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The National Onstitute of Research-Development Jor _Machines and Dhnstallations designed to Agriculture and
gaoa Onaustzq -INMA Puchazest has the oldest and most prestigious reseatch activity in the Jield of agzicultuzal machinety

and mechanizing technologies in Reomania.

Shoer Histrry
v On 1927, the Jizst teseazch Center Jor Agticubtural Machinety in <Agricultuzal WReseazch Onstitute o) Romania -
ICAR, (Establishing Law was published in OD. no. 97/05.05.1927) was established;

v On 1930, was Jounded SThe Testing Department o ~Agticultural Machinery and Tools by transforming Agticultuzal
Research Centre of ICAR - that Jounded the science of methodologies and experimental technidues in the Jield (Pecision
no. 2000/1930 of ICAR, Manage: - GHEORGHE IONESCU SISESTI):

v On 1952, was established the Research nstitute Jor Mechanization and Electrification of Agricultuze - I[CMA
DPBincasa, by transforming the Pepattment of Agticultuzal Machines and Tools Testing:

v DOn 1979, the Research Onstitute of Scientific and Technological Engineeting Jor Agricultural _Machinery and Tools
— ICSITMUA was founded - subordinated to Ministzy of Machine DBuilding Ondustry - MICM, by unifying ICMA
subozdinated to MAA with ICPMA subozdinated to MICM,

v On 1996 the National Ohnstitute o) WResearch- Development Jor Machines and Onstallations designed to HAgricultuze
and Fo0d Ondustry — INMA was founded — according to G.D. no.1308/25.11.1996, by reorganizing ICSITMUA,
G.D no. 1308/1996 coordinated by the Ministzy of Education and Reseazch G.D. no. 823/2004;

v On 2008 INMA has been accredited to cazzy out research and developing activities Jinanced Jrom public Junds under

G.D. no. 551/2007, Decision of the National Authozity for Scientific WReseazch - ANCSno. 9634/2008.

HAs a result of widening the spectrum of communication, dissemination and implementation of scientific research results,
in 2000 was Jounded the institute magazine, issued undet the name of SCIENTIFIC PAPERS (INMATEH), ISSN
1583 — 1019.

Stasting with volume 30, no. 1/2010, the magazine changed its name to INMATEH - Apticattural Engincering,
appeating both in print Jormat (ISSN 2068 - 4215), and online (ISSN online: 2068 - 2239). The magazine is bilingual,
abstzact being published in native language and English, with a thythm of three issues / yeaz: Januazy-<Apzil, May~August,
September December and is recognized by CNCSIS — with W™ category. Published asticles are Jrom the Jield of AGRICT
LTURAL ENGINEERING: technologies and technical eduipment Jor agicultuze and Jood industry, renewable enetgy,

machinezy testing, envitonment, transpozt in agticultuze ete. and aze evaluated by specialists inside the countzy and abzoad, in
mentioned domains.
Technical level and pezformance processes, technology and machinezy Jor agricultuze and food industry increasing, accozding

to national reduizements and éuzo;zzan and inteznational regulations, as well as exploitation of renewable tesouzces in terms
of efficiency, life, health and envizonment protection tepresent refetential elements for the magazine , INMATEH - Agticubtutal

Ve ate thankdul to all teadets, publishers and assessots.

PhD. Eng. Wadut Viicolae- Valentin
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ABSTRACT

The roller for seeds of different sizes, a variable-size pneumatic cylinder precision seed metering
device was designed, which could realize the precision seeding of different diameter seeds without changing
the roller. The structure and working principle of seed metering device were explained, and the structural
parameters of the main components of the seed meter were determined. The ANSYS was used to analyse
the influence of the size of the negative pressure inlet pipe and the shape of the eyelet on the airflow velocity
in a negative pressure chamber. Based on the above optimal structure, the orthogonal experiment of seed
metering device was carried out. Testing results showed: under the negative pressure of 4 kPa, roller speed
of 16.93r/min and the wind speed of 11.48m/s, the seed metering device had the best seeding effect. The
gualification rate of the seed metering device was 92.37%, the miss-seeding rate was 3.74% and the
over-seeding rate was 3.88%.

WHE

FI XS G BT T IR X A [ L1 Fl P T HERR ] 77 28 PR T S I, i) T —Fh B 29 08 1 20
GBFhTHEE TR, L B IR T A LA R FE FHIFEE . BoE, JHFE TR a5 - LR T
JEFE, G TR A T 240, ok, i ANSTS IRk BT T 01 it T 545 1y O L= IR AL TE
XS GRS IR E TN s BRI, FTF L (L 25 RN HEFf a8 1T I 388 2 R IR HEE Ry
16. 93r/min, TiJEA 4. 97kPa, JEFENEN 11. 48n/s I HRIES TN & HEFEH ER5F N 92. 37%, IGHEFR
3. 74%, FEIFFEH 3. 88%.

INTRODUCTION

In China, bean is one of the important food crops. The performance of the seed metering device directly
affects the quality and effect of the seeding (Karayel D, 2009). The efficient, versatile, and qualified seed
metering device provide strong support for the survival and development of beans. Owning to the adaptability
of the air-suction metering device and the ability to achieve high speed and precision seeding, the air-suction
metering device has gradually developed into the mainstream (Gaikwad B. B. and Sirohi N. P. S, 2008; Yang
et al., 2016). Negative pressure, seed speed and suction hole shape have a great influence on the
performance of the seeding device (Zeliha Bereket and Aziz, 2004; Singh R.C. et al., 2005; Jack St. Dylan et
al., 2013; Dizaji H.Z et al., 2010). Singh et al. monitored the seed metering process in real time through an
electronically controlled metering system, reducing the miss-seeding rate and improving seeding quality
(Singh T. and Mane D., 2011). Qi Bing et al designed a circumferential cleaning device suitable for the seed
metering device, which solved the serious problem of reseeding (Qi Bing et al., 2015).

The working parameters have a great influence on the seeding effect (Rajaiah. P et al, 2016; Yazgi A
and Degirmencioglu A, 2014). Kumar Devesh et al. designed the seed metering device that overcomes the

! Kaixing Zhang, A/Prof. Ph.D. Eng.; Yuanyuan Sun, As. M.S. Stud. Eng.; Lei Liu, M.S. Stud. Eng.;
Xianxi Liu, Prof. Ph.D. Eng.; Xiuyan Zhao, A/Prof. Ph.D. Eng.
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uneven distribution of seeds (Kumar Devesh et al., 2017). Jia Honglei et al improved the seed filling effect by
increasing the type of seed churning device and filling power (Jia H et al., 2018).

The above research did not realize the seeding of multi-size seeds. Therefore, this paper designed a
seed meter that converts different pore diameters by double drum rotation combination, which can realize
seeding of different particle sizes.

MATERIALS AND METHODS
e Overall scheme design
Structure and working principle
The seed metering device mainly consists of inner and outer roller, rotating handle, seed box, pressure
releasing device and others, as shown in Fig.1

Fig.1 - Schematic diagram of seed metering device
1 -Rotating handle; 2 - Outer roller; 3 — Driving chain wheel; 4 — Spring; 5 - Inner roller; 6 - Groove;
7 - Seal ring;8 — Intake manifold; 9 - Pressure releasing device; 10 - Seal ring; 11 - Rear cover; 12 - Seed box;
13 - Blow nozzle; 14 - Air inlet

With main seed metering disc rotated, the seeds are adsorbed on the holes by gas chamber negative
pressure. When the seeds pass through the seed cleaner, the excess seeds are removed by the weight and
the airflow produced by the blow nozzle. The seed rotates away from the zone of negative pressure with the
disc, and the adsorption force of the seed disappears. The hole loses the adsorption force to the seed. Under
the action of gravity and centrifugal force, the seed falls into the seed bed at a certain speed to complete the
seeding process.

e Determination of main parameters

The diameter of the seeding drum is the basic characteristic parameter of the seed metering device,
and its size affects the linear velocity of the seed metering device, the number of holes and other parameters.
According to agricultural machinery design manual, the diameter range of the roller is 80~200mm. Therefore,
the diameter of the outer roller is 200mm and the diameter of the inner roller is 196mm. Both materials are

made of stainless steel with a thickness of 2mm.
VsV
Q = — = —
S P

60v. = zDn
ZT =zD (1)
2d max <T

Where:
Z is the number of holes; Q is the dropping frequency, [s1]; T is the distance of the holes, [m]; S is the
plant spacing, [m]; Vi is the line speed of the metering device, [m/s]. P is the power, [W]; Omax is the maximum

particle size of seeds, [m].

Each seed of Zhong Wan no.6, Qing Feng no.4 and Lin Fan no.6 was measured several times to obtain
their respective triaxial dimensions. The equivalent diameter (Ds) was calculated according to the obtained
average value.

10
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Where:
Ds is equivalent diameter, [mm];
L is length, [mm]; W is width, [mm];
H is thickness, [mm].

The results of the number of holes and equivalent particle size are shown in Table 1.
Table 1

Equivalent diameter size of beans and the number of holes

Varieties of beans plant spacing (m) Number of holes equivalent diameter
(mm)
Zhong Wan no.6 0.25~0.40 18~27 6.70
Qing Feng no .4 0.40~0.55 20~35 8.80
Lin Fan no. 6 0.12~0.20 15~23 12.52

According to Table 1, the number of holes in the three types of beans is 20, all of which are uniformly
placed on the drum. The combination of the holes is shown in Fig 2. From the empirical formula d=
(0.64~0.66) Ds, it can be concluded that the diameter of class A hole is 8mm, that of class B hole is 5.8mm,
and that of class C hole is 4.4mm.
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Fig. 2 - Combination diagram of three kinds of eyelet

e Simulation analysis of planter based on ANSYS
The model of seed metering device was imported into Geometry, and the seed metering device was

meshed and simulated. The inlet pressure was set to 0 kPa, the outlet pressure was set to -5 kPa, the
convergence accuracy was set to 0.001, and the number of iteration steps was set to 100 steps.

e Influence of pipe diameter on flow velocity

The diameter of the air outlet on the intake pipe was set to 6mm, and the arrangement was set to 6x6.
The FLUENT was used to simulate the flow field in the negative pressure inlet pipe when the diameter was
15mm, 24mm, 30mm and 40mm, as shown in Fig.3 and Fig.4.

[ms*-1]

a) b)
Fig. 3 - Velocity cloud diagram of negative pressure cavity with different tube diameters
a) Diameter of 15 mm b) Diameter of 24 mm

11
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a) b)
Fig. 4 - Velocity cloud diagram of negative pressure cavity with different tube diameters
a) Diameter of 30 mm b) Diameter of 40 mm

When the diameter of the inlet pipe was 15 mm, the overall flow velocity in the intake pipe was large,
and the flow velocity of each discharge port varied greatly, causing large reflux and eddy current. When the
diameter of the inlet pipe was 24 mm, the flow velocity of each discharge port varied greatly, resulting in
uneven flow field, large backflow and eddy current. When the diameter of the intake pipe was 30 mm, the
overall flow velocity in the intake pipe did not change much, there was a gap in the flow velocity of each
discharge port, and the phenomenon of reflux and eddy current was light. When the diameter of the intake
pipe was 40mm, the overall flow velocity in the intake pipe did not change much, but the airflow had
interference intersection.

Through the above analysis, it could be concluded that the effect was the best when the diameter of the
intake pipe was 30 mm, so the diameter of the intake pipe was selected to be 30 mm.

e Influence of vent layout on Flow Speed

The diameter of the negative pressure intake pipe was set to 30mm, and the mode of arrangement was
4 x 4,6 %6, and 8 x 9. Flow field in negative pressure cavity were shown in Fig. 5. When the vent layout was
6 x 6, the red part of the velocity cloud at the hole of the seeder was full of the main suction area, and the
overall flow field speed was better than the other two cases, so the vent layout was selected to be 6x6.

a)4x4 (b)6x6

m s~-1]

(c)8x9

Fig. 5 - Velocity cloud diagram of negative pressure cavity with different vent layout

12
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e Influence of hole shape on Flow Speed

The shape of the socket hole is also the key to affect the suction process and the carrying process. The
straight type, the tapered hole type, the countersunk head shape and chamfering type were selected as the
variables for simulation analysis, and the meshing result were shown in Fig. 6.

\ AN N AN
>>/ \/\> >>>>\ //\/\/\ AV A

(a) Straight type (b) Tapered hole type (c) Countersunk head type (d) Chamfering type
Fig. 6 - Shape and mesh of socket hole

The airflow velocity of the negative pressure cavity under different socket holes is shown in Fig. 7.

¢) Countersunk head shape d) Chamfering type

Fig. 7 - Airflow velocity map under different socket hole

Because the gas flow channel did not change, the gas velocity inside the whole straight cylindrical hole
was evenly distributed and relatively large. The maximum gas velocity of the cone hole occurred at the
minimum diameter of the socket hole. The gas velocity gradually decreased along the bus of the hole to the
outer end, and the gas velocity at the outermost edge of the hole was only 5m/s.

Owning to the sudden change of the circular section of the countersunk head, the gas flow velocity in
the straight section was disturbed, and the maximum flow velocity of the centre strip was divergent outward,
and the lowest velocity of the gas flow appeared on the wall surface. The gas flow velocity at the chamfered
hole was gradually increased from the wall toward the centre of the hole, reaching a maximum at the centre.

Considering the rationality of the structure of the socket hole and the flow velocity, the socket hole was
selected as chamfering type.

13
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e Test materials and methods

a) Control console b)Test bench

Fig. 8 - JSP-12 type seed meter performance test bench

This experiment was carried out on the JSP-12 type seed meter performance test bench. Qing Feng
no.4 was selected as the test object. According to the theoretical analysis and pre-test, the cylinder speed
range was 15~20 r/min, the negative pressure range was 4~6 kPa, and the air blowing speed range was
10~12m/s. Cylinder speed X1, negative pressure Xz and air blowing speed Xs were selected as test factors,
and the qualification rate A, miss-seeding rate D and over-seeding rate M were selected as seed metering
performance indicators.

e Test plan design
According to the design principle of Central Composite Design, the paper made response surface test
analysis on the Cylinder speedXi, negative pressure Xz and air blowing speed Xs in three factors and five
levels. These factors were marked as Xi - X3. The test factor codes and level are shown in Table 2.

Table 2

Encoding of test factors

. Cylinder speed  Negative pressure air blowing
Coding Xa/(r-min-1) Xo/kPa speed
' z Xa/(m-s2)
1.682 21.70 6.68 12.68
1 20.00 6.00 12.00
0 17.50 5.00 11.00
-1 15.00 4.00 10.00
-1.682 13.29 3.32 9.32

RESULTS
e Results of experimental schemes
Each group of experiments was repeated three times, and the design and results of experimental
schemes were shown in Table 3.

Table 3
Design and results of experimental schemes
Test X1 % X3 Response values
groups A D W
1 -1 1 1 90.35 5.78 3.87
2 0 0 -1.682 85.13 9.93 4.94
3 0 0 0 91.61 4.78 3.61

14
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Test X1 % X3 Response values
groups A D W
4 0 0 91.91 4.33 3.75
5 0 0 1 90.77 3.84 5.39
6 0 0 0 91.47 431 4.22
7 -1 -1 -1 88.85 6.57 4.58
8 -1 0 0 89.54 5.82 4.64
9 0 1.682 0 89.63 5.74 4.64
10 0 0 0 92.35 3.72 3.93
11 1 1 1 89.71 3.15 7.14
12 1.682 0 0 87.92 4.13 7.95
13 -1 1 -1 86.38 8.99 4.62
14 0 0 0 91.87 4.35 3.78
15 -1 -1 1 90.12 4.95 4.93
16 0 0 0 92.34 3.44 4.22
17 0 -1.682 0 90.72 3.83 6.35
18 1 1 -1 85.58 8.35 6.07
19 1 -1 1 914 2.19 6.41
20 1 -1 -1 87.92 6.07 6.01

e Picking performance test analysis and the establishment of regression equations
Design-Expert was used to obtain the response surface model of comprehensive index Y through
multiple regressions fitting for the test results, and made variance analysis on the quadratic equation of the
response surface model. It also made significant testing to the terms of regression equations. The
significance test results are shown in Table 4.

Table 4
Regression coefficient Y and its significant test
Qualification rate Miss-seeding rate Over-seeding rate
Source
of o g § 5 5 o o £ B 5 ° _ |3 S S
vari- | SE1BsY 2w | 8o | SEIE ¢ 8w 2o EE By 2u| 2.
aion | §° & & S S % 858 S g 218 § % g
X1 1.07 1 4.63 0.0469 6.43 1 36.11 | 0.0001 | 12.75 | 1 | 71.84 | <0.0001
X2 4.81 1 20.90 0.0010 6.89 1 38.70 | <0.0001 | 0.71 1 3.98 0.0440
239.7
X3 36.53 1 158.78 <0.0001 | 42.71 1 9 <0.0001 | 0.24 1 1.38 0.0279
X1X2 0.40 1 1.74 0.2164 1.25 1 0.70 | 0.9935 0.41 1 2.31 0.1597
X1X3 0.70 1 3.05 0.1112 2.26 1 12.68 | 0.0052 0.44 1 2.46 0.1477
X2X3 1.40 1 6.10 0.0331 1.06 1 5.94 | 0.0350 0.02 1 0.13 0.7257

X12 18.27 1 79.41 <0.0001 1.44 1 8.08 | 0.0175 8.69 1 | 48.93 | <0.0001

X22 5.45 1 23.69 0.0007 0.89 1 5.01 | 0.0492 3.51 1 19.77 0.0012

X32 28.31 1 123.07 <0.0001 | 14.16 1 79.50 | <0.0001 2.05 1 11.53 0.0048

Model | 89.59 9 43.27 <0.0001 | 74.45 9 46.44 | <0.0001 | 26.79 | 9 | 16.77 | <0.0001

Resi- | 530 | 10 178 | 10 1.77 | 10

dual

"a‘f:i':"f 164 | 5 2.47 01714 | 060 | 5 | 050 | 07645 | 145 | 5 | 447 | 0.0631
Error 0.66 5 1.18 5 0.32 5

Sum | 91.89 | 19 76.23 | 19 2856 | 19

Note: p<0.5(significant)
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In the qualification rate model of the metering device, the P was less than 0.0001, and the effect was
significant. The P in the missed term was equal to 0.1714, and the effect was not significant. It was shown that
within a certain range of parameters, the regression model of the qualification rate had a high degree of fit.
The P of X1, X2, X3, X2X3, X12, X22 and X3z was less than 0.05, and the effect was significant. The P of X1Xz and
X1X3 was greater than 0.1, and the effect was not significant. In the miss-seeding rate model of the seed
metering device, the P was less than 0.0001, and the effect was significant. The P in the missed term was
equal to 0.7645, and the effect was not significant.

It was shown that within a certain range of parameters, the regression model of the miss-seeding rate
had a high degree of fit. The P of X1, Xz, X3, X1X3, X2X3, X12, X22 and Xz, was less than 0.05, and the effect
was significant. The P of X1X, was greater than 0.05, and the effect was not significant. In the over-seeding
rate model of the metering device, the P was less than 0.0001, and the effect was significant.

The P in the missed term was equal to 0.0631, and the effect was not significant. It was shown that
within a certain range of parameters, the regression model of the over-seeding rate had a high degree of fit.
The P of X1, X2, X3, X12, X22 and X3z was less than 0.05, and the effect was significant. The P of X1X2, X1X3 and
XoX3 was greater than 0.05, and the effect was not significant.

The models excluding the insignificant regression term are specific to:

Y, =91.92-0.28 X, —0.59 X, +1.64 X, —0.22 X, X,+0.30 X, X,+0.42 X, X, —1.13 X,> —0.62X,” -1.40 X
Y, =4.15-0.69 X,+0.71X, —1.77 X, —0.00125 X, X, —0.53 X, X, —0.36 X, X, +0.32 X, +0.25 X, + 0.99 X, 3)
Y, =3.93+0.97 X, —0.23 X, +0.13 X, +0.23 X, X, +0.23 X, X, —0.054 X, X, +0.78 X,* +0.49 X,* +0.38 X ;*

¢ Analysis on the impact of test factors
In order to more intuitively analyse the relationship between various influencing factors and the
performance of seed metering device, the response surface graph was obtained by processing the data of
orthogonal test, as shown in Fig. 9.

X e .\ >
“he, e TV ey W0
ey wh

a) the influence of various factors on the qualification rate

c) the influence of various factors on the over-seeding rate

Fig. 9 - Influences of various factors on evaluation indexes
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With the increase of cylinder speed, qualification rate increased first and then decreased, and the
miss-seeding rate and over-seeding rate decreased first and then increased. With the increase of negative
pressure, the qualification rate increased first and then decreased, and the miss-seeding rate and
over-seeding rate decreased first and then increased. With the increase of the air blowing speed, the
qualification rate increased first and then decreased, and the miss-seeding rate and over-seeding rate
decreased first and then increased.

e Optimization of the picking condition and test of the regression model

From the above experiments and analysis, the optimal parameter combination is that the cylinder
speed is 16.93 r/min, the negative pressure is 4.97 kPa and the air blowing speed is 11.48 m/s. At this
moment, the qualification rate of seed metering device is 92.37%, the miss-seeding rate is 3.74%, and the
over-seeding rate is 3.88%.

The optimized theoretical results were tested and verified on the test bench. The cylinder speed of the
drum was set at 16.9 r/min, the negative pressure was set at 5.0 kPa, vent layout was selected to be 6x6, and
the air blowing speed was set at 11.5m/s. Three repeated tests were carried out.

The average qualification rate was 92.15%, the average miss-seeding rate was 3.82%, and the
average over-seeding rate was 4.03%. The experimental results were basically consistent with the theoretical
results.

CONCLUSIONS

(1) To solve the problem of changing the drum for seeds with different grain sizes, a double-drum
structure with different grain sizes combined by rotating the drum was designed. The precision sowing of
seeds with different sizes could be realized without changing the drum, which improved the generality of the
seed metering device and saved the cost.

(2) Under the negative pressure of 4 kPa, roller speed of 16.93 r/min and the wind speed of 11.48 m/s,
the seed metering device has the best seeding effect; The qualification rate of the seed metering device was
92.37%, the miss-seeding rate was 3.74%. The over-seeding rate was 3.88%.

(3) The seed meter meets the sowing requirements, and the performance of the seed metering device
is significantly improved compared with the traditional seed metering device, providing good conditions for
seed growth.
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ABSTRACT

The purpose of this work is a mathematical description of sieve frame structural and technological parameters
necessary for the implementation of the technological process model of a grain cleaning machine operation.
The paper presents the results of the study of the grain cleaning machine sieve frame operation. A kinematic
study of a flat swivel multi-link mechanism of the grain cleaning machine sieve frame was made. The method
of determining the coordinates of the sieve frame nodal points was developed to calculate their speed.
Structural and technological parameters of the mechanism were also studied.

AHHOTALMUA

Llenb GaHHOU pabombl — MameMamu4yeckoe onucaHue CmpyKmypHbIX U MEXHO02UYEeCKUX napamempos
pewemHo20 cmaHa, Heobxodumbix Onid peanusayuu MoOenu MmexHoI02u4eckoz2o npoyecca pabomsi
3epHooducmumesnbHoli MawuHbl. B cmambe npedcmasneHsl pe3ynibmamsl uccriedosaHusi pabomsi
pewiemHo20 cmaHa 3epHooqucmumesnbHol MawuHbl. [lposedeHo KuHemamu4yeckoe uccredosaHue
M/I0CKO20 WapHUPHO20 MHO2038€HHO20 MEXxaHU3Ma PewemHo20 cmaHa 3epHO0HUCMUMESbHOU MallUHbI,
01151 KOMOPOE0 U3BECMHbI 8CE 2e0MempuYecKUe pa3mepbl U 3aKoH 08UXeHUs eedyueao 38eHa. [MpusedeHa
MemooOuka onpedesnieHusi KoopOuHam y3/108bIX MOYEK pewemHo20 cmaHa Oris pacdema CKopocmu ux
08UXEHUSI, @ makxe uccredogaHue KOHCMPYKMUBHO-MEXHO/I02UYECKUX napamempos MexaHu3ma.

INTRODUCTION

Today, grain cleaning machines with a sieve cleaning system are dominant means of removing
impurities from food and seed grain (Dorokhov et al., 2018; Ma et al., 2018; Okunola et al., 2018; Vasylkovskyi
et al., 2019). Design of grain cleaning machines with such a working body is rather simple, easy to use, the
most universal and popular in agricultural production (Ma et al., 2018; Okunola et al., 2018; Popov et al., 2015;
Shevtsov and Beznosov, 2014; Vasylkovskyi et al., 2019). The separation of grain heap on sieves occurs
according to geometric parameters, i.e. according to seed thickness and width. Thickness is the smallest
geometric size of a single seed (of an ellipsoid shape), and the width is the average grain size (Steponavicius
et al., 2008; Vasylkovskyi et al., 2019). Grain material is split by width on sieves with round holes: grains, the
width of which is less than the diameter of the sieve holes, pass through them (passage), and large grains are
thrown out from the sieve (descent). By thickness, grain material is split on the sieve with oblong holes. Sieve
frames are usually sprung (with flexible springs). The springs make oscillatory motion provided by crank gear.
Sieve frame oscillation frequency varies from 420 to 500 min-1, oscillations amplitude A = 7.5...15 mm, canting
angle is equal to 5...8 degrees (Okunola et al., 2018; Popov et al., 2015; Shevtsov and Beznosov, 2014; Singh
et al., 2017). The sieves are mainly installed as follows: first sieves for large impurities separation are installed,
and then sieves for small impurities separation are placed (i.e. for feeble and crushed grain). To increase
productivity sieves are arranged by parallel tiers. Grain crops have an ellipsoidal shape (Fominykh, 2006;
Kornev, 2015; Kundu and Gupta, 2014; Voicu et al., 2008).

Most of crop production area of the Russian Federation is used for small grains and pulse crops (about
60%). The most common crops are wheat, barley, rye and oats. According to statistical data of the Ministry of
Agriculture of the Russian Federation the record bulk yield of wheat during the last three years was in 2017
and made 85 Mt (the weight of wheat after cleaning).
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To improve the efficiency of grain separation process carried out using sieve frames, it is necessary to
know the laws of sieve frame drive system operation, as well as structural and technological parameters of the
links of a sieve mechanism. Service properties of sieve system grain cleaning machines do not fully meet the
increasing requirements of modern agricultural production. Imperfect design results in vibration and bad
separation of grain heap (Popov et al., 2015; Singh et al., 2017; Steponavicius et al., 2008). Vibration in its
turn negatively affects the design of the grain cleaning machine and destroys its driving gear. There are many
difficulties during the technological process of grain sieving connected with a wide range of cultures, various
geometrical sizes and physical and mechanical parameters of seeds, on which the sieve selection depends.
The interaction process of separated materials’ components with the working bodies of the machine is also
rather complicated.

Another difficulty of the grain sieving process is insufficient development of its theoretical framework as
well as of the justification methods of machines parameters and their operating modes (Fominykh, 2006;
Giyevskiy et al., 2018; Kornev, 2015; Singh et al., 2017; Tarasenko et al., 2012; Vasylkovskyi et al., 2019). In
this regard, there is a need to improve both the theory of separation and the design of grain cleaning machines’
sieve frames (Dorokhov et al., 2018; Fominykh, 2006; Kornev, 2015; Mudarisov and Badretdinov, 2008;
Steponavicius et al., 2008; Tarasenko et al., 2012).

The purpose of this study is to develop a mathematical model of the functioning of kinematic mechanism
of the grain cleaning machine sieve frame, to determine the coordinates of the sieve mechanism node points,
as well as the links velocity and acceleration, to establish a scientific rational for the kinematic parameters of
a sieve frame and a grain heap to implement a mathematical model for the technological process of the grain
cleaning machine sieve frame operation taking into account its structural and technological parameters.

MATERIALS AND METHODS

The Froude number is one of the most important functional parameters for estimating grain material
movement on the sieve surface. It reflects the ratio of forces acting on a single seed lying on the sieve, the
sieve oscillations amplitude and gravity (Savinyh et al., 2018; Steponavicius et al., 2008).
Let us consider a design model used to determine the coordinates of the sieve frame nodal points of the grain
cleaning machine ZVS-20 (The constructive parameters of the mechanism, m: OA = OA1 = 0.01, AB = 0.45,
A1B1 = 0.5, O1B = 02C = O3B1 = 04C1 = 0.355, BC = 1.758, B1C1 = 1.764) necessary to calculate their speed
and inertia forces acting on grain heat components on the sieve (Figure 1).

0,

sl

Fig. 1 - Design model of the grain cleaning machine sieve frame

Let hx and Ik be the coordinates of anchor poles Oy, k = 1, 2, 3, 4. Right-handed Cartesian coordinate
system will be taken as the reference frame. The origin of the coordinate system is located in the sieve frame
drive shaft marked as point O. We plot the sieve frame nodal points to compose the equations of geometric
relations, trajectories of which are known: A, B, C, Ai1, B1, C1. These points move round radii circles OA, OB,
02C, OA;, O3B;, 04C1 OA, O1B, 02C, OA1, O3B1, and O4C1 respectively. Point A simultaneously belongs to
the crank OA and to the connecting rod AB. The crank OA of radius r (r = OA = OA;) makes a rotational motion
and accordingly the motion law of point A is known. Point A at time t, depending on the rotation angle value of
the driving link ¢ (f) has coordinates:

Xy =T COS wyt, Yp =T Sinwyt 1)
The motion law of the driving link of the mechanism:

@(t) = wot,
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Point B belongs simultaneously to the connecting rod AB and the crank O;B. Point C belongs to the
connecting rod BS and to the crank O,C. Three independent parameters are necessary to describe plane
motion of the sieve frame nodal points. They are: the X, y coordinates of the point and the rotation angle ¢
around this pole. The position of a planar figure in its plane at any given time can be completely determined
by the time functions. It is called the equations of the planar figure motion;

xa = xa(t), ya = ya(t), ® = @(t) 2)

The position of a planar figure (sieve frame) in its plane is determined by the position of its two points.
As base points in the equations of geometric relations we take points B and C (Figures 2, 3).

Fig. 3 - Vector paths for finding point C

We project vectors on the coordinate axes Ox and Oy to obtain the equations of geometric relations of
the links of the sieve mechanism.
OAcos(¢) + AB cos(¢,) = l; + 0,B cos(¢p,)
OAsin(@) + AB sin(¢@,) = hy + 0,B sin(¢,)
[, +0,B cos(¢p,) + BC cos(g3) = I, + 0,C cos(¢,) (3)
h, +0,B sin(¢@,) + BC sin(@3) = h, + 0,C sin(¢,)
To obtain the equation of geometric relations in a coordinate form we transfer the summands with
unknown functions to one side:
AB cos(¢,) — 0,B cos(¢,) = l; — 0A cos(¢),
AB sin(¢,) — 0,B sin(¢@,) = h; — 0Asin(¢) (4)
In equations (3) the given function is the law of a driving link ¢(t).
The calculated functions of time are: @i(t), @2(t), @s(t), @a(t).
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We solve the system of nonlinear equations (3) using the analytical method, and thus obtain expressions
for the required functions in parametric form.
To determine the movement of the links of the sieve frame mechanism we write down the equations for
point B:
AB cos(¢,) — 0,B cos(g,) = l; — 0Acos(p) = —0,Acosa
AB sin(¢@,) — 0B sin(¢,) = hy — 0Asin(p) = —0,Asina. (5)
where O1A cosa and O:A sina is a projection of the vector poia onto a coordinate axis.

0,4 = /(014 cosa)? + (0,4 sina)? = \/0012 + 0A2 —2-0A-00,cos(p —B) (6)

h o
00, = h?+ 12, p = arctg (1—11) module and direction of the vector ror

ABcos (¢p1) = 0,B cos(p,) — 0;Acos a,
ABsin (¢,) = 0,B sin(¢,) — 0,Asina. 7
We square both sides of the equation and sum the first with the second, using trigonometric formulas,
we get:
AB? = 0,B* + 0,A* = 2-0,B - 0,A - cos(¢p, — a)
0,B?+0,A%-AB?
2:0,B-0,4 )
We rewrite equation (4) to find the angular coordinate ;.
0.B cos(¢;) = ABcos (¢,) + 0;A cos a,
0,Bsin(¢,) = ABsin (¢,) + 0,;Asina.
0,B? = AB* + 0,A* + 2- AB - 0,A - cos(¢, — a),
The final form of the angular coordinate ¢; is:

8

@, = a + arccos (

01B%-0,A%-AB?
2-AB-0,A )

Since the links of the sieve mechanism are suspended in parallel, the angular coordinate ¢> = @a.
The remaining unknown values of the equation system (3) are found on the same model.

[, +0,B cos(¢@,) + BC cos(g3) = I, + 0,C cos(@,)
hy +0;B sin(¢@,) + BC sin(@3) = h, + 0,C sin(¢@,)

l,—11+0,C cos(p4)—04B cos((pz)) (10)
BC

We differentiate with respect to time the equations of geometric connections (3) to determine the angular
velocities of the links of the sieve frame mechanism.

@1 = a + arccos ( ©)

Q3 = —arccos(

—AB - sin(¢;)w; 0,B - sin(g,)w, 0 0 = 0A - sin(p)w,,
AB - cos(@,)w; —04B - cos(@,)w, 0 0 =—0A - cos(@)wy,
0 —0,B - sin(@,)wy,—BC - sin(@3)ws 0,C - sin(@y)w, = 0, (1)
0 01B - cos(@,)w, BC -cos(@3)ws —0,C - cos(@y)ws= 0.
The system of equations (8) is represented in matrix form:
A-X, =B, (12)

where A is the matrix of coefficients of the left parts of the equations; X is the vector of unknown angular
velocities of the links; B is the vector of the right parts of the equations.

—AB -sin(¢p;) 0B -sin(¢;) 0 0
4= AB - cos(¢p1) —04B - cos(g;) 0 0
B 0 —0,B -sin(p;) —BC -sin(p3)  0,C - sin(@,)
0 0.B - cos(¢p,) BC-cos(pz) —0,C-cos(g,)
w1 OA - sin(p)wg
) —0A -
X, = wi , g=|—04 cgs(go)wo
(l)4 O
The solution of the equations (9) has the following form:
X,=A"1B (13)
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To determine the angular accelerations of the links of the sieve frame mechanism we will differentiate
with respect to time equation (8) and obtain a system of equations in matrix form:
A-X,=C
where C is the vector of the right parts of the equations.
Solution of the equations (11) allows us to determine the angular acceleration of the links of the sieve
frame mechanism. It has the following form:

(14)

X,=A"1-C
0A cos(@)w3 + AB cos(@1)w? — 0,B cos(¢,) w3
OAsin(@)w3 + AB sin(¢;)w? — 0,B sin(¢,) w3
\—01B cos(@,)w3 — BC cos(p3)w3 + 0,C cos(@y)w?

(15)

C =

—0,B sin(@,)w3 — BC sin(@3)w? + 0,C sin(@,) w3

We determine velocities and accelerations of the nodal points of the sieve frame mechanism using
Figures 2, 3, and taking into account that the vector modules are constant and their derivatives with time can
be determined using Euler formula:

r=wXr

16
We find the velocities of the nodal points of the sieve frame mechanism: 4o
Vg = wo X Ty, Vg = Wz X Pg,, Ve = Wy X P 17)
Having differentiated with respect to time expression (14), we find the acceleration of these points:
ay = wo X (wg X T), ap = & X pp + Wz X (W3 X pp),
Ac = €4 X Pc + Wy X (Wg X Pc). (18)

Equations (8-10, 13, 15, 17, 18) are a mathematical model of a kinematic mechanism of the grain
cleaning machine scalping frame. This model allows determining the coordinates of the nodal points, their
speed and acceleration. A similar method is used to determine the coordinates of the nodal points, their speed
and acceleration for the lower sieve, which works in the opposite direction of the upper sieve. (Badretdinov et
al., 2017; Bertiaev, 2005).

RESULTS

Included in Tables 1, 2 are basic physical and mechanical properties and statistical analysis of geometric
parameters of grain heap before cleaning. To analyse the physical and mechanical properties of the grain
material, certain fresh crop samples harvested at a normal amount of moisture were taken. Geometric
parameters were measured using a micrometre MK 0-25, the inherent error of the device being £0.01 mm.
The amount of sampling of the grain heap components was 100 pieces. The mass of a single seed-beetle was
determined using electronic jewellery scale A 03 with accuracy class of £0.001 g.

Table 1
Statistical analysis of geometric parameters of grain heap (“Vatan” wheat variety)
Parameter Minimal Maximal Average Dispersion, Sq_uared error | Variation,
value, X o? distance, o v
Grain heap (before cleaning)
Length I, mm 1.11 28.1 10.77 39.8 6.31 58.59
Thickness a, mm 0.30 9.5 2.11 1.80 1.34 63.57
Width 8, mm 1.40 5.7 3.53 1.02 1.01 28.64
Equivalent 0.72 | 541 2.5 . . .
diameter, de, mm
Table 2
Statistical analysis of the mass of a single seed beetle (“Salavat lulaev” wheat variety)
. . Average Dispersion, Squared error | Variation, Standard error
Parameter | Minimal Maximal .
value, X o2 distance, o v of the mean
We'g]“ 0.012 0.08 0.036 0.0001 0.0105 29.32 0.0011

Experimental studies of the grain heap show (Tables 1, 2) that grain heap is inhomogeneous and has a

wide range of both physical and mechanical and geometric parameters (Casandroiu et al., 2009; Ermolev,
2010; Fominykh, 2006; Saitov et al., 2016).
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Variation coefficient v in respect to thickness is 63.57%, and 28.64% in respect to width. This greatly
complicates the process of a proper sieve selection. The mass of a single grain is taken into account when
determining the inertial force, judging by the coefficient of variation v = 29.32% varying in a wide range.

Conditions for moving the components of the grain heap downward the oscillating sieve frame. If the
components of the grain material move downward the sieve, inertial force, acting on the individual seeds, will
be directed downwards, the force of friction on the sieve will be directed upwards along the sieve surface, the
force of gravity - downward, and the normal sieve reaction - upward and perpendicular to the sieve surface.
By the direction of the forces acting on the grain heap components, the nature of their movement trajectory by
the oscillating sieve surface can be defined. The mode of movement of the grain components by the sieve is
selected in the following way: the time of the heap component particles contact with the sieve should be
maximum, which ensures more efficient separation. At the same time, to improve the performance of the grain
cleaning machine, the speed of the grain material movement by the sieve should also be maximum.
Apparently, these requirements contradict each other. Thus, optimization problem should be solved.

One of the most important functional parameters of a layer on the surface of the sieve is the Froude
number expressing the ratio of the forces acting on a particle lying on the sieve, oscillation amplitude of the
sieve and gravity. This number can be expressed as follows

rw?

F = = (19)

where r is the radius of the crank (r = 0.01 m); w is the angular velocity of the crank drive shaft (w = 425...475
min1); g is the acceleration of free fall, m/s2.

Visualization of trajectories of speed and acceleration movement of the links, which were received
according to the results of modeling and calculation performed with the use of Mathcad program, is presented
in Figures 4, 5.

w(t)q
w(Bs
w(t)g
'U(-t)-l
v(t)3

v(t)y
-0

()
Fig. 4 - Graph of changes in speed (rad/s) of the links of the grain cleaning machine sieve frame
o

Pt
Fig. 5 - Graph of changes in the acceleration (rad/s?) of the links of the grain cleaning machine sieve frame
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In Figure 4 acceleration of the scalping frame links are marked by unbroken lines. Acceleration of the
bottom frame links are marked by dotted lines. As one can see, they work in inversed manner. There are also
small deviations: the speed of the bottom sieve frame link is slightly higher than the speed of the scalping
frame link. Due to that, the technological operation process is accompanied by vibration.

The analysis of Figure 5 is similar to the graph of changes in speed of the sieve frame mechanism links.
There are also small deviations: the acceleration of the bottom sieve frame link is slightly higher than the
acceleration of the scalping frame link. That can be a possible cause of vibration.

Figure 6 shows a kinematic diagram of the sieve frame mechanism and a scaled illustration of speed
and acceleration vectors at nodal points. When the scalping frame moves to the right, the bottom frame moves
to the left. This is proved by the calculation results and shown by vectors directions.

e

Fig. 6 - Plotting of a sieve frame mechanism, speed and acceleration vectors

Figure 7 shows that speed vectors are perpendicular to the crank and directed down the mechanism
rotation. Acceleration vectors are directed down the crank.

V4 \Qi

Fig. 7 - Visualization of the sieve frame crank (drive) trajectory, speed and acceleration vectors

Figures 8 and 9 show the plans of speeds and accelerations, respectively, at arbitrary values of the
angle of rotation of the crank drive. Depending on the time, you can build such plans of speeds and
accelerations for any position (angle of rotation) of the crank. The velocity (acceleration) diagram is a diagram
which in real time captures vectors representing a module and a direction of motion of multiple links in the
mechanism. The velocity diagram has the following properties: the segment connecting the tips of the velocity
vectors of any two points of the body, perpendicular to the line connecting corresponding points of the body;
the lengths of segments connecting the ends of the velocity vectors of body points, the proportional length of
the segments connecting corresponding points.

The plan of speeds (accelerations) allows solving graphically the problems of determination of body
points’ speeds (accelerations), and is the most widespread graph-analytical method of research. In this case,
the larger the selected scale, in which the vectors of velocities (accelerations) of body points are constructed,
the more accurately the problem is solved.
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Al

" Bi
Cr

Fig. 8 - Plotting of velocity diagram at a selected value of the crank angle

™

."-.......-0'.. Ci

Fig. 9 - Plotting of the acceleration diagram at a selected value of the crank rotation angle

Experimental data got during the study of the grain heap components to be cleaned show the distribution

of physical-mechanical and geometric parameters, which vary sufficiently over a wide range. This is proved by
their variation coefficients (table 1 and 2). This primarily affects the sieving process, makes the correct selection
of sieves difficult, reduces productivity, and affects grain cleaning efficiency.
Other scientists note the same in their studies (Dorokhov et al., 2018; Ma et al., 2018; Okunola et al., 2018;
Singh et al., 2017; Vasylkovskyi et al., 2019). In addition to geometric parameters, separation efficiency is
also affected by other properties (clogging, humidity) (Kornev, 2015; Mudarisov et al., 2009, 2017; Okunola et
al., 2018; Vasylkovskyi et al., 2019).

Modeling and study of the sieve frame kinematic mechanism makes it possible to determine the
coordinates of the nodal points, links speed and acceleration, as well as to identify and optimize the problem
areas, choose the right design and technological parameters.

Using this method after simulating and calculating the model of a real grain cleaning machine sieve
frame on the example of ZVS-20, problem areas were identified, which is confirmed by vibration. These
problems can be solved by changing the design parameters.

Using this modeling method makes it possible to improve the design and technological parameters of
grain cleaning machines with a sieve cleaning system without significant effort and cost.
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CONCLUSIONS

A mathematical model of the kinematic scheme of the grain cleaning machine sieve frame was
developed. During the study, coordinates of the nodal points of the grain cleaning machine sieve frame were
developed, their movement speed and acceleration plans were plotted. A mathematical model of the kinematic
operation scheme of the grain cleaning machine sieve frame was designed. Froude number for a sieve frame
Fr=0,05 0,062... was determined. This value characterizes the ratio between inertial forces and gravity, in the
field of which the components of a cleaned culture move. According to generally accepted classification, Fr <
1 means a quiet fluency. According to the results of modeling and calculation made on the example of the
most common grain cleaning machine ZVS-20, its problem areas and imperfections of structural and
technological parameters were identified. The proposed method of simulation of grain cleaning machines with
a sieve cleaning system makes it possible to study the drive mechanism kinematics and the process of
separation by flat oscillating working bodies, to analyse the contact degree of particles of grain heap
components with the sieve, to identify problem areas and improve the design and technological parameters of
the sieve frame of any grain cleaning machine. The model can be used many times, without requiring
investment for its manufacturing and laboratory tests. Correct operation modes of the separation process can
be chosen for different crops.
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ABSTRACT

The article presents the results of resonant oscillations theoretical research of the telescopic screw - granular
material system caused by external periodic forces. In the theoretical part a mathematical model of bending
vibrations of an elastic body is described, which rotates along a fixed axis with a constant angular velocity,
provided that it moves with a constant relative linear velocity along the elastic body. In the experimental part,
according to the obtained equations, it has been established for the various kinematic characteristics of the
system, a telescopic screw-granular media of amplitude passing through resonance at the frequency of
external periodic perturbation.The results of experimental research and recommendations for the selection of
constructive kinematic for telescopic screw conveyor have been presented.

PE3IOME

Y ecmammi HasedeHO meopemuyHi OOCIOXKEHHSI PE30HaHCHUX KOMUBaHb cucmemMu mesecKoniyHul
28UHM — CUrnKul Mamepiana 3yMOG/IEHUX 308HIWHIMU nepioduyHUMU cunamu. B meopemuydHilti YyacmuHi
onucaHo Mamemamuy4Hy MoOeslb 32UHallbHUX KO/u8aHb T[PYXHO20 mina, ske obepmaembcsi 83008XK
HepyxoMoi OCi i3 cmarsior Kymoeor wWeudKicmio 3a yMo8U, WO 83008X HbO20 PyXxaembCs 3i CMarnok
8IOHOCHOKO JiHIlIHOK wWeudKicmr. B ekcriepumeHmarbHill YacmuHi 8idrnogiOHO 00 OmpuUMaHUX PiHSIHb,
npedcmaenieHo Onisi Pi3HUX KiHeMamuyHUX XapakmepucmuK CUCMeMU MeecKoniyHull esuUHmM — curke
cepedosuue amnimydy nPoxoOXeHHs Yepes Pe30HaHC Ha Yacmomi 308HIUHbLO20 1epioOUYHO20 36YPeHHSI.
lMpedcmaeneHi pe3ynbsmamu ekcriepuMeHmarnbHUX 0ocslioxeHb ma HasedeHi pekomeHOauji Onsi subopy
KOHCMPYKMUBHO-KIHEMamuy4HUX MefIeCcKoniyHUX e8UHMO8UX mpaHcriopmepie.

INTRODUCTION

One of the premises for the high efficiency of machine-building enterprises is to improve the existing
and to introduce new competitive products, which can fully meet the needs of consumers. Screw transport
mechanisms are one of the most commonly used mechanical means in agricultural production and other
sectors of the economy as individual elements, as well as in other machines. According to various data, their
specific gravity in loading and unloading operations of different types is 40-45%.

They are especially widely used as elements of agricultural machines when overloading agricultural
loads in the field conditions. Often, the universal units for loading seeders, hoppers, reloaders and combine
harvesters are complicated (the term is used for composition and decomposition) in order to obtain a
significant material overload path. To achieve the required overload distance, they are decomposed -
composed with the use of hydraulic or pneumatic equipment. This makes their constructions too complicated
and expensive. The examples are the universal hoppers-reloaders of the companies “EGRITECH”, “Liliani
MBA”, combine harvesters CASE 8120 AXIAL FLOW, New Holland CR10.90 and others. Therefore, using
the telescope principle will have widespread use in the design of agricultural machinery equipped with screw
conveyors.

Despite a large number of scientific works devoted to the development and research of the features of
screw conveyors operation, there is a wide range of unexplored issues related to their constructive and

1 Hud V.Z., Assoc. Prof. PhD. Eng.; Rogatynskyi R.M., Prof. PhD. Eng.; Hevko I.B., Prof.PhD.Eng.;
Lyashuk O.L., Prof.PhD.Eng.; Pik A.l., Assoc. Prof. PhD. Eng.; Huryk O.Y., Assoc. Prof. PhD. Eng.
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functional characteristics. Therefore, the development of telescopic screw conveyors makes it possible to
improve the efficiency of the overload of loose materials. However, due to the significant angular velocities of
the screw rotation in telescopic screw conveyors, the asymmetry of the telescopic screw and external
perturbations, fluctuations often occur, which result in significant dynamic loads in the screw (Hevko 1.B.,
2013; Lyashuk O.L., et al., 2016), especially in resonant cases. The works of Lyashuk O.L. et al. (2018)
show the movement of the grain mixture along the working body of the loader. Differential equations are
obtained that describe the bending fluctuations of the horizontal screw of the mixer loader.

The results of theoretical and experimental studies of simultaneous transportation and mixing of feed
mixtures components on the curved lines of tubular conveyors are presented. A mathematical model is
constructed that characterizes the dependence of the change of elementary work, which is performed when
the elemental mass of loose material moves along the curvilinear region (Hevko R.B., et al., 2018). The
method of carrying out researches on determining the power indicators of different movement types of loose
materials is presented. Therefore, the study of dynamic loads in the screw of a telescopic conveyor during
the movement of loose material enables to choose the rational modes of operation of the conveyor, which
minimize these negative phenomena and increase the life of exploitation of telescopic screw conveyor.

MATERIALS AND METHODS

To study the principle of telescopes in screw conveyors based on a patent search and analysis of
scientific literature and synthesis (Rogatynsky R.M., et al., 2014), a pilot installation has been developed,
designed, manufactured and shown in Figures 1 - 3.

a) - b)

Fig. 1 - Stand to study the characteristics of telescopic screw conveyors: a) general view; b) structural scheme
1) screw axial motion in the axial direction of the screw section; 2) part of the casing is fixed in the axial direction;
3) screw moving in the axial direction of the screw section; 4) part of the casing moving in the axial direction;
5) guides; 6) support for adjusting the height of the material

The outer diameter of the auger in the pilot installation is 97 mm, internal diameter of the fixed pipe is
100 mm, the outer one is 107 mm, the inner diameter of the movable branch pipe is 109 mm. The movable
nozzle is made of galvanized sheet, and therefore it contains a connecting seam and ovals and has uneven
shapes along the entire length, which affect the speed of twisting and unwinding of the telescopic part of the
screw conveyor.

Studies have shown that the biggest problem in telescopic screw conveyors is to maintain the same
clearance between the casing and the spiral in different sections of the telescope, which significantly affects
the time of rolling in and rolling out of the axially moving part of the auger fixed and the appearance and
magnitude of the rotational bending oscillations. It has also been found that the overload performance of
agricultural goods by telescopic screw conveyor does not differ from the overload performance of these
materials with traditional screw conveyors.

It is established by Sokil B.I. et al. (2010; 2011; 2012; 2017) that there is an effect of the motion of a
continuous stream of granular media on the longitudinal or bending vibrations of elastic bodies.
Consequently, it can be assumed that even the movement velocity of a granular media has changed the
main dynamic characteristics of bending or longitudinal oscillations, and the magnitude of the action of this
media increases significantly with an increase in the relative amount of its motion.

Therefore, at a significant angular velocity of rotation of telescopic screws, even small transverse
deformations at a certain moment result in significant tension.
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Fig. 2 - Scale of the stand screw to study the Fig. 3 - A stand for the study of telescopic
characteristics of telescopic screw conveyors screw conveyors in a disassembled state

In study of Fedoseev V.I. (1951), a mathematical model of flexural oscillations of an elastic body
rotating along a fixed axis with a constant angular velocity €2 was presented. This action was provided when
a continuous flow of a homogeneous medium moves along it at a constant relative linear velocity V . The
proposed model of the dynamic process was presented in the form of zero rigidity, where a system of
differential equations is used.
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In Eq.() u(t, Z),W(t, Z) - projection of the vector of moving the point of the central axis with the
coordinate Z of the telescopic screw at an arbitrary time t in the projections on the axis of the fixed
coordinate system OXYZ . The axis OZ of the reference system coincides with the undrained straight line of
the auger screw(2, - the angular velocity of the screw rotation around the axis, p,, 0, - respectively the
mass of the unit of body length and moving medium, EIl - its rigidity to the screw's bend,
ou ow ou ow  Ju ow ou ow ou ow  o°u o’w
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periodic by y =vt+y, functions that describe the nonlinear components of the restoring force, the strength

of the resistance, and other forces the maximum values of which are significantly lower than the value of the
restoring force, as indicated by the small parameter & . Below, for simplicity, we assume that these functions
are polynomials in the set of variables, and from the physical content of them it results that they must be
bound by the relation
¢ 6u6w8u8w 63u63wy_ a/vauawau 83w63u7
XA a T @ "aaaa e w

In the case of complex oscillations of the screw (a combination of bending and twisting), provided that

the latter are described by a known law 3(Z,t) (the torsion below is considered to be the simplest of their

mathematical models), the system of equations (1) is transformed into a form:
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From the form of the right-hand side of the differential equation (2) it results that in the system under
consideration, resonant phenomena are possible due to external periodic forces or torsional oscillations of
the telescopic screw itself. The second case will be called internal resonance, and - the first - external.
Simpler resonant oscillations have been caused by external periodic forces, so let's consider them first.

The condition for the existence of a given type of resonance is the existence of a rational connection
between the frequencies of the internal oscillations of the telescopic screw system and the granular media

and the frequency of the external periodic perturbation, i.e. My # N,

The dispersion ratio determines the intrinsic frequency of bending vibrations of the body as a function
of the angular and linear velocity of the medium along the elastic body in the form:

2 2
o, =Q (1%, —1)iKk\/QZI(K‘k2]—2)—M
Pt P,

Simultaneously, the obtained ratio serves as the basis for solving a more complex problem - the

determination of the influence of nonlinear forces on the dynamic process, as well as the whole set of

external and internal factors on bending fluctuations of a screw. Dependence (3) indicates at the same time

the simplest way to avoid external resonance: for the given magnitude of the external periodic perturbation,
the rotation frequency of the screw propeller should be chosen from the condition:

2 2
m| QI —1)iK’k\/QZI(Kk2[—2)—M =my .
Pt P

The ratios that determine the laws of amplitude variation and frequency of the wave process are as
follows:

®3)

da | 27
dt 2Y 78 - _y)dydz,
dt 2700 (p,+py) H (& z,y,7,9)(cos(xz+y)—cos(xz—y ))dydz
| 27 (4)
do

j f (a,z,y, 7, 9)(sin(kz+y)+sin(kz -y ))dydz,.

0
In the system of differential equations (4), the integral functions, and therefore the right parts of it are
periodic in terms of arguments i/, ¥,.$, which means that non-resonant and resonant oscillations may occur

— =0+
dt 2a7m)| (p+p,)

in the screw auger. As for the former, they have in the conditions @ #v and @ # ® ratios between which
there is no rational connection between their own frequency @ and frequency of external perturbation v or

frequency of torsional oscillations ® . For the first approximation of non-resonant oscillations, the amplitude
and frequency of flexural oscillations of a telescopic screw have been described by dependencies:
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RESULTS

To study the process of resonance passage for the base, we adopt the system of differential equations
(5) and the property of the resonant oscillations, which is as follows: the amplitude of the resonance passage
essentially depends on the phase difference between the proper and forced oscillations. For the case under
consideration this is ¢ =y —y (here and below for simplicity only the case of the main resonance is

considered). Entering the given parameter in the system of differential equations (4), after averaging over the
phases of forced and torsional oscillations we obtain:

da 1 | 2727
= mjj I f(a,z,+7,7,9)(cos(kz+¢+y)-
—cos(xz—¢+y))dyd3d2,

TT f(a,z,¢+7, y,S)(Sln(KZ+¢+7/) ©)

|
& v+ 1
dt 8a7m)| ()%

+sin(kz—¢+y))dydIdz.

The system of equations (6) for the case of the above nonlinearly elastic law of the telescopic screw
material and the viscoelastic forces of resistance and mono-harmonic periodic perturbation is transformed
into a form:

da k(@™ o h
— =1 a*+—cosy; (7)
d  (p+p)7 70

d—7/=6¢)—1/—£a2—(1)2 P2 Ve h siny

dt (pl + pz) 1” 8w(p, + p,) raw

Below, in accordance with the obtained equations, a telescopic screw is shown for various kinematic
characteristics of the system - the granular media of amplitude passing through resonance at the frequency
of external periodic perturbation. Figure 4.

o) i
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£, =15 media;1- p,=10;2- p,=15 ;3- =15 media; at various angular velocities of media
rotation p, =15; p, =10 ; the angular

velocity is 1 - Q=10; 2- Q=15;3- Q=20

p, =20 ; velocity 10; ; Q=15 1-p,=10;2- p,=15;
3- p,=20; velocity 10; Q=20
a) b) c)
Fig. 4 - Changing the amplitude of the telescopic screw system is a granular media at the transition
through the resonance due to external periodic perturbation

The obtained dependences show that for: a) the larger values of the particle mass of the media, the
amplitude of the transition through the resonance is less; b) for larger values of the angular velocity of the
body, the actual frequency of bending vibrations is smaller while the amplitude of the transition through the
resonance is smaller; ¢) the amplitude is less at a higher speed of transition.
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According to the research results, the graphical dependences of engine power N on the rotation speed
of the working body n, the angle of the conveyor & and the length of transportation are constructed. It is
established that the power N has a fairly clearly expressed linear nature of the growth of N with increasing n.

On the basis of the multivariate experiment, a regression dependence has been obtained to determine
the effect of n, ¢ and L on the magnitude of the power N during grain transportation of corn, barley and

mixed fodder: 300 < n <700 (rpm); 1,33< 1< 1,61 (m); 5 <y <45 (deg.).
- during corn transportation:
N 1) =—2.22:107-4.94-10"n-2.76-101+9.25-10*  +

(8)
+9.29-10*nl +1.58-10°n »+9.25-10"n? +3.37-10%1* —1.83-10 ° »’%;
- during wheat transportation:
Nni,) =—2.13:107% -5.09-10*n—2.85-10%1+9.38-10 "y +
R 9)
+9.64-10*n 1+1.65-10°n »+9.75-10 " n? +3.52-10721% =1.93-107° y/%;
- during mixed fodder transportation:
N =-2.68-107-4.18-10%n-2.06-10°1+8.25-10*y +
(1) (10)

+8.21:10"n 1+1.4-10 °ny +8.25-10 " n? +3.01-10 1? —1.65-10> °.
Using Statistica-6.0 software for PCs, we constructed a graphical reproduction of common regression
models in the form of quadratic response surfaces and their two-dimensional power sections N as a function

of two variable factors X,,, with a constant unchangeable level taking into account the third

factor X; 5 =const .

The analysis of the given regression equations shows that the main factors affecting the increase in
drive power are: factors X1, X2, (0, 1) and combinations of these factors. An increase in the value of factor
X3 (7) leads to an increase in power by 4.2% (Fig. 5). Moreover, an increase in the value of factor xz(l)
leads to an increase in power by 9.8%.

In general, to reduce power, it is necessary to reduce the speed of the screw and the angle of the

conveyor inclination. The graphical values of the power dependence results obtained using Mathcad 2000
Professional based on the analysis of regression equations are shown in Fig. 5.

Figure 5 shows the response surfaces of the change in the values of N from the simultaneous
change of two factors: a) N = f(n,a);b) N=f(n,I);c- N=f(a,l).

N, kW N, kW

035y

034/

0.25] - %0

16 S - a, degrees

Fig. 5 - Response surfaces of the change in the values of n from the simultaneous change of two
factors;ta- N=f(n,a);b- N=f(n,1);¢c- N=f(a,l)

It can be seen from the figures that with an increase in the screw speed, length, extension of the
screw and the angle of inclination of the screw conveyor, the power on the screw drive increases, and the
maximum power of 1.29 kW is achieved when transporting wheat.
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The maximum power on the screw drive of the telescopic screw conveyor for transporting corn and
mixed fodder is 1.23 kW and 1.10 kW, respectively, and the minimum is 0.31 kW and 0.28 kw,
respectively. Increase in screw speed nw, from 300 rpm. to 700 rpm leads to an increase in power on the
auger drive by 3.14 times.

Studies have shown that the biggest problem in telescopic screw conveyors is to maintain the same
clearance between the casing and the spiral in different sections of the telescope, which significantly
affects the time of rolling in and rolling out of the axially moving part of the auger fixed and the appearance
and magnitude of the rotational bending oscillations.

CONCLUSIONS

In order to improve the performance of screw conveyors, which are to ensure the transport of loose
materials, increase the load capacity, as well as improve their serviceability, the telescopic screw conveyor is
developed.

The theoretical calculations of the resonance phenomenon are caused by external periodic forces or
torsional vibrations of the telescopic screw itself. The differential equations of the bending oscillations of an
elastic body rotating along a fixed axis with a constant angular velocity Q are deduced, provided that a
continuous flow of a homogeneous capacity is used along it with a constant relative linear velocityV .

A telescopic screw- granular media of the amplitude passing through resonance at the frequency of
external periodic perturbation is presented for various kinematic characteristics of the system:

a) As a result of the conducted research it has been established that for higher values of the granular
media, the amplitude of the transition through the resonance is lower;

b) It has been established that for higher values of the angular velocity of the body, the natural
frequency of bending oscillations is smaller. At the same time, the amplitude of the transition through the
resonance is smaller;

c) It has been established that at a higher speed of transition through resonance the amplitude is
smaller.

On the basis of the multivariate experiment, a regression dependence has been obtained to determine

the influence of the rotation speed of the working body N, the angle of the conveyor « and the length of
transportation | on the power N when transporting grain material, from the analysis of which it is found that
the dominant factor affecting the value of N is the angle of inclination « = 30 degrees, hereinafter the values
n =500 rpm and lengths of transportation | =1.47 m.
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ABSTRACT

On the basis of the Bernoulli equation the dependence for determining the air flow rate in the oxidation
zone of the gasifier was obtained. The obtained dependence makes it possible to theoretically establish the
average speed and diameter of the air flow depending on the flow length. To check and clarify the obtained
dependence for determining the air flow rate in the oxidation zone, the value of the total loss coefficient of the
air flow rate in the volume of straw pellets, which are used as fuel for the gasifier, is experimentally established.

ABCTPAKT

Ha ocHoei pieHsiHHs1 BepHyni ompumMaHo 3anexxHicme 01 8U3HaYEHHS LWBUOKOCMI MOMOKy rnosimpsi 8
30HIi OKUCIIEHHST 2a3ozeHepamopa. OmpumaHa 3asexHicme 00380/155€ MEoOPEMUYHO 8CMaHo8UMU CepedHo
weudkicmb ma Oiamemp MOMOKy rosimps 6 3anexHocmi ei0 doexuHu rnomoky. [nsa nepesipku ma
YMOYHEHHsI OmMpUMaHoOi 3anexHocmi 01 8u3Ha4yeHHs weudKocmi rnomoKy fosimpsi 8 30HI OKUCIIEHHS,
eKcrepuMeHmarbHO 8CMaHOB/IEHO 3HaYEHHS 3a2allbHoO20 KoeiuieHmy empam weudKocmi MOMoKy nosimps
8 06°eMi CONTOM’SIHUX 2paHyIl, W0 8UKOPUCMOBYOMbLCS 8 SKOCMI nanuea 07151 2a3o2eHepamopa.

INTRODUCTION

One of the promising ways to reduce greenhouse gas emissions is the use of biological fuels (Golub et
al, 2017). The equipment in which straw is used to produce heat and electricity is widely used (Barmina et al,
2017). However, when burning straw there are difficulties associated with heterogeneity, high humidity, low
specific energy and low melting point of ash (Golub et al, 2018a). Therefore, to obtain a stable supply of energy
to the consumer during the burning of straw, it will be appropriate to use gasifiers (Sarker et al, 2015; Wu et
al, 2017). The experience of exploitation of gas-producing installations on various biofuel types shows that for
the production of gas from straw and straw containing fuels there should be used straight flow gasifiers of the
converted gasification process (Sheth et al, 2009; Basu, 2013; Gai et al, 2014). They ensure the stability of
the gas formation process, a high degree of decomposition of resins, simplification of technological schemes
for cleaning the wood gas from moisture and impurities (Mysak et al, 2017; Goleb et al., 2018b).

In scientific studies considerable attention is paid to the theoretical study on the influence of structural
(Susastriawan et al, 2017) or technological (Sheth et al, 2009) parameters of the gasifiers on the quality of the
resulting gas. The influence of such parameters as the operating temperature in the oxidation and reduction
zones (Sharma, 2011), as well as the humidity of biomass (Channiwala, Ratnadhariya, 2007) on the qualitative
composition of the obtained gas is substantiated. Analysis of scientific research allows us to conclude that the
gasification of biomass is a complex process based on the equations of thermochemical equilibrium, kinetics,
heat transfer and mass transfer, which are based on the rate of gasification of biomass. However, the speed
of gasification and the efficiency of the gasification process depend on the modes of air supply to the oxidation
zone of the gasifier (Zainal et al, 2001; Melgar et al, 2007; De La Hoz et al,2017). The experience of gasification
of fuels with different straw content shows that insufficient air flow rate can lead to the formation of areas with

1 savelii Kukharets, Prof., Doc of Eng.; Gennadii Golub, Prof., Doc of Eng.; Oleh Skydan, Prof., Doc of Econ.; Yaroslav Yarosh,
Ph.D. Eng.; Mikolai Kukharets, As.
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a lack of air in the field of fuel oxidation, which can significantly reduce the efficiency of the gasification process
and cause the phenomenon of ash and slag agglomeration (Sarker et al, 2015; Wu et al, 2017).

Nevertheless, the establishment of real air flow rates in the working areas of the gasifier is difficult for
theoretical research due to the complexity of the interaction, diversity and transience of the processes taking
place during the gasification of straw and other biomass types (Ali et al, 2016; Yan et al, 2018). This complexity
prevents theoretical models from achieving the necessary accuracy to adequately determine the air flow
velocity and the geometric shape of the air flow (Gu et al, 2018; Mazaheri et al, 2019). The mathematical
models of air movement in the working zones of the gasifier presented in the analysed scientific studies have
uncertain boundary conditions. Therefore, it is necessary to accumulate experimental data in the real range of
parameters of gas generators and create simple mathematical models that adequately describe the speed of
air flow in the oxidation zone of the gasifier.

MATERIALS AND METHODS
To establish the velocity of air flow in the oxidation zone of the gasifier, consider the jet (flow) of air
between sections 1-1 and 2-2 (fig. 1) that flows out from the hole of the gasifier tuyere belt (tuyere hole).

h-—-—

f
S

Fig. 1 - Scheme of air flow in the fuel oxidation zone
hs — tuyere belt depth, m; d;— the diameter of the flow at the outlet of the tuyere, m; Q;— polycut expansion of gas stream, deg.;
l, — flow length,m; d,— diameter of the expanded flow, m

According to Bernoulli's equation (Dayev, 2018; Yeon, Tu, 2019) for real flow it can be written:

+plzvf _p, + 2%

pl + Apl—2 ' (1)

where:
p1, p2 — pressure at the beginning and end of the flow, PA; p1, p2 — air density at the beginning and end
of the flow, kg/m?3; u;, U, — air flow rate at the beginning and at the end, m/sec; Ap:-2 — flow pressure loss, PA.
The equation of gas flow continuity (Yeon, Tu, 2019) is as follows:
2
7Z-df ﬂd:
yo12) e = pP,0, e =const, 2)

where:

ds — the diameter of the flow at the outlet of the tuyere, m; d, — diameter of the expanded flow, m.

Pressure loss Ap:-2in the air stream consist of two components, the first is pressure loss along the flow
length due to friction between the airflow and the side surface elements (particles) of fuel in the fuel oxidation
zone of the gasifier and a pressure loss that is similar to the local loss, which delve into the process of
interaction of the flow with a frontal (anterior) surface of the fuel particles.

Based on the above, we can write:

Al ,p, Eol,p, Vo, Al
Ap,, = 81r2 2 | 1;12:12212 . +& |,
1-2 1-2

®3)

where:

P12 — average air flow density, kg/m3; ui, — average air flow rate, m/sec; d;-2— average flow diameter,
m; la — flow length, m; A — coefficient of pressure loss in the flow, which depends on the area of the lateral
surface of the fuel elements; € - coefficient of pressure loss in the flow, which depends on the density of the
fuel elements in the oxidation zone of the gasifier.

On the basis of equations 1-3, the equation of air flow velocity in the section 2-2 is obtained:
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al,
b, = (2 P —2p, +p11)12 _012—2,01—2 [d_+ ng/pz . (4)
1-2
If we assume that the hydrostatic pressure in the air flow and the air density are stable, and the
hydrodynamic pressure is formed by the velocity head, and express the total coefficient of the flow rate loss in
the form of:

Al
k,=—%+&, (5)
d1—2
equation 4 can be written as follows:
022(4+ka)+201ka02+012(ka_4)20’ (6)
The solution of this equation is as follows:
v, (4—Kk
v, =20 (4-k,) @)
4+Kk,

Given thatd, , =,/2v,d? /(u1 +z)2) , the numerical solution of equation (4) allows us to theoretically set

the average air flow rate depending on the length of the flow, as well as according to equation (2) continuity of
the flow to determine the diameter of the flow. However, to test the theoretical solution, it is necessary to
experimentally establish the value of the total coefficient of the flow rate loss and solve the equation (7). For
the experimental finding of the coefficient of rate loss of the air flow passing through straw pellets, it was used
a pilot plant (fig. 2).

i 50
3 A
2

‘;% bl ¢

7
b)

Fig. 2 - The plant for the study of air flow rate losses
a — appearance; b — scheme; 1 — anemometer Tenmars TM-402; 2 — blower Goorui GHBH-0D5-34-1R2;
3 — frequency converter Hitachi-3G3JX-A4075-EF; 4 — socket 0.4 kW; 5 — vessel for simulation of air flow length
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The plant consisted of the following main components: a blower 2 and a vessel 5 to simulate the length
of the air flow. The air flow rate at the outlet of the blower varied from 6.7 m/sec to 22.2 m/sec. Control of the
speed of the blower impeller was carried out using the frequency converter. Vessel 5 was made in the form of
a parallelepiped with a width of 100 mm and a height of 80 mm. Inside, the vessel was divided into 5 sections
with a length of 50 mm by means of breathable partitions. The inlet and outlet pipes of the vessel were 40 mm
in diameter, and were equal to the diameter of the inlet pipe of the blower. During the experiment, each section
was consistently unloaded with fuel pellets made of straw. Thus, the length of the air flow in the oxidation zone
of the gasifier (from 50 mm to 250 mm) was simulated. Using the anemometer 1, the air rate at the inlet to the
blower 2 and the outlet of vessel 5 was determined. The difference in rates made it possible to establish the
pressure drop as a result of energy losses of the air flow and to find, according to the methods that are
described in the works (Baltussen et al, 2018; Berk, 2018), the k,loss coefficient.

RESULTS
Experimental studies have allowed to establish the values of the coefficient ka (table 1) depending on
the length of the air flow |, and the average air flow rate v;-2.

Table 1
Results of experimental studies of air flow losses
Air rate at Air rate at
Air flow the inlgt to the outlgt of | Air flow rate Air flow Average air flow | Flow rate loss
length, mm E)I?C?V\?g;’-, ttal?c?v?elzrr-, Iﬁf}:gi’ Fl)éizsg;f rate, m/sec coefficient
m/sec m/sec
50 22.2 17.5 4.7 3.3 19.9 0.056
50 18.7 15.0 3.7 2.1 16.9 0.048
50 15.8 13.0 2.8 1.2 14.4 0.038
50 10.8 9.6 1.2 0.2 10.2 0.014
100 215 155 6.0 5.4 18.5 0.105
100 18.5 135 5.0 3.8 16.0 0.098
100 13.2 10.1 3.2 15 11.6 0.073
100 9.3 7.5 1.8 0.5 8.4 0.046
150 21.0 14.2 6.8 6.9 17.6 0.149
150 15.5 10.7 4.8 35 13.1 0.134
150 12.4 8.8 3.6 1.9 10.6 0.115
150 8.1 6.1 2.0 0.6 7.1 0.079
200 20.5 13.0 7.5 8.4 16.8 0.200
200 17.1 11.0 6.2 5.7 14.0 0.192
200 14.1 9.2 4.9 3.6 11.7 0.177
200 7.2 5.0 2.2 0.7 6.1 0.130
250 20.0 12.0 8.0 9.6 16.0 0.250
250 16.6 10.1 6.6 6.4 13.3 0.242
250 13.6 8.4 5.2 4.1 11.0 0.227
250 6.7 4.3 2.4 0.9 55 0.190

The analysis of the data in table 1 allowed us to obtain an empirical equation of the dependence of the
ka coefficient on the air flow length |, and the average air flow rate ui-2, which is valid for the values of the air
flow length more than 50 mm and the average air flow rate more than 6.7 m/sec.

k, =—0.3412+0.002l, +0.03370, , —0.000807, . ®)

The dependence 8 is graphically shown in fig. 3.
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Fig. 3 - Dependence of the air flow rate loss coefficient on the length of the fuel oxidation zone

and the average air flow rate

If we compare the dependence of the average air flow rate on its length calculated by numerical method
according to equation (4) (theoretical values) and the dependence calculated by equation (7) using the
empirical coefficient of loss of air flow rate ka (experimental values), we can observe almost complete identity
of the obtained theoretical and experimental values of the average air flow rate (fig. 4).

7

6 \
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\\
~

Average air flow rate,m/s
w

2 3
1 I~
\&-_-__ N
0
0 002 004 006 008 0.1 012 014 016 018 02

Length of air flow, m
theoretical results  ===-- experimental results

Fig. 4 - Comparison of the dependence of the average air flow rate on its length calculated by the
numerical method (theoretical values at loss coefficients A=0,08, £€=0,2) and calculated using the empirical loss
coefficient ka (experimental values). The air supply to tuyere belt 0.012 m 3/sec, the diameter of the tuyere holes

—0.01 m, the number of holes — 24
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We assume that the effective air flow rate in the oxidation zone of the gasifier can be estimated by the
Reynolds similarity criterion (Berk, 2018; West, Photiou, 2018) and must conform to turbulent regime
movement (Re>2000). Such air movement in the oxidation zone in the gasifier provides fuel oxidation without
forming low-temperature areas with a lack of air. In particular, the air supply to the tuyere belt of 0.012 m3/sec,
the diameter of the tuyere holes of 0.01 m, the number of holes of 24, the effective air movement is terminated
at a distance of 0.2 m from tuyere belt, as the Reynolds criterion takes on values smaller than 2000 (Fig. 5).
The air flow regime becomes laminar, low-temperature areas appear, the efficiency of the fuel oxidation
process decreases, the quality of the gasifier deteriorates.

18000

16000 \ \
14000

N
12000 AN
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\
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Reynolds criterion

\
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

2000

Length of the air flow, m

Fig. 5 - The dependence of the Reynolds criterion on the length of the air flow (air supply to the tuyere belt 0.012
m 3/sec, the diameter of the tuyere holes — 0.01 m, the number of holes — 24)

The flow diameter determined according to equation (2) and reflected in fig.6, in our opinion, will
correspond to the effective height of the oxidation zone of the gasifier.
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Fig. 5 - Dependence of the air flow diameter on its length (loss coefficients A=0,08, §=0,2, the air supply to tuyere
belt - 0.012 m3/sec, the diameter of the tuyere holes — 0.01 m, the number of holes — 24)

Thus, when air is supplied to the tuyere belt of 0.012 m3/sec, the diameter of the tuyere holes — 0.01 m,
the number of holes — 24, the effective length of the flow I, in the fuel oxidation zone in the gasifier will be 0.2
m, height h, of the fuel oxidation zone will be 0.085 m. If the air supply to the tuyere belt of the gasifier is
changed, the effective flow length changes accordingly.
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For example, when air is supplied to the tuyere belt of 0.006 m3/sec, the diameter of the tuyere holes of
0.01 m, the number of holes of 24, the effective length of the oxidation zone I, in the gasifier will be 0.15 m,
and the height h, of the fuel oxidation zone — 0.05 m.

As a result of the analysis of theoretical and experimental studies, the influence of the air flow rate from
the tuyere hole on the air flow length (linear length of the oxidation zone of the gasifier) was determined:

|, =0.089In(v,) +0.0394 ©)

as well as the influence of the air flow rate from the tuyere hole on the air flow diameter (the effective height of
the oxidation zone of the gasifier):

h, = (0.01440, —0.0036) + h, (10)

where:
hs — tuyere hole height, m
With the help of equations 9 and 10, it is possible to calculate the geometric parameters of the oxidation
zone in the gas generator, which ensure the oxidation of the fuel without the formation of low-temperature
regions with a lack of air.

CONCLUSIONS

The dependence of the air flow rate in the oxidation zone (gas generator), obtained on the basis of the
Bernoulli equation allows us to theoretically set the average air flow rate depending on the flow length, as well
as according to the continuity equation to determine the air flow diameter. To verify and clarify the theoretical
equation, the value of the total loss coefficient of the flow rate in the volume of straw pellets, which are used
as fuel for the gas generator, is experimentally established.

The effective air flow rate in the oxidation zone of the gasifier can be estimated by the Reynolds similarity
criterion and must correspond to the turbulent regime (Re>2000). Such air movement in the oxidation zone of
the gasifier provides fuel oxidation without forming low-temperature areas with a lack of air. In particular, the
air supply to the tuyere belt of 0.012 m3/sec, the diameter of the tuyere holes of 0.01 m, and the number of
holes of 24, the efficient air movement stops at a distance of 0.2 m from the tuyere belt, since the Reynolds
criterion acquires values less than 2000. The air flow regime becomes laminar, low-temperature areas appear,
the efficiency of the fuel oxidation process decreases, the quality of the gasifier deteriorates.

In terms of air supply to the tuyere belt of 0.012 m3/sec, the diameter of the tuyere holes of 0.01 m, the
number of holes of 24, the efficient length of the flow in the fuel oxidation zone of the gasifier will be 0.2 m, the
height of the fuel oxidation zone will be of 0.085 m. These geometric parameters of the oxidation zone in the
gasifier provide straw pellets oxidation without the formation of low-temperature areas with lack of air.

When changing the air supply to the tuyere belt of the gasifier, the effective length of the air flow changes.
Thus, when air is supplied to the tuyere belt of 0.006 m3/sec, the diameter of the tuyere holes of 0.01 m, the
number of holes of 24, the effective length of the oxidation zone |, in the gasifier is 0.15 m, and the height of
the fuel oxidation zone is 0.050 m.
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ABSTRACT

The programme and the procedure of the experimental laboratory and field investigations of the shank
parameters and the interaction process of a concave disk spring shank and a soil medium under ballast
operating element loading, if there is a change in the travelling speed of a unit, have been developed.
Estimation of the measurement results has been conducted based on the uncertainty concept. Under ballast
loading (optimal reduced mass), the influence of the random components of a draft force on the process of
interaction of a concave disk on a spring shank and the soil is at least one and a half times less. According
to the results of the experimental studies, the dependences that show the influence of a unit speed and an
operating element reduced mass on the drag force (energy indicator) and the elastic deflections of a shank
(an agro-technical indicator) have been determined. Technical and economic assessment of the operating
efficiency of tillage equipment according to the operating cost structure and based on practical
implementation has been conducted.

PE3IOME

B cmammi obrpyHmogaHo rnpozpamy i MemoOuKy eKkcriepuMeHmarsnbHUX O0CriOXeHb 3 8U3HAYEHHS
napamempie npyxHo20 cmosika cghepuyHo20 OucCKa i pexumie rpouyecy o200 83aeMoldii 3 rpPyHMo8UM
cepedosuwieM npu BuKopucmaHHi bamacmHo2o Go8aHMaXXeHHs Mnpu 3MiHi mocmynanbHOI weudkocmi
MObinibHO20 eHepeemu4HO20 3acoby. AdekeamHicmb pe3yribmamie 8UMIipo8aHb BUKOHaHO 3a KOHUenuji
Hesu3Ha4YeHocmi. BcmaHosneHo, wo 3 banacmHumMm 008aHMAaXXeHHsIM 3a onmumarsibHOi 38edeHoi macu,
6esnocepedHili snnue sunadkosux cknadosux ms208020 oriopy Ha rnpouec 83aemolil cghepuyHo20 ducka
Ha npyXHOMy Ccmosiky 3 [PpyHmMoOM, WoHalMeHwe & riemopa pasu, MeHwul. 3a JdaHumu
eKkcriepumMeHmarbHUX OOCHiOXXeHb 8CMaHOB8/IeHO 3anexXHocmi 3 8U3HaYeHHs1 ernugy weudkocmi
MobinbHoO20 eHepeemu4yHo20 3acoby ma 3eedeHoi Macu Ha poboHOMy opaaHi Ha eHep2emuyHUl rMoKasHUK,
a came msizosul orip, ma azpomexHiYHUU NoKasHUK, a caMme npyxHi eidxuneHHs cmosika. [NpedcmasneHo
pe3ynbmamu MmexHIKO-eKOHOMIYHOI OUIHKU egbekmusHocmi excrislyamauii OucKkog8o20 rpyHmMoobpobHo20
aspezamy 3a CmpyKmypor eKkcriyamauitiHux eumpam i Ha 0CHO8i 8UPOBHUY020 3acmocCy8aHHs.

INTRODUCTION

There are significant quality changes taking place in modern agricultural production engineering caused
by intensification of production processes together with efficient use of resources (Vladut D.l. et al, 2018).
According to these changes, it is necessary to improve agricultural equipment in order to provide their optimum
process conditions with minimum energy consumption and improve reliability of individual parts and units
(Xiong P. et al, 2018). The accomplishment of these tasks is of great importance for soil-tilling equipment,
namely for disk headers, since they provide 60—80% of soil pre-treatment and basic cultivation (Razzaghi E.
& Sohrabi Y., 2016; Srivastava A.K. et al, 2016).

! Rogovskii I.L., Prof. Ph.D. Eng.; Titova L.L., Assoc. Prof. Ph.D. Eng.; Trokhaniak V.I., Assoc. Prof. Ph.D. Eng.; Haponenko
O.l,, Ph.D. Eng.; Ohiienko M.M., Assoc. Prof. Ph.D. Eng.; Kulik V.P., Ph.D. Eng.
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The non-market harvest part left on the surface of a field is the determining factor for further
performance of technological operations and developing requirements for operational devices, namely, for the
development of disk tillage equipment with new design and technical characteristics in order to provide quality
stubble cleaning, the decrease of energy consumption and the increase of operational reliability (Viadut V. et
al, 2018). The experience of using spring shanks of cultivator operating elements and their positive
assessment opens up fresh opportunities for the improvement of disk tillage equipment reliability (Dewangan
A. et al, 2017).

Operating elements arranged on spring shanks oscillate due to the irregularity of soil drag forces
(Gheorghitd N.E. et al, 2018; Badegaonkar U.R. et al, 2010). As a result, soil breakdown takes place with less
energy consumption that decreases the rate of fuel consumption by tillage equipment (Klendii M.B. & Klendii
0.M., 2016). A disk header with spring shanks can be better adjusted to a field surface texture and, thus, can
provide the required quality of soil cultivation (David A. et al, 2014).

Thus, a relevant applied scientific task is the substantiation of the dynamic characteristics and the
design parameters of the spring shanks of the disk operating elements of soil-tilling equipment (Hevko B.M.
et al, 2018; Hevko R.B.et al, 2017).

The aim of the research — is to improve the operating efficiency of disk tillage equipment by means of
substantiating their design parameters and the dynamic characteristics of operating element spring shanks.

MATERIALS AND METHODS

The general research technique provided the use of modern methods of theoretical and experimental
investigations, the theoretical substantiation was conducted with the help of the methods of mathematics,
theoretical mechanics, oscillation theory, differential and integrated calculation (Asejeva A. et al, 2013). The
experimental research was conducted in the field environment based on standard practices and the specific
techniques developed by the author. The procedure of measuring elastic deflections of the operating elements
provided for the use of the information and measurement system and the method of strain measurement
(Tutunaru L.F. et al, 2014). The research data processing was conducted with the help of mathematical
methods of statistics. The method of regression analysis was applied.

The design and engineering characteristics of disk tillage equipment are improved in case of the
arrangement of disk operating elements on spring shanks due to their oscillations. Substantiation of the design
parameters and the dynamic characteristics of shanks as a system “soil — disk — spring shank” allows for
improving the efficiency of equipment operation in terms of operational reliability and energy consumption.

The analysis of the existing scientific research suggests that the significant influence on the operation
process of a tillage unit on a spring shank is characterized by the models that take into account the influence
of empirical factors and design parameters with coefficient matrices. The application of complex models
makes it almost impossible to solve the problem of the description of a spring shank with a concave disk
movement (Barwicki J. et al, 2012).

Thus, it is necessary to solve the applied scientific task — substantiate the dynamic characteristics and
the design parameters of a spring shank of disk tillage equipment (Constantin N. & Cojocaru I., et al, 2012).

The programme of the experimental investigation on spring shanks of concave disks allowed for:

- substantiating the measuring diagram and estimating the dynamic characteristics of a concave disk
spring shank;

- determining the design parameters and the dynamic characteristics of a spring shank;

- investigating the influence of the dynamic characteristics of an operating element spring shank on the
efficiency of equipment, taking into account the randomness of soil reaction (field research);

- comparing the theoretical and the experimental data and their compliance.

The scheme of the measuring system, taking into account the information flow of the changes in soil
properties, was substantiated (Galat U.N. & Ingale A.N. et al, 2016). There were KF-5P1 full-bridge strain
gauge sensors arranged on a shank and they were connected through SPIDER-8 analog-to-digital converter
with CatMan Express 4.5 software (Trokhaniak V.l., et al, 2019). The converter performed scanning with a
frequency of 250 Hz, analog-to-digital signal conversion and digital array generation as a *.xls file (Gheres M.1.,
2014). The sensors were cable connected to the equipment and protected from the effect of inferences
(Rogovskii I.L. et al, 2019). In order to conduct experimental research (testing and assessment of spring shank
performance), an experimental plant was developed (Fig. 1).
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The information obtained as a result of the laboratory experiments was presented in the form of
calibration curves of “deflection” and “loading” (Rogovskii I.L. et al, 2019). Simulation of the change in spring
shank dynamic characteristics was performed by applying lumped mass to an operating element mounting
and bearing unit (impact factor at the following levels: reduced mass and mass plus added weight) (Rogovskii
I.L. et al, 2019). The investigation was conducted with the use of a multilevel experiment (Constantin N. &
Cojocaru 1., 2008). The peculiarity and the advantage of this pattern is the most complete estimation of the
investigation process (Table 1). The increase in the level of external impact (by means of increasing travelling
speed) determines the level of influence on a spring shank and ballast loading determines the sublevel.

a) b)
Fig. 1 - An experimental plant (technical equipment) for testing and evaluation
of spring shank operation efficiency
a — structural diagram; b — general view; 1 — spring shank of a concave disk; 2 — bearing unit; 3 — operating element (concave disk);
4 — fixed base; 5 — wire rope; 6 — dynamometer; 7 — level; 8 — screw-type vertical regulator; 9 — screw-type horizontal regulator;
10 — percussive mechanism for disturbing shank equilibrium.

Table 1
Investigation Pattern
Impact factors Optimization Parameters
Travelling speed, Reduced External impact / . Generalized
Deflection .
v mass, m draft force [mm] coordinate
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Process parameters were recorded in real time in the course of unit operation rounds with the
predefined sampling period. Recording areas under steady-state loading conditions were considered. The
defined digital array obtained from the analog-digital converter contained several thousand values of the
variable under study. If there are many observations, the “n” testing error is less than 0.5-1%. According to
“loading” calibration curves, the digital array of the external impact values was processed and statistical
process parameters were determined.

In order to process the experimental data, the methods of mathematical planning and mathematical
statistics were used. The estimation of the research findings was performed on the basis of the uncertainty
conception describing the dispersion of the values, which could be reasonably assigned to the variable to be
measured.
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RESULTS

The procedure of determining the design parameters and the dynamic characteristics of spring shanks
was investigated using the suggested fabricated and approved design of the experimental plant, the values of
the reduced mass (Fig. 2, a) were determined, a load-deflection curve was defined and free spring shank
oscillations were observed (Fig. 2, b).

Field experiments were conducted in the process of breaking grain crop fallen seeds germination (second
de-husking). The experimental spring shank was attached to the frame of DL-2.5 unit (Fig. 3).

It was determined that the interaction process of a disk operating element on a spring shank and the soil
is unsteady and its statistic performance varies with time (Fig. 4). Process unsteadiness is caused by quick
changing conditions of operation in a soil medium and the influence of meso- and micro-relief of a field surface.

IR A AAD
s NN AN R YN
T 5 01‘\ o) 0;\(244/0\6 th/o\z %)\8 2\9 /JL
D-1o WMV MY

Fig. 2 - Realization of laboratory investigations: a — exterior of a spring shank with ballast loading
while determining the reduced mass; b — free spring shank oscillations
1 — a spring shank of a concave disk; 2 — an operating element (a concave disk);
3 —resistive strain gauges on the surface of a spring shank; 4 — a fixed base; 5 — ballast loading

Fig. 3 - General view of a disk header with spring shanks
a — general view of the unit; b — spring shanks under study; 1 — roller; 2 — unit frame; 3 — hitch linkage; 4 — operating element (a concave
disk); 5 — spring shank; 6 — resistive strain gauges on the surface of a spring shank.
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The probability laws of the instantaneous indicator values of the interaction process of the soil and an
operating element on a spring shank (Fig. 4, b) show two vertices in the distribution series, which proves the
unsteadiness of the phenomenon under study, the degree of the distribution asymmetry is within the range from
0.1to -0.1. The shape of the correlation function (Fig. 4, c) meets a zero value that corresponds to the cycle of

latent periodical vibrations; however, since the influence of random noise is significant, if there are considerable
shifts, the value of the correlation coefficient tends to zero.

The conducted spectral analysis (Fig. 4, d) shows that shank oscillations is a mixed random process with
a polyharmonic deterministic component.
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d)
Fig. 4 - Statistical characteristics of the interaction process of an operating element

on a spring shank and the soil
a — behaviour of spring shank response to the external impacts; b — autocorrelation function;
¢ — density of distribution; d — spectral analysis.

The investigation results prove that there is a change of spring shank response to a soil medium under
additional operating element loading. The increase of the draft force was F = 1180...1300 N of the device speed
without additional operating element loading, which was equal to 17%, and under additional loading it was Fioad
=1170...1240 N or 11%. If a unit travelling speed is 4 m/s, the difference between additional loading options is
equal to 10% (Fig. 5, Fig. 6).

Vibroactivity Fusp = 180...290 N of a spring shank without additional loading increases almost linearly
and within the speed range from 1.9 to 4 m/s it increases for 78%, and under additional loading it increases for
136% — in 2.36 times. The increase of operating element vibroactivity influences a soil medium and decreases
its resistance to breaking down, which explains the decrease of the drag force under additional loading.

Estimation of the process-dependent parameters of a disk header with spring shanks was conducted
according to the statistical characteristics of elastic deflections in the process of interaction of an operating
element and the soil (Fig. 7, Fig. 8).

Mean-square spring shank deflection describes the uniformity of tillage depth provided by an operating

element, according to the reference conditions the non-uniformity is ¢ = 15 mm. That is to say, the increase of

a unit’s energy efficiency (draft force decrease) is limited by the qualitative process flow indicator at the speed
value of 4 m/s.
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Based on the minimum draft force criterion, the aimed speed rate is 10 km/h, and the value of draft force
is equal to approximately 12 kg per one shank.

When comparing the uncertainties of the measurements, it can be concluded that, if there is ballast
additional operating element loading, the influence of random components on the interaction process of a
concave disk on a spring shank and the soil is at least one and a half times less.

The theoretical and the experimental investigation results on the change of the generalized coordinate
during process performance were compared (Fig. 9), the difference in the values under various unit speed rates
increases with speed gain, the decrease rate at the speed of 4 m/s is by 1.33% greater compared to the
theoretical dependence. The average deviation of the experimental data (rate 2.77 m/s) from the theoretical
ones is equal to 0.164 deg., which does not exceed the expanded measurement uncertainty.
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Fig. 9 - Comparison of the theoretical dependences and the experimental data
a — generalized coordinate value in dynamic equilibrium;
b — generalized coordinate value as a mean-square deviation from dynamic equilibrium
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When comparing the theoretically obtained dependences of the generalized coordinate deviations and
the mean-square values from the experimental data, it is obvious that there is their significant compliance
according to the range of values. The lower limit to the range of values obtained theoretically (Fig. 9, b)
approximates the experimental data at the rate of 2.22 m/s, the upper limit approximates at the rate of 3.25 m/s,
here, the value deviations exceed the uncertainty of measurements by 4.3 and 1.7 times, respectively. Thus, it
can be concluded that deviations from the dynamic equilibrium are determined by the influence of a soil medium,
however, if the reduced mass is increased, the uncertainty decreases — the interaction process of a concave
disk on a spring shank and the soil acquires 2.5 times better controllability.

CONCLUSIONS

1. The dependences obtained from the experimental investigations prove that there is a change in the
interaction characteristics of an operating element on a spring shank and a soil medium on condition of the
reduced mass change. While in operation, the increase of the draft force produced by the change of the speed
from 2 to 4 m/s is equal to 17% for a unit equipped with typical spring shanks and it is equal to 11% in case of
the shanks with the substantiated reduced mass indicators, which proves the weightage of the reduced mass
influence on process performance. If a unit speed is 4 m/s, the advantage of the spring shanks with the
substantiated parameters makes the difference of 5%, or 60 N per each shank.

2. Due to the use of the improved procedure of estimating measurement results it has been determined
that the influence of random components on the interaction process of the system “soil — disk — spring shank”
is at least one and a half times less in case of the operating elements with the substantiated reduced mass.
The mean difference of the experimental and the theoretical data according to a shank deflection parameter is
equal to 0,164 deg. (speed rate 2.77 m/s), which does not exceed the permissible measurement uncertainty.

3. The recommended rational parameters of spring shanks, which have been determined according to
the investigation results, are the following: the rigidity (20 — 40 kN/m), the reduced mass (10 — 30 kg), the
frequency (1.6 — 4 Hz and 3.5 — 7 Hz) and the amplitude (1 — 9 deg. and 2.5 deg.) of oscillations. It has been
determined that the use of spring shanks with the defined parameters allows for decreasing energy consumption
in the process of soil tillage by a disk operating element by 7% without degrading the quality of process
performance, compared to a typical spring shank with the parameters that are substantiated only in terms of
the functional need to protect an operating element from overloading.
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ABSTRACT

The paper presents the results of theoretical and experimental studies aimed at optimizing the
decortication process of industrial hemp stems. In order to achieve this goal, physical and mechanical
properties of industrial hemp straw stems were investigated, with the choice of the main quality indicator -
diameter, which directly influences the bast output. Also, with the help of mathematical planning of the
experiment, the optimal treatment mode for the stems of industrial hemp with clearing of wood of 5-6% was
calculated.

PE3IOME

lMpedcmasneHa poboma Micmumb pe3ynbmamu MmMeopemuyYyHuUx ma eKcriepuMeHmarnbHUx
oocnidxeHb, CApsAMoO8aHUX Ha onmumisauito rpouyecie 0ekopmukauii cmeben conomu mMexHiYHUX KOHOMESb.
Lnsi docsieHeHHs1 nocmaesrnieHoi Memu rpoeodursiu 0oCniOXeHHS ¢hi3UKO-MexaHiYHUX enacmueocmeli cmeber
MEeXHIYHUX KOHOreslb 3 8UOOPOM OCHOBHO20 MOKasHUKa sikocmi — Giamempa, sikuli 6e3rnocepedHbo ernnueae
Ha euxid nyby, ma nposedeHHsIM MameMamuy4yHOo20 riaHy8aHHs eKcriepuMeHmy, skul 003805u8
ompumamu onmumaribHi pexumu nepepobku cmeben 3 o4uweHHAM 1yby 8id kocmpuyi 5-6 %.

INTRODUCTION

Hemp is a highly productive agricultural crop, the cultivation and processing of which allows to obtain
income that is ten times higher than the cost of its cultivation and processing. However, the cultivation and
processing of industrial hemp is currently declining significantly in Ukraine (Boyko G. A., et al., 2018). This is
due to a number of reasons - lack of capacity for primary processing, outdated regulatory documentation for
determining the quality of raw materials, and the lack of modern lean processes, which leads to obtaining low
quality products.

The main stage in processing industrial hemp straw stems in the field is decortication, which results in
the destruction of stem structure and the separation of bast. During decortication, the connections between
the fibrous layer and the wood must be broken and, at the same time, the strength of the bast should be
maintained when fully released from shives (Boyko G. A., et al., 2017). Thus, the influence of physical and
mechanical properties on the process of decortication plays an important role in the output of high-quality
bast. Therefore, in order to regulate the decortication process itself and determine the optimum breaking
parameters, it is necessary to examine in detail all the qualitative properties of straw to determine the basic
quality indicators that directly affect the fibre output.

At present, obtaining high-quality bast from stems of industrial hemp on decortication machines is an
urgent task for experts in the hemp industry in many European countries. Many foreign and domestic
scientists devoted their scientific works to the problem of studying the influence of physical and mechanical
characteristics of hemp stems on the operation modes of decorticators: Hiliazetdinov R.N., Ipatov O.M.,
Novikov Ye.V., Hobson R.N., Amaduccis D.l., Igathinathane C.A., Kovur S.K., Munder F. (Boyko G. A., et al.,
2017).
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In these works, it is stated that the main parameters for establishing the optimal decortication mode
are the roller set, the depth of the grooves, the pressure of the roller springs and the feed rate of the stems in
the processing area.

Taking into account previous researches of physical and mechanical indicators of the stems of
industrial hemp straw, in this paper the optimal parameters of the decortication mode and their influence on
qualitative indicators of initial production were established by means of mathematical planning.

MATERIALS AND METHODS
Materials

For conducting the research, new varieties of industrial hemp have been selected, bred by the Institute
of Bast Crops of NAASU and harvested at different maturity periods (green, full maturity), which are most
often sown by agrarians in Ukraine: Viktoria, Gliana, and Nika.

Hemp fibre was obtained on a decorticator developed by «CannaSystems» (Canada). The modern
decorticator simultaneously collects and processes the stems of industrial hemp, both on the field and in a
stationary environment.

Raw material is fed to the unit through the front conveyor system. Straw is collected and fed by
conveyor to the grinding rolls, and the wood is sent through the back holes to the second conveyor. As a
result of this process, fibre is obtained with a purification of up to 8% in just one pass.

For the research on the industrial hemp stems a decorticator developed by CannaSystems was used.
Currently, this technology is used in North American countries, China and Australia. According to this
technology, the stems of hemp straw, after mowing in the field, come to the mobile decorticator, which in the
process of processing the stems in the rollers are separated by the bast and wood, which are directed
separately to different conveyor belts of the decorticator (Boyko G. A., et al., 2017). This technology is shown
in Figures 1, 2.

1

g4

A - a pair of smooth rollers; B - three pairs of grooved rollers
C - decaortication field; D - power rotor; E - the main fixed rotor
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The main stage in the technological process of processing the stems of hemp straw in the field is
decortication, which results in the destruction of the stem structure and the separation of the bast. During
decortication, the bonding between the fibrous layer and the wood must be broken and, at the same time,
the strength of the bark should be maintained when fully released from the wood.

The main working bodies of the decorticator are horizontal grooved rollers shown in Fig. 3.

2

L

T Y

Fig. 3 - The main dimensions of the rollers in the decorticators

The decorticator, depending on the physical properties of hemp straw stems, changes the set of
rollers, the depth of the grooves, the amount of pressure on the permeable material, the density of loading of
the decorator raw material, the speed of rotation of the rollers and the location of the stems relative to the
grooves.

When decorticating large diameter hemp stems, a set of small diameter rollers are used and,
conversely, large diameter rollers are used to decorticate small diameter hemp stems.

To increase the efficiency of the passage of hemp straw stems increase the depth of the grooves. When it is
necessary to soften the passage mode, which is important in the case of processing weakened and easily
processed stems, the depth of the grooves must decrease.

Unit specifications:

- Processing speed: varies according to the feed rate of the wood from 2 t/h. up to 5 t/h.

- Hydraulic flow of 100-150 litres/min., liquid/cooling 30 hp.

- The basis of the unit is a power unit with a capacity of 15 hp, a feed conveyor 5 I.s.

- Conveyors weight 2000 kg, conveyor systems 5500 kg.

- Working surface 900 mm, length 1.8 m wide 2.43 m

- Conveyor length 3.65 m, height 2.74 m

- The unit is equipped with a rail and a cut-off switch for safety.

- The unit must be serviced by two people.

- Front and rear clearance for straw 3 m., 300 mm lateral clearance for collecting raw material /

cleaning.

- The input tray is installed for fast straw feed systems.

- AC 220V motor, PTO14 hydraulic drive.

- It processes from 4,000 to 16,000 tons/year.
Methods

In order to ensure the validity of the conclusions based on the experimental data, the results of the
experiments were statistically processed for the case of small samples from the general population with
normal distribution (Ternova T.I. et al., 2018). The following statistical characteristics were determined:
arithmetic mean; deviation from the arithmetic mean; variance; mean square deviation; coefficient of
variation; the confidence interval in which the mean of the measurement results is likely; relative error;
absolute error.
Selection of decortication parameters by rotatable design

In Ukraine, the stems of industrial hemp are processed generally by traditional technology - the
technology of dry processing of wood. Traditional technologies are aimed only at obtaining the most valuable
long parallelized hemp fibre - raw materials whose physical and mechanical properties are only able to
satisfy the needs of twine and rope factories. The low percentage of long fibre hemp yield (15-20%)
compared to its high content in stems (more than 35%) and a significant amount of fibrous waste
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(approximately 75-80% by weight of recycled wood) is evidence of the imperfection of existing technologies
of primary treatment of this bast hemp culture and the irrational use of hemp.

In order to obtain greater fibre yield and high quality, Kherson National Technical University scientists
are constantly researching the improvement of both traditional and modern technologies for processing
industrial hemp straw.

The scientists of Kherson National Technical University carried out a number of studies on the
development of an effective decortication process for the processing of industrial hemp. Initially, to determine
the optimum modes of decortication, the physical and mechanical characteristics of industrial hemp stems
were investigated and the main input quality index of stems - diameter (x1) was selected, which has the
greatest influence on the process of their breaking in decorticators (Tihosova A.A., et al., 2018). The content
of shives in the bast after breaking the stems (y) was selected as the output characteristic, which can be
used to evaluate the quality of the separation of bast from hurds. The quality of breaking in the decorticator
rollers depends mainly on the depth of the grooves (x2).

Thus, on the basis of the obtained data, mathematical models of the process of industrial hemp stems
decortication of different harvesting periods for all three studied varieties were obtained in order to produce
bast suitable for widespread use, that is, as much as possible cleaned from shives (Ternova T.l., et al.,
2018). Rotatable second-order experiment design optimized the setting of groove depth (x2) depending on
the diameter of industrial hemp stems (x1) for three varieties - Gliana, Nika and Viktoria - to obtain bast with
predetermined content values of shives (y) under different periods of harvesting. All indicators of the
experimental calculations are shown in table 1.

Table 1
Matrices of rotatable design of the second-order experiment
Variety and | Design Matrix of Diameter of Dependence of the shive content in the bast
harvesting experiment stems, mm on the grooves depth and the diameter of

period hemp straw stems

Gliana (green | maximum 7.4 mm
harvesting  of | diameter at
industrial hemp | x1 = +1

straw stems) minimum diameter | 5.8 mm
at

X1 = -1
optimum grooves | 6.0 mm
depth x2

Nika maximum 9.3 mm
(green diameter at
harvesting  of | x1 = +1

industrial hemp | minimum diameter | 7.7 mm

straw stems) at

X1 = -1

optimum grooves | 6.0 mm

depth x2

d, mm h, mm

Viktoria (green | maximum 8.1 mm
harvesting  of | diameter at T
; ; _ RN ANAMARAN
industrial hemp | x1=+1 \§§&&&§§&\\\&}}‘\‘
straw stems) minimum diameter | 6.5 mm \3&3}_&}}_\\“

at A

X1 = -1

optimum grooves | 6.0 mm
depth x>
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Variety and | Design Matrix of Diameter of Dependence of the shive content in the bast
harvesting experiment stems, mm on the grooves depth and the diameter of
period hemp straw stems

Gliana maximum 7.8 mm

(harvesting for | diameter at
seeds upon full | x; = +1

maturity of | minimum diameter | 6.2 mm
stems) at
X1 = -1
optimum grooves | 6.0 mm
depth x2
Nika maximum 9.5 mm

(harvesting for | diameter at
seeds upon full | x; = +1

maturity of | minimum diameter | 7.9 mm
stems) at
Xx1=-1
optimum grooves | 6.0 mm
depth x2
VikToria maximum 9.8 mm

(harvesting for | diameter at
seeds upon full | x; = +1

maturity of | minimum diameter | 8.2 mm
stems) at
X1 = -1
optimum grooves | 6.0 mm
depth x2

The mathematical models of the process of industrial hemp stems decortication of different harvesting
periods for all three studied varieties were obtained in order to produce bast suitable for widespread use, that
is, as much as possible cleaned from shives. Thus, as a result of a full factorial experiment, the dependence
of the quality of decortication of hemp stems of three varieties - Gliana, Nika, Viktoria - on the depth of the
grooves of decorticator rolls and the diameter of the stems after green harvesting and harvesting for seeds
upon full maturity was obtained.

Determination of coefficients and absolute errors

In further studies of rotatable experiment design, using known ratios to obtain the coefficients of
equation, the coefficients for the three studied varieties and two harvesting periods were determined, that is,
for six dependencies, as well as absolute errors in calculating their values (Ternova T.l., et al., 2016). The
calculated dependence coefficients and the values of their absolute errors are given in Table. 2.
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Table 2
Dependence coefficients and the values of their absolute errors
Y1 y2 y3 Gl'y4 Y5 Y6

i Gliana, Nika, full Viktoria, full grlzgr?, Nika, green Viktoria, green

full maturity maturity maturity harvesting harvesting harvesting

b; Ab; b; Ab; b; Ab; b; Ab; b; Ab; b; Ab;

0 11.96 | 0.53 12.50 0.34 13.96 0.36 10.16 0.19 11.46 0.27 10.98 0.15
1 2.68 0.42 2.70 0.27 2.88 0.28 2.82 0.15 2.70 0.22 211 0.12
2 -5.53 0.42 -5.82 0.27 -6.26 0.28 -5.24 0.15 -5.71 0.22 -5.92 0.12
12 -0.35 0.59 -0.58 0.38 0.21 0.40 -0.53 0.21 -0.45 0.31 0.70 0.16
11 0.13 0.45 0.15 0.29 0.35 0.30 0.12 0.16 0.12 0.23 0.06 0.13
22 0.55 0.45 0.75 0.29 1.70 0.30 1.02 0.16 0.92 0.23 211 0.13

The adequacy of the obtained models was determined according to the Fisher criterion. For the 95%
confidence probability, the number of degrees of freedom of the greater variance - 3 and less — 4, the critical

value of the Fisher criterion is F,, = 6.59 . The values of the Fisher criterion, which were determined in the

study of each of the designed models, are shown in table 2. It is obvious that all Fypeeryatio. < Fer.» therefore

designed models are adequate (table 3).The significance of the coefficients of each model was estimated by
the magnitude of their errors, the values of which are given in Table 2. As it is known, if the absolute value of
the coefficient is less than the value of its absolute error, such coefficient is considered insignificant and can
be excluded from the equation.

Table 3
Determining the Fisher criterion value F .. for the dependencies y1 - ys

y1 V2 y3 ya Y5 ye
6.075 5.981 6.580 4.578 6.198 5.687

(16) According to the experimental data, the following analytical dependencies were eventually obtained
y; =11.96 + 2.68x, —5.53x, + 0.55x%5, (1)
y, =12.50 + 2.70x, —5.82x, —0.58x X, +0.75x5, &)
y, =13.96 + 2.88%, — 6.26X, +O.35X12 +1.7OX22, 3)
y, =10.16 + 2.82x, —5.24x, —0.53x,X, +1.02%2, (4)
Y5 =11.46 + 2.70%, —5.71x, — 0.45%,X, +0.92x;, )
Y, =10.98 + 2.11x, —5.92x, +0.70%,X, + 2.11x . (6)

The obtained analytical dependences were used in the paper to determine the influence of the
diameter of industrial hemp straw stems of different varieties on the quality of bast cleaning from shives in
the process of decortication.

RESULTS AND DISCUSSION

According to the results of the tests, the mathematical dependences of the wood content in the fiber
on the diameter of the hemp straw stalks and the mathematical dependences of the wood content in the fiber
on the depth of the grooves of the decorator rollers were obtained.

According to the experimental design matrices shown in Table 1, the stems of industrial hemp straw
of three varieties - Gliana, Nika, Viktoria - were decorticated after green harvesting and harvesting upon full
maturity. As a result of processing the experimental data, mathematical dependences of the shives content
in the bast on the diameter of hemp straw stems were obtained, and the mathematical dependences of the
shives content in the bast on the depth of the decorticator rollers’ grooves, which are presented in Table 4.
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Table 4
Mathematical dependences of the shives content in the bast on the depth
of the decorticator rollers’ grooves
Harvesting ygl, ynl, yvl — shives content in | Graphical representation of the | The highest
technology bast depending on the influence of | dependencies: degree of bast
basic indicators of the | 1-Gliana, cleaning,
decortication of hemp straw stems | 2- Nika, depending on
under green harvesting (g -Gliana, | 3- Viktoria. the optimal
n — Nika, v — Viktoria) modes, %
The influence of diameter on the quality of bast cleaning
Green harvesting Yo = ~12.97 +2.87d K% 3 T 4.5-6,0
technology o1 ' ' A e
y,, =—17.21+2.81d =
SN -~
y,, =—18.77 +3.50d e
"//// N
—
Full stem maturit _ f% 5,0-6,5
y Y,» =—16.43—3.35d 1
Y., =—17.01+2.81d 2
y,, =21.00-6.18d +0.54d?| -
3

Green harvesting |y ,=61.76 —15.41h +1.02h> 4,05,0
echnology g

Y,; =63.06 —14.93h + 0.92h?

Y,s =93.05-27.04h + 2.11h?
Full stem maturity yg4 —53.48-11.07h + 055h2 k% 5,5-7,0

Y., =60.27 —13.28h + 0.75h’
Y, =87.72 — 23.24h +1.70h?

Analyzing the data from table 4, it can be noted that the thinner the stems of industrial hemp straw, the
lower the content of shives in the bast after the processing of stems on the decorticator at the optimum depth
of the grooves (Ternova T.1., 2018). Also, it should be noted that at the optimum depth of the grooves in the
bast of Victoria hemp variety, the content of shives is 9.41% at an average diameter of 9.0 mm, and the
lowest content of shives is 6.98% which is characteristic of the bast of Gliana hemp variety with an average
diameter of 7.0 mm.

In view of the above, in order to obtain high quality raw materials, it is necessary to regulate the
parameters of decorticator adjustment depending on the diameter of stems and the hemp harvesting period,
taking into account their varietal differences.

Nika, Gliana and Victoria varieties can be processed using all existing industrial hemp processing
technologies. The results of fibre output and wood cleaning may be different. But at this stage of work, the
optimal technology of processing stems of industrial hemp of these varieties for Ukraine was selected.

59



Vol. 60, No. 1 /2020 INMATEH — icultutal

CannaSystems' decorticator processes hemp stems on the field, which saves on the cost of additional
space. But the quality indicators of fibre in their parameters satisfy the domestic entrepreneurs with the
further processing of the obtained fibre.

CONCLUSIONS

The analysis of regression models and graphical dependences of the quality indicators of bast quality
on the harvesting period of industrial hemp straw stems of different varieties showed that hemp stems upon
full maturity require more intensive actions during the processing on the decorticator to clean bast from
shives than the hemp stems of green harvesting (Boyko G. A., et al., 2019). Also, the direct dependence of
the output of high-quality raw material on the diameter of stems of industrial hemp straw was proved. Thus,
for better bast cleaning from shives when decorticating hemp stems, the grooves depth should be set up
depending on the diameter of stems, the harvesting period and the varietal differences of hemp.
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ABSTRACT

The physical and mechanical properties of fresh arecanut fruit have not been comprehensively and thoroughly
investigated scientifically yet. This made the researchers and engineers not to be precise in designing the
fresh arecanut handling machine. Thus, the present study was aimed to investigate some engineering
properties of arecanut fruit in three moisture viz. 67.66%, w.b. (underripe stages), 64.86%, w.b. (ripe stages),
and 33.90%, w.b. (overripe stages). In general, the results of the study show that the geometric and arithmetic
mean diameter, surface area, bulk and true density, porosity, angle of repose, compression force and static
coefficient of friction at different surfaces (stainless steel, plywood, and glass) of arecanut fruit were found to
increase 2.16%, 2.70%, 4.26%, 0.02%, 42.16%, 42.41%, 9.97%, 17.04%, 20.30%, and 22.04% respectively
at decrease of moisture content from 67.66%, w.b. to 33.90%, w.b. However, sphericity, aspect ratio, thousand
fruit mass, and bulk density of the arecanut fruit were found to decrease 2.31%, 3.31%, 34.54%, and, 50.24%,
respectively at a decrease of moisture content from 67.66% (w.b.) to 33.90% (w.b.). Some engineering
properties of arecanut fruit indicate something slightly different from the arecanut kernels so that this data can
help the researcher or engineer to design the fresh arecanut fruit handling machine more precisely.

ABSTRAK

Sifat fisik dan mekanik buah pinang belum komprehensif dan mendalam diselidiki secara ilmiah. Hal ini
menyebabkan banyak para peneliti dan perekayasa kurang presisi dalam merancang mesin penanganan buah
pinang. Oleh karena itu, penelitian ini bertujuan untuk menyelidiki beberapa sifat keteknikan dari buah pinang
dalam tiga kandungan kadar air yaitu 67,66%, b.b. (tahap kurang matang), 64,86%, b.b. (tahap matang), dan
33,90%, b.b. (tahap lewat matang). Secara umum, hasil penelitian menunjukkan bahwa diameter rata-rata
geometris dan aritmatika, luas permukaan, massa dan kepadatan sebenarnya, porositas, angle of reposes,
gaya kompresi dan koefisien gesekan statis pada permukaan yang berbeda (stainless steel, kayu lapis, dan
kaca) buah pinang ditemukan masing-masing meningkat 2,16%, 2,70%, 4,26%, 0,02%, 42,16%, 42,41%,
9,97%, 17,04%, 20,30%, dan 22,04% seiring dengan penurunan kadar airnya dari 67,66%, b.b. hingga
33,90%, b.b. Namun, spericity, aspect ratio, massa seribu buah pinang, dan kepadatan massa buah pinang
ditemukan menurun masing-masing adalah 2,31%, 3,31%, 34,54%, dan, 50,24%, seiring dengan penurunan
kadar airnya dari 67,66% (b.b.) menjadi 33,90% (b.b.). Beberapa sifat rekayasa dari buah pinang menunjukkan
hal berbeda dari biji pinang itu sendiri sehingga data ini dapat membantu peneliti atau perekayasa untuk
merancang mesin penanganan buah pinang segar lebih presisi.

INTRODUCTION

Arecanut (Areca catechu L.) is a large-scale plantation plant in Aceh Province, Indonesia. The
availability of post-harvest handling of arecanut is still not widely investigated scientifically, which results in the
inefficiency of the arecanut fruit processing chain from harvest in the field to the product that can be used.
Meanwhile, the level of need for the use of betel nuts as a mixture of medicines and cosmetics from areca
products continues to increase.

1 Ramayanty Bulan, Ph.D. Eng.; Devianti, Ph.D. Eng.; Ega Septi Ayu, B.Eng.; Agustami Sitorus, M.Sc.
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Therefore, some engineering properties are importantly related to the design of machines and the
analysis of the behaviour of the product during agricultural process operations such as handling, planting,
harvesting, threshing, cleaning, sorting, drying, and packaging [Moradi et al., 2019].

According to several studies (Moradi et al., 2019; Pandiselvam et al., 2019; Singh and Meghwal, 2019;
Bajpai et al., 2019) the design of machines handling agricultural products is determined by the physical and
mechanical properties of the product itself. Therefore, many researchers and engineers made the
determination of physical properties of agriculture products such as us Kaleemullah and Gunasekar (2002),
Sarajeh et al. (2014), Ahmed et al. (2019), determined physical properties of arecanut kernels, grass peas,
smany and zaghloul date fruit, respectively.

The lack of published articles on moisture dependent physical properties of arecanut is only about the
measurement of physical properties from kernels (Kaleemullah and Gunasekar, 2002). Therefore, the present
study is envisaged to investigate some engineering properties of arecanut fruit such as mean diameters
(geometric and arithmetic), sphericity, aspect ratio, surface area, thousand fruit mass, true density and bulk
density, porosity, angle of repose, compression force, and static coefficient of friction at different surfaces
(stainless steel, plywood, and glass) over moisture content range from 67.66%, (w.b.) to 33.90%, (w.b.).

Three stages of arecanut fruit that were commonly harvested in arecanut farmers in Aceh Province were
investigated, namely underripe phase (67.66%, w.b.), ripe phase (64.86%, w.b.), and overripe phase (33.90%,
w.b.) (Figure 1). The effects of arecanut fruit (Areca catechu L.) age on some engineering properties relevant
to the design of processing equipment was investigated and modelled too. We hope, measurement of some
engineering properties of arecanut fruit will be helpful for researchers and engineers in machine designing for
industrial processing and fabrication of preharvest and postharvest handling equipment like planting,
harvesting, sorting, grading, collecting, drying, pulper, grinding, packaging machines, and storage structures
more precisely.

MATERIALS AND METHODS

Three stages of arecanut fruit maturation are used as samples to be measured in this study. These
three samples are based on the habits of arecanut farmers in Aceh Province in harvesting arecanut. The three
samples are included in the category underripe phase, ripe phase, overripe phase whose moisture content is
67.66% (w.b.), 64.86% (w.b.), and 33.90% (w.b.), respectively (Figure 1). The moisture content of each sample
was determined using the AOAC (1995) method and calculated using Equation 1.

M. =[Wi\;/wd }100%

)

UNRIPE OVERRIPE

Fig. 1 - Three stages of arecanut fruit which are commonly harvested by farmers in Aceh Province

The arecanut fruit size was determined by picking one hundred arecanut fruit (underripe stages (67.66%,
w.b.), ripe stages (64.86%, w.b.), and overripe stages (33.90%, w.b.)) randomly and measuring their three
main dimensions (major, medium and minor diameters). After that, the geometric mean diameter is determined
using Equations 2 and arithmetic mean diameter using Equation 3.

D, =3/LWT
_wr

a
3 3)
After that, sphericity, aspect ratio, and surface area of arecanut fruit were determined by the following
relationship Equation 4 to Equation 6 (Mohsenin, 1986).
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The bulk density was calculated by filling a one-litre glass measuring cup with arecanut fruit and then
weighing the fruits. The fruit density was researched by the water displacement method as recommended by
Kaleemullah and Gunasekar (2002), Yahya et al. (2013) and Sacilik et al. (2003). After that, porosity could be
determined using Equation 1.

€ =(1—"BDJX100%
Pt @)

To measure the angle of repose, a container with a diameter of 30 cm was chosen with a ceramic base.

This is following the method used by Amin et al. (2004). The height, minor and major width in the surface after
shedding was measured, and the angle of repose was calculated using the tangent rule according to Equation

8.
H:tan‘l[ 2H J
D, +D, 8)

To determine the compression force of arecanut fruit, a Universal Testing Machine (UTM) unit was used
(Force maximum 500 N, the accuracy of 0.5N). The fruits were placed between two iron plates and pressed
at the 0.01 mm/s speed until they arrive at to rupture point. Simultaneity force vs. deformation curves were
recorded by a personal computer (Figure 2).

M 67.66%, w.b. Mc 64.86%, w.b.

M 33.90%, w.b.

-

Fig. 2 -Compression force testing from arecanut fruit using UTM

To calculate the static coefficient of friction that occurs in arecanut fruit, it is computed using Equation 9.
Three types of surfaces that are potentially used in the design of the arecanut models are used in this study,
namely stainless steel, plywood, and glass (Mollazade et al., 2009).

o= tan(a) (9)

RESULTS AND DISCUSSION
Arecanut fruit size

The dimensions of arecanut fruit were determined in three basic sizes. The geometric mean diameter
of arecanut increased from 37.05 mm to 39.81 mm as the moisture content decreased from the underripe
arecanut stages (67.66%, w.b.) to ripe arecanut stages (64.86%, w.b.). In the next steps, the geometric mean
diameter of the overripe arecanut stages (33.90%, w.b.) decreased to 37.86 mm. The arithmetic mean
diameter of arecanut increased from 38.04 mm to 40.05 mm as the moisture content decreased from the
underripe arecanut stages (67.66%, w.b.) to arecanut ripe stages (64.86%, w.b.). Furthermore, the arithmetic
mean diameter of the arecanut decreases again from 40.05 mm to 39.10 mm as the moisture content falls
from the ripe arecanut stages (64.86%, w.b.) to overripe arecanut stages (33.90%, w.b.) (Figure 3). This
phenomenon is thought to be caused by the biological factors of the arecanut fruit, which keep growing until
the arecanut is in the ripe phase and decreases when the betel nut is in the overripe stages. The variations of
bulk and true densities were found to be polynomial equations for both with the moisture content and can be
represented by the following regression Equation 10 and Equation 11.

D, =-0.022M_* + 2.22M —10.66 (10)
D, =-0.031M_* +3.14M —32.70 (11)

both with a value for the coefficient of determination R2 of 1.0.
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Fig. 3 - Arecanut fruit geometric (<) and arithmetic (&) mean diameter at different moisture content

The geometric equation model for mean diameter and arithmetic one for mean diameter are different
from Opeaburoo and Abontem maize as reported by Hayford et al. (2019). However, the results of Singh et al.
(2010) for barnyard millet grain and kernel found a relationship model that is in line with arecanut fruit that is
following the polynomial equation. This indicates that arecanut fruit tend to have dimensions (geometric and
arithmetic) more similar to millet grain millets and kernels than Opeaburoo and Abontem maize.

Sphericity and aspect ratio

The sphericity of arecanut fruit was found to increase from 0.73 to 0.86 with a decrease in moisture
content from 67.66% (w.b.) to 64.86% (w.b.) and subsequently decreased to 0.71 in the moisture content of
33.90% (w.b.) (Figure 4). The relationship model increase and decrease between sphericity and moisture
content was polynomial, too. This increase and decrease can be described by the following Equation 12 and
Equation 13. This behaviour has been in line with those reported by Hayford et al. (2019) for Opeaburoo and
Abontem maize, Zewdu and Solomon (2008) for grass pea seeds.

(12)

(13)
with a value for R2 of 1.

Sphericity and aspect ratio

Water content (%, wb)
Fig. 4 - Effect of moisture content on sphericity (¥) and aspect ratio (&)

Surface area
The surface area of arecanut fruit was found to increase from 4334.78 mm?2 to 5004.53 mm?2 with a
decrease in moisture content from 67.66% (w.b.) to 64.86% (w.b.) (Figure 5). Furthermore, the reduction in
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