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DRAWBAR PULL OF SMALL TRACTOR WITH SPECIAL LUG WHEELS
Rudolf ABRAHAM!, Tomas ZUBCAK?, Radoslav MAJDAN?!

'Department of Transport and Handling, Faculty of Engineering, Slovak University of Agriculture in
Nitra, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic

Abstract

This contribution is aimed at increase in drawbar pull of small tractor. The special lug wheels were
designed for standard tractor driving wheels. If lugs are in base position, a tractor uses standard tires
to transport on roads. Protruded position of the lugs allows to improve tractive properties of the tractor
in terrain. Drawbar pull at 100% driving wheels slip was measured on cultivated soil at soil moisture
30.98%. Field measurements were repeated seven times to eliminate measurement errors. The results
of experiments with special lug wheels were compared with standard tires. The test tractor developed
the greater drawbar pull due to the special lug driving wheels. The experimental results show the
increase in drawbar pull 23.1% in case of the tractor in second gear.

Key words: tire; wheels slip; tractive performance; agricultural machinery.

INTRODUCTION

Today’s agricultural tractors are characterised by high rates of standardisation and feature a range of
additional attachments which allow the wider use of each tractor and greatly facilitate its operation
(Kosiba et al., 2012). The need for tractors and agricultural machinery to be tested from the point of
view of their suitability to agricultural use will grow continuously because these machines directly affect
agricultural production (Hujo et al., 2017).

Driving wheels are significant part of a tractor construction because they transmit power to a ground.
Therefore, tractor wheels affect a total energy efficiency (Vitdzek et al., 2016; Vitdzek et al. 2018), a
fuel consumption (Uhrinova et al., 2013), and a soil compaction (Maly et al., 2015, Rataj et al. 2009;
Hruby et al., 2013).

Agricultural tractor loses a lot of energy by a driving wheels slip. To reduce the wheels slip, an additional
ballast load loads the tractors. This solution improves a drawbar property of the tractors but on the other
hand increases the soil compaction and tires wear on a hard surface (Semetko et al., 2002).

The drawbar efficiency affects the fuel consumption and an emission production. The wheels slip
reduction improves the fuel consumption, reduces the emission production and so improves an economy
and an ecology of a tractor operation.

Many authors (Kucera et al., 2016, Adamchuk et al., 2016) researched an impact of driving wheels on
the tractor drawbar properties and an environment. This paper is aimed at a research on a new type of
the special driving wheels to improve the tractor drawbar pull without a need for the addition ballast
load.

MATERIALS AND METHODS

Special lug wheels

The special lug wheels are shown in Fig. 1 and were designed at the Department of Transport and
Handling of the Slovak University of Agriculture in Nitra. A support tube (1) is a basic part of the whole
mechanism. It enables the remaining parts of the whole mechanism to be attached to each other. On the
support tube, there are welded three locking tabs (2), three brackets (3) by which the whole mechanism
is connected to the tractor wheel, and a driving disc (6) containing blades (5) mounted by means of ten
pins. On the support tube, there are also welded spacer plates (4) through which the mechanism position
is centred with respect to the tractor wheel disc. After the driving disc (6), the support tube contains a
freely rotating blade control disc (7) for the control of blades. The blade control disc contains, on its
circumference, twenty pressed guide pins by means of which blades move into the protruded or base
positions. On the other side of the blade control disc, there are four locking holes (9) to fix the position
of blades in the protruded position. Three buffer plates (11), attached by six screws to the locking tabs
(2), fix the blade control disc on the support tube.
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Fig. 1 Special lug wheels: 1 — support tube, 2 — locking tab, 3 — bracket fastening the mechanism to
the wheel disc, 4 — spacer plates, 5 — blade, 6 — driving disc, 7 — blade control disc, 8 — guide pin, 9 —
locking hole, 10 — blade pin, 11 — buffer plate

Drawbar pull measurement

Drawbar pull at 100% wheels slip was used to compare the special lug wheels with standard tires. The
test tractor was equipped with standard tires TS-02 6.5/75-14 4PR TT type (Mitas a. s., Czech Republic).
The drawbar pull measurements were realized in accordance with STN 1SO 789-9 (Simiki¢ et al., 2014).

HMG
2020

i
2 PS 011« +1§J\'/ATZS4 Vv 3
V1

EMS

PC [«

Fig. 2 Schematic diagram of the drawbar pull measurement: 1 — force sensor EMS 150 type, 2 — test
tractor Mini 070 type, 3 — load tractor T4K10 type, HMG 2020 — data logger, UANS — universal
battery source, PC — personal computer, PS 01 — junction box.

Main parts of a measurement system (Fig. 2) are as follows:

- The test tractor MT8-070 Mini type (Agrozet, Czech Republic) is characterised by gasoline engine
with volume capacity 400 ccm, ratted engine power 8 kW and ratted engine speed 3,600 min. The test
tractor total weight is 310 kg. This tractor drew the load tractor to generate the drawbar pull. The special
lug wheels were mounted to the test tractor to compare wheels properties with standard tires on the basis
of the drawbar pull. The test tractor with standard tires was equipped with the addition ballast weight in
wheel discs to compensate the weight of the special lug wheels. Therefore, there was the same weight
of the test tractor under all measurements. The test tractor was operated in second gear.

- The load tractor 4K-14 type (Agrozet, Czech Republic) is characterized by diesel engine with volume
capacity 661.6 ccm and maximal output power 13 kW. The load tractor total weight is 870 kg. This
tractor loaded the test tractor during the measurement of the drawbar pull.

- The force sensor type EMS 150 (manufacturer: Emsyst s. r. 0., Slovak Republic) with strain-gauge
bridge in a steel housing (accuracy class: 0.2, rated capacity: 10 kN, rated output: 0 — 10 V). Drawbar
pull measurement of tractor Mini 070 is implemented by means of strain tensometric force sensor
marked as 150 EMS. Force sensor is connected between the load tractor and test tractor through the steel
chain.
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- The data logger type HMG 2020 (manufacturer: Hydac GmbH, Germany) is a high-performance
portable measuring and data-logging device (Chrastina, et al., 2013) with accuracy <+ 0.1. 1 kHz of a
sampling frequency was set. Digital recording unit HMG 2020 was used to record electrical signals from
force sensor.

- A power supply contains two accumulators (12 V) connected in series or parallel to supply the sensor
and the data logger with a direct voltage (12 V or 24 V). The power supply was manufactured in our
Department of transport and handling as a portable device (Cviklovi¢ et al., 2012).

The measurements were performed on the field with a cultivated soil of the Slovak Agricultural Museum
in Nitra (Slovak Republic) at soil moisture 30.98% (STN 72 1012) in the spring (May 2015). The
Chernozem soil type (World Reference Base for Soil Resources) is typical for the area where the field
tests were performed.

Drawbar pull calculation

The driving wheels sank to the ground during the measurements. Rocks, stones or another ground
inhomogeneity can negatively affect the value of drawbar pull. Therefore, the measurements were
repeated seven times to minimize the measurement errors.

To calculate the drawbar pull of one measurement (Fig. 3), a time interval from a start point 1 to a finish
point 2 has to be stated. These points are intersection of two lines namely dotted line (minimum level)
and solid line (measured course of drawbar pull). Using drawbar pulls of seven measurements, the mean
drawbar pull X of the tractor with the different driving wheels types was calculated. The same
methodology was published by Abraham et al., (2019).

X, +X,+..+X
X= 1 2n n (1)

where X1, X2 ..., xnare values of drawbar pulls repeated seven times (N), n is the measurement repetition.

The special lug wheels and standard tires will be compared according to 95% confidence interval CI.
Svenkova et al. (2010) and Kozelkova et al. (2018) present, that the 95% confidence interval is adequate
for experiments in agricultural praxis.

1™ measuring 2" measuring n-measuring
Maximum
level
Drawbar pull (xy,)
1 g Prawbarpull ()p M
= Minimum 1
o 4 0 o T Mg e
— level .
E Time
g interval
)
0

Time, s

Fig. 3 Methodology of drawbar pull calculation.

RESULTS AND DISCUSSION

Fig. 4 and 5 show the measured courses of drawbar pull during the seven measurements on the cultivated
soil. When the tractor was stopped, the driving wheels were slipping at 100% wheels slip. In this
moment, the drawbar pulls reached the maximum values. The mean values were calculated and marked
by broken lines in graphs.
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Fig. 4 Drawbar pulls of the tractor with the special lug wheels.
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Fig. 5 Drawbar pulls of the tractor with the standard tires.

Tab. 1 shows the calculated values of drawbar pulls, and 95% confidence intervals (ClI). Considering
95% confidence interval, Fig. 6 shows the statistically significant differences 23.1% between standard
tires and special lug wheels.

Tab. 1 Data of drawbar pulls (N) of tractor with different driving wheels.

Wheels Drawbar pull X Cl
type N N N
f;trzrs‘dard 39416 37261 39887 44751 37476 37176 34164 3,859.1 608.3
Special 50104 5740.8 50495 5037.1 48939 47239 46928 50212 6458
lug wheels
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Fig. 6 Comparison of special lug wheels and standard tires.

Battiato and Diserens (2013) present in their work that, although the tractor developed higher drawbar
pull both when tire inflation pressure was decreased and wheel load was increased, only the decrease in
tire pressure produced improvements in terms of coefficient of traction, tractive efficiency, power
delivery efficiency, and specific fuel consumption, while the only significant benefit due to the increase
in wheel load was a reduction in the specific fuel consumption at a tire pressure of 160 kPa and a slip of
under 15%. Gee-Clough et al. (1977) presents the tractive performance of tractor depending on tire
inflation, too. When comparing these results with those obtained in our study, we improved the tractor
performance using the special lug wheels. In this case the wheel load and tire inflation do not be changed.
Traction performance tests were presented by Turner et al. (1997) to compare two different rubber belt
tractors with two similar radial tire equipped mechanical front wheel drive tractors. Three different test
methods were used in both tilled and untilled clay loam soil. The optimized systems showed only small
differences in overall performance and efficiency in good traction conditions. This was also where both
types of vehicle showed their best power delivery performance. Belted tractors showed their greatest
benefit when operated at worse traction conditions in soft or loose soils. Similarly, the special lug wheels
improved the traction performance of the test tractor, too.

CONCLUSIONS

The tractive performance affects effective usage of an engine power because a lot of energy is lost
between the driving wheels and ground. The transformation of engine power to drawbar pull is a
problem relating older and modern tractors, too. The paper presents the design, practical application and
tests of special lug wheels to improve the tractive performers of the small tractor. The special lug wheels
can be used not only in case of special agricultural conditions (rise grooving) but also in case of all
tractors in all difficult tractive conditions. The tests of special driving wheels showed high potential of
special lug wheels because the statistically significant increase in drawbar pull reached 23.1%.

The next interest will be aimed at automatization of lugs extension and influence of the special lug
wheels on fuel consumption because the lower wheel slip improves this factor.
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Abstract

The aim of this paper is to analyse and compare the temperatures of heat carrier fluids, thermal
resistances, specific outputs and extracted energies for horizontal ground heat exchangers used in the
function of low-temperature energy source for heat pumps. Linear and Slinky type horizontal ground
heat exchangers, the most commonly used ones in Europe, were verified. The temperatures of the heat
carrier fluids did not reach negative temperatures in the two horizontal exchangers throughout the
monitored period. The results of the verification indicated that, in terms of the monitored parameters,
the linear horizontal exchanger seemed to be more effective than the Slinky type. The temperatures of
the heat carrier fluid were on average higher at the linear exchanger by 1.4342.12 K, with a specific
output of 5.76 W per 1 m? of the heat exchange surface. The thermal resistance was higher at the
Slinky than at the linear exchanger by 50%.

Key words: heat exchanger; temperature; heat carrier fluid; energy accumulation; energy extraction;
thermal resistance.

INTRODUCTION

According to Stefanson (2000), low-temperature heat pump energy sources should be renewable and
sustainable. The author specified the term "renewable"” as a feature of energy source and "sustainable™
as a way of using energy. Wei et al. (2013) considered the ground mass as a renewable energy source.
However, as mentioned by Kupiec et al. (2018), given the time intervals between accumulation and
energy extraction, the ground mass can lose its sustainability due to long-term, unbalanced extraction.
The temperatures of the ground mass, temperatures of heat carrier fluids in the heat exchangers,
extracted outputs and energies are important parameters that affect not only the efficiency and
performance of the heat pump, but also the recoverability and sustainability of the low-temperature
energy source.

Kayaci, Demir (2018) paid attention to modelling inlet and outlet temperatures of horizontal ground
heat exchangers (HGHES) and its verification. The temperatures of heat carrier fluid in the mode of
heat extraction from the ground mass during heating and its supply during cooling a building was
monitored by Gyu et al. (2015). The HGHE simulation model was developed and successfully verified
in long-term experiments by Fujii et al. (2012). They presented specific outputs of HGHES depending
on the volume flow of the heat carrier fluid. Verda et al. (2016) studied the dependence of the depth of
HGHEs deposition in the ground mass on its specific output value. Kupiec et al. (2015) described the
relationships between the energy accumulated in the ground mass during the summer season and the
possibilities of its extraction during winter. Bottarlli et al. (2015) verified the possibilities of
accumulation of energy in the ground mass during summer using PCM materials operating on the
principle of phase change. They also analysed the effect of this accumulation on heat carrier fluid
temperatures and HGHEs outputs. A series of experiments to determine the specific resistances of
HGHESs was carried out by Zeng et al. (2013).

The aim of this contribution was to analyse and compare the temperatures of the heat carrier fluids
delivered to the heat pump evaporator, the HGHEs thermal resistances, their specific outputs and
energies extracted by HGHESs from the ground mass during a heating season.

MATERIALS AND METHODS

The verification was conducted at the experimental workplace of VESKOM s.1.0. based in Prague, Dolni
Meécholupy, during the heating season 2012/2013 from 17 September 2012 to 22 April 2013 (218 days, 5
232 hours). The workplace is located at 50°3'32" north latitude and 14°33'31" east longitude at an
altitude of 266 m. Linear and Slinky type HGHE were the subjects of the verification. Linear HGHE
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consisted of 330 m (41.47 m?) piping PE 100RC 40 x 3.7 mm (LUNA PLAST as, Hofin, Czech
Republic) deposited at 1.8 m depth in 3 loops with a length of 54.6 m and pipe spacing of 1.0 m.
For Slinky HGHE, the total length of piping PE 100RC 32 x 2.9 mm was 220 m (20.11 m?).
This exchanger consisted of 53 loops with a spacing of 0.38 m, deposited at a depth of 1.5 m.
Adamovsky et al. (2015) presented a detailed scheme of HGHEs installation. Tested HGHEs, along with
vertical ground exchangers, were low-temperature energy sources for 3 heat pumps (Industriell Varme
Teknik, Tnanas, Sweden) — one PremiumLine EQ E13 (heat output of 13.3 kW at 0/35 °C) and two
GreenLine HT Plus E 17 (heat output of 2x 16.2 kW at 0/35°C). The temperatures of the heat carrier
fluids were measured by Pt100 sensors at quarter-hour intervals and recorded by the ALMEMO 5990
measuring station (AHLBORN Mess-und Regulungstechnik GmbH, Holzkirchen, Germany). Volume
flows of heat carrier fluids were recorded by MTW 3 electronic meters (Itron Inc. Liberty Lake, USA).
Ground mass reference temperatures were measured at installation depth at a distance of about 14m from
HGHEs. They were measured by GKF 125 and GKF 200 sensors (GREISINGER electronic GmbH,
Regenstauf Germany) and recorded at half-hour intervals by the ALMEMO 5990 measuring station.
Ambient temperatures were measured by ATF 2 KTY 81.210 sensor (S + S Regeltechnik, Niirnberg,
Germany) at a height of 2.5 m above the mass surface. The STATISTICA program (StatSoft, Inc. 2013)
and MS Excel 2016 were used to evaluate and analyse the measured values.

RESULTS AND DISCUSSION

1. Heat carrier fluid temperatures

The average daily temperatures of the heat carrier fluids exiting the exchangers, t., ts and the ambient
temperatures throughout the heating season are shown in Figure 1. The reaction of the average daily
temperatures of the heat carrier fluids to the ambient temperatures is evident. With the exception of the
beginning and the end of the heating season, the temperatures of the heat carrier fluid, t. were higher at
linear HGHE than the temperatures, ts at Slinky HGHE. The quadratic equations of the trend lines of
the HGHES heat carrier fluid temperatures have the form of (1) and (2). Determination coefficients R?
indicate very good data-curves matching. In equations (1) and (2), = is the duration of the heating
season from its beginning, expressed in days.

tg = 0.0007r§ —0.21057,4 + 18.74 (R?=10,970) (D)
t, = 0.000513 —0.17841,; + 19.185 (R?=0,980) 2
tL tS te  eeceenes P0|yg (tL) ........... Po|yg (ts)
O 2000 2000 §
£ 18,00 vy -
o 'fﬁ- 15,00
16,00 R y = 0,0005x2 - 0,1748x + 19,185
W}\,\ R? =0,9801
14,00 £\ 10,00

12,00 ‘J\SW\ :

\| vy 5,00
10,00 . “W\
8,00 WAL kT 0,00
y =0,0007x - 0,2105x + 18,74 "
6,00 R? = 0,9706 -5,00
4,00
-10,00
2,00
0,00 -15,00
1 11 21 31 41 51 61 71 81 91 101111121131 141151 161 171 181 191 201 211
73 (day)

Fig. 1 Average daily temperatures of heat carrier fluids from Slinky HGHE, ts and from linear HGHE,
t. and ambient temperatures, te.
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The distribution of the heat carrier fluid temperatures during the heating season is better described by
the histogram in Figure 2. It shows the frequency of average hourly temperatures, fi (5232 values) and
temperature modes, Mod(t) (the most frequent temperatures) at 2 K intervals throughout the heating
season. The horizontal axis of the histogram shows the temperatures defining the interval, the so-
called class representative r in the range of <-1.0; 19.0> ° C.

The histogram indicates that Mod(ts) of Slinky HGHE occurred in a temperature range of <2.10; 4.00>
° C (r =3 ° C) with relative frequency fi = 32.91%. The mode of linear HGHE, Mod(t.) had higher
relative frequency fi = 34.04% at higher interval <4.10; 6.00> ° C (r = 5 ° C). The temperatures ts
occurred with quite high relative frequency fi = 12.77% in an interval as low as <0.10; 2.00>°C (r=1
° C). Since the higher frequency of the heat carrier fluid temperatures at higher temperature intervals
indicate the advantage of a low-temperature energy source, the linear HGHE can be considered more
advantageous in terms of temperatures of heat carrier fluids. This conclusion is based on the reversed
Carnot cycle. At a constant condensation temperature, an increase in the evaporation temperature,
influenced by the temperature of the heat carrier fluid supplied to the evaporator, will increase the heat
pump's heating factor. The distribution of heat carrier fluid temperatures in HGHEs is closely related
to the distribution of temperatures in the ground mass mentioned in publication by Adamovsky et al.
(2015).

40,00
35,00
30,00
25,00
20,00
15,00

i JI| |II
ldhunl
0,00 -1 1 3 5 7 I9 llI 13I 15 17 19

=t 0,00 0,84 11,72 34,04 16,34 4,99 9,00 6,57 6,69 9,81 0,00
mtS 0,00 12,77 3291 @ 1594 8,41 8,54 4,42 5,14 4,17 7,70 0,00

Relative frequency f; (%)

Class representative r (°C)
Fig. 2 Relative frequencies of average hourly temperatures of heat carrier fluids from HGHEs, t, and ts

2. Heat outputs and extracted energies

The specific heat outputs (q-a, q-max) and the energy extractions (da, qmax) Were determined on the basis
of the difference between the temperatures and the flow rates of the heat carrier fluid (V,), the specific
heat capacity and the density corresponding to the mean temperature of the heat carrier fluid.

Table 1 presents the average and maximum hourly flow rates of the heat carrier fluids, V.a and V ;max,
respectively, the overall volume of heat carrier fluid, V> flowing through the exchangers during the
heating season, the average and maximum specific outputs, .. and g-max, respectively, recalculated to
1 m pipe length and 1 m? of the exchanger’s heat transfer surface, average and maximum specific
energies, ga. and gmax, respectively, transferred from the ground mass by 1 m? of the exchanger in 1 day
of the heating season, the overall energy, gs transferred from the mass and overall time of energy
extraction by the exchangers, z= during the heating season.

The overview presented in Table 1 shows that both the specific powers and the extracted energies
were higher for linear than for Slinky HGHE. However, the values are determined at different volume
flows of the heat carrier fluid and different heat transfer surfaces of the HGHEs. But if the volume

10
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flows of the heat carrier fluids are converted to 1 m? of heat exchanger surface, this value is higher for
HGHE Slinky. The values of the recorded average specific outputs of HGHEs correspond to those
reported by Rosen et al. (2006). At a heating factor of 3.5, they indicated the heat pump's specific
output 13 W/m for linear HGHE with a pipe diameter of 40 mm and 7 W/m for Slinky HGHE.
The HGHES outputs and extracted energies were certainly influenced by the special character of the
operation of the production halls and administrative building, such as interrupted operation and
required low outputs of the heating system, especially at the beginning and end of the heating season.

Tab. 1 Heat carrier fluid flows, heat outputs and extracted energies

Parameter Linear HGHE Slinky HGHE
V:a (M¥h) 0.4740.22 0.35+0.12

V zmax (M3/h) 0.89 0.72

Vs (m?) 1183.70 592.82
qza (W/m) 4.92+3.60 3.35+2.42

0 zmax (W/m) 15.25 12.48

Qra (W/M?) 39.14+28.67 33.38+24.11
emax (W/m2) 121.42 124.20

0a (kJ/mZ2.day) 1614.15+1 076.40 938.31+677.70
Omax (KJ/mZ2.day) 4 407.73 4 258.86
s (MJ/m?) 351.88 204.55

= (h) 2 497 1703

Figure 3 presents the course of specific energies extracted by HGHES during the heating season. As in
the case of the heat carrier fluid temperatures, there is a clear dependence of the extracted energy
values on the ambient temperatures. The extracted energy values are lower for Slinky HGHE than for
linear HGHE due to lower heat carrier fluid temperatures. The reported values of the energy extracted
from the ground mass are in accordance with the limit values recommended in the publication by
Kyriakis, Michopoulus (2006).
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E L 20
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& 3000,00
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S 2500,00
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7 (day)

Fig. 3 Energies extracted from the ground mass by HGHEs
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3. HGHEs Thermal resistances

The process of heat transfer between ground mass and heat carrier fluid can be evaluated by the
relationship published by Z e n g at al. (2003). They relate specific thermal resistance to 1 m length of
vertical ground borehole. In terms of HGHES comparison, it seems to be more advantageous to specify
the specific thermal resistance per 1 m? of the heat exchanger surface according to the relation:

_trm-tg
k= qz (3)

where:

trm. — temperature of reference ground mass (°C);
ta — temperature of heat carrier fluid (°C);

q. — specific heat output of HGHESs (W/m?).

The average thermal resistance value R ranges from 0.07+0.02 m?.K/W for linear HGHE and
0.14+0.06 m2.K/W for Slinky HGHE. The maximum R value for Slinky HGHE is more than double
the value for linear HGHE. A lower thermal resistance value indicates a higher intensity of heat
transfer between the ground mass and the heat carrier fluid.

CONCLUSIONS

The above analysis and comparison of the verification results indicate that linear HGHE appears to be
more advantageous than Slinky HGHE in terms of the evaluated parameters. This conclusion is
confirmed by the courses of the average daily temperatures of the heat carrier fluids, equations (1) and
(2) and by the intervals of the modes of the average hourly temperatures and their relative frequencies.
Specific heat outputs and energies extracted from the ground mass were also higher at the linear
HGHE than at Slinky HGHE. The thermal resistance of linear HGHE was approximately half the
resistance monitored at HGHE Slinky.

However, these conclusions are based only on the results of the verification in one heating season.
Further measurements will show whether the trends of the monitored parameters do not change under
other climatic conditions.
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Abstract

A device is reported for the acquisition of the effects of friction between compressed biomaterials
along the interface between the material and the wall, parallel to the axis of compression. Results of
equipment calibration test as well as uniaxial compression tests on a selected food powder are report-
ed. Wall friction had highly significant effect on transmissibility of pressure in the compressed materi-
al and significantly affected effective utilisation of the input energy. The results are of importance with
respect to the densification, handling and storage of food materials of the type described.

Key words: wall friction; food powder; effective pressure.

INTRODUCTION

Friction along the internal walls of product compression dies or large storage facilities for related
feedstock and products has profound effect (Cheng, Zhang, Yan, & Shi, 2015; Tien, Wu, Huang, Kuo,
& Chu, 2007), especially on longitudinal transmissibility of pressure (Briscoe & Rough, 1998;
Michrafy, Haas, Kadiri, Sommer, & Dodds, 2006) — which determines the degree of achievable de-
formation (Li, Liu, & Rockabrand, 1996) and uniformity of the distribution of density (Adams,
Briscoe, Corfield, Lawrence, & Weert, 1998) along the lengths of compressed products — and the
magnitude of radially transmitted pressure. Dissipation of energy, severe barrel wear and failure of
machine elements are some of the effects of friction during food processing (Adams et al., 1998;
Tumuluru, Wright, Kenny, & Hess, 2010). Wall friction is therefore an important factor considered
during the design and operation of product densification and storage schemes. Available studies doc-
ument some of these effects in relation to bulk storage of biomaterials (Horabik & Molenda, 2002;
Molenda & Horabik, 2005). The effect of wall friction during product densification is however scanti-
ly reported, especially in relation to high pressure uniaxial compression. Instrumented bins and dies
have been employed in various ways to sense both applied and transmitted loads (Bek, Gonzalez-
Gutierrez, Moreno Lopez, Bregant, & Emri, 2016; Rusinek & Molenda, 2007) and to estimate internal
friction parameters for bulk materials in storage (Molenda et al., 2006; Rusinek & Molenda, 2007).
Similar constructs (Jiri Blahovec & Kubat, 1987) may be employed to sense frictional drag along the
walls of product densification devices. This study reports one such technique.

MATERIALS AND METHODS

Description and working principles of the test apparatus

The device (Fig. 1) consists of a stepped cylindrical ring supported on four slender columns rising
from a base ring which is supported in a groove on a flat, circular solid base. A base plug whose
smaller end fits in a product compression vessel sits on the base plate and maintains a clearance with
the slender arms along its circumference. The product compression vessel sits on the stepped ring.
During product compression, friction drag along the internal wall of the die is sensed through deflec-
tions in the support arms while reaction to the applied compression force is offered through the plug.
Deflections in the support arms are sensed through strain gauges affixed at midpoints on their outer
faces. The signals are subsequently relayed and amplified using a data acquisition unit which is
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Fig. 1 Schematic layout of the friction drag sensing and data acquisition device indicating the applied
force (F), piston (P), compression vessel (V), compressed product (CP), base plug (BP), vessel support
(S) and strain gauge (SG)

connected to a personal computer. As shown in the setup (Fig. 1), the small end of the plug is designed
to fit in the compression vessel only partially; sufficient clearance is maintained between the bottom of
the compression vessel and the stepped face of the base plug. The plug acts as a stationary base while
the piston moves vertically downwards during compression. Axially applied pressure induces radial
transmission of stress through the material, normal to the face of the wall of the compression vessel.
Deformation of the compressed material implies reduction in its volume which progresses mainly axi-
ally (downwards), relative to the wall of the die. Drag is thereby imposed on the internal wall of the
compression vessel, due, chiefly, to frictional resistance. A threshold magnitude of this resistance is
sensed as static friction. Consequently, a dynamic phase is established within which kinetic friction
dominates, which is wall friction. The compression vessel is mounted on the support (S) whose slen-
der arms deflect accordingly as a result of frictional drag. Strain transducers are mounted on the four
arms in full bridge configuration with compensation for transverse strain in two of the arms to sense
the drag. Output analog signals are fed to an amplifier and subsequently through a microprocessor
control unit to the input/output devices. The signal gain employed was 20. A user interface (Radlice
v.1.1.0.0), developed at the Czech University of Life Sciences was used.

Equipment calibration

The assembled apparatus was mounted on a Labor Tech® LabTest 6.50 electromechanical universal
test rig (LABORTECH s.r.0., Opava, Czech republic.) on which calibration tests were done for repli-
cate measures of applied forces acting on the support as would net friction loads. The forces were ap-
plied through the top face of the compression vessel. During the test, applied forces were logged
against output voltage readings on a multi-meter, connected separately to the data acquisition unit.

Test procedure

Compression tests were carried out on a Tempos ZDM 50 universal test rig (TEMPQOS, spol. s.r.o.,
Czech Republic). Dry powder of Ceratonia siliqua L. (carob) at moisture content of 4.51%, in dry
basis, was fed into the compression vessel for a product aspect ratio of 1.0. The internal diameter of
the vessel was 25 mm. The apparatus (Fig. 1) was mounted on the test rig and axial force applied on
the piston through a hemisperical disc at a deformation rate of 10 mm/min. The force was increased
steadily from 0 N to a peak force of 10 kN, corresponding to an applied pressure of 20 MPa. Compres-
sion data were logged using the TiraTest software (TIRA GmbH, Schalkau, Germany) while friction
data were separately logged using the Radlice v.1.1.0.0 software. Both data sets were subsequently

15



@{’} 7" TAE 2019
@A 17 - 20 September 2019, Prague, Czech Republic

synchronised using their logged time data. The tests were repeated three times. Product moisture con-
tent was determined according to 1SO 712:2009 (International Organization for Standardization,
2009) with the aid of a Gallenkamp type hot air oven (Memmert GmbH, Germany). Product masses
were weighed using the Kern 440-35N (Kern & Sohn GmbH, Stuttgart, Germany).

Evaluation of the indices of densification

Procedures and equations employed for evaluating the relevant indices of densification presented here
are well reported in literature (Akangbe, Blahovec, Adamovsky, Linda, & Hromasova, 2019; Akangbe
& Herak, 2017). For a measure of product deformation, gross energy input may be computed using
equation (1).

B3 () x -0 8
n=0

where n refers to subdivisions of the deformation axis or incremental deformation, as logged by the
test equipment (Akangbe & Herak, 2017) and Fn (N) is force applied for an observed deformation, o,
(mm). With respect to the mass of the material compressed, specific energy demand, En (J.kg?) was
calculated as shown in equation (2).

Em =E/m _ 2)
where m (kg) is the mass of the material compressed. The specific power, E (J.kgt.s?) was subse-
quently calculated as the time rate of expenditure of this energy, using equation (3).

N Em

E="m/ ®3)

where t is deformation time, s. The effective deformation force (F,.;), net specific energy demand and
net specific power requirement were computed using equations (1) — (3), having deducted the meas-
ured frictional drag from the applied compression force and replacing Fy (above) with the net force,
Fpet (N), such that

Free = Fy — fn 4)

where fy (N) is the attendant frictional drag. Deformation moduli were established as ratios of applied
and effective compressive stress to the strains obtaining. Bulk density of the compressed material was
determined as a function of the established material volume upon compression.

Data analysis
Regression analysis was run on calibration data and treatment means for the test data as well as other
ancillary statistics were established using the MS Excel platform.

RESULTS

From the calibration tests conducted, frictional drag along the wall of the compression vessel was
found to be related to the output voltage parabolically as presented in equation (5). This relationship
was found to be a fitting representation of the interaction of the two parameters (p<0.001) and provid-
ed estimates of a significant proportion of the system’s behaviour (R? = 0.999) appropriately.

f =776.09V% + 2984.1V (5)
where f is frictional drag (N) and V is output voltage (Volts).

Force and deformation profiles of the compressed food material are presented in Fig. 2. Frictional
resistance progressed in a pattern similar to that observed with the steadily applied force. Both trends
were curvilineal and appeared to be transcendantal. This means that as the applied force increased,
friction along the wall of the vessel also increased, attaining a peak value at the maximum applied
force. As a result of this, the effective force acting to compress the powdery material was significantly
reduced compared to the applied force (Fig. 2). This net force however exhibits curvilineal trend simi-
lar to those of the interacting forces producing it. An intersection of the profiles of wall friction and
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the effective compressive force is apparent at about 3027.75 N or a deformation of 8.05 mm. Beyond
this point (Fig. 2), effective compressive force was lower than the magnitude of friction along the ma-
terial-wall interface. This means that a substantial proportion of the force applied beyond the indicated
point of interaction, at the given magnitude of applied pressure, is absorbed as frictional resistance.
At the applied pressure of 20 MPa and strain of 0.368, induced at a rate of 0.007 s, the effective
compressive pressure on the powdery material was 8.53 MPa (Fig. 3). This means that, for the gross
energy demand of 2.58 kl.kg?, the net energy utilised for deforming the material was 1.46 kJ.kg™.
It may be inferred, therefore, that friction energy uptake during the compression of the product
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was responsible for a significant loss (1.12 kJ.kg?) of the input energy, which represented 43.4% of
the total energy supplied. The final bulk density of the compressed carob powder was 1154.55 kg.m.
At the applied pressure, gain in bulk density of 58.3% occurred in the material, its porosity having
been lowered from 50.2% — 24.4%. The time rate of the expenditure of energy by the material for this
gain in density was 26.25 kW.kg™. This was energy use following losses to friction. The attendant
modulus of deformation given friction loss (64.9 kPa) was also less compared to what may obtain at
the full magnitude of the applied pressure of 20 MPa, which is 187 kPa.

DISCUSSION

Wall friction has a limiting effect on the force acting on the compressed material (Briscoe & Rough,
1998); it significantly reduces the effective compression force and grows with the applied force (Tien,
Wu, Huang, Kuo, & Chu, 2007). Contributory effects of the, so called, stick-slip phenomenon (Stasiak
& Molenda, 2004) translate to significant reductions in transmissibility of applied pressure (Michrafy,
Ringenbacher, & Tchoreloff, 2002). Along the material-wall interface, modifications of the layer of
the compressed material in contact with the wall occurs. This is associated with friction coefficient,
magnitude of radially transmitted force and the comencement and degree of thermal excitations (Li,
Liu, & Rockabrand, 1996; Persson, 1999). The onset of such activity is indicated by the occurrence of
stick and slip. High fibre content of carob powder (Yousif & Alghzawi, 2000) is, in part, responsible
for the high frictional resistance, consequent thermal excitation and modification of the material in
contact with the wall of the die. Stasiak, Molenda, Horabik, Mueller, & Opalinski (2014) report less-
ening or near elimination of this effect through the use of some lubricating media, although under low
compressive pressures. Density attained by the bulk material is therefore attributable, essentially, to
the effective compressive pressure. There are important implications of these in respect of achievable
product densification and densification energy requirement.

CONCLUSIONS

A method for direct acquisition of data on frictional drag along material-wall interface of product
compression dies is presented. Wall friction was satisfactorily related to output voltage and the effect
of friction on product densification was found to be pronounced and limiting to effective compression
force beyond some critical point for the reported test conditions. Understanding the effects of friction
along the interface between compressed products and the wall of compression dies is vital to product
densification and food handling and storage schemes.
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Abstract

The choice verification of operating modes of axial-rotary combine harvesters for harvesting mixed
crops of cereal grain and leguminous crops has been carried out. A mathematical model has been
compiled to determine the operating modes of axial-rotary threshing and separating systems for
harvesting mixed crops. Transfer coefficients have been introduced, one of themcharacterizes
a complete threshing of the cereal grain, and the other reflects minimal damage to the grain legume
component. The dependences of macro- and microdamages of grains and legumes in mixed crops
during harvesting by combines of this type are obtained. The operation modes of the combine
harvester RSM-181 "TORUM" for cleaning mixed sowings of white lupine and triticale were
substantiated. A clearance between the rotor and the deck of 35 mm and a rotor speed is from 400 to
450 min™ were recommended.

Key words: harvesting; mixed crops; grain losses; grain damage.

INTRODUCTION

Mixed crops (the duplicate term is heterogeneous crops) are crops of two or more crops on the same
arable land diseases (Miu, 2016). They cannot be attributed to compacted crops, where the cultivation
of one crop (usually tilled) in between rows sow another crop. But their use was one of the methods of
increasing the productivity of arable land, increasing soil fertility and reducing the pesticide load on
the environment.

In such crops, higher photosynthetic productivity is achieved by increasing the total leaf surface area
to 60 thousand m? / ha, which is 15-20% more than in single-species crops. In this case, the efficiency
of photosynthesis was achieved by increasing the multi-tiered agroecosystem, a more uniform
distribution of leaves in height, more complete absorption of solar energy due to the suppression of the
weed component in crops (Constable, Somerville, 2003). The synergistic effect of increasing the
productivity of mixed sowing due to more economical consumption of moisture, improved plant
nutrition, better use of sunlight and reduced yield losses from a decrease in the numerical composition
of the weed component and the prevalence of. The creation of lupine-cereal mixed crops, allows you
to get a protein-balanced grain yield without the use of mineral fertilizers, herbicides and other plant
protection products (Aldoshin, 2018). The most difficult technological method is the cleaning of mixed
crops due to the difference in the properties of the crops belonging to them (Aldoshin, 2016).
The purpose of the study is to evaluate the effectiveness of harvesting lupine-cereal mixed crops with
axial-rotary combine harvesters RSM-181(RostSelMash) "TORUM".

MATERIAL AND METHODS

The axial-rotary local control system of the RSM -181 "Torum 740" combine includes four sections:
a receiving chamber with a solid, smooth casing, a threshing and separating section, a discharge zone.
The angle of the rotor coverage with the lattice surface of the casing in the threshing and separating
sections is 360 °. The rotor case rotates at a frequency of 8 min-1. The diameter of the rotor is 762
mm, length 3200 mm. The combine can be equipped with engines of 300 and 370 kW
(Aldoshin, 2018).

Modes of operation for axial-rotor threshing separating device are more benign. The gap between the
rotor and the deck is larger than in the "classical”. At the same time, the time spent by the device is
much longer, so it allows it to inflict significantly more strikes on the mass, providing threshing of the
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grain crop, which is the part of the mixed crops. In addition, the separation area significantly exceeds
the parameters of the "classical”, which ensures a good selection of both the grain and cereal crops
(Jech, 2011).

RESULTS AND DISCUSSION

The task of high-quality threshing of grain without exceeding the limit of damage can be solved
in a compromise manner (Aldoshin, 2016). On the one hand, it is necessary to ensure high-quality
threshing of the cereal grain crop, excluding grain losses underground, on the other hand, to ensure
a fairly low level of damage to the grain-legged component of mixed crops (Zhalnin EH.V, 2016)

We introduce the transfer coefficients characterizing the fragmentation and loss of grain, representing
the ratio of the increment of the output parameter to its input value

d;
R; = 1)

T di—y

where di, di1 are respectively, the fragmentation of the i-th and i-1 objects of the combine, and when
assessing the loss of grain

' 1I;
Rl = Hi—l’ (2)

where IT;, ITi1 losses of the i-th and i-1 objects of the combine.
The total damage to the grain can be represented as a function

oy = fo(q,w,s,k, .. )Ry (3)

where fo (g, w, s, k_p ...) is the initial input effect, depending on the supply of the grain mass q, its
moisture w, contamination s, uneven supply of the threshed mass to the local government k,, etc.

Gear ratios depend on factors that differ in the nature of origin: structural (K), technological (7), and
operational (3). Therefore, they are vector quantities.

R = {K,T,3}. 4)
Then

K= {Kl,Kz,K3 ...... Kl}’

T = {Tl,Tz,Tg ...... Tl}’ (5)

9:{91,32,93 ...... 9i..},
where Ki, T;, D; are respectively the i-th constructive, technological and operational factors.

In this case, the ratio of their actual values to the required values is determined.

Ky, =W, /w;™, (6)
where W, is the actual value of the parameter; w, ™ is the required parameter value.

As an aggregation function can be taken:
additive function

m
o) = yiwg @
Ci=1
where y' is the coefficient of relative importance of the particular indicator wi, m is the number of

particular indicators of the efficiency of the combine harvester;
multiplicative function

oy = w7 ®
i=1
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aggregate function

W) = min{=t};

t Vi
yi #0;i=1,m; )
power function
1
1w P
o = |- wP| p =0, (10)
i=1

where p is an indicator that reflects the required level of compensation for small values of some
equivalent indicators with large values of others.

As p=co, no compensation is allowed, and the limiting form of the aggregation function (10) coincides
with (9). In the case of p=0, it is necessary to ensure the same levels of partial indicators; function (10)
coincides with (8), therefore, to select a combine harvester with the best indicators of function (8), (9)
and (10), they cannot be used in this form.

The aggregated function in the form of additive (7) is not advisable to use to solve our problem.
This is due to the fact that the selected performance indicators are heterogeneous. Threshing separator
can be used as a function of one indicator to another:

1.2 w;
oW) = ==L
( ) m w;

i=m1+1

(11D

where i = (1, my) - partial indicators, the values of which it is desirable to increase, i = (m1 + 1, m)
reduce.

Indicators i = (1, m1), can be identified with the provision of full grain threshing in local government,
and indicators, i = (m1 + 1, m) - with minimization of grain damage during harvesting mixed crops.
However, the indicators of the first and second groups are heterogeneous, have different physical
meaning and dimension. Also, the aggregation function from expression (11) is a vector quantity. To
bring it to a scalar form and to compensate for the heterogeneity of particular indicators, their different
physical meaning and dimension, we use an equivalent transformation. In this case, the function of the
aggregated indicator will take the form:

M2
=17,
pW) = ——5—; (12)
i=m1+1WiTP
Designating
my m
i — e — 13
i=1 i=mq+1
Will get
k
2

Then the performance indicator will take the form

ky = mikyi/kyi} (15)
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Using the method of "Least squares”, one can evaluate the measure of approximation of the actual
result to the desired. Using the efficiency function (12), we note that in order to increase the efficiency
of an axial-rotary control, private efficiency indicators w should tend to the values

In this case, the indicator k,; has the meaning of the effect of complete threshing of the grain of ear
crops, and k; - reflects the minimal damage to the leguminous component.

An increase in the indicators of the first group k;is aimed at achieving one goal, while the second
group kai leads to the opposite result. In case of heterogeneity, the particular efficiency indicators
included in the function ¢ (/7,) may differ according to their influence on the threshing process and
separation in axial-rotary local self-government. Then it becomes necessary to introduce in expression)
the coefficients y of the relative importance of the elementsk,;. In this case, it is legitimate to assume
that the value of y for the element kq;will correspond to the coefficient of relative importance of the i-
th particular efficiency indicator. The values of the coefficients of the relative importance of partial
performance indicators can be determined by the method of expert evaluation. Considering the
possible options for the inclusion of in dependence (15), we arrive at the following:

Since Y (i=1)4=m [y=1] ,
with the number of particular indicators m>1,y] i# 1andy i0.

When vi 1, the influence of ki on the complex index should increase, and when yi — 0, it should
weaken.

With the growth of the value of yi, the coefficient k;;Should increase, and k2i should decrease.

When yi — 0, the influence of the i-th partial index on the complex index should not be completely
rejected.

Since we have chosen two particular indicators to study the quality of the axial-rotary LSG of combine
harvesters - direct losses and grain damage, which need to be reduced, then the efficiency indicator
takes the form

ky = m{1/ko1k22}, (16)

and taking into account the coefficients of the relative importance y of particular indicators,
a comprehensive performance indicator is determined as follows:

1
ky,=m{———:, v,k 17
’ {Ylkm szzz} V222 an
Given the expression of the coefficients k,; and k,,, we get
( A
1
k, = m! (18)

Suppose that [y: = y] , then, we obtain an expression to determine the complex criterion of the
effectiveness of the quality of work of the local government:

1 11
kazm{ 3 ap,
Hsnap

(19)
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The dependence of direct losses and grain crushing can be obtained on the basis of experimental data,
investigating the influence of various factors [X1, X] , Xn on the operation of an axial-rotor.
According to the results of processing the results of experiments, we obtained the following
dependences (Fig. 1, 2).

e 9
o 8 A—
1]
c 7
§ : / —
c 5
8 2 A
O 3

2 - —

1

0 T T T T T 1

300 400 500 600 700 800
Rotor speed, min ~1

Fig. 1 Dependence of grain damage on rotor speed, min ~1, (gap between rotor and deck 35
mm):general damage; # macrodamage; ™ microdamage

NGer&@ralgamage .
.i/
>

0 T T
20 25 30

Gag between rotor and deck, mm
5 40 45 50

Fig. 2 Dependence of grain damage on the gap between the rotor and deck:
A rotor speed, 350 min® # —; rotor speed, 450 min ~; M rotor speed, 550 min !

CONCLUSIONS

The results show that, a sharp increases in grain damage occurs with an increasing in the rotor speed
of more than 450 min'As the gap between the rotor and the deck increases, the damage to the grain
decreases at all the considered rotor speeds. It should also be noted that with large gaps between the
rotor and the deck (from 40 to 50 mm) there is undersized ground triticale.

Axial-rotary combine harvesters can be used for harvesting mixed crops of cereal crops and
leguminous crops. In this case, it is necessary to set the rotor speed from 400 to 450 min, and the gap
between the rotor and the deck should be 35 mm.
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Abstract

Weibull distribution is commonly used as theoretical distribution of probability in the field of mechani-
cal parts reliability. One of the advantages of using Weibull distribution is that the failure rate can have
a rising, falling or constant trend. Weibull distribution is flexible and adaptable for data of all over
a wide range. When processing data for all objects, it is necessary to keep track of the operation time
to failure, cycles to failure, transport distance, mechanical stress or similar continuous or discrete
parameters. It is not always possible to process with a complete data set. The purpose of the paper is to
acquaint the readers with the method of processing data of reliability of mechanical parts of agricultural
machines based on Weibull analysis of incomplete data of time to failure.

Key words: reliability characteristics; Weibull distribution; machine dependability.

INTRODUCTION

Quite often Weibull distribution is used theoretical distribution of probability during solve of question
in field of reliability of mechanical parts. This distribution is applied to data modelling, regardless of
whether the failure rate is rising, falling or constant. Weibull distribution is flexible and adaptable for
data of all over a wide range. For all objects it is necessary to record the time to failure, cycles to failure,
transport distance, mechanical stress or similar continuous or discrete parameters. (Nassar, et al., 2017;
Teringl, et al., 2015). The method of data processing is focused on incomplete data in the paper. This
method is demonstrated on the data of operation time to failure of the taper pins of the disc cultivators.
This group includes cases in which there is no failure in all monitored objects during the monitored
period (operational time). The processing of incomplete reliability data is typical for data collection in
operation, because it is not possible to obtain information of all operating time to failure within a limited
time interval in many cases. The Weibull distribution parameters obtained can also be used to apply
theory of renewal for decision making between preventive maintenance and corrective maintenance.
The aim of the article is to provide information about the reliability data processing when obtained data
is not complete, which it means that many of the monitored mechanical parts are in operation state and
have not failed.

MATERIALS AND METHODS
When analysing of reliability data, it is necessary to include data of objects that have not broken down
during monitored period.
As an example of data processing was used incomplete data of operational time to failure of taper pins
of the disc cultivators. A total of 92 machines were analysed and 35 machines failed. The disadvantage
of the data obtained is the fact that there are no exact values of the operating time to failure. The opera-
tional time to failure t were determined only in intervals, as the area worked in hectares. Excessive
damage or fracture of the taper pins of the disc cultivators was considered as a failure. Analysis object
is excluded or censored if it has not been broken down by a given manner. If the objects are without
a failure, then the data is called censored.

Types of censored data:

- censored by time - the test is terminated at the specified time T before than all objects are

broken.

- censored by failure - the test is terminated when the specified number of failure.
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When determining of point estimate of Weibull distribution parameters are followed of several steps:
- Ascending order of input data,
- Bernard's approximation,
- Substitution to modified distribution function F(t),
- Linear regression — equation of line
- Calculation of shape « and scale g parameters of Weibull distribution (CSN EN 61649, 2009).

Firstly, it is necessary to sort the individual values in ascending order i = 1, 2, 3,... n. For the estimation
of the distribution function F(t) is used order statistic with the median order (Table 1). Usually, Bernard's
approximation is used to calculate the median order:

i-0,3
n+0,4

Fi(t) =

M)

Where: Fi(t) — estimate of median value (-),
i —rank of serial number of time to failure t,
n — total number of failures.

In contrast, the calculation procedure for complete data is necessary to take into account of influence of
censored data - modified procedure:

iti = iti_l + mti (2)
_ (n+1)—it—i_1
My = 1+(n—-m) ®)
it;—0,3
HOEr @)

Where: mi — modified number of previous objects (events),
i — adjusted number of time to failure t.

Then linear regression is used. This represents the approximation of values by least-square fit of a
straight line. The following relations represent the derivation of calculations of the shape parameter a
and the scale parameter £ of Weibull distribution from the distribution function F(t):

0 =1-oml- (&) .
1-F© = e[~ (£)] (6)
(1 - )] = - (£)° ™
[l = () 0
infin| =]} = @ In(®) —a- n(p) ©)
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Tab. 1 Bernard's approximation of the function F; (t) and the calculation of the values for the x-axis and
y-axis of time to failure t (partial data)

Number  Adjusted number PSELEISl - BERREE
of event of failure iy ¢ tion Fi(t)

85 71,9714 750 Failure 0,7757 6,6201  0,4019
86 74,6000 750 Failure 0,8041 6,6201  0,4887
87 77,2286 750 Failure 0,8326 6,6201  0,5806
88 79,8571 750 Failure 0,8610 6,6201  0,6797
89 82,4857 1000 Failure 0,8895 6,9078  0,7895
920 85,1143 1000 Failure 0,9179 6,9078  0,9162
91 87,7429 1000 Failure 0,9464 6,0078  1,0734
92 90,3714 1500 Failure 0,9748 7,3132  1,3031

After simple mathematical modifications and two logarithms, the distribution function F(t) can be trans-
formed into a line equation:

y=k-x+gq (10)
where:
y— dependent variable,
X — independent variable,
k — slope of a line,
g — point of intersection of line with x-axis and y-axis, absolute term.

X-axis and y-axis are represented by (Table 1):
x = In(t) (11)

y=in {l" [1-;@)]} (12)

The least-square fit of a straight line is used to find the line equation, where it is necessary to solve a set
of equation in a normal form:

q- XX+ k- Xy xf = X % i (13)
n-q+k-Yisix = XtV (14)
Then, coefficient k and g can be count by:

k — n'2?=1 xiyi_2?=1 xi'2?=1 Yi

7
¥, xf-(Zi, %)

(15)

n 2.\yn n n
i=1X{ 'Zi:l yi_Zizl xi'Zi=1 XiYi

2
¥, xf-(Zi, %)

q= =V —kX (16)

By applying a set of equation in a normal form of linear regression, we obtain relation of linear function
in the form:

y = 0,1933x — 6,5403 (17)
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It is also important to verify the statistical significance of the calculated regression equation. For this
purpose is used coefficient of determination r?, which it can be interpreted as the ratio of the sum of
squares of the aligned (predicted) values and the sum of the squares of the observed values. (Berrehal

& Benissaad 2016; Garmabaki, et al., 2016)

Coefficient of determination r? is defined by:

n n n 2
r2 = (Bl Xy Xie, i B, Vi) 18
[n'z?=1xi2_(2?=1xi)z]'[n'z?ﬂ yiz_(z?nyi)z] 18)
(= —[— (= 2
2 _ {35-(-130,377)—[—22,098:(—224,639)} — 0'678 (19)

[35-73,208—(—22,098)2]-[35-1445,052—(224,639)2]

The coefficient of determination takes values between 0 and 1. If the coefficient of determination ap-
proaches 1, it is a strong dependence. Otherwise if the coefficient of determination approaches 0, it is a
weak dependence. The standard recommends the calculations in which the x and y axes are swapped in
the Figure 1.

The authors used Visual Basic for Applications for all calculations of parameters of Weibull distribu-
tion. Programmed algorithms can be used to easily calculate results when changing input data, which
helps to refine reliability characteristics.

Values of Weibull distribution parameters (Figure 1) for time to failure t can be counted by

1

a=-= = 5173 (20)
k 0,1933
B = exp(q) = exp(6,5403) = 692,5 (21)
7,5
X = 0,1933y + 6,5403 L
R2=0,678 ,
e
o=1/0,1933=5,173 los
.ﬁl
B=exp(6,5403) = 692,5 ..,6,5
- . oo
= ® o o ¢océscssmmmn
. .0‘.... ’ 6
.ooo"...
5,5
5
-6 -5 -4 -3 -2 -1 0 1 2
In{In[1/(1-F(t))1}

Fig. 1 Graph of calculation of equation of line by linear regression
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RESULTS AND DISCUSSION

After calculation of values of Weibull distribution parameters can be used these parameters in calcula-
tion of reliability characteristics (service life):

Probability density function of failure f(t),
Probability of failure F(t),

Reliability function R(t),

Failure rate A(t). (Legat, et al., 2016)

1 0,05

2

g

0,04 =

= =0,75 o

£E -
L c c E
e 0,03 S =
&2 S P
S 2 05 R
iy > 2
= = 2 3
% = 0,02 a =
T T

L = -

£ & >

a& 7,25 £

0,01 2

el

2

o

0 0
0 200 400 600 800 1000
Operational time t (ha)
Probability of failure F(t)

-===Reliability function R(t)
------- Probability density function of failure f(t)
= = Failure rate A(t) |

Fig. 2 Reliability characteristics F(z), f{t), R(t), A(t) for calculated Weibull distribution for shape
parameter o=5,173 and scale parameter $=692,5

For completeness, it appropriate to mention calculation of MOTTF (Mean Operating Time to Failure).

1
51727

MOTTF = § -T (1 +2)=6925T (1 +——) =637 ha (22)

When calculation of MOTTF is necessary to use formula for function I' - GAMMA in MS Excel. It is
evident from the obtained reliability characteristics that the increase in the probability of failure is rela-
tively steep and the monitored mechanical object has a low reliability, which is also evidenced by the
low MOTTF value, which is 637 ha. Such low MOTTF is several times lower than commonly used
objects of the same character. An equally important characteristic of reliability is failure rate, which
represents the probability that a mechanical object that has not broken down to operational time t will
break down immediately after operational time t (Legat, et al., 2017; Pacaiova & lzarikova, 2019). Too
steep the course of the failure rate A(t) is shown in Figure 2. It is obvious from the course of reliability
characteristics that manufacturer of the disc cultivator must implement corrective actions to improve
reliability parameters.
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CONCLUSIONS

Weibull's analysis represents a suitable tool for determining the distribution of the probability density
function of failure f(t), respectively the distribution function of the probability of failure F(t) when pro-
cessing of the reliability data of agricultural machinery systems. The paper presents one of the way of
calculation of Weibull distribution parameters for an incomplete data, which is obtained from agricul-
tural machinery operation. The results show that the calculated values of MOTTF are relatively low,
which it is obvious from the reliability characteristics. In this particular case, the disc cultivator manu-
facturer made structural adjustments that resulted in a significant increase in machine operating life. Big
weaknesses in general are input data, which are not always accurate and they are obtained in range of
various intervals. With the development of modern technologies, it is assumed that there will be more
suitable data collection from diagnostics sensors for already use processed algorithms. The main contri-
bution of the authors is that they programmed automation of algorithms using the Visual Basic for
Applications programming language in addition to the calculation methodology described. The compu-
tational algorithms created allow simple recalculation when new and more accurate data is obtained.
The Weibull distribution parameters obtained can also be used to apply theory of renewal for decision
making the between preventive maintenance and corrective maintenance.
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Abstract

Experimental measurements of post-harvest line were realized in work conditions during maize clean-
ing and drying. Measurements were realized during maize harvesting with grain moisture 23 - 35 %.
Structure of material was monitored before and after cleaning and the external grain quality before
and after drying. Grain bulk density, impurities, grain damage and total cleaning effect were evaluat-
ed. The purpose of coarse and light trash analysis was the next step to find out the losses of grain
quality. The analysis of the internal grain quality from the starch, fats and proteins were then con-
ducted.

Key words: cleaning; drying; dimension and weight characteristics of grains; cleaning effect; grain
quality.

INTRODUCTION

Cleaning, grading, drying is a basic working operation in post-harvest grain processing. These work-
ing operations affect the quality of cleaned and dried grain like a grain dedicated to food and another
purpose in a positive and also in a negative way (Ruzbarsky et al., 2005). Requirement for grain purity
is made by STN standards. According to the standards, the purity of the grain and the content of the
ingredients are decisive for the recognition of cereal grains in their individual quality classes. These
requirements place high demands on cleaning, sorting and drying machines in terms of construction
and overall machine solutions (Kroupa et al., 2004).

The structure and extent of threshing damage depend on not only the threshing conditions (e.g., colli-
sion speed), but also the seed properties (Chowdhury & Buchele 1976; Khazaei et al., 2007). In maize,
seed properties that affect threshing damage degree include seed size, seed shape, and seed moisture
content (MC), as these properties affect interaction strengths between seed and threshing cylinder
when seeds are threshed from cobs. Of these properties, MC was found to show a significant influence
on seed physical damage in French bean; and also affect threshing damage in maize (Keller et al.,
1972; Dauda, 2001; Greven et al., 2001). Several methods have been developed to evaluate mechani-
cal damage degree. The most commonly used method is visual inspection. Seeds with any visual dam-
age or cracks are picked from the sample to estimate the damage percentage. Mechanical damage level
and position in a seed can also be determined by extracting the damaged area stained by use of iodine,
fast green, methylene blue, or other stains (Ng et al., 1998; ISTA, 2015). Visual inspection and chemi-
cal stains can only evaluate external injuries in a seed. Seed vigor test is another way that can evaluate
both external and internal damages, where mechanical damage level is estimated by correlating the
ability of seed to emerge and develop a healthy seedling. The previous studies conducted on mechani-
cal threshing majorly focused on the damage percentage, with few studies conducted on the influence
of damage on seed vigor (Ajayi et al., 2006; Li et al., 2007).

Recently, the assessment of the external and internal quality of treated grains on post-harvest lines has
been at the forefront. As Loewer et al. (1994) and Jech et al. (2011) concluded the quality is closely
related to Hazard Analysis and Critical Control Points (HACCP). For these reasons, the objective of
the study was to evaluate how the post-harvest treatment of maize affects the quality of the treated
crop in cleaning, handling, and drying.
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MATERIALS AND METHODS

Characteristics of monitored grain material in the process of post-harvest treatment

To assess the cleaning, sorting and drying efficiency of the treated grains in post-harvest treatment, it
is necessary to carry out basic experimental measurements of various quantities, which are determined
by the relevant standards on the basis of which we have characterized the quality of the work of the
machines, the quality of the resulting product and the line as a whole. The monitored parameters in the
post-harvest process were separated into two separate sections (a, b):

(a) Monitoring of external quality of food maize grains in the cleaning and drying process

To assess the external quality of the grains, the following factors were monitored before and after dry-
ing: grain moisture following standard STN 460610;  grain volume weight (kg.m3, STN 460609);
grain size (dimensional) and weight characteristics (STN 460610); grain purity (STN 461100-2); addi-
tional mixtures (STN 461050); impurity (STN 461050); grain damage (only macro damage) and char-
acteristics of critical maize grains speed.

(b) Monitoring of internal quality of food maize grains after drying

Internal grain quality is understood the nutritional value, presence of moulds, microorganisms, pests
and undesirable substances. For the internal grain quality options the limitations were set to the fol-
lowing analyzes: germinations of whole grains (STN 460311); starch and fat contend, protein content
and sediments.

These analyses were performed in an automated laboratory AMYLUM Slovakia, s.r.o. Boleraz.

Brief characteristics of the post-harvest line

Post-harvest line located in AgroDivizia, s.r.0. in Selice has become a model line for carrying out ex-
perimental measurements. Due to the fact that this type of machinery is used by several enterprises, a
model example is being developed to solve problems that reduce some line quality parameters during
post-harvest treatment. The post-harvest grain processing line is mainly oriented on corn processing,
but it can also provide post-harvest treatment, expedition, or storage of grains (cereals, maize, leg-
umes, and oilseeds). The technology consists of receiving (underfloor basket), bucket conveyor, pre-
cleaning, cleaning, belt conveyor, drying and transport into the grain silo or floor storage (Fig. 1).
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Fig. 1 Composition of the selected (model) post-harvest treatment line (1 — receiving; 2,4,6,7,9 —
transport; 3 — pre-cleaning, cleaning; 5 — drying; 8 — grain silo;10 — floor storage).

Used machines, devices and equipment

The machines and equipment of the post-harvest line at AgroDivizia, s.r.0., in Selice were used for
experimental measurements. Specialized instruments and equipment that belong to the laboratory
equipment at the department DMPB were used to determine the agro-physical properties. They are a
sieve cleaner, a humidity meter, digital scales, a grain counter, a volume weight measuring instrument
and others.

33



. g 7" TAE 2019
M 17 - 20 September 2019, Prague, Czech Republic

Evaluation methods used in experiments

Validated statistical calculation procedures were used to evaluate the measured values on the post-
harvest line and to evaluate the measured agro-physical characteristics. For determination of basic
statistical quantities, evaluation program STATGRAFICS and MS Office 2010 (EXEL 2010) was
used.

RESULTS AND DISCUSSION

Evaluation of dimensional and weight characteristics of the grains on monitored crop-plant

In terms of cleaning and grading grains, the most important characteristics of the grains are their di-
mensions (length, width, thickness), as their size directly influences the choice of size and shape of
grain sieve. Further, the variability of the dimensions (the large interval of the respective dimension)
affects the lower yield and the grain increase in the Il. 1ll. class and waste (Fig. 2-3). The grain size
was determined using a digital caliper with an accuracy of 0.01 mm (Traceable).
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Fig. 2 Histogram of maize grains dimensional characteristics based on the width (left) and length
(right)
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Fig. 3 Histogram of maize grains dimensional characteristics based on the thickness (left) and maize
grains weight characteristics (right)

The grain size variation of maize is various. The grain width is in the range of 5.7 to 10.2 mm with an
average of 8.24 mm, and length of 9.8 to 14.6 mm with an average of 12.4 mm, and a grain thickness
of maize between 3.54 and 6.54 with an average value of 4.72 mm. Corn grain weight ranges from
0.23 to 0.45 grams with an average of 0.34 grams. It should be noted that maize is harvesting at a
moisture content of 34% to 20%, resulting in a grain weight fluctuation when cleaning immediately
after harvesting.

Determining the critical speed of maize grains in the air stream (flow)

For the purpose of adjusting the airflow speed in the cleaning machines the laboratory measurements
of the given quantities were conducted. Based on the measured values, it was determined the critical
velocity of the maize grains in the air stream. For maize it represents 8.5 - 13.14 m.s** with an average
value of 10.97 m.s™.
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Fig. 4 Characteristics of critical maize grains speed

Evaluation of the external quality of maize grains in the cleaning and drying process

From the point of view of HACCP and food safety, it is necessary to monitor the external and internal
quality of the processed product, in the case of this study, it was food maize. The analysis of samples
of maize grains collected was performed according to Tab. 1 and Tab. 2 (n=24). Tab. 1 and 2 shows
the summary results of the monitored external quality parameters of maize grains after the pre-
cleaning (treatment) and drying process. The cleaning effect (purification efficiency) of the pre-
treatment operation was good to very good 47.5% on average. The bulk density of the grains varied
from 882 to 780 kg.m depending on humidity. Damage to the grains before and after pre-treatment
slightly decreased by separating debris and chopped grains (Tab. 1). A sharp increase in macro dam-
age was observed after drying (Tab. 2). The causes of significant grains damage are more. In authors
experience and lessons learned, these are: (a) Failure to comply with threshing system parameters.
Corn thresh out was carried out at a high drum speed (17 m.s™), resulting in higher macro damage,
which in some cases was up to 11% compared to the desired 3-5%, (b) Micro damage has been signif-
icantly increased, causing grain crumbling in the drying and subsequent handling process. Authors did
not monitor what impact on damage has mixing auger in the oven and unloading (push out) auger. As
Gu et al. (2019) stated, seed postharvest processing is necessary to prepare maize seeds for planting.
However, process operations often subject seed to mechanical damage, which reduces seed quality due
to external breakage and bruising and internal physiological damage (Cicero et al. 1998; Ajayi et al.
2006). Mechanical threshing is one of the processes where damage is caused by abrasions and impacts
when seed passes through the machine (Ajayi et al. 2006; Li et al. 2007). Thus, mechanical threshing
must be controlled to minimize damage during seed production.

Assessment of the effect of the drying process on the internal quality of maize grains

Analysis of the nutritional value of maize grains and their germination was provided in a specialized
certified laboratory AMYLUM Slovakia s.r.o. in Boleraz. These analyses were conducted on mixed
samples made from two samples previously taken for evaluation of the external quality
(n=12).Germination is a major indicator of grain quality and viability after drying. An analysis of the
internal quality of maize grains from the crop is given in Tab. 3. Germination rates ranged from 86%
to 100%. The average germination rate was 92.3%, which is an excellent result for food maize. Other
parameters such as starch, fat, and protein are evident from Tab. 3. The content of these variables is
conditioned by several factors, especially the hybrid, locality, fertilization, year and post-harvest
treatment. Moreover, Coradi et al. (2019) concluded that the changes in water contents in the grains
during the drying and storage operations intensify the physical losses, even if at the end the grains
remain with water content favourable to storage. As mentioned above, the internal quality of the dried
maize was excellent and Agriculture Company converted it into cash in the first quality class. It is
desirable to note that the temperature of the drying medium ranges from 52 ° C to 65 ° C.
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Tab. 2 Assessment of the external maize grain quality before (INPUT) and after (OUTPUT) drying
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Tab. 3 The internal maize grain quality (n=12)

Sample  Cultivar Moisture, Starch,  Germinability, Sediment, Fats, Proteins,
% % % % % %
1 14.6 75.2 98 65 3.0 7.7
2 14.4 74.3 90 70 34 9.2
3 12.9 75.3 92 69 3.6 7.9
4 12.9 724 90 68 3.2 9.7
5 - 13.2 73.2 100 72 3.2 8.4
6 % 13.3 73.6 86 62 3.3 10.9
7 Y 135 74.2 90 68 3.2 9.7
8 = 13.7 73.0 88 70 3.3 10.0
9 135 72.0 92 64 3.6 8.0
10 141 73.0 90 68 3.2 8.4
11 13.9 72.4 90 68 3.0 7.9
12 14.3 73.0 92 66 3.0 8.4
Y 13.9 73.4 92.3 67.6 3.2 8.9

In these circumstances, the maize grain internal quality is affected by numerous variables which dras-
tically change their values. In addition to these observations other issues can be defined as well even
more alarming. Agricultural soil and products are severely polluted by heavy metals, owing to the
natural weathering of parent materials, mining, industries, melting, and agricultural activities (Bilos et
al., 2001). However, contaminations of Cd, Cu, Hg, Pb and Zn in soil and crops caused by agricultural
activities or natural weathering processes have only seldom been considered (drvay et al., 2013;
Tomdas et al., 2014, Stanovic et al., 2015; Demkova et al., 2017).

CONCLUSIONS

The quality of the grain cleaners’ work is not only judged by the cleanness of the cleaned product, but
also by its performance and the loss of quality grains in the waste. It was also analyzed the gross and
fine waste. There were whole grains in the gross (rough) waste, but they were under-sized, poor-
quality. There were no whole grains in the fine waste. At this stage, the technical condition of the har-
vest line can be assessed as good. The first critical point that significantly affects the external quality
of maize grains is the actual harvesting and threshing as mentioned above. Overall, the most critical
element in the model harvest line is the drying process and its impact on the macro damage.
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SIMULATION OF LINEAR ELECTRIC MOTOR FOR ELECTROMECHANICAL
PRUNER

Sergey ANTONOV !, Gennady NIKITENKO?
'Department of Using Electric power in Agriculture, Russian Stavropol State Agrarian University

Abstract

Gardening is a complex system for the production of berries and fruits, which includes material, fi-
nancial and labor resources aimed at obtaining the maximum economic effect. Electromechanical
pruners based on linear electric motors have several advantages over manual, pneumatic and hydrau-
lic. The use of linear electric motors is one of the promising areas for the development of electric hand
tools. The analysis of existing designs of linear electric motors revealed a number of drawbacks.
These disadvantages are low efficiency, large mass and size, low armature thrust. The proposed elec-
tric motor has the design features of the magnetic system of the stator and the armature. Features are
a combination of the design parameters of the magnetic pole of the stator and the armature magnetic
circuit. They allow you to increase the power of the armature thrust, increase the efficiency, reduce
the weight and size of the electric motor. One of the main tasks in the design of a linear electric motor
is to obtain the maximum value of the armature thrust force. To do this, it is necessary to conduct its
computer simulation, in order to determine the rational design of the magnetic system. The main fac-
tor is the design features of the magnetic system in the air gap, where the energy of the stator magnet-
ic field is converted to the force of the armature. The design parameters affecting the magnitude of the
thrust force of the armature determined the bevel angle of the magnetic pole of the stator and the bevel
angle of the armature magnetic circuit. The combination of these parameters in different combinations
allows you to get a rational design of the magnetic system of a linear electric motor with the maximum
value of the armature thrust force.

Key words: Linear motor; thrust force; magnetic system; pruner.

INTRODUCTION

Get high productivity, durability, winter hardiness of trees, regulate growth, as well as product quality
allows timely and high-quality pruning of trees.

Detailed pruning of tree branches is done by hand. To increase labor productivity when pruning of
branches, we can use mechanization and electrification of works. The analysis of the existing devices
of increasing in labor productivity allowed developing the following classification (Fig. 1.).

tree pruning

Y
v v v
pruner lopper cutter hacksaw
. v . v

hand tool pneumatic tool hydraulic tool electric tool

asynchronous electric motor [

dc motor [

linear motor [

Fig. 1 Classification of mechanization process of trees pruning
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Each of the considered tool types has positive and negative sides. The most promising is the use of
electrified hand tools for trees pruning (Hedrick, 1922; Csanddy, Magoss, 2013).

For branches pruning, there are many electromechanical pruners manufactured by industry. These are
such as: Makita 4603PW, Makita DVVP361Z, Bosch Ciso, Electrocoup F3010, HDPO8G, etc.

(Fig. 2.)

LA

o >N
. \\/\?_

L
a) b)
Fig. 2 Electromechanical pruners: a - HDPO8G; b - Electrocoup Infaco

All considered models of electric pruners use direct current motors to drive blades. One of the disad-
vantages of these engines is high power consumption. This leads to the use of a large mass and overall
dimensions battery for powering the electric motor (Antonov, Nikitenko, Grinchenko, Molchanov, &
Avdeeva, 2018). The main task in the development of a linear electric motor, for hand tools, is to ob-
tain the maximum value of the armature thrust force. To obtain this force of armature thrust it is nec-
essary to optimize the design of the magnetic system of a linear electric motor.

MATERIALS AND METHODS

The linear electric motor (Fig. 3.) consists of a stator (1), which contains a magnetic body (2), a mag-
netizing coil (3), a non-magnetic frame (4), an upper magnetic pole (5), the cross section of which has
the shape of a rectangular trapezium, an end magnetic pole (6), a bolt (7) and a lower magnetic pole
(8), having a sample in the form of a cylinder, fixed by bolt (9) to the magnetic body (2), and a non-
magnetic insert (10). An armature (11) of a linear electric motor consists of an upper magnetic circuit
(12) having the shape of a truncated cone, a lower magnetic circuit (13), non-magnetic bushing (14)
put on a non-magnetic rod (15). The armature (11) is mounted in the stator (1) by means of a non-
magnetic frame (4) and the non-magnetic insert (10), which are sliding bearings. The return spring
(16), the washer (17) and the nut (18) are required to return the armature (11) to its original position.

9 8 10 4 15 13 514 2 3 7 6 12 17
( [ |
ici | ! ) |/
Il INNURVRANVANANARY f
i ‘ I

’_)9 _____ ,"”;}'.'."‘f.‘; ....... : -’“7-’-:7:-}:[‘1
Al

1111 16 |18

[1mi}
Fig. 3 Linear electric motor: 1 is a stator; 2 is a magnetic body; 3 is a magnetizing coil; 4 is a non-
magnetic frame; 5 is an upper magnetic pole; 6 is an end magnetic pole; 7 is a bolt; 8 is a lower mag-
netic pole; 9 is a bolt; 10 is a non-magnetic insert; 11 is an armature; 12 is an upper magnetic circuit
of the armature; 13 is a bottom magnetic circuit of the armature; 14 is a non-magnetic bearing; 15 is a
non-magnetic rod; 16 is a return spring; 17 is a washer; 18 is a nut

The proposed linear electric motor works as follows (Fig. 4.): in the absence of power supply to the
magnetizing coil (3), the armature (11) takes the upper position under the action of the return spring

41



ﬁ’) 7" TAE 2019
M 17 - 20 September 2019, Prague, Czech Republic

(16). When voltage is applied to the magnetizing coil (3), a current creating a magnetic flux @ starts to
flow through it and closes through the magnetic body (2), the end magnetic pole (6), the upper mag-
netic circuit (12), the upper magnetic pole (5), the lower magnetic circuit (13) and the lower magnetic
pole (8).

Fig. 4 Magnetic fluxes of linear motor

The magnetic flux @ in the air gap A; is divided into magnetic fluxes ®; and ®15, and in the air gap of
length A; it is divided into magnetic fluxes @3 and ®3;5. The magnetic fluxes ®;1 and d, pass through
the upper magnetic pole (5) and the lower magnetic circuit (13). Separation of the magnetic fluxes @
and @15, @3 and ds; is possible due to the magnetic resistances commensurability of the air gap and
the non-magnetic insert (14). As a result of the passage of magnetic fluxes ®;, @, an electromagnetic
force appears, which causes the displacement of the armature (11).

The simulation of a linear electric motor begins with the calculation of magnetic fields. The main
characteristic of a magnetic field is magnetic induction, which is a vector quantity. To calculate the
magnetic system, we use a two-dimensional magnetostatic problem. The Poisson equation describing
the magnetic state of an electric motor in partial derivatives and cylindrical coordinates (r, z).
It is recorded as follows:

g(véar(rA)jJraﬁ(vlg(rA)j =J 1)

Z I oz

where v = i - specific magnetic resistance;
Hol
r, z - cylindrical coordinates;
J - current density;
A - vector magnetic potential.

When building a model on the internal and external borders of areas, the following types of boundary
conditions are possible.

Dirichlet condition, which sets on the part of the border the known vector magnetic potential Ao, at the
top or on the edge of the model. This boundary condition determines the behavior of the normal induc-
tion component on the boundary. This condition is most often used to specify a zero value or a com-

plete attenuation of the magnetic field at a border remote from the sources (2).
2

rAb=a+bzr+% @)

where a, b, ¢ - constant values for each edge.
To analyze the calculation results, it is necessary to operate with the following local and integral quan-
tities.

Magnetic induction vector ( B = rotA)
g _1 o(rA) oA

B =-2 3
r oor 0z )
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The total magnetic force acting on the anchor of a linear electric motor is determined by the formula:
F=%§(H(n-B)+ B(n-H)-n(H -B)MS @)

Where n - unit vector of the outer normal to the surface.

On the basis of the above formulas, the calculation of the magnetic static field, which is incorporated
in the algorithms for calculating the ELCUT program, is constructed. To solve linear problems, the
iterative method of conjugate gradients is used.

RESULTS AND DISCUSSION

The purpose of modeling a linear electric motor is to determine the thrust force of the armature.
To simulate magnetic fields, we use the professional version of the ELCUT program (Antonov, Gabri-
yelyan, Mastepanenko, Zorina & Nozdrovicky, 2016). As a result of the calculation, we obtain a pic-
ture of the magnetic fluxes distribution (Fig. 5.).

a)

b).

Fig. 5 Calculation result of the magnetic system of the linear motor program ELCUT: a— @ =10",
p=10".p _ g=90° p=90°

The main task of modeling a linear electric motor is to rationalize the design of the magnetic system,
in order to obtain maximum values of the armature thrust force. The main factor influencing the mag-
nitude of the armature thrust force is the value of the magnetic fluxes ®@; and @3 in the air gaps A: and
A,. To rationalize the design of the magnetic system, we change the inclination angle of the magnetic
pole of the stator 5 (o) and the inclination angle of the upper magnetic circuit of the armature 12 (B)
(Fig. 6a.) from 10° to 90° at a pitch of 10°.

L% — 7P | —Y |
I a l b

Fig. 6 Magnetic system modeling of a linear electric motor: a - at the beginning of the working stroke;
b - at the end of the working stroke

Based on the design features of the magnetic system and the dynamics of the armature (11) relative to
the magnetic pole of the stator (5), it is necessary to take into account when modeling their joint at the
end of the working stroke (Fig. 6.b). This means that the angle a must be equal to the angle .
Modeling results of the magnetic system of the linear motor pruner are shown in Table 1.
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Tab. 1 Calculation result of the armature thrust force (F.) of a linear electric motor, N
inclination angle of the magnetic pole of the stator (a) and the upper magnetic circuit of
the armature (p)
o-p
10°-10° | 20°-20° | 30°-30° | 40°-40° | 50°-50° | 60°-60° | 70°9-70° | 80°-80° | 90°-90°
55,52 | 52,66 45,61 43,31 43,29 41,59 40,972 | 39,33 38,33

Considering the obtained data, it should be noted that with an increase in the inclination angle of the
upper magnetic circuit of the armature (B) and the inclination angle of the magnetic pole of the stator
(o) from 10° to 90°, the armature force F, decreases from 55.52 to 38.33 N. The maximum value of
the armature thrust force is calculated as F. = 55.52 N.

CONCLUSIONS

The use of a linear electric motor for electrified pruners, as compared to direct current motors, will
reduce the mass and dimensional parameters of the device.

Modeling of a linear electric motor in the ELCUT program allowed us to confirm the pattern of mag-
netic fluxes distribution. Conformity of changes in the armature thrust force, from the inclination an-
gles of the magnetic system elements of a linear electric motor was studied. Based on the obtained
results, it can be concluded that the maximum value of the armature thrust force F, =5552N is ob-

tained at o =10° and B =10°.
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Abstract

Gravity compensation is a well-known technique in robot design to achieve equilibrium throughout the
range of motion and as a result to reduce the loads on the actuators. Therefore, it is desirable and
commonly implemented in many situations. Various design concepts for gravity compensation are avail-
able in the literature. This paper proposes an overview of gravity compensation methods applied in
robotics. In order to classify the considered balancing schemes three principal groups are distinguished
due to the nature of the compensation force: counterweight, spring or active force developed by an
auxiliary actuator. The author believes that such an arrangement of gravity compensation methods al-
lows one to carry out a systematized analysis and provides a comprehensive view on the problem. Par-
ticular attention has been given to the coupled Hand-operated Balanced Manipulator (HOBM) and
Lightweight Robot (LWR). The aim of such a cooperation is to displace heavy payloads with less pow-
erful robots.

Key words: gravity compensation; balancing; actuator power; Hand-operated Balanced Manipulator
(HOBM); effort minimization.

INTRODUCTION
Many robotic systems are operated at low speed to ensure the different tasks. In this situation gravita-
tional torques generated by the masses of links are often much greater than dynamic torques. Thus,
gravity compensation is beneficial by which a robotic system can be operated with relatively small ac-
tuators generating less torque. The potential energy of such a robotic system is constant (or quasi-con-
stant) for all possible configurations, which leads to the self-balancing of the mechanical system. Nature
of the forces that must compensate gravity and its emplacement in the robotic systems may be diverse.
In the present paper, the typical gravity compensation solutions are systematized and their effectiveness
is considered.
It should be noted that the gravity compensation can also be achieved by optimal control of input torques.
In this case the control law combines terms that cancel the gravity effects on the robot link dynamics
with a PD-type error feedback on the motor variables (Gosselin, 2008). However, in this survey, the
mechanical solutions of the gravity compensation will only be reviewed.
The given systematization can be presented as follows (Arakelian, 2016):
1. Gravity compensation by counterweights.
1.1. Gravity compensation by counterweighs mounted on the links of the initial system.
1.2. Gravity compensation by counterweights mounted on the auxiliary linkage connected with the
initial system.
2. Gravity compensation by springs.
2.1. Balancing by springs jointed directly with manipulator links.
2.2. Balancing by using the cable and pulley arrangement.
2.3. Balancing by using auxiliary systems.
2.3.1. Balancing by using an auxiliary linkage.
2.3.2. Balancing by using a cam mechanism.
2.3.3. Balancing by using a gear train.
3. Gravity compensation by using auxiliary actuators.
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1. GRAVITY COMPENSATION BY COUNTERWEIGHS

The use of counterweights has been applied to the design of mechanical systems for a long time. The
classical approach consists in adding counterweights in order to keep the total centre of mass of moving
links stationary. With regard to the several approaches employed for the redistribution of movable
masses, the developed design concepts could be divided into two principal sub-groups.

1.1. GRAVITY COMPENSATION BY COUNTERWEIGHS MOUNTED ON THE LINKS OF
THE INITIAL SYSTEM

It is obvious that the adding of the supplementary mass as a counterweight is not desirable that it leads
to the increase of the total mass, overall size of the robot-manipulator and the efforts in joints. That is
why in many constructions of industrial robots, for example KUKA R360 or PUMA 200, the masses of
the motors are often used for gravity compensation. The review slowed that the gravity compensation
by counterweights mounted on the links is more appropriate for serial and planar parallel manipulators.
It is much more difficult for spatial parallel manipulators. Gravity compensation has been successfully
applied on hand-operated balanced manipulators (HOBM). The balanced manipulator is a handling sys-
tem with a simple mechanical system in which the manipulated object in any position of the workspace
is balanced. Such a state of constant gravity cancellation allows displacements of heavy objects manu-
ally. The term "balanced manipulator" shows that in the operating procedure of these systems is very
important to achieve an accurate compensation of gravity. Many studies and design concepts have de-
voted to the gravity compensation of these manipulators by counterweights. It was shown that for the
balancing of these manipulators it is necessary to apply to the pantograph mechanism a sinusoidal bal-
ancing moment. The general approach for determination of balancing conditions was proposed by the
study of the motion of the center of mass of the pantograph actuator. In many HOBM the balancing by
counterweights is combined with actuators, which carried out an active balancing.

1.2.GRAVITY COMPENSATION BY COUNTERWEIGHTS MOUNTED ON THE
AUXILIARY LINKAGE CONNECTED WITH THE INITIAL SYSTEM

At first, let us define an auxiliary linkage. We will use this term for any mechanical system that mounted
between the balancing element and the initial structure of a robot. The goal of these linkages is to im-
prove the compensation and design conditions via optimum location of balancing elements. There are
also some solutions in which it is proposed to cancel the weight of the payload via a moving counter-
weight. The counterweight balancing of the mine detection vehicle with a pantograph manipulator has
been developed. It has been shown that the robot arm with properly dimensioned balancing counter-
weights can efficiently actuated with very low power and energy consumption.

Many schemes illustrate the parallel manipulators comprising auxiliary systems equipped with counter-
weights. However, the industrial applications of such approaches are often quite complicated because
of limitation of the overall size of manipulators and the possibility of collision of extended moving links
carrying counterweights.

2. GRAVITY COMPENSATION BY SPRINGS

Firstly, let us disclose the properties of two types of springs that are used for gravity compensation in
robotic systems: zero-free length and non zero-free length springs. The author believes that it is im-
portant to provide a comprehensible and short background on these two types of springs. It will be
particularly useful for young scientists and engineers. Zero-free length spring is a term for a specially
designed coil spring that would exert zero force if it had zero length. Obviously, a coil spring cannot
contract to zero length because at some point the coils will touch each other and the spring will not be
able to shorten any more. Zero length springs are made by manufacturing a coil spring with built-in
tension, so if it could contract further, the equilibrium point of the spring, the point at which its restoring
force is zero, occurs at a length of zero. In practice, zero length springs are made by combining a "neg-
ative length” spring, made with even more tension so its equilibrium point would be at a "negative"
length, with a piece of inelastic material of the proper length so the zero force point would occur at zero
length. It is important to emphasize that the use of a zero free length spring for complete gravity com-
pensation is basically used when the spring is connected directly with the robot links and such a necessity
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mainly disappears when the spring is connected with the robot links via a cable or an auxiliary mecha-
nism. To preserve the structure of the systematization adopted above, i.e. the first step of classification
by the nature of compensation forces and the second step by the structural features, let us gather the
spring compensators in following three sub-groups.

2.1. BALANCING BY SPRINGS JOINTED DIRECTLY WITH MANIPULATOR LINKS

In order to create springs with adjustable stiffness the “Jack spring” concept based upon the principle of
adding and subtracting coils from a spring has been developed. Thus, with this method, by changing the
number of coils in a spring, the actual or intrinsic stiffness of the spring is structurally changed. The
gravity balancing of the leg was also solved. The gravity balancing mechanism, proposed in these stud-
ies, consists of two springs with the same stiffness coefficients: one compression and another extension
connected with the shank of the leg and permitting the complete gravity compensation of the leg’s
weight. In order to improve the gravity compensation quality the spring mass has been included in the
balancing condition. It was shown that the mass of the balancing spring increases the unbalanced mo-
ment and it cannot be neglected. The numerical simulations showed that the error caused by neglect of
the spring mass can be reached until 8%. Various design concepts have been also developed for adjust-
ment of gravity equilibrators.

2.2. BALANCING BY USING THE CABLE AND PULLEY ARRANGEMENT

The adding of the cable and pulley allows full compensation of gravity by using non-zero free length
spring. The gravity compensation with non-circular pulleys and springs has also been examined. After
preliminary verification of the design methodology for a single pendulum system, the weight compen-
sation mechanism has been extended to the two degrees of freedom parallel five-bar linkage arm. It has
been shown that the introduction of the weight compensation mechanism reduces the maximum static
torque up to 50-80%. The spiral pulley with spring are already succefully used.

It should be mentioned that the several error sources in the practical implementations decrease the effi-
ciency of the gravity compensation with springs and pulleys. Errors are mainly caused by the non-line-
arity of the springs due to the manufacturing tolerance. Often the nominal values of the calculated
springs are different to the real values. Therefore, the values of springs” stiffness must be adjusted.
Another error source is the radius of the pulleys.

2.3. BALANCING BY USING AUXILIARY MECHANICAL SYSTEMS

The auxiliary mechanisms have the same effect that the cables and the pulleys. In most cases, they allow
the gravity compensation by using non-zero free length springs. The advantage of the adding of an
auxiliary mechanism consist also in increase of free parameters of the system which allows one optimize
the gravity compensation by applying the linkage synthesis methods. The known solutions can be ar-
ranged into three sub-groups: i) Balancing by using an auxiliary linkage that can be un four-bar, slider-
crank or coulisse mechanism, the pantograph is also has been applied as an supplementary system. ii)
Balancing by using a cam mechanism. In this case, by using the conservation of energy and balance
conditions, the optimal profiles of cams can be found in order to compensate the gravity of links or a
payload. iii) Balancing by using gear trains.

1. GRAVITY COMPENSATION BY USING AUXILIARY ACTUATORS

In this case, a pneumatic or hydraulic cylinder is connected with manipulator links or directly with the
moving platform. There are also some approaches based on counterweights, which are fluid reservoirs
connected with an auxiliary actuator. Continuous gravity compensation is achieved by the pumping of
the fluid from the first reservoir-counterweight to the second. Electromagnetic effects were also used.
The gravity compensation of spatial parallel architectures is a complicated problem because it can be
achieved either by unavoidable increase of the total mass of moving links or by a considerably compli-
cated design of the initial parallel mechanism. It seems that an optimal approach is to combine an aux-
iliary linkage with pneumatic or hydraulic cylinders. An illustrative example of such a system developed
at the INSA of Rennes (Baradat et al., 2008), is shown in Fig. 1. The suggested approach involves
connecting an auxiliary mechanism to the initial structure, which generates a vertical force applied to
the manipulator platform. The minimization of the input torques was carried out by constant and variable
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forces for static and dynamic modes of operation. It was shown that a significant reduction in input
torques can be achieved by the suggested balancing mechanism: the reduction of the root-mean-square
value of the input torque due to the gravitational forces is 99.5% and the maximum value is 92%.

~ Rod of the
~ power
cylinder

Delta robot iFM‘

Fig. 1. CAD model and prototype of the balancing mechanism implemented in the structure of the
Delta robot.

The positioning errors of the unbalanced and balanced parallel manipulators have been provided. It was
shown that the elastic deformations of the manipulator structure due to the payload, change the altitude
and the inclination of the platform. A significant reduction in these errors has been achieved by using
the balancing mechanism (from 86.8% to 97.5%). The theoretical results obtained by numerical simu-
lations were confirmed by experimental study carried out by means of the developed prototype.
It should be noted that the gravity compensation for the manipulators in which the vertical motion is
decoupled from other Cartesian degrees of freedom has also been studied. In the latter situation, only
one degree of freedom needs to be gravity compensated in order to eliminate actuator torque due to the
weight of the moving parts and the payload. The specificity of this technique it is easy to see on the
example of the PAMINSA manipulator developed at the INSA of Rennes. An energetic analysis shows
that the gravity work of a body moving in the horizontal plane is equal to zero (the gravitational forces
are always perpendicular to the displacements). But the work of the same force moving along the vertical
axis is other than zero (the gravitational forces are parallel to the displacements). This phenomenon is
used in the design of the hand operated manipulators, in which the horizontal displacements of the pay-
load are carried out manually and the vertical displacements are actuated. This principle is also applied
in the design of the parallel manipulators called PAMINSA (Parallel Manipulator of the INSA) (Briot
et al., 2009).
Let us consider the mechanical architecture of this manipulators. The aim was to develop a parallel
architecture in which displacements of the platform in the horizontal plane are independent of its vertical
displacements. For this purpose, the pantograph linkage is used as a leg. The pantograph is a mechanical
system with two input points Ai and Bi and one output point C; (Fig. 2a). These input points linearly
control the displacement of the output point C;. Thus, one linear actuator connected with input point B;
can control the vertical displacement of the output point C; and one other linear actuator with horizontal
axis is able to control its horizontal displacements. Please note that these motions are completely decou-
pled, i.e. they can be carried out independently.
Now let us connect three Scheiner pantograph linkages with the base and the platform as shown in Fig.
2b. In the obtained structure, one vertical actuator My controls the vertical displacement of point B; of
the pantograph linkages, resulting in the vertical displacement of joints C; of the moving platform. The
generation of motion in the horizontal plane is achieved by the actuators M1, M> and M3 moving the
input joints A;.
Among the obvious advantages of the suggested manipulator architecture, we would like to note the
following:
(i) the decoupling of the control powers into two parts, making it possible to raise an important payload
to a fixed altitude with powerful actuators and then to displace it on the horizontal plane with less
powerful actuators;
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(ii) a great accuracy in the horizontal positioning because the payload can be locked in the horizontal
plane using mechanical architecture of the manipulator (in other words, if the position of the vertical
actuator is fixed, the altitude of the platform cannot change);

(iii) the cancellation of the loads of gravity on the rotating actuators which displace the platform in the
horizontal plane;

(iv) the simplification of the vertical control which is based on linear input/output relationships.

Control

N

Fig. 3. The prototype of PAMINSA developed at the I.N.S.A. of Rennes.

The design concept has been validated via experimental tests carried out on the prototype (Fig. 3). The
curves with and without payload (200N) for the 3 rotating actuators have been superposed. It has been
shown that they are similar. Regarding the vertical actuator, it supports the payload and the increase of
the input force is significant.

Workers in industries such as manufacturing and assembly, frequently manipulate heavy objects. How-
ever, manual processing is often repetitive and becomes tedious, it reduces efficiency and leads to back
pains, injuries and musculoskeletal disorders. It is obvious that traditional robot installations can offer
several benefits compared to manual operation: improved repeatability, increased precision and speed.
However, industrial robots still have many weaknesses compared to humans. For example, currently
industrial robots have a limited ability to perceive their surroundings, which requires costly safety ar-
rangements in order to avoid serious injury. These safety arrangements are particularly important and
costly when working with installations of large and powerful industrial robots. It is obvious that serial
robots have a poor payload-to-weight ratio. For a six-degrees-of-freedom general-type serial robot, it is
less than 0.15. For example, a robotic arm handling an object of 50kg must have a weight of at least
350 kg. The purchase, installation and operation of such a robot are quite expensive. In addition, the
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heaviness of the robot and of the payload complicates the dynamics of the system, making it difficult to
move accurately and quickly. This becomes especially noticeable during assembly processes, when
heavy parts must be installed on a surface with guiding pins. In such a case, the robotic arm has to move
smoothly and any sudden movement may damage the mechanical surface of the part.

Such a task is not easy to achieve. Thus,
autonomous manipulation does not al-
ways provide expected reliability and
flexibility. Balancer — robot systems
Hand-operated balanced such as power assist robotic systems

| manipulator (HOBM) may be perfectly used for heavy object
———w—— manipulation. The combination of mo-

S —— tion programming of a lightweight ro-

bot and simplicity of a hand-operated
balanced manipulator (HOBM) may
make the system far better than the ap-
plication of an individual robot arm.
Detailed descriptions of gravity com-
pensation methods can be found in the
Fig. 4. Coupled «Balancer-lightweight robot» system. monography (Arakelian & Briot, 2015).

CONCLUSIONS

Despite its ancient history, gravity compensation methods continue to develop and new approaches and
solutions are constantly being reported. It seems promising the development of new gravity compensa-
tion solutions for the exoskeletons, rehabilitation devices and walking assist devices. The use of active
and passive actuations allows a significant reduction of the size and weight of walking assist devices
with bodyweight support. However, the several error sources in the practical implementations decrease
the efficiency of the gravity compensation in robotics systems. Errors are mainly caused by the non-
linearity of the springs due to the manufacturing tolerance. Often the nominal values of the calculated
springs are different to the real values. Other error sources are the manufacturing tolerances of equili-
brator’s links, their stiffness and clearance in joints. In the case of auxiliary linkages, the balancing is
carried out for discrete positions due to the non-linearity of transmission characteristics, which leads to
an approximate balancing.
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Abstract

Modern automobiles are equipped with advanced braking systems and auxiliary safety systems, yet
there is an opinion that the braking distance and time considerably increase if increasing the weight of
the automobile, e.g. reaching the gross weight. The research performed tests on automobiles of three
different size classes: small, medium and large, determining the key parameters — time, distance and
deceleration — for braking from a speed of 50 km h™. The automobiles were road tested by loading
them up with the driver or the driver and a load that increased the weights of the automobiles almost
to their gross weights. The tests found that for the automobiles with a load, the braking time increased
on average by 5.12% and the braking distance increased by 5.9%, while the braking deceleration,
compared with no-load driving, decreased by 4.94%.

Key words: braking time; braking distance; braking deceleration; road surface.

INTRODUCTION
Driving safety depends on the braking parameters of the automobile. Braking is the capability of the
automobile to decelerate fast and come to a complete stop within a minimum distance. When braking,
the kinetic energy of the automobile transforms into thermal energy in the braking mechanisms and in
the tyres’ contact area with the road surface.
The key braking parameters of the automobile are braking force and deceleration, yet in practice most-
ly braking time and distance are used. The adhesion parameters of the automobile could be changed,
e.g. by driving the automobile on diverse road surfaces and equipping it with new tyres with good
tread as well as by varying the weight of the automobile, e.g. driving it loaded or unloaded.
If the automobile is loaded, the distribution of load on the axes, the height of the centre of mass and
the area of tyre contact with the road surface could change. In accordance with physics laws, the brake
factor does not change if varying the load on the tyre.
The adhesion of the tyre to the road surface is characterised by the coefficient of adhesion, which
varies, depending on the kind of road surface. Friction is important if driving on a hard surface road,
yet ground resistance to shear is important if driving on a deformable surface road. If driving on a wet
hard surface road, the movement of tyres cause hydrodynamic pressure on the water. At high speeds,
tyres with a small tread depth could lead to aquaplaning — the tyres lose contact with the road
surface (Wong, 2008).
As the load on the automobile changes, the area of tyre contact with the road changes as well.
At a constant weight of the automobile, the area of tyre contact with the road can change if tyre pres-
sure changes (Effects of, 2011). A change in the area of tyre contact could affect braking distance.
According to research investigations done by Slovakian researchers, a 20% lower tyre pressure than
that recommended by the tyre manufacturer slightly decreases braking distance. A 20% higher tyre
pressure increases braking distance by 15% (Rievaj, et al., 2013). Varying the load of an automobile
requires for some automobile models to change the tyre pressure. As the load on the tyre increases, the
area of tyre contact with the road also increases, which could change the adhesion parameters of the
tyre. Other research investigations that have analysed the effect of change in tyre pressure on braking
stated that lower tyre pressure increased braking distance if braking in a linear motion, making no
manoeuvre or braking in a curvilinear motion (Parczewski, 2013).
Increasing the load on the automobile, the following other characteristics change:

v"load on springs and automobile ground clearance;

v height of the centre of mass;
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v' distribution of load on the axles;

v wheel radius and the area of tyre contact with the road surface (Berjoza, 2008; Wong, 2008).
Danish researchers conducted a number of braking tests involving 22 drivers. The tests involved 16
nonprofessional drivers and 6 professional ones. The braking was done from speeds of 80, 110 and
130 km h. The braking parameters were registered electronically (Greibe, 2007). The braking was
done on an asphalt road with the coefficient of adhesion ranging from 0.4 to 0.8 (dry and wet road
surfaces).

To register braking operations, the automobiles were equipped with a fifth wheel for taking measure-
ments, a pressure sensor was installed on the brake pedal and a computer was used for collecting and
saving the data. The fifth wheel was attached to the automobiles’ tow hooks and pressed to the road
surface by means of a hydraulic system. The measurements were taken every 0.1 m distance (Greibe,
2007). The speed and the deceleration were computed based on time measurement. The pressure force
gauge installed on the brake pedal had an accuracy of 0.15 kg. Two automobiles — a Fiat Grande Punto
and an Opel Vectra — were used in the braking tests (Greibe, 2007).

Both automobiles were equipped with an ABS and a manual transmission. The initial tread depth of
tyres was 7-8 mm. The professional drivers achieved, on average, a 15-20% shorter braking distance
than the nonprofessional drivers did. The dispersion of test replication data was found lower for the
professional drivers than the nonprofessional ones. An analysis of the force applied to the brake pedal
revealed that at the initial stage, the professional drivers applied even a two-fold larger force than the
nonprofessional drivers did, which resulted in a shorter braking distance.

Some scientists have tested automobiles with and without a load (Roos, Zimmermann, 2004). One test
driver was involved in all the braking tests. The tests were done by using three diverse automobiles,
with a 400 kg load as well as without a load. The braking tests were done on dry and wet roads, with
initial speeds before braking at 70, 100 and 130 km h'l. Two automobiles with a load had a longer
braking distance. The increase in braking distance was estimated at 4%, while the deceleration was 0.5
m s?2 slower. Varying the load, no difference in braking distance was found for the third
automobile (Roos & Zimmermann, 2004).

There have been some experimental investigations into braking under various braking regimes. The
deceleration of automobiles without an ABS ranged from 6.9 to 7.8 ms?. With an ABS, the decelera-
tion was in the range of 8.0-8.8 ms?. A trend was observed — the deceleration of automobiles without
an ABS tended to decrease if increasing the initial speed before braking, whereas that of automobiles
with an ABS tended to increase if increasing it. The experimental investigations also analysed braking
force increase time, which was two times shorter for automobiles with an ABS than
without (Sokolovskij, 2005).

Road testing trucks revealed that a correctly position load on the truck deck was important in braking.
In N2 category vehicles, a load could be placed in four different positions. Braking an automobile
from a speed of 65 kmh, the deceleration was in the range of 5.18-5.89 ms2. The shortest braking
distance, 29.91 m, was achieved when the load was positioned on the rear axle. In this case, the brak-
ing time was 3.36 s (Skrucany, et al., 2017).

USA researchers tested 10 various automobiles, varying the weights of the automobiles (National,
2003). All the automobiles, including trucks, pickup trucks and a four-wheel drive automobile were
manufactured in the USA. The test registered braking distances on dry and wet roads from an initial
speed of 100 km h. On a dry road, a loaded automobile had a 5-8% longer braking distance than
an automobile without a load. On a wet road, the difference in braking distance was larger, in the
range of 10-15% (National, 2003).

Automobile users are of the opinion that a heavier load — near the gross weight level — considerably
increases braking time and distance. Accordingly, the research aim is to identify the effect of the
weight of an automobile on the braking parameters.

MATERIALS AND METHODS

The authors carried out the experiment on three automobiles: a Renault Traffic, a Volvo V70
and a Renault Clio Il. The experimental automobiles were equipped with summer tyres with a tread
depth in the range of 4-7 mm. The tyre pressure was set as recommended for the weight. All the auto-
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mobiles had an ABS and a ventilated disc brake in the front axle. Only the Renault Clio Il had a drum
brake in the rear axle. The characteristics of the experimental automobiles are presented in Tab. 1.

Tab. 1 Characteristics of the experimental automobiles
Automobile make and model

No  Characteristics Renault Traffic Il Volvo V70 Rer_1au|t
Clio ll

1 Manufacture year 2007 2001 2002

2 Kerb weight, kg 1957 1605 1035

3 Gross weight, kg 2835 2100 1515

4 Tyre size 195/65R16 195/65R15 175/65R14

During the experiment, the tyre pressure was adjusted according to the load.

The experiment employed a scientific radar Stalker ATS. The technical characteristics of the radar
were as follows: speed accuracy: =+ 1.609 km h'; measuring speed range: 1-480 km h; time
accuracy: 0.01 s; and maximum measuring distance: 1.80 km. A digital calliper Insize 1112 was em-
ployed to measure the depth of tyre tread. A GPS logger Holux GPS Sport 245 was used to accurately
control the speed of the automobiles during the experiment. A brake and shock absorber diagnostic
device VT1200 was used to weigh the automobiles; its resolution was 1 kg.

The present research aimed to identify the braking distance and time and compute the deceleration.
The automobiles were not equipped with specific auxiliary equipment for measuring the driver’s
response time and the brake effect increase time.

The experiment was conducted on a road section with low traffic. The asphalt road was dry, with the
coefficient of adhesion ¢=0.75. The air temperature was in the range of +10-15°C. During the experi-
ment, the wind speed did not exceed 2-3 m s. A scheme of the experiment is shown in Fig. 1.

Acceleration zone 1 - Braking zone i, Acceleration zone 2
1 6 5 —O
s @ 4 e 2
200-250 3 @D |30-40 L 200-250 ‘
€ 0 > 100 -

I" o

Fig. 1 Scheme of the experiment:
1 — automobile moves away from the radar; 2 — automobile moves towards the radar; 3 — operator’s
work zone; 4 — scientific radar Stalker; 5 and 6 — start of braking; 7 and 8 — start of acceleration

The measurements were taken in both directions. The acceleration was started either at start point 7 or
at start point 8. The experiment was done in both directions to take into account the effects of wind
and the road slope. Accelerating from start point 8, the radar operator turned on the radar when the
automobile passed by the radar and started braking about 30-40 m behind the radar. The braking was
started at a speed of 55+3 km ht. Afterwards, the automobile was turned around and the acceleration
was started at start point 7. When the automobile reached a speed of more than 60 km h, the driver
signalled by headlights the moment when to activate the radar. The braking was started at a distance of
approximately 80-100 m from the radar. The radar was stopped when the automobile came to a com-
plete stop. The measurements were repeated 6-8 times, and five most accurate measurements were
selected for data processing. All the measurements were taken with the engine disengaged and the
gear-shift lever put in the neutral position.

The experiment was begun with the automobiles being loaded. Tractor counterweights were used as
the load for the automobiles. The counterweights were fastened inside the automobiles so that they
could not change their positions when braking. The counterweights were placed in the interiors
in a way to simulate passengers — 80 kg per seat.
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After the experiment, the radar data files were processed and readings were taken. Stalker ATS
software was used to take the readings. A screenshot of the monitor for the braking zone is presented
in Fig. 2. The screenshot shows two test replications carried out towards the radar (shorter distance)
and two replications done away from the radar (longer distance).
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Fig. 2 Screenshot of a radar software chart v=f(s) for a loaded Renault Traffic during braking

The radar software can read the coordinates of points on the chart. Since the braking was not started
exactly at a speed of 50 km h, it was necessary to find a point being in the closest position to the ini-
tial speed. At this speed, the start time of braking was determined (since the moment the radar was
activated). Afterwards, the finish time of braking was determined. The period of braking was comput-
ed by the equation (1)

t =t,—t, €

where t;- start time of braking (s), t- finish time of braking (s).

Using a chart, the data for braking distances were acquired in a similar way. The braking distances
were computed by the equation (2)

S, =S,-5 )
where s;- start of braking (m), s,- finish of braking (m).
The average braking acceleration was computed by the equation (3)

.V, -V
o="—" (3)
t
where vi- start speed of braking (m s?), v,- finish speed of braking (m s?), t.- period of braking (s).

T

RESULTS AND DISCUSSION
The automobiles were weighed before the experiment. The data for the automobiles with no load are
shown in Tab. 2.

Tab. 2 Distribution of the weights of the automobiles with no load and driver

Weight of automobile

No Automobile Frontaxle Rear axle Kerb weight, k -
g 9 no load, kg  with load kg
1 Renault Traffic 1130 774 1904 1989 2779
2 Renault Clio 1l 667 398 1075 1160 1515
3 Volvo V70 826 774 1600 1685 2080
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Before the experiment, the force of braking was measured on a roll test bench. The measurements are
presented in Tab. 3.

Tab. 3 Force of braking measured on a roll test bench for the automobiles
Force of braking, kN

Automobile Front left wheel  Front right wheel  Rear left wheel Rear right wheel
Renault Traffic 3.30 3.65 2.07 1.93
Volvo V70 2.47 2.14 2.26 2.82
Renault Clio 11 1.58 1.72 1.00 1.13

The experimental results for all tested cars with and without a load are presented in a graph in Fig. 3.,
Fig. 4. and Fig. 5.

In all the cases, the Renault Traffic, Volvo V70 and Renault Clio performed better without a load than
with a load, yet the differences were insignificant. The Renault Traffic braking time with a load was
0.02 s or 1.15% longer than that without a load. The Volvo V70 braking time with a load was 0.11 s or
6.83% longer than that without a load. The braking time for Renault Clio with a load was 0.12 s or
7.36% longer than that without a load.

Without a load, the Volvo V70 had the shortest braking time, 1.61 s, whereas the Renault Traffic had
the longest braking time. The Renault Clio 11 had only a slightly longer braking time. With a load, the
braking times for all the automobiles were quite similar, in the range of 1.72-1.76 s. Comparing the
braking times measured with and without a load, the largest difference was found for the Renault Clio
Il that had a drum brake in the rear axle. The smallest differences were found for the Renault Traffic.
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Fig. 3 Comparison of braking times for the experimental automobiles

The braking distances are presented in Fig. 4. Braking distance is one of the most important parame-
ters pertaining to driving safety. The Renault Traffic braking distance with a load was 0.30 m or
2.46% longer than that without a load, but for Volvo V70 the braking distance with a load was 1.06 m
or 9% longer than that without a load. The Renault Clio braking distance with a load was 0.73 m or
6.25% longer than that without a load Without a load, the Renault Clio 1l had the shortest braking
distance — 11.68 m. With a load, the Renault Clio Il also performed the best — 12.41 m. Performing a
comparison of the braking distances with and without a load, the largest difference was found for the
Volvo V70, whereas the smallest one — for the Renault Traffic.
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Fig. 5 presents data on braking decelerations for all the experimental automobiles. The braking decel-
eration for Renault Traffic with a load was 0.1 m s or 1.25% slower than that without a load, but for
Volvo V70 the braking deceleration with a load was 0.51 m s or 5.99% slower than that without a
load. The braking deceleration for Renault Clio with a load was 0.65 m s or 7.59% slower than that
without a load. The Volvo V70 had the fastest deceleration, 8.6 m s, and the lighter Renault Clio 11
had almost the same deceleration, 8.57 m s?, regardless of its simpler rear brake system. With a load,
however, the Renault Clio 1l had a considerably slower deceleration and almost reached that of the
Renault Traffic (7.92 and 7.91, respectively).
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Fig. 5 Comparison of braking distances for the experimental automobiles
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The small differences of parameters for Renault Traffic could be explained by the fact that the auto-
mobile was in good condition and intended for carrying loads as well. The automobile was initially
designed as a freight van, and later it was industrially redesigned into a passenger automobile.

The larger differences of Volvo V70 parameters could be explained by corrosion on rear brake discs.
However, the automobile performed the best in terms of force of braking (Table 3).

The decelerations identified in the experiment were similar to those established in investigations by
other authors — in the range of 7.91-8.6 m s? for automobiles with an ABS (Sokolovskij, 2017). An
analysis of average braking parameters for all the automobiles tested revealed that the differences in
braking time, distance and deceleration between loaded and non-loaded automobiles were 1-2% less
than those reported by other authors (National, 2003).

CONCLUSIONS

1. The research designed and approbated an experimental methodology for identifying braking
parameters by use of a scientific radar Stalker ATS.

2. The braking systems of all the experimental automobiles were in good technical condition be-
cause the differences in force of braking among the wheels were less than 19.8%.

3. The braking distance of the Renault Traffic was only 2.46% longer with a load than without.
The braking time was 1.15% longer, while the deceleration was 1.25% slower. Among all the
automobiles, the Renault Traffic performed the best, which could be explained by the appro-
priateness of it for transporting large loads.

4. The Volvo V70 had a 0.11 s or 6.83% longer braking time, a 9% longer braking distance and a
5.99% slower braking deceleration with a load than without.

5. The Renault Clio 1l had a 7.36% longer braking time, a 6.25% longer braking distance and a
7.59% slower braking deceleration with a load than without.

6. All the experimental automobiles had, on average, a 5.12% longer braking time, a 5.9% longer
braking distance and a 4.94% slower braking deceleration with a load than without. Overall,
the changes in braking parameters were relatively small.

7. The experiment demonstrated that without a load, the Renault Clio Il had the shortest braking
distance — 11.68 m, whereas the Renault Traffic had the longest one — 12.19 m. With a load,
the Renault Clio Il had the shortest braking distance — 12.41 m, whereas the Volvo V70 had
the longest braking distance, 12.83 m.

8. Braking a fully loaded automobile on high-adhesion roads requires applying more force to the

brake pedal than necessary for an automobile without a load. This aspect causes a false im-
pression that it takes a longer braking distance and time for the automobile to stop, yet the ex-
periment demonstrated that not a single braking parameter deviated by more 6%.
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Abstract

The main aim of this research is creation of thermal model for photovoltaic module which is usable in
real climatic conditions with localization in Central Europe region. The measuring system for
temperature measurement of the photovoltaic module was designed and built at Department of
Physics Slovak University of Agriculture in Nitra. Climate characteristics were measured by weather
station. The measurements were done during the summer on photovoltaic module. From obtained
results is clear that the response of the module temperature is dynamic with irradiance changes,
particularly during periods of irradiance fluctuating. Based on the previous facts were made
mathematical descriptions of obtained time-temperature and time-irradiance relations. For every
graphical relation was obtained polynomial function of the second degree with relatively high
coefficients of determination. Temperature model of photovoltaic module was obtained after
application of fitting procedure to real dependencies and correlation analysis.

Key words: external factor; relation; solar system; energy.

INTRODUCTION

Solar energy can be directly converted into electrical energy by photovoltaic cells. Photovoltaic have a
lot of applications. These applications described author’s (Olejar et al., 2015, Mili¢evié et al., 2012).
The usage of PV system depends on many factors as: solar radiation, ambient temperature, wind
speed, material of PV module, composition and mounting structure. Mentioned factors were described
by the authors (Amstrong & Hurley , 2010; Bilcik & Bozikovd, 2018; Malinek et al., 2018; Libra et
al., 2017). The temperature of PV module especially the temperature of PV cells is important
parameter for assessing the long term performance of PV system and its energy production.
The authors (Amstrong & Hurley, 2010; Jones & Underwood, 2001) reported that PV module
efficiency strongly depends on its cells operating temperature. The increasing cell’s temperature has
negative influence on the electric power production of PV module (Duffie & Beckman, 1980; Schott,
1985, Servant, 1985; Cviklovic & Olejar, 2013). However, in real operating conditions, the
temperature measurement of a photovoltaic cell is relatively difficult, so it is more appropriate to
measure the surface temperature of PV module active and passive parts. Based on presented facts the
main aim of this research was to identify real time-temperature dependencies of the polycrystalline PV
module different parts. The next aim of this work is creating the simplified mathematical model for
temperature and solar radiation which could be used for prediction operational parameters of PV
module. For these measurements was designed and created fully autonomous measuring system with
24 temperature sensors. The measurements were performed on the photovoltaic system, which is
located in area of CULS in Czech Republic. The climate parameters were measured by weather station
which was located near the PV system.

MATERIALS AND METHODS

For temperature measurement was designed and constructed the measuring system (Fig.1).
The measuring system contains these components: 24 temperature sensors with accuracy + 0.75 %,
control module, communication module, measuring module (B&R, Austria), It works fully
automatically. The control software of the measuring system was programmed in Automation Studio.
The position of the temperature sensors was chosen according to the temperature changes of the PV
module different parts. The temperature changes were detected by the thermovision using the
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termocamera Fluke TiR1 (Fluke, USA) (Fig. 2).

L

Fig. 1 Measuring system

This weather station measures quantity as: ambient temperature, humidity, air pressure, rainfall, wind
velocity, wind direction and global solar radiation. Ambient temperature was measured by sensor
HMP45C with accuracy + 0.5 °C (Vaisala, Inc., Germany). The intensity of solar radiation was
detected by pyranometer CM11 with accuracy < 10 W-m (Kipp & Zonen, Holland).

~59.0

~23.0

Fig. 2 Identification of temperature changes by termocamera Fluke TiR1

The measurements were performed on the polycrystalline PV module (Yingli Solar, China).
The technical parameters of this PV module are presented in Tab. 1. The efficiency of the
polycrystalline PV module was 14 %.

Tab. 1 Technical parameters of PV module

Module type YL230P-29b

Rated maximum power 230 W

Rated voltage 295V

Rated current 78A

Size 1590 mm x 990 mm x 45 mm

RESULTS AND DISCUSSION

At the first were detected the temperature changes by the thermocamera (Fig. 2). These measurements
identified differences between upside and downside temperatures of PV module, so the temperatures
were measured on the upside parts of PV module and also on downside of PV module. The results of
experiments are presented as graphical dependencies. Especially, the time-temperature relations and
the relations of global solar radiation intensity in the same time range were identified. The temperature
was measured of PV module active part, no active white part of PV module and also in the frame of
PV module. The graphical relation on Fig. 3 represents a certain deviation from the expected trend of
temperature, which is known from the theoretical models presented in literature (Amstrong & Hurley,
2010; Jones & Underwood, 2001; Duffie & Beckman, 1980; Schott, 1985; Servant, 1985).
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Fig. 3 The time-temperature dependencies of PV module different parts and ambient temperature —
real curves

The fitting procedure was applied on the graphical dependences, because from the mathematical point
of view it was necessary to smooth out extreme parts of the time-temperature graphical dependences.

It eliminates extremes of graphical dependencies which did not correspond to the assumed trend of the
graphs.
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Fig. 4 The time-temperature dependencies of PV module different parts and ambient temperature after
fitting procedure and regression analysis

The next step of graphical dependencies processing was regression analysis. The regression analysis
allowed the selection of the most appropriate graphical dependence. Based on the descriptive
characteristics (coefficients of regression equation, coefficients of determination etc.) of graphical
dependencies were selected in all cases the second degree polynomial functions, which are represented
by the regression equation (1).

T=At?+Bt+C (1)

Where T — is the temperature of PV module part, t — is time. Coefficients of the regression equation
and coefficients of determinations are presented in Tab. 2. In our case was obtained polynomial
function for time-temperature relations, but in literature (Amstrong & Hurley, 2010; Jones &
Underwood, 2001; Duffie & Beckman, 1980; Schott, 1985; Servant, 1985). are presented mainly
linear or exponential graphical dependencies.
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Tab. 2 Table of statistical coefficients for time-temperature relations
Coefficients Coefficient

Part of PV Degree of
module A B c q qf . of . cor?elation
eterminations correlation
PV cells -1035.7 1101.4 -240.06 0.97 0.34 mild
Frame -642.8  699.13 -149.84 0.97 0.7 high
White part  -814.68 865.29 -181.27 0.98 0.32 mild

The next part of this research was identifying the influence of the ambient temperature on the
temperature of different parts of PV module, so there was performed correlation analysis on all
graphical dependencies. The results of correlation analysis are presented in Tab. 2 as coefficients of
correlations and degree of correlation. The correlation coefficients were found in the range from 0.32
to 0.7. Especially, the correlation coefficient of 0.34 was found for correlation between the ambient
temperature and the temperature of the PV cells, which means middle degree of correlation. The
temperature of the PV module frame and ambient temperature correlate on the high degree with a
correlation coefficient 0.7 and for the correlation between the temperature of PV module and white
area was identified a mild correlation degree with correlation coefficient 0.32. Based on presented
results is clear the influence of ambient temperature on the temperature of individual parts of the PV
module. This result is new because all known mathematical models presented in literature (Amstrong
& Hurley, 2010; Jones & Underwood, 2001; Duffie & Beckman, 1980; Schott, 1985; Servant, 1985).
assume the constant temperature of all PV module parts which is contrary to the results obtained under
real conditions. In the next part of results are presented the time-temperature and solar radiation
dependencies. Fig. 6 shows the fluctuations in the intensity of sunshine due to cloudiness change.
These fluctuations also affected temperature of PV cells. These extremes were inappropriate for
creating of a mathematical model, so fitting procedure was applied.
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Fig. 5 The time-temperature and solar radiation dependencies — real curves

After fitting procedure were created graphs with smooth curves (Fig. 7.) and by using of regression
analysis were chosen model regression equations. The model relations can be described by the
polynomial function of second degree (Equation 2).

[=Et>?+Ft+G (2)

Where | — is the solar radiation, t — is the time. Tab. 3 presents the coefficients of this regression
equation and the coefficients of determinations. Determination coefficients are relatively very high,
they are from range R? = (0.8 — 0.92). The polynomial function of second degree was chosen correctly,
not only from the mathematical point of view, but also from the physical theoretical point of view. It
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predicts the polynomial progress of temperature relation during the culmination of the sun's intensity.

Tab. 3 Table of statistical coefficients for time relations of solar radiation
Coefficients Coefficient

Part of PV Degree of
module E F G Qf . of . correlation
determinations correlation
PV cells -844.75 909.13 -192.33 0.8 0.8 high
Frame -590.66 645.21 -135.68 0.92 0.89 high
White part -542.29 57758 -105.98 0.82 0.69 high
60 450
L 400 =
>3 A 350 E
o ‘/‘»/’_m\ 300 =
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Fig. 6 The time-temperature dependencies of PV module different parts and solar radiation after fitting
procedure and regression analysis

A basic correlation analysis was performed for evaluation of graphical dependencies as in previous
cases. The correlation between the temperature of PV module different parts and the solar radiation
intensity was high with correlation coefficients in range (0.69 - 0.89). The results of the measurement
and statistical evaluation of the measured data confirmed from the literature well-known fact, that the
intensity of solar radiation most significantly affects the temperature of the PV module.

Tm=Ty+ aGr(1+ BT — yvy)(1 —1.0537n,) (3)

The Equation (3) presents temperature model by (Servant, 1985) and Equation (6) present temperature
model by (Schott, 1985). The models for PV module temperature T, contain physical quantities as
ambient temperature Ta , global solar radiation Gr, module electrical efficiency #. and constant wind
velocity vy, with value 1 m-s™. The parameters in Equations (3) and (6) have values o = 0.0138, S =
0.031, y = 0.042 and a, b (Eq. 4, 5) are coefficients of empirical functions of PV and ground
emissivities epv, &g and a cloudiness factor, &c.

a = 208epy + 297.14¢, — 594.3¢, ()]

b = 6epy + &4 — 2¢4 (5)
(a=nc).Gr+(a+bTq)

Tn=Ta+ - 1]17.8:2.1(117‘4, (6)

Equations (3) and (6) predict temperature of PV module with the linear trend. From presented results
is clear that there is high correlation between the intensity of solar radiation and temperature of PV
module different parts. From the physical theory is known fact that the culmination of sun intensity
has polynomial trend too. It was the main reason for usage the polynomial functions of second degree.
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CONCLUSIONS

Results obtained by PV module temperature measurements and measurements of solar radiation
intensity confirmed that the reaction of PV module temperature is dynamic in real conditions. This fact
is clear for periods where are detected changes of solar radiation intensity which were affected by the
cloudiness. The next result is that temperature changes of PV module different parts can be
characterized by polynomial function of the second degree. This result was determined by regression
analysis of experimental data and by application of the fitting procedure. The significant influence of
solar radiation intensity and partial influence of ambient temperature to temperature of polycrystalline
PV module was confirmed by correlation analysis. From results is evident, that the temperature of PV
module depends on the material of PV module components. The obtained results are in good
agreement with the literature (Amstrong & Hurley, 2010; Jones & Underwood, 2001; Duffie &
Beckman, 1980).
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THERMAL ANALYSIS OF POTATO AND CARROT TISSUES AFTER
PROCESSING BY PULSED ELECTRIC FIELD
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Abstract

The article is focused on DiElectric thermal analysis of potato and carrot tissues during heating from
30 to 90 °C with possible application of pulsed electric field. Our results show that the temperature
scale can be divided into subcritical, critical (70-80 °C) and supercritical parts. Big changes are de-
tected in the critical stage and there are combined with destruction role of the electric field. Destruction
role of high temperature and electric field is resulted by the capacity changes in the supercritical
change. The observed destruction is higher in potato. This difference can be caused by a destruction
role of swelling potato starch.

Key words: dielectric; thermal analysis; model; resistance; capacitance.

INTRODUCTION

The main part of a cooking process used to bring the product texture to such a state that is savoury to a
consumer. Recently, the combination of the thermal processing with the application of electric pulses
(PEF — pulse electric field: application of short electric pulses of high potential) has been proposed for
this purpose (Blahovec, Lebovka, & Vorobiev 2017). Previously, it was known that the application of an
external pulsing electric field (Tsong & Su, 1999; De Vito et al., 2008; Vorobiev & Lebovka, 2010) can
damage the integrity of cellular membranes. The disintegration effect of the PEF application to a cellular
product is determined by parameters of the pulse procedure, by temperature of the thermal processing
and also by the time schedule (Asavasanti, Stroeve, Barrett, Jernstedt, & Ristenpart, 2012) of the whole
process that is termed pulse protocol.

The important role of temperature as an external parameter for living matter is generally known and
there is used as a fundamental technological parameter in cooking of most biological products. There is
still lack of information about details of the parallel processes taking place in living cells and tissues
during heating (Vilgis, 2015). The indirect methods has to be used in this cases, in which only some
characteristic states are indicated. For such purposes the methods of thermal analysis (Haines, 2002)
were developed, provided that specimens’ drying due to increasing temperature is prevented (Blahovec,
Lahodova, & Zamecnik, 2012; Xu, & Li, 2014). The combination of electric pulses and simple heating
procedures could form a new way of processing in the culinary area and cooking technology. Any re-
duction of heating in food processing is a source of energy conservation and reduction of food compo-
nents losses. This is important mainly in fruits and vegetables where heating is followed by losses of
vitamins and other unstable important nutrients. Combination of two experimental technics: DMA —
Dynamic Mechanical Analysis and DETA — DiElectric Thermal Analysis, see Haines, 2002) was used
in our previous papers (Blahovec & Kouiim, 2019a,b) for studying the changes caused by electric pulses
in potato and carrot. It was found that application of PEF causes nontrivial changes of the tested speci-
mens at temperatures 30-90 °C. Even if some changes can be classified as “additive” to the changes
caused by temperature, the development some of them can be classified as rather strange (see also
Imaizumi, Tanaka, Hamanaka, Sato & Uchino, 2015; Vorobiev & Lebovka, 2010).

The aim of this paper is to include some knowledge into differences in behaviour of potato and carrot
during their heating in DMA and DETA tests (at temperatures 30-100 °C). For this purpose, the data
that were obtained for potato and carrot in two separated research projects in last two years (Blahovec
and Kourim, 2019a,b) were used. In these projects, the same PEF protocols were applied to the
specimens of the same dimensions so that the obtained electrical parameters can be compared

directly.
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MATERIALS AND METHODS

The carrots used (variety Jereda) were cultivated in the university garden (for details see Blahovec &
Kourim, 2019b) and potatoes were produced by Potato Research Institute in Havlickav Brod (Czech
Republic) — see Blahovec & Kourim, 2019a.

Rectangular specimens (5.1 - width x 3.8 - thickness x 35 - length) mm with their long axis parallel to
the root grow direction were cut from the external part of a root (carrot) or the internal parenchyma
(potato) by a knife using special cutting jigs keeping constant the dimensions and the rectangular shape
of the specimens. The following procedures were performed with every specimen: measurement of its
impedance after its fixation to the DMA tester (see further) at temperature 20 °C (the initial specimen
impedance).This measurement gave the initial values of the specimen impedance: real component R
and imaginary component Xo. The DMA instrument was arranged so that the electric properties of the
tested specimen could be continuously measured as a real conductor described by the complex imped-
ance: an RLC meter (Hameg 8118 with voltage 1 V eff, frequency 20 kHz and 3 sampling per minute)
was used for this purpose. The specimen was carefully mechanically fixed in two points so that the
longitudinal axis was perpendicular to the fixing jaws. The free length of the specimen between the jaws
was 10.8 mm. The height of the fixed specimen was appr. 3.8 mm.

One set of the specimens (5 repetitions) was used for a standard DMA/DETA test (Blahovec & Kourim,
2019a); this set was denoted as the basic, shortly b. One of the jaws was fixed and the other was moving
up and down with constant amplitude of 0.5 mm and a frequency of 0.2 Hz in the dynamic cantilever
test. The force necessary for the oscillation was recorded, being the basis for the complex modulus
determination. Every experiment started at 30 °C. The air humidity in the test chamber (90 %,) was kept
constant during the whole experiment. The control of the air humidity in the test chamber was based on
direct humidity measurement by a special hygrometer and water vapour ejection into the chamber. The
temperature scan proceeded up to 90 °C with a rate of 1 K/min.

The results of the DETA test were analysed on temperature plots of the impedance components: real R,
and imaginary X;. Also, in this case, we preferred to present the results of our experiments as relative
results: R = R/Ro, and X = X,/Ro, where Ry is the initial value of the real component of the specimen at
20 °C. This recalculation helps to reduce potential dimensional and surface variations in the prepared
specimens. We used simple electrical model of the tested tissues as a parallel connection of a resistor Re
and a capacitor C giving by the following formulas:

R%+X? -X
R, = X wC =—5—
e R ’ R2+Xx2

where w is the circular frequency of the electric current.

1)

The specimens included in the sets for further testing (5 repetitions in every case) were removed from
the DMA instrument after measurement of the initial impedance (see above) and prepared for PEF load-
ing. It was done in a special equipment between two steel electrodes 2 cm in diameter that were placed
in the central parts of the specimen perpendicularly to their 5.1 x 35 mm? sides. Pulse loadings were
performed using a special equipment: the basic AC sinusoidal signal with a frequency of 20 kHz was
modulated into a nearly rectangular form of 10 ms length and height corresponding to the field intensity
of 500 V/cm into the tested specimen. In this paper we will limit to the case that was denoted in previous
papers (Blahovec and Kouiim, 2019a,b) as e: the set of specimens loaded by two pulses with interval 1
s. Using this information, we determined for every specimen its initial parameter R that plays key role
of the norm for calculation of R and X after pulsing. Specimens included into set e were tested just after
pulsing in the same DMA/DETA combined test as the specimens of the basic test (b).

The results obtained in at least five replications were analysed using the standard laboratory software
Origin®, OriginPro Ver. 7 (OriginLab, Northampton, MA, USA). The data obtained for a specimen set
were unified into a group of data. This group of data was classified according to temperature and ana-
lysed sequentially so that the results of all measurements falling into interval of one centigrade increase
were evaluated statistically and the corresponding mean values and standard deviations were calculated
by a special FORTRAN programme. The applied sampling of data (3 per minute), the rate of heating
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(1K/minute) and 5 repetitions of the measurement led to the final statistics of at least 15 measurement
for one point/K in the analysed temperature scale. For proving statistical hypotheses 95 % level is used.

0.6

Fig. 1 Difference between values
obtained for carrot and the corre-
sponding values for potatoes (tri-
angles mark data for Dali and
rings mark data for Agria). The
bars represent estimation of
standard errors. 1a and 1b: speci-
mens without PEF application, 1c
and 1d: specimens after PEF ap-
plication. 1a and 1c denote Re; 1b
and 1d denote data for capaci-
tance. The marks A, B, and C de-
note respectively subcritical, criti-
cal and supercritical stages in tis-
sue cell wall transformations
(Blahovec & Kourim, 2019a,b).
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RESULTS AND DISCUSSION

We will concentrate to differences that we obtained between the values given by Eqg. (1) for carrot and
potatoes. The resulting data are given in Fig. 1. This figure illustrates either different role of PEF or the
potato variety in the DETA plots. Figure 1 shows that the obtained differences in the basic states (with-
out PEF application) are accompanied by a higher level of statistical error at the resistivity of tissue (Fig.
1a) than at its capacitance (Fig. 1b). In stage A and at the lower temperatures in stage B the dispersion
of the capacitance data for products without application of PEF is so low that we are able to detect
differences in capacitance between different potato varieties: the capacitance of Dali is lower than the
capacitance of Agria. The increasing level of statistical dispersion in stage B causes loss of possibility
to detect any differences between varieties at higher temperatures. Application of PEF to the tested
tissues leads to higher statistical dispersions in the capacitance differences even in the subcritical stage
(Fig. 1d) and it also leads to lack of capacitance differences between different potato varieties. At the
stage B, there is observed a big change of all differences presented in Fig. 1. Whereas in case of re-
sistance these changes lead to reduction of the differences in the absolute values, in case of capacitance
the changes lead to increases of the differences in the positive values. This trend means that in the stage
B the differences between carrot and potato in resistance decrease and the opposite change was observed
for capacitance differences. Both quantities: the resistance and the capacitance in stage C are approxi-
mately constant and of the same value for both potato varieties (see Table 1). But whereas the resistances
of all the tested tissues (carrot and two varieties of potato) are approximately the same in stage C (the
difference in Table 1 is close to zero in all cases), the capacitance of carrot is much higher than capaci-
tance of potato (Table 1 and Fig. 1b,d). The obtained differences in the capacity of carrot comparing to
the potato in stage C indicate that in stage C there still exists some important structural difference be-
tween the potato and carrot structures. This difference cannot have important influence on the tissue
conductivity whereas it should play the important role in the tissue capacity. Under our opinion, the high
difference in capacitance could be caused by the primary cell walls that are destroyed in potatoes in
stage B by the swelling starch, but they still exist in carrot. The primary cell walls in carrot can form
some structure that is responsible for the observed capacitance differences between potato and carrot
(Fig. 1b,c).

The critical stage (B) is typical by destruction of cellular structure, for potato see Imaizumi et al. (2015).
Our previous results on potato and carrot (Blahovec & Kousim, 2019a,b) showed that the model capac-
itance responds in this stage a typical peak that could be reduced by the PEF treatment. The capacitance
differences in Figs. 1b, 1c are without any peak, it means that the peak has the same shape either for
carrot or potatoes, so that the peaks are cancelled by the applied difference operation.

Tab. 1 Mean carrot-potato differences of model parameters in stage C

Product and parameter . b ?
Without PEF With PEF
Dali - Re 0.054 0.020
Agria - Re 0.078 0.026
Dali - Capacitance 0.449 0.368
Agria - Capacitance 0.400 0.345

Figure 1 shows that the difference operation gives for R. variable results that limit our ability to distin-
guish the variety differences for potatoes. In the basic state (Fig. 1a) and at the initial temperature the
plotted difference is less than zero for both potato variety, so that the relative resistance of potato is
higher than the relative resistance of carrot. With increasing temperature the plotted difference increases
for both potato varieties. In case of Agria we are not able to prove difference in Re between carrot and
potato at temperatures above cca 40 °C. In case of Dali we obtained different results. The difference in
Re between carrot and potato of this variety can be proved at temperatures lower than 75 °C: in this
temperature range there is relative resistance of potato variety Dali higher than the relative resistance of
carrot. The highest difference in R between carrot and potato variety Dali was observed at temperature
about 65 °C and in temperature range 50-75 °C it can be proved that Re in var. Dali is higher than in
Agria.
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After application PEF the results are little different, because the relative resistance is changed not only
in potatoes but also in carrot. At the lowest temperatures, up to about 55 °C the relative resistance of
Dali behaves similarly as in carrot; after small decrease at higher temperatures (55-80 °C) it moves to
the carrot values in the range C (the resistance difference moves to zero — Fig. 1c, see also Table 1). In
case of Agria we observed at low temperatures values of R lower than the corresponding values for
carrot. The different behavior of Agria and Dali can be proved up to temperature about 55 °C. After
reaching this temperature the relative resistance of Agria behaves similarly as in Dali. It could be con-
cluded that the PEF application leads to reductions of differences between potatoes of different varieties.

CONCLUSIONS

The electric behavior of carrot and potato during its heating up to 90 °C can be classified into three
stages: subcritical (up to about 70 °C), critical, and supercritical (above about 80 °C). The electric prop-
erties of the tested products were described by a simple model with parallel connected resistor R. and
capacitor with capacitance wC. In supercritical stage all parameters are relatively stable, and Re is ap-
proximately the same for all the tested products. This is not true for capacitance: its value for carrot is
much higher than for potato (variety difference was not proved). In subcritical stage of the tissues in the
basic state, the capacitance is highly stable so that the variety differences can be detected. PEF applica-
tion leads to the increasing level of statistical dispersion so that no variety differences in the capacitance
can be observed. The relative resistance in the subcritical stage is accompanied by a higher level of
statistical dispersion even in the basic state. Differences between different varieties can be proved also
in the subcritical stage, but only in some special cases.
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Abstract

The paper presents the effect of changing the composition of the substrate on the transport of maize
chops to the agricultural biogas plant. The new substrate composition reduced the demand for maize
from 25,000 tons to 12,000 tons. Apart from the obvious reduction in the number of transports and the
distance traveled, a new delivery model was used. The change in the composition of the sub-plants
allowed the reduction of the maize area for the biogas plant. This situation has reduced the maximum
transport distance from over 30 km to 25 km in 2017. Maize straw was supplied by an external company
with larger transport units. The use of larger transport sets in 2017 resulted in a decrease in the number
of kilometers driven even by 59% for a distance of 5.1-10 km. This is directly relevant to the amount of
CO; produced by biomass transport. However, this solution may cause dissatisfaction among farmers
who have previously earned money on biomass transport.

Key words: transport; biogas power plant; substrates; transport units.

INTRODUCTION

Biomass of various origins can be used to produce biogas. It must, however, contain more than 30%
biodegradable organic matter. The selection of biogas substrates has a significant impact on a number
of important factors determining the kinetics of the fermentation process. Maize silage is a particularly
useful biogas substrate. The advantage of silage as a substrate for biogas plants is to obtain a relatively
large green yield from 1 ha. Not without significance is good susceptibility to ensiling and a large yield
of biogas and methane in the anaerobic digestion process. This makes the plant used for energy pur-
poses. The most important positive feature of maize silage is that in the operation of agricultural biogas
plants, it ensures biogas production at a stable level and stable operation of the cogeneration unit
(Szlachta & Tupieka 2013). However, its main disadvantage is the cost of growing corn and producing
and transporting chaff (Borowski et al., 2016, Zastempowski et al., 2013)

The availability of substrates as close as possible to the installation should determine the size of the
biogas plant and the power of the energy equipment. The assessment of raw material resources, their
composition and biogas potential is the first step undertaken by the investor. The smallest distance
from the installation can be considered for obtaining raw materials with low efficiency, low bulk den-
sity or low content of dry matter. In turn, the transport of substrates from larger distances is rational,
provided they have a high biogas productivity. According to the Myczko (2011) assessment, the prof-
itability of supplying substrates occurs within a radius of 10-30 km from a biogas plant. In turn, Pod-
kowka et al. (2012) state that a distance greater than 4 km from a biogas plant means that the cost of
transporting maize accounts for over 40% of the total costs of obtaining this substrate.

Each type of biomass requires a different logistic process and raises other problems related to harvest-
ing, processing, storage or delivery. With other devices and barriers, you have to deal with solid bio-
mass processing, and with others with liquid substrates. These difficulties result from the diversity of
substrates processed for biogas. For this purpose, the change in the composition of the agricultural
biogas plant substrate through the addition of waste is applied. However, such a change may cause a
decrease in the quality of biogas (Kaszkowiak et al., 2017).

Technologies in the field of biomass use for energy purposes due to its low energy density should be
related to distributed generation. The production of electricity and heat should develop in small gener-
ating units that use energy crops and agricultural waste (Jasiulewicz & Janiszewska, 2012).

71



W{’} 7" TAE 2019
@A 17 - 20 September 2019, Prague, Czech Republic

This is related to the general trend to limit energy expenditure on biomass production for energy pur-
poses (Zastempowski et al., 2013, Zastempowski & Bochat, 2016).

The ideal situation would be to use the raw material at its place of origin. In many cases this is impos-
sible, therefore the transport distance should be as small as possible.

The maize biomass is harvested using a high-efficiency forage harvester, which allows to obtain the
grinding of the raw material at a level of approx. 4 mm. Such good fineness allows for high biogas
yield and satisfactory organic matter distribution. Maize chop is transported from the field using at
least 3 farm tractors and 3 trailers.

The aim of the analysis was to determine the impact of the use of waste biomass from the production
of gelatine on the cost of transporting maize biomass due to the reduction in demand for it. The real
transport of biomass was taken as the basis for the research.

MATERIALS AND METHODS

Agrarian biogas power plant has been buying raw material (substrate) from farmers from the area around
Rypin (Poland). It is maize and slurry. Slurry is collected from pigs farms. Farmers delivering products
for biogas generation may in exchange receive postfermentation substance free from harmful substances
which can also be used for fields’ fertilizations.

Maize for biogas generation, is harvested from about 300 hectares. On average, from 1 ha of corn culti-
vation about 40 tons of green fodder may be harvested what gives the total sum of about 12000 tons.
Demand for maize fell by 50% compared to the previously described situation (Borowski et al., 2016).
This situation is caused by the use of waste after the production of gelatin as substrates.

The raw material is colected at the turn of September and October. The harvest and transport of biomass
in 2017 were carried out by a commercial external company, independent of the biogas plant. This is a
significant difference from the situation in 2013. In that year, transport units were used for transport.
In 2017, transport units with a capacity of 23 tons (average) were used for transport.

Then, ensilage is prepared at the territory of the biogas power plant.

Maize ensilage is prepared by green fodder’s shredding and pressing. The process of ensilage’s forming
lasts for about 6 weeks, when by appropriate coverage and cutting off air, earlier prepared corn under-
goes the process of ensilaging.

The study analyzed data on changes in the transport of maize biomass in 2017 as compared to 2013.
Due to the reduction in the quantity of maize purchased, it is not possible to directly compare changes
in the field of transport organization. In 2013, about 25,000 tons of maize chaff were purchased. It was
transported by various transport units that belonged to farmers. In 2017, 12,000 tons of maize chaff were
purchased. It was transported through large, identical transport units that belonged to one company.

In order to analyze the impact of the organization of transport on the number of transports and the
number of kilometers traveled, it was decided to simulate. The simulation consisted in making for 2013
calculation of the number of transports and kilometers driven for the weight of maize chaff purchased
in 2017.

RESULTS AND DISCUSSION

The analysis for the purposes of the article was carried out in accordance with the previously described
methodology (Borowski et al., 2016). For the analysis the field of which was collected biomass was
divided because of the distance from the biogas plant. Determined ranges about the size of 5 km.

The amount of the collected biomass (percentage of the total weight) is shown in Fig. 1.

As shown in Figure 1 in 2017, the largest amount of biomass expressed as a percentage was collected
within the distance of 5.1-10.0 km from the biogas plant. This result coincides with that obtained in
2013. For 2013, the total amount of purchased biomass was about 25,000 tons. Biomass has been pur-
chased in the entire range of transport decays. In 2017, the total amount of purchased biomass was
12,000 tons. The reduction of the demand for biomass from maize resulted in the rejection of the location
above 25 km from the biogas plant.
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As can be seen from Figure 2, the use of larger transport units has resulted in a significant reduction in
the number of passes. The largest reduction to 59% occurred in the range of 15.1-20 km. This is due to
the largest number of fields on which maize was harvested.
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Figure 3 shows the reduction in the number of kilometers driven. In all compartments, the use of a larger
transport unit has allowed to reduce the number of kilometers driven to around 80% of the value
from 2013.

CONCLUSIONS

The use of waste from gelatin caused a change in the composition of the agricultural biogas plant sub-
strate. In 2017, the amount of purchased biomass from maize was reduced from 25,000 tons to 12,000
tons. This situation has reduced the maximum transport distance to 25 km. A quick delivery model was
also used, which involved using an external company to harvest and transport maize chaff. The company
has the same, larger transport units. Their use results in a significant reduction in the number of trans-
ports and the distance traveled. Any changes introduced had a positive effect on the reduction of CO.
emissions. However, the calculation of this reduction will constitute a separate scientific work.
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Abstract

We applied the conventional PFMEA (process Failure mode and effect analysis) and identified the RPN
risk number on production engineering (the work process on the lathe). Then we added the costs of
failures to the method and applied Extended FMEA. After determining the costs and calculations, we
identified the ERPN (extended risk priority number). We compared the individual methods and we also
compared the proportion of failures in total risk generation (RPN - ERPN). We proposed an action.
Finally, we evaluated the applicability of individual methods and models. The ERPN, in contrast to the
conventional PFMEA, specifies the risk number. After including the costs necessary for elimination of
the failures and costs arising from failures, we have obtained another risk prioritization. The use of the
economic effect of the FMEA brings not only an increase in the quality and reduction of defective
products, but also the influence of the financial costs on the creation of the risk number.

Key words: PFMEA; extended risk number; increase quality; economic aspect, suggested action.

INTRODUCTION

An FMEA (Failure mode and effect analysis) is an engineering analysis done by a cross-functional team
of subject matter experts that thoroughly analyses product designs or manufacturing processes, early in
the product development process. Its objective is finding and correcting weaknesses before the product
gets into the hands of the customer. (Jankajovd, Kotus, Holota & Zach, 2016, Zitidk, Macdk, &
Korenko, 2014; Tsai, Zhou, Gao, 2017).

FMEA being the most widely used risk assessment method in Slovakia and globally in the world, is a
part of quality improvement models and methods. Therefore, our findings are used in most
manufacturing organizations to improve processes. We can say that the presented methodology, even
without modifications, can be used (Korenko, Féldesiova & Beloev, 2015; Girmanovd, Solc, Kliment,
Divokova & Miklos 2017).

Applying the EFMEA (Extended FMEA) analysis offers a refinement of the results of the conventional
PFMEA, which has a significant effect on improving the quality of the resulting products, time savings
(less downtime due to malfunctions or failures and subsequent repairs), improving overall safety and,
last but not least, reducing operating costs (Nguyen, Shu, & Shu, 2016; Holota, Hrubec, Kotus,
Holiencinova & Capo§ovd, 2016; Polak, Pristavka & Kollarova, 2015).

The aim of the paper is to objectivising criteria of FMEA (Failure Mode and Effect Analysis) and
consequently their application within our study. The used manufacturing process is the Doosan V-Puma
Doom PUMA V550R.

MATERIALS AND METHODS

In this paper, we focused on the risk analysis of the Doosan PUMA V550R lathe (tab. 1).

The component used in brakes in the automotive industry consists of the following processes:
preparation of base material, turning (diameters, thickness, grooves), milling, hole drilling,
finishing operations, packaging. Our task was to evaluate the production process itself.

The analysis of the work on this lathe was chosen based on the need to reduce the number of defective
products. In this post we focused only on turning diameters.

The Doosan Lathe is designed for treating material and performing operations such as:
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external turning - removal of material from the outer surface of the workpiece,
internal turning - removal of material from the inner surface of the workpiece,
threading - removal of material from the workpiece surface to form a thread.

Tab. 1 Doosan lathe technical specifications

Doosan Infracore CO., Spindle speed 20 -20 000 RPM
Manufacturer
LTD Korea
Model type PUMA V550R X axis travel 390 mm
Serial No MT0013-001161 Y axis travel 780 mm
Year 2011 Rapid traverse rates X,Y| 12/16 m/min
Power 50.04 kW Turret 8 positions
Chuck - average 450 mm Machine weight ca 9000kg

Basic methodology:

application of the conventional FMEA process method,
application of the extended FMEA,
comparison of the FMEA methods and models and making conclusions.

The minimized steps of applying conventional process FMEA (IEC 60812:2006):

1.

Nook~wh

Review the process

Brainstorm potential failure modes (tab. 3)

List potential effects of each failure (tab.3)

Determination of failure causes for each single failure (tab. 3)
Assign Severity, Occurrence and Detection rankings (tab. 5)
Calculate the RPN =Severity x Occurrence x Detection (tab. 5)
Take action (tab. 5)

Tab. 2 Minimized rating of severity, occurrence and detection (IEC 60812:2006)

No. Aspect 1 | Rating Values | 19
-------- >
1. Severity insignificant |  -------- > catastrophic
2. Occurrence extremely unlikely | -------- > inevitable
3. Detection absolutely certain to detect |  -------- > no control exists

The steps of ERPN (Nguyen, Shu, & Shu, 2016).

1.

2.

After we create a PFMEA, we determine - internal failure costs (IFC) - IFC are the costs of
scrap, rework, retest, failure analysis, downtime and yield losses, etc.

We determine external failure costs (EFC) - as a part of external costs (EFC), we consider
cost-free costs; it means a part called WoC — without-casualty costs or CC — casualty costs. This
includes the costs of handling complaints from customers that have occurred in almost all cases
of failures and are included in this study.

We calculate the occurrence probability of the mode — PO (1). PO is based on the classical O
(occurrence) parameter and is calculated according to:

"
PO = — (1)

We calculate the detection probability of the mode — PD (2). The PD is based on the
conventional D (detection) parameter of the conventional PFMEA.

pp = 822 @)

We calculate SI (3)- severity level from an economic perspective in internally dealing with the

mode; thus, it closely relates to so-called "internal failure costs IFC".

s1= < FCmin - minimum costs by all failures and causes. (€))
FCmin

We calculate SE (4)- severity level from an economic perspective in externally dealing with the
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L
mode.

SE = —— (4)
FCmin
7. We calculate SC (5)- severity level of the external failure costs. We place this point in the
procedure only if we consider casualty costs — CC.

cc
SC= FCmin (5)
8. We determine poc - probability of a casualty caused. The poc is either 0 at WoC costs and 1 at
CC costs, as there is a breakdown on the machine and a break in the process.
9. Final ERPN (6) calculation for the extended FMEA is calculated according to:
ERPN = PO.ST.[PD.SI + (1 — PD).(poc.SC + (1 — poc).SE)] (6)
10. All parameters (according to procedure 1-9) will be included into the table 4 and 5.
11. We make conclusions and compare the RPN calculated for the conventional PFMEA with the

calculated ERPN (fig. 1).

Failures »Failures
Y Y L2 A" Y Y
Effects Causes Detection Detection Causes Eff‘elsrcts (+economic indicators)

WoC

PD PO [si__SE sc]
ERPN
[ Take action by RPN prioritization | [ Take action by ERPN prioritization |

Fig. 1 The steps of PFMEA and EFMEA

RESULTS AND DISCUSSION
When FMEA is applied to a manufacturing process, this procedure is known in industry as the Process

FMEA, or PFMEA (IEC 60812:2006).
Based on methodology steps for process FMEA and ERPN we create the table 3, 4 and 5.

Tab. 3 Minimized conventional PFMEA for Operation — Turning diameters (Bujna, Kotus &
Matusekova, 2019)

Failure Effects Causes Suggested action
Outside diameter is Parts are out of tolerance Too high feed rate  Set according to the
below the tolerance is- Customer complaint cover sheet
sue
Outside diameter is Customer complaint Too low feed rate  Set according to the
above the tolerance is- Scrap cover sheet
sue Unmountable parts

Termination of contract due to fre-
guent complaints
Inside diameter is be- Customer complaint Cutting blade is Replace worn out
low tolerance Scrap worn out cutting blade. Replace
Unmountable parts supplier
Termination of contract due to fre-
guent complaints
Inside diameter is Customer complaint Incorrectly chosen  Choose the right
above tolerance Parts are outside specification measurement measurement method
method or measure- and measuring device
ment device
Pitch diameter is be- ~ Customer complaint Infeed turned off  Set according to the

low tolerance Parts are outside specification late cover sheet
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Thickness of the pitch  Customer complaint Cutting blade is Replace worn out
is above the tolerance Parts are outside specification worn out cutting blade
Chamfer of the piston Rework The use of manual Complete a cover
ring ID/OD chamfering sheet
Concentricity istoo ~ Customer complaint Incorrect measure- Continuous measure-
high Parts outside specification ment methodology ment of units
Pitch radius is too Customer complaint Incorrectly selected Set according to the
large Parts are outside specification cutting blade cover sheet
Incorrect chamfer Customer complaint Incorrectly setin-  Set according to the
width Parts are outside specification feed cover sheet
Roughness height Customer complaint Feed too high Set according to the
Parts are outside specification cover sheet
Unturned outer diame- Rework Skipped operation  Retrain staff
ter

Tab. 4 Preparatory table for ERPN calculation for operation Turning diameters
Failure IFC WOC

Outside diameter is below the tolerance issue 50 110
Outside diameter is above the tolerance issue 105 150

Inside diameter is below tolerance 50 160
Inside diameter is above tolerance 90 110
Pitch diameter is below tolerance 56 110
Thickness of the pitch is above the tolerance 73 110
Chamfer of the piston ring ID/OD 74 140
Concentricity is too high 80 110
Pitch radius is too large 90 110
Incorrect chamfer width 86 110
Roughness height 40 100
Unturned outer diameter 50 140

In the tab. 4 we determined the costs that arise as a result of the Turning diameters operation. Internal
costs (IFC) were the costs of scrap, rework, retest, failure analysis, downtime and yield losses, etc. As a
part of external costs (EFC), we considered cost-free costs; it means a part called WoC -
without-casualty costs. This includes the costs of handling complaints from customers that occurred in
almost all cases of failures and are included in this study.

Example for the first line of tab.4:

IFC — by the first failure we assume that the component could be reworked, so no major damage occurs,
only the costs for the re-make and a certain time loss — the quantified amount - 50, - €.

FCmin — we recorded minimum costs by failure "Roughness height" - 40, - €. FCin is also used to
calculate Sl (severity level of internal failure costs), SE (severity level of external failure costs), and SC
(severity of external fatalities by fatal losses).

WoC represents "no-casualty costs" and are mainly in the form of complaints and handling these
complaints. In our study they were of 110, - €.
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Tab. 5 Extended FMEA — the determination of ERPN for operation Turning diameters
Failure Conventional PFMEA -  Extended FMEA -
RPN ERPN
S(ST) O DRPN Cl. PO PD SI SE poc ERPN CI.

Outside diameter is below 7 3 4 84 56 03 0667125 275 0 368 8
the tolerance issue

Outside diameter is above 9 3 4 108 3 0.3 0.667 263 3.75 0 8.10 3
the tolerance issue

Inside diameter is below 9 7 2 126 2 0.7 0.8891.25 4 0 980 1
tolerance

Inside diameter is above 7 3 2 42 10 03 0.889225 275 0 484 6
tolerance

Pitch diameter is below tol- 7 3 5 105 4 03 055614 275 0 420 7
erance

Thickness of the pitch is 7 5 2 70 7 05 0889183 275 0 6.75 4
above the tolerance

Chamfer of the pistonring 4 2 6 48 8/9 0.2 0444185 35 0 221 12
ID/OD

Concentricity istoo high 6 4 2 48 8/9 04 0.889 2 275 0 500 5
Pitch radius is too large 7 2 1 14 12 0.2 1.000225 275 0 315 9/10
Incorrect chamfer width 7 5 5 175 1 05 0556215 275 0 846 2
Roughness height 7 3 4 84 5/6 03 06671 25 0 315 9/10
Unturned outer diameter 4 2 2 16 11 0.2 088912535 0 120 11

If we do not take into account the full external costs, we do not take into account the probability of a
casualty caused (poc = 0).
Based on Tab. 5 (it's just part of the whole study) we can say the following conclusions. After the ERPN
was determined, we obtained different results than when determining the classical RPN. Importantly,
the proportion of individual failures in the overall risk figure was significantly different.
As described in the methodology section, the main objective was to reduce the number of defective
products in the turning process, where there was the greatest loss in the production. After the
introduction of conventional PFMEA, the percentage of defective products decreased from 5.2% to
3.72%. The organization's management was still dissatisfied. We decided to apply an extended FMEA
(EFMEA) after a thorough study. EFMEA has only been tested in one particular case in China. Although
the application of the EMFEA lasts longer, after a number of staffs training it is a minimum of time
losses. It’s important to say that by different failures prioritization by ERPN, we focused on suggesting
and applying action to failures that were with lower priority solutions by conventional PFMEA.
Benefits of EFMEA:

¢ Reduction of defective products below 2.5%,

e inclusion of costs in the analysis - an overview of the financial losses for each product failure

(defect),

o large use of analysis results,

e significantly reducing of scrap, reworks ...,

e increasing operation efficiency.

CONCLUSIONS

Why have we dealt with the ERPN? However, the conventional approach fails to provide satisfactory
explanation of the aggregate effects of a failure from different perspectives such as technical severity,
economic severity, and production capacity in some practical applications. This can be explained by the
fact that the ERPN considers the severity of failures from not only a technical perspective but also an
economic one including internal and external costs for any failures undetected before the products are
delivered to customers.
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Extended FMEA offers an efficient and effective identification of key failure modes. From them, we
can easily deduce the root causes and propose corrective measures to reduce the ERPN, there-by
minimizing the impact of the failures, or completely eliminating them. Appropriately designed and
applied measures increase our production productivity, do not interrupt it and thus do not increase costs.
The low failure rate of the processes not only significantly decreases the waste of related resources in
terms of materials, labour, and time, thereby reducing the overall cost of the manufacturing operations,
but also assures the production capacity and quality of the products, which are actually the key factors
for the sustainable survival and development of an industrial manufacturer in the fierce competition
market these days. There are several answers why - delivering the product to customers within a
specified time, expected product quality, customer confidence, competitiveness.

The benefits of EFMEA are described in the work of Nguyen (Nguyen, Shu & Shu, 2016).
The performance of their extended index ERPN was tested in an empirical case at a non-woven fabric’s
manufacturer. Analytical results indicated that the proposed approach (EFMEA - ERPN) outperforms
the traditional one (PFMEA - RPN) and remarkably reduces the percentage of defective fabrics from
about 2.41% before the trial period to 1.13%, thus significantly reducing wastes and increasing operation
efficiency, thereby providing valuable advantages to improve organizational competition power for their
sustainable growth.

This study is for the management of engineering technology organizations a sign that the organization
prospers.
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Abstract

The article discusses methods of influencing a kinematic discrepancy Ky in a tractor with identical
wheels as a part of the trailed unit. A net traction of the trailed unit in this case is represented by vertical
and horizontal components. While draft resistance must be increased, fulfillment of the condition K, = 1
requires relevant increasing of the air pressure in tractor’s wheels. In real using conditions the tractor
has to be equipped with a device for automatic changing tires air pressure of the wheels depending of
the trailed machine draft resistance. The greater the horizontal component value of the trailed unit net
traction, the greater horizontal coordinate application of this component must be shifted to the left
relatively to the vertical axle which passes through the rotation center tractor’s rear wheels.
Ideally, the tractor should have a pendulous mechanism which will keep the value of the kinematic
discrepancy K, close to 1.

Key words: air pressure; slippage; kinematic discrepancy.

INTRODUCTION

One of the main trends in the development of modern tractor construction is the four-wheel drive tractors
production. The drives of their front and rear axles have a blocked mechanical joint. These axles have
the same speed of step forward motion, while the circumferential velocities of the front and rear wheels
are usually not equal even if they are of the same size. As a result, due to the difference in the slippage
of front (6r) and rear (oJr) tractor wheels a kinematic discrepancy arises, being estimated by the coefficient
K, (Gurevicius et al., 2016).

Analysis of the published articles shows that the researchers mostly emphasized the effect of the
coefficient K, value on the performance of the tractor with different agricultural machines (including
trailed). But at the same time, they usually a) considered only horizontal component of the machine draft
resistance; b) do not researched the effect of the joining coordinates of the agricultural machine with
tractor on realization of the condition K, = 1.

In the paper (Gurevicius et al., 2016) it has been proved that increasing K, > 1 leads to an increase
tractor’s rolling resistance in all investigated field conditions.

In order to provide, for example, the condition K, = 1 for Case IH Farmall U Pro 115 tractor you should
set the air pressure in the front tires of its wheels at 0.7 bar and in the rear tires — 2.3 bar.

The cases, when increasing tractor’s rolling resistance under kinematic discrepancy in the drive of its
wheels take place, have been given in the papers (Hegazy and Sandu, 2013) and (Damanauskas and
Janulevicius, 2015).

Reducing traction effort and increasing fuel consumption with an increased value of the K, coefficient
have been determined by researchers in the studies (Senetore and Sandu, 2011) and (Molari et al., 2012).

The authors Vantsevich and Asme (Vantsevich and Asme, 2014) tried to determine the influence of the
kinematic difference in the drive of the tractor wheels not only on its traction characteristics, but also on
the stability of movement in the horizontal plane.

As the researchers prove (Stoilov and Kostadinov, 2009), the difference in the coefficient Ky > 1 is due
to the difference in the rolling radii tractor’s front and rear wheels. This difference is caused by
fluctuations in the vertical load on tractor’s axles. Influence changing of the mentioned load on the value
of coefficient Ky has been considered in the paper (Janulevicius et al., 2013).

At the same time, the load has been considered by the authors is formed by external forces, having only
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vertical direction. Under actually operating conditions of the tractor the external load acting on it has either
a horizontal direction or it is inclined to the horizon at some angle (Bulgakov et al., 2016).

In this connection, the aim of this work was impact study of the joining coordinates of the agricultural
machine with tractor, represented by the horizontal and vertical components of its draft resistance,
on the kinematic discrepancy coefficient and to do an experimental review of theoretical research.

MATERIALS AND METHODS

In the paper (Gurevicius et al., 2016) it was proposed to determine the kinematic difference coefficient
by the following dependence:

K,=(1-5,)-(1-6,)"

Very often a different formula is used to calculate this coefficient (Guskov, 2008):
1

Kv:(Rr_a)r)'(Rf_a)f)_ (2)
where Ry, Ry, and wr, ws—rolling radius and rotation frequencies of rear and front tractor wheels
respectively.
For a tractor with identical front and rear wheels the equation for defining the kinematic discrepancy
coefficient (Ky=1) may be calculated from the following equation:

-1
K, =pb(27r-pa-\/Rf-ro —Na)-[pa(Zﬂ-prEE-ro—Nb)} @)

where pa, po — tires air pressure of the front and rear tractor’s wheels respectively, MPa; Ry, ro — the outer
radius and cross-section radius tractor's wheel tire, m; Na, Np — the vertical load applied to the front and
rear tractor’s axles respectively, N.

For the case, when K, = 1 the equation (3) with enough accuracy for practice takes the following form:

pb'(pa)lsz'(Na)l (4)

As we can see, at the lack of kinematic discrepancy in drive of the tractor running gear with identical
wheels, the ratio of the air pressure in their tires is directly proportional to the ratio of the vertical loads
on the axles. This leads to significant conclusion. Namely, having got the values of Na and Ny, in advance,
it is possible to choose such values of the air pressure in the tractor tires pa and py that will provide exact
fulfillment of the condition (4).

It should be noted that a similar task has been already decided by (Janulevicius et al., 2014). However,
the forces they had examined on the tractor were mainly of the vertical direction.

As a practical example of the problem being solved by us, let us consider the procedure for determining
Na and Ny parameters for the trailed version of the machine-tractor set (MTS).

Let us agree, that the trailed MTS in the longitudinal-vertical plane is being affected by horizontal (Rx)
and vertical (R« tanf;) draft resistance components of the agricultural machine (Fig. 1).

A\ R
| {Ruanp. B s

h = =
Py

a)
Fig. 1 Trailed version of the machine-tractor set (MTS):

a) The scheme of forces acting on the tractor in the longitudinal-vertical plane;
b) Tractor HTZ-160 with five-bottom plow PLN-5-35

Brief technical description of the tractor HTZ-160: Total mass (kg) — 8400; Mass on front wheels (kg)
—5000; Mass on rear wheels (kg) — 3400; Wheel base (L, mm) — 2860; Tires — 16,9R38; Coordinate a;
(Fig. 1a, m) — 1.16.
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Together with the tractor’s weight G; the gross tractions Fa and Fy, the rolling resistances Pr. and P, as
well as the rolling resistance moments M, and M, form some distribution of the surface vertical reaction
forces Na and Nb.

To determine the reactions Na and Ny, as it is well known, it is sufficient use two equations of forces and
moments equilibrium acting at MTS under consideration. In this case, such equations can be the sum of
the all vertical forces as well as the sum of the moments acting, for example, with respect to point A (see
Fig. 1):

N,+N,-G —-R, -tang, =0 .
G-a-N,-L+R,-tang,-(C,+L)+R,-H, =0 ®)
The essence of the constructional parameters £, ai, L, C; and Hz, have been included in the equation (5),

is quite clear from Fig. 1.
The solution of the equations system (5) leads to the following result:

N,=[G,-(L-a)-R,-(tanp-C,+H,)]-L*
N, =[G -a +R-(tan3,-(C, +L)+H,)]-L"
Taking into account the formula system (5), the equation (3) takes the form:

po-(pa) " =(G-a +R [tang,-(C,+L)+H,])[G(L-a)-R,(tan 4 -C,+H,)]" @

The equation (7) as well as formula (2) was used for subsequent calculations.

This formula is absolutely new. It is this one that allows to select such coordinate values of the machine’s
connection to the tractor, which allow to fulfill the condition K, =1. At the same time, here both
horizontal (Ry) and vertical (Ry'tan ;) components of the agricultural machine draft resistance are taken
into account.

The HTZ-160 tractor with the same front and rear wheels (Fig. 2) was taken as the physical object of
research. It was used with the five-bottom plow PLN-5-35 (Fig. 1b). Its working width (Bp) is
equal 1.75 m.

(6)

Fig. 2 Tractor HTZ-160 with the same front Fig. 3 Tractor’s wheel with sensor-hermetic
and rear wheels contact

The reliability of equation (7) was determined by the following method. Three options for installing air
pressure in the tractor’s tires were adopted. In the tires of front axle air pressure was constant and equal
pa=0.100 MPa. In the rear axle tires it had three different values: pp= 0.100, 0.108 and 0.115 MPa.

From equation (7) for each option of the pressure installation in the tractor’s tires the plow’s draft
resistance horizontal component R« was determined. The calculations were carried out with the
following values of the parameters incoming into the equation (7): Gi=82.4kN; a;=1.16m;
L=286m.C,=0.58m; Hxs=0.6m;p, =

Parameter S, — it is inclination angle of the lower links of the tractor’s three-point hitch linkage during
its work with plow. The value of this parameter was determined by protractor while plowing set was
stopped.

83



w,’) 7" TAE 2019
@\Aj 17 - 20 September 2019, Prague, Czech Republic
Tractor’s weight Gt was determined by weighting it with a dynamometer DPU-5. The measurement
accuracy was equal 0.5 kN.
Plow draft resistance (Rx) and plowing depth (h) are connected by such well-known equation:
R,=K,-h-B (8)
X 0 p?

where K, — specific plow’s draft resistance. According to our research the mean of this parameter in the
soil conditions of south Ukraine, for example, is equal 65 kN-m2,

For each values of force Ry the plowing width from formula (8) was determined. In field conditions the
plow was adjusted to three tillage depths (22, 26 and 28 cm). The experiments were performed on soil
with a moisture content of 15.4% and a density of 1.28 g-cm,

In each adjusting option the plowing set moved on the test section of 200 m each. The replication of
each experiment was threefold. After each pass of the plowing set the real plowing depth and value of
the cinematic discrepancy K, were measured.

For the tractor with identical wheels equation (2) taking into account equation (4) looks like this:

K, =a, ( o, )*1 ©)

For measuring wheels rotation frequencies (wr, wr) we used sensor-hermetic contacts (Fig. 3). The
electrical signal from them was given by analog-to-digital converter and were transferred to a computer,
where the main statistical characteristics were determined.

The real values of the coefficient Ky, calculated using the formula (9), were compared with 1. After this
the decision was made on the adequacy of the equation (7).

In the end, using equation (7), we established the laws of such a choice of parameters pa, p», C;and Hzn
that would ensure the fulfillment of the condition K, = 1.

The following statistical characteristics were calculated for the data obtained during the experimental
studies: average value; mean square deviation o and the coefficient of variation v .

RESULTS AND DISCUSSION

Analysis of the experimental data shown that plowing depth real values were in such confidence
intervals: a) for the first plow adjustment option — 22.3+1.2 cm; b) for second one — 26.4+2.1 cm;
c) for third one — 29.8+1.3 cm. All variation coefficient do not exceed 8%.

Tab. 1 Results of determining the actual depth of ploughing

Indicator Processing results
Plot1 | Plot 2 | Plot 3

Specified depth, cm 22 26 28
Average value, cm 223 | 264 | 29.8

Average square deviation o, cm | 1.2 2.1 1.3
Coefficient of variation v, % 538 | 795 | 4.36

As a result, for all options of plowing depth the calculated values of the coefficient K, is very close to 1
(Fig. 4). The maximum difference of the compared data does not exceed 1.4%.

1.01 /
s 2
5
2 1
£ 1.00 A /
<
NV \

0.99

22 24 26 28 30

Plowing depth 4, cm
Fig. 4 Deviation of the coefficient Ky values (2)
from K, = 1 (1) at different plowing depth
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This, as statement in article (Damanauskas, 2018), is almost perfect result. In this study it allows us to
consider the equation (7) adequate and therefore suitable for use in further analysis.

Ensuring of the condition Ky = 1 while the draft traction is acting (Rx # 0) may be reached by means of
corresponding air pressure increase in the tractor’s rear tires (pp) or decrease in front ones (pa) (Fig. 5).

Let us try to analyze the dependence presented in Fig. 5. The average value of the trailed agricultural
machine draft resistance, for example, is Rx = 36 kN. As practice shows, such value of the tractor HTZ-
160 net traction is typical when it using with a majority of a tillage machines. Furthermore, an oscillation
variation coefficient of the force Ry is an average of 10%. This means that the draft resistance of the
trailed machine will vary within the range from 32 to 40 kN. But in this case, as it follows from Fig. 5,
the air pressure in the rear tires of the tractor should vary from 0.128 to 0.148 MPa. In the tractor’s front
tires the air pressure should decrease from 0.112 to 0.098 MPa.

The horizontal (Ryx) and vertical (Rytan ;) components of the trailer traction resistance are applied
to the tractor at the point with C; and H;, coordinates (Fig. 1).

As calculations of the formulae system (7) show, the dependence of the H., parameter from the
value of draft resistance (Rx) is insignificant (Fig. 6). Namely, with an increasing Ry force from 30 to
40 kN and providing the condition Ky = 1, Hy, value decreases at 16 cm only (Fig. 6).

0.15

— 0.8
] 0.14 1 \ o 1
A >
= 0.13 b 0.4 —C L
o g \ I
2 0.12 \
L =
EL . 0 N
© 011 P—— S \
0.10 04 \\
0.09 : 30 32 34 36 38 40

30 32 34 36 38 40

Draft resistance, kN Draft resistance, kN

Fig. 5 Influence draft resistance of trailed Fig. 6 Influence draft resistance of trailed
agricultural machine on air pressure in tractor’s agricultural machine (Rx) on Hz (1) and C; (2)
rear (1) and front (2) tires parameters

But we have absolutely different situation with the parameter C,. By means of calculations of the
formulae system (6) it has been found that if Ry = 30 kN, then the value of C, is equal 1 m (Fig. 6).

As the value of the force Ry increases, the horizontal coordinate of the application of the trailer traction resistance
must be shifted to the left of the vertical axis passing through the rotation center of the tractor rear wheels.
For the case of Ry = 40 kN this displacement should be 0.55 m (C, =-0.55 m, Fig. 6).

This result may testify that the tractor should have a mechanism for automatic longitudinal displacement
of the trailer attachment point to it. The value of this displacement depends from the draft resistance of
the agricultural machine.

In practice such the constructional decision can be carried out by means of the well-known pendulous
mechanism. As a result, it enables to keep the kinematic discrepancy K, value in a value close to 1.

CONCLUSIONS

1. The mathematical model, allowing to define the coefficient of kinematic discrepancy of K, of wheeled
all-wheel drive tractor axles by changing some construction parameters is developed.

2. Experimental studies have confirmed the adequacy of the presented mathematical model.
At application of the recommended constructional parameters the coefficient of kinematic discrepancy
Ky is close to one.
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3. To ensure the condition K, =1 increasing of the trailed machine draft resistance requires
a corresponding change of the air pressure in tractor’s front and rear tires. Namely, the bigger trailed
machine’s draft resistance, the bigger air pressure in tractor’s rear tires and lower in the front ones.

4. Under the real conditions of the tractor operation it should be equipped with a device that
automatically changes the air pressure in the tires of its wheels depending on the value of the trailed
machine draft resistance.
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Abstract

This study discusses the evaluation of moisture changes in soil in the area of the vineyard intersection
that is covered with different kinds of mulching materials. The experiment was based on four variants
in which three kinds of covering materials were chosen to protect the soil surface — grain straw (var.
A: the consumption of cover material - 12 t per ha™) and wood chips (var. B: the consumption of cover
material - 40 t per ha™) and compost (var. D: the consumption of cover material - 20 t per ha).
The fourth control variant (C) was formed from a cultured spacing without intersection covering
material. The soil moisture was measured all year round by using VIRRIB moisture meters located at
a depth of 0.1-0.3 m. The measured data was recorded by using a VIRRIBLOGGER recording unit.
Analysis of the results obtained confirms the positive effect of grain straw on higher soil moisture
values. In this variant, in 2017, soil moisture was higher by 4.37 % and in 2018 by 10.37 % compared
to the control variant. In overall, the highest soil moisture values, over a two-year period, were
achieved with grain straw and wood chips.

Key words: soil moisture; mulching, grain straw; wood chips; vineyard.

INTRODUCTION

The soil water containing dissolved mineral and organic substances and its efficient use are critical to
the sustainable productivity of permanent crops under the context of climate change in typical
semiarid regions (Li et al., 2018). Water shortage especially during reproductive stage can
significantly reduce the yield and quality of fruit (Li et al., 2016). Therefore, in order to ensure
sustainable production, new methods and procedures are being sought and used in intensive
production areas, enabling maximum utilization and retention of natural rainfall in the soil profile.
These include, for example, terracing, ridge tillage, changing the gradient, slope length, and roughness
of slopes. Moreover, in recent years, increasingly, there have been also used the methods of mulching.

Mulching is referred to as the agronomic practice of leaving mulch on the soil surface for soil and
water conservation and to favour plant growth (Jorddn et al., 2011). The covering layer of mulch
represents any material other than soil or living vegetation that performs the function of a permanent
or semi-permanent protective cover over the soil surface (Jordan et al., 2011). Therefore, for the
mulching purposes, there might be different kinds of materials, such as vegetative residues, biological
geotextiles, gravel and crushed stones (Jiménez et al., 2016). Mulching has been shown to confer
several beneficial effects. Furthermore, mulching allows improved infiltration capacity (Wang et al.,
2016) and increases water intake and supplies of usable water in the soil (Mulumba & Lal, 2008).
Experimental measurements shows that mulching positively influences the topsoil temperature for
more optimal growth and development of the plant roots (Dahiya, Ingwersen & Streck, 2007) and to
decrease evaporation (Cerda & Doerr, 2005). Among these beneficial mulching effects, the reduction
of water loss rates is one of the most significant and remarkable (Diaz-Ravifia et al., 2012, Prosdocimi
etal., 2016).

The aim of this work was to evaluate the different influence of mulching materials covering the soil,
on the dynamics of changes within the soil moisture in the Central European vineyards.
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MATERIALS AND METHODS

Experimental site

For experimental measurements, specific test site, in the south of the Czech Republic, was selected.
This was wine-growing sub-region "Velke Pavlovice", the area of "Rakvice", the track / land called
"Kozi Horky" (Latitude: 48°51'29"N, Longitude: 16°48'48"E). This site is in the corn production area,
where the climate is very warm and dry, with an altitude of 164 meters above the sea level. The land
has a flat surface. The average annual temperature in 2017 was 12.3 °C and the total rainfall was 480.0
mm. In 2018, the average annual temperature was 12.5 °C and the total rainfall was 512.8 mm. In
terms of the amount of natural rainfall, it is a typical semiarid region, with an annual precipitation of
around 450-550 mm.

The soils are classified as a pelic chernozem on very heavy substrates (clays, marshes, carpathian
flysch and tertiary sediments), on a scale from heavy to very heavy with a lighter horizon, rarely
gravely, with a tendency of moisture on the surface in the profile. Skimmer is classified from none up
to 10 %. The slope of the land is up to 10 %.

At the beginning of the vegetation, the initial physical state of the soil was always detected at the site
using “Kopecky physical cylinders”, the samples were analysed using a valid methodology (Jandk,
2003). Samples were taken at five reps from each depth the resulting values are provided in Tab.1 and
Tab.2.

Tab. 1 Physical character of soil (at the beginning of vegetation in 2017)

Volume Maximum

Soil Density Porosity capillary Minimal air
depth 3 0 Water Air . capacity
(m) (g-cm) (%) capacity

(% volume) (% volume)

0-0.1 1.05 59.95 59.95 25.40 34.55 45.91
0.1-0.2 1.23 53.23 53.23 26.47 26.76 37.48
0.2-0.3 1.29 50.95 50.95 24.13 26.83 36.99
Average 1.19 54.71 54.71 25.33 29.38 40.13

Tab. 2 Physical character of soil (at the beginning of vegetation in 2018)
Volume Maximum Minimal air
Soil depth Density Porosity Water Air capillary capacit
(m) (g-cm?) (%) capacity pacity
(% volume) (% volume)

0-0.1 1.39 47.11 23.66 23.45 35.83 11.28
0.1-0.2 1.36 48.14 24.01 24.13 36.09 12.06
0.2-0.3 1.42 45.64 26.40 19.24 35.41 10.23
Average 1.39 46.96 24.69 22.27 35.78 11.19

Character of the mulching materials and experiment variants

The experiment was based on four variants, for which three kinds of cover material were chosen to
cover of soil cover by the layer of mulching material. The area of tested plots were 13.8 m? (2.3 x 6.0
m), the first mulching material was crushed grain straw (variant A) when consumption of covering
material was 1.200 g'm™ and volume weight was 100 kg'm™. The second mulching material was
wood chips (variant B) when consumption of cover material was 4.000 g-m? and volume weight was
400 kg-m=3. And the third mulching material was compost made from grape pomace, grass, wood
chips and vegetable waste (variant D). The consumption of covering material at this variant was 2.000
g-m? and volume weight was 560 kg-m?3. The fourth control variant (C) consisted of a cultivated
interlayer without covering material.

Measuring of the meteorological data and soil moisture

A weather station installed in the experimental vineyard recorded data on air and soil temperature,
rainfall and soil moisture at a depth in between 0.1 and 0.3 m. In all experimental variants, the soil
moisture values were measured by “VIRRIB” moisture meters, located at a depth in between 0.1 and
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0.3 m. The soil moisture expressed as a percentage by weight was recorded during the vegetation
every day at a regular fifteen-minute intervals using the “VIRRIBLOGGER” recording unit.

Statistical analysis

A statistical analysis was performed using the software package “Statistics 12.0” (StatSoft Inc., Tulsa,
Oklahoma, USA). Analysis of variance was conducted, and the results were compared using Tukey's
multiple range assay at a significance level a = 0.05.

RESULTS AND DISCUSSION

The Figure 1 and Figure 2 show all year round values of soil moisture, air temperature and natural
rainfall distribution at experimental site. The highest soil moisture was recorded, in both years, in
variants that use crushed grain straw as a mulching material covering the soil. In 2017, the average
value of soil moisture was 26.95 %, in 2018 the average value of soil moisture was 32.28 %.
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Fig. 1 The value of air temperature, soil moisture and rainfalls in 2017

The Fig. 1, as well as the Fig. 2 show the uneven distribution of rainfall, especially during vegetation.
Vanek (1996) reports that in terms of water consumption for wine, the starkest period is from June to
August. Fig. 3 shows in detail the monthly rainfall sums for both evaluated years. From the values it is
clear that there is a higher amount of precipitation especially at the time of harvest or after harvest, but
not during the critical period for grapevine.

According to Vanek (1996), depending on the intensity of foliage, the wine shrub consumes 3-7 litres
of water per day, which corresponds to approximately 90-210 litres of water per month. However, the
monthly rainfall shows that this amount of water needed for wine shrubs is not fully covered, which
results in stress conditions. This trend can be further multiplied by vineyards growing on sloping land.
The reason for this is the higher risk of surface runaway of water that is not retained by the soil
(Ciékovd et al., 2018).
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Fig. 2 The value of air temperature, soil moisture and rainfalls in 2018
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The statistical evaluation of the results of soil moisture values, which was carried out by the analysis
of variance, show that there is a statistically significant difference between the evaluated variants and
the years.
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Tab. 3 The values of soil moisture

The soil moisture

The year of measurement Experiment variant (percentage of weight)
2017 crushed grain straw (A) 26.95+0.06°
2017 wood chips (B) 22.03+0.08?
2017 control (C) 22.58+0.01°
2017 compost (D) 21.81+0.062
2018 crushed grain straw (A) 32.28+0.09f
2018 wood chips (B) 24.61+0.08¢
2018 control (C) 21.92+0.102
2018 compost (D) 24.29+0.01°

Legend: Data are expressed as means *+ standard deviation, different letters in the same columns represent
significant difference (P < 0.05).

Also, in this case, the results confirm the positive effect of straw mulch on soil moisture. In 2017, the
soil moisture was higher by 4.37 % in this variant and in 2018 by 10.37 % compared to the control
variant. Overall, in 2018, all variations covered by the mulch layer were higher in soil moisture
compared to the uncovered control variant. Li et al. (2018) states that the use of mulching materials
presents an effective way of reducing soil evaporation in semiarid agroecosystems.

Covering the surface with the materials in terms of straw, film or branches can reduce radiation and
wind speed at the surface and, hence, reduce evaporation (Singh et al., 2011). Also Mahdavi et al.
(2017) showed that the crushed straw mulching practice significantly reduced total cumulative
evaporation up to 40% as compared to the bare soil plot in a field experimental plot. The mulching
decreases soil water content loss by evaporation and the variation in the soil temperature by insulating
the surface and treatments increased root zone soil water content, which is expected to lead to higher
root water uptake (Jiménez et al., 2017).

CONCLUSIONS

This work brings the results of two-year experiment focused on the impact of three kinds of mulch
materials - crushed grain straw, wood chips and compost on the dynamics of soil moisture changes.
There was also used the control variant which consisted of cultivated interlayer without covering
material. The highest values of soil moisture were measured in experimental variants using crushed
grain straw. In 2017 the average soil moisture was 26.95 % and in 2018 it was 32.28 %. The results
show that wood chips are a suitable alternative for mulching the soil surface. In the broader context,
the results obtained suggest that mulching materials and their use in vineyards may have an economic
and ecological benefit in semiarid hillslopes. The farmers in the south Moravia region should be
encouraged to apply the comprehensive agricultural measures to sustain agroecosystems on sloping
field management of vineyards.

ACKNOWLEDGEMENTS

This paper was supported by the project IGA-ZF/2019-DP001“Evaluation of water surface runoff and
water infiltration into the soil wusing rain simulation method” and by the project
CZ.02.1.01/0.0/0.0/16_017/0002334 “Research Infrastructure for Young Scientists, this is co-financed
from Operational Programme Research, Development and Education”.

REFERENCES

Cerda, A., & Doerr, S. H. (2005). The on sloping vineyards when different soil cover

influence of vegetation recovery on soil applied. In MendelNet 2018: Proceedings of

hydrology and erodibility following fire: An International PhD Students Conference (pp.

eleven-year research. Internatiolnal Journal of 218-223). Mendel University in Brno.

Wildland Fire, 14(4), 423-437. 3. Dahiya, R., Ingwersen, J., & Streck, T. (2007).
. Cizkova, A. Burg, P. Masan, V., Burgovd, J. & The effect of mulching and tillage on the water

Visacki, V. (2018). Observing the soil erosion and temperature regimes of a loess soil:

91



10.

L&
&
Experimental findings and modeling. Soil and
Tillage Research, 96(1), 52-63.

Diaz-Ravifia, M., Martin, A., Barreiro, A.,
Lombao, A., Iglesias, L., Diaz-Fierros, F., &
Carballas, T. (2012). Mulching and seeding
treatments for post-fire soil stabilisation in NW
Spain: Short-term effects and effectiveness.
Geoderma, 191, 31-39.

Jandak, J. (2003). Exercise of Soil Silence (in
Czech). Brno: Mendel University of
Agriculture and Forestry in Brno.

Jiménez, M. N., Fernandez-Ondofio, E., Ripoll,
M. A., Castro-Rodriguez, J., Huntsinger, L., &
Navarro, F. B. (2016). Stones and organic
mulches improve the Quercus ilex L.
afforestation success under Mediterranean
climatic conditions. Land Degradation &
Development, 27(2), 357-365.

Jiménez, M. N., Pinto, J. R., Ripoll, M. A,
Sanchez-Miranda, A., & Navarro, F. B. (2017).
Impact of straw and rock-fragment mulches on
soil moisture and early growth of holm oaks in
a semiarid area. Catena, 152, 198-206.

Jordan, A., Zavala, L. M. & Mufioz-Rojas, M.
(2011). Mulching, effects on soil physical
properties. In Encyclopedia of Agrophysics
(pp. 492-496). Dordrecht: Springer.

Li, H. C., Gao, X. D., Zhao, X. N., Wu, P. T,
Li, L. S, Ling, Q.,, & Sun, W. H. (2016).
Integrating a mini catchment with mulching for
soil water management in a sloping jujube
orchard on the semiarid Loess Plateau of
China. Solid Earth, 7(1), 167-175.

Li, H. C., Zhao, X. N., Gao, X. D,, Ren, K., &
Wu, P. T. (2018). Effects of water collection
and mulching combinations on water

Corresponding author:

7" TAE 2019

11.

12.

13.

14.

15.

16.

17 - 20 September 2019, Prague, Czech Republic

infiltration and consumption in a semiarid
rainfed orchard. Journal of Hydrology, 558,
432-441.

Mahdavi, S. M., Neyshabouri, M. R,
Fujimaki, H., & Heris, A. M. (2017). Coupled
heat and moisture transfer and evaporation in
mulched soils. Catena, 151, 34-48.

Mulumba, L. N., & Lal, R. (2008). Mulching
effects on selected soil physical properties. Soil
and Tillage Research, 98(1), 106-111.
Prosdocimi, M., Jordan, A., Tarolli, P.,
Keesstra, S., Novara, A., & Cerda, A. (2016).
The immediate effectiveness of barley straw
mulch in reducing soil erodibility and surface
runoff generation in Mediterranean vineyards.
Science of The Total Environment, 547, 323—
330.

Singh, B., Eberbach, P.L., Humphreys, E., &
Kukal, S.S. (2011). The effect of rice straw
mulch on evapotranspiration, transpiration and
soil evaporation of irrigated wheat in Punjab,

India.  Agricultural Water Management,
98(12), 1847-1855.
Vanek, G. (1996). Vine 3 — Growing:

Integrated Grape Production. Ecological and
conomic Cultivation, Nutrition and Protection
(in Slovak). Bratislava: PRIRODA a.s.

Wang, J., Huang, J., Zhao, X. N.,, Wu, P. T.,
Horwath, W. R., Li, H. C,, Jing, Z., & Chen,
X. (2016). Simulated Study on Effects of
Ground Managements on Soil Water and
Available Nutrients in Jujube Orchards. Land
Degradation & DevelopmenT, 27(1), 35-42.

prof. Ing. Patrik Burg, Ph.D., Department of Horticultural Machinery, Faculty of Horticulture, Mendel
University in Brno, Zemédélska 1, Brno, 613 00, Czech Republic, phone: +420 519 367 373,

e-mail: patrik.burg@seznam.cz

92



W{’} 7" TAE 2019
@A 17 - 20 September 2019, Prague, Czech Republic

IMPACT OF MANURE AND SELECTED CONDITIONNERS ON PHYSICAL
PROPERTIES OF CLAY SOIL

Nikola CERMAKOVA?, Petr SAREC?, Old¥ich LATAL?

Dep. of Machinery Utilization, Faculty of Engineering, Czech University of Life Sciences Prague
2Agrovyzkum Rapotin s.r.o., Czech Republic

Abstract

The article discusses the results of measurement of soil physical properties that has been done within
field trial established at Slovec in the year 2014 comparing with 2018. There were different variants of
fertilizing and soil activator (NeoSol and Z'fix) used. Soil physical properties, i.e. soil bulk density and
cone index were measured. The results indicate that at soil upper layer, cone index of all the trial vari-
ants dropped relative to control regardless of the manure treatment with Z'fix, or the application of
NeoSol. Concerning soil bulk density, a drop in values can be discerned with the application of cattle
manure. One variant was increase with no apparent pattern of treatment. Subsequently, draft of chosen
tillage implements was measured.

Key words: activator of organic matter; cattle manure; soil properties; draft; bulk density.

INTRODUCTION

According to Biinemann et al. (2018), the minimum soil characteristics indicators should include phys-
ical, chemical and biological indicators. Biinemann et al. (2018) include soil organic matter and structure
among the most important indicators of soil quality. One of the basic problems of modern agriculture is
soil compaction. Soil compaction results in loss of yield and high soil density. Soil compaction has
negative impact on environment. The negative effect of soil compaction is manifested through increased
bulk density, soil cone index, and other variables. This all leads to reduction in porosity, hydraulic soil
properties, stability and other variables (Alakukku, 1996). All these parameters are connected together
and influence crop yields. Celik et al. (2010) confirmed organic applications to significantly lower the
soil bulk density and penetration resistance. According to Javiirka and Vach (2008), it has been shown
that excessive soil compaction reduces the growth rate of crop roots, extends them and penetrates into
the lower soil layers (rooting depth). In compacted soils, crops that make up the economic yield of
underground organs - sugar beets or potatoes - are most affected. For other crops, soil compaction results
in lower water and nutrient intake compared to the normally developed root system. Soil compaction
occurs in a vast array of soils and climates. Deteriorates with low organic matter content in soil.
The low supply of water to the soil, due to compaction, leads to additional fertilizer requirements, lead-
ing to increased production costs (Hamza, 2005).

The impact of using soil activator of organic matter is among the less explored topics. It can have effect
on physical and chemical properties of soil. It can be also assumed that changes in soil properties will
be reflected in the long term rather than immediately after application. According to Podhrdzska et al.
(2012), repeated conventional tillage and application of PRP Sol did not demonstrate any improvement
in soil physical properties (density, porosity, soil compaction, reduced water content in soil).

In terms of economy and operation, energy demand of soil tillage is one of the crucial elements. Tillage
is the base operation in agricultural systems and its energy consumption represents a consid-erable por-
tion of the energy consumed in crop production (Larson and Clyma, 1995). McLaughlin et al. (2002),
Liang et al. (2013) and Peltre et al. (2015) reported manure amendments to have significant effect on
reduction in tillage implement draft. Prolonged application and higher rates brought advanced reduction.
The primary aim of the project supported by the Technology Agency of the Czech Republic is verify
the impact of cattle manure and biological activator of soil on soil production properties.

MATERIALS AND METHODS

Trails field examining effect of substance for soil amendment and fermented manure were established
in 2014. The research was carried out until 2017, when other variants were added. The measurement
were done in autumn every year. In 2014 were done on 2™ October after the barley harvest. In 2018
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measurement were done on 1% November. The trial field is located near Slove¢ in Central Bohemia
(GPS: N 50°14.256', E 15°20.705'", altitude: 273 m). The topography is gently sloping, facing southwest.
Soil type on the location Slovec is very heavy and the soil is thus difficult to cultivate. The content of
clay particles under 0.01 mm was 30 % of weight at the depth from 0 to 0.3 m. Volumetric moisture in
the top soil layer (0 to 0.30 m) was 35.65 % and total porosity was 40.15 %. Bulk density was
1.46 g.cm,

Each trial fields was 45 meters wide and 140 meters long selected to be homogenous and to avoid head-
land. On this plot was applicated fertilizer out according to the plan. There were used cattle manure,
NPK 15-15-15 (Lovofert), NeoSol, Z'fix. Fertilizers were Cattle manure and NPK. NeoSol is soil acti-
vator from PRP Technologies company, which is formed by a matrix of calcium and magnesium car-
bonates that is well bind to the soil solution and regulate the environment, where microorganisms can
develop. Z'fix is a granular mix composed of calcium and magnesium carbonates, designed to control
fermentation processes in manure and compost. Z'fix was applied directly to the bedding in the presence
of animals. Both activators is not a fertilizers, they are supposed to improve conditions for the transfor-
mation of organic matter.

Fertilization of individual variants is shown in Table. 1. The difference in variants was in used fertilizers,
biological transformers of organic matter. Dosage of cattle manure was 50 t.ha-1, of PRP Sol 200 kg.ha-
1, and of NPK 200 kg.ha-1. Than the field was ploughed afterwards. In spring, seedbed preparation was
carried out.

Tab. 1 Fertilization of individual variants of trial fields at Slovec.

Variant Fertilization
la cattle manure with Z'fix + NPK
Ila cattle manure with Z'fix + NeoSol+ NPK
Illa cattle manure+ NPK
IVa cattle manure + NeoSol + NPK
Va NeoSol + NPK
Via NPK (Control)

There were used Two basic methods for measuring physical properties of soil. Firstly it was undisturbed
soil samples using Kopecky's cylinders (volume 100 cm3). Secondly, cone index measuring method
was used by registred penetrometer PEN 70 developed at CULS Prague was employed. Moisture was
measured by Theta Probe (Delta-T Devices Ltd, UK). The proposed soil tillage implements were meas-
ured by means of a drawbar dynamometer with strain gauges S-38/200 kN (LUKAS, Czech Republic)
between two tractors (see Fig. 1). Data acquisition system NI CompactRIO (National Instruments Cor-
poration, USA) was employed and its sample rate was set at 0.1 s. The data were then processed by MS
Excel (Microsoft Corp., USA) and Statistica 12 (Statsoft Inc., USA) programs.

.

ig. 1 Phot of draft measurement ofchlsel plough Horsch Tiger 5 AS at Slove¢ in autumn 2018.
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RESULTS AND DISCUSSION

Table 2 shows the overall average values of the basic physical properties of soils. There is a clear dif-
ference in volumetric soil moisture between the two years due to exceptionally dry weather over the
whole vegetative period of the year 2018. This clearly increased the values of cone index which depends
on soil moisture. Illustrative aggregate values at three different depths are presented in the Table 2.
Because of drastically different climatic conditions in both year is more interesting relative differences
to the control variant than absolute values.

Tab. 2 The overall averages of soil moisture and bulk density, and operating conditions and overall
results of measurement of soil tillage implement drafts at Slove¢ in autumn of 2014 and 2018.

Fall 2014 Fall 2018
Soil properties
vol. moisture at 0.00 — 0.05 m [%] 35.16 20.78
cone index at 0.08 m [10° Pa] 1.124 0.913
cone index at 0.12 m [10° Pa] 1.326 1.477
cone index at 0.16 m [10° Pa] 1.571 2.977
bulk density at 0.05- 0.10 m [g.cm™¥] 1.763 1.518
red. bulk density aﬁt 0.05-0.10 m 1.367 1.248
[g-cm~]
Draft measurement
tractor NH TG285 JD 9560 RT
engine power [HP] 285 560
implement chisel plough tine cultivator
implement type Strom Terraland TN Horsch Tiger 5 AS
3000
working width [m] 3 5
working depth [m] 0.117 0.122
working speed [km.hour?] 7.81 7.94

Year-on-year changes in relative cone index values at upper soil layer are presented in Fig. 2 and 3.
Cone index of all the trial variants dropped relative to control regardless of the manure origin, manure
treatment with PRP Fix, or the application of PRP Sol.

160%
m fall 2014 - depth 0.08 mm

140% fall 2018 - depth 0.08 m
120%
100%
80%
60%
40%
20%
0%

la Ila

IVa Va Vla

Cone Index [%]
(Control: Variant Via)

'3 variants

Fig. 2 Graph comparing relative differences of soil cone index values at the depth of 0.08 m at Slove¢
in autumn 2014 and 2018 (Variant Vla — 100 %).
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200%
m fall 2014 - depth 0.16 mm

fall 2018 - depth 0.16: mm
150%
100%
50% I I
0%
la Ila Va Vla

Il a Variants Va

Fig. 3 Graph comparing relative differences of soil cone index values at the depth of 0.16 m at Sloveé
in autumn 2014 and 2018 (Variant Vla — 100 %).

Cone Index [%]
(Control: Variant Vla)

On the other hand, overall soil bulk density values decreased, although moderately only. Fig. 4 demon-
strates relative comparison to the control variant. A drop can be discerned with the application of cattle
manure. Small differences is in variant VVa. The increase occurred without obvious cause.

105.00%
W Fall 2014 Fall 2018
100.00%

95.00%
90.00%
85.00%
80.00%
75.00%
la Ila 1] IVa Va Vla

a .
Variants

Fig. 4 Graph comparing relative differences of reduced soil bulk density at Slove¢ in autumn 2014 and
2018 (Variant Vla — 100 %).
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Fig. 5 Graph comparing relative differences of implement unit draft related to control at Slove¢
in autumn 2014 and 2018 (control variant Vla excluded).
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Fig. 5 presents aggregate unit draft values compared to the control. Due to the different climatic condi-
tions and soil tillage implements used, absolute values cannot be considered. The ratio of individual
measured unit draft values to the average value of the control variant is therefore used for evaluation.
There a slight increase in unit draft after manure and soil and manure activators.

When taking into account relative differences of individual variants (Fig. 6), the increase was attained
in three cases. It was variant Illa, Iva and Va. The majority differences were in Iva with application
Cattle manure, NeoSol and NPK.
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Fig. 6 Graph comparing relative differences of implement unit draft with respect to individual variants
at Slove¢ in autumn 2014 and 2018

The original assumptions of the research were not mostly confirmed. The experimental measurements
confirmed conclusions of Podhrazska et al. (2012) that says there is no relationship between the appli-
cation of the biological soil activator NeoSol and the improvement of the physical properties of the soil.
In opposite, Schjonning et al. (1994) suggested, that long term fertilizer application can be rewarding to
improve soil strength and soil density than manure or inorganic fertilizer treatments. Celik et al. (2010)
re-ported, that cone index values can be decrease compared to the control variant. With higher applica-
tion rates of manure, soil bulk density as well. Both these two assumptions was not confirmed

CONCLUSIONS

So far, the work has not proved the beneficial effect of substances for soil (NeoSol) and manure amend-
ment (Z'fix) and of cattle manure on soil cone index and on implement draft force reduction. At soil
upper layer, cone index of all the trial variants dropped relative to control regardless of the manure
origin, manure treatment with Z'fix, or the application of NeoSol. Concerning soil bulk density, a drop
in values can be discerned with the application of cattle manure. One variant was increase with no
apparent pattern of treatment.

Subsequently, draft of chosen tillage implements was measured. The unit draft remained practically
unchanged relative to the control within one variant, decreased within two variants, and increased within
another three variants. The latter two were the variants where the most treatments were accomplished,
i.e. application of cattle manure (with and without Z'fix), of NeoSol, and of NPK. It could be therefore
assumed that higher number of machinery passes may have resulted in the increased implement draft.
The assumed benefits of manure and soil activators may not have had time to take effect. Instead, the
impact of higher number of machinery passes due to their application may have been manifested.

The necessity of long-term examination of the effects of activators of organic matter should be empha-
sized. Research needs to be validated in more locations in order to eliminate the influence of the local
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environment. The effects of activators of organic matter are among the less explored topics. In connec-
tion with changing composition of organic fertilizer (fewer manure and slurry but more compost and
waste from biogas plants), the increased importance of activators of organic matter can be expected.
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Abstract

The paper deals with operational (soil) tests of selected hardfacing materials allowing extend the life
of the ploughshare point. The results showed that the highest wear occurred in the front part of the
ploughshare points. EB 520 RB with ledeburitic structure and chromium and vanadium carbides has
achieved the highest wear resistance among the materials studied. The ploughshare points welded
with the NiCrBSi-based NP 60 WC 20 powder also achieved a relatively high wear resistance. High
wear resistance values are mainly due to the presence of tungsten carbide hard structures. NP 62, also
based on NiCrBS, but without tungsten carbide particles, has achieved significantly lower wear
resistance.

Key words: ploughshare point; wear; deposit; soil tests.

INTRODUCTION

In agriculture, various processing tools are used which counter degradation processes during
operation. Wear of cutting edges of working tools in operating conditions significantly affects the
quality of work and energy demands of soil tillage processes (Hrabé & Miiller, 2013, Kovac, Vanko &
Vysocanska, 2014; Mikus, Balla & Zernovic, 2006; Miiller & Hrabé, 201 3).

Farmers and suppliers are looking for different ways to extend the technical life of working tools. One
option is to apply materials with increased hardness to the working part of the tool, which is expected
to achieve increased wear resistance in the soil. There are several ways of creating hard layers, which
are distinguished from each other by technological parameters, filler materials used, as well as by the
properties of the created hard layers (Hrabé, Chotéborsky, Ruzbarsky & Zarnovsky, 2010; Kovac,
Vanko & Vysocanskd, 2014; Vinas, J., Brezinovd, J., Guzanovd, A., & Kotus, M., 2013).

The application possibilities of specific wear resistant materials can be verified in laboratory tests.
Despite the excellent results of some materials in laboratory conditions, the results in operational tests
will not conform to these evaluations. The evidence can be found in the results of several authors
(Brozek, Novikova & Mikus, 2010; Mikus, Kovac & Zarnovsky, 2014, Miiller & Hrabe, 2013).

The most accurate results of soil resistance of materials in soil conditions can be obtained through
operational tests. It should be noted that the same type of material may have quite different wear
values in various operating or soil conditions. These differences are influenced by several factors, e.g.
soil (soil type, soil moisture), tillage tool (material and geometry of the tool) and so on (Hrabée &
Miiller, 2013; Mikus, Balla & Zernovic, 20006).

Therefore, the aim of this paper is to find out the possibilities of extending the life of the ploughshare
point by welding-on the selected wear resistant materials and to evaluate the wear on the basis of
operational tests.

MATERIALS AND METHODS

The operating tests were focused to examining the wear of the most exposed part of the plough -
ploughshare point. A total of fourteen ploughshare points included in the experiment were mounted on
the plough Ostroj Europa. The two original ploughshare points were used as a standard, the remaining
twelve ploughshare points (divided into three parts by four) were welded-on with two types of powder
filler materials based on NiCrBSi (NP 62 and NP 60 WC 20) and hardfacing rod (E 520 RB).
The chemical composition of the additive materials used is shown in Tab. 1.
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Tab. 1 Chemical composition and hardness of the filler materials used

Standard chemical composition (% weight) Hardness HRC
Filler material | C | Si | B |Fe|Cr | WC | V | Mn Ni
NP 62 0955 4 |5 |20 - - - | remainder 58-65
NP60WC20 (06| 5 39| 5 20| 20 | - - | remainder 75-82
E520 RB 35108 - | - |25} - |L47]08 61

The powder filler materials NP 62 and NP 60 WC 20 were applied by an oxygen-acetylene flame
(NPK-3 torch, neutral flame, 3-4 mm.s * welding speed). The material E 520 RB was applied by
manual metal arc welding-on (direct current, positive electrode, welding current 80 to 100 A, welding
voltage 24 to 25 V, welding speed 3-4 mm.s ). Before welding, grooves with a width of 20 mm and a
depth of 2 mm were machined on the front face (Fig. 1). The grooves were then filled with deposit
materials, with a weld thickness of 2 mm. The same geometric shape as in case of the original
ploughshare points were achieved by this way.

Fig. 1 Groove for hardfacing on the functional face part of the ploughshare point

In operational tests, the size of the linear wear of the ploughshare point was monitored after the 40 and
80 ha area processed. Wear was determined as the difference between the dimensions in the defined
planes (Fig. 2) of original and worn ploughshare points after specific area ploughed. The
measurements were made with a calliper with an accuracy of 0.02 mm.

A B C D E

& O T~ N O

. N\ )

20

40 |20[20]20

Fig. 2 Measurement planes of linear wear of the ploughshare point

RESULTS AND DISCUSSION

Field tests were realized in loam soil with moisture of 17.5%. The first ploughshare point wear
measurement was carried out after 40 h of ploughed area and the results obtained are shown in Fig. 3.
The highest wear was found on the standards. The arithmetic mean of their linear loss was 3.32 mm.
The lowest wear was achieved by ploughshare point hardfaced with the material E 520 RB, the
average loss reached the value of 1.76 mm in the defined planes, which represents 88% better wear
resistance compared to standards. Ploughshare points welded-on with NP 62 powder material reached
average loss of 1.83 mm width (81% better wear resistance compared to standards) and ploughshare
points hardfaced with NP 60 WC 20 reached an average width loss of 2.11 mm (57% better wear
resistance compared to standards). The largest lost in linear dimensions were identified in the X plane
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(Fig. 2). NP62 deposit was 65.6% better than the standard, NP 60 WC 20 was 148% and the EB 520
RB was 162% more durable than not hardfaced ploughshare point.

HA
mB

mC

HD

Linearloss (mm)

mE

13 14

NP 60 WC20 Etalony

Fig. 3 Linear loss of ploughshare point after 40 ha of ploughed area

The following measurements were made after 80 ha of ploughed area, with average soil moisture of
16.8%. The values of linear loss of the ploughshare point are shown in Fig. 4. The standards showed
the highest wear. Their average linear loss in the measured planes was 6.42 mm. E 520 RB with an
average linear loss of 3.15 mm, the 103% increase in wear resistance versus standards, achieved the
best results from the filler materials. Metal powders had similar losses after ploughing 80 ha. The
NP62 deposit achieved an average loss of 3.66 mm (75% better wear resistance compared to
standards), the NP 60 WC 20 achieved an average loss of 3.87 mm (65% better wear resistance than
standards). Again, the greatest wear was recorded in the X plane (Fig. 2), with the NP62 deposit
70.2% better value than the standard, the NP 60 WC 20 176% and the EB 520 RB 183.5% better
durability as not welded ploughshare points.
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Fig. 4 Linear loss of ploughshare points after 80 ha of ploughed area
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The results achieved fully correspond to the results presented by several authors in their works (Hrabé
& Miiller, 2013; Kovac, Vanko & Vysocanska, 2014; Mikus, Balla & Zernovic, 2006; Miiller &
Hrabé, 2013; Vinds, J., Brezinovd, J., Guzanovd, A., & Kotus, M., 2013). The material NP 60 WC 20
wear of the ploughshare point cutting edge was positively influenced by the presence of WC particles
in the structure, being significantly reduced in comparison to the material NP 62, which is in
accordance with the results reported by Mikus, Balla & Zernovic, 2006; Mikus, Kovac & Zarnovsky,
2014. EB 520 RB achieved the best results from all materials tested, which can be attributed mainly to
the presence of ledeburitic structure (high carbon content) as well as chromium and vanadium carbides
in the material structure. The carbide structure seems to be the most suitable in terms of the wear
resistance in the soil environment (Hrabé, Chotéborsky, Ruzbarsky & Zarnovsky, 2010).

CONCLUSIONS

The results achieved showed that the highest wear was in the first third of ploughshare point. When
comparing the wear at the particular measuring points, it can be stated that the ploughshare points
welded-on with EB 520 RB with ledeburitic structure and chromium and vanadium carbides have the
best wear resistance. The ploughshare points hardfaced with NP 60 WC 20 also have 150 to 180%
higher resistance comparing to standards. High wear resistance values are mainly due to the presence
of hard tungsten carbide structures. The material NP 62, without tungsten carbide particles, was only
70-80% higher than the standards.

Protective deposit can therefore prolong significantly the technical life of the ploughshare point.
This issue needs to be further explored and new possibilities for extending the lifetime and reducing
the cost of operating tools are sought.
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Abstract

This paper deals with research focused on possibilities of usage of physical methods while evaluating
the chosen technological characteristics of biodegradable lubricants. Biodegradable lubricants UTTO
were the subject of examination and they were compared with a sample of mineral oil Ultra. We focused
on density, viscosity, fluidity and pour point. Results show that the temperature is an important factor
which influences thermophysical properties. Results of the thesis include the acquired dependencies of
density and viscosity on temperature described by linear and exponential regression equation of Arrhe-
nius type. Pour point of individual samples was determined by usage of the differential scanning calo-
rimetry.

Key words: biodegradable lubricants; density; viscosity; fluidity; thermal analysis.

INTRODUCTION

The term ecological lubricant is not well defined in the literature. Such materials that do not have a
negative impact on the environment are generally considered as organic substances. In the case of lub-
ricants, these are biodegradable lubricants, or biomass and require rapid and particularly complete bio-
degradability by microorganisms. Ecological lubricants can equally replace lubricating oils and greases
on mineral base. The economic benefits of organic products are largely because the operating costs are
reduced when they are used. The use of ecological lubricants is the best alternative in practice (Beles &
Zelenka, 2010). Bhusham (2001) adds that in the future, the environmental properties of a lubricant
should take precedence over performance. The aim of our paper is a comparison of ecological lubricant
with mineral oil by using the physical methods. It is mainly about measuring the temperature depend-
encies, such as the dependence of viscosity and density on temperature and their comparison. We will
compare new samples and samples which were cyclically stressed in a special test device.

MATERIALS AND METHODS

Dynamic viscosity 1 (Pa.s), which is the ratio of shear stress t (Pa) and share rate y (s%) as shown in
eq. 1.

n=- L

was measured on the digital rotary viscometer Brookfield DV2TLV. Generally, the dynamic viscosity
depends on several quantities or variables, such as physical-chemical structure of the sample, tempera-
ture, pressure, time, and shear rate (Severa & Los, 2008). Measurements of the dynamic viscosity in the
temperature interval from temperature 20 °C to 100 °C, are provided. Density of oils is measured by the
digital density meter Mettler Toledo DM40 in the temperature interval from 0 °C to 100 °C. The meas-
uring principle of density is based on the electromagnetic induced oscillation of the U-shaped glass tube.
The fluidity is an ability of matters to flow. The measure of fluidity is expressed by viscosity. It is
defined as a reciprocal of dynamic viscosity. Lubricating oil gradually stops flowing at low temperature
until it reaches the point which is referred to as the pour point. The pour point is the highest temperature
at which the lubricant no longer flows under the prescribed test conditions. The result is reported in °C
(Stopka, 2014). The changing of the liquid to the solid can be defined in two stages. The first stage starts
to exclude fine hydrocarbon crystals from the oil, the second stage forms a crystal lattice by gradual
cooling which prevents the movement of the liquid. This temperature is called a pour point. The value
of the pour point largely depends on the chemical composition of the oils and generally increases with
the size of the molecules. The pour point of most engine and gear oils ranges from -10 °C to -30 °C
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(Lahucky & Toth, 2011). The pour point is also the limit of oil usability. It characterizes the ability of
the oil to flow at low temperatures. As Abdullah et al. (2016) published in his article, a large proportion
of ecological lubricants are used in industrial machines that operate at low temperatures. Exploring the
pour point is therefore an important information for the application of lubricants. To measure the pour
point we used Mettler Toledo DSC 1. In the case of DSC calorimeters with thermal flow the power
difference is measured directly, but this quantity is derived from the temperature difference between the
sample and the reference substance (Simon, 2000). From the difference between the temperature of the
sample and the temperature of the reference cup (DSC sensor), the DSC 1 module calculates the heat
flow signal and offers the possibility of differential calorimetry. The initial peak temperature is counted
when the curve begins to deviate from the baseline. The onset and endset temperatures (extrapolated
start and end) are the points where the tangents, guided by the inflection points of the curve, intersect
with the baseline. The peak temperature is the point which is corresponded by the maximum heat flow,
and the final temperature is the point at which the curve stops deviating from the baseline (Klubal &
Ostry, 2014). The resulting peak, or the course of the whole measurement, can be influenced by several
factors that appear on the graph. The issue of undesirable DSC artefacts was addressed by Tarasov
(2012).

We will measure the ecological lubricant Mol Farm Bio UTTO which is also a biodegradable tractor
oil. The oil is made from vegetable natural oil and special additives. The oil is designated for use in the
gearbox and hydraulic circuit of agricultural and construction machines. It is used for lubrication of
gearboxes, hydraulic circuits, for agricultural and construction machinery. Primary biodegradation per
CEC L-33-A-93 is 90% within 21 days and test method CEC L-33-A-93 (28 days) is 91 %
(Majdan et al., 2011a). For comparison, we had MOL Traktol NH Ultra. It is a mineral oil of the same
use as UTTO, but the primary biodegradation is almost 45%. Sample was worn in special laboratory
equipment, which was at the Department of Transport and Handling at Faculty of Engineering, Slovak
University of Agriculture in Nitra. The laboratory equipment was constructed from the elements of the
hydraulic systems of the tractors. The equipment uses a tractor gear pump type UD 25 (Jihostroj Velesin,
Czech Republic), which is used by Zetor Forterra (Zetor Brno, Czech Republic). The laboratory equip-
ment of the hydraulic system makes it possible to simulate the pressures of the tractor’s hydraulic system
in a significantly shorter time than during the operating of the tractor. Hydraulic pump was loaded with
cyclically changing pressure from 0.1 MPa to the nominal pressure of the hydraulic pump 20 MPa during
the test. It is these pressure surges that burden the tractor’s hydraulic system the most (Tkd¢, Majdan &
Kosiba 2014).

RESULTS AND DISCUSSION
In Fig. 1 — Fig. 4 we monitor the temperature dependence of dynamic and kinematic viscosity, density
and fluidity of biodegradable oil Mol Farm Bio UTTO.

& 140 0.87
< 120
= 0.86
=100 -
2 g £ 0.85
S =
2 60 2 0.84
A =
E 40 g 0.83
I o
c 20 0.82
& o
0 50 100 150 0.81

Temperature (°C) ° '?Smperature (%’CC)IC)) -

Fig. 1 Temperature dependencies of new oil Fig. 2 Temperature dependencies of new oil
UTTO & and oil after 750 000 cycles ¢ UTTO A and oil after 750 000 cycles 4 of den-
of dynamic viscosity. sity.

104



‘} 7" TAE 2019

@t@ 17 - 20 September 2019, Prague, Czech Republic

160 140
© 140 120
E )
£ 120 7,100
2100 P
Z Y 80 ¢ 4
g & 2 60
>
o 60 A 2 40
< LL
§ 40 20
':% 20 0

0 0 50 100 150
0 50 100 150

Temperature (°C)
Temperature (°C)

Fig. 3 Temperature dependencies of new oil Fig. 4 Temperature dependencies of new oil
UTTO A and oil after 750 000 cycles 4 of kine- UTTO A and oil after 750 000 cycles 4 of fluid-
matic viscosity. Ity.

Listed dependences for all samples were described by the mathematical regression equation — decreasing
exponential dependence of the Ahrrenius type:

n=Ae"? )

where A and B are coefficients of the regression equation.

The new sample reached the highest viscosity values at temperature up to 25 °C. With the rising tem-
perature, the viscosity of the new sample decreased most significantly. At the temperature of 40 °C, the
new sample had a dynamic viscosity value of 47.35 mPa.s and for the cyclically burdened sample the
value was 58.53 mPa.s. This phenomenon was up to about 75 °C. From this temperature, the viscosity
of the new sample increased again, in the comparison with the cyclically burdened sample. The deter-
mining coefficients of the exponential regression equation reach a high value, for the new sample it was
R2=0.9786 and after 750 000 cycles it was R?= 0.9954. From these values we can say that the given
regression equations describe the obtained dependences very accurately. Measurement results of oils
density are presented in the graph on the Fig. 2. It is shown that density linearly decreases with temper-
ature of oil. Kosiba et al. (2016) dealth with the effect of biodegradable synthetic fluid on operation of
tractor hydraulic circuit, using the same biodegradable lubricant UTTO. Density, they measured, at
15 °C was 931 kg.m™ and ours was 867 kg.m=. Their sample also was subject to a measuring of kine-
matic viscosity at 40 °C (67.52 mm?2.s?), while our new sample had 54.15 mm?.s. The manufacturer
reports the values of kinematic viscosity at the temperature of 40 °C equal 58.14 mm?2.st. Our measure-
ment revealed a value of 68.48 mm?.s™ after the cyclic stressing of the sample. Similar small differences
were also at the temperature of 100 °C, where the manufacturer’s kinematic viscosity value for both
samples differed from our measured value by 1 mm2.s?. From Fig. 4, we can see that the fluidity in-
creases with the increasing temperature. The new sample reaches higher values of fluidity except for the
temperature range between 80 — 90 °C. At the temperature 85 °C, the stressed sample had a fluidity of
72.85 Pat.st and the new sample of 67.08 Pal.s™. The fluidity of the new sample increased again from
this temperature.

Tab. 1 Defining the exothermic course of the pour point for the UTTO sample

New Sample  Sample after 750 000 cycles

Pour point (°C) -34.11 -33.75
Initial exothermic reaction temperature (°C) -32.61 -31.89
Final exothermic reaction temperature (°C) -35.97 -35.6
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From the measured values from the DSC module (Tab. 1), we see that the interval of the temperature
stability for the new sample ends at the value of -32,61 °C, when the exothermic reaction begins. The
new UTTO sample reached the pour point at the temperature of -34.11 °C, while the Kosiba et al. (2016)
got the -48 °C. A sample after 750 000 cycles had an exothermic peak value and a pour point at the
temperature of -33.75 °C. For this sample, the end of the temperature stability interval is at the value of
-31.89 °C.

In Fig. 5 — Fig. 8 we monitor the temperature dependence of dynamic and kinematic viscosity, density
and fluidity of mineral oil MOL Traktor NH Ultra.
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For both samples we can see that with increasing temperature the dynamic viscosity exponentially de-
creases. In the range between 25 °C — 35 °C the new sample achieved very similar values of dynamic
viscosity as the sample after the 750 000 cycles. At the temperature of 40 °C the sample after 750 000
cycles reached the viscosity value of 73.74 mPa.s while the new sample reached the value of
72.86 mPa.s. From the temperature of 55 °C we can see the increase of viscosity value again for the new
sample. The sample after 750 000 cycles reached lower values of viscosity from the temperature of
80 °C. The coefficients of determination reach high values, for the new sample a value of 0.995 and for
the sample after cyclic stressing the value of 0.988. The sample after 750 000 cycles had lower values
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of density — the new sample had a density value of 0.8755 g.cm™ at the temperature of 40 °C and the
sample after 750 000 cycles reached the density value of 0.8723 g.cm™. It is shown that density linearly
decreases with temperature of oil. The manufacturer lists a kinematic viscosity value of 80 mm?2s™at
the temperature of 40 °C. We measured the value of 83.35 mmZ.s for the new sample, and a value of
84.53 mm?.st for the cyclically stressed sample. The value of the new sample differs from the data given
by the manufacturer by 0.8 mm?2.s* at the temperature of 100 °C. With the cyclically stressed sample
the kinematic viscosity dropped by 1.9 mm?.s* from the manufacturer’s data. The fluidity exponentially
increases with the increasing temperature and from the temperature of 80 °C, the sample after cyclic
stressing has higher values than the new sample.

Tab. 2 Defining the course of the exothermic pour point for the ULTRA sample

New Sample ~ Sample after 750 000
cycles
Pour point (°C) PYRT -5
Initial exothermic reaction starting temperature (°C) -31.17 3517
Final exothermic reaction temperature value (°C) -36.06 38.19

In the Tab. 2 we can see that the temperature stability for the new sample ends at -31.17 °C and the pour
point is at the value of -33.12 °C. The sample after 750 000 cycles reaches the end of the temperature
stability at -35.17 °C and the pour point reaches the value of -36.32 °C. For mineral oil, the cyclically
stressed samples reached lower initial peak rising values, thus the exothermic reaction in these samples
had occurred at a lower temperature. This may be related with a change in the lubricant structure in
cyclic stress and thus the transition from liquid to solid occurs at lower temperatures.

CONCLUSIONS

Measured temperature dependencies of density, dynamic and kinematic viscosity, and fluidity show
good accordance with published results (Hlavdc et al., 2014, BozZikovd & Hlavac, 2014). Presented lin-
ear and exponential dependencies of physical properties on the temperature indicate significant impact
of the temperature on oils thermal properties. Both lubricants have the same use and the results presented
by our measurements prove only small differences between the mineral and ecological lubricants.
Several authors state that the comparison of biodegradable and mineral oils has yielded comparable
results (Kardjilova et al., 2013, Majdan et al., 2011b, Tkac et al.,2012). Beles & Zelenka (2008) also
devoted their works to the ecological lubricants and their broad usage in practice. These lubricants help
to clean the equipment from deposits and carbon. Kacmdr (2014) emphasizes the use of ecological lub-
ricants mainly in agriculture, forestry and environment protection.
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Abstract

Biomass has increasing popularity day by day as the fossil fuel sources consumed away in the world.
Biomass can be both plant based and animal based residues. The potential of plant based biomass
resources is huge but, most of these sources are idle. Not used for any purposes unfortunately.
Pruning residues from fruit orchards are a good solution to compensate this energy source. Lemon is
a popular fruit especially in the Mediterranean region of Turkey. Thus, is a good source for biomass.
In this study, the pruning residues of lemon trees were converted into solid bio-fuel in the form of pel-
lets. Thermal properties such as; gross calorific value, ash content and flue gas emissions of the pro-
duced pellets were analyzed. Also, some physical mechanical properties were determined. Bulk and
pellet particle densities were 521.33 and 1236.70kg.m™, respectively. Firmness of the pellets was 2951
N and mechanical durability (MD) was 88.57%. Results showed us that the pruning residues of lemon
orchards could be a good solution to be utilized as solid bio-fuel both in terms of physical-mechanical
and thermal properties.

Key words: biomass; energy; lemon; pellet; pruning.

INTRODUCTION

As we are living in an energy age and any sources of energy are vital in today’s world. The main
source of energy comes from fossil fuels but they are subject to disappear in the coming years. People
are in seek of alternative energy sources to survive. Biomass can be a good solution for that since it’s
plant and animal based residues. There is a huge residue potential in the world due to agricultural pro-
duction. Unfortunately, most of these potential is not used for any purposes and they are just left on
the fields or on the gardens for natural decomposition or just burned randomly near the garden. That is
the case for lemon punning residues, as well (Fig.1.).

Fig. 1 Random burning oflem puning residues

Shaping the grinded material under pressure to smaller sizes (approx. 30 mm) is called pelleting
(Oztiirk, 2012). Pellets can be produced from sawdust, wood chips, tree barks, agricultural products,
straw, hazelnut shell, almond shell, walnut shell and even from waste papers. The density of material
is increased and the transportation and storing costs are decreased by pelleting process. Moreover,
homogeneity is provided in size and shape which make them more suitable for automatic feeding sys-
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tems and effective usage of material is provided (Werther et al., 2000; Mani et al., 2003; Holm et al.,
2006; Nilsson et al., 2011; Theerarattananoon et al., 2011; Celma et al., 2012). Pelleted biomass is
low and uniform in moisture content. It can be handled and stored cheaply and safely using well
developed handling systems for grains (Fasina & Sokhansanj, 1996). Turkey is an important producer
of lemon in her region. Also, she is an important producer of fresh fruit and vegetable with about
51 million tons of production. Turkey's citrus production reached approximately 4.29 million tons in
the last decade, with an increase of 44% (TUIK, 2018). Lemon supply and consumption in Turkey is
presented in Tab. 1 (MFAA, 2018).

Tab. 1 Lemon supply and consumption in Turkey (1000 tons)

Season 2013/14  2014/15 2015/16 2016/17
Production 726 725 751 851
Import 2 2 3 4
Total supply 728 727 754 855
Export 404 449 394 493
Consumption 324 278 359 362

Lemon orchards need maintaining and care in order to keep and enhance the yield. The most common
procedure for this is pruning, of course. The crown of the tree is pruned periodically to strengthen the
tree and to boost the productivity. Hence, a big amount of pruning residue is produced in those par-
ticular periods and this wood based biomass is not used for any purposes. The aim of this study is to
utilize lemon orchard pruning residues as solid biofuel in the form of pellets. Some physical-
mechanical and thermal properties of produced fuel pellets such as; gross calorific value, ash content
and flue gas emission values were analyzed.

MATERIALS AND METHODS

This study is carried out in labs and workshop of Agricultural Machines and Technologies Engineer-
ing Department of Samsun Ondokuz Mayis University in Turkey. Pruning residues of lemon tree were
provided from lemon orchards in Mediterranean Region of Turkey (Fig. 2). Up to date European
standards (EN 14961-2 & EN ISO 17225-6) were taken as a reference for this research.

Fig. 2 Pre-frag'mentatin of lemon branches Fig. 3 Pellets

The pre-chopped material was sun-dried under normal conditions until their moisture content was
reduced to M10 (8-10 %). Then the dried material was ground in a 3-kW electric hammer mill consist-
ing of 8 hammers rotating at a speed of 2,850 rpm. Once particles of the required sizes PS: 4 mm was
obtained, moisture contents were re-measured, and the particles were pelleted using a pelleting ma-
chine (Fig. 3).
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Lower heating value of pellets were determined by a calorimeter according to the instructions given in
standard (EN 14918, 2009). Before testing, the pellets were disintegrated in a shredder and kept at 105
°C for 24 hours to remove the moisture. Samples dried at a weight of 0.5-1 g were burned in oxygen
atmosphere in a calorimeter bomb under standard conditions and the calorific value was automatically
determined in cal.g? according to the increase in the temperature of the water in the calorimeter cham-
ber and the average actual heat capacity of the system. Then the values are converted into MJ.kg™ as
specified in standard (EN 14961-2, 2010). The ash contents of the pellets were determined using an
ash furnace according to standard (EN 14775, 2009) and the flue gas emissions like O2(%), CO(ppm),
CO(%), NO(ppm), NOx(ppm) were measured and recorded with a gas analyzer.

RESULTS AND DISCUSSION

Ash content of the pellets made from lemon pruning agricultural residue was found as 5.20%, which is
in line with the reference value (A10<10%) given in standard (EN 1SO 17225-6, 2015). Heating value
of pellets was found as 18.60 MJ.kg™. That is also compatible with the value (Q14.5>14.5 MJ.kg™)
indicated in the above mentioned standard. The results showed us that the heating value of pellets pro-
duced from lemon tree pruning residues are higher than the wood (17.57 MJ.kg™). That is a promising
result indeed. Especially, when the huge idle potential is concerned. The flue gases of the pellets are
presented in Tab.2., below.

Tab. 2 Flue gas emissions of pellets

Water content after
burning (%) NOx (ppm) CO2 (%) O2(%) CO (ppm) NO (ppm)

8.23 85.66 4.16 16.73 566.67 81.33

All the measured emission values were in the limits given in Regulations for Air Pollution Control
(IKHKKY, 2014). Ash content was higher than the ash content of pellets produced from hazelnut husks
(7.19%) (Giirdil et al., 2016). That can be due to content of material since the pruning residues of
lemon trees are woody based elements so their ash contents could be higher than a plant based materi-
al. But on the other hand, CO and NO concentrations were lower than plant based materials (Gtirdil et
al., 2016). CO, emission was higher in fuel pellets produced from lemon pruning residues. But, this is
an expected resulted because the higher CO, emissions the better burning of material. Physical me-
chanical properties of pellets are in Tab. 3.

Tab. 3 Some physical mechanical properties of pellets

Bulk density Particle density ony  Firmness
(kg.m") (gmy MYy
512.33 1236.70 88.57 2951

As compared to the results of previous researches bulk and particle densities were slightly lower than
that of pellets from plant based residues. But, firmness of pellets was higher than them. As a conclu-
sion the pellets produced from lemon orchard pruning residues was found to be very suitable in order
to be used as bio-pellets.

CONCLUSIONS

Utilization of idle lemon orchard residues as source of solid biofuel in the form of pellets were
investigated in this study. The pellets were produced with 4mm PS and M10 moisture content.
Thermal properties of fuel pellets such as; lower heating value, ash content and flue gas emissions
were determined. All the tests were done according to the latest EU standards. The results showed that
the fuel pellets have very good thermal properties as a fuel. Besides, as from the environmental point
of view flue gas emissions were within the defined limits. We believe in that further studies of this
kind will help agricultural engineers, scientific researches, farmers and even the policy makers to think
more globally and wisely for the future and will definitely have a positive contribution to sustainable
development in the world.
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ULTIMATE TENSILE STRENGTH OF THE STRING DETERMINATION USING
SPECTRAL ANALYSIS
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Abstract

The paper is focused on ultimate strength of guitar string using spectral analysis of rupture process
sound recording from which the frequency of vibration right before failure was determined. The tension
thus the stress can be calculated from fundamental frequency of the string. Two materials —High Carbon
Steel and Nylon — were tested. Also two diameters of the string for each material were used. The results
were verified by classic tension test and also by modal analysis in ANSYS Workbench environment. It
was shown that this method gives relevant results.

Key words: spectral analysis; ultimate strength; guitar string; modal analysis.

INTRODUCTION

Ultimate tensile strength of material is usually determined using classic tension test (Davis, 2004; Camp-
bell, 2013). There are also other methods such as small punch testing (Holmstrom, 2019) or for dynamic
tensile strength using Charpy data (Lucon, 2016).

It is not always possible to provide or use appropriate equipment due to time, operational or economic
conditions. But there is possibility to record the sound on almost every mobile device and also applica-
tions for spectral analysis or frequency measurement to be done “in the field” are available. There are
also numerous possibilities how to apply tension to the object when applied force is not needed to be
known. This could be useful in less developed countries or remote location when strength properties of
constructional part needs to be verified.

Aim of this article was to introduce contactless method for measurement of ultimate tensile strength of
straight vibrating object with constant cross-section what was represented by guitar string. The method
shows that it is possible to determine ultimate strength without direct force measurement using shred-
ding machine or similar testing device.

MATERIALS AND METHOD

Selected strings were attached to the guitar and the process of tightening was recorded as audio wav file.
For steel strings audio recording electric guitar Fender Stratocaster (made in China) equipped with cus-
tom R.M. Pickups was used. Bridge pickup type RS3000 was selected. The guitar was connected over
USB soundcard UGM96 into MacBook Pro 13’ early 2015 running OSX 10.14.5. Audacity 2.3.0 free
software was used for recording and editing. Electromagnetic pickups cannot obviously pick sound from
nylon strings therefore acoustic guitar Nashville NW-020N with Thrust Emita USB Studio microphone
was used for audio input. Sonic Visualiser version 3.3 what is free software developed at the Centre for
Digital Music, Queen Mary, University of London was used for spectral analysis.

Not many string manufacturers offer more detailed information about their products, thus d’Addario
strings were chosen because this manufacturer provides enough input parameters for this test to be exe-
cuted. According to d’Addario tension chart (d’Addario 2019) high carbon steel strings PL009 and
PL020 and nylon strings J4501 and J4503 were chosen. All strings are plain which means it has no
wound therefore its physical and mechanical properties depend only on basic material and cylindrical
shape. Required parameters are provided in Tab. 1. Some parameters had to be converted to international
system or calculated from others, such as material density which is calculated from unit weight and
string dimensions. The density was needed for correct material definition in FEA analysis. Length of all
strings was 647.7 mm which is typical scale length of guitar thus 25.5 inches. It was also verified by
measurement on the instruments.
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Tab. 1 String properties

. diameter diameter unit weight o
String . -l )
inch mm Ib. inch kg m3
PL009 0.090 0.229 17.94-10° 7779
PL020 0.200 0.508 88.61-10° 7807
34501 0.280 0.711 20.92-10° 941
14503 0.403 1.024 46.79-10° 1015

For each string 5 tests were carried out. The string was attached to the guitar and tuned on its nominal
frequency what was verified by guitar tuner. Then the recording was started and the string was tightened
using tuning knob of the guitar. The string was lightly hit with guitar pick each 1-2 seconds so that the
sound can be recorded but the added force was as low as possible. When the string broke the recording
was stopped. The audio wave was then shortened from dozens of seconds even minutes to only last
seconds before rupture using editing software. After that the file was saved as wav and opened in spectral
analysis software where fundamental frequency of the string in the moment before failure was obtained.

The ultimate strength of the string was calculated as stress for measured frequency using equation (2)
which can be simply derived from equation (1) (Rayleigh; 1945; Raichel, 2006; Inman, 2017).

fo LT )
2-L \my

where f is frequency of the string (Hz), L is length of the string (m), T is string tension (N) and my is unit
weight (kg- m™).

16-f%.12.m,

z-d?

)

o

where ois tensile stress in the string (Pa), f is frequency of the string (Hz), L is length of the string (m),
d is string diameter (m) and my is unit weight (kg- m™).

Subsequently all types of strings were tested using testing machine MPTest 5.050 for verification of
ultimate tensile strength values. Custom made fixations were used for considerate string attachment. For
steel strings testing speed 5mm- min"* was used. Speed 20mm- min was used for nylon strings to reduce
test time according to much lower Young’s modulus.

Also ANSY'S Workbench 2019 R1 modal analysis using obtained material properties and ultimate stress
values converted to tension used as bolt pretension load was used to verify values of frequency.

RESULTS AND DISCUSSION

The sound wave example with obvious failure moment is presented in Fig.1. Peak frequency spectro-
gram is shown in Fig.2. Horizontal-like lines show frequencies of clean tone. The lowest one is funda-
mental frequency of the string which was used for measurement in moment before string failure. Higher
frequencies are harmonics which influence the sound of the instrument. The software is showing fre-
quency of selected point in spectrogram on mouse over.

Tab.2. shows results of spectral analysis including standard deviation compared with tensile test ultimate

strength results and FEA modal analysis for mean value of ultimate stress obtained from spectral anal-
ysis.
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Fig. 1 Sound wave for string P009

Fig. 2 Peak frequency spectrogram (the arrow is showing place of frequency measuring)

Tab. 2 Results

_ frequency ultimate strength tensile test FEA frequency
String
Hz MPa MPa Hz
PLO09 405 £ 10 2143 £ 112 2306 403.2
PL020 350 +7 1606 + 67 1623 350.1
J4501 431 +9 293 +£13 292 408.5
J4503 432 £ 6 318+9 308 424.2
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From Tab.2. it is obvious that spectral analysis method gives relevant results. Lower values for steel
strings can be explained by added stress of vibrating string in contrast to static tensile test. Result for
nylon strings were also influenced by vibration but tensile test was influenced with pressing fixation of
softer material what could also reduce the maximal value. The modal analysis for steel strings showed
that equation (2) gives correct correlation between frequency and stress. On the other hand, Young’s
modulus of nylon strings is strongly dependent on stress (Lynch-Aird & Woodhouse, 2017) thus its cor-
rect definition in ANSYS analysis would require deeper research in mechanical properties of current
strings which is out of aim of this study. Therefore, the results of modal analysis for nylon strings are
not as relevant as for steel because nylon material provided in ANSYS has constant Young’s modulus
defined — in this case 3GPa what was estimated from tensile test.

According to (Olmer, 2007) music wire with diameter under approx. 0.3mm can have ultimate tensile
strength up to 2600MPa what corresponds with obtained results. Decreasing ultimate strength with in-
creasing diameter of the steel strings also corresponds to (Ono, 2019). This effect was not observed at
nylon strings what can be caused by different technology in steel and nylon string production. Also
different material density thus slightly different basic material or process for each nylon string can ex-
plain the results.

CONCLUSIONS

Method for determination of ultimate tensile strength of straight vibrating object with constant cross-
section represented by guitar string was introduced. It was shown that it gives relevant results. This
method could be used at much enhanced condition with optimized fixations, automated tightening and
recording or direct frequency measurement. Or, on the other hand in field conditions with mobile sound
recording and analyzing or whenever advanced equipment is not available.
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Abstract

This paper deals with measurement of fast active power for monitoring the renewable sources connected
to a distribution grid. Fast measurement of active power is the key point of a reliable operation of the
distribution grid. In past years we have observed increasing ratio of generated power from renewable
energy sources. Renewable energy sources have specific behaviour under a specific weather condition.
The term “specific behaviour” should be understood here as the oscillations of output power supplied
to the distribution grid. This oscillation could be caused e.g. by wind gusts — wind turbine, or passing
clouds — photovoltaics. Such kind of active power oscillation could lead to a large blackout. To prevent
large blackouts, we have to perform fast active power measurement. This paper will disclose the method
of the fast active power measurement and its application for monitoring the dynamic response of the
distribution grid.

Key words: renewable sources; distribution grid; power generation; blackout.

INTRODUCTION

Electric power measurement is a general measurement being done in distribution grid monitoring. Any
energy source needs a fast power measurement to monitor the operability and the stability of the distri-
bution grid (Madruga, Bernardon, Vieira, & Pfitscher, 2018; Milligan, 2018). Usual methods for meas-
uring electric power are based on digital principle. However, it could be beneficial to use analogue signal
processing for some application, especially if we want to investigate dynamic effects in the distribution
grid related to the renewable sources. Distribution grid with certain penetration of renewable sources is
in the middle of our interest. Renewable sources for instance PV cells (Photovoltaic) can be the source
of instabilities for the distribution grid (Chuang, Chang, Hsiao, Lu, & Yang, 2019; Fiedler, 2019).
Digital measurement is widely deployed. It is a part of complex monitoring systems delivered with
hardware and equipped with SCADA (Supervisory Control and Data Acquisition) software or the like.
Nevertheless, digital measurement has basic limitations. It goes about higher sampling frequencies and
the equality of sampled value in a range of one sample. The requirement of higher sampling frequency
is often achieved by raw estimation, which might be insufficient, e.g. for making measurements in the
systems operating at 50 Hz — distribution grid.

Digital measurement is based on sampling of instantaneous values. The principle of digital active power
measurement is that we measure voltage u(t) and current i(t) as a function of time. An instantaneous
value of active power is then calculated from the instantaneous values of voltage and current (Calleja,
2006; Sarkar & Sengupta, 2010).

Its median value for the selected time interval gives active power. Similarly, reactive power is deter-
mined as the displacement u(t) versus i(t) by 1/4 period. Typical problem of digital power measurement
is how to set sampling frequency fs to respect higher harmonic trends expressing deformation of the
voltage and current sine wave. We consider that the system frequency is fo is equal 50 Hz. Sampling
frequency is as shown in equation (1), which is too low for most of the cases.

fi=20-f,=20-50 =1kHz (1)
Frequency 1 kHz cannot affect harmonic trends, especially if the semiconductor converters (commonly
used for renewable sources — PVE, wind turbine) are used. There also appear errors of measured active

power due to interference of the sampling frequency with the measured parameters. Choosing a higher
sampling frequency e.g. 10 kHz and higher helps us to avoid all the problems mentioned above, but it
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is resulting in higher hardware requirements (Cataliotti, Cosentino, Di Cara, Lipari, & Nuccio, 2015;
Cataliotti, Cosentino, Lipari, Nuccio, & Serazio, 2013).

Digital power measurement does not fit into the HW (Hardware) and SW (Software) of ordinary small
PLC (Programmable Logic Controller). The solution leads to electrical power measurement on DSP
(Digital Signal Processor) or programmable gate arrays. The measurement unit and its price range then
contrast with a simple control system of the energy device itself.

Additional option for power measurement is the analogue method. It is a simple, cost-effective and
reliable method, which is based on multiplication of analogue signal of voltage and current by analogue
multiplier. After the multiplication we have to use an analogue filter. For instance, filtered signal can be
connected to analogue input of common PLC (Programmable Logic Controller)(Twigg & Hasler, 2009).
The solution for three phases P, Q, Urwms, and Irms it means 12 measured variables would cost $120.
The frequency range is up to 50 kHz for each channel, if the maximum frequency is not limited by
measurement transformers.

Besides digital and analogue methods, which are often used for such kind of measurements, are so called
PMUs (Phasor Measurement Units). PMUs allow to measure various phenomenon within the distribu-
tion grid. PMUs have several disadvantages and the first one is the investment cost. PMUs are in current
scale suited for distribution grid operators such as for WAMS (Wide Area Monitoring Systems).
Although to use PMUs for monitoring simple gensets or RES operation is not cost-effective.

Second disadvantage is the measurement of hardware and software. PMUSs use sophisticated data pro-
cessing methods, but cheaper PMUs use nominal value of the frequency (50Hz) instead of actual fre-
guency. To measure dynamic trends, we need fast and responsive measurements, which can be seen
below. Collecting and monitoring of operational data for long term periods is not the aim of the proposed
solution.

The aim of this paper is to demonstrate the functionality of designed wattmeter for fast active power
measurement applicable for local traditional/renewable sources to investigate their dynamic behavior
related to rotational inertia.

MATERIALS AND METHODS

Due to the above-mentioned drawbacks of digital active power measurement were designed and assem-
bled wattmeter utilizing analogue measurement method. Designed wattmeter is designed for three
phases. The main purpose of designed wattmeter is to investigate the dynamic behaviour of renewable
sources and their influence on the distribution grid with special focus on the stability.

Wattmeter construction

The measuring board/wattmeter has 6 inputs and 3 outputs. The inputs are voltage and current signals
of corresponding phases. The outputs are then active power signals or resulting total active power from
three phases.

The main elements of the board are three analogue multipliers AD633 one per phase. They are serving
for multiplication voltage and current signal to gain active power. In the Figure 1. can be seen the sche-
matic of the designed wattmeter.

current input +
—+
A#L L I

- T

AF_L!F R

i

-+ R o B __ active power output
voltage input

v
Fig. 1 Exemplary schematic of the designed wattmeter. Shown schematic corresponds to one phase
measurement.

&

AD633 multiplier

OO0
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Wattmeter testing and calibration

The function of the designed wattmeter was tested and calibrated on the diesel genset with nominal
power 1,3 MW. Nominal parameters of the genset are voltage 6.3 kV, 1000 rpm, 50Hz and cos¢ 0.8.
Experimental measurement was done in Prague metro emergency power station in Radlicka station (line
B). Testing conditions were chosen due to the variability under various testing states (power output,
parallel operation etc.). The Figure 2A shows just the test condition. The designed wattmeter could be
applied in the same manner for wind turbine or for photovoltaics cells.

B

Measuring TR2

Transformers

Designed Sl| S3 54|

52|
Wattmeter

Measuring Point

Fig. 2 A — Instrumentation arrangement, B — Location of the measuring point (G-generator, S-switch,
TR-transformer).

In the Figure 2 we can see the instrumentation arrangement and location of the measuring points.
Designed wattmeter was connected to the measuring transformers.

The current transformer has nominal current of primary winding 200 A and secondary winding 5 A.
Maximal apparent power for primary and secondary winding is 10 VA. Nominal voltage on the primary
winding is 6 kV and on the secondary winding is 0.1 kV. The voltage transformer has maximal load on
the secondary winding 50 VA. Voltage transformers are in the set consisting of three transformers for
each phase. They are connected in delta/star connection.

The measuring transformers are used also for operational measurement (monitoring). Analogue output
from the designed wattmeter was then connected to the USB DAQ module LabJack U3-HV. Data was
sampled with 10 kHz frequency.

Measured data was recorded by laptop equipped with LabJack software LJLogUD. Obtained data was
then analyzed using MATLAB software. MATLAB analysis consists of filtering the data sets and se-
lecting the sections closed to the phasing action of the gensets.

Statistical analysis to compare independent separate measurements was done using ANOVA method,
results are shown in the Tab. 1.

Tab. 1 ANOVA test results

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 0.229474 2 0.114737 2.868421 0.017103 3.354131
Within Groups 1.08 27 0.04

Total 1.309474 29
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Measurement comparison device was based on the same measuring transformers using measurement
card connected to the SCADA system. The difference between reference measurement and designed
wattmeter was maximally 10 %. However, the purpose of designed wattmeter is to diagnose and disclose
possible failures of the power generation system, so the accuracy of 10 % is still tolerable.

The measurement was done using one wattmeter connected to G5 according to the Figure 2B. We have
investigated the influence of two generators running in parallel operation. Testing condition was that G5
was synchronized to the grid (upper trends) and then synchronized with G4 (bottom trends). Measure-
ment then monitored the influence of synchronizing G4 into parallel operation with G5.

RESULTS AND DISCUSSION

Following trends show the result of phasing G4 into parallel operation with G5. Phasing both generators
was done under 100 kW load. To verify the functionality of designed wattmeter (monitoring of dynamic
behavior of energy sources) we phased the G4 with slight phase displacement, so that it generated power
impulse delivered to the distribution grid. Thus, on the top trend in each figure we can see dynamic
response of the distribution grid to G5 phasing. Similar trends can be observed in the discontinuous
power generation or lost of synchronism, which can be observed in renewable energy sources area
(Madruga et al., 2018).

Connecting another genset G4 to electrical grid caused oscillation in the distribution grid, which needs
to be regulated by various regulation mechanisms, e.g. frequency regulation (Milligan, 2018). This led
to a visible response from already phased G5.

In the Fig.3 we can see first set of measurements on the G4 and G5 in parallel operation with 2s resolu-
tion, above we can see significant peak during synchronizing G5 causing the disturbances (disturbance
is damped within 13 seconds), below is the response of already synchronized connected genset to the

G4 connection. Based on this measurement we can conclude, that G4 is the source of irregularities,
which cause fluctuation of delivered G5 power.
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Fig. 3 Set of measurement of active power of G5 — plot with 2s resolution (upper —synchronizing gen-
set to electrical grid, bottom — response of synchronized genset to synchronization event of 2nd genset.

active power output G5 (kW) active power output G5 (kW)

In the Fig. 4 we can see similar trends like in the Fig. 3, but with 1s resolution. We can see significant
fluctuations in the G5 power output. Shown state could be potentially dangerous, but we can observe
that the damping factor is still high, so the fluctuations are lowered.
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Fig. 4 Set of measurement of active power of G5 genset — plot with 1 s resolution (upper —synchroniz-

ing genset to electrical grid, bottom — response of synchronized genset to synchronization event of 2nd
genset.
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Fig. 5 Set of measurement of active power of G5 genset — plot with 0.5s resolution (upper —synchro-

nizing genset to electrical grid, bottom — response of synchronized genset to synchronization event of
2nd genset

In the Fig. 5. we can see the trends with 0.5 s where damping factor is low, so the amplitude has grow-

ing trend. This is state is emergency and could lead to the breakdown of the gensets and to the inter-
ruption of delivered power.

CONCLUSIONS
The measurement with developed wattmeter proved that analogue method can provide very fast and

reliable outputs. This is very important for monitoring of the energy sources with special regards to their
dynamics.
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Another point of interest is the accuracy of the measurement. We compared our data with standardized
digital measurement done by operators. We achieved maximal error for approximately 10 % of meas-
ured value. The error is not satisfying, but main purpose of developed wattmeter is to monitor the dy-
namics, such as the dynamic response of the distribution grid, damping coefficient, etc. The dynamic
response of the distribution grid can be used to find the correlation between the traditional energy power
sources output and the renewable power sources output. This type of correlation can be used for distri-
bution grid modelling.

The developed wattmeter will be further used for long term monitoring of the PV panels with focus on
dynamic behaviour based on weather conditions (e.g. temperature, clouds...).

The methodology of fast active power measurement provides the values corresponding with the instan-
taneous torque magnitude according to the Park’s equations. It means that foregoing method could be
used to investigate mechanical irregularities. Developed wattmeter was used to discover the source of
problems e.g. the genset’s cylinder (combustion issues), mechanical defects (bearings) or to detect
higher order of harmonic functions in the power output. Measured results were used to correct rotational
speed regulation. The method is usable for monitoring of electromechanical systems and in comparison,
with PMU is much cheaper and more reliable.
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Abstract

The paper deals with the turning of an ellipse or an ellipsoid in a situation when a normal force affects
on it from opposite sides. We assume that the friction with the contact areas is shear and the parameters
of the ellipse are known. Potential applications of this task are very varied. For example, it can be the
orientation of an elliptical sample by covering and underlying glass of a microscope, the orientation of
pebbles or beans in the press, or a simple measurement of the diameter of a wire with a sliding scale.

Keywords: ellipse; ellipsoid; orientation; normal force.

INTRODUCTION

The authors of this article have run into the problem of determining transverse dimensions of the sample
of nearly elliptical shape (in space this is an ellipsoid, for which the derived formulas are identical)
several times. In practice, it is often the subject of a cylindrical shape with a significant ellipticity, which
is exposed to effects of parallel surfaces during the measurement. In this article, we focus on the situation
when the device determines distance of these parallel areas adjacent to the measured ellipse.

A similar task would come in case of optical microscope, where the orientation of ellipsoid is affected
by the force of planparallel surfaces of covering and underlying glass and the dimension is set by
a photograph orthogonal to their flat surface. Taking into consideration our assumption that there is
a shear friction between an ellipsoid and planparallel surfaces, the angle of rotation will be given by the
curvature of ellipse surface as well as the coefficient of shear friction p.

The aim of this study is to find an equation for the angle formed by the main halfaxis of the subject of
the elliptical shape with planparallel planes, which compress this subject, and that with the coefficient
of shear friction between the planes and the subject being known.

MATERIALS AND METHODS

To illustrate and demonstrate the application of discovered connections, a situation when we try to set
the exact cross dimension of a human hair using micrometre will be presented. For the measurements
we used a digital micrometer JIGO-YT12.7 with a resolution of 0.001 mm.

After this measurement, the sample was repeatedly dehydrated in ethanol baths and deluged by resin
and after hardening by mikrotom we took a series of transverse sections of the thickness of 15 pm.
Their geometry was subsequently determined under an optical microscope. Cut surface was
approximated by ellipse, therefore, the dimension of the main and secondary half-axis was identified.
When compressing the flat jaws of the micrometer on the hair 30 year old woman it comes to continual
orientation of hair ellipse between the jaws of micrometre (fig. 1) until the moment when sliding friction
equals the force rotating the hair. Proportion of the main and adjacent half-axis of hair of white man is
approximately 1.62 (Skirontovd, et al., 2017). Our goal is to set the final angle, or more precisely the
angle interval, in which the oriented ellipse is located towards the flat surface orthogonal to planparallel
surfaces. If the angle will be smaller than critical angle o, there will be no orientation caused by sliding
friction. However, if the initial orientation of ellipse will be bigger, it would cause its rotation and the
result angle will be ac. Micrometre measures transverse dimension, which is slightly bigger than the
dimension of the smallest dimension of an ellipse and thus the length of its adjacent half-axis.
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TR

Fig. 1 1-jaws, 2-sample

The aim is to establish the value of this variance on account of the coefficient of shear friction of the
pair of materials p and parameters of ellipse a,b.

Our fundamental assumption is that curvature in a touching point, which means its second derivative in
a critical angle must equal shear friction u. From this attribute we come to the conclusion of this article
thanks to the attached method (Makovicky, et al., 2013).

RESULTS AND DISCUSSION
Without loss of generality we can transform the task of fig. 1 and solve the easier task (fig. 2).
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Fig. 2 Ellipse scheme

The sample (ellipse) is placed with its centre at the beginning of the coordinates system and with half-
axes parallel with the axes of the system of coordinates (Mosna, 2014). At an angle x€(0,-/2) we create
two parallel tangents with tangent points in the 1% and the 3" quadrant and we denote them by t and t'.
The equation of such an ellipse we can write in the usual form

x2 y2

The slope of the tangent line to this ellipse has evidently the form (Dvordkova, et al., 2015)
—bx
)

a 1—a—2

For the tangent point of the line with the slope tg o« and our ellipse then holds

2
yr=b|1-2 ©)
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For the slope of the tangent line then the equality is
, —bx
y(xr)=tga= - (4)
2 |, T
az [1-—

a

From which we get the coordinate x; of the tangent point

_ , a* tg?«
Xr = b2+a? tg2« (5)
After substituting into the equation (3) we get also y-coordinate of the tangent point T

b2
b%+a? tg?«

yr = (6)

For tg ¢ of the line connecting the beginning of the coordinates and the tangent point T then holds
2

tg Q=0 (7)
The equation of the tangent line is then

b?-tg?aa®
xtga —y+ Tratiorn 0 (8)
For the distance of the tangent from the beginning of the coordinates we get the relationship
2 Vb?+a? tg2«

According to the above assumption, the rotation of the elliptical sample occurs if the second derivative
of the surface of the sample is greater than the module of the shear friction

y,, > .
-ba

V' =Gy (10)

For the limit angle ¢., in which compensation of the friction and rotational forces occurs we can write
for the coordinates of the critical rotation

3 ba
b a2-2|(-2y2
xe = w—%—ﬁz Ve = [b2(1-—5) (11)

For tg ¢ is therefore
b 3|ab
i (12)
az-7|(-22y2

Using the equation (7), we get

5 a2_3,(_b_‘1)2
2q=2. L K (13)

tgp =

And by using the equation (9) we finally get the critical distance d.. .
Our main question is, what is the relationship between the half-axis b and d/2. Let's take the specific
values for human hair:
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For half-axis a = 47,5 um, b = 29,3 pm, pn=0,11is a, = 47,6° ad, = 41,8 um (Jelen, et al., 2014).
The deviation amounts to 43 %. In case of human hair, the determination of the minimum dimension b
of the ellipse with the help of a micrometer is only therefore possible with a tolerance of 43%.

Another comparison we can make based on these measurements, from which we know the cross-
sectional dimensions a,b of the female hair identified from the ortogonal cut and at the same time from
data measured by a digital micrometer. These measurements then indicate that the maximum measured
value actually corresponds with the limit angle specified by equation 13. These measured data served to
validate our designated equations, which are the main result of this article.

DISCUSSION

As we have just shown, when using the real values the deviation of the measured value from the length
of the minor half-axis of the ellipse may be up to 50 %. Such a value can be significant e.g. in the case
that we want to read the diameter of the hair of the horse, where the length of the horse hair we use as a
time-recording medium of the condition level of the horse and the diameter of the horse hair in a given
location corresponds to the condition of the horse at the time of the growth of this section.

In such cases, in the measurement of soft materials is, however, at the same time necessary to count with
the fact that the deformation of the material during a mechanical measurement occurs by the influence
of pressure, and it may be even greater than our 43 %.

Another factor influencing the similar measurement is certainly the imperfection of elliptical shape in
cross-section of the sample. We consider, however, the elliptical approximation to be an essential second
step to the expression of the shape of the sample.

Similar relations corresponding to our relationship 2 are the same result as derived by Mosna (2014).

CONCLUSIONS

Formulas derived above present the base for error estimation while measuring loosely placed samples
in a contact way. It is a reflection, which every experimenter facing such problem should take into
consideration. It is clear that relatively complicated resulting formulas (12), (13) could be in case of
particular samples with a small dispersion of values simplified and some components could be omitted.
This could be also done in case of hair, which we have chosen as illustrative. Intentionally we present
the formulas in full version, so that their future use would be as general as possible.
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Abstract

The comfort of sitting on car seats depends on many parameters and the people sitting on it are differ-
ent. Every person is different, behaves differently, and feels different. We will put such an original-
man on a unique car seat and want it to suit everyone without distinction. Then we need to require the
car seat to adapt to the person sitting on it, preferably automatically. That is why we are testing a car
seat in real-life conditions in the car, i.e. under the conditions of simultaneous multi-axis loading.
The content of this article is the innovation of car seat measurement equipment in laboratory condi-
tions. The existing device allows only the vertical movement of the car seat to realize. The aim of the
innovation is to complement the device so that the horizontal movement of the car seat can realize
simultaneously with the vertical movement.

Key words: car seat; testing; multi-axis loading; human; hard dummy.

INTRODUCTION

Testing of car seats in laboratory condition is done according to the relevant standards (Standard
JASO B407-87: Test code of seating comfort for automobile seats). There are a number of these stand-
ards, and each of them conforms to a certain automobile seat load regime. Also important is the inter-
action of the car seat with the human, which depends on the comfort of sitting and the level of fatigue
after a long car ride. Aim of this article was to provide new method and new testing laboratory equip-
ment for testing of cars seats of loading hard dummy.

MATERIALS AND METHODS
The existing testing device complies with the standards prescribing only one-axis vertical movement

of the car seat. So, only with the vertical loading in the "z" axis. Fig. 1.

car
seat

loading
hard dummv

vertical
motor

Fig. 1 Testing device
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Fig. 2 Testing device control

Also its total height of the machine is limited to 1800 mm Fig. 2. To test full automobile seats with full
load, this height needs to be increased. In addition, according to current standards prescribing car seat
testing in laboratory conditions, it is necessary to add the horizontal movement of the seat during test-
ing. When designing the test equipment upgrade, the working height was increased to 2400mm Fig. 3.
For the new concept, a new vertical load management Fig. 4, the guide and the guide bearing have
been reinforced Fig. 5, between which was placed the linear Servo motor Actuator series GSM40.
Have been designed three variants of the horizontal guide Fig. 5-6. The first solution uses standardized
elements of the item system. The other two solutions are based on the principle of vertical guidance
with a movable profile or with a movable guide rod. The final price calculation of the device innova-
tion leads us to a certain price economy and consequently to simplification of the whole innovated
construction. Therefore, the cheapest price option was chosen.

total
heiaht 1800 mm

1800,00

new
heiaht 2400 mm

Fig. 3 New testing device
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Fig. 6 Horizontal movement variants

For the new device will be designed completely new software Management and regulation in SW
LabViev. Conclusions for innovation testing equipment, we can do based on measurements made on
the TUL Hexapod device, which show the dependence on the methodise of loading the car seats

Fig. 7. Dynamic and static loading in the vertical direction and at the same time by horizontal move-
ment represent new conclusions and measurement results Fig. 8.
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Fig. 7 Vertical and horizontal movement variants

By combining exactly defined dynamic loading cycles in both horizontal and vertical directions with
static pauses over time, we obtain characteristics of the properties of automobile seats very close to the
real loading in the car. Therefore, we can realize the loading very similar to real traffic in laboratory.
The time dependent loading is presented, for example, in Fig. 8, where measured hysteresis character-
istics-banana were. The first curve at the beginning of the measurement characterizes the state of the
car seat before the fatigue effect. After 180 hours of loading, the comfort layer fatigue is evident, with
a moderate load reduction with moderate stiffness decreasing during medium loading. In addition, the
damping properties are diminished. Peak loadings are actually the same at finish loading time. When
we measure transmission characteristics, there are even greater differences by varying the loading
method. Fig. 8 shows the statically evaluated characteristics of 10 repeated measurements by the same
conditions.
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Fig. 8 Vertical and horizontal movement variants

RESULTS AND DISCUSSION

The new device allows to increase the working height from 318 mm to 981 mm Fig. 7. Realizes the
possibility of vertical loading of the car seat up to 100 kg of load in the interval up to 100 mm, and at
the same time it enables to realize horizontal movement of the car seat in the interval up to 50 mm.
This corresponds to the current regulations for laboratory testing of automobile seats with load.
The device is original, is not described in any literature, and corresponds only to the requirement of
corresponding standards, which prescribe an independent testing signals in two orthogonal directions -
the horizontal and vertical. This is original device on TUL.

original working
height 318 mm

new working
height 981mm

Fig. 7 Final design testing device
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CONCLUSIONS

It was constructed universal testing laboratory device for laboratory testing automobile seats in the two
directions of movement, both vertical and horizontal. This corresponds to the requirement of the cur-
rent standard for determining the comfort of car seats. At the present, all structural elements are pur-
chased and the installation of the equipment has been started.
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Extended Abstract

The effect of soil compaction, depending upon its severity, can significantly reduce crop yields by 10 to
15%, increase tillage energy requirements by 200 to 300% and drastically reduce infiltration rates,
increasing the problems of run-off, diffuse pollution and flooding. The pressure on the soil at depths of
0.5m has been estimated to have increased by a factor of 10 over the past 80 years, due to the increase
in vehicle weight. Work in the Czech Republic has shown that crops grown using traditional
mouldboard plough (deep) tillage systems have 85% of the field covered by wheel tracks, this reduces
to 65% and 45% when using wider equipment for shallow and no-till practices respectively. This paper
reports the detailed effect of improved traffic management on soil conditions and crop yield by focusing
on the results of two major studies:

1. A seven-year programme at Harper Adams University, UK to compare controlled traffic farming
(CTF) practices, reduced inflation (very high flexion) pressure tyres and standard inflation
pressure tyres for deep, shallow and no-till practices. For a rotation of winter wheat, winter barley
(x2), spring oats, spring wheat and field beans on a sandy loam soil.

2. Athree-year programme at the University of lllinois, USA to compare reduced inflation (very high
flexion) pressure tyres and standard inflation pressure tyres for deep, shallow and no-till practices.
This consisted of a maize and soya bean rotation in two adjacent silty clay loam fields.

Both studies have shown, using both classical soil physical measurements and X-ray computed
tomography, that soil macro-porosity is enhanced by both CTF and reduced tyre inflation pressure
systems.

The results from the six cropping seasons in the UK study have shown 3 years where the CTF practices
have significantly improved crop yield, 2 years where the yields have been higher, but not significantly
so and one year (2017: spring wheat) where they were significantly lower. This was a year where
overall spring wheat yields were approximately 50% of the norm due to abnormally low rainfall in
April, May and June. Discounting the 2017 data, the overall economic yield benefit for CTF (with a
wheeled area of 30%) was 4.6%. The economic yield benefit for CTF with a reduced wheeled area of
15% was estimated to increase to 8.8%. The yield benefit of the reduced inflation pressure tyres was
2%. The deep and shallow tillage yields where significantly greater than those of the no-till for winter
wheat, winter barley and spring oats.

The results from the two cropping seasons in the US study have shown significant increases (4.3% and
2.7%) in maize yield in 2017 and 2018 respectively from the use of reduced inflation pressure tyres.
There was no increase in soya bean yield in 2017 but a significant 3.7% increase in 2018. The effect of
tillage was significant for the soya bean yield in 2017 and maize yield in 2018, when for both crops the
deep tillage yield was greater than the shallow tillage, which was greater than no-till. The economic
analysis, which included the additional cost of the very high flexion tyres, showed that the maize/soya
bean rotation would produce a benefit of US$38/ha and US$43/ha for the 200ha and 800ha farms
respectively.

Key words: plough, tillage, management, soil, compaction, Czech, USA, UK
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Abstract

Advances in soil water content (SWC) monitoring technology continue to provide new and significant
benefits to agriculture. An innovative approach for observing SWC is introduced using a portable
rover platform traveling through in-ground horizontal access tubes and monitors the SWC in real
time. A series of tests for evaluating the prototype portable rover were designed and conducted.
It demonstrated very good mobility and produced records of the SWC in different horizons. The rec-
orded values were then plotted as three dimensional (3D) patterns with high accuracy. The results
show potential applications for this sensing approach, yielding horizontal monitoring of soil water in
the root zone or deeper subsurface.

Key words: soil water status; monitoring locations; rover platform; access tubes.

INTRODUCTION

Soil water content (SWC) is an indicator of the amount of water in soil and an important factor on
many biophysical processes. It affects the plant growth and nutrition, nutrient transformations in the
root zone, microbial decomposition of the soil organic matter, etc. (Bitteli, 2011). There are two com-
mon methods to measure soil water status: direct and indirect. Gravimetric is the only direct method to
determine how much water is in the soil. The volumetric and tensiometric (water potential) are indirect
methods because they measure other properties of the soil that vary with water content. Most of the
available soil water measuring instruments (sensors and probes) are based on indirect methods for
measuring the soil water status.

Charlesworth (2000) & Murioz-Carpena (2004) present several field devices which measure SWC,
such as the Time-Domain Reflectometry (TDR), Frequency Domain Reflectometry (FDR), etc. The
application of TDR technique to soil water measurements was first reported by Topp et al. (1980).
This research linked the measured travel time of an electromagnetic wave with the soil water (6v).
FDR soil water sensing systems operate at relatively low frequencies. They are affected by salinity,
clay and organic matter, water content, bulk density, temperature, compaction and texture (Evett &
Parkin, 2005; Evett et al., 2006; Paltineanu & Starr, 1997). FDR sensors are portable, can be used
with access tubes, unattended, and can also be automated and multiplexed, while their initial costs may
be lower than those of TDR systems or neutron meters. However, a bad soil-sensor contact or small
disturbances of the soil around the sensor have a negative impact on the sensor performance (Fares et
al., 2004).

Gravalos et al. (2012) proposed horizontal monitoring of SWC using a mobile electromagnetic sensor-
based platform that moves in access tubes. This integrated system included a soil water sensor and two
circular articulated wheeled bases, each of them driven by a small wheeled electric motor. The record-
ed values of SWC allow the composition of two-dimensional (2D) or three-dimensional (3D) images
with high accuracy and on a large scale (Gravalos et al., 2013). Sun et al. (2014) also presented an
alternative prototype, in which an EM sensor moves through a horizontal access tube while measures
SWC distribution at a fixed depth. Two cabled pulleys were affixed to and driven by two individual
motors, one being a stepper-motor and the other a dc-motor. During a given scanning event, the step-
per motor turned counterclockwise to proceed the sensor in 5 cm increments along the X-axis. Mean-
while, the dc-motor turned clockwise with some resistance against the drawing force to maintain ten-
sion on the nylon string. When the mobile sensor reached a Hall-switch at the right end of the tube, the
dc-motor reversed direction and retracted the nylon string drawing the sensor back to the starting
point.
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In this paper, we present the design and prototyping of a portable rover platform that carries a capaci-
tance sensor for easy accessing in an in-ground tube for horizontal monitoring of SWC.

MATERIALS AND METHODS

The schematic illustration of the prototype rover platform that travels through the in-ground access
tubes and monitors the SWC is shown in Fig. 1(a). It was constructed with a modified commercial soil
water sensor (Diviner 2000, Sentek Pty Ltd, Stepney South Australia), placed on two articulated
wheeled bases, which are linked via universal joints. The body of the wheeled bases is circular in
shape, and it serves to support the driving and sliding wheels. The driving wheels are supported via
bumper suspensions. The suspension system allows motion only along the vertical direction and relies
its function on flexible members (compression springs), to hold the bumper loosely in place. The de-
flection of the bumper suspension gives foldable characteristics to the driving wheels, which maintain
steady contact with the access tubes. This way, whether it is for straight or curved tubes, the rover
platform is always guided to the direction of them. Two motors are engaged in the rover movement.
These are high quality DC motors that are installed close to the driving wheel parts. The total length of
the rover is 235 mm and its outer diameter may vary from 48 mm to 54 mm. The dynamic behavior of
the rover platform was described in detail in reference to Gravalos et al. (2017). In addition, the porta-
ble version of the rover platform (Fig. 1(b & c)) includes a stainless steel cable reel (770(L) x 371(W)
x 810(H) mm). The electronic control module of the rover platform is installed in the cable reel. It
contains all the drivers necessary to drive the motors and allows the speed to be controlled in both the
forward and reverse directions.

Fig. 1 (a) The schematic illustration of the prototype rover platform, (b) and (c) The portable version
of the rover platform for easy accessing in in-ground access tubes.

The experimental tests were conducted in a field plot (1.5 m long and 1 m wide) at the School of Agri-
cultural Sciences, University of Thessaly, Larissa (Greece). Analyses of the soil samples were per-
formed, including: soil particle size distribution (sand 41%, silt 25%, clay 34%), bulk density (1.33
g.cm®), water retention characteristics (field capacity 27 vol.% and permanent wilting point 13 vol.%)
and electrical conductivity (EC) of 0.20 dS.m™. In addition, three PVC access tubes were placed hori-
zontally, along the field plot, at a depth of 0.15 m under the soil surface, and at uniform distances.
In order to build a good knowledge of SWC conditions within the root zone requires measurements to
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be taken at several locations. SWC measurements within the root zone can be used to evaluate soil
water available to the plant, while deeper measurements below the root zone can show the deep perco-
lation of water. The shallowest SWC measurements should be about 10-15 cm below the surface,
while the deepest should be at least 20% deeper than the bottom of the plant's root zone. Special atten-
tion was paid to the installation of the tubes in the soil, in order to avoid air pockets between the tubes
and the soil. The irrigation occurs only when the daily mean SWC is below the refill point of 0.18
m3.m= and this only in locations with a SWC lower than that limit. After 6 weeks of experimental
procedure with the above irrigation constraints, 88 mm of water was applied to the total surface of the
field plot. Water was distributed across the field plot through manual labor and watering cans.
Calibration of the Diviner 2000 sensor was done under laboratory conditions. The calibration equation
was derived from regression analysis of sensor measurements of scaled frequency (SF) against the soil
water fv, according to Groves & Rose (2004), Giraldi & lannelli (2009).

The observations of SWC were conducted every day for a period of 6 weeks. The portable rover plat-
form measures the SWC at fixed positions of the access tube spaced out every 24 cm of length incre-
ment (move-stop-measure case). Thus, for the 3 access tubes a total number of 18 measurements are
conducted where every single value is the average value of three readings. A sensor data logger is the
data storage, display and conversion device. Then it was connected to the laptop via a standard serial
port. A software application is used to download and store data in a backup file or to export backed up
data to a comma-separated variables (CVS) file format. This text-based file format can be viewed and
analyzed with a third party software.

RESULTS AND DISCUSSION

Box plot of Fig. 2 compares the distributions of SWC between 18 fixed positions of the field plot over
the 6 weeks of experimental procedure. At first glance more boxes seem to balance around refill point
or to have higher SWC except the boxes of the fixed positions 1, 5, 12 and 17 that shows the lower
values of soil water content. In addition, the box of position 4 shows the highest values of SWC much
greater than the field capacity. If we ignore the outliers, the variation in the more boxes is very short
and similar, except the boxes for fixed positions 4, 9, 10, 15, and 16 whose interquartile range is larg-
er.
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Fig. 2 Box plot of SWC for the eighteen fixed positions of the field plot over the 6 weeks.
Fig. 3 depicts 3D patterns of SWC observed by the rover platform. Each pattern represents a different

week (1st until 6th week). The distribution of SWC was characterized by a significant difference be-
tween poorly and well-drained regions of the field plot. The soil water did not uniformly infiltrate
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downwards but selectively penetrated the deepest layers, according to how good was the spatial drain-
age system. The SWC fluctuated between 0.01 and 0.316 m3.m™ in the entire subsurface of the field
plot. We may conclude that the variable drainage system in the plot or the soil physical conditions or
both control water movement. This information is very useful for precise crop irrigation scheduling.
The combination of portable rover platform moving inside in-ground access tubes is a new approach
that allows topological extension of SWC readings and aims at the creation of 2D or 3D soil water
images across or along the investigated field plot. Furthermore, it provides an interesting perspective
for the assessment of soil water distribution at different horizons of vertical soil profile (we assume
that PVC access tubes are installed at different soil depths). It offers quantitative and qualitative spatial
soil water data at large scale (>1 m?), which is not possible with other methods and instruments that
only provide local SWC readings. Comparing the results of this method to the much smaller sampling
volumes of the sensors or probes installed in predefined points into the soil profile gives an idea of the
amount of instrumentation that would be needed if these devices were to be used in order to get pre-
cise patterns of the SWC.
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Fig. 3 Three dimensional (3D) soil water patterns at a depth of 0.15 m under the soil surface.

The proposed rover platform for imaging spatial SWC is thus a very attractive alternative. Soil water
images will play an increasingly important role in the control of resource gradients, such as, soil water
and nutrients and therefore for determining field vegetation patterns. The rover platform method de-
pends on the choice of the capacitance sensor (Diviner 2000). This type of sensor is less accurate than
other types due to changes in soil bulk electrical conductivity (including temperature changes) that
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often occur in irrigated soils. However, by using sensor specific soil water calibration, the rover plat-
form method could easily become a standard measurement procedure. Alternatively, the capacitance
sensor (Diviner 2000) could be replaced by other types of sensors of higher accuracy. Some of them
can be easily adapted to the rover platform and have suitable form and dimensions so that they can
move in the access tubes with no further modification. Furthermore, being impractical to implement
calibration against gravimetrically observed data on a constant basis, meaning that the sensor perfor-
mance cannot be always guaranteed, geostatistical interpolation methods could be used to interpolate
these data, while the actual sensor measurements could be used as a secondary source of information
(Vanderlinden et al., 2008).

A review of the relevant literature indicates that a satisfactory number of soil water monitoring geo-
physical methods and technologies are available nowadays (Galagedara et al., 2003; Grote et al.,
2003; Lunt et al., 2005). In recent years, some researchers used electrical resistivity systems to moni-
tor soil water changes (Aizebeokhai and Olayinka, 2010). The spatial distribution of the SWC may
also be determined by measuring the bulk soil electrical conductivity (ECa) using non-contacting elec-
tromagnetic induction (EMI) instruments. As a future project, field comparative studies need to be
carried out so that the proposed rover platform is directly compared to other geophysical methods so
that reliable conclusions about their effectiveness and accuracy can be drawn.

CONCLUSIONS

The series of tests have proved that the portable rover platform presented in this study can function
effectively inside the in-ground access tubes. It is a new and cost effective way for efficient irrigation
water management because it can cover a large irrigated area, and offers rapid and easy measurements.
Compared to the majority of the commercial dielectric sensors and probes, which are installed in fixed
predefined points into the soil for a long time, the proposed rover platform has a significant advantage,
because it is able to record the actual soil water content in horizontal, vertical or other orientation. It
can also record the spatial variability of the water content, so that precise information about the soil
and plant environment can be gathered.
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Abstract

This study evaluates the pelleting parameters of fuel pellets made from orange tree pruning residues.
Physical-mechanical and thermal properties of pellets were studied and their suitability were checked
according to latest EU standards. The pruning residues collected from orange orchards were first pre-
chopped and then sun dried at outside conditions till the desired moisture content M10 (8-10%) is
achieved. Then the material grinded with varying particle sizes (PS: 4, 6 and 8 mm) to produce pellets.
Pruning residues from fruit orchards are a good solution to generate alternative energy sources. Orange
cultivation is very popular worldwide so the unused pruning residues of the trees must be utilized for
energy in today’s energy based world. Some physical-mechanical properties such as; pellet particle
density, bulk density, mechanical duration, firmness, pellet moisture content and some thermal proper-
ties such as; lower heating value, ash content and flue gas emissions of the produced pellets were ana-
lyzed. Results showed us that the pruning residues of orange trees were suitable both in technical and
environmental aspects for energy utilization.

Key words: energy; orange; pellet; pruning; residue.

INTRODUCTION

The demand for alternative energy sources increases as the depletion of fossil fuels increases. People
are in need for renewable energy sources and biomass could be a very choice. Generally, biomass from
agricultural production like residues are not utilized sufficiently. Unfortunately, most of these potential
is just left on the fields or on the gardens for natural decomposition or just burned randomly near the
garden. An example of it is given in Fig. 1., below.

i
TR A

Fig.‘l Pruning and random rig of orange pruning rsidues
Shaping the grinded material under pressure to smaller sizes (approx. 30 mm) is called pelleting (Oztiirk,

2012). The density of material is increased and the transportation and storing costs are decreased by
pelleting process. Moreover, homogeneity is provided in size and shape which make them more suitable
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for automatic feeding systems and effective usage of material is provided (Werther et al., 2000; Mani
etal., 2003; Holm et al., 2006; Nilsson et al., 2011; Theerarattananoon et al., 2011; Celmaet al., 2012).
Pelleted biomass is low and uniform in moisture content. It can be handled and stored cheaply and safely
using well developed handling systems for grains (Fasina & Sokhansanj, 1996). However, pellets can
be easily produced from agricultural residues, too. Orange cultivation is very popular in Turkey. It's also
important since it contains vitamin C. Turkey is an important producer of fresh fruit and vegetable with
about 51 million tons of production. Turkey's citrus production reached approximately 4.29 million tons
in the last decade, with an increase of 44% (TUIK, 2018; MFAA, 2018). The most common procedure
for maintaining the orange gardens is pruning. Pruning improves the strength and productivity of trees.
It’s also a good way of fighting against diseases. But, it generally ends up with residue problem. So, one
must utilize this idle potential in advantage of energy generation. The aim of this study is to utilize
orange orchard pruning residues as solid biofuel in the form of pellets. Therefore, some physical-me-
chanical and thermal properties of produced fuel pellets were analyzed with regards to particular EU
standards.

MATERIALS AND METHODS

This study is carried out in labs and workshop of Agricultural Machines and Technologies Engineering
Department of Samsun Ondokuz May1s University in Turkey with collaboration of Cukurova University
in Adana, Czech University of Life Sciences in Prague and Black Sea Agricultural Research Institute in
Samsun. Pruning residues of orange tree were provided from the orchards in Adana and Mersin prov-
inces in Mediterranean Region of Turkey. Up to date European standards (EN 14961-2 & EN ISO 17225-
6) were taken as a reference for this research. The pre-fragmented and chopped material (Fig. 2) was
sun-dried under normal conditions until their moisture content was reduced to M10 (8-10 %).

: J| s\ pe 35 %
Fig. 2 Pre-fragmentation and chopping of orange branches
Then the dried material was ground in a 3-kW electric hammer mill consisting of 8 hammers rotating at
a speed of 2,850 rpm (Fig. 3). Once particles of the required sizes PS: 4, 6 and 8 mm were obtained,
moisture contents were re-measured, and the particles were pelleted using a pelleting machine (Fig. 4).
Particle density of pellets were calculated according to standard (EN 15150, 2011). As defined in that
standard the volume of the cylindrical properly shaped pellets was calculated by stereo-metric method
and the averaged volume is proportioned to the average mass of the pellet (g.cm). Likewise, the bulk
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density was calculated as defined in the particular standards (EN 15103, 2009). Mechanical durability
of the pellets was tested according to standard (EN 15210-1, 2009). In this test 500 g of test portion is
placed into this rotating chamber. It’s rotated 500 times at 50 rpm speed and then the sample is removed
and weighed again. The weight difference before and after the test gives us the mechanical durability of
the pellets. Pellet firmness parameter is important during transportation and storage of pellets. The firm-
ness values were determined with a special device (Fig. 5).

e T ]

Fig. 3 Grinding Fig. 4 Pelleting Fig. 5 Pellet firmness tests
As for the thermal properties; lower heating value of pellets were determined by a calorimeter according
to the instructions given in standard (EN 14918, 2009). Before testing, the pellets were disintegrated in
a shredder and kept at 105 °C for 24 hours to remove the moisture. Samples dried at a weight of 0.5-1 g
were burned in oxygen atmosphere in a calorimeter bomb under standard conditions and the calorific
value was automatically determined in cal.g* according to the increase in the temperature of the water
in the calorimeter chamber and the average actual heat capacity of the system. Then the values are
converted into MJ.kg* as specified in standard (EN 14961-2, 2010). The ash contents of the pellets were
determined using an ash furnace according to standard (EN 14775, 2009) and the flue gas emissions like
02(%), CO(ppm), CO2(%), NO(ppm), NOx(ppm) were measured and recorded with a gas analyzer.

RESULTS AND DISCUSSION
The effect of particle size on pellet particle and bulk densities was found statistically significant at M10
(Tab. 1).

Tab. 1 Pellet bulk and particle densities

Particle size Pellet bulk density* Pellet density*
(mm) (kg/m?) (kg/md)
4 542.40 + 4.75a 1220.10 + 6.28b
6 537.82 +£4.75a 1300.17 + 2.87a
8 530.21 + 1.08¢c 1280.83 + 1.63c
Sig. <0.001 0.003

*The difference between the values carrying the same letter is insignificant

Although the study is done in single moisture content (M10) but, some studies proved that the moisture
content of the pellets have significant effect on pellet particle and bulk densities (Colley, 2006; Mani et
al., 2006; Liu et al., 2014). The results for pellet bulk densities were more than the values found for the
tomato residues (200 kg.m=) at M10 (Celma et al., 2012). This can be because of the structure of the
material since the orange pruning residues have woody and harder structure. According to Colley (2006),
durability is regarded as high if exceeding 80%, medium if measured as 70-80% and low if values do
not reach 70%. The MD of pellets at al PS was high since they changed among 87.20% to 92.58%.
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The effect of pellet particle size (PS) on pellet mechanical durability (MD) and firmness parameters has
been found statistically significant (Tab. 2).

Tab. 2 Mechanical durability and firmness of pellets

PS (mm) MD (%) Firmness (N)
4 9258+ 0.11a  3504.90 + 24.80d
6 91.30+0.09p  2634.50 + 19.74b
8 87.20+ 0.06¢ 3163.40 + 12.70c
Sig. <0.001 <0.001

It’s seen that the firmness of the pellets was relatively higher then pellets produced from plant based
residues. This because of the woody structure of the pruned branches. The pellets with smaller PS values
had the higher MD values always. Which can be explained by the smaller particle sized material has a
better compaction characteristics and has smoother surfaces but, this case was not true for the firmness.
Some researchers indicated that the pellet quality is high when the MD value is 80% and higher, medium
when MD is ranging from 70 to 80% and low quality when MD<70% (Tabil & Sokhansnj, 1996; Tabil
& Sokhansnj, 1997). Materials loose some moisture from their structure during pelleting process due to
over-heated mold cause of friction. As a result of this some moisture is removed from the material itself
when pelleting the material. Moisture contents (MC) of pellets is given in Tab. 3., below.

Tab. 3 Pellet moisture contents

PS (mm) Pellet moisture content (%)

4 5.00 + 0.04b
6 4.88 + 0.06¢
8 4.63+0.03a

Sig. <0.001

The effect of material PS on pellet’s moisture content was found statistically significant. Ironically, the
pellets produced from smaller particle size had the highest MC, and MC values decreased as the PS
increased. The results were in line with the references given in standards (EN 14961-2, 2010 & EN 1SO
17225-6, 2015).

Ash content of the pellets made from orange pruning agricultural residue was found as 5.57%, which is
in line with the reference value (A10<10%) given in standard (EN I1SO 17225-6, 2015). Heating value
of pellets was found as 18.65 MJ.kg™. That is also compatible with the value (Q14.5>14.5 MJ.kg™)
indicated in the above mentioned standard. The results showed us that the heating value of pellets pro-
duced from orange tree pruning residues are higher than the wood (17.57 MJ.kg*). That is a promising
result especially, when the huge idle potential is concerned. The flue gases of the pellets are presented
in Tab.4., below.

Tab. 4 Flue gas emissions of pellets

Water content after
burning (%) NOx (ppm) CO2 (%) O2(%) CO (ppm) NO (%)

8.46 100 4.00 16.90 456.33 95.33

All the measured emission values were in the limits given in Regulations for Air Pollution Control
(IKHKKY, 2014).
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CONCLUSIONS

Energy is the biggest issue on today’s world. Renewable energy is a good choice for that since it” sus-
tainable. Biomass energy from agricultural residues is very promising since it’s everywhere and envi-
ronmental friendly, too. Utilization of orange tree pruning residues as source of solid biofuel in the form
of pellets were investigated in this study. The pellets were produced with 4, 6 and 8 mm PS at M10
moisture content. Physical-mechanical and thermal properties of fuel pellets were determined and
screened out. All the tests were done according to the latest EU standards. The results showed that the
fuel pellets have very good physical-mechanical and thermal properties as a fuel. Besides, as from the
environmental point of view flue gas emissions were within the defined limits. But, certainly further
researches of this kind must be done in order to increase its impact on science. We hope that the obtained
results will positively contribute to science and will help agricultural engineers, scientific researches,
farmers and even the policy makers to think more globally and wisely for the future and will definitely
have a positive contribution to sustainable development in the world.
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Abstract

The article deals with the design of a coordinate measuring machine (CMM) Somet Berox XYZ 464B
actuation system. The goal was to transform an existing archaic CMM into a semiautomatic CMM
driven by three stepper motors and controlled via the Arduino platform. Within the parametr of main-
taining precision, it was not possible to make holes or perform other machining operations on the frame
of the CMM. Only existing holes and clamping elements were acceptable to use to modify the machine.
The existing holes remained after the disassembly of the old and unnecessary magnetic belt clutches.

Key words: coordinate measuring machine; CMM, actuation design; Arduino; metrology; low-cost.

INTRODUCTION

Nowadays, when the demands on precision, quality and accuracy of produced parts are ever higher,
continuous improvement, upgrading and acceleration of CMMs is necessary (Vermeulen, et al., 1998;
Kunzmann & Wiildele, 1988). State of the art CMMs can almost eliminate fails which arise from human
factor. These fails are inherent in large volume in measurement results (Melichar et al., 2016).

CMM Somet Berox was fully movable only by human power. There was a high percentage of fails
deriving from human factor. For this reason the idea of modernizing this CMM located on the depart-
ment of manufacturing systems and automation on the Technical University of Liberec emerged.
A Czech CMM Somet Berox XYZ 464B was used for this purpose of rebuild. His typical bridge struc-
ture excelled particularly with quill structure and with the system of magnetic clutch used for micro
movement. The aim of this article was to rebuild the actuation system of an old CMM Somet Berox, in
compliance with today’s required standards of accuracy and at low-cost (Hadac, 2017).

MATERIALS AND METHODS

The decision regarding which new type of positioning system should be used was the initial stage of
developing this rebuild. Two variants were considered: Variant A - using three stepper motors controlled
by the Arduino platform - low-coast modernization, and variant B - using a commercial system and with
DC servomotors and commercial control system from Pantec/Deva company. The decision was made
using the multi-criteria evaluation of variants employing the points method (Metfessel’s alokation).
The more appropriate variant A, realization with three stepper motors, was chosen as the result of these
evaluation methods.

A mechanical belt drive was used for the power transfer between the stepper motors and the movement
devices. The following mathematic formulas (1) (2), were used to determine the toothed timing belt
(Pesik, 2010).

Dy — Dy 1)

— = arcsin
2 2a

where [ is the belt contact angle (rad), Dw is the pulley diameter (m), a is the toothed pulleys center
distance (m).
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where Dw is the pulley diametr (m), B is the belt contact angle (rad), a is the toothed pulleys center
distance (m).

Design of the clamping elements for axis XYZ

Stepper motor clamping elements for axes X, Z and Z positioning were among the first parts to be
designed shown in Fig. 1 and Fig. 2. These parts were drafted using Autodesk Inventor CAD software
and subsequently were cut on a CNC laser cutting machine. All elements were designed considering the
current holes and spaces which remained after the disassembly of unnecessary parts from the original
CMM. Due to insufficient space on the CMM, methods such as design for manufacturing (DFM) and
design for assembling (DFA), were used in the designing of the elements.

CLAMPING ELEMENT PERSPECTIVE VIEW

X,Z-AXI1S

TOOTHED BELT DRIVE

Z-AXI15 MOTOR CLAMPING ELEMENT

TOOTHED BELT DRIVE X-AXIS MOTOR

Fig. 1 3D model of X- axis and Z - axis CMM parts

CLAMPING ELEMENT

TOOTHED BELT DRIVE TIMING BELT FIXING ELEMENTS Y-AXIS MOTOR PERSPECTIVE VIEW Y-AXIS

Fig. 2 3D model of Y-axis CMM parts

Arduino hardware connection

Commercially purchased low-coast Arduino platform components were used for this project. The Ar-
duino platform began to emerge in 2005 at Ivrea Institute in Italy as a student project. Arduino mother-
boards are available for all of the different operation systems, along with a large amount of relevant
training information and an intuitive interface IDE (Integrated Development Enviroment), making
Arudino a widely-used and very popular platform all over the world (Candelas et al., 2015).

The connected of Arduino components shown in Fig. 3.

The list of components used:

e The microcontroller board Arduino AtMega 2560 - this board is designed for 54 digital input,
which is enough for connection to all components.

e Expanding 3D CNC Shield V3 Printer Expansion Board - which is especially usable for 3D
printers. There exists a large similarity between 3D printers and CMMs and for this reason this
expandable board was used for this project as well.

e Three Arduino motor drivers DRV8825 with microstepping - these drivers are intended for
bipolallar stepper motors operating from 8,2V to 45V and can deliver maximal 2,2A with addi-
tional cooling. These drivers can be expanded by microstep elements with 1/32 step resolution.
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e Two joysticks PS2 - the first is for controlling motors in X and Y axes, and the second for con-
trolling the motor in the Z-axis.

XYZ STEPPER MOTORS

PC CONECTION
ARDUINO MEGA 2560
CNC SHIELD
DRIVERS DRV BB25
INPUT POWER 12V

LED
. INDICATORS

BREADBOARD

JOYSTICK Z

Fig. 3 Conected of Arduino components

Arduino control code to coordinate actual joysticks movements with motors rotations was written in the
first step of programing. Three variants for controlling the CMM were considered:

e Var. A - Motor rotation depending on the angle of joystick rotation

e Var. B — Motor rotation depending on pressing of the joystick and adjusting the present speed

e Var. C— A combination of variants A and B.
Variant C was chosen as the most suitable for this rebuild. The reason was simple: the inexperienced
personnel will work with the CMM, and the sensitivity of the low-cost joysticks is not sufficient.
The potentiometers inside the joysticks are not capable of linear movement during manipulation. It se-
ems clear that potenciometrs with linear movement abilities would be more advantageous for this kind
of aplication.

RESULTS AND DISCUSSION

Fig.4 shows the realization of the upgraded CMM with clamped elements mounted, Arduino hardware,
toothed pulleys, toothed belts, stepper motor, electric wires and fasteners fully assembled.

The acquisition costs (less than 290€) for the components purchased prove that one of the main aims of
this article the low-cost CMM upgrade was achieved. The final price is up to 50 times lower than pro-
fessional two or three-axes actuators.

Subsequent to this article, there are some future upgrades to recommend on this CMM Somet Berox,
which could lead to streamlining of the work processes.

An upgrade of the Arduino control code is especially recommended which will make it possible to work
with CMM in a fully automatic mode. This recommended upgrade in cooperation with an optimal algo-
rithm and correct sampling strategy definition could chiefly lead to reduction of a measurement cycle
time for CMM that can enhance efficiency of inspection process (Mian & Al-Ahmari, 2014; Moroni &
Petro, 2011).
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Y-AXIS MOTOR

Fig. 4 Final realization of the CMM

A second upgrade regards the connection between touch probe signals and stepper motor signals by
which the safety of CMM components will be ensured.

Should these recommended modifications of the CMM Somet Berox be realized, the speed increase,
safety, accuracy, general modernization and technical approach to modern CMM of this originally man-
ual CMM will be achieved (Hocken, 2016).

At the end of the rebuild measurations was carried out. For this a reason simplified model to estimate
uncertainty in CMM could be very beneficial in some cases as reported by (Arencibia et al., 2015) but
for our project gauge blocks were used for the verification of accuracy of the measured dimensions.
Fig.5 shows the measured values for the 80 and 100 mm gauge blocks. (Bosch, 1995). Software
Tango!3D from Topmes company was used for the verification of the measurements. This software was
integrated with the CMM Somet Berox in previous modification. As can be seen, there are no deviations
from nominal values of the steel gauge blocks. The results of the measurements with acceptable varia-
tions of +- 0,01 mm from the nominal values are affected with several sources of CMMs error such as
errors from the axes of the CMM, errors from the probing system etc. (Nafi, 2011). Verified by these
measurements it can be said, that the rebuild of the CMM Somet Berox was completely succesfull.
(Hadac, 2017).
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| Actual Nominal Hi-Tol Lo-Tol Difference Error _Graph
Distance Planel,Plane2 mm, dec
oL 99.99 100.00 0.01 -0.01 -0.01 EE
Distance Plane5,Plane6 mm, dec
S 79.99 80.00 0.01 -0.01 -0.01

Actual Nominal Hi-Tol Lo-Tol Difference Error _Graph
Distance Plane4,Plane5 mm, dec
L5 80.01 80.00 0.01 -0.01 0.01
Distance Planeyz,Plane3 mm, dec
.5 100.01 100.00 0.01 -0.01 0.01 EEE

Fig. 5 Output from Tango!3D measurement software - Measurement of the gauge blocks

By comparing CMM Somet Berox linear measuring tolerance MPEg = =+ (7+L/100) (um) where L is a
measured length given in (mm), with modern studies of CMM - MPEg = + (4.5 + L/100 and better)
(Stadek, 2016) suggests that the machine is unable to compete with modern CMMs, but is still sufficient
for teaching and occasional measurement purposes.

CONCLUSIONS

The main research effort in this article was the exploring of low-cost modernizing possibilities for a 3-
axis machine (CMM) and its transformation via open-platform Arduino controlling.

The complete realization of the selected variant included measuring, concept design of stepper motors
and their holding elements in Autodesk Inventor software, cutting the holding elements on a CNC ma-
chine, purchasing all necessary components, disassembling all unnecessary elements, writing Arduino
control code, connecting all electronic components, assembling all new components, and finally testing
functionality of the whole system. The result of the project was a low-cost modernization, fully func-
tional, readily modifiable, semiautomatic CMM, moved by stepper motors and controlled by the Ar-
duino platform using a pair of joysticks.
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Abstract

The Industry 4.0 initiative is currently a very topical and widely used notion, both in the area of infor-
mation and communication technologies (ICT), academia and commercial sphere. This leads naturally
to the development of new technologies that are designed to control and manage wireless terminal de-
vices including data transfer. Some of these devices may be able to transmit large-capacity data, which
considerably slows down the wireless network. The aim of this work was to analyze the risks associated
with high-capacity data transmission through ISM bands, to find out the real latency of wirelessly trans-
mitted data under different loads and to compare the efficiency of individual technologies from different
manufacturers. It has been found that the real latency of wireless transmitted data reaches exponential
dependence. At 150 Mbps the average latency of the tested technologies on the 2.4 GHz frequency band
ranged from 220 to 255 ms and on the 5 GHz frequency band from 108 to 132 ms.

Key words: latency; wi-fi; wireless network; ISM bands; frequency.

INTRODUCTION

The Industry 4.0 initiative is currently a very topical and widely used notion, both in the area of infor-
mation and communication technologies (ICT), academia and commercial sphere (Piketty, 2015, Marik,
2015; Dostal, 2017, Herman, 2008). From the side of "Industry 4.0" is the requirement that all attachable
devices were connected to the internet to allow these devices to be remotely control, to be easier access
to data sharing options or summarize of the data thus obtained, for example, a cloud storage is used
(Piketty, 2015; Marik, 2015, Chang & Chen, 2017). This leads naturally to the development of new
technologies that are designed to control and manage wireless terminal devices including data transfer
(Han, Liang, Chen & Soong, 2016; Tahir & Shah, 2008; Oppermann, Stoica, Rabbachin, Shelby &
Haapola, 2004). Some of these devices may be able to transmit large-capacity data, which considerably
slows down the wireless network (Chang & Chen, 2017; Powell & Shim, 2012). As a result, it can lead
to latency eg. Driving instructions, where is the need for real-time processing (Vicek, 2001; Sicha &
Tichy, 1998; Dobes & Zalud, 2006). Before will be customized sophisticated devices are used, currently
will be used at least initially available technologies such as wi-fi access points (Tahir & Shah, 2008;
Powell & Shim, 2012).

Although the proposition of latency of data packets on wi-fi networks was pursued several authors, one
did not address of direct latency of large data flows, but only simple date information (Chang & Chen
2017; Gao, Ito & Shiratori, 2016; Krivchenkov & Sedykh, 2015). Mostly, a direct endpoint response
was addressed by analyze the data flow through ping commands, and the like (Gao, Ito & Shiratori,
2016; Vikram & Sahoo, 2017).

Another important aspect is to answer the question whether specialized systems for mass-data transmis-
sion can will defend the usual wi-fi solution from common Wi-Fi access point manufacturers and
whether common wi-fi systems can be included in the "Industry 4.0" concept or it will need to use
specialized technologies designed specifically for this purpose in the future.

The aim of this work was to analyze the risks associated with high-capacity data transmission through
ISM bands, to find out the real latency of wirelessly transmitted data under different loads and to com-
pare the efficiency of individual technologies from different manufacturers.

MATERIALS AND METHODS

The devices were tested in a local network consisting of a router and a switch. Wi-fi access points will
be connected through the switch. Then, a data traffic generator is connected to the network, and a system
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through which the maximum network throughput and latency of flow of high capacity data. This con-
nection and measurement will be repeated for different access point models. For measurements were
used the following devices:
e Generator of network traffic on LAN
o Tester XtendLan ETHERTEST100G
e Tester of network availability, transmission errors and response times
o PingerPlus (manufactured by Psiber)
e Router to create a local network
o ASUS RTAC86U
e Switch to connect the network on the router
o Cisco SG110D-05
e Wifi access points with client function
o (tab.1)

Tab. 1 Wifi access points with client function

Frequency Speed

Wifi access point [GHZ] [Mbps]
CAMIBOX-SET_M1-C2 5 100
MikroTik RBWAPG-5HacT2HnD 24+5 300 + 1300
Ubiquiti NanoStation M2 Loco 2,4 150
TP-LINK CPE220 2,4 300
Ubiquiti NanoStation M5 5 150
TP-LINK CPE520 5 300

The wiring topology (fig. 1), where the router is connected to the WAN (Internet) and also to the switch.
To this is connected tester for testing latency PingerPlus and one of two identical wifi access points.
Further, the Wifi access point is wirelessly connected to a second identical access point that is connected
to a network traffic generator.

Fig. 1 Topology of wiring of test file

By each measurement was performed 20 repetitions. At the end of the results created average values,
which have been further processed. The data flow was chosen to respect the maximum transmission
capabilities of each device (1-150 Mbps). A base scale was created that was divided by 10 Mbps. At
each measurement was on generator of traffic on LAN network created communication about that vol-
ume of data through TCP protocol. This generator was connected to the access point, which sent the
data to the same type of device that was 10 m away from it (direct view) and was connected to the
switch. This data communication was targeted (routed) to the router, which was also connected to the
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switch. Size of latency transfer was monitored by the tester network availability, transmission errors and
response times. It verified this latency by function ping and from which individual results were recorded.

RESULTS AND DISCUSSION

From the measured values, several fundamental things can be concluded. The results show that the max-
imum transmission rate for the individual devices does not affect the resulting of latency. Both of the
frequency of 2.4 GHz and at 5 GHz is from the transmission amount of data of 50 Mbps constant of
latency. When exceeding 50Mbps latency value increases sharply (fig. 2, fig. 3). We can also conclude
from these graphs that apart from the access points from MikroTik manufacturer, individual products
from the same manufacturer are on the same level. This means that we cannot say that TP-LINK has
products with better quality than Ubiquiti because although it was better in the 5 GHz bands, it was

worse in the 2.4 GHz bands.
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Fig. 3 Testing access points at 2,4 GHz frequency
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They were also addressed values for the ISM 2.4GHz, and 5GHz ISM for all the products tested, includ-
ing professional product variants CamiBOX (fig. 4).
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Fig. 4 Comparison of Standard Access Points with Professional Version

Latencies that arise from wireless over wifi are still a problem. Individual scientists are trying to mini-
mize latency in wireless devices through various methods. For example, QAIr has a different approach
to transfer the distributed queue to the host queue and can reduce the average wifi latency by 50-75%
(Pei, Zhao, Liu, Tan, Zhang, Meng & Pei, 2017). Another similar process is described by the authors of
the article "Uplink ultra-reliable low latency communications assessment in unlicensed spectrum",
where they are looking for an alternative to reduce the resulting transmission latency (Cue-
vas, Rosa, Frederiksen & Pedersen, 2018).

In practice, we mostly encounter classic old wifi technologies, through which users also want to control
individual automation elements. The problem is that for some operations that require real-time control,
latency can cause considerable trouble. Thanks to the exponential increase in latency due to the volume
of transmitted data via wifi, it is necessary that at the time of such broadcasting there is no excessive
data transmission. Otherwise, the desired operation may be delayed, which can lead to decisive conse-
quences.

Wifi is increasingly used in loT applications and many others where wireless data communication be-
tween two or more devices is needed. The size of loT data is not fixed. There is an effort to minimize
them, but it can also be data in tens or hundreds of MBytes (simple binary commands - bits, video and
audio records - tens to hundreds of MBytes, etc.). One such application is the idea of communication
between vehicles where individual vehicles exchange information with each other. This communication
can lead to more effective information about the accident, traffic and location of the vehicle (Guan,
He, Ai, Matolak, Wang, Zhong & Kurner, 2019). It is therefore important that the latency of data transfer
was minimal, as at increased latency threatens to limit of size the transmission of messages due to the
range wifi and movement of vehicles. This also affects the fact that it is time consuming to connect with
the wifi access point (Pei, Wang, Zhao, Wang, Meng, Pei, Peng, Tang & Qu, 2017).

Similar tests have been addressed in article "Hybrid Communication Architectures for Distributed Smart
Grid Applications”, although this was strictly related to low-energy communication with photo-voltaic
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panels. Even so, this article presents the results latency UDP transmissions depending on the size of
packets sent (Zhang, Hasandka, Wei, Alam, Elgindy, Florita & Hodge, 2018).

Until a new technology is developed, wifi technology is currently the most widely used wireless local
area network technology, so it is important that its testing and improvement does not cease and, on the
contrary, continues to grow.

CONCLUSIONS

The results showed that the real latency of wireless transmitted data reaches exponential dependence.
At 150 Mbps the average latency of the tested technologies on the 2.4 GHz frequency band ranged from
220 to 255 ms and on the 5 GHz frequency band from 108 to 132 ms.

According to the results it can be stated that the professional CAMIBOX product, which is used for
industrial data transmission, has achieved the best results. The second in terms of lowest latency was
the manufacturer MikroTik, who achieved similar results to CAMIBOX. Other tested devices TP-LINK
and Ubiquiti reached inconsistent results with worse latency than previous devices.

In the future, it is contemplated to continue in testing, taking into account the size of the test packets,
and the possibility of using other network topologies as well as extending the number of transmitters to
more accurately determine to what extent the latency is dependent on the number of devices on the
network.
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Abstract

The drying temperature during the measurement reached 60°C (conventional method) and 40°C (low
temperature method). During this measurement, we monitored the output qualitative parameters of the
Saaz hop variety in the form of essential oils. During the measurement, an analytical method to deter-
mine humulinones, which are one of the components of essential oils in hops and hop products, was
newly developed. The measurement confirmed that when drying hops in chamber dryer at a temperature
of the drying medium being 40°C, the drying period is extended by approx. 46%. The graphs clearly
show the difference in the amount of essential oils contained in the hops dried at 60°C and 40°C. Based
on the analytical results it can be concluded that by drying a large majority of the essential oil compo-
nents is reduced to the approximately same extent, therefore the relative representation in the mixture
does not change significantly.

Key words: hop; drying; belt dryer; moisture.

INTRODUCTION

This paper builds on the previous articles covering the comparison of drying process in an experimental
chamber dryer at the conventional drying method and low-temperature drying.

Currently, there are 205 fully functional hop dryers available in the Czech Republic. Out of this number,
79 pcs are chamber dryers. Based on the international experience, their drying principle has the potential
for further use (Doe & Menary, 1979).

Hops are composed of numerous substances. The hop quality both in their fresh and dried state can be
assessed in several ways — for instance by means of the moisture content, HIS (Hop Storage Index),
alpha and beta bitter acids, prenylflavonoids, humulinones, or hop essential oils. Hop essential oils are
the most important group of substances contained in hops responsible for the hop aroma. Depending on
the variety, hops contain 0.5 to 3.0% of essential oils which, together with resins and other substances,
accumulate in lupulin glands during the process of cone formation and maturation. Hop essential oils
are a mixture of several hundreds of natural volatile substances of different chemical composition.
Some of these are represented in the order of tens of percent (myrcene, humulene), some other occur in
small or even trace amounts. However, all of these together are involved in the formation of the charac-
teristic hop aroma. The constituents of hop essential oils can be divided into three groups. The largest
share accounts for the hydrocarbon fraction which forms 70-80% of the total essential oil weight, 20-
30% account for the oxygen fraction. The remaining share accounts for the oxygen and sulphur sub-
stances (Krofta, et al., 2017; Miinsterer, 2006).

During the process of drying the moisture content in hop cones reduces from initial approx. 75 up to
85% to approx. 10-12%. Inside the dryer hops are exposed to a drying temperature of 55-60°C for 6-8
hours (conventional method) (Podsednik, 2001; Koren, et al., 2008, Rybka, et al., 2018). With this dry-
ing method the temperatures are too high, particularly in the final stage of drying. This is bad for some
heat-labile substances and it leads to their losses. In particular, these are hop essential oils contained in
quantities between 0.5 and 3.5%, depending on the hop variety (Hofmann, et al., 2013;
Kumhdla, et al., 2013).

Another technology is the method of low-temperature drying (with the drying medium temperature be-
ing approximately 40°C) (Hermdnek, et al., 2017). This drying method enables to optimize the drying
parameters (the drying medium temperature and the hop layer height) mainly for the special hop varie-
ties in which it is desirable to preserve their original composition to the largest degree possible (Rybdcek,
et al., 1980; Srivastava, et al., 2006, Kumhdla, et al., 2016). The heat-labile substances will be able to
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be used in the manufacture of medicines and food supplements (Aboltins & Palabinskis, 2016; Aboltins
& Palabinskis, 2017; Jokiniemi, et al., 2015).

Hop drying follows the hop picking line and constitutes an operation which is very important for main-
taining the quality of hop product. Low-temperature technology of drying at a temperature of the drying
medium of 40°C is suitable for preserving greater amounts of the essential oils contained in a dry hop
product (Vitazek & Jurik, 2015).

Hop aroma depends on the amount of essential oils contained in hops. Depending of their variety, hops
contain 0.5 to 3.0% of essential oils. Hop essential oils are a mixture of several natural volatile sub-
stances with various chemical composition. Some occur in the order of tens of percent (e.g. myrcene,
humulene), others are present in small or trace quantities. Yet all of these together are the primary con-
tributors of the distinctive hop aroma.

The object of this measurement was to find out whether hops can be dried in an operational chamber
dryer at 40°C and at the same time to compare the qualitative characteristics in the form of selected
essential oils when hops are dried using the conventional method and low-temperature method.

MATERIALS AND METHODS

By comparing the above-mentioned technologies, it is possible to support or refute the presumed hy-
pothesis. We carried out the in-process measurements of both drying technologies at the researcher
Rakochmel Ltd. in KoleSovice in its 4KSCH chamber dryer (Fig. 1). In recent years, during the meas-
urement we put the emphasis on the assessment of the solution benefits in a small experimental chamber
dryer (Hermanek, et al., 2017; Rybka, et al., 2018). In 2017 and 2018 we carried out these measurements
in an operating dryer in order to assess the impact of preserving the maximum amount of thermally
labile substances contained in hop cones — the essential oils.

16 r-/ 2
12 ' /'
e St
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7777 77 // ,"///////:/ 77
10 { @ sampling point

Fig. 1 Scheme of chamber dryer with sampling points for the purposes of laboratory analyses.

1 —fuel tank, 2 — hot-air aggregate, 3 — drying chamber, 4 — discharge conveyor (4th slat box), 5 — slat
system, 6 — filling conveyor, 7 — stack, 8 — draught fan, 9 — unloading cross conveyor, 10 — air purifier,
11 — staging conveyor, 12 — hopper, 13 — conditioning, 14 — press, 15 — prism, 16 — storage space.

The hop variety used in this experiment was Saaz. This variety had been chosen because it forms ap-
proximately 80% of the hop production in the Czech Republic and that company grows it. The meas-
urement was carried out in two chambers of the dryer, at a temperature of 60°C in its first chamber and
at a temperature of 40°C in its third chamber.
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During the measurements the drying air temperature and relative humidity were monitored in both cham-
bers by means of data loggers and installed fixed sensors (Hermdnek, et al., 2017). Samples were taken
from dried hops to determine a decline in the content of essential oils (Krofta, et al., 2017). The hop
resins include these substances: beta-Pinene, limonene, linalool, geraniol, 2-Undecanone, caryo-
phyllene, caryophyllene-epoxide, humulene epoxide 11, myrcene, farnesene and humulene.

Graph courses were drawn up (Fig. 2) based on the drying cycle in both chambers. The essential oils
content is illustrated in Fig. 3 and 4.

RESULTS AND DISCUSSION

The above-mentioned measurement proved that drying hops in a operating chamber dryer at a tempera-
ture of 40°C will extend the drying period by approx. 45% while maintaining the consumption of LFO
per a ton of dry hops (during drying at a temperature of 40°C the layer of inserted hops had been low-
ered).

The courses of the values of the drying ambient temperature and relative humidity from both measure-
ments are depicted in the graph of Fig. 2 which clearly shows a decline in moisture depending on the
measurement time, and differences between drying at a temperature of 60°C and 40°C. The drops in
temperature and rises in the drying air relative humidity are due to the technology of pouring the hops,
when heaters and fans are stopped because this is the time when the operator fills the upper slat box with
green hops.
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Fig. 2 Dependence of drying air temperature and relative humidity on measurement time (FS — fixed
sensors, KOL5, KOL6 — data loggers).

Samples of hop cones were taken during the measurement at the completion of pour and upon leaving
the conditioning. Sampling was carried out in both chambers in order to compare the effect of different
drying air temperatures. The samples were assessed for the presence of preserved essential oils.

As the etalon was set the content of essential oils in green hops taken at the pour into the dryer. The
measurement results are shown in Tab. 1.
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Tab. 1 Results of laboratory analyses of hop cones to determine the content of essential oils in green
cones, in cones dried at a temperature of 40°C and 60°C in 2018.

Variety  Drying conditions Essential oils amount Relative ratio
[%0]
Saaz Green hops 0.52 100
Drying at a temperature of 40°C 0.44 84.6
Drying at a temperature of 60°C 0.41 78.8

The qualitative assessment of the essential oil composition is expressed as a relative percentage, as a
ratio of integrated constituent area to the total integrated area of all essential oil constituents. In quanti-
fication the integration parameters are selected so that 50-70 parts of essential oil constituents are quan-
tified. The largest share is formed by terpenic hydrocarbons myrcene, caryophyllene, humulene, farne-
sene and selinenes that constitute 50-70% of the total essential oils weight.

The graphs in Fig. 3 and 4 show the difference between the drop in the essential oils contained in hops
dried at a temperature of 60°C and 40°C.

0.6
0.5
]
S 04
S8
€ 0
8’) =
€ 303
5 8
P p—
5 .50
g 02
<
0.1
0

Drying air temperature 40°C Drying air temperature 60°C

Fig. 3 Content of essential oils in hops dried at different drying air temperatures in a chamber dryer —
Saaz 2017.

At a temperature of 60°C, the essential oil content was 0.51 g . 100 g%, while at a temperature of 40°C
the essential oil content was higher, that is 0.56 g . 100 g*. Although this value is very low in absolute
terms, the difference when the drying temperature changes is noticeable. This is shown even more
clearly in the following graph (Fig 4).

The graph in Fig. 4 clearly shows the significant difference in the given substances when implementing
various drying technologies. Except for geraniol, there is an increase in the amount of all the substances
at a lower drying temperature. This is particularly noticeable with terpene hydrocarbon farnesene, but
also with humulene and caryophyllene, which together with myrcene form 60 % of the total essential
oil weight.
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Fig. 4 Content of essential oils in hops dried at different drying air temperatures in a chamber dryer —
Saaz 2017.

A study of different temperatures during hop drying has already been published. In the article (Rybka,
et al., 2018), the authors dealt with the drying of hops in an experimental chamber dryer. The results of
the above measurement in the operating chamber hop dryer show that the lower temperature of drying
is preferable from the point of view of maintaining essential oils in hops.

CONCLUSIONS

The object of this measurement was to find out whether hops can be dried in an operational chamber
dryer at 40°C and at the same time to compare the qualitative characteristics in the form of selected
essential oils when hops are dried using the conventional method and low-temperature method.

With the drying medium temperature being 60°C, hops lose on average 10% of the essential oils content.
Based on the analytical results, by drying a major part of essential oils constituents decreases to approx-
imately the same extent, thus the relative representation in the mixture does not change substantially.
Thus, our hypothesis was confirmed both in 2017 and 2018 measuring. When applying the low-temper-
ature technology of drying for aroma hop varieties the result should be at least identical and even better,
regarding the higher content of essential oils. In the future we assume further experiments in this area.
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Abstract

This article is focused on monitoring and evaluation of rheological properties of tomato ketchups.
Influence of temperature in range (5 — 30) °C and short storage time was investigated. Dependencies
of rheological properties on temperature and storage time were evaluated by the regression equations
and the coefficients of determination. Ketchup is a non-Newtonian material, so apparent viscosity was
measured using digital rotational viscometer Anton Paar DV-3P. Densities of samples were deter-
mined according to definition. Apparent viscosity of samples decreased exponentially with increasing
temperature, so the Arrhenius equation is valid. Ketchup’s apparent fluidity was increasing exponen-
tially with the temperature. We also found out that apparent viscosity had decreased with storage time
and on the other hand apparent fluidity was increasing with storage time, which can be caused by
structural changes in samples during storing. Temperature dependencies of ketchup densities were
sufficiently characterized by decreasing linear function in measured temperature range.

Key words: ketchup; rheological parameters; density; temperature, dependency.

INTRODUCTION

Precise knowledge of physical quantities of materials is required at controlled processes in manufac-
turing, handling and holding. For the quality evaluation of food materials it is important to know their
physical properties particularly, mechanical (Kubik et al., 2017), rheological and thermophysical
(Glicerina et al., 2013). Tomatoes are often consumed in fresh state, but several varieties are pro-
cessed into various products such as tomato sauce, soup, paste, puree, juice, ketchup and salsa. Au-
thors noted that several studies had investigated the benefits of tomatoes in reducing the risk of heart
disease, improving bone health, and decreasing the risk of cancer (Tan & Kerr, 2015). The industrial
processing of tomatoes leads to a great variety of output products. Some of the most relevant are the
following: concentrated tomato products, either as puree or paste depending on the percentage of natu-
ral soluble solids; pizza sauce, from peels and seeds; tomato powder, as dehydrated concentrated to-
mato; peeled tomato, either whole or diced; ketchup, tomato sauce seasoned with vinegar, sugar, salt
and some spices, etc. (Ruiz Celma et al., 2009). New design of experimental double piston filament
stretching apparatus that can stretch fluids to very high extensional strain rates was presented by
Mackley et al. (2017). Authors had used high speed photography for determination of filament defor-
mation and breakup profiles of a strategically selected range of fluids including low and higher viscos-
ity Newtonian liquids together with a viscoelastic polymer solution, biological and yield stress fluids
at extensional strain rates in excess of 1000 s*. Mackley et al. (2017) had also reported that numerical
modelling can be used with the fluids correct rheological characterization to gain physical in-sight into
how rheologically complex fluids deform and breakup at very high extensional deformation rates.
Chandrapala et al. (2012) had stated that ultrasonic pulses in combination with rheological measure-
ments could be used at the solids concentration determination in various highly concentrated and in-
dustrial food suspensions (tomato, vegetable and pasta sauces, seafood chowder, strawberry yoghurt,
cheese sauce with vegetables). Low intensity ultrasound-based techniques could be used during the
detection and identification of foreign bodies in food products (e.g. tomato ketchup) (Chandrapala et
al., 2012). The rheological behaviour of some food dispersions were investigated and modelled with
the Herschel-Bulkley model by Herrmann et al. (2013). Several rheologic parameters were studied in
dependency on composition of various ingredients (fats, carbohydrates, proteins, water). The effects of
manothermosonication or thermal treatment on tomato pectic enzymes and tomato paste rheological
properties were compared by Vercet et al. (2002). The quality of tomato concentrate was studied by
Fadavi et al. (2018) using ohmic vacuum, ohmic, and conventional-vacuum heating methods. Authors
had indicated that ohmic heating under vacuum condition had a good effect on quality during the con-
centration of tomato juice and that vacuum condition decreased the time required for processing and

165



@{’} 7" TAE 2019
@A 17 - 20 September 2019, Prague, Czech Republic

heating rate. Small amplitude oscillatory shear (SAOS) and large amplitude oscillatory shear (LAOS)
behaviour of tomato paste was investigated by Duvarci et al. (2017). Authors had stated that the semi-
empirical Bird-Carreau constitutive model can be used in small amplitude oscillatory shear behaviour
of tomato paste. Authors also used Ewoldt-McKinley theory for determination of non-linear rheologic
properties in large amplitude oscillatory shear behaviour of tomato paste. This method offered parame-
ters which can be used for better understanding of structural changes which occur at different defor-
mations or time scales (Duvarci et al., 2017). Rheological properties of tomato products are consid-
ered as one of the most important quality attributes, since they influence product processing parame-
ters, especially flow properties during transport, as well as consumers’ acceptability (Torbica et al.,
2016). Investigation of rheological properties and microstructure of tomato puree using continuous
high pressure homogenization was done by Tan & Kerr (2015). Influence of rheological and structural
characterization of tomato paste on the quality of ketchup was investigated by Bayod et al. (2008).
According to Sharoba et al. (2005) ketchup is time-independent, semi-solid non-Newtonian fluid hav-
ing a definite yield stress. The effect of temperature on viscosity of fluids at a specified shear rate
could be described by the Arrhenius equation, in which the apparent viscosity decreases as an expo-
nential function with temperature (Sharoba et al., 2005). According to Bayod et al. (2008) viscosity of
tomato ketchup is a major quality component for consumer acceptance. Several parameters affect the
flow behaviour of tomato ketchup, including the quality of the raw material (e.g. tomato paste) and the
processing conditions. To achieve a constant and desirable quality in the final product (i.e. ketchup),
high quality paste and continuous control and adjustment of the variables for its processing are re-
quired (Bayod et al., 2008). Tomato ketchup could be presented as concentrated dispersion of insolu-
ble matter in aqueous media, and its complex structure causes that it exhibits non-Newtonian, shear-
thinning and time-dependent rheological behaviour with yield stress (Torbica et al., 2016). Ketchup
can be included into one of the most commonly consumed condiment which is made either from fresh
tomatoes or from the concentrates such as tomato purees and tomato pastes (Mert, 2012). Effect of
temperature and concentration on rheological properties of ketchup—processed cheese mixtures was
analysed using steady and dynamic oscillatory shear by Yilmaz et al. (2011). Temperature dependency
of the apparent viscosity at a specified shear rate (50 s) could be described by the Arrhenius model
(Yilmaz et al., 2011). Torbica et al. (2016) have evaluated nutritional, rheological, and sensory proper-
ties of tomato ketchup with increased content of natural fibres made from fresh tomato pomace and
compared the results with five commercial products. Authors found out that the rheological properties
of the ketchup with increased fibre content depend mostly on total solids and insoluble particles con-
tent, but properties remained in the limits for standard tomato products.

Apparent viscosity is defined as ratio of shear stress and corresponding shear rate and its physical unit
is (Pa-s). Viscosity changes with temperature, for most of the liquids decreases with increasing tem-
perature. According to Eyering theory molecules of liquids continuously move into the vacancies
(Bird et al., 1960). The temperature effect on viscosity can be described by an Arrhenius type equation

_ RT
n=rm,¢€ (1)

where 7o is reference value of viscosity, Ea is activation energy, R is gas constant and T is absolute
temperature (Figura & Teixeira, 2007). Density of material p is defined as a ratio between mass of
material m and its volume V

pm
v v
The definition is valid for solids, liquids, gases and disperses (Figura & Teixeira, 2007). The standard
Sl unit of density is (kg-m™). Reciprocal value of apparent viscosity 7 is called apparent fluidity ¢ and
unit of apparent fluidity is (Pa’.s) (Figura & Teixeira, 2007).
1
p=—
7 ®)
Almost all parameters are influenced by temperature, so mainly these effects were analysed as a main
aim in this article.
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MATERIALS AND METHODS

Measurements were performed in laboratory settings on four samples of tomato ketchup, purchased in
local market (Heinz tomato ketchup, soft ketchup Hellmann's, sweet ketchup Hamé and soft ketchup
Snico). As ketchup is not Newtonian material, apparent viscosity had to be measured. Density (Eg. 2)
and apparent fluidity (Eq. 3) were also determined. The measurements of all samples were carried out
under the same conditions in approximate temperature range (5 — 30) °C. Measuring of apparent vis-
cosity was performed by digital rotational viscometer Anton Paar (DV-3P). First measurements were
performed at the beginning of storing, second measurements were done after three weeks of storing
and last measurements were realised after four weeks of storing. There were constructed dependencies
of rheological properties on temperature and storage time and evaluated by the regression equations
and the coefficients of determination. Temperature dependencies of apparent viscosity can be de-
scribed by decreasing exponential function (4), in the case of temperature dependencies of apparent
fluidity can be used increasing exponential function (5), and temperature dependencies of density were
described by decreasing linear function (6).

t

77=Ae8[‘°] ; ¢=EeF[U; pec (tto}H

where t is temperature (°C), tois 1 °C, A, B, E, F, G, H are constants dependent on kind of material,
and on ways of processing and storing .

(4,5,6)

RESULTS AND DISCUSSION

On Fig. 1 are presented temperature dependencies of ketchup apparent viscosity. It is possible to ob-
serve from Fig. 1 that apparent viscosity of ketchups is decreasing with increasing of temperature.
The progress can be described by decreasing exponential function, which is in accordance with Arrhe-
nius equation (1). Comparable rheological results for ketchup were reported by Sharoba et al. (2005).
It is also visible on Fig. 1 that highest apparent viscosities were obtained for sample of Ketchup Snico,
and lowest values for Ketchup Hamé, which could be caused by different composition of ketchups.
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A U
U o U o
o O o o
o O o o

N
o
o
o

Apparent viscosity; mPa-s
w
w1
o
o

5 10 15 20 25 30
Temperature; °C

Fig. 1 Relations of ketchup apparent viscosity to the temperature Snico (m), Hellmanns (A), Heinz (),
Hamé (o)

Temperature dependencies of ketchup density are shown on Fig. 2. It can be seen that values of densi-
ty are decreasing with increasing temperature for all samples of ketchup. Similar decreasing progress
was found for different samples by Kumbdr & Nedomova (2015). In this temperature range was used
linear decreasing function. Same type of dependency was used also by Thomas et al. (2015) and Kel-
kar et al. (2015). Highest density values were obtained for Ketchup Snico and on the contrary lowest
values for Ketchup Hamé. Apparent fluidity dependencies on temperature are presented on Fig. 3.
Increasing exponential character of dependency was used for all samples. Due to the fact that apparent
fluidity is defined as reciprocal value of apparent viscosity, highest fluidities were found for Ketchup
Hamé and lowest for Ketchup Snico. Regression coefficients and coefficients of determination for all
dependencies are shown in Tab. 1.
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Fig. 4 Relations of ketchup Hellmann's apparent viscosity to the temperature: first measurement (m),
next measurement (A ), last measurement (e)

Influence of storage time for sample of Ketchup Hellmann's could be seen on Fig. 4. It is clear from
Fig. 4 that highest apparent viscosity values were obtained in the beginning of storage, lower values
were after three weeks of storing and lowest values after four weeks of storing. This proportion could
be caused by structural changes in sample during storing. Similar results were found for other three
samples of ketchup. It can be seen from Tab. 1 that coefficients of determination reached very high
values in the approximate range (0.980 — 0.998).
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Tab. 1 Coefficients A, B, E, F, G and H of regression equations (4 — 6) and coefficients of determina-
tions (R?)

Coefficients of regression equations (4 — 6)
A B

2
Sample of ketchup mPa-s _ R
Snico 6 832.3 0.012 0.988 4
Hellmann's 6846.7 0.014 0.992 2
Heinz 5147.8 0.010 0.980 3
Hamé 4.482.6 0.011 0.9814
E F 2
Sample of ketchup palgl } R
Snico 0.146 8 0.0123 0.9871
Hellmann's 0.146 0 0.0138 0.9919
Heinz 0.1939 0.009 6 0.978 4
Hamé 0.2230 0.0114 0.9827
G H 2
Sample of ketchup kg'm3 keg'm3 R
Snico 1136.6 1.0313 0.9919
Hellmann's 11333 1.066 6 0.994 2
Heinz 11289 1.095 6 0.998 2
Hamé 11227 1.0618 0.9971
Ketchup Hellmann’s/ A B R?
measurement mPa-s -
First 6 846.7 0.014 0.992 2
Next 6337.1 0.011 0.994 0
Last 6 143.7 0.012 0.992 6

CONCLUSIONS

Composition of food materials is different so their physical properties are very complex. Physical
properties of food materials depend on the manipulation, external conditions and other factors, which
determine their behaviour. Rheological properties of tomato ketchups were measured and analysed in
this paper. Apparent viscosity is relevant for non-Newtonian materials. Effect of temperature and stor-
ing time on measured samples of tomato ketchups was searched and comparison of used samples was
made. We found out that apparent viscosity of samples decreased exponentially with increasing tem-
perature, so the Arrhenius equation is valid. Comparable rheological results for ketchup were reported
by Sharoba et al. (2005). Proportion of the curves in Fig. 1 could be caused by different composition
of analysed samples. Ketchup’s apparent fluidity was increasing exponentially with the temperature.
Apparent viscosity had decreased with storage time and on the other hand apparent fluidity had in-
creased with storage time, which can be caused by structural changes in samples during storing. Tem-
perature dependencies of ketchup densities were sufficiently characterized by decreasing linear func-
tion in measured temperature range, which is in accordance with authors (Kumbdar & Nedomova, 2015;
Thomas et al., 2015; Kelkar et al., 2015; etc.). The calculated rheological characteristics can be used
for designing of technological equipment or containers for distribution of the product to the final users.
The knowledge of flow behaviour is also important for the development of new recipes and direct
gualitative assessment of the products.
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Abstract

The paper deals with the size distribution and count of solid particles produced by agricultural Cl en-
gine, operated on fuel blends of butanol and fossil diesel fuel in comparison with 100% diesel fuel.
5 and 20% concentrations of n-butanol in diesel fuel were used as a test fuels. For measurement the
turbocharged engine Zetor 1204, mounted in the tractor Zetor Forterra 8641, was used. The particles
were evaluated by means of EEPS (engine exhaust particle sizer) made by TSI, Inc. according to their
size and count. The engine was measured in stabilized conditions at rated speed of 2200 min™ under
50%, 75% and 100% engine load. The results showed lower total count of produced solid particles when
using both of blended fuels in comparison with diesel fuel. Also, the size of the particles tended to de-
crease with increasing proportion of n-butanol in the fuel blend.

Key words: solid particles; CI engine; n-butanol; blended fuel; tractor.

INTRODUCTION

Simple alcohols such as butanol, ethanol or methanol as well as vegetable oils are considered as prom-
ising potential biofuels. They can be used as additives or blended fuels in CI engines. It is proven that
diesel blended with alcohols decrease NOxand PM emissions (Killol et al., 2019). Compared to ethanol
and methanol, n-butanol has some different qualities, such as higher energy content, enabling it to be
directly blended and the advantage of not being strongly hygroscopic. Properties of butanol are also
considerably closer to diesel fuel (Rezgui & Guemini, 2016). Mentioning the fuel delivery methods,
burning butanol in diesel engines can be realized through direct injection of neat butanol or blends with
diesel (Abdullah et al., 2019). Butanol has a lower auto-ignition temperature and thus it can be burned
easier (Li et al., 2019). Engine oil dilution is one of the problems which occurs in the diesel engine.
During the cold start of the engine, the unburnt non-vaporized feedstock is condensed on the cylinder
liner wall and is blown through the piston ring and dilutes with the lubricating oil in the crankcase.
Fuel dilution also reduces the viscosity of engine oil, which makes lubrication oil film weaker and leads
to crankcase bearing wear (Choi, Lee & Park, 2016). Although there are many studies about butanol
and vegetable oil blended in biofuel, but there is still limited information of combustion characteristics
over a range of blends of n-butanol and diesel including vegetable oils (Lampe et al., 2018). The aim of
this paper was to compare the size distribution and count of solid particles produced by agricultural CI
engine, operated on butanol-diesel fuel blends and 100% diesel fuel.

MATERIALS AND METHODS

During this experiment three different fuels were compared. Firstly, 100% diesel fuel (D100) with no
added bio-component was used as a reference for experiment. Consequently, two fuel blends were used
as tested fuels: 95% diesel fuel blended with 5% of n-butanol (BUT5) and 80% diesel fuel blended with
20% of n-butanol (BUT20). Density, kinematic viscosity and calorific value of the tested fuels are shown
in Tab. 1. The values of density and kinematic viscosity were measured by means of Stabinger Viscom-
eter SVM 3000 made by Anton Paar GmbH (measuring accuracy < 1%, repeatability 0.1%).

The values of calorific value of the fuels were reached by means of isoperibol calorimeter LECO AC600
(measuring range 23.1-57.5 MJ kg™ for a 0.35 g sample, accuracy 0.1% RSD) according to CSN DIN
51900-1 and CSN DIN 51900-2.
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Tab. 1 Fuel properties (‘*data obtained from EN 590, 2data obtained from Imtenan et al. 2015 and
Atmanli et al. 2015, *data obtained from Rakopoulos et al. 2010)

Calorific value Klnematlc Density Cetane
MJ.kg? V'SC?S_';[y at 15°C number
mm?.s
D100 43.151 1.8013 819.133 50!
BUT5 42.438 1.7125 817.971 -
BUT20 41.076 1.7052 817.083 -
BUT100 33.101 2.226 815.270 173-252

The measurements were carried out using compression ignition engine Zetor 1204 with turbocharger,
mounted in the tractor Zetor Forterra 8641. The given specifications of the engine are shown in Tab. 2.
The engine is in factory setup and it has never been used in outdoor conditions, only for laboratory
testing. Its overall operating time does not exceed 160 operating hour.

Tab. 2 Parameters of the tractor engine

Manufacturer and type Zetor 1204

Cylinders 4, in-line

Air flow Turbocharged

Rated power 60 kW at 2200 min* (53.4 KW on PTO)
Maximum torque 351 Nm (312 Nmon PTO)
Engine displacement volume 4.156 |

Cylinder bore X stroke 105 X 120 mm

Compression ratio 17

Fuel system Mechanical in-line injection pump
Injection type Direct injection

Combustion chamber Bowl-in-piston

Injector noozle Multihole

Start of injection (SOI) 12° before top dead center
Injection pressure 22 MPa

Valve mechanism OHV

Valves per cylinder 2

A data acquisition unit, provided by manufacturer, was used to store the data from the dynamometer to
the computer with the frequency of 10 Hz. The tractor was loaded via PTO (Power Take Off) using
mobile dynamometer MAHA ZW 500. Specification of the dynamometer can be seen in Tab. 3.

Tab. 3. Basic dynamometer specification

Manufacturer and type MAHA ZW 500

Max. power 500 kw

Max. torque 6,600 Nm

Max. speed 2,500 mint

Torque inaccuracy < 1% over the full speed range

TSI Engine Exhaust Particle Sizer 3090 (EEPS) was used for measuring of the production of solid par-
ticles. The basic operational parameters of the EEPS particle analyser is shown in Tab. 4. This device
evaluates particles as the count of particles in volume 1 cm?.
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Tab. 4. EEPS 3090 specification

Particle Size Range 5.6-560 nm

Particle Size Resolution 16 channels per decade (32 total)
Electrometer Channels 22

Charger Mode of Operation Unipolar diffusion charger

Inlet Cyclone 50% Cutpoint 1 um

Time Resolution 10 size distributions s*

The exhaust gas is diluted before entering the particle analyser (dilution ratio 0.01007, dilution factor
99.2667) and then cooled down to temperature approx. 23°C. The pressure of the measured gas is kept
at approx. 90 kPa. Data from the particle analyser were stored to the hard drive of PC with the frequency
of 1 Hz.

The measurements were carried out at rated engine speed 2200 min in stabilized conditions. The loads
of the engine were calculated from maximum torque at 2200 rpm for each fuel. The load of the engine
was maintained at 50%, 75% and 100%. At each measurement point the monitored parameters were
stabilized. After stabilization the monitored parameters were recorded for approx. 80 s. The mechanical
losses in gearbox have no real influence on comparative measurement and therefore they were not taken
into account. The MS Excel was used for evaluation of the measured data.

RESULTS AND DISCUSSION

In Fig. 1 the particle size distribution for all tested fuels at 50% engine load is shown. It is evident that
the concentration of produced solid particles was lower when using both of blended fuels in comparison
with D100, which can be explained by higher oxygen content of the blended fuels.

Also, the blended fuels showed lower mean size of the produced solid particles compared with D100.
With increasing proportion of n-butanol in the fuel blend the mean size of solid particles decreased
(D100 — 55.53 nm, BUT5 — 52.98 nm, BUT20 — 49.47 nm). This can be explained by lower viscosity
of the fuel blends in comparison with D100 and therefore better atomization. Also, higher volatility of
n-butanol in the fuel blends could contribute to lower size of particles, especially during premixed
combustion phase.
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Fig. 1 Particle size distribution for all tested fuels at 50% engine load

In Fig. 2 the particle size distribution for all tested fuels at 75% engine load is shown. From the figure
it can be seen that both of the blended fuels reached lower concentration of solid particles in practically
all sizes in comparison with D100. However, the difference between BUT5 and BUT20 is more signif-
icant than in the case of 50% engine load. The higher particles concentration, reached with BUT20 in
comparison with BUT5 may be caused by the properties of n-butanol in the fuel blend, especially by its
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lower cetane number. Lower cetane number of BUT20 fuel cause later ignition of the fuel and therefore
affects the combustion process, while BUT5 have its properties closer to D100.

Similarly to 50% engine load, the mean size of the particles decreased with increasing proportion of
n-butanol in the blend (D100 — 56.28 nm, BUT5 — 54.83 nm, BUT20 — 50.64 nm).

Fig. 3 shows the particle size distribution for all tested fuels at 100% engine load. It is evident that both
of blended fuels decreased production of solid particles in comparison with D100, similarly to other
measured engine loads. However, similarly to 75% engine load, higher production of solid particles in
the size range of approx. 10-70 nm was reached using BUT20 in comparison with BUT5.

Using all tested fuels the mean size of the produced solid particles increased with increasing engine
load. Due to lower viscosity of the fuel blends, the mean size of produced solid particles was lower when
using both of the blended fuels in comparison with D100 (D100 — 68.7 nm, BUT5 — 65.88 nm,
BUT20 — 57.25 nm).

Similar results, concerning lower production of solid particles and size when using n-butanol—-diesel fuel
blends, were also found by Jindra et al. (2016), especially at higher engine load. Other authors (Zhang
& Balasubramanian, 2014; Geng et al., 2019) also found lower concentration and lower mean diameter
of produced solid particles after addition of n-butanol into biodiesel-diesel fuel blends.
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Fig. 2 Particle size distribution for all tested fuels at 75% engine load
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Fig. 3 Particle size distribution for all tested fuels at 100% engine load

In Fig. 4 the total particles count, reached with all tested fuels at all measured engine loads can be seen.
It is evident that the lowest concentration of solid particles was reached at 75% engine load. Also at all
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measured engine loads the both of blended fuels decreased the total solid particles production. Using
BUTS5 the decrease was approx. 16.9% at 50% engine load, 17.8% at 75% engine load and 17.3% at
100% engine load. When running on BUT20 fuel blend the decrease of solid particles production was
approx. 19.8% at 50% engine load, 10.7% at 75% engine load and 14.5% at 100% engine load. The
statistically significant difference was found between all tested fuels in all measured engine loads using
the analysis of variance (ANOVA). Tab. 5 shows ANOVA, complemented with Tukey HSD post-hoc
test for all tested fuels at all measured engine loads.
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Fig. 4 Total particles count for all tested fuels at all measured engine loads

Tab. 5 ANOVA with Tukey HSD post-hoc test for total particles count at full engine load (0. = 0.05)

ANOVA

Sum of squares Degrees of freedom Variance F
Between groups 2.14E+11 2 1.07E+11 448.4478
Within groups 4.09E+10 171 2.39E+08
Total 2.55E+11 173

Tukey HSD Post-hoc Test

D100 vs BUT5: Diff=-79544.6571, 95%CI1=-86154.4040 to -72934.9102, p=0.0000
D100 vs BUT20: Diff=-66771.9298, 95%CI=-73817.7415 to -59726.1181, p=0.0000
BUTS5 vs BUT20: Diff=12772.7273, 95%CI1=5957.5440 to 19587.9106, p=0.0000

CONCLUSIONS

From the results of the performed measurement the following conclusions were made:

e The count of produced solid particles decreased at practically all sizes for both of the fuel blends
except fuel BUT20 at size range of approx. 10-70 nm.

e Statistically significant difference in total solid particles production was found between all
tested variants at all measured engine loads while at higher engine load (75% and 100%) BUT5
fuel showed the lowest solid particles production.

e The mean size of the particles decreased with increasing proportion of n-butanol in the fuel
blend.

The paper is focused on comparison of solid particles production of turbocharged CI engine operating
on n-butanol—diesel fuel blends and 100% diesel fuel. From reached results it can be stated that addition
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of n-butanol into diesel fuel have positive effect on decrease of the number of produced solid particles
by Cl engine.
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