walnuts of any size. High
performance — capable of processing up to 200 kg per
hour. Easy to operate — 1 person can easily handle the
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mechanism. Possibility to adjust the gap between the
stabbing plates and the compression force (adjustable for
shelling walnuts with different shell thickness and
humidity levels).

The principle of operation of the peeling machine.
Pour the walnut into the hopper and turn it on. The kernel
of the nut is captured by the hooks of the chain conveyor
and delivered to the splitting mechanism. The nut falls
between the conical plates, falls according to its size, the
plates are slightly compressed and the shell cracks,
leaving the kernel intact. When the plates are released, the
nut falls into a container.

Research methodology.

Proceeding from the fact that the known designs of
walnut processing machines require improvement of the
configuration of surfaces that are in direct contact with
biological fruits (walnut) and their physical and
mechanical properties have not yet been studied, it
became necessary to develop technical recommendations
for the design of impact mechanisms to improve the
quality of shell destruction and the possibility of their
application in mass production technologies.

The objective of the experimental research is to
develop a methodology for determining the geometric and
physical and mechanical properties of biological fruits on
the example of walnut and to develop a research
methodology and laboratory setup for determining
geometric parameters, shell hardness, and static fracture
force.

For the study, we have chosen the following indicators
of fruit properties:

- dimensions in three planes;

- fruit weight;

- hardness of the fruit shell.

To study the characteristics of fruit for strength, we
chose the indicator of the force on fruit destruction, which
was applied and studied in three directions.

To determine the strength characteristics, the author
designed and manufactured a device (Fig. 6). It consists
of'a lever mechanism and a deforming device. The dimen-
sions and load measurements were carried out according
to well-known methods of physical mechanics.

Figure 6. Laboratory equipment for determining
the strength characteristics of walnut fruit

The results of the measurements were recorded in a
table, a fragment of which is presented in Table 1. The
studies were conducted in the amount according to the
known recommendations for multivariate experiments.
The required number of repetitions was determined

according to the recommendations of Dospekhov B.A. 90
samples were studied.

Table 1
Fragment of experimental data on determining the
strength characteristics of walnut fruits

Number Width, Thickness, Height, Hardness  Effort = Plane

experiment mm mm mm HRC  destruction 1-1
1 304 30.6 37.2 35.1 8.1 11.38
2 31.7 323 36.5 304 6 12.56
3 33.7 332 39.2 34 6.5 14.03
4 30.7 32.1 35.6 334 8.2 14.23
5 33 335 37.6 22.8 7 15.41
6 33 335 40 20.5 9 13.16
7 33 33.7 36.3 36.6 4 13.76
8 32 33 39.3 36 7.5 14.08
9 31.6 32.8 39 19.8 9.5 13.69
10 325 333 37 20.3 8 12.41
11 33.7 34 41 30.3 7.5 15.77
12 31.4 322 37.2 283 7.9 12
13 32.5 33.7 38.5 35.6 8 14.27
14 323 323 40.5 31.6 7.1 13.75
15 32.8 34.8 42.6 24.9 6.7 15.72

The mathematical processing of experimental data
was carried out using the methods of the general theory of
statistics and the theory of planning a multivariate
experiment. The statistical characteristics of the sample
were determined using the Statistica 7 program.

Analyzing Table 2, we conclude that according to the
results of the experiments, there is a fairly high
dependence between the geometric dimensions
of the walnut fruit at the level of 0.72, 0.57 and 0.49,
respectively. The weight of the fruit also depends on
its dimensional characteristics, which is logical at the
level of 0.6-0.75.

Table 2
Correlation matrix between the selected research
parameters

Correlations
Marked correlations are significant at p <,05000

Variable N=90 (Casewise deletion of missing data)
width, thickness height, hardness weicht plane effort
mm mm mm hre gntp destruction

Width, 1,00 0.72 0.49 0.15 0.69 -0.03 -0.27

mm

Thickness 625 100 057 017 074 011 -026

mm

Height, 049 057 100 007 058 006 -0.15

mm

Hardness

HRC 0.15 0.17 0.07 1,00  0.07 -0.07 -0.21

weight 0.69 0.74 0.58 0.07 1.00 -0.04 -0.06

Plane -0.03 -0.11 0.06 -0.07 -0.04 1.00 -0.13

Effort . -0.27 -026 -0.15 -0.21 -0.06 -0,13 1.00

destruction

The force of critical static fracture has a weak correla-
tion with the dimensional characteristics at the level of
0.3. And it depends little on the plane of its application.

Analysis of the research results

As a result of processing the experimental data,
regression equations were obtained. Where F is the
critical fracture force of a fruit with static characteristics,
X is the hardness of the nut shell, and Y is the direction of
application of the fracture force to the nut (Fig. 7, 8).
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Figure 7. Level surfaces of the statistical dependence of the critical fracture force on the walnut on its hardness
and the plane of application

3D Contour Plot
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Figure 8: Dependence of the critical fracture force on the hardness of the nut and the plane of application

Analyzing the results obtained, it should be noted that
under the conditions of the experiment, a research
methodology was proposed for the main physical and
mechanical properties. The physical and mechanical
differences of walnut fruits can be considered depending
on the variety, moisture content, harvesting and storage
conditions, etc. According to the statistical analysis, no
signs of significant dependence of the selected indicators
were found. The obtained statistical regression equations
can be used to develop and improve working bodies in
machines for destroying nut shells.

Conclusions

The paper presents a generalization and a new solution
to the scientific problem, which consisted in conducting
and analyzing the results of studies of the physical and
mechanical properties of biological fruits (walnuts),

developing technical recommendations for the design of
impact mechanisms for the quality of shell destruction and
the possibility of their application in mass production
technologies.

The plan of experimental research, measurements and
accuracy of their implementation was developed.
Laboratory equipment for determining the strength
characteristics of walnut fruits was manufactured.

The results of the statistical analysis showed that
under the experimental conditions, the physical and
mechanical differences of walnut fruits can be considered
depending on the variety, moisture content, harvesting
and storage conditions, etc. According to the statistical
analysis, no signs of significant dependence of the
selected indicators were found. There is a fairly high
dependence between the geometric dimensions of the
walnut fruit at the level of 0.72, 0.57 and 0.49,
respectively. The weight of the fruit also depends
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on its dimensional characteristics, which is logical
at the level 0of 0.6-0.75. The force of critical static fracture
has a weak correlation with the dimensional
characteristics at the level of 0.3 and has little dependence
on the plane of its application.

There is a need for in-depth scientific research on the
geometric parameters of the design of the working bodies
of walnut shelling machines in the mechanisms of fruit
peeling machines, taking into account the quality
indicators of work performance under certain conditions.
The obtained statistical regression equations can be used
to develop and improve working bodies in walnut shelling
machines.
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