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Summary: The importance of making a rational business decision by top
management in agricultural enterprises should be viewed as an ongoing process. The
process of rational business decision-making is of special importance for the business of
companies that carry out most of their business in activities that do not have a high degree
of capital turnover, i.e. in activities that depend on the great influence of natural factors
on production such as agriculture. The authors point out that the process of making a
rational business decision begins with making a valid management decision by top
management. The implementation of a valid business decision in all parts of the company
is of great importance to be implemented immediately because any delay in its
implementation costs the company. The IT sector of the company can help speed up the
implementation of the business decision of the top management, because it has the
technical conditions to immediately include innovative business decisions in the business
system in all sectors in the agricultural company. As a special support for the
implementation of business decision-making is the previous adoption of a valid
organizational scheme in the company.

Key words: business decision making, IT, sector, enterprise.
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INTRODUCTION

Top management in agricultural companies should have determination in terms of
applying new business principles and innovative approaches in the business decision-
making process [1], [2], [3]. Management processes by the top management should be
based on the application of realistic and rational business decision making [4], [5] in all
parts of the company.

This is of great importance when functionally connecting the sectors of enterprises
that essentially have to function as one whole that will achieve an increase in production,
turnover or services.

Functional improvement of business decision-making by top management has to link
real control primarily in the processes of real agricultural production.

In addition, as part of the performance of other functions such as trade or when
performing some kind of service by an agricultural company, the importance of making
valid business decisions is noticed, because it achieves the end result on the market. In
addition to making valid business decisions by top management, he can use and apply in
his business a whole range of new methods by which he will be able to enable future
business decision-making. Business decision-making is very much related to the
application of numerous international standards [6], [7], [8].

Business decision-making is closely related to the establishment of online controls
and internal audit in regular business processes [9], [10].

In addition, top management should adopt a general management plan in the
company, i.e. business decision-making is followed by business management in an
agricultural enterprise [11], [12], [13].

The goal of real and business decision-making based on valid decision-making is
based on making valid business decisions that will enable better business results in the
business of an agricultural company. Business decision-making affects the increase of
business security within the regular business of agricultural companies.

In this paper, the authors draw attention to the importance of real decision-making
and making real business decisions, which is of great importance for achieving the final
results of business activities.

ESTABLISHMENT OF INTERNAL CONTROL IN AGRICULTURAL
ENTERPRISES

The system of making business decisions by which the management of companies
will be performed in a safe way inevitably leads to the implementation of internal control
and internal audit in the regular operations of the company.

In order to establish systems to improve business decision-making in business, it is
necessary to establish a system of internal controls and internal audits at all levels of
management in the agricultural enterprise.
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In the presentation in Figure 1, the authors presented some of the possible established
control mechanisms by which it is realistically possible to improve the business of an
agricultural enterprise.

The application of these solutions is possible in transition economies, which is of great
importance, especially for countries moving towards accelerated development, such as the
Republic of Serbia.

INTERNAL
CONTROL FINANCIAL
MANAGEMENT AND
CONTROL
TOP
INTERNAL MANAGEMENT
AUDIT > DECISION

Figure 1. Development of software solutions in the system of "good practice”
in agricultural enterprises

1. Review of the formation of one of the forms of control in the decision-making of
an agricultural company in the Republic of Serbia

The formation of one of the forms of control in agricultural companies can also be
shown through the influence on the decisions of the top management of the company
through the formulas:

Formed Internal Audit + Impact of the work of internal audit = Decision of top
management

FIA + I1A=TME 1)

Internal control formed + Influence of internal control work = Decision of top
management
FIC+I1IC=TME (2)
Formed financial management and control + Impact of work financial management
and control = Decision of top management

FFMC + IFFMC = TME ©)

(where the symbols represent: (FIA = formed internal audit; FIC = formed internal
control, FFMC = formed financial management and control).
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2. Review of the formation of one of the forms of control in the decision-making of
an agricultural company in the Republic of Serbia

The authors point out that based on the gradation, the introduction of 3 forms of
internal control mechanisms can be observed, and therefore the gradation of the introduced
forms can be performed.

1. TME =IC (initial level = implementation of internal control mechanisms in the
company's business),

2. TME = IA (Intermediate level = implementation of internal control mechanisms
in the company's operations with the work of the formed internal audit in the company)

3. TME = IC + IA + FFMC (High level = fully implemented internal control
mechanism in the company's operations in the system of financial management and
control).

The authors point out that the safest business in agricultural companies is realized in
the case when the decisions of top management are based on the formed financial
management and control in companies.

3. Establishment of Control in financial reporting in agricultural enterprises in
the Republic of Serbia

Controls and financial statements in agricultural enterprises should ensure that:

* show users whether the overall financial activities of that fiscal year were
conducted in accordance with regulations;

* help users to better understand the nature, size and scope of the company's
activities, as well as its financial condition;

* help customers understand and assess how the company finances its activities;

* help users to understand and evaluate the effects of the company's activities;

* help customers determine whether the company has achieved its goals,

« whether the costs have been correctly identified,;

* provide users with information on the quantitative aspects of the company's
income statement.

Users of financial statements include:

» employees in companies; * external business partners such as creditors, suppliers
and customers;

* economists, analysts and special interest groups;

» the media.

« financial statements include work that should be: understandable, relevant,
reliable, material (significant), timely, consistent, comparable,

* balance sheet, including assets, liabilities and reserves;

« cash flow, which documents the sources and use of funds;

* notes to the financial statements that include a description of the accounting
principles and methods used,

» other explanations as appropriate, which may include performance indicators.
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THE IMPORTANCE OF ESTABLISHING AN INTERNAL AUDITOR
IN AGRICULTURAL COMPANIES

The importance of establishing an internal auditor in agricultural companies is
reflected in the fact that top management wants to establish less business risk for the
company itself in its regular operations.

The authors gave a presentation of possible reports of internal auditors with the most
characteristic advantages and disadvantages that arise on that occasion. The authors
pointed out the main advantages and disadvantages of the reports submitted to the top
management, and the presentation itself is given in Table 1.

Table 1. Methods of presenting the internal auditor's report

Method of
submitting
financial
reports

Advantages

Deficiency

Presentation

* Interactive  Flexible

* Easier acceptance

* Helps to consider more difficult issues
and solutions

* May increase the chance of
implementing measures

+ Contributes to focusing on priority
issues Internal audit can affect the way
measures are taken

.

Not all evidence can be presented
It can lead to difficulties in
presenting complex data which
can lead to misunderstandings
Presentation skills and active
participation of two people are
required

Good preparation is required

The possibility of domination of
one person or a particular problem
The user can still request a report

Standard
report

* Good for detailed reporting and complex
data

« Can provide general information and context
« Evidence is immediately available to the
reader Some users find reports more
"authoritative"

Require more preparation time
Long reports may remain unread
and sometimes difficult to accept
They may be presented late due to
delays in preparation

In addition to the internal auditor's reporting methods to the top management, they
should take into account the sampling frequency so that the financial and other reports
are close to the optimum reporting to the required audits performed by internal auditors

for the top management of the agricultural enterprise.

In the following, the authors in Table 2 give an overview of the sampling frequency
as a basis for obtaining a valid internal audit opinion, which they submit to the top

management.
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Table 2. Sample size observed through different lengths of time

Sample
Frequency size
Systems that are of key
(material) importance
for financial statements

Systems that are subject
to cyclical checks

Daily reporting 30 18
Sunday 5 5
Monthly 2 4

DISCUSSIONS

Management in agricultural enterprises is performed in the conditions of continuous
existence of weaknesses and risks for the general business of the agricultural enterprise.
For that reason, it is necessary to eliminate the risk to the business of the agricultural
company. In order to be able to realistically implement this in the business of the company,
top management introduces control mechanisms of business in all parts of the company,
i.e., in all sectors of the company.

The importance of the introduction of internal control and internal audit by the top
management of the company is provable and can be applied in a large number of primarily
medium-sized companies in agriculture.

The establishment of controls can be done and can have an effect only if the top
management of the company realistically respects the expert opinion of the internal auditor
as well as the person who performs internal control in the company.

CONCLUSION

Agricultural enterprises managed by top management can detect more system
weaknesses (enterprises) only if they introduce control mechanisms in all parts of the
enterprise. In this paper, the authors emphasized the importance of introducing internal
control and internal audit by top management of companies, and presented the results in
the form of Table 1-2, which can serve as a realistic basis for financial and other reporting
in a large number of medium-sized companies areas of agriculture in the Republic of
Serbia. The control can be carried out, first of all, taking into account the expert opinion
of the internal auditor, who should perform essential sampling on all parts of the enterprise
in order to establish even control of the business functions of the agricultural enterprise.
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Finally, it is important to point out that there is no such system of internal control and
internal audit that would provide perfect results every time, in the presentation of Figure
1 the authors gave an overview that it is possible to introduce financial management and
control, but it should be noted that this type of control used in large systems, ie more used
in large agricultural enterprises. Finally, the authors point out that any control that is
carried out results in the creation of certain costs that must be taken into account by the
top management in the projections in order not to burden the overall business with
unnecessary Costs.
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SaZetak: Znactaj donosenja racionalne poslovne odluke od strane top menadzmenta u
poljoprivrednim preduzeéima treba posmatrati kao trajni proces. Proces racionalnog
poslovnog odlucivanja je od posebnog znacaja za poslovanje preduzeéa koje svoj pretezni
deo poslovanja ostvaruju u delatnosti koja nema visok stepen obrta kapitala odnosno u
delatnostima koje zavise od velikog uticaja prirodnih faktora na proizvodnju poput
poljoprivrede. Autori istiu da proces donoSenja racionalne poslovne odluke zapocinje
donosenjem vazeée upravljacke odluke od strane top menadzmenta. Implementacija
validne poslovne odluke u svim delovima preduzeca je od velike vaznosti da se primeni
odmah jer svako odugovlacenje sa njenom primenom kosta preduzece. ,IT“ sektor
preduzeca moZe da pomogne brzoj implementaciji poslovne odluke top menadZmenta, jer
isti raspolaze tehni¢kim uslovima da odmah moze da ukljuci inovativne poslovne odluke
u sistem poslovanja u svim sektorima u poljoprivrednom preduzecu. Kao posebna podrska
implementacije primene poslovnog odlu¢ivanja je prethodno donoSenje validne
organizacione Seme u preduzecu.
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EVALUATION OF THE PHYSICO-MECHANICAL PROPERTIES
OF POLYESTER/CORN STALK COMPOSITE
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Abstract: In this study, corn stalk/polyester composites were prepared using
molding techniques at several percentage filler loadings per weight and the physio-
mechanical properties were studied. The composite showed moderate improvement in
tensile strength 13.582MPa for 3% corn stalk which was the highest. The composite also
reported the highest values for impact strength 744.90(J/m?) and flexural strength
23.947MPa, respectively for filler loading of 3% corn stalk and 93% polyester and 2%
corn stalk and 98% polyester composite samples. The significant strengths recorded can
be attributed to the good surface intermingling bonding between the corn stalk fillers and
the polyester matrix. The study also revealed that, density of the composites decreased
with increase in filler loading and the density dropped from 0.116 g/cm? to 0.108g/cm?.
The composites recorded increase in water uptake with increasing filler loading. The
results showed that the highest water absorption rate was at 5% corn stalk loading which
had maximum water absorption of 4.55% by the composite samples. The physio-
mechanical properties of the composites indicate that it can be useful in applications
which require moderate strengths. These composites could be considered as a potential
way of utilizing agricultural waste materials and as sustainable resources for
manufacturing of structural materials such as particle board, partitioning panels, ceiling
boards thereby reducing the amount of agricultural wastes and eliminating the pollution
caused by burning of corn stalk waste.

Key words: Corn Stalk, Tensile Strength, Polyester, Impact Strength,
Water Adsorption, Agricultural Wastes, Composites, Density
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INTRODUCTION

Composites are materials composed of two or more different materials with the

properties of the newly formed materials become superior to the properties of individual
material that make up the composites. Hence by this definition, a blend or mixture of any
agricultural waste and plastic materials can be considered composites [1]. Agricultural
wastes are by-products of agricultural produce especially after harvest. It can be husk,
straw, cobs, stalk or fiber as for the maize plant [2]. The studies of agricultural wastes
which are, in essence natural fibers, made into composites have attracted limitless
consideration from academicians and industrialists for their excellent properties such as;
improved mechanical strength, excellent water and oxygen barrier, dimensional stability,
thermal, wear, chemical or corrosive resistance, etc., [3]. In practical applications,
agricultural wastes fiber reinforced thermoplastic composites are gaining significant
roles in building and automobile industries, and other consumer applications [4]. More
so, the inherent quality outputs of waste plastic composites such as low cost,
renewability, biodegradability, low specific gravity, availability, high strength and non-
abrasiveness proffer the use of agricultural waste plastic composites in variety of
practical applications [5]. Underutilized and discarded agricultural wastes are most
importantly rich resources of lignocelluloses materials and some typical example are
millet, rice, wheat, corn straw, corn stalk, cocoa husk, corncobs and fiber [6]. Though
there are limited numbers of research studies on some of the agricultural wastes on millet
husk, corn husk and rice husk reinforced plastic composites [7], more work has to be
done on the other agricultural wastes which constitute the plant such as corn stalk, etc.
Considering the generality of lignocelluloses fibers in the reinforced plastic composites,
major setback in using these fibers is the relatively poor compatibility with hydrophobic
thermoplastics, which often lead to poor mechanical properties [4]. However,
agricultural waste as a filler and reinforcement in thermoplastics are popular [8]. The
research in this area now competes with that in inorganic materials such as glass filler,
carbon filler, clay etc. [9]. Thus, these inorganic filler materials most likely produce
residues with toxic byproducts during manufacturing process. Generally, natural fiber
polymer composites such as wood plastic composite seem to be incompatibile between
hydrophilic and hydrophobic thermoplastic matrix [10]. Apart from the fact that
agricultural wastes are low in cost, there is particular interest nowadays on its effects to
the environment and especially, its biodegradability properties. To actualize the scale up
production of agricultural waste plastic composites by the formation and synthesis of
these filler fibers, various methods are required which involve mixing of filler husks at
different filler loading per weight [4].
Polyester was used as the composite matrix and are naturally occurring chemicals, such
as in the cut in of plant cuticles, as well as synthetics such as polybutyrate. Natural
polyesters and a few synthetic ones are biodegradable, but most synthetic polyesters are
not. The material is used extensively in clothing [11]. According to the polyester’s
chemical structure, it can have the properties and behave as a thermoplastic or thermoset
[12]. Hardeners are a beneficial way to cure polyester resins. The most popular and one
of the earliest uses of polyester were to make polyester suits which were in vogue in the
70s. Polyester clothes were very popular due to its strength and tenacity and also used to
make ropes in industries [13].
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This study seeks to add value to agricultural waste of maize plant, increase the
economic strength of the maize plant and hope to increase the exploitation of maize plant
for composite production instead of allowing them to decay or decompose. Corn waste is
more than 50% of the entire maize plant which consists of the stalk, leaf, cob, husk with
the husk accounting for 10% of the dry corn waste [14]. Thus, this study presents
agricultural wastes (corn stalk) as a reinforcement resource in composite production with
a view to create cheaper composite materials that can be viable for a wide variety of
products such as paper, textiles, fibre-based materials and wood-based panels
(fibreboards and particleboards).

MATERIAL AND METHODS

Materials

Polyester Resin is a liquid which will cure to a solid when the hardener is added. It
has been specially formulated to cure at room temperature. The hardener, Methyl Ethyl
Ketone Peroxide (MEKP) is added to cure, or harden the resin. MEKP hardeners for
polyester resin often referred to as catalyst and available in small plastic tubes or bottles
with graduated measurements marked on them. Hardeners are measured in drops or
fractions of teaspoons for most lay-up or repair jobs.

Corn-stalk is most at times used as animal feed, artificial sugar, paper and fuel. Corn
stalk is composed of cellulose (42%), lignin (13%), ash (4.2%) and other materials
(41%). In this work, modalities have been developed to extract fibres from stalk of the
maize plant by mechanical and chemical processes. The extracted fibres are rough and
harsh, chopped and used for forage or left on the field for animal bedding [15]. Research
shows that corn stalks can be used in many applications including human consumption
and as a source of industrial raw material for the production of oil, alcohol and starch
[16, 17]. It can also be used to make reasonably good particleboard and fiberboard [18,
19].

Methods

The raw materials used in this research were collected from farms in Umudike, Abia
State, Nigeria which are freshly harvested. They were gathered and pruned to leave only
the corn stalk. The corn stalk was sorted, cleaned and sun dried for days at
approximately 30°C — 35°C. Crushing of the corn stalk was done using a medium two
flywheel plastic crushing machine to reduce them to smaller sizes. Polyester was
purchased from Onitsha, Anambra State, Nigeria. The whiskers were extracted into
strands by hand manually and were cut to average length of about 2-3 inches; the
whiskers were treated with sodium hydroxide (NaOH) and saline solution for one hour
respectively.
They were later washed with water in which acetic acid was added and also washed
severally with clean tap water which was dried in an oven at 100°C for two hours. A
mould measuring 30cmx 20cm x8mm was made available, and the polyvinyl acetate was
used as mould release agent. The polyester resin was cured with cobalt naphthenate as
the accelerator and methyl ethyl ketone peroxide as the catalyst. The gel time was
between them was 10 — 15 minutes.
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Each sample was mixed with appropriate mass fraction of polyester resin and
appropriate mass fraction of corn stalk before casting inside the mould. They are kept at
room temperature to cure effectively and demoulded after 2 days.

Table 1. Sample Mixture of Corn Stalk/Polyester Composites

. Percentage Percentage Actual Actual
;Sgg;ple Specimen Mass of Polyegter Mass Of Cor% Mass of Mass of Corn
(%) Stalk (%) Polyester (g) Stalk (9)
Control Sample 100 0 552 0
Sample A 95 5 546.48 5.52
Sample B 90 10 540.96 11.04
Sample C 85 15 535.44 16.56
Sample D 80 20 529.92 22.08
Sample E 75 25 524.40 27.60

After demoulding, a rip saw was used to cut the samples according to the
appropriate test sample geometry and were smoothened with sandpaper. For tensile tests,
specimen geometry (I x b x h) was 25cm x 2cm x 8cm and flexural test specimen
geometry was 10cm x 2cm x 8cm.
" e e

(@) (b) (©

Plate 1. Picture of (a) cured composite, (b) Cutting of composite into test sample geometry and
(c) Corn Stalk/Polyester Composite Test Samples ready for testing.

Testing for Physical Properties
Water absorption and density of composite samples were used to characterize the
physical properties. The expressions for testing for water adsorption and density are
given below.

[M xloo} (1)

Wl
where
ws = dry weight of composite;
w, = wet weight of composite
m

p=a @
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where

p = density;

m = mass of test sample;
V = volume of test sample

Testing for Mechanical Properties

Universal Test Machine at the Materials Strength Laboratory in University of
Nigeria Nsukka was used to perform tensile test (according to ASTM standard D638)
and flexural test (according to ASTM D790) while the impact strength was computed.
The machine was operated at a uniform cross head speed of 50.00mm/min. The applied
load that caused the material to fail under tensile and flexural testing was recorded and
used to compute the tensile and flexural strengths from established relationships. These
relationships can be found in [20-22] and impact strength was computed from the
expression below.

U
G.=—(J/m? 3
. =~ (3/m?) ®)
where is:
Gc = Impact Strength;

U = Energy of Fracture (Joules);
A = Area of test sample (m?).

RESULTS AND DISCUSSION
Results of Physical Properties Tests

The results of the tests conducted to characterize the physical properties are outlined
in Tables 2 and 3 whereby plots are generated in order to discuss the findings.

Table 2. Results of water absorption test of corn stalk/polyester composite samples

Sample Hours corn Polyester % Initial Final Ab\s/g?t?iron
Specimen (SS) Stalk % y 0 Weight (g) Weight (g) W (p%) '
a
Control Sample 4 0 100 219.2 2192 -
Sample A 4 1 99 109.1 110.7 1.47
Sample B 4 2 98 121.3 123.9 2.14
Sample C 4 3 97 122.1 125.1 2.46
Sample D 4 4 96 132.7 135.8 2.34
Sample E 4 5 95 63.8 66.7 4.55
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Plot of Water Absorption against Sample Specimens
5
y = 0,0483x% - 0,5343x3 + 1,7389x2 - 0,8128x - 0,4267
= 4 R2=0,9958
S
c 3
Q
)
Q2
H -
2
o1
< /
& 0
)
‘;5 0 1 2 3 4 5 6 7
Sample Specimens A - E

Figure 1. Plot of water absorption (%) against Sample Specimens

Table 2 and Fig. 1 presents the percentage water intake by corn stalk /polyester
composite at different mass filler fractions after immersion in water for 4 hours. The
Control Sample has zero percent water intake because it has no corn stalk whiskers and
the polymer molecules are hydrophobic in character i.e. they do not contain any polar
group as such, the polymer does not easily bond to water molecules explaining its ability
to stay dry [23]. The plot shows a steady rise from 1% corn stalk filler mass fraction in
polyester matrix with 5% mass fraction having the highest water being absorbed. This
confirms that water absorption rate increases as corn stalk filler mass fraction increases
though there was a little reduction between 4% cornstalk filler mass fraction (Sample D)
and 5% cornstalk filler mass fraction (Sample E). The water absorption profile in the
different compositions of cornstalk/polyester has a very good correlation and given as

Wa = 0.048 SS* — 0.5343 SS°® + 1.7389 SS? - 0.812 (4)
(R2) =0.9958

Water absorption affects the mechanical behavior of the composites and has already
been established that the water absorption degenerates the tensile behavior of the
polymer matrix composites [24]. Due to the established water absorption by the
cornstalk/polyester composites of different percentage mass fractions, the composite
becomes suitable for applications, such as particle boards, devoid of moisture.
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Table 3. Computed results of density of corn stalk/polyester composite samples

Sample Corn Stalk Polyester (%) Mass (g) Volume Density, D

Specimen (SS) (%) (cmd) (g/cm?)
Control Sample 0 100 22.34 151.3 0.148
Sample A 2 98 11.12 103.4 0.108
Sample B 4 96 12.36 113.9 0.109
Sample C 6 94 12.45 110.2 0.113
Sample D 8 92 13.53 117.4 0.115
Sample E 10 90 13.02 112.2 0.116
Plot of Density against Sample Specimens
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Figure 2. Plot of density against Sample Specimens

The plot on Fig. 2 is obtained from Table 3 and it shows the variation of the
cornstalk/polyester composite densities as a result of the increasing cornstalk filler mass
fractions. The decrease in the densities of the cornstalk/polyester composite as the
cornstalk filler mass fraction increases can be caused by air trapped within the cornstalk
filler reinforcement material. After curing, micro voids may be formed in the composites
along cornstalk whiskers due to the fibres orientation which has adverse effect on the
general properties of composites and this reduces the density of the composite. However,
natural fibres are known to be light weight which explains when the filler content
increases, density of the composites decreases. This is in line with the result obtained by
[25]. The density profile has a good correlation and represented by the equation

D = 0.0008 SS* - 0.0135 SS + 0.0798S2 — 0.1968 SS -0.27758 (5)
(R2 = 0.9974)

The density of the composites also show a steep decrease with varying ratio of the fillers
though there was a reversal from Sample B to Sample E but the density is less than
Sample A. These results of density imply that these composites can replace non-natural
filler composites because of their light weight [26].
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Results of Mechanical Tests

The results of the tests conducted to characterize the mechanical properties are
outlined in Table 4 and plots are generated in order to discuss the findings.

Table 4. Results of tensile strength of corn stalk/polyester composites samples

Sample gt?a rlrll Polyester  Tensile Strength,  Flexural Strength, ISrtnrgzgth (1S)
Specimen (SS) (%) (%) (TS) (N/mm?) (FS) (MPa) QIm?) !
Control Sample 0 100 22.204 63.167 882.00
Sample A 1 99 10.560 23.699 526.80
Sample B 2 98 12.267 23.947 708.10
Sample C 3 97 13.582 20.590 744.90
Sample D 4 96 7.622 20.113 416.10
Sample E 5 95 8.337 21.933 664.50

Plot of Tensile Strength against Sample Specimens
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Figure 3. Plot of Tensile Strength against Sample Specimens

Table 4 gives the values of the tensile and flexural tests conducted and impact
strength computed. Figure 4 is the plot characterizing the tensile strength of the different
filler compositions. The pristine polyester had a higher tensile strength than all
composite samples. The inculcation of corn stalk filler loadings greatly reduces the
tensile strength. The increase in mass fractions of cornstalk filler reinforcement in
polyester matrix further decreases the tensile strength of the composites. There was a
steep decrease from 0% mass fraction to 1% mass fraction and next, a steady increase in
tensile strength through 2% mass fraction to 3% mass fraction. Tensile strength
decreased from here to 4% mass fraction and tipped up a little to 5% mass fraction. The
decrease in tensile strength observed in these composites could be attributed to
agglomerate formation and stress centers in the composites which originate and initiate
cracks on application of stress. The tensile strength alternating (increase and decrease)
behavior can also be attributed to the extent of fibre-matrix interfacial adhesion. Tensile
strength profile is presented by this equation and correlation value
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TS =0.5769 SS* — 8.5774 SS® + 44.299 SS? — 93.1485SS — 79.446 (6)
(R?) =0.9945

Its strength is satisfactory for useful applications such as pharmaceutical shelves, particle
board and partition wall.

Plot of Flexural Strength against Sample
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Figure 5. Plot of Flexural Strength against Sample Specimens

From the plot of the flexural strength of cornstalk/polyester composite as seen in
Figure 5, the cornstalk/polyester composite again decreases below the pristine polyester
which had higher flexural strength than all composite samples. It was observed that the
flexural strength of the composites decreases with increasing filler mass fractions which
were also similar to the tensile behavior. This could be due to poor intermolecular
interaction and adhesion between the polyester matrix and the cornstalk whiskers.
Similar results were obtained by [27] in his study on some mechanical properties of
polyester filled with the seed shell of sunflower and water melon.

The flexural strength profile for the different mass fractions of cornstalk/polyester
composite is present by equation and correlation value

FS = 0.8904 SS* — 14.017 SS® + 79.334 SS? - 191.35SS — 188.08 @)
(R?) = 0.991

The decline in flexural strength can be due to formation of agglomerates which created
stress centres in the composites contributing to in mechanical failure properties of the
composites [28].
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Plot of Impact Strength against Sample Specimens
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Figure 6. Plot of Impact Strength against Sample Specimens

The computed impact strength of the cornstalk/polyester composite depicts a
different behavior compared to the tensile and flexural strengths. Pristine polyester also
had higher impact strength than all composite samples. The tests proved that the
cornstalk/polyester composites have ability to withstand shock loading or absorb
mechanical energy under impact loading and stresses. The impact strength value
decreases with increasing filler mass fractions from 0% to 1% mass fractions and
increases from 1% to 3% mass fractions. However, another reduction was observed from
3% to 4% mass fractions and increment from 4% to 5% mass fractions of cornstalk filler
reinforcement. The impact strength profile and correlation value are

FS = 0.8904 SS* — 14.017 SS? + 79.334 SS? — 191.35SS — 188.08 (8)
(R?) = 0.991

It has been reported that high fibre content increase the probability of fibre
agglomeration which results in regions of stress concentration requiring less energy for
crack propagation [29, 30]. The decrease in impact strength can be attributed to
saturation of the polyester resin by the fillers, thus, preventing proper bonding of the
fillers to form strong adhesion forces. The results reveal that the cornstalk/polyester
composites can withstand medium energy impact without fracturing. Improvements in
absorbing energy by the composites could be enhanced with better interaction of the
filler and matrix. A deviation was reported in similar work on production and properties
of sweet potato flour/HDPE composites which shows decrease in impact strength with
increase sweet potato powder as reported by [25].

CONCLUSION

This study investigated the successful preparation and investigation of the physico-
mechanical properties of corn stalk/ polyester composites. Also, a means of discarding
agricultural waste (corn stalk) as a resource for new material by adding value to them
was proferred.
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The water absorption behavior of the cornstalk/polyester composites at different
filler mass fractions followed similar trend in other reported research. Water absorption
revealed huge influence on the physico-mechanical properties of cornstalk/polyester
composites. A four hour immersion in water revealed that the water absorption by the
cornstalk/polyester composites increased as the cornstalk filler mass fractions were also
increasing and similar results were observed by [31]. The cornstalk/polyester composite
densities decreased with increasing cornstalk filler mass fractions.

The mechanical properties of the cornstalk composites revealed, essentially, that the
introduction of cornstalk fillers in a polyester matrix reduced the tensile strength,
flexural strength and impact strength of the cornstalk/polyester composites below the
tensile strength, flexural strength and impact strength of pristine polyester matrix (i.e.
100% polyester resin). This is in contrary to the description of composites stated in the
introduction of this paper. The results reported makes cornstalk filler unlikely suitable
for polyester resins or maybe unsuitable for all polymer matrices or resins. Poor
cornstalk fillers and polyester matrix interfacial adhesion can be the reason for the
decline in tensile, flexural and impact strengths of the cornstalk/polyester composites.

Furthermore, the results also show that density of the cornstalk/polyester composites
decrease considerably with varying percentage of cornstalk filler mass fractions and
provide moderate interaction and interfacial bonding between the cornstalk fillers and
the polyester matrix.
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PROCENA FIZICKO-MEHANICKIH OSOBINA
KOMPOZITA POLIESTER-KUKURUZ

Obuora Okoye!, Dilibe Ntunde'?

! Michael Okpara University of Agriculture,
Department of Mechanical Engineering,
Umudike, Abia State, Nigeria

Apstrakt: U ovom radu, kompozit u sastavu stabljika kukuruza-poliester su
pripremljeni tehnikom oblikovanja sa nekoliko procenata opterecenja materijala za
ispunu prema masi . Prou¢avana su fizicko-mehani¢ke osobine ovog materijala .
Kompozit je pokazao umereno pobolj$anje zatezne Cvrsto¢e od 13,582 MPa za 3%
stabljike kukuruza, $to je bilo najvise.

Kompozit je takode imao najveée vrednosti ¢vrsto¢u na udar od 744,90 (J/m?) i na
savijanje od 23,947 MPa, respektivno za punjenje od 3% stabljike kukuruza i 93%
poliestera i 2% stabljike kukuruza i 98% poliester materijala.

Znacajno zabelezena vrednost otporosti materijala moze se pripisati dobrom
povrsinskom medusobnom vezivanju izmedu materijala stabljike kukuruza i poliestera
kao osnove.

Studija je takode pokazala da se gustina kompozita smanjivala sa povecanjem koli¢ine
materijala za punjenje, i vrednost gustine novog materijala je smanjena sa 0,116 g/cm?®
na 0,108 g/cmd.

Kompoziti su zabelezili povecanje vrednosti upijanja vode sa povecanjem opterecenja
materijala punioca. Rezultati su pokazali da je najveca stopa apsorpcije vode bila pri
opterecenju stabljike kukuruza od 5%, Sto je imalo maksimalnu apsorpciju vode od
4,55% kod kompozitnih uzoraka.

Fizi¢ko-mehani¢ke osobine materijala kompozita ukazuju da on moze biti koristan u
aplikacijama koje zahtevaju umerene vrednosti na ¢vrstocu.
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Ovi kompozitni materijali mogu se smatrati potencijalnim nac¢inom iskori§¢avanja
poljoprivrednog otpadnog materijala 1 odrzivim resursima za proizvodnju
konstrukcijskih materijala kao: iverice, pregradne ploce, plafonske ploce ¢ime se
smanjuje koli¢ina poljoprivrednog otpada i eliminiSe zagadenje izazvano sagorevanjem
stabljike kukuruza.

Kljucne reci: Stabljika kukuruza, zatezna cvrstoca, poliester, udarna ¢vrstoca,
adsorpcija vode, poljoprivredni otpad, kompoziti, gustoéa
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A COMPARATIVE STUDY ON ENERGY USE OF RICE
(Oryza sativa L.) CULTIVARS UNDER MECHANIZED CROPPING
SYSTEMS IN WEST OF TURKEY

Sakine Ozpinar*
Agriculture Faculty, Canakkale Onsekiz Mart University, Canakkale, Turkey

Abstract: The study was performed energy analysis of mechanized rice production
for two rice cultivars under a region, named Canakkale, in West Turkey. The indicators
are energy use efficiency, specific energy, energy productivity and net energy. The
cultivars of rice commonly grown in the region are listed in two groups: native and high
yield hybrid. Primary data were obtained through field survey with farmer’s interviews
face to face with a questionnaire in Biga, Ezine and centre districts, commonly rice
cultivation areas in the region. Secondary data and energy equivalents were obtained from
available literature using collected data of the production period of 2020-2021. Analysis
of data showed that averagely diesel had the highest share within the total energy inputs
as 46.46% and 45.72% for native and hybrid, respectively, followed by chemical fertilizers
with 24.19%, and 23.80%, especially nitrogen. Water input was the third highest share
with 11.29% and 11.60% for native and hybrid, respectively. Machinery input had fourth
share in total, but it showed similar percentage with around 8.00% in both cultivars
because of receiving similar machinery operations. Another high input was pesticides with
around 4.00% because herbicides using is very high, especially for annual and perennial
sedges and broadleaf weeds. Labour is the optimum level because of cultivation practices
are usually performed by mechanical power. Net energy was found higher in hybrid
cultivar with 101.41MJ ha* due to higher grain and straw yield than native with 84.01 MJ
hal. The energy use efficiency and energy productivity of nature cultivar were 2.3
and 0.12 kg-MJ, respectively, corresponding to increases of 2.5 and 0.13 kg-MJtin
hybrid. With appropriate agronomic measures in rice production in the study area,
higher yield of hybrid cultivar would necessarily lead to an increase in energy
productivity and gain.

*Corresponding Author. E-mail address: sozpinar@comu.edu.tr
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INTRODUCTION

Rice (Oryza sativa L.) is one of the important principal food crops that feeds more
than half of world's population. Rice production areas in world cover around 162 million
hectares comprising about 11% of all arable lands which annually produces approximately
758 million ton [1]. The main producer countries are Chin, India, and other Asian countries
while Turkey is ranked at thirty-seven.

China is the largest rice producer in the world with 211 million tons production volume
per year, and India comes second with 159 million tons yearly production.

Although, worldwide agriculture production has defeated the population growth [2], still
there is a challenge to providing feed for huge population with sustainability and so, it felt
urgent need of find mitigation and adaptation practices to minimize the impact of crop
cultivation on climate change, especially rice provides food a half of the world population,
particularly in developing countries subjected to intense demographic growth [3].

In Turkey, due to the low of subsidies, farmers have taken on more costs for fuel as well
as chemical fertilizer and electricity for irrigation, particularly for rice production which
is one of the important crops among cereals. Meanwhile, rice consumption and then its
production has steadily been increasing in the country although wheat is the main crop. In
annual, rice production in the country was reported to be more than 920 thousand tons [4]
with 116 thousand hectares with 7930 kg ha™ on average yield depending on cultivar.
Marmara Region, one of the considerable rice production areas of the country, produces
more than 71 percentage of total rice production. Osmancik-97 and Baldo are the well-
known nature cultivars among farmers and consumers and have dominated the region for
many years. However, new hybrid cultivars such as Cammeo, Galileo, Ronaldo, and Luna
are catching farmers’ attention in term of high yield and milling rates. Nonetheless, the
country still has rice importing with more than 225 thousand tons per year. Therefore,
efforts are required to increase the production of rice sustainably, but effective energy use
is needed to reduce production costs and preserving fossil resources and decreasing
environmental pollution. South of the Marmara Region of the country, especially
Canakkale, is one suitable region for rice production in terms of favourable climate and
abundant water resources according to many other parts. The region keeps fourth rank
with 11348 hectares (9.3%) in rice production at national level. The mechanization degree
is showing high level in the application of farm machinery for rice production, but it varies
due to variations in climate, culture, technology adaptation, cropping systems, crop
season, farming conditions and seed cultivars. Optimal use of improved farm machinery
coupled with optimal use of other recommended resources allow an increase in rice yield
up to potential levels.

Energy is used in every stage of the crop production process agriculture, from soil
tillage to harvesting as well as drying and storage stage. Therefore, identifying sustainable
rice cultivation methods using cultivar with different yields is crucial to ensure food
security for a growing population. Energy is also a key input of agriculture and agriculture
production positively correlated with energy input. In recent years, energy input in
agriculture, like fuel and electricity, has been highly affected by changes in country energy

policy.
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The energy analysis of agricultural ecosystems is a promising approach to assess
the energy efficiency, and their impact on environment [5].

On the other hand, the countries like Turkey, energy consumption in agriculture is
much lower than the other sectors, energy use as both input and output of agricultural
sector is a very important issue due to its large agricultural potential and rural area. Also,
energy consumption in such areas based on farm conditions (size of crop area), farmer’s
social considerations such as level of education, and energy inputs including fertilizer,
water, etc. Studies on this aspect help in identifying or developing more energy efficient
technologies, with low adverse environmental impacts and improvement in natural
resource conservation. So, many studies were devoted on exploring yield performance and
nitrogen use efficiency of different methods of rice production under rainfed and
controlled irrigation. Nonetheless, few studies have been conducted to determine energy
efficiency of rice cultivation with different cultivars in similar or different agro-ecologies
conditions. But very few studies compared different rice cultivar due to yield. In this study,
we hypothesized that rice production with hybrid cultivar reduces the energy use and
increase net energy comparing and nature. The objective of this study was to identify a
cultivar with optimum energy consumption that had maximum productivity, energy use
efficiency and low environmental impacts.

MATERIALS AND METHODS
Study area and climate

The study was carried out in Canakkale region, South of the Marmara Region of
west Turkey (Figure 1). The region is located between 39°27'-40°45' Lat. N and between
25°40'-27°30" Lon. E, covering a total area of 993318 hectares, cropping area of 331633
hectares and a rice cropping area of 383367 decare, which is a total of 7.52% of the rice
areas in the country. Topographic elevations vary between 0 and 100 metre above sea level
(Figure 1). Agriculture in the region is intensively irrigated, mechanized and input-
intensive (Figure 1). Rice is usually cultivated under continuous flooding irrigation with
full water control, despite the introduction of drip irrigation in recent years. The climate
of the study area is semiarid subtropical with extreme summers and severe cold winters.
The northern parts of the region experience cold weather, whereas the southern parts
experience tropical weather. Summer is from May to September, and winter is from
October to April. Annual mean of maximum summer temperature is about 28°C (in
August) according to the long-term period, and annual mean of minimum winter
temperature is 6 °C (in January) (Figure 2). The annual total rainfall is varying from 460
mm to 715 mm according to years, and about 65% of annual rainfall events occur from
December to May (Figure 3).
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Fig. 1. Location of the study area in the country (b).,
farms in surveyed three-district (a).

In this area, rice is usually grown under mechanized system, but human labour is
still using in some cultivation practices. In general, the average farm size is very small in
the area. The most of rice farmers have 20 to 30 decare (1 decare =1000 m?), area for the
rice production. Only a few farmers have 1000 to 2000 decare size. The cultivars of rice
commonly grown in the region are listed in two groups as native (Baldo, Osmancik-97,
Yatkin) and hybrid (Cameo, Vasco, Luna) cultivars. Farmers usually prefer hybrid
cultivars which open new options and flexibility under prevailing weather conditions.
They may also enhance land use efficiency following winter season because crops stay for
short duration in field and leaving enough time for the succeeding crops during autumn
and winter season. These cultivars also are increasing crop productivity and probability
per unit area because cost is one of the major goals of agriculture farming. The study was
conducted from only three districts of the region, named is Biga, Ezine and center (Figure
1). Data were collected from 65 farmers in three districts by a questionnaire. Observations
and surveys were performed face to face with farmers during production season of 2020-
2021. Farms were determined by using Neyman method by Yamane [6] with following
equation.

N%Z x s x t?
T (-1 a%4(s? x t?) €Y)

n

Where, n, the required sample size; N, the number of rice farmers in the target population;
s, the standard deviation; t, the t-value at 95% confidence limit (1.96); d, the acceptable
error. In addition to the data collected by the questionnaire, the secondary data used in the
study were collected from the previous studies [7] and publications by some institutions
such as TUIK (Turkish Statistical Institute), and other government agencies, Canakkale
Directorate of Provincial Agriculture and Forestry. the questionnaire included all kinds of
inputs such as seed, fertilizer, pesticides, fuel, and water, supplied to the crop and use of
different power sources such as human and agricultural machinery as well as output of
farms as the yield of main product (grain) and by-product (straw).

The first, all inputs and outputs for rice production were determined, quantified and
entered into Microsoft Excel spreadsheets, and then transformed into energy units and
expressed in MJ ha'.


https://canakkale.tarimorman.gov.tr/Sayfalar/EN/AnaSayfa.aspx
https://canakkale.tarimorman.gov.tr/Sayfalar/EN/AnaSayfa.aspx
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Fig. 3. Rainfall distribution according to months for three years and long-term period

Rice production

There are different farming practices in the area for rice production due to seasonal
soil tillage and seedbed preparation in autumn following by previous crop harvest time,
and in spring season. A brief description of these soil preparation practices is presented in
Table 1 and 2 for autumn and spring season, respectively. Field operations began with
disposal of the straw by soil incorporation or removal from the field. Tillage may be done
in fall or may be postponed until spring under wet conditions, but generally begins as early
as possible.
Tillage with mouldboard plough is carried out in 20 to 25 cm depth followed by shallow
tillage performed with a disk harrow or a field cultivator, and rotovator. Soil levelling is
done with leveller blades after the first ploughing under dry conditions.
The laser is usually used in larger farms and allows a uniform water depth within the basin.
Before flooding the field, the fertilizer and pre-emergence herbicide are applied and
incorporated into the soil with a spike-tooth harrow followed by pressing of the soil with
the leveller to press soil surface before seeding. Seeding is done by seed drill with iron
wheel, while some farmers also broadcast pre-soaked seed (ungerminated) with
centrifugal fertilizer broadcaster into water.
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Seed rate is 200 kg per hectare for long-large grain size cultivars and it is 170-180 kg per
hectare for medium grain type and 150 kg for small grain cultivars. Under both season
tillage practices, different soil tillage equipment is used for the first deep tillage operation
(Table 1, 2), for example mouldboard plough and disc harrow are usually used in autumn
where mouldboard plough and chisel are performed in spring season. Other equipment is
used in both season with different times such as disc harrow, spring cultivator, rotovator,
centrifugal fertilizing broadcaster, soil lever, sprayer, laser, and seed drill. Farmers are
preferred autumn time practices because of operation time is very limited in spring to
prepare the seedbed on time for seed drill practice. For this reason, in this study, the
applications in the autumn model-1 were taken to determine energy input and output.
Weed control, one of the major challenges toward rice production in the study area, is
often performed by sprayer before seeding. Some characteristics of agricultural machinery
such as field speed, field efficiency and working widths required for the effective field
capacity were obtained from the equipment commonly used in the study area.

Table 1 Agricultural practices in autumn rice production systems
and their estimated fuel consumption, model-1

Fuel

Time Machinery Practice (I hat)
Second week November  Mouldboard plough Soil tillage at 20-25 cm 40
Second week April Heavy cultivator Incorporation crossing soil tillage 10
Third week April Heavy disc harrow Breaking soil clods-3 times 30
Fourth week April Spring cultivator Incorporation crossing soil tillage-2 times 20
First week May Vertical rotovator Breaking soil clods 20
First week May Laser Levelling 45
First week May Centrifugal fertilizer Applying fertilizer 2
First week May Spike-tooth harrow Mixing on soil surface-3 times 12
First week May Leveller Pressing soil surface before seeding 2
First week May Mounted sprayer Applying the pre-seeding herbicides 2
Second week May Seed drill with iron wheel Seeding 2
First week October Combine Harvesting 18

Table 2. Agricultural practices in spring rice production systems and their estimated fuel consumption,

model-2
. . . Fuel

Time Machinery Practice (I ha')
Second week April  Mouldboard plough Deep soil tillage 40
Fourth week April ~ Chisel (curved arm) Incorporation deep soil 10
Fourth week April  Heavy cultivator Incorporation crossing soil tillage 10
First week May Heavy disc harrow Breaking soil clods-2 times 20
First week May Laser Levelling 45
First week May Centrifugal fertilizer Applying fertilizer 2
First week May Spike-tooth harrow Mixing on soil surface-3 times 12
First week May Leveller Pressing soil surface before seeding 2
First week May Mounted sprayer Applying the pre-seeding herbicides 2
First week May Seed drill with iron wheel Seeding 2

First week October  Combine Harvesting 18
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Nitrogen and phosphorus fertilizer with zinc compound are usually used for rice
crop in the country as well as in the region. Soils have enough available potassium,
therefore no-potassium application is done for rice crop. Fertilizer rate is N1soPgoZnis per
hectare. Nitrogen is applied in three times; the first, second, third parts are at the pre-
planting, tillering, panicle initiation, respectively. Under irrigation with continuous
flooding, nitrogen is applied in the form of ammonium sulphate or urea. All phosphorus
and zinc are used at the pre-planting. Rice harvesting time varies from September 15 to
October 30 in the study area at 45 to 50 days after flowering. Early harvesting may reduce
the head yield of rice owing to the presence of immature kernels as well as grain yield in
unit area. Late harvesting may also reduce grain yield in unit area because of grain
shattering and lodging. Rice is directly harvested with combine and the crop is dried to a
storable moisture of 13 to 14 percent.

Energy analysis procedures

The energetic efficiency of the agricultural system has been evaluated by the
energy rate between output and input. Human labour, machinery, diesel fuel, chemical
fertilizers and pesticides, seed, water, electricity, etc., and output values such as rice grain
and straw yield have been used to estimate the energy rate. Energy equivalents shown in
Table 3 were used for estimating the input and output energy. Agricultural energy
consumption may be divided into four energy categories: direct, indirect, renewable, and
non-renewable. Direct energy is defined as the energy used to power (diesel fuel as
thermal) the agricultural machines used in the soil tillage and preparation or harvesting
stages [8], and manual. Indirect energy comprises of energy inputs in manufacturing of
machinery and raw materials such as chemical fertilizers, pesticides, seed and
transportation. Non-renewable energy includes machinery, chemical fertilizers, pesticides,
and diesel fuel while renewable energy includes seed, water, and human labour. A
complete inventory of all inputs (fuels, fertilizers, seed, pesticides, human labour,
irrigation water and, machinery power) and outputs of both rice grain and straw yields
were recorded from the surveyed forms. Energy inputs in different studies were computed
by multiplying the inputs with the corresponding energy coefficients and summation of all
these components. For this study, the energy coefficients were taken from the literature
(Table 3), but they varied in different studies due to differences in calculations and spatial
and temporal system boundaries.

Due to this, the results of different studies are not comparable. So, the energy coefficient
values from different studies conducted in similar environments were used in the present
study (Table 3).

Manual energy input was determined by multiplying the number of persons
engaged in an operation by the man hour requirement [9].

The energy contribution from male (En) and female (Ef) labour were estimated
using equation (1) and (2), respectively.

E,, = 3.6 (0.075x NxT) 1)
E; = 3.6 (0.065 x N x T) @)

Where, T is the useful time spent by the person per unit operation.
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N shows the number of persons involved in an operation at the maximum continuous
energy consumption rate of 0.30 kW and conversion efficiency of 25%, respectively.

Table 3 Energy coefficients of different agricultural inputs and outputs

Particulars EC (MJ unit?)” Reference
A. Inputs
1.Human labour 1.96 MJ man h! [10]
2.Machinery** 62.70 MJ kg? [11]
2.1. Tractor 138 MJ kgt [12]
2.2. Chisel plough 149 MJ kgt [12]
2.3 Mouldboard Plough 180 MJ kgt [12]
2.4. Disc harrow (heavy) 149 MJ kgt [12]
2.5. Spring cultivator 148 MJ kgt
2.6. Seed drill 133 MJ kg [12]
2.7. Centrifugal fertilizer 129 MJ kg! [12]
2.8. Mounted sprayer 116 MJ kgt [12]
2.9. Combine 116 MJ kg [12]
3.Diesel™ 56.31 MJ I [12]
4.Chemical fertilizer
4.1. Nitrogen (N). 78.1 MJ kg [12]
4.2. Phosphate (P20s) )} 174 MJ kgt [12]
4.3. Zinc (Zn) 8.40 MJ kg! [13]
5.Pesticide
5.1. Insecticides 184.63 MJ kgt [14]
5.2. Herbicides 255 MJ kg? [14]
5.3. Fungicides 115 MJ kg [12]
6.Water for irrigation 1.02 MJ m3 [11]
7.Seed 14.57 MJ kgt [12]
8.Electricity 11.93 MJ kwh! [12]
B. Outputs
1.Grain (rice) 14.57 MJ kgt [14]
2.Straw (rice) 12.50 MJ kg™ [14]

*

“Energy coefficients; **excluding self-propelled machines; *“including cost of lubricants;
L,production (69.5) and PTA (packaging, transportation, application, 8.6); Llproduction (7.6)
and PTA (packaging, transportation, application, 9.8); Lll,production (6.4) and PTA
(packaging, transportation, application, 7.3).

Diesel (thermal) energy (Eq) was estimated by multiplying the quantity of total fuel
used in different farm operations by its lower heating value for rice crop production [9].
The diesel energy input was determined using the following equation (3):

Eq=47.8x D (3)
Where,

Eq, the diesel energy consumed (MJ);

47.8, the calorific (lower heating) value of diesel fuel (MJ I);

D, the quantity of diesel fuel consumed per unit operation (1).
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The machinery input energy (indirect) was calculated by computing the production

energy of tractors and agricultural machines per unit area using the following equation (4).
Em = lrc. )

Where,

Em, total machinery input energy for agricultural machinery in the lifetime allocated to
one hectare (MJ ha'l);

M, the mass of tractor and machinery (kg);

E, the energy coefficient to manufacture, transport and repair (for tractor, 76 MJ kg and
farm machinery, 111 MJ kg™) (transport and repair) (Table 3);

L, the economic life of tractor and machinery (h);

Ce, the effective field capacity of farm machinery (ha h™?).

Fuel consumption in different tillage operations depends on depth and width of ploughing,
soil type, moisture content, tractor size, and the equipment used (Table 1, 2). So, fuel
consumptions in different tillage operations, which were done with different tillage
implements drawn by a 45 HP two-wheel drive tractor, were estimated.

VXWfo

Co="" (5)

Where,

W, the working width (m);

V, the working speed (km h2);

Er, the field efficiency. Chemical energy input was obtained from the quantity of fertilizer
and herbicides (kg) used.

The NPK 20:20:0 fertilizer was the most widely used in the study area, and sometimes
combined with Zn. The energy equivalent for a kilogram of NPK fertilizer was obtained
from the rate of its elements (N P K) in a 50 kg bag of the fertilizer. The total chemical
energy input was calculated by multiplying the quantity of fertilizer used by its energy
equivalent value as shown in equation (6). Also, the chemical energy input from pesticides
(especially herbicides) was obtained using equation (7).

m o /NaN P,05xP K,0xK
Efert=z (x eqv 4 20UsX eqv | 20x gqy) (6)

ne1\ AP AP AP

Where,

Erert, the chemical energy fertilizer;

Negv, the energy equivalent value of N;

Peqv, the energy equivalent value of P,Os;

Keqv, the energy equivalent value of K,O; N, the compound fertilizer rate applied
percentage of N ingredient (kg); P2Os, the compound fertilizer rate applied percentage of
P,Os ingredient (kg); K0, the compound fertilizer rate applied percentage of K,O
ingredient (kg);

AP, the planted area (ha); n, the compound fertilizer for applied time nth.
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Eherb = Hperb X Heqv (7)

Where,

Enero, the chemical energy herbicide;

Hhem, the quantity of herbicide used (kg);
Heqv, the energy equivalent value of herbicide.

Biochemical energy sources are the amount of energy stored in the rice seed. The
biological energy input in rice production was calculated using equation (8).

Ebio = Qseed X Qeqv (8)

Where, Qseed, the quantity of seed planted (kg ha') and
Qeqv, the energy equivalent of rice (MJ kg™).

Canal water is not used in any of the studied farms, therefore, only well water was
calculated. The energy required for pumping water (Ei;) from a well was calculated using
the following equation (9).

E,=rx ngx%XEq 9)

Where,

r, water density (1000 kg m);

g, the acceleration due to gravity (9.80 m s2);

H, total depth of dynamic head (m);

Q, the volume of water required for one season (m? ha'l);
Ep, the pump efficiency (80%);

Eq, total power conservation efficiency (20%).

Transmission and production efficiencies were also considered for estimation of irrigation
energy. Transportation to storage facilities was done with tractor and trailer. The energy
input in transportation consists of thermal, manual, and mechanical energy. Energy
required (MJ) in transportation (Ewans) Was estimated by measuring the time involved in
the operation which include time spent on loading and off-loading the rice in equation
(10).

MxXxE

Etrans=4.8XxD+3.6 (0.075xNxT) + C

(10)

Land preparation, planting, weeding, fertilizer application and harvesting were done
mechanically in all the farms questioned. For land preparation, the amount of fuel
consumed by the tractor in litres per hectare and the time taken by the operator to perform
the operation were recorded.

The energy required (MJ) for each field practice (land preparation, planting, weeding,
fertilizer application, harvesting, transportation) was obtained from equation (11). The
technical properties of all farm equipment were presented in Table 3
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MxE
LxCe

Efield—practice=3-6 (4.8 X D) +3.6 (0.075 x Nx T) + (11)

The amount of output energy (MJ hat) is estimated by multiplying the rice and straw yield
(kg ha®) by rice and straw energy equivalent (MJ kg) as mentioned in Table 3). Total
output energy of rice was estimated as a sum of the total energy from grain and straw yield
in equation (12).

EOUtPUt = Qgrain-yield X Qgrain—eqv + Qstraw-yield X Qstraw—eqv (12)
Where,
Qgrain-yield is the quantity of grain yield (kg ha'l);
Q grain-eqv IS the energy equivalent of rice grain (MJ kg™?);
Qstraw-yield 1S the quantity of straw yield (kg ha™®);
Q straw-eqv IS the energy equivalent of rice straw (MJ kgl).

Based on the total energy equivalents of the inputs and outputs, energy use
efficiency, energy productivity, specific energy and net energy were used to evaluate the
performance of energy usage in rice farms They were calculated using the following
equations (13-17) as suggested in literature [15, 16]. Net energy refers to the difference
between the energy consumed in producing a product and the sum of energy gain from the
product. The energy rate describes the relationship in a production process between energy
outputs and inputs. Energy productivity is also an important indicator for evaluating the
energy use efficiency, and the amount of economic output for each unit of energy
consumed. Specific energy is the energy consumed to produce a unit mass of a product.

Net energy (M] ha™!) = Total energy output — Total energy input (13)

Total energy output (M] ha™1) (14)

Energy use efficiency (energy rate) =
gy y ( gy ) Total energy input (MJ ha™1)

.. _ Grain and straw yield (kg ha™1)
Energy productivity (kg MJ™1) = Total energy input (M) ba=5) (15)

. _ Total energy input (M] ha™1)
Specific energy (M] kg™1) = 16
p gy ( J kg ) Grain and straw yield (kg ha=1) ( )
Net energy (MJ ha™1)
Total energy input (M] ha—1)

Energy profitability = (17)

RESULTS AND DISCUSSION

Energy consumption is one of the important indicators of crop performance and
environment sustainability; higher energy use efficiency with less input is required for
improving livelihood security of millions of rural household practicing rice cultivation.
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Energy requirement and its production potential largely depend on inputs used, it is also
affected by crop the cropping systems, cultivation practices, and type. The total energy
requirement of the system was significantly varied with the methods of establishment and
rice cultivars (Table 4). Good levelling of the soil to be cultivated rice seed germination
of seedlings, healthy growth, weed control and weed enhancement of the effectiveness of
pesticides is very important. Soil levelling is done in small parcels with levelling blades,
in larger parcels with lightweight graders, or with a laser machine. With the use of laser,
a 20% increase in yield is achieved. During the studies in the farms, the amount of rice
produced per hectare during the 2020-2021 production season was calculated as an
average of 8990 and 8000 kg for hybrid and nature, respectively. Grain energy output was
directly related to the productivity. Hence, the highest grain energy output was observed
in the hybrid cultivar (130,830 MJ ha*) compared to nature (117,600 MJ ha') (Table 4).
This was mainly because of higher yield in hybrid cultivar (8990 kg ha) than that of
nature (8000 kg ha'). This was also expressed by the farmers participated questionnaire
that they cleared particularly the hybrid cultivars provided more rice grain yield as well as
high profits. In addition, hybrid cultivars have higher grain yields per unit area due to their
higher resistance to pests than natural cultivars. Similar results were observed in total
energy output including crop straw. The total energy output for hybrid and nature cultivars
were calculated as 168,330 and 148,850 MJ ha'!, respectively (Table 4). However, it is
stated that generally the farmers do not collect the crop residues at the end of a crop season
since these were returned to the soil. The energy equivalents were same for both the
cultivars, which imply that there was no effect on the grain energy returns. The weight of
straw harvested is 1.2 times higher (3000 kg ha) in hybrid cultivar than nature (2500 kg
hal), therefore the straw contains large amount of energy, which is much higher (37,500
MJ ha?!) than the energy of nature cultivar (31,250 MJ ha') straw. The energy output for
straw increased by 6250 MJ with using hybrid cultivars while correspond value was
13,230 MJ for grain (Table 4).

The highest energy inputs for both type cultivars were the fuel around 45%, but it
was higher with 46.46% in nature compared to hybrid with 45.72% (Table 4). The results
of study indicated that fuel input plays an important role in energy input for rice
production. In particular, fuel consumption in tillage and harvesting is more than in other
operations in rice production. In general, there is a considerable reason for high diesel
consumption in the study area due to old machineries and irrigation pumps. One of the
main reasons for high consumption of diesel fuel is a temporal depreciation of machinery
particularly in the tractors and tillage equipment.

In order to improve the energy consumption as well as reduction of diesel fuel in rice
producing system, it is powerfully suggested that the machinery's efficiency is increased
with new machineries and equipment such as tractor, tillage and irrigation pumps.

The total energy equivalent of the chemical fertilizer consumption was ordered as second
component among energy inputs and constituted 15,928 MJ ha™ of the total energy input
for both cultivars with 23.80% and 24.19% rate for hybrid and nature cultivar,
respectively. Analysis of data showed that energy input of nitrogen fertilizer has the
highest share (around 91%) within all chemical fertilizers. It has been reported that the
energy input of chemical fertilizer has the biggest share of the total energy input in crop
production while machinery had the most significant impact on rice production.
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Similarly, several researchers reported that the energy used by fertilizers represented a
major part of the total input energy around 40-70% of total compared with other input
requirements [14, 17].

In most previous rice production studies, fertilizer accounted for the largest
share of total energy input, with the energy input of nitrogen ranking top among all
fertilizers[9], which agrees with the findings of the present study (Table 4). Fertilizer,
fuel, and water were the three highest energy inputs and accounted for 81.78% of
total energy input, regardless the cultivar. Hence, to reduce total energy input for rice
production, it is essential to control fertilizer, fuel, and water inputs. Consume energy
for irrigation water was the same in both rice cultivars and consist of approximately
12.00% (Table 4). Irrigation water and its operation consumed the maximum energy on
rice farm due to the higher water requirement of rice crop and the electrical energy is
mainly utilized by motor pumps to run irrigation pump set. Similarly, Pimentel and
Pimentel [18] reported that irrigation energy requirement for rice production in the United
States of America is 8949.6 MJ ha (18.10%) of the total energy requirement. However,
Alipour. et al. [19] found that in rice study the irrigation energy had the highest share with
38.84% which is higher than what was obtained in this study. Since fertilizer and fuel
are closely related to the profitability of rice production, farmers are highly receptive
to integrated machinery and nitrogen-saving technologies that can achieve high
energy-use efficiency. In general, reducing diesel fuel and fertilizer consumption, mainly
nitrogen, is important for energy management in this study area. Reducing chemical
fertilizer use on rice fields, it does not only provide financial benefits to farmers, but it
also can reduce environmental pollutions. Consequently, farmers pay less attention to
water-efficiency measures, resulting in negative environmental impacts [20].
Therefore, it is essential to adopt water-saving irrigation methods to reduce irrigation
water input and ultimately total energy input. Fertilization management, integrating a
legume into the crop rotation, chopped residues and other soil managements can reduce
the chemical fertilizer energy requirements [21, 22]. Therefore, it is necessary to focus
more on fertilizer, fuel consumption than other factors to effectively reduce energy
consumption in rice production.

Table 4 Energy (MJ ha!) input-output analysis for two cultivars of the rice production

Input Hybrid Nature
Percentage
(MJ hat) (%) (MJ ha'l) Percentage (%)

Human labour 997.96 1.49 997.96 1.52
Diesel fuel 30592 45.72 30592 46.46
Machinery 5575 8.33 5575 8.47
Chemical fertilizer ~ 15928 23.80 15928 2419
Pesticides 2220 3.32 2220 3.37
Electricity 900 1.34 900 1.37
Seed 2940 4.39 1864 2.83
Water 7764 11.60 7764 11.79
Total energy input 66916 100.00 64842 100.00
Output 168330 148850
Rice 130830 77.72 117600 79.01

Straw 37500 22.28 31250 20.99
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According to the data collected from all questioner farms, pesticides consumption
was 2220 MJ ha't, especially comes from herbicide use to control common weeds such as
watergrass (Echinocloa spp.) which is the most competitive and difficult weed to control
in rice fields in the area. Annual and perennial sedges and broadleaf weeds are also the
most important infested weeds in the rice production fields. Regardless of the cultivar,
labour consumed around 2% energy, whereas least energy was utilized for labour. Energy
share from human labour for rice fields of the study area was as 1.49% and 1.52% of
related total energy inputs for hybrid and nature cultivar, respectively. Most of the human
labour in rice production was used in the soil seedbed preparation, irrigation and
harvesting although most of the machine power was used in the seedbed preparation,
harvesting (in many farms) and irrigation operation. The source of human labour in the
questioned farms is either from family members or hired labours. In contrast, [23] reported
that the contribution of human labour in rice production was approximately 46% of the
total in Sikkim State of India because many agricultural practices were performed by
human. The energy input of electricity was calculated 900 MJ ha* (Table 4). In this study,
due to water being pumped from deep wells, water channel and supply need for
consumption of the electricity energy was very high. A high percent of this energy in the
studied area could be attributed to use of irrigation pumps of low efficiency despite the
low electricity price in the country where electric energy used in agriculture is produced
mainly from renewable sources, especially water which highly considers energy
consumption for both cultivar production (Table 4). This input is in line with others [24]
who show generally account for a considerable share of total energy input. Seed only
represented 4.39% and 2.83% of total energy requirement in studied area, for hybrid and
nature cultivar, respectively. There was a significant difference among two seed cultivars
in respect to energy consumption of seeds due to higher cost of purchase for hybrid,
although it has high quality. However, the required quantity of seed will reduce by using
high quality seeds. In addition, qualified seed will help to reduce the eventuality of pests
and weeds infestation, reduce the energy needed in for weeding and chemical application
and increase yield.

The key indicators to compare the efficiency of energy resources in a cropping
system are net energy, energy use efficiency (energy rate), energy productivity and
specific energy. Energy use efficiency (energy rate), specific energy, energy productivity,
and net energy in the study are presented in Table 5. Energy use efficiency or energy rate
represents energy output per 1 MJ energy input, which is an important indicator of
crop production efficiency. The energy use efficiency above 1.0 showed energy being
used efficiently, high energy use efficiency is attributed to lower input usage. Reducing
the gquantity of agrochemical inputs with high energy costs and effective use of energy
resources are critical for energy saving in modern crop production. Additionally,
increasing crop yield by using improved seed cultivars such as hybrid is also required.
With respect to the data analysis, the energy use efficiency varied from 2.3 for nature
cultivar to 2.5 for hybrid with greater yield.

In contrast, others [25] reported that the energy use efficiency of rice cultivated
predominantly through manual was lower with 1.72 and decreased to 1.63 following
greater mechanization.
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However, the lower inputs of resources such as fertilizer and machinery use in Iran
rice production led to lower rice yields, which was the most significant difference
between the rice production systems of Iran and this region of western Turkey.
Similarly, different rice cultivars have been found to respond differently to energy use
efficiency [15], while some rice cultivar yielded more grain than the others [26]. This
could be also due to differences in agricultural and climatic conditions, and rice cultivar
between the studies. Similarly reported that different rice cultivars responded differently
to the growing methods [27]. Similar to the present study, [28] obtained energy use
efficiency of 2.8 in energy consumption analysis for selected crops in different regions of
Thailand despite the low grain yield with 2593 kg ha! as compared to 8000 and 8990 kg
ha! obtained from this study for nature and hybrid cultivars, respectively. Low efficiency
of rice production in the present study comparable to Kosemani and Bamgboye [9] in
Nigeria (6.6) and Khan et al. [5] in Australia (6.7) was a result of low grain and straw yield
of rice in the study area. They reported that high energy use efficiency was due to low
input energy with 14,813 MJha because of many practices are performed bay human. In
this study, results demonstrated that energy use in rice production is not efficient and on
the other hand is detrimental to the environment due to mainly excess input use. Therefore,
reducing inputs would be helpful to optimize rice fields by more efficient fertilizer
application and diesel in rice production. By increasing the annual yield of rice production
and/or decreasing the energy consumption, especially diesel fuel energy, rice production
in this area will be efficient. Management systems with a legume as a previous crop have
been reported as having a greater energy use efficiency than those with a cereal as the
preceding crop [21].

Table 5. Energy indicators of two rice cultivars produced in the study area

Unit Hybrid Nature
Energy use efficiency (energy rate) ) 25 2.3
-1
Energy productivity kg MJ 0.13 0.12
-1
Specific energy MJ kg 7.4 8.1
MJ ha't
Net Energy 101,414 84,008

The energy productivity indicates the amount of rice produced per MJ of energy
consumed and it is a measure of the environmental effects associated with the production
of crops. The energy productivity is calculated as 0.13 kg MJ* and 0.12 kg MJ* for hybrid
and nature cultivar, respectively. These values suggested that 0.13, and 0.12 kg of rice
were produced when 1 MJ of energy was used for hybrid and nature cultivars, respectively.
There was an increase in energy productivity from hybrid to nature cultivars, indicating
that more kilograms of rice were produced per unit energy (1 MJ) input in hybrid cultivar.
These are lower than the value of energy productivity of 0.45 kg MJ* reported by [9]; the
low productivity in this study was due to the use of high input energy. They reported that
the high energy productivity was due to low energy input by 14813 MJ ha! as compared
to this study 66,916 MJ ha' and 64,842 MJ ha'* for hydride and nature cultivars.
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Specific energy is an indicator which shows how much energy was used to produce

one unit of disposable product (Table 5). The specific energy of rice production was 7.4
and 8.1 MJ kg* for hybrid and nature cultivar, respectively. For producing 1 kg of rice,
7.4 and 8.1 MJ of energy was spent in hybrid and nature cultivar, respectively.
This means that each kg of rice produced with hybrid cultivar will save approximately 0.7
MJ compared with the nature cultivar of rice production. Specific energy decreased in
nature than hybrid cultivar, indicating that more energy was used in the production of rice
in hybrid than nature one.

Similar to the output energy, the same trend was followed in net energy. The net
energy for rice production was approximately 17% greater in hybrid (101,414 MJ ha™?)
than nature (84,008 MJ ha?). Considering this indicator, a considerable difference was
recorded between hybrid and natural cultivars. This indicator, which was determined for
both cultivars, was found to be lower than the net energy obtained in Nigeria of 82,733
MJ ha in small farms [9]. Low net energy values obtained from this study was attributed
to low grain and straw yields of rice.

CONCLUSIONS

It is possible to conclude that the energy rate can be increased by raising the crop
yield and by decreasing energy input consumption. The results of the study confirmed the
importance of diesel fuel and chemical fertilizer consumption on total energy input in the
study area. It seems to be possible to reduce energy use, especially fuel and fertilizer, by
using better management and more efficient methods such as legume crop rotation. For
improving energy efficiency in the study area, the farmers should be educated regarding
the optimal use of inputs such as fertilizers, chemicals, and irrigation water as well as
technologies. In addition, local agricultural institutes have an important role to inform the
farmers with respect to more efficient use of energy resources and providing more
sustainable agricultural production systems in the region. Further, results of this study
revealed that hybrid cultivar had higher grain and straw yield than nature, and increased
output energy. Analysing all impacts, hybrid rice cultivar is a sustainable and very feasible
alternative to nature in the region, as it increases energy use efficiency, and net energy due
to higher grain and straw yield, which is directly to the productivity, and requires low
specific energy used to produce one unit of the product.

REFERENCES

[1] FAOSTATE, 2020. Food and Agriculture Organization of the United Nation Statistics.
www.fao.org. Accessed in November 2020.

[2] Pretty, J. 2008. Agricultural sustainability: concepts, principles, and evidence. Philosophical
Transactions of the Royal Society B: Biological Sciences, VVol. 363, Issue.1491, pp. 447-465.

[3] Zhang, B., Tian, H., Ren, W., Tao, B., Lu, C., Yang, J., Banger, K., Pan, S. 2016. Methane
emissions from global rice fields: Magnitude, spatiotemporal patterns, and environmental controls.
Global Biogeochemical Cycles, Vol. 30, Issue 9., pp.1246-1263.

[4] TUIK, 2021. Turkish Statistical Institute. Statistical Data Base of Plant Production.
https://www.tuik.gov.tr/. Accessed in November 2021.


http://www.fao.org/
https://www.tuik.gov.tr/

Oznipar i sar.: Komparativna studija energetskog koriscenja....  Polj. Tehn. (2022/3). 23-41 39

[5] Khan S., Khan M.A, Latif N. 2010. Energy requirements and economic analysis of wheat, rice
and barley production in Australia. Soil Environment, Vol. 29, Issue.1, pp.61-68.

[6] Yamane, T. 1967. Elementary sampling theory. New Jersey: Prentice-Hall Englewood Cliffs,
Inc.

[7] Kitani, O. 1999. CIGR handbook of agricultural engineering in energy & biomass engineering,
Vol.5. 2950 Nile Road, St Joseph MI, USA, Publication. American Society of Agricultural
Engineers.

[8] Azarpour, E., Moraditochaee, A. 2013. A comparative study on energy use and cost analysis of
rice cultivars under traditional and semi-mechanised farming systems in north of Iran. A chapter in
Biomass Now-unstainable Growth and Use from Intech Open. pp. 171-206.

[9] Kosemani, B.S., Bamgboye, A.l. 2020. Energy input-output analysis of rice production in
Nigeria. Energy, Vol. 207, Issue.1, 118258, pp. 1-11.

[10] Mandal, K.G., Saha, K.P., Ghosh, P.K., Hati, K.M., Bandyopadhyay, K.K. 2002. Bioenergy
and economic analysis of soybean-based crop production systems in central India. Biomass
Bioenergy, Vol. 23, Issue.5, pp.337-345.

[11] Rafiee, S., Hashem, S., Avval, M., Mohammadi, A. 2010. Modelling and sensitivity analysis
of energy inputs for apple production in Iran. Energy, Vol.35, Issue.8, pp.3301-3306.

[12] Kitani, O., 1999. CIGR handbook of agricultural engineering energy and biomass engineering,
Vol. 5. St. Joseph, MI: American Society of Agricultural Engineers Publication.

[13] Argiro, V., Strapatsa, A., George, D., Nanos, A. Constantinos, A. 2006. Energy flow for
integrated apple production in Greece. Agri Ecosystems Environ, Vol.116, pp.176-180.

[13] Bockari-Gevao, S.M., Wanlshak, W.I., Azmi, Y., Chan, C.W. 2005. Analysis of energy
consumption in lowland ricebased cropping system of Malaysia, Songklanakarin, J of Science and
Technology, Vol. 27, Issue.4, pp.819-826.

[14] Pishgar-Komleh, S.H., Sefeedpari, P., Rafiee, S. 2011. Energy and economic analysis of rice
production under different farm levels in Guilan province of Iran. Energy, Vol.36, Issue.10,
pp.5824-5831.

[15] Yuan, S., Peng, S. 2017. Input-output energy analysis of rice production in different crop
management practices in central China. Energy, Vol.141, pp.1124-1132.

[16] Lopez-Sandin, I., Gutierrez-Soto, G., Gutierrez-Diez, A., Medina-Herrera, N., Gutierrez-
Castorena, E., Zavala-Garcia, F. 2019. Evaluation of the use of energy in the production of sweet
sorghum (Sorghum Bicolor (L.) Moench) under different production systems.

Energies, Vol.12, pp.1713.

[17] Tuti, M.D., Prakash, Ved Pandey, B.M., Bhattacharyya, R., Mahanta, D., Bisht, J.K., Mukesh,
K., Mina, B.L., Kumar, N., Bhatt, J.C., Srivastva, A.K. 2012. Energy budgeting of colocasia-based
cropping systems in the Indian sub-Himalayas. Energy, Vol. 45, Issue.1, pp.986-993.

[18] Pimentel, D., Pimentel, M., 1996. Food, Energy and Society. Niwot, Colorado University
Press. Third edition, pp.400.

[19] Alipour A., Veisi H., Darijani F., Mirbagheri B., Behbahani A.G. 2012, Study and
determination of energy consumption to produce conventional rice of the Guilan province.
Research in Agricultural Engineering, Vol.58, No.3, pp.99-106.

[20] Ortiz-Reyes E., Anex R.P. 2018, A life cycle impact assessment method for freshwater
eutrophication due to the transport of phosphorus from agricultural production. Journal of Cleaner
Production, Vol.177, pp.474-482.

[21] Ozpinar S. 2006, Effects of tillage systems on weed population and economics for winter
wheat production under the Mediterranean dryland conditions. Soil &Tillage Res., Vol. 87, No. 1,

pp.1-8.


https://econpapers.repec.org/bookchap/itopbooks/2776.htm
http://www.intechopen.com/
https://www.sciencedirect.com/science/article/pii/S0360544210002070#!
https://www.sciencedirect.com/science/article/pii/S0360544210002070#!
https://www.sciencedirect.com/science/article/pii/S0360544210002070#!
https://www.sciencedirect.com/science/journal/03605442/35/8
http://agriculturejournals.cz/publicFiles/71111.pdf
http://agriculturejournals.cz/publicFiles/71111.pdf
http://agriculturejournals.cz/publicFiles/71111.pdf

40 Oznipar et al: A Comparative Study on Energy Use of Rice... /Agr. Eng. (2022/3). 23-41

[22] Ozpinar S. 2016, Nutrient concentration and yield of maize (Zea mays L.) after vetch (Vicia
sativa L.) in conventional and reduced tillage systems. Journal of Plant Nutrition, VVol.39, No. 12,
pp. 1697-1712.

[23] Yadav S.N., Chandra R., Khura T.K., Chauhan N.S. 2013. Energy input-output analysis and
mechanisation status for cultivation of rice and maise crops in Sikkim. Agricultural Engineering
International: CIGR Journal, Vol.15, No.3, pp.108-116.

[24] Kazemi H., Kamkar B., Lakzaei S., Badsar M., Shahbyki M. 2015, Energy flow analysis for
rice production in different geographical regions of Iran. Energy, VVol.84, pp.390-396.

[25] AghaAlikhani M., Kazemi-Poshtmasari H., Habibzadeha F. 2013, Energy use pattern in rice
production: A case study from Mazandaran province, Iran. Energy Conversion and Management,
Vol.69, pp.157-162.

[26] Mandal S., Roy S., Das A., Ramkrushna G.1., Lal R., Verma B.C., Kurma A., Singh R.K,,
Layek J. 2015, Energy efficiency and economics of rice cultivation systems under subtropical
Eastern Himalaya. Energy for Sustainable Development, VVol. 28, pp.115-121.

[27] Nain S., Dinesh K., Thenua O.V.S., Tyagi V.K. 2012 Influence of spacing and weed
management on rice (Oryza sativa) cultivars under system of rice intensification. Indian Journal of
Agronomy, Vol. 57, No. 2, pp.138- 142.

[28] Chamsing A., Salokhe V., Singh G. 2016 Energy consumption analysis for selected crops in
different regions of Thailand. Agricultural Engineering International: the CIGR E journal, Vol .8.
[24] Kazemi H., Kamkar B., Lakzaei S., Badsar M., Shahbyki M. 2015. Energy flow analysis for
rice production in different geographical regions of Iran. Energy, Vol.84., pp.390-396.

[25] AghaAlikhani M., Kazemi-Poshtmasari H., Habibzadeha F. 2013 Energy use pattern in rice
production; A case study from Mazandaran province, Iran. Energy Conversion and Management,
Vol.69, pp.157-162.

[26] Mandal S., Roy S., Das A., Ramkrushna G.I., Lal R., Verma B.C., Kurma A., Singh R.K.,
Layek J. 2015. Energy efficiency and economics of rice cultivation systems under subtropical
Eastern Himalaya. Energy for Sustainable Development, VVol. 28, pp.115-121.

[27] Nain S., Dinesh K., Thenua O.V.S., Tyagi V.K. 2012. Influence of spacing and weed
management on rice (Oryza sativa) cultivars under system of rice intensification. Indian Journal of
Agronomy, Vol. 57, No. 2, pp.138-142.

[28] Chamsing A., Salokhe V., Singh G. 2016. Energy consumption analysis for selected crops in
different regions of Thailand. Agricultural Engineering International: the CIGR.

e-journal, Vol.VIII, pp. 1-18.

KOMPARATIVNA STUDIJA ENERGETSKOG KORISCENJA KULTIVATORA
ZA PIRINAC (Oriza sativa L.) KOD MEHANIZOVANOG SISTEMA GAJENJA
NA ZAPADU TURSKE

Sakine Ozpinar
Agriculture Faculty, Canakkale Onsekiz Mart University, Canakkale, Turkey

Apstrakt: U prikazanom istraZivanju je izvrSena energetska analiza mehanizovane
proizvodnje pirin¢a (Oriza Sativa L.) za dve sorte pirin¢a u regionu pod nazivom
Canakkale, u zapadnoj Turskoj.

Indikatori su efikasnost koriS¢enja energije, specifi¢na energija, energetska produktivnost
i neto energija. Sorte pirin¢a koje se obi¢no uzgajaju u regionu navedene su u dve grupe,
kao: autohtoni i hibrid visokog prinosa.
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Primarni podaci su dobijeni putem terenske ankete sa farmerima licem u lice i upitnikom
u okruzima Biga, Ezine i centralnim okruzima, obi¢no u oblastima za uzgoj pirinca u
regionu. Sekundarni podaci i energetski ekvivalenti dobijeni su iz dostupne literature
koris¢enjem prikupljenih podataka za period proizvodnje 2020-2021.

Analiza podataka pokazala je da dizel gorivo ima prose¢no najvece uce§ce u ukupnim
ulozenim energentima sa 46,46% i 45,72% za autohtoni i hibridni uzorak pirinca, a zatim
slede hemijska dubriva sa 24,19% 1 23,80%, posebno azot (N).

Unos vode je bio tre¢i najveci uticajni parametar sa 11,29% i 11,60% za autohtone i
hibridne uzorke pirinca, respektivno.

Masinski input je ukupno imao uticaj na cetvrtom mestu, ali je pokazao slican procenat sa
oko 8,00% kod obe sorte pirinc¢a zbog upotrebe slicnih masinskih operacija.

Drugi visok uticaj na rezultate je primena pesticida od priblizno 4,00% jer je upotreba
herbicida veoma visoka, posebno zbog jednogodisnjih i visegodis$njih i Sirokolisnih
korova.

Upotrebljena koli¢ina energije ima optimalan nivo jer se kultivacija obi¢no izvodi
mehani¢kom elementima.

Utvrdeno je da je neto utroSena energija veca kod hibridnih sorti pirin¢a sa 101,41 MJ ha
1 zbog veceg prinosa zrna i slame nego kod authotone sorte sa 84,01 MJ ha’. Efikasnost
koris¢enja energije i energetska produktivnost autohtone sorte iznosile su 2,310,12 kg-MJ"
! respektivno, §to odgovara porastu od 2,5 i 0,13 kg-MJ* kod hibridne sorte.

Uz odgovarajuce agronomske mere u proizvodnji pirinc¢a na istrazivanom podrudju, veci
prinos hibridne sorte trebai nuzno da dovede do povecanja energetske produktivnosti i
prinosa.

Kljucne reci: Energetska analiza, energetski indikatori, sorte pirinca
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EFFECTS OF SOIL AND WATER CONSERVATION MEASURES
ON THE ENVIRONMENT: A REVIEW
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Abstract: The preservation and sustainable development of soil and water resources
is one of the basic principles for the development of the environment. Soil degradation
was a significant global issues during the 20™ century and remains of high importance in
the 21% century as it affect the environment, agronomic production, food security, and
quality of life. This review provides an extensive review information on soil conservation
strategies or methods and their applications. Based on this, the most promising soil
conservation technologies are identified to improve the management and conservation of
soil resources. This review also aims to provide general characteristics of soil and water
loss, explore the relationship between soil and water conservation and sustainable
development, and to provide relevant methods for soil and water conservation.

The result of this review shows that measures focused on soil and water conservation
by ridging, constructing earth bunds and terraces, mulching, multiple cropping, fallowing,
and tree planting. Mulching, crop management, and conservation tillage are appropriate
technologies for conserving sandy soils of high erosivity and low water holding capacity.
Leguminous cover crops and residue management reduce the impact of rain.

These measures also reported to enhance the levels of soil organic matter and
nutrients, especially nitrogen, which is generally limited in tropical soils. Intercropping of
compatible species is recorded as a promising cropping system, as cultures with different
rooting patterns and growth cycles can promote nutrient recycling and suppress weeds.

Key words: mulching, terracing, conservation tillage, soil, ridging, crop management
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INTRODUCTION

Soil and water conservation is a comprehensive subject on the study of reasonable
exploration and utilization of water resources. The preservation and sustainable
development of soil and water resources is one of the basic principles for the development
and sustainability of any environment. According to [1] there is a direct proportion
between the water and nutrient absorbed by plants and soil capacity of the root system. A
highly extended roots which is affected by soil structure can help plants to absorb nutrients
needed.

The preservation and sustainable development of soil and water resources is one of
the basic principles for the development any country. The United Nations predict that 1.8
billion people will experience absolute water scarcity in less than Syears, and worry that
by 2025, two out of three persons will be living in water stressed region [2]. Already, every
five persons worldwide cannot access their basic everyday water resources [2]. This is a
fact recently witnessed in Cape Town, South Africa which is in dire need of water with
serious rationing of the commodity. Water will be a renewable resource, but its capacity
to renew itself depends on how it is managed. Restoration of degraded soil calls for the
application of certain management and conservation measures and the undertaking of
much needed precautions. Measures such as contour cultivation, tied ridging, terracing,
strip cropping, dense vegetation and planting of cover crops, mulches, fast growing species
and integrated cropping system, provision of alternative fuel sources, check structures,
protected watersheds, proper land preparation and ploughing, application of fertilizer,
amendments and organic manures and drainage systems are quite often mentioned as the
techniques which help to protect and improve the soil [3].

Soil and land management practices such as tillage and cropping practices, directly
affect the overall soil erosion problem and solution on a farm. When crop rotations or
changing tillage practices cannot effectively control erosion on a field, a combination of
measures might be considered necessary. For example, contour ploughing, strip cropping,
or terracing may be considered. The most practiced measures involves: (1) Agronomic
such as plant/soil cover, conservation farming , contour farming (2) Vegetative; such as
planting barriers (vegetative strips), live fences, windbreaks (3) Structural; such as
terraces, banks, bunds, cut off drains, barriers and lastly (4) Overall management; such as
area closures, selective clearing.

Terraces

A terrace is an embankment or ridge of earth constructed across a slope to control
runoff and minimize soil erosion [4]. A terrace reduces the length of the hill-side slope,
thereby reducing sheet and rill erosion and prevent formation of gullies. Research have
shown that soil loss by erosion is proportional to the length of slope to the 0.5 power [5;
6]. Doubling the length of slope increases erosion about 1.4 times. By shortening the
length of slope, terraces contribute greatly to reducing soil loss. About 70 per cent of the
soil disturbed by splash erosion moves downhill. Terraces produce a barrier to partially
stop this downhill movement of soil. A great part of the splashed soil is deposited in the
terrace channel (Fig 1).
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Terracing, however, cannot be justified on crop land that can be protected by less
expensive conservation measures. Agronomic measures such as contour tillage, crop
rotation, and strip cropping are sufficient on many slopping areas.

These measures alone may furnish enough protection where rainfall intensities are
low, the soil absorbs the rainfall rapidly or are erosion-resistant, and the slopes are gentle.
Agronomic control measures may give a partial control, and they can be successfully
reinforced with terracing [7]. Terraces should always be supplemented with the best
possible cropping practices, since they fail to hold the soil adequately when used alone

8.

Fig 1.lllustration of bench terraces, [5]

Levelled bench terraces and earth banding on existing slopes are common earth
structure used in soil and water conservation. Sometimes, and especially in the highlands,
steps are constructed across hillsides and strips of crop residues are covered with soils dug
from above. The resulting incorporation of organic matter increases soil fertility and
enhances infiltration [9] through macro porosity as well as increased water retention in
soils [10; 11]. The challenge however, is the high labour requirement in their construction
and maintenance [12]. [13] observed highest maize yields in terraced compared to all other
conservation measures in sloping land.

For instance in Kenya, there are three major principles on conservation agriculture
practiced in Kenya; minimal soil disturbance, permanent soil cover and crop rotations [2].
Soils under conservation agriculture tend to considerably improve their soil organic matter
content after applying the technology for several years. Soil organic matter can be
considered as the most important soil fertility and quality factor influencing other soil
properties such as macro porosity, infiltration, water holding capacity or soil structure. In
conservation agriculture, only minimal or no soil tillage is applied and involves crop
seeding without mechanical seedbed preparation and minimal or no soil disturbance since
the harvest of the previous crop [12; 1].
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Contour Farming

Contouring farming is the practice of conducting all field operations such as
ploughing, planting, and cultivating land across the slope, rather than up and down the
slope [14].

The small ridges and plant stems in the plant stems in the contoured rows hold water
and thus prevent runoff and soil erosion [14]. The ridges are most effective in row crops,
but the water holding ability of the ridges, supplemented by plant stems, makes contouring
valuable for small grains. This practice is the simplest and easiest of all the mechanical
soil conservation measures. When contouring is used alone on steeper slopes or under
conditions of high rainfall intensity and soil erodibility, there is an increased hazard of
gullying because of breaching of rows. Breaches cause cumulative damage as the volume
of water increases with each succeeding row. The effectiveness of contouring is also
reduced by changes in infiltration capacity of the soil due to surface sealing. Depressing
storage is reduced after the tillage operations cease and settlement take place. Studies have
shown that contour cultivation together with good grassed waterways reduced watershed
runoff to 75 to 80 percent at the beginning of the season. This reduction dropped as low
as 20 percent at the end of the year, with an annual average reduction in runoff, due to
contouring, of 66 percent. For best results on steeper slopes contouring should supplement
other conservation practices like strip cropping, terracing or bunding [15].

Strip Cropping

Strip cropping is the practice of growing alternate strips of close-growing and
intertilled crops in the same field [9]. Strip cropping (Fig 2) of maize, oats and hay on the
field. Crops have been grown in association with one another for centuries. In fact, crop
mixture probably represents some of the first farming systems [16]. Complex crop mixture
have been recognized as being important in the sub tropics and temperate zones, primarily
in labor intensive cropping system.

Fig 2. Strip cropping of corn, oats and hay on an agricultural field, [9].
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This is a more intensive soil conservation practice than contouring, but is not as
intensive as terracing or bunding. It is quite often used in conjunction with terracing or
bunding. Strip cropping is not a single practice; it is a combination of several good farming
practices, particularly crop rotations, contour farming and cover cropping. It may also
include conservation tillage operations and stubble mulching. When strip cropping is
combined with contour tillage or terracing, it effectively divides the length of the slope,
checks the velocity of runoff, filters out soil from the runoff water and facilitates
absorption of rain. The growing of perennial grass in the rotation provides protection for
a part of the field at times when the intertilled strips are bare.

Strip-cropping to control soil erosion against runoff, derives its effectiveness mainly
from the following two reasons: (a) reducing the runoff flow through close growing sod
strips, (b) increasing the infiltration rate under cover conditions. The reduction in runoff
velocity between the row strips is because of making obstruction in the flow path [17; 14].
The obstructions created by row crops are also responsible to dissipate the kinetic energy
of flowing water, as a result the flow velocity at the downstream section get reduced
sufficiently, which causes deposition of soil particles over the soil surface.

The crops grown in strips not only reduce the flow velocity of water over the surface,
but also encourage the water intake rate of the soil, which might be due to the following
reasons: (1) the crops provide an obstruction in flow path of surface water, that is water
gets additional time to stand between the rows. By this virtue, a large amount of water
infiltrated into the soil, as result the depth of water causing runoff generation is reduced
significantly, and thereby the soil loss also get reduced accordingly; (2) the root system of
the crops makes the soil more porous causing more amount of water is absorbed by the
soil, and thus reduces the runoff and soil loss; (3) the water also gets additional intake path
along the roots of the plant, which creates a similar effect on runoff and soil loss.

When strips are laid with varying degree of divergence from the contour, then
effectiveness of strip-cropping is influenced by the soil types, degree and length of land
slopes, previous erosion. The effect of soil type is imposed by all those soil properties,
which are responsible to increase water intake capacity. From field investigations it has
been found that 2 to 3 times greater soil loss is from the soil having moderately heavy to
heavy sub-soil than the soils with light textured sub-soil for the same slope conditions
[18]. The degree and length of land slope have pronounced effect on soil loss. The reason
may be justified as: the erosive power of flowing surface water is increased due to increase
in slope inclination, as a result the certain range, the erosion also increases, accordingly,
but at greater length there start sediment deposition due to reduction in runoff volume and
its velocity. The combine effect of slope and its length is more significantly on soil loss.
In addition to control the soil erosion/soil loss, the strip cropping is also very effective to
maintain the soil fertility; and creating effects on several good farming practices including
crop rotation, contour cultivation, proper tillage, stubble mulching, cover cropping,
mainly.
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Erosion reduction by strip cropping on hillsides

Another dimension of strip cropping is the use of annual small grains or perennial hay
crops in alternating strips with corn or soybeans.
In addition, crop rotations, residue management and conservation practices all contributes
to the maintenance of productive top soil on erosive hillsides. Water-induced soil erosion
is retarded by introducing small grain or meadow/legume crops as part of alternative
farming systems [16].

Crop Rotation

Crop rotation is defined as the practice of growing a sequence of plant species on the
same soil [19]. Crop rotation is characterized by a cycle period, while crop sequence is
limited to the order of appearance of crops on the same piece of land during a fixed period
[20]. Crop rotation (Fig 3) is along used concept in models to represent the temporal
dimensions of cropping plan decisions. The succession of crops in a given area has effects
on production and consequently on cropping plan decisions, the traditional approach
developed by agronomists was to derive cropping plans from the crop proportions in crop
rotation. Some authors have argued that the reproducibility of a cropping system over time
is only ensured when crop choices are derived from crop rotation. Cropping plan decisions
consequently require one to look back and forth in time [20].

AN
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Crop Rotation
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Fig 3. Croprotation a way to boost yield and increase pofit, [21]

Crop rotation can be more effective for controlling the soil erosion when accompanied
with strip-cropping system. It can be used on the same piece of land by growing tilled
crops, small grain crops, hay crops or grasses either under strip-cropping system or in a
separate field system.
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In the areas, where perennial grasses and legumes are not feasible to grow, then the row
crops of small grain and annual legume crops can be grown in the strips. It is a general
rule that, no two cultivated strips should have the same planting or harvesting dates.
The sequence of crops should be in such a manner, that there could be formed a dense-
fibrous root system to hold the soil and retard the erosion, until the roots are broken under
tillage operations. All these activities under crop rotation add the organic matter in the
soil, thereby the physical condition of the soil gets improved, and ultimately the soil
absorbs more water and also increases the capability to resist the erosion [19; 22].

Cover crops for soil fertility and erosion control

Cover crops are fundamental sustainable tools used to manage soil quality [23; 24],

water, weeds, pests, diseases and diversity in an ecosystem. Keeping the soil covered is a
fundamental principle of conservation agriculture. Crop residues are left on the soil surface
to protect soil surface after harvesting or during kill-down when the cover crops are
slashed and left in the field at flowering [10;11]. Effects of cover crops are positive when
managed to improve infiltration and reduce evaporation [11]. Cover crops have an
influence on physical soil properties such as water relationships, aggregation, infiltration
capacity, bulk density, soil temperature and hydraulic conductivity. Cover crops influence
soil water content through reduced surface evaporation due to mulch effect and increased
infiltration and retention of precipitation [2; 10; 11].
Judicious use of cover crops residues, either incorporated in the soil or placed on soil
surface can help maintaining adequate infiltration rates [25; 26; 27; 28], preventing soil
surface crusting [29; 30; 31; 32; 33], improving soil aggregation [34; 35; 36; 37; 38; 39],
and aeration in the soil [40]. [41] found that final infiltration into the soil were increased
from 2.3 to 5.3 cm/hr when 2.2 Mg/ha of wheat straw was mulched on the surface (Fig.
4). [42] reported that runoff from tropical Nigerian soil was five times greater where crop
residues where ploughed under other than for no-tillage system with crop residues
remaining on the soil surface. [43], modeling crop residue mulching effects on water use
and production of maize under semi-arid and humid tropical conditions, observed that
even small amounts of surface residue are effective at reducing water loss and increasing
yield. Some cover crops have been shown to suppress weeds, reduce nematode loads,
improve soil fertility, reduce water leaching and control erosion. Mulch’s impact in
reducing the splash effect of the rain, decreasing the velocity of runoff, and hence reducing
the amount of soil loss has been demonstrated in many field experiments conducted on
several Nigerian research stations [25; 44; 45; 46; 47; 48].
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Conservation Tillage

Conservation tillage describes the method of seedbed preparation that includes the
presence of residue mulch and an increase in surface roughness as key criteria [49; 50;
44]. The practice therefor ranges from reduced or no-till to more intensive tillage
depending on several factors, such as climate, soil properties, crop characteristics, and
socioeconomic factors [51].

Tillage is a fundamental practice in agricultural management. It can be defined as a
method of working the soil either physically, chemically, mechanically or biologically to
create suitable conditions for seedling germination, establishment and growth [52].
Conservation tillage embraces not only primary cultivation practices based on ploughing
or soil inversion, but also secondary operations directed at land preparation and sowing or
planting. Conservation tillage typically involves inversion tillage which disturbs the soil
to a depth of 20-30cm, redistributes soil layers and expose subsurface horizons to
oxidation [50; 53; 52].

Minimum Tillage

Minimum tillage describes a practice where soil preparation is reduced to the
minimum necessary for crop production and where 15% to 25% of residues remain on the
soil surface [54; 55]. The sustainable development of agriculture has stated that there is
no universally applicable system for soil tillage because of the local differences, especially
climate and soil type and also the technical level of endowment. Reduces establishment
costs, saves time, and reduces soil erosion, nutrient leaching and fuel use. Improves soil
structure and builds organic matter.
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Although not all fields will be suitable for minimum tillage. It depends on the level
of compaction and surface residue. Less resistance to root growth, improved structure, less
soil compaction by the reduced movement of heavy tillage vehicles and less soil erosion
compared to conventional tillage [51].

Zero Tillage
Zero tillage (Fig. 5) is characterized by the elimination of all mechanical seed bed

preparation except for the opening of a narrow strip or hole in the ground for seed
placement.

RS
Fig 5. Zero tillage Agriculture

Research on quantifying the effects of different tillage operations on runoff and
erosion were conducted by [51]. He recorded that soil loss was 42 times higher from the
ploughed watershed than from the no till watershed. Other erosion measurement on soil
loss were made by [57]. The result clearly show the suitability of conservation tillage as
an effective soil erosion control measures through the protective effect of residue mulch.

CONCLUSIONS

Investigations focusing on the influence of different tillage methodologies performed
manually or mechanically on soil properties and crop yield are numerous. According to
these studies, no till and mulch farming are sustainable management technologies for
humid and sub-humid tropics, whereas rough ploughing, ridging, and mulching are
appropriate techniques for the semi-arid regions. Different tillage operations are necessary
in locations with unfavorable climatic conditions or problematic soils. However, high
labour intensity, time consuming, regular inspections, high consumption of scarce
farmland, and large amount of construction materials required are factors that hinder
farmers from installing or maintaining terraces.
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Literature on investigation into drainage systems is scarce. The implementation probably
needs special knowledge of the water regime of the area and the construction of
waterways. Structural barriers made of stones or vegetation installed along contour lines
are another mechanical erosion control measures. As they operate as filters, they may not
reduce the runoff amount but retard its velocity and hence encourage sedimentation,
increase infiltration, and facilitate the formation of natural terraces [51]. References on the
use of stone lines installed as barriers on the field were not found in this review. In general,
mechanical measures are effective soil conservation technologies as they reduce soil loss.
But as the installation and maintenance is usually labor intensive, these structures are not
likely to be adopted by farmers. According to various literatures reviewed, soil
conservation measures should be site specific depending on the local factors such as
topography, soil texture, water regime, and farming system. Conservation tillage,
mulching, crop management are some of the appropriate technologies for conserving
sandy soils of high erosivity and low water holding capacity. These measures also enhance
the levels of soil organic matter and nutrients such as nitrogen, which is generally in short
supply in tropical soils. From literature reviewed, alley cropping is regarded as an effective
erosion control measure but is not practiced on farms in Nigeria as this technology is very
labor intensive and the benefits on soil fertility did not yield the expected returns on
investment. Research on minimum tillage has shown its beneficial effect on chemical,
physical, and biological soil properties. However, the application of minimum tillage is
problematic on soils with poor drainage, compacted layers, surface crust that still require
periodic soil preparation to enhance infiltration. Minimum tillage and no-till are effective
erosion control measures on coarse and medium texture soil with good drainage, whereas
ridge tillage is advantageous in areas with low or variable rainfall, shallow soils and where
root and tuber crops are cultivated.

Conservation tillage operations that use the effect of surface covers or increase
roughness to reduce erosion risks ought to be chosen according to factors such as rainfall,
crop, and depth, texture, and drainage conditions of the soil.

Permanent mechanical methods for conserving the soil are rare, as implementation
and maintenance are labor, time and cost intensive and success is visible only after long
periods. Water resources development will go a long way to mitigate some of the extreme
climate condition that can adversely affect the soil negatively.
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EFEKTI MERA ZASTITE ZEMLJISTA I VODE
NA ZIVOTNU SREDINU: PREGLED
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University of Uyo, Akwa Ibom State, Nigeria.
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Apstrakt: Ocuvanje i odrZivi razvoj zemlji$ta i vodnih resursa jedan je od osnovnih
principa razvoja Zivotne sredine. Degradacija zemljista je bila znacajno globalno pitanje
tokom 20. veka i ostaje od velikog znacaja u 21. veku jer utie na Zivotnu sredinu,
poljoprivrednu proizvodnju, sigurnost hrane i kvalitet Zivota.

Ovaj pregled pruza opsezne informacije o strategijama ili metodama ocuvanja
zemljiSta i njihovoj primeni.

Na osnovu ovoga, identifikovane su najperspektivnije tehnologije ocuvanja (zastite)
zemljista za poboljSanje upravljanjem i ocuvanjem resursa zemljista. Ovaj pregled takode
ima za cilj da pruzi opste karakteristike gubitka povrS§ina zemljista i vode, istrazi vezu
izmedu oCuvanja zemljista i vode i odrZivog razvoja i tako pruzi relevantne metode za
ocuvanje zemljista i vode.

Rezultat ovog pregleda pokazuje da su mere bile usmerene na ouvanje zemljista i
vode kroz eliminaciju nagiba, izgradnju terasa i traka, malCiranje, zdruzene useve,
zatravljivanje povrsina i sadnju pojasa sa drve¢em.
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Malciranje, upravljanje usevom i konzervacijska obrada zemljista su odgovarajuce
tehnologije za oCuvanje peskovitih zemljista pretezno sa visokim stepenom moguénosti
pojave erozije i malog kapaciteta zadrzavanja vode. Pokrovni usevi sa mahunarkama i
upravljanje biljnim ostacima smanjuju uticaj padavina u pojedinim predelima.

Ove prikazane agrotehni¢ke mere takode pokazuju povecavanje sadrzaja organske
materije i hranljivih materija u zemlji$tu, posebno azota, koji je generalno u malim
procentima prisutan u tropskim zemlji§tima. Zajedni¢ko gajenje kompatibilnih vrsta je
zabelezeno kao obecavajuéi sistem useva, jer biljne kulture sa razli¢itim naéinima
ukorenjivanja i ciklusima rasta mogu promovisati recikliranje hranljivih materija i
efikasno suzbiti pojavu korova.

Kljuéne reci: Malciranje, terase, konzervacijska obrada, zemljiste,
banak, upravljanje usevom
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DESIGN AND DEVELOPMENT OF A MULTI-TASKS MOTORIZED
GINGER RHIZOMES JUICE EXPRESSION MACHINE
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Abstract. Manual ginger juice expression processes are tedious, unhygienic, and
inefficient, affecting the quality and quantity of ginger juice extracted. Extraction by
chemical means is complex, expensive, and requires high skill to operate. The developed
motorized ginger juice expression machine performs two distinct unit operations: size
reduction and separation processes. Major components of the machine include the feeding
unit, pulverizing unit, juice expression unit, juice drainage point, waste outlet, frame, and
power transmission system. The machine is powered by 2 H.P., 1400 rpm and 1 H.P., 1430
rpm prime movers, and the V-belts and pulley assembly speed are 646 rpm and 240 rpm,
respectively. The developed expression machine offers an affordable and simple method
of processing fresh ginger minimizing loss in ginger rhizome quantity and quality, and
ultimately reducing postharvest losses.

Keywords: Ginger, expression, extraction, machine, oleoresin, juice.

INTRODUCTION

Ginger (Zingiber officinale roscoe) is produced from the plant rhizome and belongs to the
family of Zingiberaceae. It has essential value for its oil, such as oleoresin and gingerol,
used in the beverage industry, bakery, pharmaceutical, culinary and cosmetic preparation
[1,2]. [3] published that the percentage composition of volatile oil and non-volatile extract
of ginger from Nigeria was given as 2.5% and 6.5%, respectively, which resulted in the
high demand for Nigerian ginger in the international market.
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Although, [4] reported that the quality of Nigerian dried ginger has been declining due to
poor mechanization in ginger production and processing. Thus, resulting in the attendant
mould growth and loss of some important ginger qualities, Nigeria to command the
cheapest price in the world market [5,6]. There is a low percentage of oleoresin content
per unit volume of ginger due to extended harvest, long storage period, over-drying, and
re-drying due to dampness [7,8]. Also, when drying ginger at a high temperature, it
denatures the protein content and alters the organoleptic attributes through loss of aroma
and colour [9,10]. However, the deterioration of active ingredients in dried ginger reduces
its economic value and utilization in the industries. [11] enunciated that pulverization and
expression as unit operations can be done using traditional or modern methods, though the
former is relatively primitive and favours low capacity output, and is susceptible to
increasing the microbial load on the crushed ginger [12,13]. Ginger juice obtained from
the mechanical expression of pulverized ginger rhizomes offers a value-added ginger
product that will increase farmers' market opportunity [14,15].

Farmers do not generally adopt the chemical extraction method of processing ginger due
to the high cost and complexity of the equipment used in the extraction [16]. The ginger
extract obtained from this process usually has some elements of impurity resulting from
dissolved chemicals used in the extraction [17,15]. Other methods of ginger processing
are traditionally done by a manual method such as mortar, pestle, and hand pressing, but
this process is described as tedious, unhygienic, and inefficient. Thus, affecting the quality
and quantity of ginger juice available in the Nigerian market. The wet extraction process,
otherwise known as hot water or steam extraction used traditionally by women in rural
communities for processing varieties of oil-bearing biological materials, falls short of the
standard, especially in quality [18,15]. The mechanical expression of ginger juice via
pulverized ginger rhizomes offers a value-added ginger product that will increase the
satisfaction of consumers over convenient food consumption and increase the market
opportunity for entrepreneurs and farmers [19,20]. A motorized ginger juice expression
machine aimed at processing ginger at the shortest possible time after harvest and
increasing the retention level of the active ingredients in ginger was developed to meet up
with the high market demand for ginger juice due to its nutritional and medicinal values,
reduce the amount of loss of oleoresin and volatile oil in ginger during processing.

MATERIALS AND METHOD

The study was carried out at the general engineering workshop of Agricultural and
Bioresources Engineering Department Michael Okpara University of Agriculture,
Umudike, Abia State, Nigeria, located at Latitude 5° 28" 3 N and 7° 32" 56 E.

Design Considerations

The following were considered in developing the multi-tasks ginger juice expression

machine

1. For durability and prevention of oxidation and corrosion, stainless steel sheet
was used for the construction except for the frame (where galvanized steel was
used) because it does not react with juice from the ginger rhizomes, which
contain oleoresin and volatile oil.
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2. The hopper design was based on the recommended average angle of repose
(34.60 ) and the coefficient of friction on stainless steel of fresh whole ginger
rhizome (0.57) to ensure the flow of ginger rhizomes in the hopper

3. Static and dynamic stresses resulting from direct loading, bending, and torsion
was considered in the shaft design.

4., The cost of construction materials was considered by using locally available
materials.

5. Variable pitch and tapered screw shaft (auger) were used to ensure maximum

conveyance and pressing of the pulverized ginger rhizomes.

Description of the motorized ginger juice expression machine

The developed motorized ginger juice expression machine consists of the following major
components: feeding unit, pulverizing unit, juice expression unit, juice outlet, waste
outlet, frame, and power transmission system. The developed machine is shown in
Figures 1 and 2.

Fig 1. Orthographic drawing of the developed motorized ginger
rhizomes juice expression machine

1. Hopper

— 2. Grating Unit

3. Expression Unit

——4. Choke
~ 5. Juice Outlet
6. Chaff Outlet

—— 7. Frame

Fig 2. Isometric view of the motorized multi-tasks ginger juice expression machine.

1. Frame

The two design factors considered in determining the material required for the frame are
weight and strength. The frame was constructed with 38 mmx38 mmx3 mm mild steel
angle iron. The frame provides firm support for the entire assembly. Based on
anthropometric considerations, the overall dimensions of the frame were chosen as 610
mmx390 mmx790 mm.
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2. Feeding unit

The hopper is a stationary part and, mounted onto the machine, forms the feeding chute
through which sliced ginger rhizomes are fed into the grating unit by gravity [21]. The
hopper's passage hole (85 mmx55 mm) was large enough to prevent choking of the
product. The hopper was made of stainless steel and a rectangular pyramid shape.

3. Grating unit

The grating unit consisted of a wooden shaft wrapped with a rough stainless plate attached
to a pulley through a metal shaft. The grater will rotate and hence shred the ginger
rhizomes into smaller sizes in operation. That will be conveyed by gravity to the position
where it enters the expression unit through the lower hopper.

F1g 3: Isometric view ot the grater Fig 4: Skeletal view of the grating chamber

Expression unit

The ginger juice expression unit consisted of a tapered cylindrical barrel covering a
perforated tapered cylindrical drum housed a screw shaft [22]. The screw shaft is the main
component of the juice expression unit. The screw shaft comprises a stainless shaft with a
tapered helical screw of variable pitch.

The pitch of the screw flights gradually decreased towards the discharge end to increase
the pressure on the pulverized ginger rhizome as it’s been carried through the barrel.

The barrel is perforated to allow expressed juice to escape, and the diameter of perforation
is Imm. Thus, the pressed ginger residue (chaff) passes through the waste discharge point
in the barrel outlet.

Fig 5. Expression barrel Fig 6. Expression screw
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Power transmission system

The power transmission system comprises the prime mover (electric motor), shaft,
reduction gear, pulleys, and belt. The power was provided by 2 H.P., 1400 rpm, and 1
H.P., 1430 rpm prime movers. The V-belts and pulley assembly were used to transmit the
power to the pulverizing and expression units at a speed of 646 rpm and 240 rpm,
respectively. The prime movers were mounted on a slotted plate on the frame to facilitate
the belt tension adjustment.

Design Calculations for the developed machine components
The component design calculation for the motorized ginger juice expression machine is
given below:

(1) Pulverizing shaft speed
Equation (a) was used to determine the pulverizing shaft speed given by [23]

NiD; = N,D, @

Where:

N, = speed of driving motor, rev min’;

N, = speed of the pulverizing shaft, rev min;
D, = diameter of the driving pulley, m;

D, = diameter of the driven pulley, m..

(2) Pressure on the barrel
The limiting (maximum) pressure (P,) the barrel can withstand is estimated using the
Equations (b) and (c) as given by [24] and [23]:

8q
Py = (b)
6, = 0.27t6, (c)
Where:

&, = allowable stress, MPa;

&, = yield stress of barrel material, MPa;

t = barrel thickness, mm;

D; = internal diameter of barrel, mm.

t=2 mm, 60 =215 MPa; at feed point,

D; = 80 mm, and at the discharge point, D; = 65 mm.

Design of screw shaft for the expression unit
The screw shaft was made using a code equation (d) given by [23] and [24]:

@ = (22 5 [(Ky MyY? + (MDY @

TSs
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Where:

d = diameter of the shaft; mm;

M, = torsional moment; Nm;

M;, = maximum bending moment; Nm;

K, = combined shock and fatigue factor applied to bending moment;

K, = combined shock and fatigue factor applied to torsional moment;

S, = Allowable shear Stress, MPa.

For rotating shafts subjected to apply load with minor shocks only, values for suddenly K;
and K, was given as 1.5.

For shafts with allowance for keyways as given by [23].

Sg = 42 X 10°Nm ™2
A stainless steel rod of diameter 30 mm was selected, considering bearings.

Screw pitch (Py)
Determination of the pitch of the screw shaft in Equation (f) below is given by [25] and
[26] as:

Py = mtan@dgy, ()

Where:

¢ = lead angle, (°);

dg,, = mean diameter of the shaft, mm.

The screw has a variable pitch with maximum and minimum lead angles as 26° and 10°,
respectively.

Screw thread design

The screw shaft is essentially a tapered screw conveyor with the volumetric displacement
decreasing from the feed end of the barrel to the discharge end [22]. In this way, the
pulverized ginger is subjected to pressure, which expels juice as it is propelled forward
during the screwing process. The screw threading system was designed as a step up shaft
diameter and decreasing screw depth using the expression in Equation (g) as given by [23]:

U, =a+ (n-1d (@)

Where; U,, = screw depth at the discharge end, mm;

a = screw depth at the feed end, mm;

7 = no screw turns;

d = common difference between subsequent successive screw depths.
Given that U,, = 16 mm, a = 24 mm, n = §; then d = 2 mm.

Design for capacity of the machine

The expressing capacity of the fabricated machine was determined using a modified form
of the Equation (h) given by [25] as:

Qp = 60 X 7 (Dns” — ds*)PruspN® (h)
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Where:

Qp = theoretical capacity of the expressing unit, kg s-1;
D, = mean screw diameter;

d, = shaft diameter;

p = crop density, kg m-3;

P, = mean screw pitch, mm;

Ns = shaft speed, rev min-1; @ = filling factor.

The pulverizing capacity of the machine was determined using a modified form of
Equation (i) given by [23] as:

Qp = 60 x 7 (Ds* — dp”)P.pNp® 0]

Where;

Qp= theoretical capacity of the pulverizer, kg s;
D, = screw diameter, mm;

dp = pulverizing shaft diameter;

p = crop density, kg m;

P, = screw pitch, mm;

N, = pulverizing shaft speed, rev min;

®= filling factor.

Design for the power requirement of the machine

The power required by the machine for expressing juice was determined using Equation
by [26] :

P, = QueLspgF ()

Where

P, = power required for expressing,

W; Q,. = evolumetric capacity, m3 s %;

L = length of screw shaft, mm; g = acceleration due to gravity, m s%;
F = material factor.

The power required by the machine for pulverizing was determined using Equation (k) by
[27] adapted as:
Pp = QveLpng (k)

Where:
Pp = power required for pulverizing, W;

Qve = evolumetric capacity, m3 s* ;

Ls = length of pulverizing shaft, mm;
g=acceleration due to gravity, m s,
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The total power requirement (Pt) of the machine was computed using Equation () by [27]:
Pt = Pe + PP (I)

The power of the electric motor required to drive the machine was estimated from
Equation (m) given by [27] as:

P
sz?t (m)

Where:
PB,, = power of electric motor;
n =drive efficiency (%)

Working principle of the developed ginger juice expression machine

The developed machine performs two distinct unit operations: size reduction and
separation processes. The ginger rhizomes are fed into the grater through the hopper. The
ginger rhizomes are comminuted by shredding at the grating unit. The screw shaft of the
expression unit crushes, presses, and conveys the product that comes from the grating unit
in such a way that juice is squeezed out of the grated rhizomes.

The expression is achieved by the action of the screw shaft in squeezing the grated ginger
rhizomes against each other and on the surface of the screw.

The movement of the materials along the line of travel of the perforated cylindrical barrel
also expresses the juice along the line of travel. The fluid expressed is drained through the
juice channel into the juice outlet from where it is collected while the residual waste is
collected at the waste outlet.

RESULTS AND DISCUSSION

Construction of the juice expression machine

The motorized juice expression machine was designed for the large-scale production of
any ginger juice but can also be used to extract other oil-bearing agricultural products
[28,29]. This production involves facing, turning, boring, milling, welding, cutting,
tapping, fillings, paintimg, etc. This can be carried out in any large/medium-sized
workshop with average machining and fabrication facilities. Other components such as
bearings, electric motors, V-belts, bolts/nuts, etc., were sourced for in the local market.
The essential workshop facilities required for the production of the machines are lathe
machine, milling machine, welding machine, hand grinding machine, drilling machine,
M10 tap, and file.

The quality of construction is an essential factor in the overall performance of any machine
[7,30]. This fact was given due consideration in selecting the production processes and
sequences of operation in the fabrication of the machine.
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CONCLUSION

The motorized ginger juice expression machine has been developed as an easily affordable
technology that is very suitable for the environment, energy efficient, and versatile on
ginger. It is fully developed to incorporate all stages of ginger rhizome processing; this
machine can revolutionize ginger rhizome processing in the country and has the potential
for adaptation into a large industrial facility.

Recommendations

The motorized ginger juice expression machine is recommended for large-scale ginger
juice expression in rural and urban communities. Further experimental tests such as
performance evaluation could be carried out on the ginger juice expression machine.
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DIZAJN I RAZVOJ MASINE SA MOTOROM SA VISE OPERACIJA ZA
CEDENJE SOKOVA OD KORENA DUMBIRA (Zingiber officinale roscoe)

Kayode Joshua Simonyan?, Onu Olugbu Onu?, Chukwuma Henry Kadurumba3,
Osemedua Okafor-Yadi4, Tosin Paul®

1245Department of Agricultural and Bioresources Engineering.
3Department of Mechanical Engineering.Michael Okpara University
Of Agriculture Umudike, Abia State, Nigeria

Abstrakt: Procesi ruénog cedenja soka od dumbira su monotoni, nehigijenski i neefikasni,
Sto utiCe na kvalitet i koli¢inu ekstrahovanog soka (Zingiber officinale roscoe).
Ekstrakcija hemijskim putem je slozena, skupa i zahteva veliko iskustvo i visoku vestinu
za ovaj process.

Razvijena masSina sa motorom za cedenje soka od dumbira obavlja dve razli¢ite operacije:
smanjenje zapremine korena dumbira i proces odvajanja.

Glavne komponente masine ukljucuju jedinicu za punjenje, jedinicu za usitnjavanje,
jedinicu za ispustanje soka, cev za odvod soka, izlaz za otpad, okvir i sistem za prenos
energije. MaSinu pokrecu motori od 2 KS, 1400 o/min i 1 KS, 1430 o/min, a brzina
klinastih kaignika i remenice je 646 o/min i 240 o/min, respektivno.

Razvijena masina za ekspresiju nudi pristupacan i jednostavan metod obrade svezeg
dumbira koji minimizira gubitak koli¢ine i kvaliteta korena dumbira i na kraju smanjuje
gubitke nakon ubiranja.

Kljuéne reci: Dumbir, ekspresija, ekstrakcija, masina, uljna smola, sok.
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Anomayusn. B CTaThe PACMOTPEHBl pA3IMYHBIC NPHHIUIHAIBHBIE CXEMBI
MOPIIIHEBOTO ABHraTess BHyTpeHHero cropanus ([IBC) m mpuBeneHBI MX OCHOBHBIE
HEJIOCTAaTKH, B YaCTHOCTH, HHU3KHH Koa(pduuuenT noaesnoro aeiicreus (KI1/1), koTopsiii
B 3aBUCHMOCTH OT TuIa coBpeMeHubx JIBC konebnerces ot 0,25 10 0,5. J{71st OBBIIICHHS
9TOTO IOKa3aTelis MPoIoKaeTcs Mouck Oojee copepiieHHBIX cxeM JIBC. C 3Toii 11ensio
IIpe/UIo’KeHa HOBasl MPUHIUIHMAIbHAS CXeMa CBOOOJHO-TIOPITHEBOOTO JBHUIATENA
BHyTpeHHoro cropanus (CIIZIBC), B xoTopo#l mepemada MOIIHOCTH OCYIIECTBISETCS
THIPONPUBOIOM, B pe3yibprate ko3 ¢uiment mnonesHoro agedcreus (KIII)
yBenuuuBaercs Ha 30 10 40 % .

Knroueewie cnosa: osucamens snympennoeo ceopanusi ([{BC), c60600H0-nopunesoi
ogueamenv euympennozo ceoparnus (CIIJBC), roegppuyuenm nonesnoeo oeticmeus
(KII), kpusowunuo-wamynusiti mexanusm (KLLUIM), yununop, nopuiens, Konenuamolii
8aJl, WAMYH, 2UOPONPUBOD
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TEIUIOBOM.
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B HacTosmee BpeMs moTpeOHOCTh HACETIECHHUS 3EMJIN B HEPTHH €KETHEBHO PACTET.
OnmHUMHU U3 TIEPBBIX MOTpeOMTETEH HOCHTENECH SHEPTHUM B JKUIKOM W Ta30BOM BHIC
SIBIIIIOTCSL ABUraTeId BHYTPEHHOI'O CTOPAaHUS C KPHBOIIMITHO-IIATYHHBIM MEXaHH3MOM
(IBCKIIM), MOIHOCT W KOJWYECTBO KOTOPHIX C KaXKABIM TOJIOM pacTtér u
COOTBETCTBEHHO YBEJIWYMBaeTcs norpednenne torumsa. Ecim 30 et Hazan, koraa Juis
aBTOMOOWIJIS CUMTAJCS HOPMalBHBIM pacxox 15 nurpoB OeHsuHa Ha 100 kM myTH,
YeJoBeuecTBy xBarano 60 MIWIIMOHOB Oappenell HeTH B CYTKH, TO TEHEph HYKHO YKe
BoIte 90 MUIUTHOHOB Oappeneit B cyTku [1,2].

CoBpeMeHHHEIH 1BUTaTeNnb BHyTpeHHero cropanus ([IBC) ,,He caMblil BRITAOIIHHCS
MPOXYKT*. DTO 3HAYMT, YTO €0 MOXKHO U HY>KHO COBEPILICHCTBOBATH 10 OECKOHEYHOCTH.
D10 - cnoBa mpesugeHta BeHdypHoro ¢onma cembu Pokdemmep Venrock [3,4]. B
JeUCTBUTENBHOCTH Koe(hduuueHt nonesHoro naedicteust KIIJ - (1) coBpeMeHHBIX
6ensuaoBbIX JIBCKILM cocraBnser Tonmeko 717 = 25%, amsensHBIX ) = 40%, a B
au3enax Thna TypoonammyBa 17 = 50 — 53% [5,6]. T. e. m3 TOomImMBa, KOTOpOE MBI
3ajuBaeM B Oaku, OOJbIE €ro IMOJOBHUHBI PACXOJYyeTCs HAalNpacHO | NPUHOCHT BpEX
npupoze. B nemsax nossrmenust KIIJ[ IBCKIIM BexyTcs HaydHO-HCCIIEAOBATEIbCKHIE
paboTBl MO pa3HBIM HampBICHWAM. Ha CEerogHAIIHUA [eHb W3BECTHBI pa3HBIC
npuHuMnuaigbaele cxemsl JIBC[7,8], B KOTOPBIX KPUBOLIMIIHO-LIATYHHBIH MEXaHU3M
(KIIIM) BBRIONHEH B pa3lWYHBIX BapHaHTaX (puc. 1). OqHaKO OCHOBHBIM HEIOCTATKOM
pasmmusbix BunoB KIIM, B wactHoctn KIIM B JIBC (puc. 1, A, 5, B, I, I, E, E, 3)
SIBIISIETCSI TO, 4TO B mpouece pabotsl JIBC, pazHooOpasHo mensiercst miedo h (Puc. 2),
co3/1aBaeMoe KOJICHYAThIM BaJIOM (KOJICHBAJIOM), Ha KOTOpoe (TIe40) MPHUIIOKEHA CHla,
pa3BuBacMas Ha JIHE IOpLIHs, 4TO CO3MaéT KPYTALIMM MOMEHT, NE€pelaBacMblil Ha
BoixoaHOM Ban JIBCKM.

A

Puc. 1. Paznuunvie cxemwl nopuneswix [[BC: A. oonopsonwiii; b. V-06pasuwiii;
B.W-obpasnuii; I'. 36e30000pasuwiii; J]. onnosummnwiil, E. akcuanvhulil, E. pomopronopunesotl,
JK. ceoboononopwnesoti eenepamop 2aza (C.I.I".), 3. konvyesoil.

B pesynbTare 3a c4€T MEHAIOUIECH BEIMUYMHBl IJI€4ad, C KOTOPOW LIATYH JEHCTBYET
Ha kosienBas B JIBC ¢ KIIM umeem 3Hauutenbuble notepu KIIJ = 40 % [ 9].
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Puc. 2. OD — paguyc kosneusia, DE —h - miedo konenBana, DC — maryn

ITpuuém, xorga MmopiieHb HaXOJUTCSA B BepxHEH MEPTBOH TOUKe
(BMT) u B xamepe cropasusi co3gaércsi MaKCUMaJIbHOE 3HaUYEHHE
nasieHus Py, B 3T0 Bpemsi miedo h co3paHHOe KOJEHYATHIM BallOM
(KB) oTHOCHTENbHO TPOAONEHOW OCH NWJIMHIPA, CTAHOBUTCS
paBHbM 0 (HYJTI0), COOTBETCTBEHHO, pa3BUBaeMblii MoMeHT Ha KB
paBen Hymo. [Ipu Bpamenun KB, xorma miedo h craHoBuTcs
HanOONBIINM - PaBHBIM paJUyCy KOJEHYaTOro Baja, TO JaBJICHHUC
PB B mwnmHApe mnpubmmKaeTcs K €€ HU3MIeMYy 3HA4YCHUIO,
CTaHOBUTCS ke 0,3P, Hu, COOTBETCTBEHHO, MOMEHT,
npwioxkeHHslii Ha KB, HeOombInoil. T0 — OfHA M3 OCHOBHBIX
npuunHa carkenus: KI1/1 8 JIBCKILIM.

Kpowme storo npu yBenumyeHHn h yBenuuuBaeTcs TpeHHE MEXIy pabounMH dJIeMEHTaMH
JABCKIIM, kotopoe Takxke cHuxkaeT KIIJI JIBCKILIM. Ipyroit ocCHOBHOI NpUYHUHOI
MexaHnueckux notepb MomHoctd JBC B KIIIM kpome n3MeHYMBON BEIMYUHBI IIeYa
CHJIBI IIATyHA SBIISIOTCS MTOTEpH Ha cuitbl TpeHus B KILIM.

LEJIb

Ioserimenue KIIJI JABC. PaccMoTpeHMe BO3MOMKHOCTEH €ro NpHMEHEHHS B
CEIIbXO3TEXHHKE.

MATEPHAJIBI 1 METO/IbI

Paccmorpenne pasnuunbix BHI0B JIBC, KoTOphle ObUIM pa3paboTaHbI C LENbIO
nosermeHust KITJ[, aHamu3 uX TONOXXWUTENBHBIX M OTPUIATEIBHBIX CTOPOH, CO3JaHHE
koHCcTpykuuu JIBC ¢ noBeimennsiv KII/I.

Jlis ycTpaHEHUs! BBIIIE H3JI0KEHHBIX HEIOCTATKOB M HEKOTOPOTO YIyUIICHHS
pabouero nporecca JIBC, pa3paboranst pa3Hsie koHcTpykinu JIBCKUIM (puc. 1, b, B,
I, 1 u X). B V-o6pasznom [IBC(puc. 1, b) nopmnu panonoxensr V-o0pa3Ho, 4TO
HECKOJIKO YPaBHOBEIIMBACT M yMEHbLIAET MpoJoibHy0 0a3y [IBC, cpaBHHTHIBHO C
OJTHOPSIJIHBIM pacrojioxeHueM nopiuiuaeit. B W-o6pasaom u 38e1006pazuom JIBC (puc. 1,
B, I') Tarxke ymydmieHsl yka3aHHBIE MOKazaTelaw (ypaBHOBELIEHHOCTb M IPOJOJIbHAS
6a3za); B ommo3zutHom JIBC (puc.1,/l) mnossiiieHa ypaBHoBemieHHOCTs JBC; B
axcuansHoM JIBC (puc. 1, E), martyHsl CBSI3aHUBI C TApUEIbKON, KOTOpas COBEpIIAET
CUHYCOUJIONbHBIE JBID)KEHUS, KOTOpble IIOTOM NPEBpAlalOTCd BO BPAIIATEIbHOE
JIBIDKEHHUE CIIeIMaIbHBIM BOJIHOBBIM MEXaHU3MOM. B mocnennee Bpemst paspabaraBarorcst
JIBC, B KOTOPBIX IS MTepeIady ABMKEHUS OT MOPUTHEH K pabOuuM y3JIaM UCTIONIb3YETCS
3y0uaro-peeunas nepeaada [ 9 |, oqHaKo 3TH pa3paObOTKU HE TOCTUTIIA YPOBHS BHEPEHUS
UX B IPAKTHKY.
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[TosToMy He3aBUCHMO OT pPa3HOOOPA3HBIX IIOAXOIOB K KPHUBOIIUITHO-IIATYHHBIM
MexXaHu3MaM, 3TOT HemoctaTku - Huskui KIIJ[ u3-3a BapmaGenpHOcTH Tnrewa h KB
OTHOCHTEJIFHO TPOJOJILHOM OCH IIMIIMH/IPA ¥ OOJIbIINE MEXaHUYECKUE MTOTEPH Ha TPEHHE
B KIIIM - ocratoTcs MOYTH HEU3MEHHBIMU U HEPELIEHHBIMU.

B xanne 60-x u B Hagazne 70-x TOOB MPOLUIOrO BeKa, MaTeHT BaHkems KymjieH
11 BemymiMu aBTONPOU3BOAMTEIIIMA MHpPAa. B TOM uyHcie kommanuen ,,NSU“ u
KoHIlepHOM ,,Mazda“, B mupe BeimyiieHo 37204 3K3eMIUIIPOB POTOPHOIOPIIHEBOTO
(puc.1 E) JIBC (PIJIBC). IlpenmymecTBOM OSTHX ABHTATelel SABJIAETCA: MPOCTOTA
KOHCTPYKIIWH, MAJICHbKHE Ta0apHUTHI U YACTbHAS METAUNIOEMKOCTD, OJJHAKO OHU UMEIOT U
PSA HETOCTATKOB!

1. Manenskuit Mmotopecype 200 toic. kM. [10, 11], a nqpyrue ykaspiBatot 50-60 ThiC.

KM., [12,13];

2. JloporoBu3sHa PITABC, Ttak kak e€  M3roToBIeHHE  TpedyeT
BBICOKOTEXHOJIOTUYHOTO ~MaTepuana ¢ TOYHEHIIero o0OpyAOBaHHSA IS
H3TOTOBJICHHUS,

3aMeHa Macna ciefyeT AeaaTh Kax/ble 5 ThIC. KM.;

Bonb1oi pacxo/ TOIINBA;

BrIcOKass TOKCHYHOCTH BBIXJIOITHBBIX ra3oB,

OrpomHas CKIIOHHOCTh K ITEPETrpeBy;

YacTast 3aMeHa YIUIOTHHTENECH KaMep CropaHus W3 —3a OOJIBIIOro BO3JICHCTBHA
poTopa.

Noogkow

OTH HEJTOCTATKH OTPHIIATEIBHO PEeIIin cyap0y mpoi3Boactea PIT/IBC.

Jns ycosepumienctBoBanusi JIBC mpojoipkaeTcss MOUCK, C JTOH LElbio B
Poccuckoit @eneparnuu 3anareHToBad koibieBoit JABC (puc. 1, 3),u crocod nmepenaun
JBIDKEHUST K CHIIOBOMY arperaTy [14], B KOTOpOM C IeNbI0 YCTpaHEHHS HEJOCTaTKOB
KPHUBOIIMIIIIO-IIATYHHOTO MEXaHW3Ma JaHHBIH MEXaHW3M OTCYTCTBYET, IMIMHIPHI U
MTOPIITHU BBIMOJIHEHB!  KOJBIIEOOPA3HBIMM, TOPIIHK KECTKO COETUHEHBI C
KOJBILIEOOPa3HBIMU IITOKAMH, Ha BHYTPEHHEH CTOpOHE KOTOPBIX CO3/aHBl Ma3bl C
3yObsiMu [uist 3yO4aToil mepenayuu, 3yObsl IITOKOB CHEIUICHBI C MAJICHBKUMH 3yO0UaThIMU
KoJIecaMH, KOTOPBIE B CBOIO OUYEpe b CLEIUICHBI C IIEHTPAIHBIM 3y04aTsiM KosiecoM. Bo
BpeMsi pabOoThI KOJIbIIEOOpa3HbIC OPIIHYU C KOJIbIIEOOPA3HBIMU IITOKAMH MEPEMEIIAI0TCS
10 KPYTy B OIHOM HaIIpaBJICHHH, TIEpPeaBasi BpallaTeJbHOE JBIKEHHUE Yepe3 3y0uaryio
neperadyy Ha MaJleHbKHE 3yOuaTble Koséca M 4epe3 HHMX Ha OOJIbIIOE LEHTPATbHOE
3yOuaToe Kojeco ¢ BeiBogHuM u3 JIBC Bajom.

Henocrarkom »toit korCcTpyKiuu [IBC aBnsercs To, uto npu e€ paboTe MOpITHU
BBIHY’KJICHHO TEpPEMEIIaoTCs 10 KOJBILy, MPH 3TOM CO3JA0TCS IIEHTPOOEKHBIE CHIIBI,
KOTOpBIE MPMKMMAIOT TMOPIIHM K HAapy>KHOH CTOPOHE KOJbIIEOOPAa3HOTO IMINHApA.
Kpome TOrO, BO3HHMKAIOT OOJBIIME CHJIBI TPEHUS Ha 3yO04aThIX Iepeaadax MEKIY
KOJIBIICOOPA3HBIMA INITOKAMU M MaJICHBKUMH 3yOUaThIMH Kosiecamu, uTo cHmxkaeT KITJ]
JABC.

CaobGopnHomnopurHeBoil nurarens BHyTpeHHero cropanus ( CITABC ) (puc. 1 XX) mo
cpaBHeHHIO ¢ JIBC ¢ KpUBOLIMITHO-IIATYHHBIM MEXaHU3MOM UMEET psl MPEUMYILIECTB
[15].
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ITepBBIit MPOEKT CBOOOTHOMOPIIHEBOTO IBUTATENSI BHYTPEHHOTO CTOPAHUS

- cBoboHonopIHeBo# raszorenepatop (CIII'T), paspaboramu mis mpoii3BoacTBa raso-
BO3/IyIIIHOM CMECH JUIs PUBE/ICHHS B IEHCTBHE TypOUHBI, OH UCIIOJIb30BAJICS B Ta30BBIX
SHEPreTUYECKUX yCTaHOBKaxX B KauecTBE reHepaTopa pabdouero tena (rasa) B 1922-1924r.
OTBl HIPOEKTHl OBUTH OCYIIECTBIEHBI B 50-X IT MPOIUIOTO BeKa, MOLIHOCTh KOTOPBIX
cocraBisn 750-3500 kBT W mpuMeHsTHCh Ha HeOompmmx cymax. Oror CIIIT mo
KOHCTPYKTUBHOMY HCIIOJIHEHHIO CXOX C JIW3CIBHBIM KOMIIPECCOPOM, MHPEACTABISIET
OHOUMIHHAPOBHIH ABYXTaKkTHBIN [IBC ¢ IPOTHBOIIONOKHO ABWKYIIIUMHUCS MOPIIHIMH,
KOTOpBIE JKECTKO CBSI3aHBI C IIOPINHEBBIM KommpeccopoM. Kommpeccop sBmsercs
HaJ1lyBOYHBIM arperatoM, JaBjieHue HaaayBa coctaiseT 0,6-0,7 Mna. Boznyx Bo Bpems
BBIJYBKH LWINMHIPA CMEIIMBAETCCA C Ta3oM. [a30-BO3AyIIHas CMECh IOCTYIaeT B
ra3oByto TypOuHy. [IpogyKThl cropaHus WM UX CMECh C BO3JIYXOM Ha BBIXOJE MMEET
temneparypy 400 +500°C a napnenue 4-5 kr/cmM?. DTO CpaBHUTENBHO HM3KHE
napameTpsl paboyero Tesia IMO3BOJIMIIM CO3[aTh NEIIEBYI0 U DKOHOMHYHYIO TI'a30BYIO
Typbuny mourHocThio 10-59 MBT. KIIJI mocturaer 40%. Ha omHy ra3oByo TypOHHY
MoryT pabotath Heckonbko CIIIT. CunoBeie rasotypOunnble ycranoBku c¢ CIII'T

MPUMEHAIOT B PA3JIMYHBIX OTPACIIAX MPOMBINIJICHHOCTHU, HA TPAHCIIOPTE U B OHCPI'CTUKE

[16, 17].

Puc. 3. IlpuanunuaneHas cxema CITIABC :

1 Boznymnsiii ¢puietp; 2 u 8. Bozayxomnposoy;
3. HunuHap 1uta HOALYBKH BO3IyXa,
4. I'napOUMIHHAPEI C IBYXCTOPOHHBIMHU
IITOKaMHU,;
5. Bo3ayxomoiyBo4HbIH MOPIIEHb;
6,16,18.Kamepb! miIyH)epoB BHICOKOTO JIaBIICHHUS;
7,19,20,22 I'mppaBnuueckue TpyOOIPOBOIBI
BBICOKOT'O JIaBJICHHS;
9, 10 BriyckHbIe U BBIITyCKHBIE KJIAIIaHBL;
11, 13 Humuaapst; 12 ul4 HopurHm;
15, 17 Imynxepsr; 21 Pacripenenurens;
23 I'mapaBiandeckue TpyOOIpOBOIBI
HU3KOTO IaBJICHNS,
24 I'mnpomoTop; 25 u 26 DopcyHKH,
27,28 I'mapoakkyMynaTOpbI;
29 NHnykTUBHAS KaTylIlKa,
30 KosblieBol MOCTOSIHHBIN MarHuT,
31, 32 Perynupyemble KpaHsbl,
33 IlyneT ynpaBieHus,
34 TonIMBHBIA HACOC BEICOKOTO JTABIECHUS.

Henocratkamu CIIJIBC sBasitoTcss TpYAHOCTh TPHBOJA Ta3opacmpesieNieHuss u e€
cUHXpoHM3auud. [ ycTpaHeHMs JaHHOrO HejaocTaTka aBTop MupyamBuin B.
pa3paboTan HOBYIO NMPHHLIMIHAIBHYIO cxeMy cBobomromnopmHesoro JIBC (CITABC) c
ruaponpuoom (puc.3) [18], Ha KOTOPYIO BBIIAH MATEHT Ha N300PETCHHE U B KOTOPOM
BO3MO)XKHO OCYIIECTBUTH O€3CTYIEHUYATYIO PEryJIMPYEMYI0 H CHHXPOHHYIO MOJTYBKY B
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LWIHMHAPBI, WHTEHCHBHOCTh KOTOPOHW aBTOMATHYECKHM MEHSETCS B 3aBHCHMOCTH OT
Harpy3ku CIIJIBC. ITaeBmaTndeckass SHeprus, IOJNy4YeHHas OT CTOPAHHS TOIUTMBA B
nanHoMm CIIJIBC, npeBpamaercss B THAPABIUYECKYIO 3HEPrUI0, IOJABAEMYIO K
THIPONPUBOLY B  BHAE IOCTOSHHOIO IOTOKA  TUAPABIMYECKOH  KUAKOCTH
(TUIPOHOCHUTEIIST) BHICOKOTO IABIICHHSI.

Ipemnoxennsrii CIIABC pabGotaer crnenyromum ob6pazom: Ilepex myckom
CIIABC potop runpoMoTopa 24 npuBOJUTCS BO BpallleHUE OT CTapTepa (Ha PUCYHKE He
yKazaH) © TUAPOMOTOp 24 co3maéT TMOTOK THUAPOHOCHTENA, KOTOPBIA depe3
aBTOMaTHYECKUH pacnpenenurens 21 nogaércs nooyepeaHo B rUAPOIMIMHAPHL 16 u 18
U B KaMephl 6 C PacCHOIOKCHHBIM B HUX ABYXCTOPOHHBIM mTOKOM 4. Korma moTok
THAPOHOCHUTENS HAIlpaBJIeH B TMAPOIIMHAP 18, OH OJHOBPEMEHHO BO3ACHCTBYET Ha
mwyHxep 17 v Ha TuIyH>Kep 4 ¥ NOpILEHb 5 HarHETaeT BO3AYX U3 IWIMHAPA 3 B LMIIUHAPE
11, tak xak 310 He TpeOyeT Oosbimoro ycwnus. Ilocime 3toro, oT rumpomoropa 24
THIPOHOCHUTENh NOoAaéTcs B kKamepy 16 u mimyHxepoM 15 mopuieHs 12 nepemeraercs K
BhIcie MEpTBoi Touke (BMT) u B kamepe 11 ocymiecTBisiercss TakT cxxatus. B atom
BpeMsI noplieHs 14 nepemeraercs k Hu3mei Mépraoit Touke (HMT), T. e. nopusu 12 u
14 opHOBpeMEHHO U TOYTH C OJMHAKOBOM CKOPOCTBHIO TEepeMeEIIaroTCs B
IIPOTUBOMOJIOKHBIX HanpasieHusX. [Ipu noaxone (mpubmmkennu ) nopuras 12 x BMT-
e, 13 hopcyHKH 25 ocymIecTBISETCS BIPHICK TOIUIMBA. [Ipy BphICKe TOMIIMBA B IIMITHHIP
11 ocymiecTBisieTcs CropaHue roproveil CMeCH 1 HAUMHACTCS TAKT PACIIUPEHHS, TIPH 3TOM
IUTyHXKepoM 15 u mopimiHeM 12 THAPOHOCHTENb HArHETaeTcss depe3 TPyOOIpOBOIBI
Bbicokoro pnaminenus 20, 22 u rungpopacnpegenurens 21 k ruapomotopy 24. Korna
THIPOMOTOP HauyMHACT paboTaTh OT IojaBaeMoro m3 kamep 16 m 18 rumponocurens,
Harpy3ka Ha CTapTep YMEHBIIACTCS M CTapTep MOA AeHCTBHEM NPY>KUHBI aBTOMATHYECKH
oTkio4yaercs. B nmanpHemmem B mwimHApax 11 m 13 moouepenHo MEHSIOTCS TaKThI
CXKaTUS M pacIIupeHus], MopmHu 12 u 14 coBepmaroT IBMKEHUS B TPOTHUBOIIOJIOKHOM
HaTpaBJICHUU M CHUJIBI WHEPINH, BbI3BAaHHBIE OT NMEPEMEHHO HAIIPABJICHHOTO JBHXECHUS
mopurHet 12 w 14 B3aMMHO TacsiTcs, TEM CaMbIM IOJHOCTHIO YPaBHOBEUTUBAETCS
CIIABC. Ckopoctu mopmiHeit 12 u 14 He Bcerna cOOTBETCTBYIOT YacTOTe (CKOPOCTH)
BpAalleHUs TUAPOMOTOPA, T. €. IPOU3BOIUTEILHOCTb THIPOHOCUTENS ITyHKepamu 15 ul7
HE BCErja COOTBETCTBYET PAcXoJy THMAPOHOCHTEINS T'MAPOMOTOPOM, M 3TO pa3indue
moramaetcs ruapoakkymynsitopamu 27 u 28. Tlogobrsie JIBC MOryT COCTOSATH KaK U3
OJTHO-CIIApEHHBIX IIMIMHAPOB, TaK U JBYX, TPEX U T. JI. (HEOTPaHWYEHHOTO KOJIMYECTBA)
CHApPEHHBIX IWIMHAPOB, YTO TMPEJOCTABISET OONbIINE BO3MOXKHOCTH ITOJOOHBIM
CIIJIBC.

PE3YJIbTATHBI

1. IlpoBenén ananusz koHcTpykuuid uzBecTHoIXx JABCKIIM u CIIABC npuBeneHsl ux
KOHCTPYKTUBHBIE HEJIOCTaTKH;

2. IlpoaHanu3npoBaHbl UX paboyre MPOLECCH! U BBISBICHBI X OCHOBHBIE HEOCTATKH;

3. IIpuBenena cosepuieHHO HoBas npuHnMnuaneHas cxema CIIJIBC u e€ onucanue B
CTaTUKe U B JUHAMUKE;

4. Mna yeemmaenus KI1J JIBC npennoxena komounamus CIIJIBC ¢ rugpoMoTopom U
npoBeJieHo €€ cpaBHeHue ¢ JJBCKILIM.
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B IBC ¢ KIIIM npBUHAS A0S MEXaHIMYECKIX ITOTEPh MOIIHOCTH MIPUXOINTCS HA TPEHHE
B KIIIM., Ha tnmusAponopiuaesyto rpymiry (LT 39%, Ha konenBan u mwatyn 24 %[19].
Hpyrue asropel  [20,21] mnpuUBOAAT HECKOAbKO  OTJIMYAIOIIMECS  MOKA3aTelH
MEXaHWYeCKUX IOTeph B IpoleHTax, npuxoasmux Ha L{I1I" u konensan ¢ matynom. Ho
BCE OHU MPUOJIMKAIOTCS K BHIIICYKa3aHHBIM 3HAUEHHUSM M KOJIEONIOTCS B rpeaenax +£5%
OT 3TUX BEJIMYHH.

Hampumep, B apyrom ucrounnke [20] obirie MexaHHIECKHE TIOTEPH 1O Pa3HBIM y371aM
JIBUTATEIs pACIPEICIICHBI cieomuM obpaszom (Taob.1):

Tab. 1 Menbmre 3HaUCHNUS MEXaHUYECKHUX TTOTEPh OTHOCATCS K IBUTATEIIAM
C ICKPOBBIM 32)KUTaHUEM, OOJIBIINE — K AU3EISIM.

OO01re MEXaHUIECKUE IOTEPH Ha TPCHUE: Ho 75 %
IlopIHeBBIX KOJIEL U MTOPIIHS: 42 -50 %
TToAIMKMITHUKOB KOJIEHYATOrO Bajia: 16 -19 %
MeXaHHU3Ma ra3opacrpeieseHus 4-6%

Kak BuzmHO U3 Tab. 1., Gonbliias 4acTh MEXaHUUECKHX MTOTEPh HAa TPEHHE NPUXOANUTCS Ha
KIIIM: Ha nopuiHeBble Konblia ¥ NOpIHU OT 42 10-50%, NOAUIMITHUKOB KOJIEHYaTOIro
BajgB oOT 4 10 6%.

IIpu 5TOM 3HaunTENBHAS YacTh MexaHuueckux notepb B KILIM npuxonutcs na LTI,
9TO OOBSCHACTCA TEM, YTO B Tporecce padOTH maTyH c¢ Oompmroi cmmon N,
MepIECHANKYISIPHON K CTeHKE IMIHHApa nopiHs, (Puc. 4 ) npmkuMaeT mopieHs To K
OJIHOH, TO K MMPOTHUBOINOJDKHON CTEHKE IMIMHIPA, YTO CYIIECTBEHHO YBEIHMYMBACT CHILY
TPEHUS U COOTBETCTBEHHO — MEXaHUYECKHe MoTepu [22].

3N
z

Pres Pa

Puc. 4. Puc. 5

IMpuuém yeM MeHBIE AJIMHA IMaTyHa, TeM Ooubiie 3ta Gokosas cuna (N), omxHako
YBEJIWYEHHUE JUTMHBI aTyHa YBEIMYUBAET rabapuTsl, Bec 1 MeTautoéMkocts [|BC. bonee
MOJIOBMHBI MEXaHYeCKHX motepb MoiHocTu B LI BEI3BAHO yCHIICHHEM CHJIBI TPEHHS
3a cu€T IPIKATUS MOPIIHS K OOKOBOM CTEHKE LIMJIMHIpA.


https://ustroistvo-avtomobilya.ru/dvigatel/gazoraspredelitelnyj-mehanizm-grm/gazoraspredelitel-ny-j-mehanizm-2/
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Kpowme Toro B MomeHT nepexona nopuras yepe3 BMT (Beicimas mépTBast Touka) u HMT
(am3mast MEpTBasg TOYKA) W3MEHSAETCS HaNpaBICHHE [EHCTBHA OOKOBOW CHIIBL, B
pe3yibpTaTe NOpIIeHb IepeMeIaeTcsl OT OJHONW CTEHKU MOPIIHA K APYroil — MPOUCXOAUT
nepekjaZka MOpIIHA. OTO BbI3BIBAT YyAap MNOPIHA O CTEHKY LWINHApA,
COMPOBOXKIAIOIIUIICS XapakTepHbIM 3ByKoM. M3Hoc JIBC (mopuiHell M LMIMHAPOB)
MIPUBOAUT K YBEIMUEHUIO 3a30pa MEXKIY MOPIIHEM M CTEHKOHM IWIMHApPA U YCHUJIICHHUIO
9TOTO BPEHOTO SIBICHMUS.

OT ynapHbIX Harpy30K Ha CTEHKH IOOKHM MOpPLIHS W LWIMHIPAa MOTYT INpOH30iTH
paspylieHue 00KN MOPIIHS U TPEUIUHBI B IMINHIPAX.

[Ipobnema 3Ta HACTONBKO CepbE3HAS, UTO Ui €€ PeIICHNs] TPHUIYMIN ABYXBalIbHBIH
JIBUTATEIIb, T/I€ TOPLIEHb IOABI)KHO COEAMHEH C C OBYMS IIAaTyHAaMH WM 4epe3 HUX — C
nByMs KoneHBanamu (Puc. 5 ).

BoxoBere cunbl N, ¢ KOTOPBIMH IIATYHBI ACHCTBYIOT Ha IOPIICHb B JBYXBAJIHHOM
JBUraTene, B3aUMHO ypPaBHOBEIIMBAIOT APYT ApPyra M TeM CaMbIM IOBBIIICHUE CHJIIBI
TpeHHs 3a CYET MNpPIDKaTHA TOPLIHSA K CTEHKE LWIMHApa He mnpoucxoxuT. OxHako
J00aBieHNe elé 0THOTO IIaTyHa U KOJICHBAJIA 3HAYUTEIIHO YCIOXKHAST KOHCTPYKIHMIO U
YBEJIMUMBACT METAUIOEMKOCTb, rabaputsl J|BC, nobaBisercs cuia TpeHHs euié 0JHOro
KOJICHBAa.

B CII/IBC otcyTcTByeT MNOBBIIIEHHE CHJIBI TPEHHS U MEXaHHYECKHUX II0Tephb
MOIIHOCTH 33 CYET CHJIBHOTO TNPIDKATHS INATYHOM IOPIIHS K CTEHKE IMIMHAPA,
orcytcTByoT notepu KIIJI u kpyTsimero MoMeHTa 3a CUéT MEHSIOIIEH BEIMYMHBI IUIe4a
(MOMEHTa) CHJIBI IATYHa, ICHCTBYIOIIETr0 Ha KOJICHBAJI, HET CaMOT'0 KOJICHBAJIA | IIaTyHa
U COOTBETCTBEHHO CHJIBI TPEHHUS M MEXaHWYECKHX IOTEPh MOIIHOCTH, KOTOPBIC MBI
MOJTyJaeM B KOJICHBAJIC U IIATyHE, HET MEePEKIaIKH HOPIIHS U CBSI3aHHBIX C HEH BPEIHBIX
SIBIICHUU.

OpHako MEepBOCTENIEHHOM MPOOIEMOit , CTOAIIEH Ha Iy TH HIMPOKOT0 UCIIOIB30BAHUS
CIIABC sBnsieTcsi CHITHE MOIIHOCTH C TaKOTO JBUTATENs, KOTOPHIH MeXaHUYECKH
MpeACTaBIsIeT COOOH 3aMKHYTYIO CHCTEMY, IOAKIIOYEHHE K IOPINHIO, KOTOPBIN
TepeMeIaeTcs ¢ BHICOKOM 4acTOTOM.

B coBpemennsix rugapomoTtopax KIIJ[ DOCTHINIO BBICOKOTO YPOBHS (JIOCTHUTaeT
95%), a CI1JIBC emé B cepennHe MpOILIOro BeKa HCIIOIB30BAJICS B KA4eCTBE HAcoca.

HNmenno nostomy c¢ nensto nosbiienus: KIIJ[ JIBC npennoxxena onvcanHas Bbllle
komoOmHams CIIJIBC ¢ rtugpomortopoMm [18], ¢ pemeHmeM mpoOiIeMbl MpHUBOJAA
ra3opacrpeeneHus 1 €€ CHHXPOHHU3AIIH.

IIpumenenue CIIABC c nepenaveil ABM>KEHUS Yepe3 TUAPOHOCUTEINb Ha THIPOMOTOD
mo3BoiisieT 3HauuTeNbHO yBennuuth KIIJ[ 3a cuér cHMKeHHMsS MeXaHW4YeCKHX I0Tepb
MOIITHOCTH Ha TPEHHE M Ha MEHSIOIIYIO BEJINYMHY IUIeYa [IaTyHa.

B CIIABC c rugpompuBogoM Mbl BMecTo moTteps B KIIIM wumeem morepu B
THIPOMOTOpPE W THIPABIMYECKHX  TpyOomapoBojax, MO KOTOPHIM THAPOHOCHUTENH
nogaéTcs K TUAPOMOTOPY.

ITo cymectBytomum B muteparype aanabiM KIIJ] B ruagpomoTope gocturer 95 % u
6ompie [23]. COOTBETCTBEHHO TMOTEPH MOIIHOCTH B THAPOMOTOpPE COCTaBUT 5 %, emé
5 % moTepu MOLUIHOCTH MOKHO OTHECTH Ha TPEHHE TMIPOHOCUTENS B THIPABIMUECKUX
TpyOompoBogax. Mcxonms w3 BeimmewmsnoxkeHHoro Bemrpeim KIIJIT B CIIJABC ¢
rugponpuBogoM 1o cpasHeHuio ¢ JIBC ¢ KIIM moxer cocraButs ~ 30-40 % B
3aBucumocTH oT koHkperHoro CITIBC, IBC u rugpomoropa.
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TACKYCCHS

K memocratrkam CIIJIBC oOTHOCSTCA CIOXKHOCTh IIyCKa W PETYIHPOBAHUSA,

HEYCTOWYHMBOCTh Pa0OTHI Ha YACTHYHBIX HArpy3Kax (C pasBUTHEM MHUKPOIPOIECCOPHBIX
CHCTEM YIIPaBJICHUS OCIEAHUM HEJOCTATOK CTaJl HEAKTYaIbHbBIM).
OcHOBHOI cnokHOCTBIO U HegoctaTkoM ke CIIJIBC, mpuueM 3T0 KacaeTcsi BCeX €ro
THUIIOB, SABJISICTCS TO,Y4TO OTCYTCTBUE B KOHCTPYKIIMU KaKUX-THOO BpAIAOIIUXCS YacTei
(4T0 ¢ OmHOW CTOPOHBI  SBJIETCS OOJBIIMM IPEUMYIIECTBOM, T.K. YIPOIIAeT
KOHCTPYKIIHIO W yMEHBIIAeT Ta0apUTHl [BHTATENA) CO3MaeT TPYOHOCTh LIS
KJIACCMYECKOTO0  TPUBOJAa  rasopacihpelneieHus W e€ CHHXPOHU3allUU  4epe3
pactpeaenutenbheiii Ban (Puc. 5, HOIKHOCTS 15).

B npennoxxennom Bbime CIIZIBC [18], 3amunieHo maTeHTOM, yNpoOILEHa CHCTEMaA
MOJTa9X TOPIOYEH CMEeCH, Ta3opaclpelelieHus u e€ CHHXPOHHU3ALHUS, YTO JOCTHTAeTCs
TeM, 4YTO YCTPOICTBO JUIsl TIOJJaud TOpIoYedl CMECH BBIMOJHEHO B BHIE
CBOOOTHOIIOPIIHEBOTO HAcoca JBOWHOTO JEWCTBHA C pabOYMMH  NPHBOIHBIMH
MIOJIOCTSIMH, TIOCJICTHIE U3 KOTOPHIX COOOIICHBI C HACOCHBIMU KaMEpaMH.

3AK/IIOYEHHUE

OmHuM ©n3 myTedl yMEHbBUIEHHS Ce0eCTONMOCTH CENIbCKOXO3SMCTBEHHBIX (C/X)
MIPOXYKTOB SBJIAETCS yMEHBIICHHWE JSHEPreTHYECKMX U TPYAOBBIX 3aTpar. Jlms
JOCTH)KEHUM 3TOHM LeNn, HaydHO-HCCIENOBaTEIbCKHE PAOOTHI MAYT IO CIIEIYIOUINM
HaTpaBJICHUSIM:

1. VBenuueHue WIMPUHBI 3aXBaTa C/X MallWH;
2. IlpumeHeHne KOMOMHHUPOBAHHBIX arperaToB, IPH KOTOPOTO OJIHHMM IPOXOJOM
arperara BBITIOJTHSETCS HECKOJIKO CEJICKOXO3sIMTCBEHHBIX (C/X) ONepaluH.

O0a HanpaBiyieHUs! TPEOYIOT YBEIUYEHHS TSATOBOTO YCHIIUSI U MOII[HOCTH, BCJIEICTBHE
4Yero NMPOUCXOAUT YBEIMUYCHHE MacChl TpakTopoB. IlocienHee BBI3BIBaET yIJIOTHEHHE
ITOYBBI ¥ TEM CaMBIM yXyHAIIEHUE €€ CTPYKTYPHI, YTO SBISCTCS MPHYUHONH YMECHBIICHUS
YpOKaHHOCTH. Jnst YCIICIITHOT O pemeHus MIpeCTaBICHHOM 3aJa4u,
TPAKTOPOCTPOUTEISAM U 3aBOJIAM C/X MAIIMH IpeUiaraeM Ha TPaKTOpax M ¢/X MallnHaX
ycranosuth CIIJIBC ¢ THIpOMOTOpPOM, KOTOpBI oONamaeT MEHbIIeH Maccodl. maér
BO3MOXHOCTh, HpHU HOMHHampHOM wyactore 1ukiaa CIIABC c¢ ruapomoropom
0e3CTyIMeHYaTo MEHITh CKOPOCTh MEPEMEIICHUS arperara, mpoCThiM coeauHeHueM (0e3
Kap/AaHHOH WJIM IETTHOW Tepeladyy ) — TUAPO- TPYOOIPOBOJAMH U IIIJTAHTAMHU OCYIIIECTUTh
nepeaady YHEPTUU Ha KaXI0e OIOPHOE KOJeco, CHAOAUTh MX - KoJleca , a TakKe APYyTHe
paboume (OBUXKYIIHME) y3JIbl TPAKTOPOB M C/X MAIllWH (PacHoJOKEHHBIE B JTIFOO0H TOYKE
pamsl ¢/X MaIlWH B 3aBHCHMOCTH OT IPOBOJMMHX HA HUX (MaIIWHAX) TEXHOJIOTHIECKUX
MPOIIECOB)  OTHEIbHBIMH  THUAPOMOTOpaMH (4TO  obOJjerdaercs KOMIIAKTHOCTBIO
THJPOMOTOPOB), CBSI3aHHBIMH C THJPOCUCTEMOI TPaKTOpa, M MPUBECTH UX BO BpAILCHHUE,
KoJieOaHWe U APYTHE BHIBI IBIKCHUS.
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B CIIABC ywmeHpmaroTcst rabapuThl U METAJUIOEMKOCTHh IBHTATEINsl BCEICTBHE
OTCYTCTBHSl BpAINAIONINXCS YacTel, pacxoX TOIUIMBA BCIICACTBUE IIOBBIIICHUS
MOIIHOCTH, MHEPIIMOHHBIC HATPY3KH Ha JCTalH JBHUIaTEss, TOKCHYHOCTH BBIXJIOMHBIX
ra3oB BCJEICTBHE JYYIIEr0 OOOTAIICHUS ra30BOH CMECH BO3AYXOM H, CIEIOATENIbHO,
KHCJIOPOAOM. YTIPOIIACTCS KOHCTPYKIIHS - IO CPABHEHUIO ¢ KJIACCUYECKHUM JIBUTATEIIEM -
¢ IBCKIIIM CITABC o6namaet Ha 40 % MEHBIIUM KOJIUYECTBOM 3JIeMEHTOB [15].

Bcé aro moseimaer 3¢dexkruBnocts nmpuMeHerus CIIJIBC B pa3muuHbBIX MaIlMHAX U
arperaTax, B TOM YHCJIC U CEIbCKOXO3IHCTBCHHBIX.
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IMPROVING EFFICIENCY OF INTERNAL COMBUSTION ENGINE:
PERSPECTIVES OF APPLICATION FREE PISTON ENGINE
IN AGRICULTURAL ENGINEERING.

Vladimir Miruashvilil, Alexander Kharibegashvili?, George Kutelia®

!Department of Agricultural Engineering, Thilisi Scientific Research Center of Agriculture,

Thilisi, Georgia
2Faculty of Exact and Natural Sciences, lakob Gogebashvili Telavi State University, Telavi,
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Abstract: The article discusses various schematic diagrams of a reciprocating internal
combustion engine (ICE) and shows their main disadvantages, in particular, low efficiency, which,
depending on the type of modern ICE, ranges from 0.25 to 0.5.

To increase this indicator, the search for more advanced ICE schemes continues. For this purpose, a
new schematic diagram of a free-piston internal combustion engine (FPICE) is proposed, in which
power is transferred by a hydraulic drive, as a result, the efficiency increases from 30 to 40%.

Keywords: internal combustion engine (ICE), free-piston internal combustion engine (FPICE),
efficiency, crank mechanism, cylinder, piston, crankshaft, connecting rod, hydraulic drive.
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POBOLJSANJE EFIKASNOSTI MOTORA SA UNUTRASNJIM
SAGOREVANJEM: -PERSPEKTIVE PRIMENE MOTORA SA SLOBODNIM
KLIPOM (FPICE) U POLJOPRIVREDNOM INZENJERSTVU

Apstrakt: U ovom radu se razmatraju razli¢iti Sematski dijagrami klipnog motora sa
unutra$njim sagorevanjem (SUS).
Prikazani su njihovi glavni nedostaci, posebno niska efikasnost, koja se u zavisnosti od
tipa savremenog SUS, kre¢e od 0,25 do 0,5.
Da bi se povecao ovaj indikator, potraga za naprednijim SUS $emama se nastavlja.
Zbog toga je predlozen novi Sematski dijagram motora sa unutra$njim sagorevanjem sa
slobodnim klipom (SKSUS), gde se snaga prenosi hidrauli¢nim pogonom.
Kao rezultat, SKSUS se povecava za 30 do 40%.

Kljucéne reci: motor sa unutrasnjim sagorevanjem (SUS), motor sa unutrasnjim
sagorevanjem sa slobodnim klipom (SKSUS), efikasnost, kolenasti mehanizam, cilindar.
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COMPARATIVE EXPLORATION OF MECHANIZED SYSTEMS
FOR PALM BROOM PRODUCTION

Raphael Emeka Ozioko!, Onyekachi Marcel Egwuagu™,
Bethrand Nduka Nwankwojike?

'Department of Mechanical and Production Engineering, Enugu State University
of Science and Technology, Enugu, Nigeria.
2Department of Mechanical Engineering, Michael Okpara University of Agriculture,
Umudike, Nigeria

Abstract: Performance and economic capabilities of two distinct mechanized systems
for processing brooms from coconut and oil palm leaflets were surveyed in this study to
determine the best technology to advance/adopt for commercialization. The systems are
abrasive roller and knife edge aided peeling based machines while peeling efficiency,
processing time/throughput, payback period and benefit cost ratio constitute the
parameters weighed. Results revealed the knife edge based peeling systems as most viable
even though the abrasion process based system performs with high throughput. This
because it’s peeling efficiency of 96% is above the minimum acceptable rate of 95% and
that of the abrasion process system (94%) is less. This, implies 5% scraps/reworks
associated with abrasive aided peeling system which amount to post peeling operation of
sorting. The high cost of production induced by this post peeling operation is obvious from
the high payback period and low benefit cost ratio of this system compared the knife edged
aided process.

The payback and benefit cost rating of knife edge aided system amounts to 0.8 and 2.45
respectively while 1.69 and 1.76 constitutes the respective ratings of abrasion process
based machines.

In addition, the knife edge aided processing system peels both fresh and dry palm leaflets
while the abrasion peeling system handles dry leaflets only. Hence, adoption of knife edge
aided peeling process is recommended for advancing broom production from palm
leaflets.

Key words: Abrasive, broom bristle, knife edge, machine, palm leaf, peeling
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INTRODUCTION

Broom is a bound organic or synthetic bristle basically used for sweeping floors and
some auxiliary ornamental, political and religious purposes [1, 2]. Organic broom bristles
from oil and coconut palm leaflets are common in Nigeria due to their effective dirt, dust
and wears absorption and moisture-resistant features as well as abundance of these palms
in this region [3, 4]. Bristle production from the palm leaf involves peeling or scraping off
the leaf’s blade from its petiole (stalk) using sharp knife edged objects (such as knife and
razor) or abrasives [5. 6]. The separated stalk constitutes the broom bristles. This
separation process can be by manual or mechanized operations. The campaign for phasing
out manual palm leaflets peeling due its high drudgery and risk features is not receiving
adequate attention expected despite the successful development of mechanized systems
for producing broom from the palms by [3, 7, 8, 9]. This is because of the palm broom
processors’ problem of choosing among the two distinct mechanisms of abrasive and knife
edge aided peeling process based on which the machines were developed. The innovation
of [3] peels off the lamina from the midrib of dry oil palm leaflets by abrasion when its
rotating abrasive-covered drum rubs the leaflet against a half pipe whose internal surface
have been lined with abrasive as shown in Fig. 1. The leaf blade debris falls off through
the mesh-chute while the bristles are collected in a trough with their ‘head’ in a chuck.
Although this machine performed efficiently, binding the bristles into a handy broom still
necessitated a manual effort that quelled its adoption commercially by stakeholders. Hence
its improvement by integrating bristles tying/weaving units to it by [9] as shown in Fig. 2.
The tying unit consists of a strapping pin attached to the chuck which holds and winds the
rope around the broom bristles under the spring tension and recoil spool comprising a rope,
recoil spring and a reel/spool.

The midrib separation machine (Fig. 3) developed by [7] peels coconut leaflets. It
consists of vertical placed batch of one spiked and two non-spiked rollers which rotates in
opposite direction to scrap off the blades of the leaflets fed into it. The need for both fresh
and dry palm leaflets peeling mechanism led [8] to develop a knife edged aided peeling
module which was later integrated to a tethering machine for processing broom from
coconut and oil palm leaflets as shown in Fig. 4. This integrated peeling-tethering machine
consisting a set of rollers, palm leaflets inlet, stripper and tethering unit. The rollers feed
the leaf to the stripping a mild steel blade which peels the leaf blade off from its stalk
before ejecting the sticks into the tethering unit for tying by electromechanical means.
Although, records indicated successful performance of these innovative peeling
mechanisms for broom bristle production from palm leaflets, their mass production is still
pending due to non-organization of their techno-economic viability data for effective
comparison.

Hence, the dominance of manual peeling in this sector and ever increasing scarcity of
brooms made from coconut and oil palm leaflets in our markets [8]. Since, adequate
comparative knowledge of technical and economic viability of alternate innovations is
vital for their adoption for both specific and general applications, this study presents the
comparison of abrasion and knife edge peeling based coconut and oil palm broom
processing systems.
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Fig. 1. Palm frond broom peeling machine, [3].
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Fig. 2. Oil palm broom processing machine, [9].
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Fig. 4. Integrated broom peeling-tethering processing machine, [8].

MATERIAL AND METHODS

This study involves comparative viability assessment of the two distinct machines for
producing brooms from coconut and oil palm leaflets from the records of [3, 7, 8, 9, 10, 11].
This is to determine the best for advancement. The systems parameters weighed include
peeling efficiency, processing time/throughput, payback period and benefit cost ratio of the
recent developed coconut and oil palm broom processing innovations. Throughput (TP) of
each system constitutes the total number of palm leaflets it processed per unit time while the
peeling efficiency (n) entails percentage ratio of the well processed broom bristles and
number of palm leaflets processed within a given time expressed mathematically as follows

[al.



Ozioko i sar.: Uporedno istrazivanje mehanizovanih sistema.... | Polj. Tehn. (2022/3). 79-86 83

The investment decision pointers of benefit cost ratio (BCR) and payback period (P,) applied
to assess the economic viabilities of the broom processing machines were determined from
Equations (3) and (4) based useful life of five years and prevailing economic
indicators/market prices of materials in Abia State of Nigeria between from 2014 to 2021.
The decision criteria include that the payback period of each machine must be less than five
years while the peeling efficiency and benefit cost ratio must be greater than 95% and 1
respectively for its acceptance.

TP (broomsth) == @
n(%) === x 100 )
Py =t ®)
BCR = 22 @)
Where:

n is the quantity of palm leaflets processed while ng constitutes defectives (which consists
of those that the lamina were not properly removed and/or broken ones) while C;, B,, PVB
and PV C constitute the initial investment cost and average annual net benefit (cash inflow),
present values of benefits and costs of the machine.

RESULTS AND DISCUSSION

The results of this investigation shown in Table 1 revealed the knife edge aided
peeling process adopted by [8] in developing broom processing machine as most viable
even though the abrasive aided processing systems performed with high throughput. This
because it’s peeling efficiency of 96% is above the minimum acceptable rate of 95% and
that of the abrasion process system (94%) is less. This, implies 5% scraps/reworks
associated with abrasive aided peeling system which amount to post peeling operation of
sorting. The high cost of production induced by this post peeling operation is obvious from
the high payback period and low benefit cost ratio of this system compared the knife edged
aided process. The high cost of production induced by this post peeling operation is
obvious from the high payback period and low benefit cost ratio of this system compared
the knife edged aided process. Furthermore, the knife edge aided processing system peels
both fresh and dry palm leaflets while the abrasion peeling system handles dry leaflets
only. Hence, the knife edge aided peeling process based broom processing machine is apt
for advancing broom production from palm leaflets.
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Table 1. Comparative analysis of mechanized palm broom processing systems

Evaluation parameters Abrasive roller peeling Knife edge peeling
based system based system
Peeling efficiency (%) 94.00 96.00
Throughput (Kg/h) 6311.00 2016.00
Payback period 1.69 0.80
Benefit cost ratio 1.76 2.45
Nature of Leaf processed Dry All

CONCLUSIONS

The study revealed that broom processing machine developed based on knife edge aided
peeling mechanism is most viable for advancing broom production from palm leaflets.
This because of its high peeling efficiency and benefit cost ratio as well as low payback
period ratings over abrasion based peeling systems. Hence, its general adoption and mass
production is highly recommended to reduce drudgery and waste of palm leaflets in this
country as well as scarcity of coconut and oil palm brooms.
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UPOREDNO ISTRAZIVANJE MEHANIZOVANIH SISTEMA
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Apstrakt: U ovoj studiji ispitane su performanse i ekonomske mogucénosti dva
razli¢ita  mehanizovana  sistema za  izradu osnove metli  (pogledati
https://www.researchgate.net/publication/303805658) od listova (ogranaka) kokosovog
oraha i uljane palme. Tako bi se odredila najbolja tehnologija za unapredenje/usvajanje
proizvodnje za komercijalnu namenu.

Ovi sistemi su maSine za ljuStenje sa abrazivnim metalnim rotiraju¢im valjcima i
nozevima sa seCivom. Efikasnost ljustenja, vreme/protok biljne mase u toku obrade,
period vra¢anja mase, odnos troSkova i koristi predstavljaju merene parametre.

Rezultati istraZivanja pokazuju da su sistemi za ljustenje zasnovani na ostrici noza lako
izvodljiviji, iako je ovaj sistem zasnovan na procesu abrazivnog delovanja valjka on radi
sa velikim u¢inkom. To je zato §to je efikasnost ljustenja od 96%, iznad minimalne
prihvatljive stope od 95% .

Efikasnost sistema kod procesa abrazivnog delovanja valjka je manja (94%). Ovo
podrazumeva pojavu 5% otpadaka u preradi koji su povezani sa sistemom za ljustenje sa
abrazivnoim delovanjem valjka, sto moze da predstavlja i izdvojenu operaciju sortiranja
nakon ljustenja.

Visoki troSkovi proizvodnje izazvani operacijom ljustenja su ocigledni zbog dugog
perioda vra¢anja materijala i niskog odnosa troskova i koristi ovog sistema u poredenju sa
procesom rada sa nozevima na bubnju .

Ocena korisnog dejistva kod sistema sa se¢ivima noza iznosi 0,8 i 2,45, dok vrednosti 1,69
i 1,76 predstavljaju odgovaraju¢e ocene masina zasnovanih na procesu abrazivnog
delovanja valjaka.
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Pored toga, sistem za obradu sa ivicom noza ljusti sveze i suve listove palmi, dok sistem
za ljustenje pomocu abrazivnog delovanja valjaka obraduje (odstranjuje) samo suve
delove biljke palme.

Stoga se preporucuje U ovom ispitivanju usvajanje procesa ljustenja uz pomo¢ ostrica noza
za unapredenje efikasnosti proizvodnje metli od ogranaka palme.

Kljuéne reci: abrazija, osnov metle, ivica noza, masina, palmin list, l[justenje.
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A STUDY OF ROTARY DRUM MOWER BLADE WEAR
AND ITS EFFECTS ON FORAGE PRODUCTIVITY

El-Baily, M.M.*!

*Agricultural Engineering Research Institute, Dokki, Giza, Egypt

Abstract: Egyptian clover (Trifolium alexandrinum) is the main and oldest cultivated

winter forage leguminous crop in Egypt. It occupies about one third of the cultivated area
with average of 1.63 million Feddan (Feddan= 4200 m?). With an estimated productivity
of about 42.03 million tons of green fodder [7]. In last years, the forage mower conditioner
machine used in Egypt to cutting the Egyptian clover crops. The mean objectives of the
current research were evaluated the new and wear blades attached in the rotary drum
mower conditioner. As well as, study the effect of new and wear blades on the productivity
of green fodder under local conditions. The current research carried out in the Sakha
Research Station, Egypt during session 2016/2017. The drum mower conditioner was
operated by tractor to cut the Berseem Egyptian clover forage crops (Sacha-4) at three
different moisture content 65.4%, 57.3 and 46.2 % (d.b.) at second cutting of Berseem
(Trifolium alexandrinum). The results indicated that, the average maximum value was
4.96 ton/fed compared with 2.42 ton / fed for Alfalfa moisture content 56.3 %. This result
indicated that the wear old blade or wear knife may be going to reduce the productivity as
49.9%. The average maximum value of fuel consumption was 23.04 I/fad compared to
15.4 |/fed for Berseem Egyptian clover forage crops (Sacha-4) moisture content 65.7 %.
This result indicated that the old blade or wear knife may be going consumed low values
of fuel consumption per L/fed.
This result indicated that the old blade or wear knife may be going reduce the PTO power.
The average values of clover forage crops of power requirement were 28.83 hp, 24.9 hp,
and 25.0 hp for old knife compared with 47.67 hp, 39.8 hp and 38.27 hp for new blade at
65.7 %, 57.3 % and 46.2 % moisture content respectively.

*Corresponding Author. E-mail address: ebaily_m@yahoo.com



88 Baily et al: A Study of Rotary Drum Mower Blade Wear... /Agr. Eng. (2022/3). 87-100

The aim of the present research is evaluated the performance of new and wear blades
attached in the rotary drum mower conditioner. As well as, study the effect of new and old
blades on the productivity of green fodder under local conditions.

Keywords: Drum mower, wear, forage cutting machine

INTRODUCTION

Forages are important compared with other agricultural crop and require as much
inputs, care, and management. Livestock products are as important in our food chain as
cereals. It is not possible to increase the area under fodder so, it is imperative that forage
crops become an important component of cropping systems. Integration will add to the
availability of fodder but help the alternative crops if leguminous forages are grown.
Berseem, Egyptian clover (Trifolium alexandrinum) has achieved the distinction of being
designated “king of forages”. Wild in the Levant and domesticated in Egypt in antiquity
it has been a base of Egyptian farming, both as fodder and for soil fertility maintenance.
Under Egyptian conditions cross-pollination in traditional cultivars, Trifolium
alexandrinum and T. repins was up to 82 % in the presence of bees. Currently there are
200-300,000 acres of Alfalfa planted in Egypt and acreage is rising each year year [27].
Vertical axis mowers avoid many of the complications of reciprocating machines by
cutting the crop with freely pivoting blades attached to rotating [28]. The pivoting action
of the blades allows them to swing away from rocks and other obstacles. In all rotary
mowers, the crop is unsupported during cutting. Thus for a clean cut, the force of cutting
must be absorbed by the rigidity of the plant’s stem and its neighbors—there is no counter
shear to hold the stem in place. There are two types of vertical axis rotary mowers, disc
and drum. Drive mechanisms in disc mowers are located beneath the cutting blades, so
crop flows more easily through the machine. This is believed to reduce energy
requirements for crop conveyance. Blades may be counter rotating to leave the material in
distinct bands or co-rotating for uniform distribution across the cutting width. Drum
mowers have their drive mechanism above the blades, and crop is required to pass in the
narrower spaces between or under the drums, resulting in higher energy requirements. The
combination of the mowers revolution and forward velocity causes the blade to move in a
cycloid path. The ends of blades may be beveled so that the flat portion of the blade does
not push into standing crop as the machine advances [28]. In general, the tangential
velocity of the blade is much greater than the forward velocity of the mower, so the oblique
angle of cutting is near zero. This reduces the number of stems that slide forward and off
the blade’s edge, since the cutting surface is oriented perpendicular to the direction of
travel. Cutting of plant stems is believed to occur when the pressure caused by the blade
reaches a critical value from 9 to 30 N/mm? for most plant materials. Cutting results in
multiple modes of tissue failure. Initial knife penetration results in localized plastic
deformation, followed by significant buckling as the knife advances.
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The turgor pressure of moist stems will often resist initial compression in high speed
cutting. As the knife continues to advance the fibers composing the stem are deflected and
eventually fail in tension.

The plant stem is deformed and compressed ahead of and to the sides of the knife.

These compression effects alone may account for 40-60% of total cutting energy [28],
[4,5] cites a power requirement of 5.0 kW/m of rotary cutting width.
The power requirement for rotary mower conditioners is 8.0 kW/m. Other studies report
even higher energy requirements, with 11 to 16 kW/m consumed by the mower at 15 km/h
[28] and [26] uggests the following relationship for the power requirements of a rotary
mower:

P = (PLS + Escvf)wc ....... Q)

Where is :

Pmow= total power requirement of mower, KW
Pis= specific power loss due to friction, KW/m
Es= specific cutting energy, kJ/m?

V¢ = forward velocity of mower, m/s

W, = width of mower, m

Specific power losses (Pls) range from 1.5 - 4.0 kW/m, with drum mowers
experiencing higher losses than disc-type [26]. Specific cutting energy (Esc) ranged from
1.5 - 2.1 kJ/m2, depending on blade sharpness. Energy losses in rotary mowers are
identified as windage, mower drag, friction within the drive train, and friction with the
stubble beneath the blades. Author [25]. mentioned that the general formulas for the
energy requirements of a flail mower as follow:

Poow =1+ €2 LS4

.......... @)

Where is :

mf = mass feed rate of crop material, kg/s
C1= constant power requirement, kW

C2 =feed rate energy requirement, ki/kg

Typical values for Ciand C, are 10 kW and 4.0 kJ/kg. In addition to flail mowers,
other horizontal axis mowers have been developed and tested, such as a compound helical
cutter bar [12]. Cutting of plant stems is believed to occur when the pressure caused by
the blade reaches a critical value from 9 to 30 N/mm2 for most plant materials. Cutting
results in multiple modes of tissue failure. Initial knife penetration results in localized
plastic deformation, followed by significant buckling as the knife advances. Initial plant
penetration is strongly influenced by the fineness of the blade, which is defined by the
rake angle, Increasing the oblique angle tends to change the nature of cutting from impact
to slicing [28]. Slicing cuts generally require less energy, but increase the tendency for
crop material to slide along the blade.
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Serrated blades increase friction between the blade and stem, reducing the tendency
for material to slide out of the cutting area. Friction between the cutting blade and the
underside of the blade was considered a part of the cutting energy, as in in [11].

Since cutting force was not monitored, it was not possible to distinguish these
parasitic losses from the energy required to sever the stalk.

OBJECTIVES

The aim of the present research is evaluated the performance of new and wear blades
attached in the rotary drum mower conditioner. As well as, study the effect of new and old
blades on the productivity of green fodder under local conditions.

MATERIAL AND METHODS

The current research conducted in the Sakha Research Station, Egypt during session
2018/2019. The tractor model Fiat 5560 with engine power 65 hp used to operate the drum
mower conditioner model Celmak-Mechanical. The drum mower has 165 cm width to cut
the Berseem Egyptian clover forage crops Sacha-4 at three different moisture content
65.4%, 57.3 and 46.2% (d.b.) at second cutting of Berseem (Trifolium. alexandrinum).
The different trails tests for cutting the Berseem Egyptian clover forage crops Sacha-4
(Alfa-Alfa) were operated at two different total averages operating times 7 hour and 8
hours. The total cutting area for Berseem Egyptian clover forage crops Sacha-4 (Alfa-
Alfa) to evaluate different blades was arranged between 10 feddan to 18 feddan. The wear
blades were used knives at the end of the operating cutting session and the dimension of
the new and wear blade presented as shown in figure 1.

Operating forward speed was adjusted at 4.8 km/h for all trails testes conditions by
adjusting the hand throttle control fuel paddle. The cutting height was adjusted at 8 cm
from the ground. The three hitch point in hydraulic system was operated at fixed position
to control of the cutting height at 8 cm for forage Berseem Egyptian clover forage crops
Sacha-4. The energy requirement of rotary drum mower was calculated by using equation
2 for all trail testes conditions. As well as, a tractor with trailer was used to transfer the
forage and the total production mass stem was measured after every trail of cutting alfa-
alfa by using weight balance of a trailer in Sacha research center. The total productivity
or farm capacity of machine calculated by divided the total mass production on the total
cutting area. Also, the specific fuel consumption (SFC) was estimated by using the
following equation:

SFC= fuel consumption with liter/total cutting area with fedden
ASABE Standards [3],[4] are widely used for estimating fuel consumption for
determining cost of operations. The most widely used relationship for estimating fuel
consumption in gallons per hour (gal/h) is;

Ope=a" Porp 3)
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Where as:

QAVG = average diesel consumption (gal/h),
PPTO = rated PTO power (hp),

a’'=0.044 gal/hph.

The value of the coefficient a’ was estimated to submit the average diesel
consumption with (I/h). The equation 3 used to estimate the total rated PTO power for
wear and new blades at different trial testes conditions. The fuel consumption was
measured by using the graduated cylinder and stop watch.

Wear is a process of gradual removal of a material from surfaces of solids subject to
contact and sliding. Damages of contact surfaces are results of wear. They can have
various patterns (abrasion, fatigue, ploughing, corrugation, erosion and cavitation). The
wear depth profile of a surface is a useful measure of the removed material. The wear
depth can be estimated with the aid of wear laws, [24]. Derived in this study, constitutive
equations of anisotropic wear are extensions of the Archard law of wear,

The amount of wear can be specified in terms of direct or indirect quantities. Indirect
quantities are often used in technical assessments of the lives of machinery and in practical
engineering.

Direct wear quantities specify the change in mass, geometrical dimensions or volume
of the wearing body.
The wear could be illustrated as follows:
- wear amount:
- mass loss (kg)
- linear dimensional change (m)
- volume loss (m®%)

- wear resistance = (1/wear amount), m™', m=3, and kg™! ... (4)
- wear rate= (wear amount/sliding distance or time) (m/m, m%m, kg/m, m/s, m3/s, kg/s)
Author [14]. (5)

The primary measurement from which these quantities are derived is usually mass
loss, dimensional change or volume loss, although other methods can also be used.
The two different knives wear blade and new blade were constructed and used under field
condition at the above three moisture contents. The differences between the weight of new
and old blades was in both dimensions and materials of the blades was measured. The
average weight was 50.61g for wear blades and 103.2 g for new blades. The weight loss
of blade was 52.59 g (0.0526kg). As well as, the dimensional sliding distance change and
volume loss were 0.0278 m and 0.0062 m?® respectively.
The equation 4 and 5 used to calculate the wear rate and wear resistance. The average wear
rate in rotary drum was 18.92 kg/m (0.0526 kg/0.0278 m) or 8.48 kg/m? for constructed
old blades. Also, the wear resistance rate in rotary drum was for constructed old blades
19.23 kg™ for constructed old blades.



92 Baily et al: A Study of Rotary Drum Mower Blade Wear... /Agr. Eng. (2022/3). 87-100

Table 1: The technical specification of Mechanical drum mower conditioner

Model Celmak - Mechanical drum mower 165 cm. dimension
Cutting width 1650 mm
Number of drums 2
Number of cutting blades 6
Tractor power 30 kW
Length 2 750 mm
Width 990 mm
Height 1100 mm
Weight 400 kg
Working capacity 1.5 ha/h
P.T.O 540 rpm
Skid plates 6 mm

Fig. 1. The wear blades or old blades used in Mechanical drum mower conditioner

RESULTS AND DISCUSSION

The result indicated that the wear knife or old blades in mechanical drum mower
conditioner tends to decrease the total production and productivity of Berseem Egyptian
clover forage crops Sacha-4 (Trifolium alexandrinum) as shown in table 2. As well as, the
productivity (ton / fed.) will be decrease when using the wear blade during the operation.
Figure 2 illustrated the effect of wear blade on the production of cutting Berseem Egyptian
clover forage crops Sacha-4 under three moisture contents. The average maximum
productivity of Berseem Egyptian clover forage crops Sacha-4 value was 4.96 ton/fed
compared to 2.42 ton / fed for moisture content 56.3 %. This result indicated that the old
blade or wear knife may be going to reduce the percentage of productivity as 49.9%.

The average values of Berseem Egyptian clover forage crops Sacha-4 yield were 2.63
ton/fed, 2.42 ton/fed, and 2.18 ton/fed for wear knife at 65.7 %, 57.3 % and 46.2 %
moisture content respectively.
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Also, the average values of Berseem Egyptian clover forage crops Sacha-4 yield were 4.3
ton/fed, 4.98, and 4.11 ton/fed for new blade mower drum conditioner 65.7 % , 57.3 %
and 46.2 % moisture content respectively.

Figure 3 and table 3 illustrated that the effect of wear knife or blades in drum mower
conditioner on feeding rate at different trails conditions. The wear blade tends to reduce
the feeding rate of Berseem Egyptian clover forage crops Sacha-4 during the operation as
shown in table 3. As well as, the feeding rate will be increasing when using the new blade
compared to wear blade. Figure 3 illustrated the effect of blade wear on the feeding rate
of cutting Berseem Egyptian clover forage crops Sacha-4 for three moisture content. The
average maximum value of feeding rate was 9.42 ton/h compared to 4.71 ton/h for
Berseem Egyptian clover forage crops Sacha-4 moisture content 65.7%.

The average values of feeding rate Berseem Egyptian clover forage crops Sacha-4 were
471ton/h,3.72ton/h,and 3.75 ton / h for old knife at 65.7 % , 57.3 % and 46.2 %
moisture content respectively. Also, the average values of feeding rate of cutting Berseem
Egyptian clover forage crops Sacha-4 were 9.42 ton / h, 7.45 ton/h and 7.06 ton/h for new
blade mower drum conditioner 65.7 %, 57.3 % and 46.2 % moisture content respectively.
Table 2 illustrated that the effects of wear blades in mechanical drum mower conditioner
on the fuel consumption L/fed at different trails conditions. As well as, the fuel
consumption may be it is an indicator to know the wear in blades of mower conditioner.
Figure 4 illustrated the effect of blade wear on the fuel consumption of cutting Berseem
Egyptian clover forage crops Sacha-4 for three moisture content. The average maximum
value of fuel consumption was 3.14 L/fed compared to 4.26 for both old and new blade at
moisture content 65.7 % of Berseem Egyptian clover forage crops. This result indicated
that the old blade or wear knife may be going consumed low values of fuel consumption
per L/fed. As well as, the average values of Berseem Egyptian clover forage crops Sacha-
4 were 3.14 L/fed, 2.86 L/fed and 3.2 L/fed for old knife at 65.7 %, 57.3 % and 46.2 %
moisture content respectively. Also, the average values of fuel consumption were 4.26
L/fed, 3.75 L/fed and 4.28 L/fed for new blade mower drum conditioner 65.7 %, 57.3 %
and 46.2 % moisture content respectively. The fuel consumption may be used as indicator
to change the blades in mower conditioner. Table 3 illustrated that the effects of wear
blades in mechanical drum mower conditioner on PTO power requirement at different
trails conditions. As well as, the PTO power requirement may be reduced due to increasing
of the wear blades in conditioner. Figure 4 illustrated the effect of blade wear on the PTO
power requirement of cutting Alfalfa for three moisture content. The average maximum
value of PTO power requirement was 47.67 hp compared to 28.83 hp for both new and
old blades respectively at moisture content 65.7 %. This result indicated that the old blade
or wear knife may be going to reduce the PTO power and it means that the blades most be
changing. The average values of cutting the Berseem Egyptian clover forage crops Sacha-
4 of power requirement were 28.83 hp, 24.9 hp, and 25.0 hp for old knife at 65.7 %, 57.3
% and 46.2 % moisture content respectively. Also, the average values of power
requirement for cutting Berseem Egyptian clover forage crops Sacha-4 were 47.67 hp,
39.8 hp and 38.27 hp for new blade mower drum conditioner 65.7 %, 57.3 % and 46.2 %
moisture content respectively.
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CONCLUSIONS

The result indicated that the old or wear knives tend to reduce the performance of

rotary drum mower production. The average maximum value was 4.96 ton/fed. Compared
to 2.42 ton / fed for Alfalfa moisture content 56.3 %.
The result indicated that the old blade or wear knife may be going to reduce the PTO
power. As well as, the fuel consumption may be it is an indicator to know the wear in
blades of mower conditioner. The reduction of productivity and specific fuel consumption
I/fed may be used as an indicator to change the blades in drum mower conditioner.
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Fuel consumption , L/fed.

Fig. 4: The effect of old blades used in mechanical drum mower conditioner
on the fuel consumption L /fed of cutting forage Alfalfa
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Table 2: Display the measured data for old and new knife in drum
rotary mower conditioner Model Celmak
Trails Blade MC, Oper. c;gtril] To_tal Productivity,
% time, hr  area, fad production, ton ton/fed
T1 old 65.4 7 18 36.32 2.02
T2 old 7 10 37.77 3.78
T3 old 7 12 22.32 1.86
T4 old 7 12 35.47 2.95
T1 old 57.3 8 12 32.23 2.69
T2 old 8 12 28.47 2.37
T3 old 8 12 30.24 2.52
T4 old 8 12 32.34 2.69
T5 old 8 12 28.16 2.35
T1 old 46.2 7 12 23.32 1.94
T2 old 7 12 26.04 217
T3 old 7 12 25.60 2.13
T4 old 7 12 25.24 2.10
T5 old 7 12 27.84 2.32
T6 old 7 12 26.36 2.20
T1 New 65.4 7 18 72.64 4.04
T2 New 7 16 75.53 4.72
T3 New 7 12 44.64 3.72
T4 New 7 15 70.93 4.72
T1 New 57.3 8 12 64.45 5.37
T2 New 8 12 56.93 4,74
T3 New 8 12 60.47 5.04
T4 New 8 12 64.67 5.39
T5 New 8 12 56.31 4.69
T1 New 46.2 7 12 46.64 3.89
T2 New 7 12 52.08 4.34
T3 New 7 12 51.20 4.27
T4 New 7 12 50.48 4.21
T5 New 7 12 55.68 4.64
T6 New 7 12 52.72 4.39
T7 New 7 12 39.04 3.25




Bauly i sar.: Proucavanje seciva nozeva rotacione kosacice... | Polj. Tehn. (2022/3). 87-100

Table 3: Display the effect of wear knife blades in vertical rotary disc mower to mower the

alfaalfa crop (Trifolium alexandrinum) on power requirement, fuel consumption

97

. sp fuel

Trails Blade MC, ratefetzillﬂg consumption, FLC/:H PTO

% ' L/fed Power, hp
T1 old 654 5.19 2.87 257 30.75
T2 old 5.40 2.85 1.43 31.58
T3 old 3.19 2.88 1.71 22.75
T4 old 5.07 2.85 0.71 30.27
T1 old 57.3 4.03 3.13 1.50 26.11
T2 old 3.56 3.15 1.50 24.23
T3 old 3.78 3.16 1.50 25.12
T4 old 4.04 3.12 1.50 26.17
T5 old 3.52 3.16 1.50 24.08
T1 old 46.2 3.33 3.34 1.71 23.33
T2 old 3.72 3.34 1.71 24.88
T3 old 3.66 331 1.71 24.63
T4 old 3.61 3.32 1.71 24.42
T5 old 3.98 3.32 1.71 25.91
T6 old 3.77 3.34 1.71 25.06
T1 New 654 10.38 4.28 257 51.51
T2 New 10.79 4.28 1.43 53.16
T3 New 6.38 4.28 1.71 35.51
T4 New 10.13 4.23 0.71 50.53
T1 New 57.3 8.06 4.26 1.50 42.23
T2 New 7.12 4.26 1.50 38.47
T3 New 7.56 4.26 1.50 40.24
T4 New 8.08 4.26 1.50 42.34
T5 New 7.04 4.26 1.50 38.16
T1 New 46.2 6.66 3.75 171 36.65
T2 New 7.44 3.75 1.71 39.76
T3 New 7.31 3.72 1.71 39.26
T4 New 7.21 3.75 1.71 38.85
T5 New 7.95 3.75 1.71 41.82
T6 New 7.53 3.75 1.71 40.13
T7 New 5.58 3.75 1.71 32.31
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PROUCAVANJE SECIVA NOZEVA ROTACIONE KOSACICE
I NJIHOVI EFEKTI NA PROIZVODNJU ZELENE MASE

El-Baily, M.M.!
Agricultural Engineering Research Institute, Dokki, Giza, Egypt

Apstrakt: Egipatska detelina (Trifolium alexandrinum) je glavna i najstarija gajena
zimska krmna leguminoza u Egiptu. Zauzima oko jedne tre¢ine obradivih povrsina sa
prosekom od 1,63 miliona fedana (feddan=4.200 m?), a procenjenim prinosom od oko
42,03 miliona tona zelene mase [7].

Poslednjih godina ma$ina za kondicioniranje zelene mase u Egiptu je kosalica sa
vertikalnim rotacionim bubnjevima sa noZevima, koja se uspes$no koristi za koSenje
deteline. Srednji ciljevi trenutnog istrazivanja su procenjeni na novim i istroSenim
nozevima kosacice postavljenih na vertikalne rotacione bubnjeve

Takode, proucen je uticaj novih i istro$enih rotacionih nozeva na prinos zelene sto¢ne
hrane u lokalnim uslovima.

Trenutno istraZivanje sprovedeno u istrazivackoj stanici Sakha, Egipat u toku perioda
2016/2017. Kosacica je agregatirana na traktor i obavljeno je koSenje egipatske deteline
Berseem (tip Sacha-4) sa tri razlicita sadrZaja vlage 65,4%, 57,3 i 46,2% (w.b.).
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Uradeno je drugo kosenje deteline tipa Berseem (Trifolium alexandrinum). Rezultati su
pokazali da je prose¢na maksimalna vrednost prinosa iznosila 4,96 tona u poredenju sa
2,42 tone za Alfalfa sa sadrzajem vlage od 56,3 %.

Ovaj rezultat je pokazao da staro seivo rotacionog noZa zbog istroSenosti, habanja
smanjuje produktivnost za 49,9%. Prose¢na najveca vrednost potrosnje goriva iznosila je
23,04 L/fad za koSenje deteline tipa Trifolium alexandrinum, u poredenju sa 15,4 L/fad
za egipatsku detelinu Berseem (tip Sacha-4) sa sadrzajem vlage 65,7 %.

Rezultat ukazuje da staro seéivo ili noz ima manje vrednosti potro$nje goriva u L/Fed, kao
i da staro secivo ili noz zbog habanja smanjuje dobijenu snagu izlaznog vratila PTO.
Prose¢ne vrednosti zahtevane snage traktora (KS) za kosenje deteline bile su 28,83; 24,9
i 25,0 za stari noz pri 65,7 % sadrzaju vlage, u poredenju sa 47,67; 39,8 i 38,27 za novo
seCivo i sadrzaj vlage 65.7 %, 57.3 % i 46.2 % respektivno..

Cilj ovog istraZivanja je procena performansi novih i istroenih nozeva postavljenih na

rotacione bubnjeve kosacice. Takode, prou¢avan je uticaj novih i starih noZeva na prinos
zelene sto¢ne hrane u lokalnim uslovima.

Kljuéne reci: kosacica sa bubnjem, habanje, masina za sitnjenje stocne hrane
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