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the Editorial Board may serve as scientific reviewers.

We are very pleased to inform that our journal ACTA
TECHNICA CORVINIENSIS — Bulletin of Engineering is going
to complete its ten years of publication successfully. In a very
short period it has acquired global presence and scholars
from all over the world have taken it with great enthusiasm.
We are extremely grateful and heartily acknowledge the kind
of support and encouragement from you. T
ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering ISSN: 2067-3809
seeking qualified researchers as members of the editorial )
team. Like our other journals, ACTA TECHNICA

copyright © University POLITEHNICA Timisoara,
Faculty of Engineering Hunedoara,

CORVINIENSIS - Bulletin of Engineering will serve as a great 5, Revolutiei, 331128, Hunedoara, ROMANIA
resource for researchers and students across the globe. We http://acta fih.uptro

ask you to support this initiative by joining our editorial team.
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We are extremely grateful and heartily acknowledge the kind of
support and encouragement from all contributors and all
collaborators!

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is
dedicated to publishing material of the highest engineering
interest, and to this end we have assembled a distinguished
Editorial Board and Scientific Committee of academics,
professors and researchers.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering
publishes invited review papers covering the full spectrum of
engineering. The reviews, both experimental and theoretical,
provide general background information as well as a critical
assessment on topics in a state of flux. We are primarily
interested in those contributions which bring new insights, and
papers will be selected on the basis of the importance of the
new knowledge they provide.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering
encourages the submission of comments on papers published
particularly in our journal. The journal publishes articles focused
on topics of current interest within the scope of the journal and
coordinated by invited guest editors. Interested authors are
invited to contact one of the Editors for further details.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering
accept for publication unpublished manuscripts on the
understanding that the same manuscript is not under
simultaneous consideration of other journals. Publication of a
part of the data as the abstract of conference proceedings is
exempted.

Manuscripts submitted (original articles, technical notes, brief
communications and case studies) will be subject to peer review
by the members of the Editorial Board or by qualified outside
reviewers. Only papers of high scientific quality will be accepted
for publication. Manuscripts are accepted for review only when
they report unpublished work that is not being considered for
publication elsewhere.

The evaluated paper may be recommended for:

Acceptance without any changes - in that case the

authors will be asked to send the paper electronically in the

required .doc format according to authors’ instructions;

Acceptance with minor changes - if the authors follow the

conditions imposed by referees the paper will be sent in the

required .doc format;

Acceptance with major changes - if the authors follow

completely the conditions imposed by referees the paper

will be sent in the required .doc format;

— Rejection - in that case the reasons for rejection will be
transmitted to authors along with some suggestions for
future improvements (if that will be considered necessary).

The manuscript accepted for publication will be published in the
next issue of ACTA TECHNICA CORVINIENSIS - Bulletin of
Engineering after the acceptance date.
All rights are reserved by ACTA TECHNICA CORVINIENSIS -
Bulletin of Engineering. The publication, reproduction or
dissemination of the published paper is permitted only be
written consent of one of the Managing Editors.
All the authors and the corresponding author in particular take
the responsibility to ensure that the text of the article does not
contain portions copied from any other published material
which amounts to plagiarism. We also request the authors to
familiarize themselves with the good publication ethics
principles before finalizing their manuscripts.

ISSN: 2067-3809

copyright © University POLITEHNICA Timisoara, Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA

http://acta.fih.upt.ro
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CELEBRATING 15 YEARS OF EXCELLENCE
A milestone moment for ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering!

ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering is an international and interdisciplinary journal which reports on scientific and technical
contributions and publishes invited review papers covering the full spectrum of engineering.

We are very pleased to inform that our journal ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering completed its 14 years of publication
successfully [2008—2021, Tome I=XIV]. In a very short period it has acquired global presence and scholars from all over the world have taken it with great
enthusiasm. This year, 2022, marks ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering’ 15th year in scientific publishing! Our ability to adapt has
allowed us to prosper over the years. | look forward to new challenges, new technology and to seeing what the next 15 years will bring. We look forward to the
next 15 years of service excellence!

We are extremely grateful and heartily acknowledge the kind of support and encouragement from all contributors and all collaborators! Our ongoing success
would be impossible without you! And thank you to all of our readers and partners who continue to believe in our services and people, and who have helped us
endure and thrive throughout the years.

Every year, in four online issues (fascicules T—4), ACTA TECHNICA CORVINIENSIS — Bulletin of Engineering [e—ISSN: 2067—3809] publishes a series of
reviews covering the most exciting and developing areas of engineering. Each issue contains papers reviewed by international researchers who are experts in their
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IMPORTANCE OF MATERIALS USED IN CAR BREAKING SYSTEMS — REVIEW
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Abstract; Tribological conditions of the brake components during operation have a dominant effect on brake wear. Tribological analysis is one of the most important mechanical
fields in the industry. The tribological properties of two contact surfaces of engines and machines generally depend on factors such as load, speed, temperature, slip time,
lubricant and additives. The individual friction mechanisms depend on the temperature, normal load and sliding speed, so the coefficient of friction is dependent on these
parameters. High temperature values during braking cause brake degradation, premature wear, brake fluid vaporization, bearing failure, thermal cracking and thermal vibration.
The ideal brake pads must ensure a uniform and stable friction in all working conditions, without causing brake degradation, regardless of temperature. Brake friction materials
consist of at least 10 components, required to achieve the desired braking performance, including stable coefficients of friction, reduced wear and low noise, in a wide range of

braking conditions.
Keywords: car breaking system, cast iron, ceramic breaks, brake pads

INTRODUCTION

The safety of the steering wheel depends on the braking
parameters of the car. Braking is the ability of the car to
decelerate quickly and stop completely at a minimum
distance. When braking, the kinetic energy of the car is
converted into thermal energy in the braking mechanisms
and in the contact area of the tires with the road surface.
The key braking parameters of the car are the braking force
and deceleration, however, in practice, the braking time and
distance are mostly used. The grip parameters of the car could
be changed, e.g. driving the car on various road surfaces and
equipping it with new tires with good tread, as well as varying
the weight of the car, e.q. driving it loaded or unloaded. If the
car is loaded, the axle load distribution, the center of mass
height and the area of contact of the tire with the road surface
may change. According to the physical laws, the braking
factor does not change if the load on the tire varies.
(Vinodkumar, Jairaman, Anvesh, & Viswanath, 2017;
Denimalab, Sinouac, & Nacivetb, 2019; Denimal, Sinou,
Nacivet, & Nechak, 2019))

During braking, the temperature of the interface between the
disc and the pad, and the change in speed have a significant
impact on the coefficient of friction. The coefficient of friction
decreases with increasing temperature and sliding speed.
Brake wear is an event that occurs for any vehicle equipped
with a brake braking system, when the coefficient of friction
decreases significantly with temperature

Mathematical models are frequently used which are intended
for the analysis of vehicle braking parameters. However, the
values of the deceleration and braking distance parameters
are random values in practice. (Borivoj &S., 2016)
Tribological conditions of the brake components during
operation have a dominant effect on brake wear. Tribological
analysis is one of the most important mechanical fields in the
industry. The tribological properties of two contact surfaces

of engines and machines generally depend on factors such as
load, speed, temperature, slip time, lubricant and additives.
The individual friction mechanisms depend on the
temperature, normal load and sliding speed, so the
coefficient of friction is dependent on these parameters.
Numerous studies have shown the dependence of the
coefficient of friction on temperature, braking force and
braking speed. In most of these studies, the coefficient of
friction is inversely proportional to the speed of travel, while
showing a mixed trend depending on the mass of the vehicle.
In recent decades, more and more sophisticated models have
been developed. The most common model is the static
model. An analytical wording was proposed taking into
account only the speed dependence. A very simple analytical
formulation was evaluated based on experimental tests at
steady state that correlate the dependence of pressure, speed
and temperature of friction and wear, thermal effects due to
increasing temperature of friction materials [(Borivoj & S.,
2016).

MATERIALS AND METHODS

— Gray cast iron brake disc

Gray cast iron is a widely used material for brake discs. The
advantages of using cast iron as a material for brake discs
are: easy processing, high thermal conductivity and heat
capacity, high coefficient of friction, reliability and lower
COsts.

The goal is represented by using the materials that are as
light as possible for the brake discs, so that it contributes
as little as possible to the total weight of the vehicle and,
finally, to improve fuel consumption and increase comfort
while driving.

One way to reduce the weight of the brake disc is to use
an aluminium and cast iron mounting bowl! (hub), which is
called a hybrid brake disc. These two parts can be
connected to either (Rashid, 2014)
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The brake disc, made of cast iron, cast with an aluminium
bell, or fastened by means of screws or bolts, has a friction
ring made of cast iron to take advantage of superior
abrasion resistance and good thermal properties, while
mounting the bell is made of aluminium to reduce overall
weight (Rashid, 2014).

To reduce the mass, lightweight materials with suitable
properties are required in the construction of the brake
disc. Since heat is generated at the surface of a disk due to
frictional forces, it is desired that for a given heat input, the
temperature rise of the material be minimal, ie to have the
maximum possible volumetric heat capacity (ie density X
specific heat capacity). During short braking, this is very
important as a significant amount of heat is stored (Rashid,
2014).

Other desired properties are frictional stability, corrosion
resistance and wear, lower coefficient of thermal
expansion.

Aluminium metal matrix composites are an alternative to
braking. They offer good wear and corrosion resistance and a
comparatively lower mass with cast iron. They also have
higher thermal conductivity and diffusivity. A disadvantage is
the higher coefficient of thermal expansion compared to cast
iron. Another major disadvantage is the limited temperature
resistance and therefore did not gain widespread acceptance
(Rashid, 2014).

As seen above, the two main functions of a brake disc are
transmitting a considerable mechanical force and dissipating
the heat produced in operation. The working temperature for
breaking systems, depending on the mass and the number of
bursts, can be placed between room temperature and, in
some cases, up to 7000 C (Maluf, et al,, 2004).

The disc is also exposed to the action of a cyclic mechanical
load applied by the pads during a break, which contributes to
component wear. Therefore, under real working conditions,
the disk is exposed to a thermal fatigue load condition instead
of thermal load (Maluf, et al., 2004).

Theoretically, several materials could meet the requirements | =

for good performance. However, due to better metallurgical
stability, lower costs and light production, cast iron is the
most widely used.

Other types of materials are used for high performance
braking conditions, in which the disc is subjected to very high
temperatures. For example, carbon matrix composites are
used to produce brake discs for racing cars and aircraft, but
also for high-tech cars. They have excellent heat
performance, but the manufacturing cost is relatively higher.
Another example is the titanium cast iron brake disc, which
increases the strength of the components but reduces the
coefficient of friction, which can be a major problem when
there is a short braking distance. (Maluf, et al., 2004).
Aluminium alloys containing silicon carbide can also be used
because they have a low density. However, despite their
lower weight, these alloys do not dissipate heat, like cast iron.
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Cast iron alloys are considered cheap by the manufacture of
car brake discs. For the production of several types of cast
iron, the molten metal is usually composed of low iron ore,
scrap iron and alloys such as iron-silicon, iron—-manganese,
iron—chromium, nickel and others. All the elements in the
alloy tend to increase the mechanical strength, and the most
effective are vanadium, molybdenum and chromium. For
example, the most commonly used alloys for the production
of General Motors brake discs in Brazil are cast iron, with or
without other chemical elements, as shown in Table 1 (Maluf,
etal, 2004).
Table 1. Chemical composition (% by mass) of cast iron used
by General Motors Brazil (Maluf, et al., 2004).
Metal Alloy

Element

e 3.0 3.0 360 370
360 360 380 390
1.90 190 1.80 175
e
o 240 240 220 1.95
060 060 060 050
0,
YoM 0.90 0.90 0.80 0.80
op Max Max Max Max
020 010 0.12 0.13
%S Max Max Max Max
0.20 0.10 0.12 0.13
0.25 0.10 Max
0, _
Har 0.40 0.5 0.20
040 030 Max
0, _
Yobo 050 060 0.10
0.30 Max
0, _ _
0y 045 0.40

— Ceramic brake disc

Ceramic matrix (CMC) compositions, based on carbon fibers
and carbon-silicon matrix are another choice for brake discs,
due to their superior tribological properties compared to cast
iron. Their key features are:

low density

high thermal expansion coefficient compared to cast iron
= constant coefficients of friction and high stability

A disadvantage of CMCs is their smaller volumetric heat
capacity, which is offset by larger diameter discs. They are
used in high performance cars, but their prices are currently
very high compared to cast iron discs. They are connected to
the wheel by the mounting bowl. (Rashid, 2014)

Ceramic brakes offer excellent braking performance, wear
well over time and are very light. They are made of ceramic
fibers, fillers, gluing agents and may even contain small
amounts of copper fibers inside them. Due to the ceramic
properties, these brake parts dissipate heat well, which
maintains strong performance, even after hard, repeated
stops. They also produce less dust than other types of brakes,
and the dust they produce has a smaller mass and does not
stick to the wheels. However, they are very expensive, so
ceramic brakes are not for every type of vehicle. Formula 1
sports cars can benefit from ceramic brakes. Almost all other




vehicles perform excellently with other brake pad materials
(Rancso, 2015)
A special feature of the carbon—ceramic brake discs is the
ceramic composite material from which they are made. The
carbon-ceramic brake disc body and the friction layers
applied on each side are made of silicon carbide reinforced
with carbon fiber. Silicon carbides (SiC) and elemental silicon
(Si) are the main components of the matrix (Rancsé, 2015).
The reinforcement of the material is provided by carbon fibers
(Q). Silicon carbide, the main component of the matrix,
provides high hardness for the composite material. Carbon
fibers provide high mechanical strength and provide the
fracture strength required in technical applications.
The quasi-ductile properties resulting from the ceramic
composite material ensure its resistance to high thermal and
mechanical load. Carbon fiber-reinforced silicon carbide
materials, therefore combine the useful properties of carbon
fiber reinforced carbon (C / C) and polycrystalline silicon
carbide ceramics.
The elongation at break of C/ SiC materials is between 0.1 and
0.3%. The characteristic profile of the fiber-reinforced silicon
carbide makes it a material of choice for high-performance
braking systems.
The low weight, hardness, stable characteristics, as well as the
high pressure and temperature, not to mention the thermal
shock resistance and quasi-ductility properties, offer a long
life of the brake disk and avoid all problems resulting from
loading, which are typical of classic cast iron brake discs.

Table 2. Differences between cast iron disc and ceramic disk (Rancso, 2015)

(arbon—ceramic brake | Gray cast iron brake

discs (C/SiC) discs
Density (g cm™) 245 7.25
Tensile strength 20-40 200-250
Modulus of elasticity
(VP2) 30 90-110
Bending strength (MPa) 50-80 150-250
Elongation at break (%) 03 03-08
Thermal shock resistance
(second thermal >27.000 <5.400
coefficient K') (Wm™")
Thermal stability (*C) \ 1350 Aprox. 700
Maximum operating
temperature (°C) 00 700
Linear coefficient of
thermal expansion (K™') 26-30 2
Thermal coﬁr:dgct\thy (W 10 54
m-K™)
Specific heat capacity (c,)
(kg K 08 05

Table 2 shows the characteristic properties and differences
between carbon-carbon ceramic discs and cast iron discs
(Rancso, 2015)

— Brake pad materials

The modern brake pad has a history of the last 100 years.
Herbert Frood was the first to invent brake pad materials in
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1897. This pad had a cotton—based material, which was used
for wagon wheels as well as early cars and was watered with
bitumen solution (Abutu, 2018)

Bertha Benz, Carl Benz's wife, was the first to invent automatic
friction pads. This invention appeared during his first long-
distance car journey in 1888.

In the 1950s, metal pads that were glued to the resin were
introduced, and in the 1960s semi—-metals containing a larger
amount of metal additives were developed.

The material of the brake pad is a heterogeneous substance
composed of various elements. Each component has its own
functions, which include improving the friction properties at
low and high temperatures, reducing noise, prolonging life,
increasing strength and stiffness, and reducing porosity
(Abutu, 2018)

Changes in the mass percentage or types of elements in the
composition can lead to changes in the chemical, mechanical
and physical properties of the friction materials developed.
Early researchers concluded that there is no simple
correlation between wear and friction properties of friction
materials with mechanical and physical properties. As a result,
each new formulation developed must be subjected to
several tests to assess its wear and friction properties, using
the road braking performance test, as well as an abrasion
testing mechanism, to ensure that the developed material of
the friction plate meets the minimum requirements for use.
Figureure 1 shows the construction of the brake pads

Figure T— Brake pad construction (Stefan—lonescu, 2019)
1—friction material; 2—thermal material; 3—adhesive layer; 4—metal plate; 5—shock
absorber
From a functional and safety point of view, the following
friction material requirements are required:
= High coefficient of friction
= Stable coefficient of friction regardless of temperature,
speed, pressure, humidity, wear, corrosion and water spray
Low wear rate of the friction material and long service life
Low disc wear rate
= Smooth braking without noise and vibration
Regeneration of original properties after severe braking
and aging
Ecological raw materials
Reduced cost
These are essential requirements in the selection of material.
To meet so many requirements, friction materials are made of
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several compounds and are therefore called compounds.
There can be up to 25 different materials (Rashid, 2014).
Materials are usually classified into the following four
categories:
Binders
A binder "binds" different component materials of a friction
material. Phenolic thermoregulatory resins are usually used as
binders, with the addition of rubber for enhanced properties.
The resin strongly affects the wear resistance of the friction
material (Rashid, 2014)
= Reinforcing fibers
Reinforcing fibers ensure mechanical strength. Asbestos
fibers have been widely used as a reinforcing material, but
have been replaced by other materials for environmental
reasons. Other materials used as reinforcing fibers are copper,
aramid fiber, ceramic and various metals, for example copper,
steel, iron, brass, bronze and aluminium. The fibers are
arranged in the tangential or radial direction of the plate, and
not in the axial direction. This is to keep the heat away from
the metal fixing plate, as the fibers, especially the metal ones,
usually have a high thermal conductivity. If the pad overheats
in the axial direction, it may eventually reach the brake fluid
and may cause the brake to lose its efficiency (Rashid, 2014)
The following table (Table 3) shows the classification of
friction materials

Table 3. Classification of friction materials (Rashid, 2014)

Type of friction material \ Metal content Metal Type
Semi—metal >4( Steel
Low steel content, low
<15 Steel and no—steel
metal content
N [ conten
o steel content, <15 No—stec]
Low metal content
Metallic European 15-40 Steel and no—steel

RESULTS

— Breaking pads wear

In addition to normal wear and tear caused by long—term use
of the pads, there are a number of factors that can lead to
wear and tear of the brake pads, such as: thermal
deformation, frictional detachment, defective assembly,
manufacturing defects, damage related to use, damage
caused by environmental influences.

[J Thermal deformation of the plate

The overall thermal deformation of the plate called the
convex bend results in a reduced contact surface in the
middle of the plate, as shown in Figure 2. The generation of
frictional heat at the interface between the disc and the plate
resultsin a higher plate temperature. Surface, in a short period
of time, in the inner region of the support plate. As a result,
the surface expands more than the inner region of the plate
and the support plate, leading to a convex bend. (Rashid,
2014)
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Figure 1— Thermal deformation of brake pads (Rashid, 2014)

[l Detachment of the friction material from the fixing

plate
+ Detachment of friction material caused by corrosion
This phenomenon has as causes:
Use of pads on extremely worn brake discs.
Inadequate compression  spring  force
displacement).
Mechanical overloads
High and constant thermal stress on the disc brake pads.
The friction material became porous (in whole or in
points).
Friction material is loose due to corrosion.
The mounting plate shows obvious signs of corrosion.
Adhesive residues
The substrate and friction material are visible on the
mounting plate (TEXTAR, n.d.).
An example with a plate showing such defects can be found
in Figure 2

(off-centre

Figure 2. — Corrosion damage (TEXTAR, n.d.)
% Detachment of friction material caused by thermal
decomposition

This phenomenon occurs when the maximum allowable
temperature has been exceeded at the level of the plates, for
more than 15-20 minutes. Thus, the compounds that
contribute to the stability of the material were destroyed. As
a result, the friction material of the brake pad decomposes,
may crack, the substrate and the adhesive are damaged
(TEXTAR, n.d.). The friction material becomes solid, showing a
reddish—brown colour (Figure 3)

Figure 3 — Thermally damaged friction material (TEXTAR, n.d.)
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% Detachment of friction material caused by mechanical |[] Damage related to use
influences These can be caused by:

These occur when the brake pads are tilted or the mounting = Worn or non-compliant brake disc

has been made incorrectly in an inclined position. Another|= Rrake defective or contaminated

cause may be a deformity caused by the "shaking" of the|= |nsufficient brake load

calliper. As a result, the friction material can come off the Assembly defect (Figure 4) / Manufacturing defect

metal plate. Thus, ex.fo||at|on. oc.curs (TEXTAR, n.d). An Destruction of frictional material caused by mechanical or
example of such a faultis found in Figure 4. Table 4 shows the | ,ormal overload at some ooints on the surface

causes, effects and detachments of the friction material.

Figure 4 — Brake pad deformations caused by mechanical influences (TEXTAR, n.d.)

Table 4. Causes, effects and characteristics
of friction material detachment (TEXTAR, n.d.)

Detachment
caused by

Characteristics

Improper spacing of the pads caused by a defective brake.
Use of new brake pads on worn or scratched brake disc
(TEXTAR, n.d)

1. Damage to the
edges due to extreme The friction The mounting plate
wear of the brake material became shows obvious
_ disc; inadequate | porous (inwhole | signs of corrosion; Figure 5 — Damage caused by manufacturing defects (TEXTAR, n.d.)
2 | Compressionspring | orinparts), the | adhesiveresidue, | |7} Damage caused by environmental influences
E (off—center detachmentofthe | the substrate and These can be caused by the following factors:
displacement) friction material as | the friction material | | = Inadequate contact structure, no cleaning of the brake
2. Constant high a resul.t of are yi;ible onthe after thermal loading.
thermal stress on corrosion fixing plate = Often the operating temperature is not reached; no self-
plate _ cleaning takes place
= _ Thg ficton Fine fixing plateor | [= Contamination of the friction surface, i.e. by corrosion, due
% o erong adhesive. mater!alhqs come substrate and to dirt, paint or salt.
% B mproperly oﬁ.smce twas adhesive only = Using the scratched brake disc.
5 distributed substrate. | subjected to low e ) ) . )
= siress partially visible = Penetr.anon . of foreign objects, such as dirt, salt or
Disc brake pads have The friction The coating corrosion. (F|gur§ 6 ) . ) ) L
g exceeded the material exfolates, the fiing | | = Inadeguate distribution of friction particles in the friction
%3 gj maximum allowable decomposes, plate is colored blue material. ) )
Z B | temperatureformore | breaksincertain | in some places, the | |= Transfer of material from the brake disc to the brake pad
§ S | than15-20minutes; | placesand /orthe | friction material has due to, for example, different load, climate and / or
g % During this period, substrate and solidified, has a material incompatibility (TEXTAR, n.d)
% 5 | components that adhesive are hard ring, reddish—
= contribute damaged, the | brown coloration of
£ é significantly to plates show the friction
£ stability were complete material, white ash
destroyed. detachment in some places
Disc brake pads are
=S S | Foreample,the disc Friction material new; separatiop . . .
LE" g brake pa d’s have come§ off the above the adheyve Figure 6 — Penetration of metal chips on the plate surface (TEXTAR, n.d.)
= b5 iled mou.nt!ng plate, | /substrate. Visible | |CONCLUSIONS
exfoliation occurs damage to the Further studies with different braking systems are needed to
mounting plate. fully validate the model and other friction materials can be
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tested to generate a database with maps for friction centres
(Gabriele RIVA, 2020).

Friction materials are a vital part of car and vehicle brakes.
System designers need to understand the characteristics of
the friction and wear behaviour and the causes of the
variation of their properties (Dante, 2016).

Specifications for commercially available friction materials
include  mechanical properties, friction and wear
characteristics, and an indication of the effects of temperature
and recommended operating conditions. The coefficient of
friction of these materials depends on their composition, and
vehicle manufacturers can select friction materials that meet
their requirements; for example, for cars they can use friction
materials with a nominal value of the coefficient of friction in
the range 0.38 <m <0.45, while commercial vehicles often
emphasize durability above m high and use a lower nominal
range of the coefficient friction, e.g. 0.35 <m <0.40. They are a
starting point for the design of the braking system (Dante,
2016).

A friction torque practically complies with Amontons' friction
laws, but when the braking load increases and the
temperatures generated at the friction interface increase
significantly, the coefficient of friction will change. Most
changes in the coefficient of friction are related to
temperature. How much it changes depends on the
specification of the friction material. The coefficient of friction
of any friction material can only be accurately assessed by
testing (Dante, 2016).

Note: This paper was presented at ISB—INMA TEH' 2021 — International Symposium,
organized by University "POLITEHNICA” of Bucuresti, Faculty of Biotechnical Systems
Engineering, National Institute for Research-Development of Machines and
Installations designed for Agriculture and Food Industry (INMA Bucuresti), National
Research & Development Institute for Food Bioresources (IBA Bucuresti), University of
Agronomic Sciences and Veterinary Medicine of Bucuresti (JASVMB), Research-
Development Institute for Plant Protection — (ICDPP Bucuresti), Research and
Development Institute for Processing and Marketing of the Horticultural Products
(HORTING), Hydraulics and Pneumatics Research Institute (INOE 2000 IHP) and
Romanian Agricultural Mechanical Engineers Society (SIMAR), in Bucuresti, ROMANIA,
in 29 October, 2021
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Abstract: Proficiency testing (PT) and inter—laboratory comparison schemes (ILC) provide laboratories with a useful tool for increasing their testing and calibration standards.
These two interlaboratory testing practices are often neglected since they are regarded just as a requirement to fulfill and not an approach for continuous development.
Proficiency testing provides for an independent assessment of laboratory findings, in comparison to reference values or the performance of other laboratories. A positive
evaluation is a confirmation of the laboratory ability to show high technical competence and provide credibility in the accuracy, reliability, and security of the test data it delivers.
This paper aims to analyze Inter—laboratory testing practices, focusing on their benefits and their implementation process.

Keywords: proficiency testing, laboratory performance, quality control tools

INTRODUCTION

Analytical data is used today to make economic, legal, or
environmental management choices, therefore the results of
analytical determinations are considered highly significant.
It's critical that these metrics to be precise, reliable, cost-
effective, and reasonable. Experimental laboratories play an
essential role, since they are involved in the generation of
scientific information, which in many situations leads to
critical decisions or other broader evaluations. It is
fundamental to assure the quality of the data supplied from
each laboratory since scientific findings must be based on
reliable and internationally comparable data (Voiculescu et al,,
2013).

The need for a high level of confidence in laboratory
performance is critical not only for laboratory practices and
for their customers, but also for other interested parties such
as regulators, laboratory accreditation bodies, and other
organizations. As a result, proficiency testing is becoming
increasingly important. In the domain of quality assurance of
laboratory results, proficiency testing is an essential
technique to achieve the legal performance standards (Boley,
2000).

Proficiency testing (PT) is a method for measuring the
correctness of analytical data provided by laboratories for
specific measures on a regular basis. It is the laboratories
responsibility to select the most appropriate scheme and to
check and evaluate the quality of the PT provider. The time
and effort required can be costly, especially for laboratories
performing many different tests, so selecting the most
appropriate PT scheme is very important.

Laboratory analysis are performed for a variety of purposes,
but most commonly used reason is to ensure that a product
has been made in accordance with standards and regulations
and it is safe to be distributed to the market. It is therefore
critical that the analysis results to be trusted in terms of both
accuracy and repeatability.

Using effective Quality Control Tools to monitor the
classification of the data regarding foods can aid prevent
acceptable products from being destroyed and non-

conforming product from being distributed on the market.
Quality Control tools that can be implemented in the
laboratory practices should contain an external reference
point over which the lab has no direct control. External quality
controls may include proficiency testing (PT) and reference
materials (RM) supplied from an external and independent
quality source. The level of performance of laboratory
measurements must be monitored as part of the national and
international regulations for the competence of testing and
calibration laboratories and accreditation process.

In order to remove the trading barriers worldwide it is
necessary to establish foundations for free commerce
throughout the world.

Therefore, agreements promoting the growth of mutual
acceptance of international conformity assessment systems
must be implemented. These agreements are based on
mutual trust and are the result of a long-term collaborative
partnership. They consist of three major elements:
harmonization of accreditation criteria and operating
procedures, a comprehensive program of inter-laboratory
comparisons, and assessments by international team of
accredited experts (Basic et al, 2010). The most important
elements that must be defined in the case of establishing
such procedures are: the concepts for designing a laboratory
calibration system, the calibration processes and operating
instructions required, the choice of traceable values to be
calibrated, the calibration precision to be used, and the
calibration intervals to be determined (Koch et al., 2001).
MATERIALS AND METHODS

Inter-laboratory investigations are useful for a variety of
reasons in terms of determining measurement quality. They
enable the validation of measuring techniques, the
assessment of individual laboratories' competency, the
estimation of measurement uncertainty, and the certification
of reference materials in a wide range of application sectors.
Inter—laboratory ~ comparisons  (ILCs)  also  known
Measurement comparisons, are the most common method
of determining the compatibility of testing across various
laboratories or measurement systems. As a result, they serve
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as a tool for determining the alignment with national and
international standards. These techniques clarify important
elements in the operation of laboratories such as the
measurement traceability when transferring the information
from National laboratories to secondary laboratories, the
effectiveness of their accreditation processes (when
accrediting laboratories for new types of analyzes), and the
operators competence and equipment (Galliana et al., 2019).
RESULTS

Inter-laboratory tests have the benefit of allowing
measurements previously only possible with the technology
and competence of a national extremely sophisticated
laboratory to be regularly expected in private industrial
laboratories. Inter-laboratory studies have been employed as
an independent quality control by the laboratory community
for many years.

Many of chemical measurements are taken to inform both
consumers and decision makers about food safety, health,
and environmental protection. The global market, requires
precise and trustworthy actions in order to reduce
technological trade obstacles. Reliable laboratory analysis
depends to a large extent on several elements such as:
qualified personnel approved and validated procedures,
extensive quality systems, and traceability to appropriate
measurement standards. In addition the increasing in the use
of standards and standardized methods, as well as laboratory
accreditation, demonstrates that the minimum quality
requirements are ensured. At the regional and international
levels, using comparability between is a useful technique that
helps improving the measurement standards.

— Proficiency testing

Inter-laboratory studies, or collaborative studies, are more
elaborated studies where several laboratories analyses the
same material with a specific purpose.

There are three basic categories that may be recognized
depending on the study's focus (Hogan, 2019; ISO 5725-
2:2019):

= Collaborative trials or method—performance studies
evaluate a method's performance characteristics. These
are known as accuracy experiments, and they take into
account the precision and correctness evaluations from
the inter—laboratory testing. Precision experiments for the
evaluation of repeatability and reproducibility are
described in the ISO 5725-2 guideline. The second
component of accuracy is trueness, which quantifies the
measurement method bias in an inter-laboratory
environment.

Laboratory—performance (proficiency studies) orient
towards the laboratory with the goal of determining the
laboratory's level of proficiency. Test samples that are
known or have been allocated, are assessed by a group of
laboratories in certain investigations, also known as round
robin studies. The laboratories utilize the approach that is
currently in use.
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Material—certification studies have the goal of providing
(certified) reference materials. A  consortium  of
laboratories analyzes a sample, preferably using multiple
methods, to estimate the most likely concentration of a
certain substance with the least amount of uncertainty.
Proficiency testing is a technique used for inter-laboratory
evaluation that verifies laboratory testing performance.
Participation in proficiency testing schemes and programs
offers laboratories the possibility of evaluating and
demonstrating the reliability of the results they provide.
In addition, these requirements are mandatory for all certified
and applicant (for accreditation) laboratories. They have to
successfully complete a proficiency testing program in their
specific area of testing. Inter-laboratory comparisons are
frequently utilized for a variety of applications and are
becoming more popular across the world.
A Proficiency Testing (PT) scheme is a technique for
objectively reviewing laboratory findings by external means,
which involves comparing a laboratory results with those of
other laboratories, at regular time intervals. This is
accomplished by providing homogenous test samples to
participating laboratories on a regular basis for data analysis
and reporting. A Proficiency Testing scheme has the main
goal is to assist the participating laboratory in assessing the
correctness of its test results.
The material under testing, the testing method that is being
used, and the number of testing laboratories participating to
the Proficiency Testing all influence the testing
methodologies. These methodologies must all have the
ability to compare the results produced by one testing
laboratory with those provided by other testing laboratories.
One of the participating laboratories may responsible for
supervising and coordinating certain programs.
— Benefits Inter-Laboratory Comparisons/Proficiency
Testing (ILC/PT)
As earlier discussed inter—laboratory comparisons (ILC) need
two or more laboratories to organize, conduct, and evaluate
tests on the same or comparable samples under pre-
determined conditions, while Proficiency testing (PT) is a
method of evaluating participant performance by comparing
results from different laboratories. Participation in PT activities
provides laboratories with several benefits in addition to
achieving ISO/IEC standards.
Besides the accreditation requirements, different parties, such
as regulators, direct customers, indirect customers, and
professional bodies, have a strong interest in the laboratory
Proficiency Testing. In addition, external stakeholders, as well
as laboratory employees and management, gain trust as a
result of successful involvement in ILC/PT operations.

Achievement of proficiency testing provides an external
assessment of the laboratory testing or measuring skills,
which complements the laboratory's internal quality control
operations. When a laboratory agrees to have its testing or
measurement performance reviewed using PT, it gives
interested parties more credibility and respect.



Another important advantage is that laboratories can
compare their performance to that of other participating
facilities using Inter—Laboratory Comparisons and Proficiency
Testing data. Furthermore, ILC / PT may be used to compare
analytical data gathered using various methodologies,
contributing to the quality of services in the long-term. The
laboratory may compare new methods to current procedures
or conduct a trial run of a new or irreqularly executed process
in the laboratory. ILC / PT findings can also help validate a
method by proving its precision and accuracy and giving
useful information for estimating measurement uncertainty.
LCand PT efforts can be employed to demonstrate laboratory
advanced capabilities, validating competent technique
performance, or to compare operator capabilities, supplying
operator repeatability data, for the measurement of
uncertainty estimations. Confirming competent performance
offers confidence to laboratory management with assurance
that the laboratory's performance is adequate, or notifies the
management to possible difficulties in certain areas of the
laboratory.

Participation in ILC and PT offers management with external
monitoring of the management system's continued
effectiveness in regard to key tests or metrics. The review and
analysis of proficiency testing results might also result in
additional people education, training, and competence
monitoring. Participation in specific ILC and PT may also be
utilized to assign the certified value and to assess the
uncertainty of this value for certified reference materials. A
well-designed PT strategy helps guarantee that the
laboratory gets the most out of PT involvement and the data
provided by PT activities.

When novel measurement technologies are developed, that
are based on new concepts with application in the field of
environmental protection or agriculture, it is needed a testing
methodology performed with the proper equipment in
several conditions and for several laboratories. There is a need | =
for research organizations to adopt quality management
system in research testing laboratories as an asset, to improve
not also the management, but also the technical and
scientific competence (Nenciu et al,, 2021; Mircea et al 2020).
If a laboratory is required to participate in an inter-laboratory
comparison of a calibration "type" that covers a wide range of
instruments / quantities there should be a four-year plan that
addresses a different calibration each time (Softic et al,, 2012).
Only in the event that a calibration service from a certified
laboratory is unavailable, services provided by an external
calibration laboratory without certification are permitted.
When no accredited calibration laboratory services are
available for highly specialized test equipment, the

equipment may be calibrated by the manufacturer as long as
the used calibration standards are traceable to national or
international units of measurement, the traceability chain is
recognized, and an estimate of measurement uncertainty is
included on the calibration certificate (Walczak-Zlotkowska
etal, 2016; Nenciu et al,, 2014).
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For quality testing, measuring equipment accuracy and
constraints/tolerances and traceability are critical matters.
Measurement traceability refers to the value of measurement
findings or the value of a standard in relation to existing
references, which is maintained by an unbroken chain of
comparison of all these uncertainties. Traceability exists only
when properly scientific records indicate that the
measurement is continuous and validated by findings, for
which entire measurement uncertainty has been determined
(Zaimovic—Uzunovic, 1999). The rank of the operations carried
on the apparatus, as well as the variable metrological
parameters and rankings for the laboratory to which the
traceability requirement applies, must be specified during the
procedure. Because all measurements are time—dependent,
traceability identifies the measurement method and related
measurement uncertainties for the present measurement
result, which must be preserved in the traceability
documentation. Because measurement uncertainty is the
core of creating traceability, it is very important for building
methodologies for assessing measurement uncertainty
under various measurement settings (Ehrlich, 1998).
There is widespread agreement on the significance and
benefit of testing laboratories implementing a Quality
Management System (QMS) to support their work, whether it
is industrial or research—based. Due to the unique nature of
their work, laboratories involved in R&D testing have unique
challenges in implementing a QOMS. Researchers and
professionals have long debated whether or not a Quality
Management System (QMS) should be implemented in
research testing facilities (Martinez—Perales et. al,, 2021; Lemes
etal, 2012).
— Elements to be followed by the parties participating to
the tests
There are a few key principles that all of the parties involved
must follow (Boley, 2000):
The Proficiency testing scheme in which a laboratory
participates should resemble as closely as possible the
laboratory’s routine work in terms of test samples,
substances and levels; any variations should be noted and
accounted for;
Performance in a PT scheme should be placed in the
correct context and in the proper perspective;
Wherever feasible, the performance of a laboratory across
numerous rounds of a PT scheme should be examined.
The documentation and statistical protocol should always
be read, in order to better understand how the scheme
operates
If needed, should communicate with the scheme
coordinator to get a better understanding of the scheme
and how it works.
CONCLUSIONS
The correct use and interpretation of Proficiency testing (PT)
scheme results is complex and requires the evaluation of a
large amount of data. As a result developing a good
understanding of proficiency testing, in order to use the
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information in a more sophisticated and suitable manner is
sometimes difficult for laboratory operators, particularly for
those with a relatively limited technical background. It is
therefore essential that interpretation of proficiency testing
scheme to be carried out and interpreted in an appropriate
manner. This is important not only for laboratory personnel
and management, but also for the entities who use their
results, including accreditation bodies, public institutions,
partners and the laboratory customers.
As part of an overall quality plan, a frequent independent
examination of a laboratory technical performance is
advised as an important way of verifying the validity of
analytical measurements. Independent proficiency testing
(PT) programs are a typical way to this evaluation. A PT
scheme is a technique for objectively reviewing laboratory
findings by external sources, which includes comparing a
laboratory's results with those of other laboratories at
regular intervals.
However, as a quality assurance technique for laboratories,
proficiency testing is becoming increasingly important. The
performance of laboratories evaluated in Proficiency Testing
systems is increasingly being applied as a measure of
laboratory competence and quality, especially by
accreditation agencies. It is critical for laboratories to have
detailed knowledge of the scope, range and availability of
proficiency testing programs in the regions they operate. As
a result, they will be capable of making appropriate
decisions about the scheme where they should participate,
in order to obtain the best results. As a result, laboratories
must establish a solid understanding of proficiency testing,
including what the goal are and how the evidence from
proficiency testing schemes must be reviewed and used.
This is essential not just for scientific employees and
management, but also for those who employ the
laboratory's results, such as accreditation authorities and
customers.
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Abstract; Medicinal plants are gaining much interest recently because their use in ethno—medicine treating in common disease such as cold, fever and other medicinal claims
are now supported with sound scientific evidences. A wide range of technologies is available for the extraction of active components and essential oils from medicinal and
aromatic plants. The choice depends on the economic feasibility and suitability of the process to each particular situation. Bioactive compounds from medicinal plants were
synthesized using effective extraction methods which have important roles in the pharmaceutical product development. In this paper will be presented some methods of

extraction of active principles from medicinal and aromatic plants.

Keywords: medicinal plants, active components, bioactive compounds, extraction methods

INTRODUCTION

Plants were once considered as a daily food. Now, plants are
popular used as a common source in medicinal agents, food
additives, cosmeceuticals and nutraceuticals. Although, the
medicinal properties of plants have gained attention, many
research studies are still conducted to discover their values
because the utilisation of synthetic drugs to heal or control
most chronic diseases have caused several long—term effects.
There is rising approach regarding the application of herbal
medicinal plants in treating diseases with minimal or no
aftereffects. Therefore, the extraction of bioactive
compounds from herbal medicinal plants offers great
potentials for new drug discoveries (Nur Amanina Abd Aziz et
al., 2021).

These therapeutically useful medicinal compounds in plants
are extracted or separated by using selective solvents
through a standard procedure. Generally, the extraction
techniques can be divided into two categories, namely
classical technique and modern technique. The former
technique faces several limitations, such as the use of excess
solvents, time—consuming and a long heating time which
could risk the degradation of bioactive compounds. In most
cases, extraction by using these solvents was hazardous and
toxic to human health and the environment.

Organic solvents release greenhouse gases into the
environment, threatening humans, agriculture and
microorganisms. Moreover, the usage of excess solvent
produces a large amount of waste by—products. Contrary to
the hazardous classical techniques, environmentally friendly
extraction approaches like ‘green solvents’, ‘green processing’
and ‘green product’ are favoured.

Green extraction methods should be applied to encourage
efficient and safe extraction method. Green extraction
methods reduce energy consumption which allow the use of
alternative solvents and renewable natural sources to
produce a safe and high—quality product. Therefore, these

modern extraction techniques are considered as green
processing. These techniques reduce the usage of organic
solvents, minimise bioactive compounds degradation in the
sample and improve extraction efficiency (Nur Amanina Abd
Aziz et al,, 2021; Antigoni Oreopoulou et al., 2019).

The increased population led to a higher utilization of these
plants, so their residues are proportional, with a huge amount
of biomass generated as by—products, representing a
growing market in the natural-based products. The general
use of MAPs all over the world is not homogenic, due to
different factors:

in developed countries, even if the demand for natural
treatments is high, profits of the growers and producers
remain low because of the existing intermediaries which
increase the price, as well as the lack of organization and
networking by the poor collectors of medicinal plants
from the wild;

rigorous regulations and documentations requirements;
and

in less developed countries, there are poor traceability
mechanisms from plant to population (Pruteanu A et al,
2014).

In addition to traditional medical applications of medicinal
and aromatic plants, there is the possibility of using them in
cosmetic products, feed or food additives and preservatives,
or as a viable tool for biotechnological applications, such as
the enhancement of secondary metabolites by genetic
engineering (Radu Claudiu Fierascu et al., 2021).

Extraction, as the term is used pharmaceutically, involves the
separation of medicinally active portions of plant or animal
tissues from the inactive or inert components by using
selective solvents in standard extraction procedures. The
products so obtained from plants are relatively impure
liquids, semisolids or powders intended only for oral or
external use. These include classes of preparations known as
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decoctions, infusions, fluid extracts, tinctures, pilular
(semisolid)  extracts and powdered extracts. Such
preparations popularly have been called galenicals, named
after Galen, the second century Greek physician.

Medicinal and aromatic
plants (MAPs)

" Purified
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Figure 1. Some of the potential applications of medicinal

and aromatic plants (Radu Claudiu Fierascu et al., 2021)
The purposes of standardized extraction procedures for crude
drugs are to attain the therapeutically desired portion and to
eliminate the inert material by treatment with a selective
solvent known as menstruum. The extract thus obtained may
be ready for use as a medicinal agent in the form of tinctures
and fluid extracts, it may be further processed to be
incorporated in any dosage form such as tablets or capsules,
or it may be fractionated to isolate individual chemical
entities such as ajmalicine, hyoscine and vincristine, which are
modem drugs. Thus, standardization of extraction procedures
contributes signifi cantly to the final quality of the herbal drug
(S.S.Handa et al,, 2008; Romulus Gruia, 2015).
An overview of the results recorded in recent years in the field
of medicinal and aromatic plants and the analysis of statistical
data show a clear increase in the interest of consumers and
businesses to the green pharmacy.
The activity of production and marketing of medicinal plants
grown from spontaneous flora has become a large economic
activity, being a source of income for producers, traders, but
also for various processors.
In Romania, the general framework for the production,
processing and organization of the market for medicinal and
aromatic plants, the relations between producers, processors
and traders is established by the Law on Medicinal and
Aromatic Plants (Law 491/2003), and Order 244/2005
regulates the processing, processing and the marketing of
medicinal and aromatic plants used as such, partially
processed or processed in the form of pre-dosed food
supplements.
In the production of medicinal and aromatic plants the
quality of the products is given by the content in active
principles. The amount of active principles in the plant is
conditioned by ecological factors, the zoning of the species,
the cultivation technology, the biological value of the cultivar
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(population, variety, hybrid, etc) and last but not least, the
processing (processing) (Romulus Gruia, 2015; Tuia Steluta,
2021).
MATERIALS AND METHODS
Plant extracts are fluid soft or dry pharmaceutical /
phytopharmaceutical preparations obtained by extracting
plant products with different solvents. In recent vyears,
emphasis has been placed on the pharmaceutical and
therapeutic revaluation of herbal preparations through a
good knowledge of the physico-chemical and therapeutic
properties of the active principles in medicinal plants and by
the development of extraction techniques and quality
control means.
Extracts obtained from medicinal plants can be classified
according to several criteria, as can be seen in the table below
(Tuia Steluta, 2021).

Table 1. Extracts obtained from medicinal plants (Tuia Steluta, 2021)

(lassification criterion | The name of the extract Remarks
Extract agueous
Hydroalcoholic extract
By the nature of the y .
Extract oils -
solvent S
Medicinal vinegars
Medicinal wines
Selective extracts
Selective extract cannot be considered to
) Non—selective extract be entirely natural
According to the . .
- Extract obtained by preparations, as they
method of obtaining 4
pressing or are hyperconcentrated
centrifugation and without identical
patterns in nature.
) Simple extract
After the preparation P
operation Successive extract -
P Multiple extract
After the parts of the .
) Partial extract
plant subjected to -
: Total extract
extraction
Extract obtained from
According to the the dried plant
humidity of the plant | Extract obtained from -
fresh plant

Solvent extraction is the most widely used type of extraction
for bicactive plant compounds. This separation technique
involves the extraction of components from a solid or semi-
solid sample in a suitable solvent. In the extraction operation,
the choice of solvent is made depending on the nature of the
substance to be extracted and the nature of the raw material.
The actual solubilization of bioactive compounds is achieved
by treating the finely chopped plant with water, saline
solutions, hydroalcoholic solutions, etc. The chemical nature
of the optimal extraction medium, its molarity and pH, as well
as the time required for optimal extraction are determined
experimentally (Tuia Steluta, 2021).

In the preparation of extracts, in particular, the influence of
the following factors must be taken into account:



Nature of the solvent: solvents must dissolve and extract
most of the active componentsin a high yield and contain
as few inert materials as possible without therapeutic
value; the most used solvents used in the plant extract
industry are: water (for alkaloid salts, glycosides, sugars,
proteins, enzymes, tannins, etc.), 50% or 70% alcohol (for
biofertilizers, hydrocarbons, tannins, base alkaloids and
salts of glycosides, resins, chlorophyll, etc.), ethyl ether (for
base alkaloids, resins, biofertilizers, etc.), oil, wine, vinegar;
Degree of crushing of the plant: the more advanced the
plant product is brought to a degree of crushing, the
larger the contact surface, so the extraction is complete;
for aqueous extractive solutions it is recommended to
grind according to the plant product;

The ratio between the amount of plant and solvent: the

Romanian Pharmacopoeia provides concentrations of up

to 6% for aqueous extracts, 20% for most tinctures and

10% for tinctures prepared from plant products

containing highly active substances;

Contact time between plant and solvent: differs

depending on the extraction technique applied, but also

on the type of extract; for agueous extracts it is 5-6 hours,
and for alcoholic ones 6-10 days;

Shaking effect: shaking shortens the time to obtain the

extract;

The temperature at which it is worked: it positively

influences the extraction efficiency, due to the increased

solubility of the hot active principles; The Romanian

Pharmacopoeia provides for the extraction of

thermostable principles, at a temperature of 90 — 100 ° C,

in the case of infusions and decoctions;

Separation of the mixture and how to recover the active

compounds from the solid residue.

In the case of preparation of aqueous or hydroalcoholic

extractive solutions by maceration, the degree of crushing

plays a very important role. This correlated with the nature of
the solvent used and the intensity of stirring determines the
contact time for the extraction of soluble components until
the concentration balance between the solid phase and the
liquid phase is reached (Sukhdev Swami Handa, 2008; Tuia

Steluta, 2021).

RESULTS

Extraction can be performed by batch processes (maceration,

percolation, infusion, decoction, as well as new high-

performance methods: accelerated solvent extraction,
microwave-assisted extraction, supercritical fluid extraction)
and continuous processes (continuous extraction with
organic solvents, continuous percolation, Soxhlet extraction)

(Tuia Steluta, 2021; Popova A, 2018).

— Maceration: consists in treating the crushed vegetable
product with a required amount of solvent, keeping in
contact for a certain period (macerated in water 8-12
hours), simultaneously with continuous or intermittent
stirring and then separating the extractive solution from
the residue by filtration or settling; in the case of
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macerations in other solutions (alcohol, oil, wine, vinegar),
the maceration time increases, reaching a few weeks.
Maceration is applied especially in the case of extraction of
easily cold—soluble and thermolabile principles. Maceration
can be done:
inthe cold (17-22° Q).
hot (called digestion) at 40-60 ° C (Popova A, 2018; Tuia
Steluta, 2021).

—_—t  Solute
__J * Solvent

Figure 2. Example of maceration extraction method
(Nur Amanina Abd Aziz et al., 2021)

— Percolation: the process by which the active principles are
extracted from plants, cold, using solvent in
countercurrent. The process takes place as follows: before
the solvent becomes saturated in the extracted active
ingredients, it is displaced by another layer of solvent in
which the plant product undergoes a short maceration
and vyields another part of the active ingredients. This
phenomenon is continuous, each portion of solvent
added coming into contact with the plant product until its
complete depletion (Tuia Steluta, 2021).

Soxhlet extraction is a common conventional method used
for extracting heat—stable compounds. The advantage of this
method is that large amounts of drug can be extracted with
a much smaller quantity of solvent. This is tremendously
economic in terms of time, energy, and consequently
financial inputs. The Soxhlet extractor consists of a distillation
flask, an extractor, and a condenser. The solvent in the
distillation flask is heated and the resulting vapor is
condensed in the condenser. The condensed solvent from
the condenser fills into the thimble holder containing the
sample that needs to be extracted.

When the solution in the extractor reaches the overflow level,

a siphon aspirates the solution of the thimble holder and

unloads it back into the distillation flask, carrying dissolved

solute into the bulk liquid. The solute is left in the distillation

25|Fascicule 2




ACTA TECHNICA CORVINIENSIS — Bulletin of Enginee
Tome XV [2022] | Fascicule 2 [April - June]

flask while the solvent is evaporated, condensed, and passed
back into the sample solid bed.

This process is repeated 3-5 times or until a complete
extraction is achieved (Popova A., 2018).

Figure 3. Soxhlet extractor (Tuia Steluta, 2021; Popova A., 2018)

— Infusion: consists in wetting the crushed plant product
with water, except for plant products containing
biofertilizers which are moistened with a dilute alcohol
solution; after about 5 minutes add the mass of water
provided, heated to boiling and leave in contact for 30
minutes [5]. After the infusion time has elapsed, the
solution is filtered. In general, the infusion is used in the
case of plant parts that have thinner cell walls (flowers,
leaves, herbaceous parts) (Tuia Steluta, 2021).

Infusion and decoction use the same principle as maceration;

both are soaked in the cold/boiled water. The maceration

period for infusion is shorter, and the sample is boiled in
specified volume of water (e.g., 1:4 or 1:16) for a defined time
for decoction, however. An infusion is a dilute solution that
contains readily soluble constituents prepared by short
period of sample maceration (steeping) in cold/boiling water.

Heat—sensitive compounds are recommended to be

extracted by cold water.

Infusion (the folk method) is made using tablespoon of

fresh/dried herbs per cup of boiled water. The aerial parts are

mainly used and steeped for 2-10 min, covered. Common
herbal infusions are aromatic plants, including mint,
chamomile, lavender, and ginger. Nourishing herbal infusion

(folk method) is produced for a minimum of 4 hours of

steeping dried herbs in a 1:10 herb: water ratio. This should

extract most of the minerals contained in the plant. Popular
nourishing herbal infusions are made from U. dioica, Avena
sativa, and Trifolium pretense (Danciu A et al,, 2011; Popova

A, 2018).
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— Decoction: the preparation technique is similar to that of
infusions: the chopped vegetable product will be soaked
in 5 parts cold water; soak for 5 minutes and then add the
remaining hot water to the required proportion (1% or 5%)
after which it is heated on the water bath for 30 minutes
(boiling). At the end, strain and wash the residue to the
prescribed volume (medicinal plants with a high content
of essential oils will be moistened with 50 ° C alcohol, then
hot water will be added). In phytotherapy, the decoction
is made in the case of plant organs (roots, rhizomes, bark,
etc.) from which the principles are more difficult to extract
(Tuia Steluta, 2021; Popova A, 2018).

— Alcoholic extraction by fermentation: The active
principles contained in some medicinal preparations are
obtained by extraction in a fermentation process. The
extraction procedure involves soaking the plant material
either in the form of a decoction or in a ground state, for a
certain period of time, during which the fermentation and
generation of alcohol takes place in situ; this facilitates the
extraction of the active substances contained in the plant
material. The alcohol thus generated also has a
preservative role. On an industrial scale, wooden vats,
porcelain vessels or food grade stainless steel vessels are
used (Tuia Steluta, 2021; Popova A, 2018).

— Continuous extraction with organic solvents: The
principle of extraction is simple. The components present
in the crude raw material are extracted by dissolving in the
liquid—solvent. The raw material is placed in a specially
built extractor, and the solvent must be continuously
recycled through the mass of plant material (Tuia Steluta,
2021; Popova A, 2018).

— Accelerated solvent extraction (ASE) is a new extraction
method, based on the use of high temperature and
pressure to accelerate the dissolution kinetics and break
the analytical interaction bonds (Tuia Steluta, 20271,
Popova A, 2018).

Figure 4. Sustainable extraction with advanced techniques (Popova A., 2018)

— Microwave assisted extraction (MAE) is suitable for the
recovery of a vast array of compounds and is recognized
as a versatile and efficient extraction technique of
secondary plant metabolites. A lot of examples suggested



that MAE has some considerable merits such as shorter
extraction time, higher extraction yield, and less solvent
consumption compared to conventional extraction
methods. MAE utilizes microwave energy to facilitate
partition of analytes from the sample matrix into the
solvent. Microwave radiation interacts with dipoles of
polar and polarizable materials (e.g., solvents and sample)
causes heating near the surface of the materials and heat
is transferred by conduction.

Dipole rotation of the molecules induced by microwave
electromagnetic disrupts hydrogen bonding; enhances the
migration of dissolved ions, and promotes solvent
penetration into the matrix. In non—polar solvents, poor
heating occurs as the energy is transferred by dielectric
absorption only. MAE of plant secondary metabolites may be
affected by a large variety of factors, such as power and
frequency of microwave, duration of microwave radiation,
moisture content and particle size of plant samples, type and
concentration of solvent, ratio of solid to liquid, extraction
temperature, extraction pressure, and number of extraction
cycles. MAE was currently regarded as a robust alternative to
traditional extraction techniques (Popova A, 2018; Azwanida
NN, 2015).

MAE: 3009, 155, 5/F: 14
44— f%avel Eihanol

Figure 5. Extraction of phytocompounds from the medicinal plant
(linacanthus nutans Lindau by microwave—assisted extraction and supercritical
carbon dioxide extraction (Popova A., 2018)
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Figure 6. Microwave—assisted extraction (Nur Amanina Abd Aziz et al., 2021)
Ultrasound-assisted extraction (UAE) is one of the most
important techniques used for the extraction of valuable
compounds from plant materials and is quite adaptable
on a small or large scale (eg in the laboratory or on an
industrial scale). Comparing this technique with others,
(MFA),

such as microwave assisted extraction the
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ultrasound device is cheaper and easier to handle (Tuia
Steluta, 2021; Popova A, 2018).

‘ + NADES (Green solvent)

Ultrasound assisted
extraction

{Green technology)

Green extract

Optimization

Figure 7. Ultrasound—assisted extraction of antioxidant phenolic compounds
from Lavandula angustifolia flowers using natural deep
eutectic solvents (Popova A., 2018)

— Supercritical fluid extraction has been developed in
recent years for analytical use, as an alternative to
conventional solvent extraction. In practice, more than
90% of supercritical fluid extractions are performed with
CO2 for several practical reasons (Juia Steluta, 2027,
Popova A, 2018).
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Figure 8. Supercritical fluid extraction (SFE) (Nur Amanina Abd Aziz etal., 2021)
CONCLUSIONS
All stages of extractions, from the pre—extraction and
extraction are equally important in the study of medicinal
plants. The sample preparation such as grinding and drying
affected the efficiency and phytochemical constituents of the
final extractions; that eventually have an effect on the final
extracts. It can be concluded that, no universal extraction
methods is the ideal method and each extraction procedures
is unique to the plants.
The improvement of the extraction methods is essential for
the most comprehensive obtaining of the compounds of
bioactive substances from the vegetal resources,
simultaneously with the isolation and standardization of each
component substance of the extract.
The technologies regarding the extraction of the active
principles and of conditioning of the vegetal extracts will
allow to raise the qualitative level of the processing, with the
possibility of obtaining innovative foods.
Advanced techniques for obtaining extracts of bioactive plant

compounds offer wide applicability in the food,
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pharmaceutical, textile or cosmetic industries, meaning, lead

to innovative foods such as functional foods, nutraceuticals,

composite foods of excellence, and, can be used in the
manufacturing process of certain drugs, natural food or
industrial pigments, food or cosmetic flavors, etc.
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Abstract; On the market there are biomass conveyor solutions where the electric drive installation does not notice the imminent blockage in the conveyor piping, ensures only
its stopping when overcoming an overload. The work presents the way in which the functioning of the motor reducer can be improved by operating it by means of a converter,
with speed adjustment and anti—locking system, but without a monitoring based on a warning and parameter recording system during operation it is not known where the
problems arise, what is actually the necessary torque, why the peak torque appears, how long does a peak last. It is necessary to perform predictive maintenance and eventually
to integrate into a fully automatic system. This installation has been developed by INOE 2000—IHP together with S.C. CORNER PROD S.R.L. The solution can be applied both for
individual equipment and for a large number of machines that can be monitored remotely on a smart phone or computer. The results are based on models developed by
manufacturers of engines and reducers. All information is recorded and can be available in an easy—to—use way on the smart phone or computer app.

Keywords: intelligent drive, biomass, conveyor, automation

INTRODUCTION

Due to the dimensional inequality of the biomass passed
through a conveyor, it can get stuck in its piping. This locking
leads to excessive heating of the reducer, burning of the drive
motor, destruction of the reducer seals, loss of lubricant,
destruction of the gear reducer and breakage of its housing.
Of course, a problem is the insufficient torque in the engine
for the current mode of use, the time capable and the service
factor too small at the reducer, but there may be other
problems related to improper use, wear, lack of alignment,
voltage variations, unbalanced phases or insufficient installed
power. In case of such failures, the technological flow is
interrupted, with major economic effects. To reduce the risk
of blockages, the drives are greatly oversized. This solution is
totally uneconomic, and when the blockage of the material
occurs, the time required for weave is much longer.

In general, at low power, at this moment the problem is
solved by oversizing the engines and reducers, but in the
conditions in which it is necessary to use engines with
premium efficiency (increased) to decrease the energy
consumption, the oversizing approach is a matter of the past,
especially as the energy is expensive and the reactive energy
charges the bills even more. For this reason, it is necessary to
monitor and optimize these drives.

Big problems occur in medium and large drives, where
powers of over 3kW-4kW are common (Narayan, S., 2015).
Depending on the type of conveyor, molten reducers are
generally used for low power and especially for screw or
inclined strips, pendulum reducers (cylindrical with parallel
axes) for screw, conical-cylindrical reducers for strips,
orthogonal reducers for operating biomass blenders (it
actually has the role of bringing it to the biomass evacuation
area at the same time as mixing).

In the working process of agricultural equipment, the
supervision of their operation in optimal operating

parameters is a complex process and requires for the
operators extended working time, increased attention,
concentration and knowledge in the field (Gandjbakhch, E. et
al, 2020). However, they cannot notice the sensitive
functioning problems (Caixal, G. et al., 2021) by which major
defects can be avoided. Meeting the needs of reliable
equipment with active assisted operation based on
intelligent supervision (Hassan, M.M. et al., 2020) is a priority
for researchers.

Luz E. et al. (2021) introduced an intelligent algorithm in the
management of agricultural equipment. The monitoring
system surveys the status of use and lease of the equipment.
Good results have been achieved and work efficiency has
been improved (Luz, E. et al, 2021).

MATERIALS AND METHODS

On the market there are biomass conveyor solutions where
the electric drive installation does not notice the imminent
blockage in the conveyor piping, ensures only its stopping
when overcoming an overload. Researching the current
situation of the market, we found that there is room for
improvement which meets the needs of users (Stojanovic, N.
etal, 2018)

There are extremely expensive general solutions. An example
is the monitoring system using the vibration and temperature
sensor QM42VT1. It is designed for monitoring pumps,
compressors and engines of different sizes. Data can be
collected from multiple engines, evaluated, centrally
displayed and, if necessary, related to alarm actions for timely
warning of imminent damage. Users can use radio
technology to connect the vibration and temperature sensor
QM42VT1 with the high—-performance HMI TX700 device for
this purpose.

The sensor, figure 1, detects vibration and temperature
values. Changes in temperature or vibrations occur when in
that transmission the screws through which the engine is
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fixed have been loosened, causing the wrong alignment of
the shaft, itis a blocked bearing or an imbalance has occurred,
mechanical vibrations can signal problems such as these.

=

Figure 1— Sensor mounting mode and data display

The QMA42VT1 vibration and temperature sensor detects
vibrations with a high level of accuracy. For this purpose, the
compact sensor based on MEMS (micro—electromechanical
system) is simply mounted directly on the engine block
through a magnetic support. From there, it offers data on
speed and acceleration on two dimensions in different
frequency ranges. Changes to the measurement data can
then be used to identify different problems in operation
(Lacatus, P. et al, 2021).
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Figure 2 — Optimal Schaeffler System

Measuring the temperature of the engines is also vital, since
a significant increase in temperature could be an indication
of insufficient wear or lubrication for the bearing. The IP67
sensor also detects working temperatures in the
measurement range from -40°C to +105°C. Another very new
system is Schaeffler OPTIME, which is now under testing at
the Schaeffler factory in Brasov.

The Schaeffler OPTIME solution developed by the bearing
manufacturer Schaeffler in collaboration with Siemens,
monitors the behavior of the bearings in the machines by

-
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measuring vibrations and temperature at a distance of up to
500mm from the bearing, then transmits the data and its
interpretation, taking into account the existing database for
bearings.

THE CONSTRUCTIVE SOLUTION OF THE INTELLIGENT
DRIVE INSTALLATION FOR BIOMASS CONVEYER

The solution developed and realized by INOE 2000 together
with the partner company CORNER PROD aims to
continuously monitor the state of the system (voltage,
absorbed current, temperature, and power), developed for
biomass conveyers of different types, recommended for a
range of gear motors and reducers with speed between 2
rom and 1400 rpm. The solution can be applied both for
individual equipment and for a large number of machines
that can be monitored remotely on a smart phone or
computer.

The data collecting is done through sensors for monitoring
the absorbed currents and temperature sensors, the wireless
transmission of the collected data to the Gateway. The
gateway receives the data sent by the sensors and transmits
it to the cloud. In the cloud, data is continuously and
automatically analyzed based on predetermined models and
if it is necessary warnings or messages of imminent failuret
are sent.

The results are based on models developed by manufacturers
of engines and reducers. All information is recorded and can
be available in an easy-to—use way on the smart phone or
computer app.

~Transportor

Figure 3 — Type of screw conveyor with additional action for homogenization
and loading; 1,2 — reducers; 3 — temperature sensor; 4,5— engines; 6— Raspberry Pi4;
7 — Monitoring block

SENSOR SYSTEM
For the realization of the sensor module and the transmission
of wi—fi to the gateway, the mounting below, Figure 4, is used.



Figure 4 — Sensor module mounting
The sensors used in this application are sensors with WiFi
communication produced by Shelly Cloud Bulgaria. In this
application, two sensors are used. The first sensor, electrical,
allows measuring the voltage in the three—phase network
and the current consumed by each phase of the motor. The
sensor acquires all six of these parameters with a cadence of
one measurement per minute. The electrical sensor also
makes calculations to indicate the power consumed on each
phase and the power factor. The second sensor, thermally, is
Shelly 1 with temperature measuring mode that allows the
acquisition of three temperatures, in three points with
semiconductor sensors of type 18520 in cases with IP67
degree of protection. Temperatures are read with a cadence
of one measurement per minute.
COMMUNICATION NETWORK
In order to achieve the data processing mode and the
communication network, the assembly below, figure 5, is
used. High-performance equipment for solar installations
such as solar chargers or inverters have Serial, Ethernet, CAN
or Modbus communication ports. These devices can be
connected to the internet through gateways (Radoi, R—l. et al,
2021)
The communication network used in the application is a local
WiFi network, used only by the application components.
The network is controlled by the microtik Hap Lite RB941
Access Point swarm that ensures the management of
network functions:
Authentication of clients in the Wi-Fi network
Automatic allocation of addresses in the local network
through DHCP protocol
Network Address Translation function to connect the local
network to the internet
Firewall function to protect the internal network from
attacks from the internet

Port forwarding function to make available resources from
the local network to the Internet to allow access to data
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collected and processed by the system from the Internet.

All sensors connect to the WiFi network and automatically
receive IP addresses from the Microtik router.

i

Figure 5 — Communication network assembly
Applying the Internet of Things (IoT) can improve the
efficiency of the technology for monitoring the operation of
agricultural equipment (Pi, J. et al,, 2021).
DATA PROCESSING MODULE
The data processing module is implemented with a
Raspberry Pi4 with 4GB of RAM that provides all the necessary
functions for the application:
Data collection
Storage
= Data processing.
On the Raspberry Pi runs the Raspbian operating system
along with the applications necessary to ensure the above
functions. In order to ensure a slight replication of the system,
a solution was chosen to use docker containers with the
necessary applications. Under these conditions, only a
compose file for the Docker Compose application is required
to replicate the application. The compose file that was written
specifically for this application has the YAML format. It allows
downloading from the internet the necessary Docker
containers and linking them to ensure the operation of the
application. The management of the installed containers can
be done through the web interface of the Portainer-CE
application.
The data collection function allows retrieving data from
sensors with the cadence of one measurement per minute.
Each sensor is programmed to transmit once a minute the
data measured by MQTT protocol.
In order to use the MQTT protocol, it is necessary to use a
Broker that takes the data published by the sensors and
transmits it to the applications that have subscribed for
receiving the data in question. The MQTT broker is provided
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by the open source Mosquitto application that runs in a
Docker container.

Within the data collection function is also the node-red open
source application that allows the graphic realization and
running of Node JS applications. The function of the Node
Red module is to connect to the MQTT Broker and process
the primary data received from the sensors in order to be
stored in a database in a unitary way (Lacatus, P. et al,, 2021).

Figure 6 — Node-Red graphics application

INTELLIGENT DRIVE INSTALLATION TEST

For testing the prototype of the intelligent drive installation
used for biomass conveyors, the conveyor belt equipment
from the experimental model was used; the validated tests to
the experimental model were repeated and the transmission
of data and warnings of damage on the computer and mobile
phone was followed.

Figure 7 — Prototype testing installation
T—frame; 2— the way of recording and transmitting data; 3— crash button;
4— moto—reducer; 5— temperature sensors; 6— conveyor belt
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The installation for prototype testing consists of a frame (1), a
module for recording and transmitting data (2), a hazard
button (3) the moto-reducer (4) with temperature sensors (5)
and the conveyor belt (6) for simulating the load variation.
The monitoring module is located near the monitored motor
assembly, and the connection of the motor is made through
it to take over the electrical voltage current sizes necessary for
the analysis.

The control module contains the router that ensures wi—fi
communication with the rest of the monitoring modules and
the Raspberry Pi4 single board computer that stores the data
and processes it according to the processing levels described
above (Russell T., 2017).

The equipment monitors the behavior of the operation
throughout the period of use and follows the following
parameters:

The current absorbed on each phase of the motor;

The power absorbed on each phase;

Voltage on each phase;

The power factor on each phase;

The temperature recorded in correlation with the other
parameters in 3 strategic points on the engine and on the
reducer (a sensor is also used to measure the ambient
temperature)

These parameters are transmitted through the recording
system, via wireless to the reception system that is connected
to a computer. Thus, the intelligent drive installation stores
the data recorded during operation and provides in real time
error messages in case of exceeding the predetermined
warning or damage values, so that the user can make
decisions in the shortest time or establish the necessary
changes to optimize the operation of the conveyor.

After the empty start of the installation, the loading of the
conveyor belt is simulated by pressing with the hand.




The data is automatically recorded every 5 sec and is
transmitted via Wi-Fi by the monitoring module located near
the conveyor belt to the control module located in another
room that is connected to the central computer for data
acquisition and interpretation in order to optimize the
operation of the monitored system.

RESULTS

At the same time, this data is displayed on the mobile phone:

Figure 9 — Displaying the results on the mobile phone screen
and on the computer screen
Data monitoring is displayed independently on both devices.
The data is automatically recorded every 5 sec and is
transmitted wirelessly by the monitoring module located
near the conveyor belt to the control module connected to
the central computer for data interpretation and establishing
the decisions to be taken. The power outage was simulated
and the installation sent an alert to the mobile phone.

Figure 10— Displaying the results
At the reboot, a new status change alert was sent. Higher load
charges were simulated at the conveyor belt and the
intelligent installation transmitted again on the monitor and
on the phone alerts of exceeding the current and of the phase
voltages at the monitored electric motor.
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Figure 11— Simulation at the conveyor belt
CONCLUSIONS
The prototype of "Intelligent drive installation for biomass
conveyor' was tested in operating conditions in the
laboratory, for monitoring, acquisition and data transfer of
monitored parameters, via Wi-Fi from the conveyor belt
equipment to the mobile phone and to the central computer
where a dedicated program monitors and stores data for
warning in case of failures or for the subsequent analysis of
the monitored system.
It has been proven that it is possible to improve the operation
of the motor by operating it by means of a converter, with
speed adjustment and anti—locking system, but without a
monitoring with a warning system and recording the
parameters in the type of operation it is not known where the
problems arise, what is actually the necessary moment, why
the peaks appear, how long the peaks last. It is necessary to
perform predictive maintenance and eventually to integrate
into a fully automatic system. The same problems are
encountered not only in the tracks but also in other types of
conveyors, especially where the personnel using the
installations do not check and do not comply with the
conditions listed in the technical book, but where they can't
be checked if the normal operating conditions have been
observed.
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Abstract: Sulfides can cause the corrosion of pipes and the appearance of unpleasant odors. In drinking water sulfides affect organoleptic properties. Investigation of the

adsorption onto various materials is increasing because this process gives the possibil
treatment. Materials considered as adsorbents should primarily meet conditions such

ity for the use of low—cost adsorbents and it is a relatively simple technique for water
as particle size, porosity, and specific surface area. Due to their characteristics, alumina

nanoparticles (Al,05) have wide application in the ceramics industry, as abrasive material, in heterogeneous catalysis, and as sorbents. As an adsorbent, alumina nanoparticles
have extensive application in the removal of undesirable compounds and contaminants from drinking water and wastewater. Alumina with a high content of aluminum oxide
was used as an adsorbent to remove sulfides from aqueous solutions. This paper aims to examine the possibility of adsorption of sulfide ions onto alumina with a very high
content of aluminum oxide (Al,0). The results of the paper can serve as a starting point for further investigation of the adsorption characteristics of alumina, as well as the

behavior of sulfides during adsorption on various adsorbents. Experiments in a column

packed with alumina were conducted at room temperature. The effect of different initial

concentrations and contact time on the sulfide removal efficiency was investigated. The best efficiency is achieved at low initial concentration and short contact time.

Keywords: sulfides, hydrogen sulfide, alumina, adsorption

INTRODUCTION

The presence of sulfides in the environment can be the result
of natural processes and anthropogenic activities. Naturally,
they are found in minerals, ores, and fossil fuels (oil and coal).
Hydrogen sulfide (H,S) in normal conditions is in the gaseous
phase, present in ores and minerals, and as a product of
volcanic activities (Clarisse etal, 2011; Ma et al,, 2019). Gaseous
hydrogen sulfide is toxic, flammable, colorless, with a
recognizable odor of rotten eggs, so it is easy for detection in
the air (Wu et al,, 2018).

Hydrogen sulfide and sulfides of alkali and alkaline earth
metals are soluble in water (Li and Lancaster, 2013). In
groundwater, sulfides are naturally present due to the
dissolution of mineral deposits in the aquifer. Hydrogen
sulfide, which is a product of bacterial reduction of sulfate
under anaerobic conditions, is very common in groundwater
(Miao et al,, 2012).

Conditions for sulfate reduction to sulfide are the following:
the presence of sulfate source, the presence of reducing
bacterias and their energy source, and the anaerobic
environment (Fanning et al,, 2002). Sulfides are present in
both municipal and industrial wastewater. Dominant
industrial  sources are tanneries, paper mills, the
petrochemical industry, and the textile industry (Vaiopoulou
et al, 2005; Dutta et al,, 2010; Pikaar et al., 2011).

Sulfides affect organoleptic properties of the drinking water.
The odor and taste threshold for hydrogen sulfide in water is
estimated to be between 0.05 and 0.1 mg/L. The health
effects of hydrogen sulfide have not been proven yet, and
therefore the maximum limit value of H,S in water has not
been officially defined (WHO, 2011). However, researches
show that sulfides are very toxic for aquatic life, and they have
a direct negative impact on the human central nervous

system and respiratory system (Abdollahi & Hosseini, 2014;
Huang et al,, 2020). In addition, excessive intake of hydrogen
sulfide through potable water can cause headaches,
dizziness, fatigue, blurred vision, and other symptoms (Verma
and Ratan, 2020).

Dissolved hydrogen sulfide and sulfide ions are undesirable
primarily because they can lead to corrosion of the pipes, and
the occurrence of unpleasant odors in the close environment
(Dutta et al, 2010; Vaiopoulou et al, 2005). The most
commonly used methods for removing sulfides from water
are chemical and biological oxidation (Nielsen, & Vollertsen,
2021; Wilson et al, 2020). In addition to the above, other
investigated techniques are adsorption, anaerobic digestion,
precipitation, ion exchange, and electrochemical removal
(Lito et al, 2012).

Investigation of the adsorption onto various materials is
increasing because this process gives the possibility for the
use of low-cost adsorbents and it is a relatively simple
technique for water treatment. Materials considered as
adsorbents should primarily meet conditions such as particle
size, porosity, and specific surface area. Due to their
characteristics, alumina nanoparticles (AlLOs;) have wide
application in the ceramics industry, as abrasive material, in
heterogeneous catalysis, and as sorbents (Farahmandjou and
Golabiyan, 2016). As an adsorbent, alumina nanoparticles
have extensive application in the removal of undesirable
compounds and contaminants from drinking water and
wastewater. It is possible to use alumina for the removal of
heavy metals, fluoride and nitrate adsorption, biological
remediation, color degradation, desalination, etc. (Ghorai and
Pant, 2004; Tripathy et al, 2006; Ravindhranath and
Ramamoorty, 2017; Younssi et al., 2018).
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This paper aims to examine the possibility of adsorption of
sulfide ions onto alumina with a very high content of
aluminum oxide (Al,Os). The results of the paper can serve as
a starting point for further investigation of the adsorption
characteristics of alumina, as well as the behavior of sulfides
during adsorption on various adsorbents.

MATERIALS AND METHODS

The study of the potential of S ions adsorption from
agueous solutions was performed in the laboratory of the
Faculty of Technology Zvornik. Synthetic aqueous solutions
of defined composition, similar to the composition of
oligomineral  natural waters, were used for the
experimentation. Granular sodium sulfide (Na,S) of analytical
grade was used for the sulfide solution of known
concentration. For each experiment, a new solution of
sodium sulfide with double—distilled water was made.
Solutions were prepared with initial sulfide concentrations
ranging from 24802 mg/dm?® to 40.9931 mg/dm?, which
were determined by the iodometric method (Clesceri et al,,
1999).

Alumina, from the factory "Alumina" Ltd Zvornik, was used as
an adsorbent for the adsorption of the sulfide ions.
Determination of the chemical composition of the alumina
sample was performed in the Alumina Research Laboratory
using the ICP — OES SPECTRO GENESIS device, according to
the standard method (BS EN I1SO 11885, 2016). The loss on
ignition was also determined according to the ISO standard
method. (ISO 6606: 1986). Preparation of alumina for the
adsorption included thermal treatment, where the sample
was dried at a temperature of 300°C for 3 hours.

The adsorption was performed in an adsorption column with
a diameter of 5cm and a length of 34cm. The filter paper was
placed at the bottom of the column to prevent small granules
from passing into the leaked solution. The experiment was
conducted at room temperature. During the experiment, the
variable parameters were the initial concentration of sulfide
ions, and the contact time of the sulfide solution and the
adsorbent.

The contact time between the sulfide solution and the
alumina was 10, 20, and 30 minutes, with the volume of the
leaked sulfide solution of 50 cm?. The concentration of sulfide
ions remaining in the solution, which was passed through the
adsorbent, was monitored by spectrophotometric method
(ISO  10530: 1992), wusing UV=VIS 1800 Shimadzu
spectrophotometer, and measuring the absorbance at a
wavelength A =665 nm. A 1 cm cuvette was used for analysis.
RESULTS AND DISCUSSION

— Chemical composition of the alumina sample

Alumina is anhydrous aluminum (lll) oxide, which is
confirmed with the low value obtained by loss on ignition
(0.82%). Based on the results of the chemical analysis of
alumina presented in Table 1, it can be seen that ALOs;
constitutes 98.80 wt.% of alumina, which is in accordance
with the data presented in the studies (Hart & Lense, 1990;
Morris et al., 2008).
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Table 1. Chemical composition of the alumina sample
Chemical component \ Weight percentage (wt. %)

A3 98.80

NaOrgia 033

(a0 0.02

Fe,05 0.0M

In0 0.01
Si0, 0.006

Loss on ignition (1000 °C) 0.82

RESULTS OF SULFIDE ION ADSORPTION ON ALUMINA

As can be seen from the data shown in Tables 2 — 4 and Figure
1, the initial concentration of sulfide in the solution affects the
adsorption efficiency. Regardless of the contact time of the
alumina and the sulfide solution, at initial sulfide
concentrations up to 20 mg/dm?, a significant adsorption
efficiency, over 80%, was achieved. An important decrease in
the adsorption efficiency of sulfide ions is observed at initial
sulfide concentrations higher than 30 mg/dm? at all
examined contact times.

Increasing the initial concentration of sulfide, with
approximately the same amount of adsorbent, leads to a
decrease in the adsorption efficiency. The reason for this is the
fact that the alumina surface is saturated faster with sulfide
ions at a higher initial sulfide concentration.

Table 2. Sulfide adsorption on alumina at a contact time of 10 minutes
Initial sulfide Sulfide concentration after Adsorbent Adsorption
adsorption, ¢ dosage, m efficiency
[mg/dm?] lg] [%]

concentration, ¢y
[mg/dm’]

24802 0.0223 108.70 99.10
10.0791 0.6350 109.01 93.70
204558 2.6572 107.98 87.01
31.1298 9.8962 109.00 68.21
40.9931 15.5815 107.70 61.99

Table 3. Sulfide adsorption on alumina at a contact time of 20 minutes

Initial sulfide Sulfide concentration Adsorbent Adsorption
concentration, ¢ after adsorption, ¢ dosage, m efficiency
[mg/dm’] [mg/dm’] [q] [%]
24802 0.0295 108.70 98.81
10.0791 09374 109.01 90.69
204558 3.0663 107.43 85.071
31.1298 10.8301 109.03 65.21
409931 19.6808 107.98 51.99

Table 4. Sulfide adsorption on alumina at a contact time of 30 minutes
Adsorption

Initial sulfide Sulfide concentration Adsorbent

concentration, ¢ after adsorption, ¢ dosage, m efficiency
[mg/dm?] [mg/dm?] q] 9]
2.4802 0.0374 108.95 98.49
10.0791 1.0458 108.81 89.62
204558 33149 107.98 83.79
31.1298 11.1149 109.02 64.29
40.9931 19.9875 109.01 51.24

Figure 1 shows that the contact time of the sulfide solution
and alumina slightly affects the adsorption efficiency, at initial
sulfide concentrations less than 30 mg/dm?’.



At initial sulfide concentrations higher than 30 mg/dm?, the
adsorption efficiency achieved at a contact time of 10
minutes (61.99%) is about 10% higher than the adsorption
efficiency at a contact time of 20 minutes (51.99%) and 30
minutes (51.24 %).

100
95
90
85
80
75
70
65
60
55 4

50
2.4802 10.0791 20.4558 311298 40.9931

Initial sulfide concentration, cO [mg/dm3]

Adsorption effeciency, [%]
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Figure 1. Adsorption efficiency at different initial sulfide concentrations
and different contact times

CONCLUSION

Alumina with a very high content of aluminum oxide (ALOs)

was examined as an adsorbent for the removal of sulfide ions

from aqueous solutions.

The experiment was conducted in a column (5x34cm),

loaded with sufficient amounts of the adsorbent. The impact

of contact time and the initial sulfide concentration was

monitored. When initial concentrations are less than 30

mg/dm?, the influence of the contact time is minor.

Increasing the initial concentration negatively affects the

adsorbent efficiency.

From above it can be concluded that alumina can be used as

an efficient adsorbent for the removal of sulfide from water,

in the conditions of low initial concentration and short
contact time.

Further research should be focused on examining the

influence of pH, temperature, and other relevant parameters.
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Abstract; Heat treatment of natural fibres is important for their use as reinforcements in composites. Heat treatment of natural fibres has been reported to reduce moisture and
improve mechanical properties both in the fibre and in the manufactured composites. Therefore such factors as the specimen gauge length, number of specimens tested, average
diameter of each specimen taken at various points along the gauge length and mode of fracture of the specimen after heat treatment should be fully reported as they affect the
outcome of the mechanical properties of heat treated fibres. Others include the type of oven (vacuum or air oven), pre and post processing as well as storage conditions of the
fibres after heat treatment prior to testing should be taken care of. These factors and their implications with respect to heat treatments were addressed with a view of improving
the mechanical properties of natural fibres for use in composites for advanced applications.

Keywords: heat treatment, natural fibres, reinforcement, properties

INTRODUCTION

A classification for natural fibres is displayed in Figure 1
showing that such fibres are derived from natural resources
such as mineral, plants animal. Mineral-based fibres are often
associated with extractive and manufacturing industries
whilst plants and animal-based fibres are associated with

agriculture.

v v v v
. -
Lem W R

Figure 1. Basic classifications of natural fibres

Several approaches have been sought in other to reduce the
use of conventional synthetic fibres such as glass and carbon
via the use of natural fibres as reinforcements in composites.
Apart from sustainability factor, natural fibres possess several
relevant properties and advantages as shown in Tables 1 and
2. Biofibres from plants and other natural materials have been
exploited for use as reinforcements in composites (Rao, Rao
and Prasad, 2010; Agunsoye et al,, 2015; Edoziuno et al,, 2020).
Unlike synthetic fibres, bio fibres are not dependent on
petroleum based precursors. In addition, utilization of natural
fibres as composites reinforcements promotes the use of
local natural resources and subsequently adds to the
socioeconomic development, local content and sustainability
of those products (Araujo and Godoy, 2018). They are

abundantly available (Jawaid and Khalil, 2015) and require
much less energy to produce than synthetic fibres (Joshi et
al., 2004).

Table1. Advantages and limitations of natural fibre

— Low—cost
— Relatively low densit
Advantages yIOW demsity
— Non—toxic
of natural )

X — Sustainable
fibre "

— Renewability

— Environmentally—friendly
— Poor resistance to moisture ingress
— Variability in fibre length and diameter

o — Relatively high porosity
Limitations of - . .
. — Significantly lower mechanical properties when compared
natural fibre o
to synthetic fibres
— Low degradation temperatures limit the options for
selecting the matrix

(N Mahato", 1995; Fujiura et al., 2010; Gourier et al., 2014).

Table 2. Relevant properties of coir fibre in comparison
with other natural fibres and with E—glass fibre
Tensile Tensile Elongation

Fibre \ Strength Modulus at break Density
(MPa) (GPa) (%)
Coir 131175 4-6 30.0-45.0 1150
Sisal 468640 9.4-22 20-25 1450
Jute 3931316 13-919 13-18 1300
Hemp 514-2140 | 24.8-143.2 16-18 1480
E-Glass 400 1.0 25 19002500

Sources: (Carl and Brook, 1985; Ticoalu, Aravinthan and Cardona, 1997; Gassan and
Bledzki, 1999; Alves Fidelis et al., 2013; Latif et al., 2019; Park 2006; ; Ferreira, Cruz
and Fangueiro, 2018; Brigida et al., 2010b; Sanjay, Arpitha and Yogesha, 2015)

HEAT TREATMENT OF NATURAL FIBRES
Natural fibres are made up of different chemical constituents;
as a result, heat treatment at increased temperature can give
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rise to varying degrees of changes in the fibre. Such changes
include change in colour and appearance, weight, fibre
orientation, decomposition of the chemicals that make up
the fibres. Natural fibres have showed different
decomposition temperatures and different levels of changes
in physical properties.

Investigations from many researchers confirm that natural
fibres undergo thermal degradation in two stages:

(a) at lower temperatures (150-300°C) and

(b) at higher temperatures (300-400°C).

(@) has been linked with the degradation of cellulose and
includes hydrolysis, oxidation, dehydration among others
while (b) has been mainly associated with degradation of
both cellulose and lignin with formation of charred product
(Varma, Varma and Varma, 1986; Silva et al,, 1999; Dam et al,,
2006).

In one study, coir fibres were subjected to heat treatment in
an air-circulating oven at a temperature of 150°C for 10
minutes; a drop in tensile strength by 0.58% and increase in
Young's modulus by 20% were recorded, however, at 200°C
for the same duration, a drop in the tensile strength and
increase in  modulus by 40% and 20% respectively were
recorded (Ezekiel et al, 2011), however, the storage
conditions after the treatment prior to tensile testing was not
revealed.

In a similar way, at heat treatment temperatures of 100, 140
and 180°C, a drop in the tensile strength by 14, 24 and 29%
and a drop in the value of the degree of polymerization by 5,
12 and 19% respectively were observed (Khan, Alam and
Terano, 2012). An improvement in dimensional stability has
been recorded for heat treated fibres. At 170°C and duration
of 2 hours for Eucalypt wood, a 60% anti shrinkage efficiency
in radial direction was recorded (Esteves, Domingos and
Pereira, 2007).

Esteves, Domingos and Pereira, (2007) carried out an oven
heat treatment on eucalypt wood in the presence of oxygen
at 170-200°C for 2 to 24 hours and observed an increase in
the dimensional stability whereas the bending strength
decreased and a mass loss of 9.5% was observed at 190°C.
After heat treatment of hemp and bamboo fibres, a 60%
decrease in the tensile strength was recorded for both fibres
(Ochi, Takagi and Niki, 2002), the gauge length and strain rate
were not mentioned, besides only 10 specimens were tested.
(Shahzad, 2013) subjected hemp fibres to oven temperatures
for 30, 100, 150 and 200°C, however it was not specified if it
was a vacuum or air oven.

Cao, Sakamoto and Goda, (2007) subjected kenaf fibres to
vacuum heat treatment at temperatures of 130°C, 140°C and
160°C and observed maximum increase in strength at 140°C
but the diameter, stiffness and elongation were not
mentioned (Varma, Varma and Varma, 1986) subjected coir
fibres to air oven heat treatment temperatures of 150, 200
and 250 for 1 hour, however, the number of fibres, fibre origin
and specie as well as gauge length used were not stated.
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Kenaf and bamboo fibres were subjected to an oven heat
treatment temperature of 140°C, an increase in tensile
strength, fracture strain, crystallinity index and in the length
to width ratio were observed (Y. Cao, Sakamoto and Goda,
2007; Yun et al,, 2016).

Dixit and Verma, (2012) recorded a reduction in moisture
content, increase in crystallinity index, increase in elastic
modulus and increase in fracture strain at 140-150°C for 4
hours of oven heat treatment.

Gassan and Bledzki, (1999) subjected jute and flax fibres to a
maximum temperature of 170°C and observed a change in
the mechanical properties.

The tensile properties of untreated sisal fibres were evaluated
by Luz et al, (2017) for varying gauge lengths but at a
constant strain rate, no effect on the tensile strength was
observed rather a 35% decrease in Weibull modulus was
observed with increase in gauge length.

DISCUSSIONS

The Issues with heat treatment of natural fibres in preparation
for use in composites are that several factors were not
reported by the authors in other to validate their findings. For
example, in the case of coir fibres, the number of fibres used
were either not mentioned or below the minimum number
stipulated for natural fibres in order to achieve meaningful
result.

Several other factors such as gauge length, diameter of the
fibre, fibre specie and origin, strain rate, method of extraction,
age, specie and origin of the fibres, porosity and pore size
distribution were missing in the literature. These factors have
been identified among other factors to influence the tensile
strength of natural fibres and their applications in composites.
Besides, several authors have used different diameters for the
same type of natural fiber such as coir resulting in significant
inconsistency in the tensile properties. The failure traces and
changes in failure pattern of heat treated fibres were not
discussed.

Investigations into the tensile properties coir fibres of
different varieties and different ages but of Philippine origin
and extracted manually were carried out (van Dam et al,
2006). It was discovered that the tensile strength of the Indian
retted coir fibre was 248 MPa while the strongest fibre of all
the species of the manually extracted Philippine coir fibre was
114 MPa. Therefore, information such as fibre origin, specie
and maturity ought to be provided.

For lignocellulosic fibres such as natural fibers, an inverse
relationship between the tensile strength and the fibre
diameter has been reported by several authors (Mukherjee
and Satyanarayana, 1984; Tomczak, Sydenstricker and

Satyanarayana, 2007; Fiore et al., 2016).

The gauge length used for tensile testing has been reported
by Mukherjee and Satyanarayana, (1984); Defoirdt et al.,
(2010); Fidelis et al., (2013) and Mathura and Cree, (2016) to
significantly influence the results of such tests, see Figures 2
and 3.
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Figure 3. Effect of gauge length on the Young's modulus of coir fibre adapted from
(Tomczak, Sydenstricker and Satyanarayana, 2007; Mir et al., 2012) {T for: G1=5;
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Mukherjee and Satyanarayana, (1984) observed that increase
in the test length of coir fibres from15-65mm brought about
decrease in UTS and elongation at break while Young's
modulus increased, moreover, increase in strain rate from 1 to
50mm/minute led to increase in the UTS signifying tearing of

the cell wall.

The Young's modulus of raw treated coir fiber increased with
increase in span length, while the tensile strength and strain
to failure of the same decreased with increase in span length
(Miretal, 2012). (Defoirdt et al., 2010) reported that strain to
failure depends on the specimen gauge length and that this
value varies with a factor of 1.62 for coir fibres.

The longer the gauge length, the lower the strength and vice
versa. This can be attributed to the increase in the degree of
flaws for natural fibres or as a result of the number of defects
and so the weak links present in the fibre.

The incremental change in strength do of the fibre with a
corresponding change in gauge length dL according to
Mukherjee and Satyanarayana, (1984) is represented by
Equation [1];

dL
do=x—
L

(1]
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o represents the fibre strength

o represents a measure of the frequency of occurrence of

weak links; and

L represents the gauge length of the fibre.

The change in strength with respect to change in gauge

length is obtained by integrating Equation [1];

The strength of the fibre of length L is represented by o,
0L, =0, +a lnLL

- (2]

The properties of natural fibres have been reported to
depend on the type of fibre, specie, age or maturity and
method of extraction (van Dam et al, 2006; Tomczak,
Sydenstricker and Satyanarayana, 2007; Mathura and Cree,
2016; Dhaliwal, 2019). Therefore these information ought to
be provided for a better characterization of the effects of heat
treatment of natural fibres for their use in composites.
CONCLUSION

Heat treatment of natural fibres is important for composite
applications. Therefore such factors as the specimen gauge
length, number of specimens tested after heat treatment,
average diameter of each specimen taken from various points
along the gauge length before and after heat treatment and
mode of fracture of the specimen should be fully reported.
Others include the type of oven (vacuum or air oven) pre and
post processing as well as storage conditions of the fibres
after heat treatment prior to testing.
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Abstract: Antenna arrays have positioned a large style of signal processing applications due to their multitude of offerings which include prolonged familiar benefit, range
benefit, interference cancellation, beam steering, and direction—of—arrival (DOA) estimation among others. Generally speaking, the general overall performance of an antenna
array improves with growing elements with inside the array. Several non—uniform array configurations have been reported in the literature including minimum redundancy
arrays, minimum hole arrays, nested arrays, and co—prime arrays, among many others. Each of these configurations provides certain advantages and few drawbacks over the
others. In this paper, the analysis and design of non—linear element spacing were investigated for direction—of—arrival estimation. Various methods were proposed to resolve
the different challenges that are encountered by non—linear element spacing. The final matrix presented here consists of identical matrix elements, located at random. The fixed
patch antenna serves as the base element for the grille. Arrays are created by randomly placing a base element. Arrays of this type are difficult to model and can be resource—
intensive. It will show you how you can construct matrices using the available finite matrix tools. When the array is built in this way, DFM (Domain Green Function Method)
acceleration can be applied to reduce the required resources: 20 mV, 20 dB general orientation, 0 dB axis ratio.

Keywords: Microstrip antenna, Ultra—wideband (UWB), Gain, Directivity, finite array, DGFM, CADFEKO

INTRODUCTION

An antenna array is a collection of or more spatially separated
antennas prepared in a particular structure. The signs
transmitted or received via the ones antennas are blended or
processed definitely as a way to benefit a sophisticated normal
overall performance over what is probably obtained via using
the man or woman elements. An antenna array can develop
the overall benefit, provide a selection benefit, cancel out
interference from a hard and fast of directions, steer the beam
in a particular direction, determine the DOA of incoming signs,
and maximize the signal-to-interference—plus noise ratio.
Antenna arrays have positioned a large style of signal
processing applications due to their multitude of offerings
which include prolonged familiar benefit, range benefit,
interference cancellation, beam steering, and direction—of-
arrival (DOA) estimation among others [1]. Generally speaking,
the general overall performance of an antenna array improves
with growing elements with inside the array [2]. This is due to
the fact that the prolonged range of things produces more
levels of freedom (DOFs). For example, the overall benefit of
an antenna array with the equal elements is the crafted from
the element benefit with the array difficulty [3].

For a non-linear detail spacing, the array difficulty is similar to
the range of things with inside the array. This approach that a
larger range of things produce a larger benefit. Another
example is the style of resolvable reasserts in DOA estimation
using a ULA[4]. This range is tied to the range of things with
inside the array, and as such, for a larger range of things more
reasserts can be estimated. The Figure 1 represents the 3D far
field pattern for the array.

A radio wire cluster is an assortment of or all the more spatially
isolated receiving wires ready in a specific design. The signs
communicated or got through one's receiving wires are
mixed or prepared unquestionably as an approach to help a

complex ordinary generally execution over what is most likely
gotten by means of utilizing the man or lady components.

z

Figure 1. The 3D far field pattern for the array
A radio wire exhibit can foster the general advantage, give a
choice advantage, offset impedance from immovable
headings, steer the pillar a specific way, decide the DOA of
approaching signs, and expand the sign to—obstruction in
addition to clamor proportion. Receiving wire exhibits have
situated a huge style of sign preparing applications because
of their large number of contributions which incorporate
delayed natural advantage, range advantage, impedance
scratch—off, bar guiding, and course of-appearance (DOA)
assessment among others [1]. As a rule, the overall generally
speaking presentation of a receiving wire cluster improves
with developing components with inside the exhibit [2]. This
is on the grounds that the drawn out scope of things creates
more degrees of opportunity (DOFs). For instance, the general
advantage of a radio wire exhibit with equivalent components
is created from the component advantage with the cluster
trouble [3]. For a non-direct detail dispersing, the exhibit
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trouble is like the scope of things with inside the cluster. This
methodology that a bigger scope of things delivers a bigger
advantage. Another model is the style of resolvable reasserts
in DOA assessment utilizing a ULA[4]. This reach is attached to
the scope of things with inside the exhibit, and thusly, for a
bigger scope of things, more reasserts can be assessed.
LITERATURE SURVEY

John Colaco et al: The creator talked about the rectangular
fix having a dielectric consistent of 2.2 and dielectric
mishap deviation of 0.0010. The planis reflect and explored
utilizing FEKO. Along these lines, after age creators have
tracked down a decent return loss of — 33.4 dB, incredible
data move breaking point of 3.56 GHz, VSWR <2, high rate
increment of 10 dB and receiving wire radiation practicality
of 99.5%. [1]

J. Jasika Fa et al: The creator has talked about the radio wire
has been organized at a repeat in the degree of 2.65GHz—
3GHz. The radio wire is displayed with three novel layers of
substrate, for delineation, FR-4, BAKELITE and ROGER
(RO3010) without a ground plane and moreover showed
up for a biomedical layer, for outline skin which has its
relative permittivity (er) as 46.6 and conductivity (0) as 0.64.
The age results are crossed CADFEKO programming [30]".
Pei Cheng Ooi.et al "This paper shows a significant and
lacking CPWfed T-formed printed receiving wire for
WIMAX 3.5 GHz applications. A model has been all
together, contorted and endeavor. The conscious
outcomes show that the execution rehash of the radio wire
is from 3.26 GHz to 4.28 GHz for a return loss of better than
- 10 dB. Acceptable radiation plans have what's more been
crossed proliferation. [32]

Rashmi Gyawali et al: The planar receiving wire
development has a lessened size of 30mmx25mm when
cut on a substrate of dielectric steady 4.4 and tallness
1.6mm. The regular results show incredible single-rehash
development with 10dB impedance all together
transmission of 1.3 GHz and the reverberating rehash of
562GHz. The proposed radio wire conveys as Omni
directional in azimuth plane and steady high getting wire
acquire over the working band has been gotten. It
additionally gives stable radiation plans, low return risk,
high sending and radio wire helpfulness all through the
WLAN band. The uniplanar nature, clear managing method
and inconsequential improvement work on it for isolated
plan. [33]

Satya Kumar V. et al: In this paper the thoughtful and
execution of an unadventurous T — molded space radio
wire for ultra wideband (UWB) affiliation frameworks is
introduced. different reverberating group are convey and
bound together to outline a more wide trade speed from
29to 11.7 GHz for S11 < — 10dB by making open ended
changed T-outlined space radio wire and by along with a
little piece of the microstrip feed line. The recreate result
shows that it has stable unidirectional radiation models

44|Fascicule 2

and heartbeat managing limits inside the band of interest.

[34]
DESIGN METHODOLOGY
Pin—took care of fix exhibit Creating the form The means for
placing in the variant are as per the following:
Characterize the resulting factors: freq = 2.4e9 (Operating
recurrence of the fix), lam0 = c0/freq*1000 (Free region
frequency in millimeters), epsr = 2.08 (Relative dielectric
reliable of fix substrate), patchLength = 41 (Length of the fix
radio wire) , patchWidth = 35 (Width of the fix receiving wire),
h = 3.5 (The highest point of the substrate), pinOffset = - 11
(Distance of feed pin from fix focus), wire Radius = 0.1 (Radius
of the feed pin line), Set the adaptation unit to milli meters .
Make a square shape designated on the establishment with a
width of patchWidth and a power of patchLength. Make a line
area between (0, pinOffset,—h) and (0, pinOffset,0). Association
the parts together. Make a dielectric medium with a
permittivity of EPSR and name it substrate. Make a planar
multi-facet substrate with a top of h. The medium must be
substrate. Guarantee that a story airplane is portrayed at the
most minimal of the dielectric layer. Add a port to the line area.
Add a voltage supply to the port with the default esteems. Set
the recurrence to freq. The figure 2 represents the array layout
that will be analyzed.

L] (S O
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Figure 2. The array layout that will be analyzed

The math above addresses the base detail, which isn't
constantly covered with inside the cluster estimations
through method of way of default. Make the cluster portrayed
in decide 2 through method of way of playing out the ensuing
advances: Create a planar exhibit: Request 4 variables in each
measurements Space the elements lam0 separated. Convert
the planar exhibit right legitimate solidly into a custom cluster.
This makes it conceivable to erase, reposition or turn character
elements of the exhibit.

Erase all components similar as the 1/3 line and section. There
need to now be 9 factors left. Note that everything about can
have a particular direction. Components are orbited through
method of way of altering the organization workplane of the
custom receiving wire cluster factors. No components need to
be orbited for this model, anyway the benefactor in prescribed
to turn some of the variables after the recreation has
completed to research the effect at the cluster design. Cross
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section Use Standard lattice to work the calculation. Set the
stage range to wireRadius. Solicitations Request a 3-D an
extended way adventure that covers the apex 1/2 of space. An
inspecting addition of © = 1.5 and ¢ = 1.5¢ is needed to
acquire a significantly less lavish goal. Set the start of an
extended way adventure (Workplane tab) to 1.5*lam0 for each
the X and the Y segments. This does now not substitute an
extended way adventure design (this could affect the stage),
anyway areas the demonstration of an extended way
adventure at the 3-D view with inside the focal point of the fix
exhibit.

Note that an alert can be experienced simultaneously as
strolling the arrangement. This is because of reality
misfortunes cannot be determined in a boundlessly
enormous medium, as is required for the extraction of
receiving wire directivity data (acquire is processed by means
of method of way of default). This alert might be deflected by
means of method of way of ensuring that an extended way
adventure acquire be determined in inclination to the
directivity. This is prepared at the prevalent tab of the an
extended way adventure demand with inside the tree
ANTENNA PARAMETERS

— Directivity

It is described as the extent of the radiation power in a given
direction from the getting wire to the radiation power
showed up at the midpoint of generally speaking orientation.
— Gain

Gain is portrayed as the extent of the power in a gave
direction to the radiation power that would be gotten if the
power recognized by the getting wire were sent isotropically
— Radiation pattern

It is described as the assortment of the power radiated by an
accepting wire as a component of the bearing away from the
radio wire this power assortment as a segment of the
appearance point is found in radio wires for fields

— Axial Ratio or Pivotal Proportion

The Pivotal Proportion or Axial Ratio of a receiving wire is
characterized as the proportion between the major and
minor hub of a circularly captivated radio wire design. On the
off chance that a radio wire has amazing roundabout
polarization, this proportion would be 1 (0 dB). Thusly, it is
consistently bigger than 1 (>0 dB) in an oval.

SIMULATION RESULTS

Arrays of this kind are hard to version and might bring about
excessive aid requirements. It could be proven how the array
may be built the use of to be had finite array tools. When
arrays are built on this way, the DGFM (area Green's
characteristic method) acceleration may be implemented to
decrease the sources which are wished. The Figure 3 indicates
the 3D far field pattern for the array.

— Total Directivity (dB)

It is defined because the quantity of the radiation energy in a
given path from the getting twine to the radiation energy
confirmed up on the midpoint of usually talking orientation.
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The Figure 4 shows the total directivity is 20 dB for the
frequency of 5.875 GHz

Figure 3. The 3D far field pattern for the array

Total Directivity [dBi]
200

P iso

100

Figure 4. Total directivity in dB

— Total E-Field Magnitude (dB)

The value and course of the electrical discipline are expressed
with the aid of using the price of E, known as electric powered
discipline energy or electric powered discipline depth or
truely the electrical discipline. The price of the electrical
discipline at a factor in space, for example, equals the pressure
that could be exerted. The figure 5 shows the Total E-Field
Magnitude (dBV) is =20 dB for the frequency of 5.875 GHz

Total E-Field Magnitude [dBW]
-20.0
I -25.0

300

Figure 5. Total E—Field Magnitude (dB)
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— Axial Ratio or Pivotal Proportion

It is defined because the quantity of the radiation energy in a
given path from the getting twine to the radiation energy
confirmed up on the midpoint of usually talking orientation.
The figure 6 shows the Axial Ratio is less than 0dB for the
frequency of 5.875 GHz.

Axial ratio {minor)major) [dB]
0.0
l 50
-10.0
-15.0
=200
-25.0
-30.0
-35.0
-40.0
-45.0

Figure 6. Axial Ratio less than 0dB for the frequency of 5.875 GHz
— Handedness
The figure 7 shows the handedness with left and right for the
frequency of 5.875 GHz

Handedness (LR}
mleft

mlinear

mright

Figure 7. Handedness with left and right for the frequency of 5.875 GHz
— Total Realized Gain (dB)
Actual profit is the difference between costs and gains from
the sale or redemption of a security. Profit arises when a
product is sold at a price that is higher than its original price.
The Figure 8 represents the overall gain of 1.0 dB for
frequency of 5.875 GHz.
— Total Gain
This is the whole advantage on a portfolio role including
unrealized profits on modern holdings, realized profits from
income and dividends obtained expressed with inside the
selected portfolio currency. The figure 9 shows 3D radiation
pattern of Total Gain. The total advantage is 50 for the
frequency of 5.875 GHz.
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Total Realised gain [dBil

Figure 8. Plot of 3D radiation pattern of Total Realized Gain
with the frequency 5.875 GHz

Total Gain

Figure 9. Plot of 3D radiation pattern of Total Gain
— Total gain (dB)
The gain is defined as the ratio of the output power to the
input power in dB. The Figure 10 shows 3D radiation pattern
of Total Gain (dB). The total gain is 20 dB at 5.875 GHz.

Total Gain [dRi]
200

I 15.0
100

50

0.0

5.0
-10.0
-15.0
-20.0
-25.0

Figure 10. Plot of 3D radiation pattern of Total Gain (dB)
THE FAR FIELD GAIN PATTERN FOR THE ARRAY
The Figure 11 shows the far field gain pattern for the array and
suggests the assessment of theta cuts of the array
approximation with the outcomes acquired the usage of an




equal complete MoM model. The outcomes evaluate
favourably. The Table | alternate of frequencies and
parameters values tabulated for the frequency of 5.875 GHz

Gain(dB)

Phi=0

Phi=90 ‘

Figure 11. The far field gain pattern for the array
Table 1. Frequency and parameters values
Total

Axial ratio
Total

o ) G| o

Magnitude J J
1] 5875] 20 175 —20mV 20dB 0
CONCLUSION

Antenna arrays are widely used in signal processing
applications due to their multiple offerings non-linear
element spacing provide an effective way to deal with the
issue of increased hardware cost and complexity in large
antenna arrays. These arrays deliver a similar performance to
that of a uniform array with a reduced number of elements.
Several non-uniform array configurations have been
reported in the literature including minimum redundancy
arrays, minimum hole arrays, nested arrays, and co-prime
arrays, among many others.
Each of these configurations provides certain advantages and
few drawbacks over the others. In this paper, the analysis and
design of non-linear element spacing were investigated for
direction-of-arrival ~estimation. Various methods were
proposed to resolve the different challenges that are
encountered by non-linear element spacing. For the
frequency 5.875GHz the gain is 20db and the total realized
gainis 17.5 dB, the total E field Magnitude is —20mV, the total
directivity is 20 dB and the axial ratio is 0 dB The challenges
include the reduction of the available degrees—of-freedom
due to the presence of missing elements in the difference
coarray, the mutual coupling effect in practical antenna
arrays, and the presence of correlated or coherent targets in
the field of view.
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Abstract; This study investigated the influence of the addition of carbon black to palm kernel shell, as the carburizing media, on the mechanical properties and case structure of
low carbon steel. The particle size of the carburizers used was 150 um. Various compositions of the carburizing media were used, and carbon black was added to palm kernel
shell to a maximum of 10 wt% of the total weight of the carburizer. For each composition, 20 wt% of calcium carbonate was added as energizer. Samples for tensile test,
hardness test and microstructural examination were carburized at 950°C for 3 hours. The samples were then tempered at 450°C for forty minutes. The best combination of
mechanical properties was obtained for the sample carburized with 95 wt% palm kernel shell and 5 wt% carbon black.

Keywords: low carbon steel, carburization, palm kernel shell, carbon black, mechanical properties

INTRODUCTION

Low carbon steel, also known as mild steel, has carbon
content of less than 0.30% [1]Typical applications of low
carbon steel are in: rivets, seam welded pipes, structural
steels, plates, nuts, screws, bolts, sheets, and parts of
machines which do not demand high - strength requirement
[2, 11. When the carbon content in a steel is varied, in
conjunction with using a suitable heat-treatment method
adequate for that particular amount of carbon, a myriad of
mechanical properties can be obtained. No other metallic
alloy has this unique feature of carbon steel. In addition,
carbon steel in comparison with non-ferrous alloys, is not
expensive, thus steel is largely the most important
engineering alloy [2].

Steel undergoes heat treatment in order to harden it, and to
increase its strength, ductility and toughness. The carbon
content and the intended use of the steel determine the kind
of heat treatment the steel will undergo (Higgins, 1993). The
types of heat treatment are as follows: normalising,
tempering, annealing, isothermal transformations and
hardening [2, 3].

Carburization is the process of adding carbon to the exterior
of low-carbon steels mainly at temperatures of between
850°C and 980°C [4]. Within this temperature range, austenite
which has high solubility for carbon, is the crystal structure
which is stable. Hardening is obtained by quenching the
high-carbon exterior of the steel to form martensite. Thus, the
martensitic case which has high carbon content (having
good wear and fatigue resistance) is laid over a tough core
that is low in carbon content [5, 4] .The carburizing method
used may be solid, liquid or gaseous [5, 2, 4]. These methods
have their merits and demerits [5, 4], and the kind and extent
of the work to be done by the metal will determine the best
carburizing method to be used [2]. The most frequently used
method for high-volume production is gas carburizing, since
it is precisely regulated and needs much reduced special
handling [5, 4] .

Researchers have investigated the use of cheap and locally
available carbonaceous materials as carburizing agents in
pack carburization.

[6] experimentally studied the effect of coal, bone charcoal
and wood charcoal on the hardness, tensile strength and
impact strength of mild steel. He found out that each
carburizing medium increased the hardness and tensile
strength of mild steel with carburizing time, while each
medium decreased the impact strength of mild steel with
carburizing time. The results of the hardness tests he obtained
had reasonable agreement with those available in literature.
He suggested that with the addition of energizers to the local
carburizing media, better results could be obtained in less
time. He further reported that wood charcoal gave the
highest values of mean hardness and mean tensile strength,
while coal gave the least values. [7] studied the effect of the
variation in carburizing temperature and time on the
mechanical properties of mild steel quenched in oil, and
tempered at 550°C for one hour. For their experimental
conditions, they reported that the best blend of mechanical
properties was obtained at carburizing temperature and time
of 900°C and 30 minutes respectively, with quenching in oil
and tempering for an hour at 550°C following the
carburization process.

[8] studied the effect of varying carburizing temperature and
carburizing time on the mechanical properties of mild steel
using pulverized bone as carburizer. They reported a strong
connection between the properties and carburization
process, carburization temperature and soaking time at a
particular temperature. In particular, they noted that the best
results were obtained for the samples carburized at 900°C and
15 minutes, and at 850°C and 30 minutes, as they both had a
hard case with a softer core.

[9] investigated the effects of using graphite, charcoal, palm
kernel shell and mixed carburizer on the case hardness of low
carbon steel. Impact tests and microstructural examination
were also conducted on the steel samples. The sample
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carburized with palm kernel shell had the highest hardness
value, while that carburized with graphite had the highest
impact energy. [10] investigated pack carburization of mild
steel using seashell, palm kernel shell and animal (cow) bone
in the temperature range of 700 to 1100°C. They reported that
palm kernel shell and animal (cow) bone were better
carburizing media compared to seashell. [11] studied pack
carburization of mild steel using charcoal with bone as
energizer. The compositions of the carburizing compounds
that were used were 100 wt% charcoal, 75 wt% charcoal/25
wt% cowbone, 70 wt% charcoal/30 wt% cowbone and 60
wt% charcoal/40 wt% cowbone. The best hardness value
reported was for the 60 wt% charcoal/40 wt% cowbone
composition. [11] set out to determine whether egg shell
waste could be used as an energizer using sugar case waste,
aracaceae flower droppings and melon shell as the
carburizing media. They concluded that egg shell waste was
a good energizer as it increased the hardness values of the
samples, as compared to when the samples were carburized
without it. [12] conducted experimental investigation on the
effectiveness of locally available carbonate minerals as
energizers in pack carburization of mild steel using charcoal
as the carburizing medium. The minerals they studied were
marble, limestone and dolomite, and they compared the
efficacy of these minerals with that of barium carbonate. They
reported that marble or limestone is a suitable replacement
for most of the barium carbonate used as energizer in pack
carburization of mild steel. They showed that the best result,
in terms of effective case depth and relative efficacy of the
energizer, was obtained using 15% marble and 5% barium
carbonate. They noted that this composition of energizer
seems to be more effective than using 20% barium
carbonate. They reported that dolomite is not an energizer
and that in fact, it seems to slow down carburizing action.
More research work is needed, especially in the comparative
analysis of carburizing media, to determine suitable local
carburizing media for pack carburization of mild steel. Palm
kernel shell is a readily available waste product in Nigeria, and
it has been shown to have a high carbon potential. However,
its efficacy as a carburizing medium has not been extensively
investigated. In this work, mild steel will be carburized using
palm kernel shell with the addition of carbon black to a
maximum of 10 wt% carbon black. 20 wt% calcium carbonate
was used as energizer, since it has been shown in the
literature to be effective, and is in abundant supply in Nigeria.
The effects of various compositions of the carburizing media
on the hardness, tensile properties and microstructure of mild
steel will be studied

Table1. Chemical composition of the low carbon steel

Al Si P S Ti

Element
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Figure 1. Dimensions of tensile test sample

MATERIALS AND METHODS
— Preparation of Samples
Palm kernel shells were obtained, washed and dried.
Thereafter they were crushed with hammer mill, and
pulverized using a ball mill. The powder was then sieved to
particle size of 150 um. Grade 330 carbon black was
purchased and used for the work. A 10 mm mild steel rod was
used for the work.
The chemical composition of the rod is presented in Table 1.
Specimens for the tensile test were machined from the rod
according to ASTM E8 (refer to Figure 1).
The samples for the hardness test and microstructural
examination were also cut out. Four boxes measuring 120 x
30 x 30 mm were constructed using 5 mm thick steel plate.
The composition of the carburizing media was measured out
for each sample as shown in Table 2. For each composition of
carburizer, 20 wt% of calcium carbonate, that is 20 wt% of the
carburizer’s total compositon, was included as energizer. The
samples for the tensile and hardness tests and those for
microstructural examination were buried in the carburizer
and then the boxes were properly sealed.

Table 2: Compositions of the carburizing media used

Sample Palm kernel shell (arbon black (alcium Carbonate
powder (wt%) (wt%) (CaC0;) wt%

1 100 0 20

2 90 10 20

3 95 5 20

4 99 1 20
5 (control 0 0 0
sample)

— Carburization of the Samples

The sealed boxes were then placed in an electric heat
treatment furnace and the temperature of the furnace was set
to 950°C. When the temperature of the furnace attained
950°C, the time was taken. The samples were then held in the
furnace on attainment of 950°C for 3 hours. After this time, the
samples were quenched in water at room temperature.
Afterwards, the samples were tempered in the furnace at
450°C for forty minutes, and were cooled in air at room
temperature. The control sample (Sample 5) did not undergo
heat treatment.

TESTS CONDUCTED

— Tensile Test

Uniaxial tensile tests were conducted on the tensile specimen
according to ASTM E8 using an Instron Universal Testing
Machine, at a strain rate of 10 mm/mm. Before beginning the
tests, the gauge length and initial diameter of the specimens
were entered into the software. The ultimate tensile strength,




fracture strength, modulus of elasticity, percentage
elongation and fracture load were determined for each of the
specimens.

— Hardness Test

Hardness tests were performed using a digital Brinell
hardness testing machine.

— Microstructural Examination

The microstructures of the cases of samples 1,2 and 5 (control
sample) were examined using a Phenom scanning electron
microscope.

RESULTS AND DISCUSSION

The tensile test results of the samples are presented in Figures
2 to 6, while the hardness test results are presented in Figure
7.
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Figure 2: Ultimate tensile strength of the samples
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Figure 3: Modulus of elasticity of the samples
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Figure 4: Fracture strength of the samples
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Figure 7: Hardness of the samples

From the results of the tensile test, it can be seen that
generally there is a reduction in the values of the ultimate
tensile strength and the modulus of elasticity of the heat-
treated samples. This is due to the fact that the hardened steel
was tempered [2, 1].

From Figure 2, there is a reduction in the ultimate tensile
strength of the heat-treated samples. Also, there was a
reduction in the modulus of elasticity of the heat-treated
samples as shown in Figure 3. As expected, there was an
increase in the fracture strength, the fracture load and the
percentage elongation of the samples that were subjected to
heat treatment. This is because tempering improves the
toughness and the ductility of carbon steels [2, 13].
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From Figure 7 it can be seen that the hardness values of the
heat-treated samples increased significantly as compared to
the control sample. This suggests that palm kernel shell is
indeed a good carburizing medium as can be seen from
sample 1 (Figure 7). From Figures 2 to 7, it can be seen that
sample 3 had the highest values, compared to other heat-
treated samples, of ultimate tensile strength, fracture
strength, fracture load and percentage elongation. However,
its modulus of elasticity and hardness values are lower than
those of sample 1. Thus sample 3 has the best combination
of tensile properties and hardness value.

The photomicrographs of samples 5, 1 and 2 are presented in
Figures 8,9 and 10.

Figure 10: Photomicrograph of the case of sample 2
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The photomicrograph of the control sample (Figure 8) shows
the typical structure of mild steel, that is ferrite (light areas)
and pearlite (black areas) [13, 14].

In Figure 9, coalesced globules of cementite can be seen in

the ferrite matrix. Cementite was precipitated from the

martensitic structure on tempering [2]; while Figure 10 shows

a more even distribution of spheroid cementite in the matrix

of ferrite.

The presence of cementite in Figures 9 and 10 indicates

carbon enrichment of the steel surface. The ultimate tensile

strength, fracture strength and fracture load of sample 2 are
greater than those of sample 1 as seen from Figures 2, 4 and

5 respectively.

The modulus of elasticity and hardness of sample 2 are lower

than that of sample 1 (Figures 3 and 7) while the percentage

elongation of sample 2 is slightly lower than that for sample

1 (Figure 6). It appears that the addition of 10 wt% of carbon

black to palm kernel shell increased its toughness.

From the results of this study, sample 3 gave the best

combination of mechanical properties. This suggests that

carbon black has some effects on the improvement of the
mechanical properties of steels carburized with palm kernel
shell.

CONCLUSIONS

The following conclusions can be drawn from this study:

— Palm kernel shell is a good carburizing agent as it has very
high carbon potential, and gave the highest case hardness
value.

— The addition of carbon black to palm kernel shell as
carburizing media helps to improve the toughness of low
carbon steel.

— The best combination of mechanical properties was
obtained with a composition of the carburizing media
containing 95 wt% palm kernel shell and 5 wt% carbon
black.

— The findings of this work will be useful to the following
companies in Nigeria: Integrated Steel PLC, Osogbo;
Nigeria Machine Tools Limited, Osogbo; Ajaokuta Steel
Company Limited, Ajaokuta; Delta Steel Company,
Ovwian — Aladja as well as similar companies in Nigeria
and across the world.
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Abstract: 3D printing encompasses many forms of technologies and materials as 3D printing is being used in almost all industries you could think of. It's important to see it as
a cluster of diverse industries with a myriad of different applications. 3D printing is technology that today has various application in production, through mechanical industry,
medicine, civil engineering, food production, etc. Through 3D printing the fabrication of complex geometrical parts using various materials had been made possible. Fused
deposition modeling (FDM) is widely used 3D printing technology. It has found its place from manufacturing consumers products through industrial parts. FDM also has been
popular because of low price of commercially used printers and plastic materials such as PLA or ABS. In 3D printing process there are many elements that have great influence
on finished product, such as part orientation, used material, support, infill, etc. Part infill have impact on overall part functionality, printing process and material consumption.
In this paper it will be discussed the infill types, printing parameters of infill and their functional role in part production for FDM 3D printing.

Keywords: 3D printing, FDM, infill

INTRODUCTION

3D printing is, relatively, new technology used for production
of parts (with various purpose, from decorative like
ornaments, figurines etc. to mechanical elements) from
various materials. There are several parameters that influence
on 3D printing production and quality. Some of these
parameters are part orientation, printing speed, layer size,
type and percentage of infill, thickness of printing part
exterior wall etc. that can be defined in slicer software (with
regards of printer capabilities), and also the characteristics
and material of 3D printer (temperature of nozzle and bed,
movement speed, type of materials, etc). For example, the
part orientation has influence on printing time and material
consumption [1].

3D printing or additive manufacturing is a process of making
three dimensional solid objects from a digital file. The creation
of a 3D printed object is achieved using additive processes. In
an additive process an object is created by laying down
successive layers of material until the object is created [9].
Each of these layers can be seen as a thinly sliced cross-
section of the object [9].

3D printing is the opposite of subtractive manufacturing
which is cutting out / hollowing out a piece of metal or plastic
with for instance a milling machine [9]. Adoption of 3D
printing has reached critical mass as those who have yet to
integrate additive manufacturing somewhere in their supply
chain are now part of an ever-shrinking minority. Where 3D
printing was only suitable for prototyping and one-off
manufacturing in the early stages, it is now rapidly
transforming into a production technology [9].

Infill is a measure of how dense the object is, i.e. how much
material has been used to print its internal structure. We can
also determine the shape or pattern of the internal structure
in the slicer (infill pattern), and selecting the right infill settings
at the time of slicing can optimize the strength, rigidity,
weight, feel, appearance, cost and print time of the model.

Infill in 3D printing is “filling” that allows printed parts to be
solid, hollow orin between [2]. In comparison to conventional
production, infill is unique for 3D printing. In conventional
production like injection molding or subtractive
manufacturing the interior of part is solid without the control
or possibility to change that [3]. Based on that, with
appropriate infill parameters, a desired part can be printed
with reduced material consumption, or with lesser weight
(where weight plays significant role).

Fused deposition modeling (FDM) is one of the most widely
used additive manufacturing techniques [10,11]. It has been
utilized in the automobile industry, ranging from testing
models, lightweight tools to final functional components.
However, FDM technique faces two main obstacles to be
developed as an effective processing method in the
automobile industry: weak and anisotropic mechanical
properties and limited variety of printing materials [10,11].
The weak interlayer bond formed in the layer-by-layer process
contributes to the mechanical characteristics of FDM parts
[10,11].

Figure 1. FDM additive manufacturing process [10,11]
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Figure 1 shows schematically the FDM additive

manufacturing process [10,11]:

— A thermoplastic filament with constant diameter is feed
into a heated extrusion head by motor driven feeding
rollers (a).

— The polymer melts inside the heated 3D printing head and
is extruded through a thin nozzle (b).

— During the deposition process the material cools and
solidifies. In this way the head makes one layer with the
desired shape and pattern of the deposited material. After
the completion of the first layer the head is lifted in z-
direction, and a new layer is deposited fused with the
previous ().

— Finally, a complete part is constructed layer by layer.

Model material

Heated nozzle

Built part

upport material

Figure 2. Fused Deposition Modelling (FDM) [10,11]
Fused Deposition Modelling (FDM) is the most accessible 3D
printing process, from home hobbyists through to full
production systems, with rapid turnaround times and a wide
range of materials and colours aimed at functional
applications and design verification [10,11].
Fused Deposition Modelling (FDM) is the most accessible 3D
printing process, from home hobbyists through to full
production systems, with rapid turnaround times and a wide
range of materials and colours aimed at functional
applications and design verification [10,11].
Fused deposition modeling parts used in the automobile
industry requiring desired mechanical properties and good
dimensional accuracy can be attained by either optimizing
printing process or improving material properties [10,11].
Fused Deposition Modeling (FDM) is one of the widely
used additive manufacturing processes due to its capability
to create complex parts. One of the major research issues
related to FDM process has been its ability to create
components with esthetically appealing geometry. The
optimum selection of FDM process parameters is playing an
important role for improving the quality and the surface
roughness of the manufactured components [10,11].
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INFILL PATERNS AND INFILL DENSITY

The density of the infill defines how much material is going to

be used on the inner structure of the print, which can go from

0% all the way up to 100% [10]. At 100%, the object will be

completely solid from the inside and at 0% it will be

completely hollow [10].

The amount of filament to be used during printing is highly

determined by the infill density (also called infill percentage).

The printed object’s strength, rigidity, weight, buoyancy, cost

and printing duration are all highly affected by the Infill

density [10]. The weight, strength and print time of a part

depend on the amount of material it has inside [10].

Different infill patterns and infill density are defined through

slicing software. CURA [6], as well as most other slicers, allows

you to have different infill densities, as well as patterns, within

the same part [10]. This technique is also known as variable

infill density. In CURA, the default infill percentage is usually

20% [6,10].

— Infill patterns

Infill patterns can be divided in 4 (or 5) different groups, based

of part usage [4]:

1. Low strength (prints that are decorative, in most cases

without any functional use)

Medium strength (functional parts, with low durability)

High strength (functional parts)

Flexibility (patterns to use with flexible materials)

Vanity (patterns that look good but without application in

specific cases. For example, printing the flexible pattern

but with nonflexible materials)

Why 4 or 5 groups? Basically in the fifth group are the infill

types that look good, but have their application in other four

groups. By Ultimaker (based only on Cura software) there are

4 groups [5]:

1. Strong 2D infills are used for everyday prints

2. Quick 2D infills are used for quick, but weak models

3. 3D infills are used to make the object equally strong in all
directions

4. 3D concentric infills are used for flexible materials

Different infill patterns from different softwares are shown on

Figures 3-5, and printed example of different infill patterns is

shown on Figure 6.
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Figure 4. Infill patterns from Cura software [4]

CONCENTRIC

Figure 5. Infill patterns from Slic3r software [4]

Figure 6. Different infill patterns printed [6]

In 3D printing, infill plays an important role in a part's strength,
structure, and weight. Infill in 3D printing is different from
other, more traditional manufacturing methods [10,13]. Infill
pattern is the structure and shape of the material inside of a
part [10,13]. Ranging from simple lines to more complex
geometric shapes, infill patterns can affect a part’s strength,
weight, print time, and even flexibility [2,10,13].

3D printing involves selective extrusion of material in almost
any pattern. Let's take a closer look at different options for
infill density and pattern [2,10,13]. Based on groups

mentioned before, Table 1 shows infill pattern by groups.
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Table 1. Infill types from different softwares [4]

- Simplify3D Cura Slic3r
Low _ 4 .
sl Wiggle Lines Rectangular Aligned
Honeycomb
Rectilinear 3D Honeycomb
Medium Fast Octet Gyroid
honeycomb Quarter Cubic Grid (notincluded in
strength . .
Full Gyroid patterns image)
honeycomb Archimedian Chords
Octogram Spiral
Cubic
. . Cubic
High Grid Cubic §ubd|V|S|on Rectangular
. Triangles :
strength Triangular _ Triangles
Tri-Hexagon Stars
Grid
Concentric ‘
Cross 30 Concentric
Flexibility Wiggle (ross 3D
(ross
. (ross
Lines
Concentric Concentric
(ross 3D (ross 3D
_ Gyroid Gyroid
Wiggle Cubic Subdivision | Archimedian Chords
Cubic Hilbert Chords
Octet Octogram Spiral
— Infill density

Infill density have impact on weight and durability of printed

parts. It also can be defined through printed part application,

or mentioned pattern groups. Basically [5]:

= for low strength parts typical infill density ranges from 0 -
15%,

for medium strength parts typical infill density ranges from

15 - 509%,

for high strength parts typical infill density ranges from 50

- 100%,

= forflexible parts typical infill density ranges from 0 — 100%,

Percentage of infill density depends on part application and

used patterns. Also in some softwares the multiple infill

density can be defined and printed. Different infill density

percentage is shown on Figure 7.

0% 20% 40% 60%

80%

100%

Figure 7. Different infill density percentage [7]
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INFILL PATTERNS AND INFILL DENSITY APPLICATION

Infill patterns and infill density are entwined in 3D printing. As
mentioned before, there are some guides to apply in 3D
printing in order to obtain desired printed part (what pattern
to use and what density corresponds). But there are also
several other parameters to consider: printing speed, visuals,
support for top layer, flexibility, filling (if used for creatin
mold). For example, printing speed. If low strength infill
pattern is used with higher infill density, printing time is
reduced yet part durability is increased.

Also there are many papers on infill influence on mechanical
strength. In paper [8] the authors give review of mechanical
properties of 3D printed PLA products for various infill design.
Based on that research it can be seen that infill patterns and
infill density have great impact on different mechanical
properties (tensile strength, flexural strength, compression
strength, yield strength, stiffness etc.)

CONCLUSION

3D printing is highly used technology today. Low price of
commercial FDM printers make this technology suitable for
creation of unique parts (visual and functional) even in
homemade conditions. When 3D printing, it is necessary to
adjust printing parameters in order to obtain desired printed
part, to decrease material consumption, to reduce printing
time, and overall to reduce printing cost.

As shown in this paper, there are various infill patterns that
can be used in 3D printing to fullfill desired goals. There are
multiple guidelines that can be used to determine what is the
suitable infill pattern for part to be printed based on part
application. Most important, the guidelines are, in many
cases, based on experience. It varies because of different
printer's configurations and also because of different material
characteristics.

Note: This paper was presented at ICOSTEE 2022 — International Conference on Science,
Technology, Engineering and Economy, organized by University of Szeged, Faculty of
Engineering (HUNGARY) and Hungarian Academy of Sciences — Regional Commettee
in Szeged (HUNGARY), in Szeged, HUNGARY, in 24" of March, 2022.
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BASIL ESSENTIAL OIL (OCIMUM BASILICUM):

IN VITROANTIFUNGAL PROPERTIES AND

“Institute of Horticulture, Faculty of Horticulture and Landscape Engineering, Slovak University of Agriculture, Nitra, SLOVAKIA

Abstract; The purpose of the present study was to evaluate the antioxidant and /7 vizoantifungal properties of commercial basil (Ocimum basiicum) essential oil (BEQ). The
antioxidant activity of BEO was estimated by DPPH free radical scavenging ability. The antifungal activity of the EO was tested against three pathogenic Penicillium (P) spp. (.

expansum, P. ditrinum, P. crustosum) using the disc diffusion method (concentrations: 1
Ocimum basilicumEQ showed a strong antioxidant activity with the value 0f 86.20 £ 0.1

250LL7, 25k, S0 pLL T, and 100 pL.L). From the results it is clearly evident that
59 for inhibition. The highest concentration (100 uL.L™") of BEQ exhibited the strongest

antifunqgal activity manifested by the highest diameters (5.33 0.58 mm, 4.33  0.58 mm, 3.33 # 0.58 mm) of inhibition zones against all three fungi strains (#. crustosum,
P, citrinumand £. expansun, respectively). These findings show that the BEO represents a good source of biologically active substances that could have potential applications

in the food and pharmaceutical industries.
Keywords: basil, essential oil, disc diffusion method, DPPH assay

INTRODUCTION

Currently, the efforts of consumers for a healthy lifestyle and
also well-known increasing resistance of microorganisms to
synthetic antifungal substances has supported the search for
new types of effective and non-toxic antifungal substances
among natural sources (Roller et al., 2009). One of the possible
solutions to this problem is the application of plant essential
oils (EOs; Ba-Hambad et al., 2014).

Generally, EOs are products obtained from diverse parts of
herbs, routinely isolated using the steam distillation method
(Sahraoui et al, 2008). These natural substances are usually
composed of secondary metabolites of aromatic plants with
oxygenated structures (e.g. alcohols, ketones, aldehydes, and
esters), characterized by significant biological properties,
including antibacterial, antifungal and antioxidant activities
(Babtista-Silva et al., 2020). In total, about 3,000 types of EOs
are known, of which about 300 are also used commercially in
the food, pharmaceutical and cosmetic industries (Shaaban
etal, 2012).

Aromatic plants belonging to the genus Ocimum from the
Lamiaceae family are also considered to be a rich source of
EOs (Avetisyan et al, 2017), from which basil (Ocimum
basilicum L) is the most common species. Consumption of
this herb has an anti-inflammatory, antimicrobial, antiviral
(Martinec, 2012) and also strong antiseptic effect (Bozin et al.,
2006) on human health. Moreover, a number of proven
biological properties are dominated by its antifungal
(Oxenham et al. 2005), antibacterial, repellent and high
antioxidant potential (Bunrathep et al,, 2007; Carovi¢-Stanko
etal, 2010).

Methyl chavicol (45.8%) and linalool (24.2%), the most
abundant components in the concept of basil essential ol
(BEO), are responsible for these biological effects (Bozin et al.,
2006). Regarding these properties, the effect of BEO as a

growth inhibitor of microorganisms in selected food models
has been documented in several studies (Suppakul et al,
2003; Hemalatha et al,, 2017; Amor et al,, 2021).

Therefore, the aim of our study was to determine antioxidant
and in vitro antifungal activity of BEO to assess its potential as
an agent used in food or pharmaceutical industries.
MATERIALS AND METHODS

—Essential oil

For all determinations, a commercial Ocimum basilicum
essential oil (BEO) possessing methyl chavicol (> 65%),
linalool, and eugenol as major compounds (declared by the
manufacturer) was applied. The EO was obtained by the
steam distillation of fresh stalks of basil growing in Vietnam
(Hanus Company, Nitra, Slovakia).

—Fungal strains

Three Penicillium (P.) strains (P. crustosum, P. citrinum, and P.
expansum) were isolated from berry samples of Vitis vinifera
and consequently classified using a reference based MALDI-
TOF MS Biotyper. The obtained results were also validated by
comparison with the taxonomic identification obtained by
16S rRNA sequences analysis.

—DPPH assay

The antioxidant activity of the BEO was assessed on the basis
of the scavenging activity of the stable radicals 2,2-diphenyl-
1-picrylhydrazyl (DPPH) according to the methodology used
in the study Valkova et al. (2021).

— Disc diffusion method

The evaluation of the antifungal activity of the BEO was
performed using the agar disc diffusion method. For this
purpose, there was an aliquot of 0.1 mL of fungal suspension
in distilled water inoculated on Sabouraud Dextrose Agar
(SDA; Merck, Gernsheim, Germany).

Subsequently, the discs of filter paper (6 mm) were
impregnated with 10 ulL of the analyzed BEO samples (in four
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concentrations: 12.5 pL.L", 25 pL.L", 50 yL.L", and 100 pL.L™),
and then applied on the SDA surfaces.

The fungi were incubated aerobically at 25 °C for 5 days. The
diameters of the inhibition zones were measured in mm after
incubation. Each test was repeated three times (one
repetition reflected one separate plate). The values for
inhibitory activity increased in the following manner: weak
antifungal activity (5 - 10 mm) < moderate antifungal activity
(10 = 15 mm) < very strong antifungal activity (zone > 15
mm).

— Statistical analysis

The data from the analyses were statistically evaluated using
Prism 8.0.1 (GraphPad Software, San Diego, CA, USA). One-
way analysis of variance (ANOVA) followed by Tukey's test
were used to evaluate the statistical significance of
differences between the analyzed groups of samples.
RESULTS AND DISCUSSIONS

— Antioxidant activity of BEO

The antioxidant potential of the BEO was estimated in terms
of the multiple radical scavenging abilities (Alara et al., 2019).
Generally, it is known that DPPH radical is a stable free radical
that can donate hydrogen when reacts with antioxidant
constituents, and it is reduced to diphenyl picryl hydrazine
(Thaipong et al., 2006), which has the ability to neutralize free
radicals of extracts that possess unpaired electrons
(Atangwho et al., 2013).

Our results showed that the BEO had a strong antioxidant
activity with the value for inhibition of 86.20 + 0.15%. In
agreement with our study, Bozin et al. (2006) reported strong
antioxidant activity of basil EO containing methyl chavicol
(45.8%) and linalool (24.2%) as the main EO components. On
the other hand, Mahmoud (2013) found that methyl chavicol
had only moderate antioxidant activity.

The study by Dawidowicz and Olszowy (2014) even showed
no antioxidant properties of methyl chavicol. Therefore, we
assume that the main component of EO does not have to
determine its antioxidant activity. Indeed, it is possible that
the constituents present only in lower concentrations may
contribute to some type of synergic interactions with other
active compounds to enhance their antioxidant properties.
— Antifungal properties of BEO

Results from the inhibitory effects of the BEO on growth of
three tested Penicillium spp. fungi (P. crustosum, P. citrinum,
and P. expansum) assessed by disc diffusion method are
shown in Tables 1-3. Our findings showed that the growth
inhibition of Penicillium strains depends on the concentration
of the BEO applied; whereas the highest growth inhibition (P
< 0.05) was recorded in all three analyzed strains in the
highest BEO concentration (100 pL.L") used.

On the other hand, the lowest concentration of the BEO (12.5
uL.L") tested had no (P. crustosum and P. expansum) or only
very weak inhibitory efficacy (P. citrinum) against the growth
of microscopic filamentous fungi.
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Concentration of BEO (uL.L")
12.5 25 50
1.00+0.00

b

Fungal strain

P.
crustosum
Notes: Means + standard deviation. Values followed by different superscripts within

the same row are significantly different (P < 0.05). 0.00 — no efficacy. * Weak
antifungal activity (5— 10 mm).

533£0.58

d

Table 2. Antifungal activity of BEQ against P. citrinum growth.
Concentration of BEO (uL.L™)

P TR S T

0.67 +£0.58

s 133+ | 233£058 | 433+0.58
P. citrinum i

0583 b C
Notes: Means + standard deviation. Values followed by different superscripts within
the same row are significantly different (P < 0.05).

Table 3. Antifungal activity of BEO against P. expansum growth.
Concentration of BEO (uL.L™)

Fungal strain|

25 |5 |50
P. 0.00+ 167058 | 2.67+£058 | 333+058
expansum 0.00° ’ . ‘

Notes: Means + standard deviation. Values followed by different superscripts within
the same row are significantly different (P < 0.05). 0.00 — no efficacy.

Generally, microscopic filamentous fungi possess a great
ability to colonize many kinds of substrates, and grow even
under extreme conditions. Among them, Penicillium spp. are
the most important species producing the spoilage of food
products (Groot et al,, 2019); therefore, these species were
also selected in our research for analyses.

Our results are in agreement with the study of Saggiorato et
al. (2009) who observed that BEO inhibited the growth of
Penicillium spp. (isolated from an industrial environment),
depending on the concentrations used. The weaker
antifungal potential of our BEO in lower concentrations can
be attributed to the lower presence of methyl chavicol (as the
most abundant compound in the EO) that in earlier studies
showed variable activity depending on the analyzed
microorganisms (Stevi¢ et al, 2014). Tadtong et al. (2009)
found a moderate to weak antimicrobial activity of EO
comprising the highest amount of this substance. Our
evaluation of the antifungal activity of the BEO using the disc
diffusion method showed promising results. In view of this
fact, the study focused on the application of BEO on selected
food models in order to determine its effective concentration
inhibiting the fungi growth in food products is our next
challenge.

CONCLUSIONS

Findings obtained from the study have revealed the
antioxidant and in vitro antifungal properties of the BEO. From
the results it is clearly evident that the BEO showed a
remarkable value (86.20 + 0.15%) for antioxidant activity.
Further, all the tested Penicillium spp. (P. crustosum, P. citrinum,
and P. expansum) were the most sensitive to the BEO in the
highest concentration (100 uL.L"). Thus, our data confirm the
possibility of the application of the BEO in the higher




concentration (= 100 uL.L") as an alternative to traditional

medicine, and also as a natural agent applied for food

preservation. These data also complement our previous
research providing an extensive overview of the biological
functions of several commercial EOs purchased from the

Hanus Company.
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Abstract; Flooding is one of the most reoccurrence natural disasters globally and the plan to mitigate the effects of flood cannot be over emphasized. This study assessed the
flood stage and flood extent of Ona River, Ibadan, Nigeria using Geographic Information System (GIS) in concert with Hydrologic Engineering Center-Geographic River Analysis
System (HEC-GeoRAS). The results of the study revealed that the highest flood stage was predicted at 4.73 m, and 33% of the flood prone areas has a flood stage above 2 m
based on the developed inundation map which implies that human and urban infrastructure are not safe. In the case of flood extent, the smallest flood extent was estimated at
694 m? (Mount Zion Baptist church at Oke-Ayo and its environs) while the largest flood extent was estimated at 115,329 m” It is recommended that an emergency rescue plan
should be formulated to mitigate the effect of flooding in the affected areas such as Sweeco Foods, Tedaz Organic Home, Rehoboth Cathedral, a section of Oluyole Estate Road,
Zartech Limited, 7-Up Bottling Company, Obasanjo Farm, and a section of Arapaja estate which are most prone to floods.

Keywords: Floods, Inundation Map, GIS, HEC-RAS, Ona River

INTRODUCTION

Flood has become an annual event globally particularly in
Nigeria during the rainy seasons as a result of by increased
precipitation due to climate change and variability (Adaku,
2020) or dam break phenomenon which may cause
substantial loss of life and property damage downstream of
the dams (Balogun and Ganiyu, 2017). Flood occurs in the
form of coastal flood, river flood, flash flood and urban flood.
In the past decades, many cities have experienced unusual
and devastating flood disasters which are beyond the
government's capability to prevent (Komolafe et al,, 2015). In
view of this, modeling of floodplain is very important because
it focuses on many areas of civil and environmental
engineering such as preparation of comprehensive
floodplain studies, design of transportation features (such as
roads, bridges and other facilities), floodwave development,
and structural and non-structural solutions to flood problems
(Mohammad and Parviz, 2013). Floodplain modeling predicts
water surface profiles and generates floodplain maps to
identify flood prone areas (Moramacro et al, 2005). The
inundation/floodplain maps as explained in Ayemu et al.
(2015) study can be classified as low, medium and high flood
hazards.

Charles and Hamisi (2018) assessed the floodplain mapping
of Bunga-Soya, Uganda. The return periods were estimated
using Gringorten method, while the simulated inundated
areas were mapped by incorporating HEC-RAS and HEC-
GeoRAS extension of ArcMap. The result indicated that
discharges of 618 m®/s, 709 m®/s, 850 m?/s, 974 m?/s, 1126
m?/s, 1350 m*/s and 1435 m?/s were estimated for the return
periods of 1, 2, 5, 10, 20, 50 and 60 years respectively. The 60-
years return period produced maximum flood depth of 1.25
m and it was observed that HEC-RAS is an effective tool for
flood inundation mapping. In the study carried out by
Olasunkanmi and Dan’azumi (2018), flood inundation and

hazard mapping of River Zungur Watershed, Bauchi, Nigeria
was assessed using GIS and HEC-RAS models at return periods
of 2 to 100 years. Area inundated by 2, 5, 10, 25, 50 and 100-
year floods were 186.71 m?/s, 189.15 m*/s, 193.59 m?/s, 197.63
m?/s, 200.09 m*/s and 205.32 km? flood extent respectively
with maximum inundation depths ranging from 5.37 m to
7.37 mfor 2 to 100 years. Flood inundation mapping showed
the areas likely to be affected by the100-year flood included
agricultural land, and it can be deduced from the study that
hydraulic simulation and GIS are effective tools for floodplain
mapping and management.

Tolera and Fayera (2019) modeled the floodplain of Awetu
River Sub-Basin, Jimma, Oromia, Ethiopia. The magnitude of
the flood was determined using Log-Normal distribution
function for different return periods. The 1000-year return
period predicted a discharge of 783.1m*/s. HEC-RAS was used
for the simulation, and the flood extent and stage for 1000-
year return period was estimated at 1.852 km?and 21.2 m
respectively. Bikram (2010) conducted a study on flood plain
analysis and risk assessment of LotharKhola watershed, Nepal
using HEC-RAS and GIS. Gumbel, Log Pearson Type llI, and
Log Normal method were used to analyze the flood
frequency. The results of flood frequency analyzed by Log
Pearson Type Il method showed the discharges of 286 m?/s,
647 m?/s, 990 m*/s, 1347 m?/s, and 1284 m?/s for 2, 10, 50, 100
and 200-years return period of floods respectively. The flood
extent of inundated areas by return periods of 2, 10, 50, 100
and 200-years were estimated as 230 km?, 239 km?, 246 km?,
249 km? and 252 km? respectively. The flood depth showed
that most of the flooding areas had water depth greater than
3m.

Nigerian cities have a history of flood disasters particularly
Ibadan city in Southwestern part of the country. Floods are
common occurrence in the city and have been officially
recorded since 1951 but records on urban floods in Ibadan
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are patchy and characterized by incomplete information. The
heaviest rain on record that caused flood in the city occurred
in 1980 when the city recorded 274 mm of rainfall during a
single flood episode. The second heaviest recorded rainfall
was 258 mm in 1963. The amount of rain that fell on 26" of
August, 2011 was 187.5 mm which was the third heaviest
recorded (Agboola et al, 2012). Many studies have been
carried out on flood in Ibadan city with major focus on River
Ogunpa which is the popular river that spread over Ibadan
but with the flood of August 2011, it is apparent that other
rivers in lbadan require immediate attention. River Ona was
among the water bodies that were flooded in 2011 causing
several loss of lives and properties at the downstream (Jonah,
2011). This study presents the development of a
comprehensive flood inundation map for River Ona which
predicted the flood stage and flood extent of the identified
flood prone areas. The map is a very useful tool which may be
used to plan land use features in the floodplains and also, to
formulate an emergency rescue plan to mitigate the effect of
flooding in the affected areas.

METHODOLOGY

— Description of the Study Area

The River Ona is situated upstream of Eleyele River and
continues at the downstream of the river in the city of lbadan,
Nigeria. River Ona lies within geographical coordinates of
Latitude 7°20'- 7°25'N and Longitude 3°51"- 3°56'E and spans
within the Ido and Ibadan North-West Local Government of
Oyo State. Eleyele reservoir was formed from confluence of
River Ona and River Alapata. An earth dam was constructed
along the confluence at Eleyele community in 1942 for the
supply of raw water for treatment at the Eleyele waterworks
to provide potable water for the city of Ibadan. The dam also
acts as flood control during high flow periods through its
reservoir holding capacity. The River was further dammed at
Nigeria Horticulture Research Institute (NIHORT) Idi-Isin and
traverses many locations within Ibadan Metropolis such as
Odo-Ona Apata, Oluyole Estate, Odo-Ona Elewe and New
Garage Challenge (Elufioye, 2016). Figure 1 shows the map of
the study area.

Map of Oyo State§Nigeria

p of Ibadan, Ovo state

Figure 1: Map of the study area
— Model Development
The flood model for this study was developed from the
combination hydrologic and hydraulic models where the
spatial (DEM, Land use map and Soil map) and temporal
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(meteorological) data served as the model input data. The
hydraulic model used for this study was Hydrologic
Engineering Center's — River Analysis System (HEC-RAS)
model. HEC-RAS requires two main input data which are
geometric data and steady flow data. The flowchart of the
modeling processes is shown in Figure 2.
T
O

Meteorological Data

Reprojected DEM
Reprojected LANDUSE
Reprojected SOILMAP

Reprojected DEV

ARCGIS/HEC-GeoRAS
MODEL

SWAT
MODEL

HEC-RAS
MODEL

Geometric Data Steady flow Data

Water Surface
Profile Data

ARCGIS/HEC-GeoRAS
MODEL

Flood Inundation

Map

Figure 2: Flowchart of flood inundation mapping processes

In order to predict the steady flow data of the river, the spatial
data (DEM, land use map and soil map) for the study area
were delineated and processed in Map Window GIS. The
processed spatial data were used in conjunction with
temporal data which consist of 30-year daily meteorological
data (precipitation, humidity, maximum and minimum
temperature, solar radiation and wind speed).

Weather data from January, 2012 to December 2020 were
obtained from the Nigerian Meteorological Agency (NIMET).
Temporal data from January 2021 to December 2041 were
forecast using Markov model. Markov model is a basic idea
and concept of stochastic process or time series. It is used in
modeling streamflow, rainfall, temperature, and other
phenomena whose values changes with time (Loucks and Van
Beek, 2005). Both the spatial and temporal data were used as
model inputs for the SWAT model. The model was run, and
the predicted flow of 30-year return period was used as
steady flow data in HEC-RAS model. Figure 3 shows the SWAT
model run interface as used in the research.

< SWAT Setup and Run - o =

Prwiod of sinniation
San date

Wanther Sources
Firush cate
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T R (@) Skewed nomal =2 -
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Fotential ET method Briokond frmyarscs
) Priatiey: Taylor ) Dty
@) Perumars Moreith
) Morthly
) Hargresves : At
3 Rand in O veaty  nNYSKIF: [0 |
. SWAT Program
[ Fum SWAT in dabnag modes
(@0
j @ Gabit
ATERBASE
Wike files it filn Fun SWAT Save nun Closs.

Figure 3: SWAT setup and run interface



The geometric data for this study was generated in HEC-
GeoRAS (an extension of ArcMap version 10.1), where 90 m
resolution Digital Elevation Model (DEM) was used as the
main input data for the model. The DEM which gives a
description of elevation of the area was extracted from the
Shuttle Radar Topography Mission (SRTM) as shown in Fig. 4.

Figure 4: DEM of the study area

The DEM which was converted to Triangular Irregular
Network (TIN) was used in order to set up 2D models for
generating geometric data and processing the results of
flood inundation. After creating all the required geometric
data for hydrologic modeling, the created River Analysis
System (RAS) layers containing stream centerline, main
channel bank, flow path centerline, cross-sectional cut lines
and bridges were exported into HEC-RAS model as presented
in Figure 5. The geometric data was then imported in HEC-
RAS model as presented in Figure 6. Manning's value was also
inputted into the model. The characteristics of the channel
and banks of the river were compared with Chow (1959)
Manning’'s Table and the values of 0.04 and 0.045 were
assigned to the channel and banks of the river respectively.
Boundary conditions are also required to perform the
calculations. In this study, the normal depth was used as a
boundary condition. The flood model was run to compute
the water surface profiles of the study area. The model result
was then exported and visualized in GIS incorporated with
HEC-GeoRAS.

[e
w8 e e

Figure 5: Graphical interface of River Analysis System (RAS) layers
In the flood mapping phase, the model results from HEC-RAS
model were analyzed with HEC-GeoRAS, an extension of
ArcMap 10.1 to produce the flood extent polygons

(inundation map) of the study area. The inundation map was
then overlaid on Google earth image to identify the affected
areas.
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Figure 6: Graphical interface of geometric data in HEC-RAS model
RESULTS AND DISCUSSION
— Prediction of Steady Flow
The watershed of the study area was delineated and
discretized into 10 sub-basins and 30 Hydrological Response
Units (HRU). The predicted flow for all the sub-basins was
represented with map as shown in Figure 7.

result.shp
flow (m%/s)

W - <387
| 4367- 1043
1043.2033
20335
56-69.12
B e012-7725
B 772578

Figure 7: Spatial map of flow of the study area

It was observed from the map that sub-basin 6 has the lowest
predicted flow of 4.39 m*/s whereas, sub-basin 1 which was
represented with purple colour has the highest predicted
flow of 7525 m’/s and considered for the worst flood
condition. The value was used as steady flow data in HEC-RAS
model.
— Prediction of Flood Stage
It was reported in Srinivasa et al. (2019) that flood stage is
classified into five hazard levels according to Japan Ministry of
Land Infrastructure and Transport (Table1).

Table 1: Flood hazard classification according to MLIT

hF;L(z)g;j d D(e[f];h Hazard Implications
H1 <05 | Verylow Easy evacuation for human and animals
" 051 Low Difficult evacuation‘for adults, infants and
animals
People can get drowned but safe in their
H3 1-2 | Medium homes having plinth level to be 0.6 to 1
meter
Ha 15 High Not safe in their hqmes but may safe on
their roofs
H5 >5 Extreme Not safe even on their roofs

Source: Srinivasa et al. (2019)
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The flood hazard classification was used to classify the flood
stage of the study areas into various hazard levels. Figure 8
shows the flood stage of the study area. From the result, it was
observed that an estimated 33% of the flood prone areas has
a flood stage above 2 m (H4 classification) with the highest
flood stage predicted at 473 m. Some landmark
infrastructures (Zartech Limited, E99 Events Centre, Alaafin
Avenue road, Sweeco Foods and Rehoboth Cathedral) were
identified to be prone to flooding. This implies that human
and urban infrastructure are not safe.

FLOOD_INUNDATION_MAP
i o

Figure 8: Inundation map showing the flood stage of the study area
— Prediction of Flood Extent
The inundation map produced shows the flood extent at
peak flow as shown in Figure 9. The model revealed that the
river has overflown its banks invariably causing flood to the
downstream parts of the river.

Flood extent

Figure 9: Inundation map showing the flood extent of the study area

The total flood extent of the study area was estimated at 0.585
km?. The smallest flood extent was estimated at 694 m?
(Mount Zion Babtist church, Oke-Ayo and its environs) while
the largest flood extent was estimated at 115,329 m?” Some
of the identified flood prone areas are Sweeco Foods, a
section of Oluyole Estate Road, Tedaz Organic Home,
Rehoboth Cathedral, Zartech Limited, 7-Up Bottling
Company, Obasanjo Farm, and a section of Arapaja estate.
CONCLUSION

This study presents a systematic approach to the process of
flood inundation mapping. SWAT model was used to predict
a 30-year simulation steady flow data. The estimated steady
flow (75.25 m?/s) served as the data for the HEC-RAS model
along with geometric data which was generated using GIS in
concert with HEC-GeoRAS and DEM. The HEC-RAS model was
used to simulate the floods for a 30-year return period, and
the flood inundation map was produced in GIS environment
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where the flood stage and flood extent were predicted. The

model revealed that 33% of the flood prone areas had a flood

stage above 2 m with the highest flood stage predicted at

4.73 m. In the case of flood extent, the smallest and largest

flood extent were estimated at 694 m? and 115,329 m?

respectively. It can be deduced from the study that HEC-RAS

and GIS models are effective tools for floodplain mapping and
the map is a very useful tool to formulate an emergency
response plan of the affected areas.
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MECHANICAL BEHAVIOR AND TRIBOLOGICAL PROPERTIES OF ELECTROCHEMICAL BORIDE

TITANIUM ALLOY Ti-6Al-4V
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Abstract: Some mechanical properties and tribological properties of borided Ti-6AI-4 titanium alloy were investigated with different testing methods; tensile tests, and bending tests along
with hardness measurements. In this work, boriding process based on the electrochemical boriding applied on titanium alloy at 950 °C for 30 min, this method has an electromagnetic frequency
in the range of 100—500 kHz during electrolysis has been proposed and realized on Ti-6AI-4V alloy. The surface methodology was used to analyse the effects of boride. The formation of the new
microstructure was examined by optical-light microscopy, scanning electron microscope inspections along with thin film X-ray diffraction analyses, and elemental dispersion spectrometry
analyses, which confirmed the borided layer formations. XRD patterns confirmed the formation of titanium borides (TiB and TiB,). The micro-hardness of the boride layer was measured using
Vickers microhardness tester. Some mechanical characterization were investigated on the borided substrates such as the surface hardness of borided titanium alloy, microhardness measurements
were achieved to study the consequence of the microstructure on hardness. Vickers microhardness values were around 1400 HV to 1800 HV, its exhibited excellent adhesion to the substrate as
long as the boride layer, which was much higher than 260 HV hardness of Ti-6AI-4V titanium alloy.

Keywords: titanium alloy Ti-6AI-4V, electrochemical boride, mechanical behavior, tribological properties

INTRODUCTION

Titanium is lustrous transition metal with low density and
high strength; it is resistant to corrosion, seawater, and
chlorine. Titanium is widely distributed in the earth's crust and
lithosphere and it found in almost all living things water
bodies rocks and soils the metal is extracted from its principal
mineral ores by the crawl and hunter processes [1-3]. The
most common compound titanium dioxide is a popular vote
a catalyst and it used in manufacture of white pigments other
compounds include titanium tetrachloride a component of
smokescreens, catalysts, and titanium tri-chloride, which is
used as a catalyst in the production of polypropylene
titanium, can be alloyed with iron, aluminium, vanadium, and
molybdenum. Among other elements to produce strong
lightweight alloys for aerospace, jet engines, missiles, and
spacecraft  military, industrial  processes, chemicals,
petrochemicals, desalination plants, medical prosthesis,
orthopaedic implants dental, endodontic instruments, files
dental implants, and many other applications. Titanium is as
strong as some steels but less dense there are two allotropic
forms and five naturally occurring isotopes of this element.
However, the hardness of titanium alloy is relative low and
revealed a weak wear resistance. With a view to enhanced
some properties of titanium alloy, the processes of surface
hardening and diffusion of chemical elements on the surface
of materials have been established, among those methods is
boriding. Boriding or boronizing is a thermochemical
hardening treatment, which boron can form compounds
with materials, such as steels, cast iron, and titanium alloy.
Boriding processes involves solid; pack or past, liquid; with or
without electrolysis, gas, and plasma boriding. Among these
methods, melted salt does not require special equipment to
achieve the treatment.

In the literatures, some researchers reported that titanium can
be treated by boriding to enhance some properties [4, 5], but

these reports are very little. The aim of this work is develop
the properties of titanium and study the effect of boriding on
mechanical and tribological properties on titanium alloy Ti-
6Al-4V. The effects of wear under dry sliding conditions on the
sample were investigated.

EXPERIMENTAL

— Materials

Titanium alloy Ti-6Al-4V used as the base material in this
work. The chemical composition of Inconel 600 alloy was as
follows: 5.65 Al, 3.67V, 0.30 Fe, 0.05 C,0.050,0.04 N, 0.01 Hand
balance Ti (wt %).

Before the boriding process, the samples should be pre-treated.
The samples with the size of 50x20x5 mm were polished by
grinding with emery paper using the 2000 mesh emery paper,
cleaned with acetone in ultrasonic cleaner, and then washed in
deionized water.

— Boriding process

The boriding was performed on titanium alloy Ti-6AI-4V after
cutting. Each sample was put in an ALO; crucible and
covered by the boriding componds of 20 wt% B.C (as boron
source), 60 wt% of sodium tetraborate Na,BsO; (as a
transport medium), 10 wt% Al (as a reducing agent), and 10
wit% NaCl (as an activator) [6].

Boriding was carried out by immersing the samples in the
bath at 950°C for 30 min and constant current of 200 mA/mm?
[7]. After the treatment, the samples were taken out from the
solution and water cooled, and then it was boiled and
washed in water for about 1 h.

— Experimental method

Microstructural and morphological characteristics of borided
titanium alloy Ti-6Al-4V were analysed and examined by a
TESCAN Scanning Electron Microscope (SEM), with an
Energy Dispersive X-Ray Spectro- scope (EDS). The
presence of the titanium boride formed on the surface of
sample and the phase composition of the samples were
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confirmed by X-Ray diffractometer (XRD) with 2h varying
0° to 90°, using Cu Ka radiation worked at the optimum
voltage of 32 kV, anodic current of 20 mA, and the
wavelength k = 1.54060 A.

Microhardness measurements were carried out throughout

the boride layers via SHIMATZOU Vickers microhardness.

The results of microhardness of boride layers formed on the

surface of titanium alloy Ti-6Al-4V was obtained after three

times measurements.

The wear resistance of borided titanium alloy Ti-6Al-4V was

estimated using the four-ball method. Furthermore, the

wear mechanisms occured in the boride layers were

examined during the four-ball test method. After boriding

wear test at room temperature was achieved along a circular

track of 10 mm diameter against ZrO, of aradius of 3/32 inch

counterpart at 50 rpm under a constant normal load of 49 N

in the atmosphere of the relative humidity of about 30% at

room temperature using the pin-on-disk-type abrasion

testing equipment.

The wear width obtained with a metallographic microscope

to test the width of wear scar. The wear depth and wear

width tested four times to get the average value. The other

tribological configurations that utilize a pin-on-disk

tribometer. A Mitutoyo Surft- est SJ-30 roughness meter

was used to analyse the surface rough- ness, the CNs

deposit thickness, and the wear profiles performed by the

tribological test. The wear of both borided and non-

borided titanium alloy Ti-6Al-4V was evaluated in dry and

lubricant conditions under different applied loads.

The friction and wear tests of the coatings were carried

out using ball-on-disk method with a CSM Tribometer.

The tests were performed dry sliding a tungsten carbide

(CW) ball (5 mm diameter) at a temperature of 25 °C

with a relative humidity 66%, during a total sliding

distance of 600 m with a sliding speed of 0.2 m/s and the

covered radial distance was 5 mm under a normal load of
TN.

RESULTS AND DISCUSSION

— Structure analysis

The surface morphology of the sample was observed

by SEM. Fig. 1 appearances the SEM micrographs of boride

layer of titanium alloy Ti-6Al-4V. It is apparent from the

micrograph that a dual boride layer consisting of monolithic

TiB, and needle-like TiB whiskers form beneath the surface, but

present a high roughness at higher magnifications,

with a degree of porosity due to the presence of
amorphous grains.

No discontinuity and lack of adhesion are observed between

boride layer and substrate, whichmeans that TiB whiskers

anchor boride layer formed on the substrate.

According to the results of the line analysis, the thickness of
the boride layer was 25 um, which consists of 3 um thick
continuous and smooth monolithic TiB, and remaining TiB

layers 22 um.
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Figure 1. SEM images of the cross section of boride layer
of titanium alloy Ti-6AI-4V and EDS analysis

XRD patterns of the sample analyzed is shown in Fig. 2,
Fig. 2 revealed the X-ray diffraction patterns of the surface of
titanium alloy Ti-6Al-4V at 950 °C. As shown in Fig. 2 as the
first peak is shallow and relatively low, the degree of
graphitization is low, from the X-ray diffraction measurement,
it was confirmed that TiO2, TiB, and TiB, were formed. The
main chemical composition of TiB;, is obtained from the
EDS, showing mostly B and Ti. Since neither TiB, peaks are
present in the XRD, nor B is obtained in the EDS.
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Figure 2. X-ray diffraction patterns; (a) Untreated titanium alloy Ti-6AI-4V
(b) boride layer of titanium alloy Ti-6AI-4V
— Mechanical property
The surface hardness of boride samples was investigated.
The hardness of titanium alloy Ti-6Al-4V was about 260 HV.

However, the microhardness of boride samples was about




1458 HV, it was much higher than that of the untreated
specimen. The surface hardness of the hardened layers was
improved significantly.
Young's modulus of boride samples reached the maximum
value wes about 352 GPa. Thus, the Young's modulus of
boride samples was much higher than that of the untreated
specimen; which was about 111 GPa.
Table 1. Some mechanical and tribological values of untreated

and boride sample

(haracterization untreated boride sample
Microhardness (HV) 260 1456
Young's modulus (GPa) 11 352
Wear width (um) 1240.28 57.82
Wear depth (um) 640.04 25.84

It should be noted that corrosion occurred in the surface of
the ball in addition to the surface of the hard layer. The wear
depth and the wear width of boride sample decreased
significantly compared to untreated. It can be concluded
that the reason for these differences is the transition from
mechanical to abrasive wear.

Table 1 regrouped some mechanical and tribological values
of untreated and boride sample such as: microhardness,
Young's modulus, wear width and depth. It is noted that
the higher the hardness, the lower the wear depth of the
hardened layer. Therefore, the wear of boride layers is

improved.
CONCLUSIONS
Mechanical and tribological properties of Ti-6Al-4V

titanium alloyafter boriding were estimated including the H,

E, and wear. The main conclusions are as follows:

— Boriding process based on the electrochemical boriding
was achieved at 950 °C for 30 min.

— The surface methodology was used to analyze the effects
of boride.

— XRD patterns confirmed the formation of titanium borides
(TiB and TiB,).

— Vickers Microhardness values were around 1400 HV to
1800 HV.
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SIMULTANEOUS ADSORPTION OF LEAD AND COPPER USING MODIFIED CHICKEN EGGSHELLS
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Abstract: Water containing heavy metals if not properly treated can lead to serious health implications for humans and animals and severely destroy the environment. The
present study investigated the simultaneous adsorptive removal of lead and copper ions from aqueous solutions using modified chicken eggshells (MCE). The eggshells were
calcined at 600°C for 2 hours. Optimum conditions obtained were pH 6, adsorbent dose of 15 ¢ and contact time of 90 minutes. Under these conditions, the percentage
adsorptions attained were; 96% for lead and 86% for copper. The Langmuir isotherm model fitted the copper adsorption most with a correlation coefficient (R?) value of 0.9992,
while the pseudo second order kinetics fitted the lead and copper adsorption most with R? values of 0.9998 and 0.9979 respectively. The efficacy of MCE as a good adsorbent for
lead and copper ions is presented as a viable low—cost adsorbent for waste water purification.

Keywords: Modified Egg Shell (MCE), Lead adsorption, Copper adsorption, Kinetics, Biosorbents

INTRODUCTION

Wastewater obtained from sources like tanneries, battery
manufacturing factories, mining fields, metal processing
industries and so on needs to be properly disposed of to
prevent pollution of water bodies, which can in turn alter the
growth and development of aquatic organisms. Most
common heavy metals found are copper and lead, which
when prevalent in high concentrations may be injurious to
health and the surrounding environment. Copper is used for
various purposes industrially due largely to its good
conductive abllities. Copper is carcinogenic and toxic when
ingested in large quantities resulting in headaches, vomiting,
nausea, liver and kidney failure, respiratory problems and
abdominal pain (Ren et al, 2008; Hu et al, 2013; Lan et al,,
2013). Lead is toxic, teratogenic and carcinogenic, posing
serious health implications to life when exposed to unhealthy
quantity. To maintain a safe environment, these metals
disposal have to be properly taken care of in the discharged
wastewater. There are a variety of methods employed to treat
wastewater and extract heavy metals from it, some of these
methods include ion exchange, chemical oxidation,
reduction, chemical precipitation, adsorption, ultrafiltration,
electrodialysis and reverse osmosis (Fu & Wang 2011).
Adsorption seems to be one of the most efficient of these
techniques.

Biosorbents obtained from biological substances seems
cheaper compared to commercial adsorbents. They are not
synthetically manufactured, thereby possessing the ability to
passively adhere, concentrate and bind contaminants onto
their cellular structure. This work will be considering the
removal of two heavy metal ions (lead and copper) using
modified chicken eggshell. The chicken eggshell is known to
possess some distinct mechanical characteristics like impact
resistance, excellent blend of stiffness, strength and
toughness. It contains about 95% calcium carbonate and 5%
organic materials. Modification of the egg shell is usually
carried out by calcining at high temperatures. After calcining,
the structure changes due to the development of pores as a
result of the emission of carbon dioxide gas (Rohim et al,

2014). Simultaneous as well as selective adsorption of lead,
copper and some heavy metals onto eggshells and
composite formulations had been reported in the literature.
For lead adsorption alone, Vijayaraghavan and Joshi (2013)
studied the use of eggshell as an additive to remove lead
cations from aqueous solutions in the pH range of 2-5. They
confirmed that on reducing the particle size of the eggshell
from 750 to 100 microns, the removal efficiency increased
from 30.7 t0 99.6% using an initial lead concentration of 1045
mg/L. Soares et al,, (2016) has evaluated a biosorbent derived
from co—composting eggshell (CES) with other organic
materials like potato peels, grass clipping, and rice husk, for
removing lead (Il) ions from an aqueous solution, with about
30% w/w CES. The CES provided supplementary sites for lead
sorption and an increase of about 43 % in the sorption
capacity was reported. The efficacy of eggshells for
adsorption of lead ions in a hybrid composite formulation
with sericite as a binder had been investigated by Choi (2019)
with the observation that the adsorption process of lead
removal was optimal for adsorbent concentration of 1-1.5
g/L and 30 min mixing time. The removal was well fitted by
the Langmuir isotherm model with a correlation coefficient
of 0.9963, while the kinetic data were well fitted by the
pseudo-second-order model with a correlation coefficient
of 0.9982.Hen egg shells (HES) from EnShi, HuBei Province,
China, with selenium as a constituent have been used as
adsorbent for the adsorption of lead ion from agueous
solutions (Gong et al,, 2019).

More recently, chemical surface modification of eggshells
using three modifying agents of NaOH, HNOs and KMnO4 to
produce adsorbents have been investigated for lead removal
from agueous solution with a maximum adsorption capacity
of 700 mg/g and removal efficiency of 98% (Basaleh et al,
2020). The development and characterization of magnetic
eggshell membranes (MESM) for lead removal from
wastewater had been reported by Peigneux et al, (2020).
Their results suggested that MESM could be utilized as an
efficient nano-remediation agent for lead removal from
contaminated waters. As reported, 98.62% maximum
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adsorption was obtained by Jamion et al, (2021) for the
removal of lead in soil by eggshells activated carbon. The
application of synthesized calcium oxide nanoparticles
from hen eggshells for the removal of lead ions from
aqueous solutions had been investigated (Jalu et al,, 2021).
The HES was found to remove about 95% of lead from its
aqueous solution.

Adsorption of copper alone with eggshell and eggshells
formulations had also been investigated. The sorption of
copper (Il) ions from aqueous solutions by eggshell was
investigated by Nolvak et al., (2013) in a batch experimental
system with respect to temperature, initial Cu(ll) ions
concentrations, pH, and biosorbent doses. The system was
best described by the pseudo second-order kinetic with a
maximum adsorption capacity of 5.05 mg Cu?*/g eggshell at
25 °C. Waste eggshells for adsorption of copper from
synthetic and swine wastewater had been investigated by
Hess et al., (2018). From their work, the adsorption of copper
followed a second order kinetic model with a theoretical
maximum adsorption capacity of 3.0 mgg' at 20°C.
Mohammad et al,, (2020) had evaluated the potential of using
two types of eggshells of untreated raw eggshells (ES) and
eggshells that were mechanically ball-milled into the nano-
size (NES), as biosorbents for the removal of Cu(ll) ions from
aqueous solutions. The NES provided an advantage over ES
through much rapid removal of Cu (ll). The ES and NES
removal efficiencies were 91.36% and 97.21% respectively. A
maximum percentage copper(ll) removal of about 85% had
been confirmed by Madiabu et al,, (2021), after Investigating
the feasibility of eggshells as a potential adsorbent for
copper (Il) ion removal from anaqueous solution.
Simultaneous adsorption operation had also been
investigated. The feasibility of using magnetic eggshell-Fe;Oq4
powder as an adsorbent for the removal of Pb(ll) and Cu(ll)
ions from aqueous solution with optimal adsorption pH
value of 5.5, equilibrium capacity value 263.2 mg/g for Pb(ll)
and 250.0 mg/g for Cu(ll) had been reported by Ren et al,
(2012). The removal of lead and copper from textile
wastewater using waste egg shells in a continuous stirred
tank reactor had been reported by Pandey et al,, (2017). The
Langmuir isotherm showed the best fitting for the isotherm
equilibrium data, with a maximum adsorption capacity of
433 mg/g and 3.54 mg/qg for lead and copper respectively.
Mashangwa et al, (2017) had investigated the adsorptive
removal of zinc, lead, copper, and nickel ions from synthetic
aqueous solutions and various metals from three acid mine
drainage (AMD) sites using chicken eggshells. The
percentage adsorptions obtained were 97% for lead, 95% for
copper, 94% for nickel, and 80% for zinc. In addition,
aluminium, iron, potassium, nickel, and zinc ions all had
percentage adsorptions above 75%. Furthermore, potassium
had a 98.78% adsorption, while magnesium, strontium, and
zinc had 72.33, 68.75, and 53.07% adsorption, respectively.
Arsenic, chromium, copper, iron, antimony, and tellurium ions
also had above 75% adsorption.
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The adsorptive efficacy of eggshell on some other metals with
commendable results had been reported. Sasikala et al (2021)
has worked on reducing toxic compound extracted from
battery waste using activated carbon from Egg shells Nano
sized (ES-NP). The ES-NP recorded about 96% removal
efficiency. Perchlorate removal efficiency of highly porous
nano hydroxyapatite (nHA) and its magnetic composite
aerogels  (SPIONS@nHA) by freeze-drying technology
produced from eggshell had been investigated by
Prabhakaran and George (2021). Very fast removal kinetics
were observed and the maximum adsorption capacity for
nHA and SPIONS@nHA were 1484 and 3058 mgg’'
respectively. The removal of bismuth ion by 045 um
pulverized chicken eggshells had been investigated with
optimal removal of 891.29 mg/g by Abbas et al,, (2021).

The aim of this study is to simultaneously adsorb lead and
copper ions from wastewater onto MCE. The objectives
include to study the effect of pH, agitation time, adsorbent
weight, adsorbate concentration, and temperature on the
adsorption with MCE. Adsorption isotherms like Langmuir,
Freundlich, Temkin and Dubinin—-Raduskevich as wells as
various kinetics will be used to fit the adsorption operation.
METHODOLOGY

All  experimental data are averages of three runs.
Documented methods were followed (Rajendran and
Mansiya, 2011, Rohaizar et al, 2013, Kumaraswamy et al,
2015).

— Materials

These include Simulated wastewater containing copper and
lead ions, adsorbent locally sourced from Jekaplay restaurant
(chicken eggshells), USA Merck CuS04>99.99% 7758-98-7
and USA Merck Pb(NOs), = 99.95%, 10099-74-8 required for
preparation of simulated wastewater, USA Merck 37% HCI
7647-01-0 and USA Merck 97% NaOH 1310-73-2.

— Equipment

Switzerland OHAUS Model Explorer Semi micro electric
balance, USA Skyray AAS 6000 Flame Atomic Absorption
spectrometer, England Pyrex conical flasks (50-500 ml),
Germany Witeg Microliter pipettes Witopet premium Starter—
Kit 5402 600 P, India VeeGee 20114-Series Burettes, Timer or
a stop watch, United States Carson MicroBrite Plus 60x—120x
Power LED Lighted Pocket Microscope (MM-300), England
Surgifield Model SM 1002A Muffle Furnace for the calcination
of the eggshells, United States Hanna Instruments model
HI98107 pH meter, United States Perkin Elmer Fourier
Transform Infrared(FTIR) Spectrophotometer Spectrum 2000
Model, Germany Merck KGaA Whatman filter paper no. 41,
and Australia RATEK model SWB20D shaker.

— Preparation of simulated wastewater

The wastewater for the procedure was prepared by dissolving
lead salts and copper salts in water. USA Merck

Pb(NO),>99.95% salt was utilized alongside copper (II)
sulphate (CuSOy). This was carried out by preparing stock
solution of 1000ppm, here 3.93g of copper sulphate was
dissolved in 1L of deionized water. 1.598g of lead nitrate was



added in 1L deionized water to prepare the 1000ppm stock
solution. From the stock solution, a 100ppm concentration of
heavy metal contaminated water was prepared. To prepare 5
ppm solution, 100ml was used from 1000 ppm (for Cu & Pb)
solution in a beaker and then added to deionized water to top
up to 1000ml. A 0.1M HCl or 0.TM NaOH was then used to
effectively adjust the pH.

— Pretreatment of eggshells

The locally sourced eggshells were first washed with clean
water and then washed with distilled water severally after
which, they were left to air dry and then subjected to hot air
in an oven at 50 °C for 2 days. After the drying process was
completed, the eggshells were grinded to fine particles with
a grinder and then were mixed, it was sieved afterwards to
achieve a uniform particle size.

— Calcination of the adsorbent

This modified the eggshells to open the pores thus
enhancing adsorption. Different portions of cleaned and
crushed powder were putinto a metal container and calcined
in a muffle furnace at varying temperatures and various time
periods. Eggshells were calcined at temperatures ranging
between 600 °C using England Surgifield Model SM 1002A
Muffle Furnace with a time period 2 hours at a heating rate of
10 °C/min.

— Scanning Electron Microscope test

This test was carried out on the eggshell surface to analyze
the ultrastructure of the eggshell membrane. This was done
by taking up a little portion of the eggshell powder (about 0.5
cm?®) and then mounting on a specimen stub using an
adhesive that is conductive in nature, and coated with gold
before examination occurs in the electron microscope.

— Fourier Transforms Infrared Spectroscopic Analysis
This test was carried out to study the surface chemistry of the
modified eggshells before and after adsorption using
spectroscope (FTIR-2000, Perkin Elmer model). FTIR spectra
was recorded between 4000 cm™ and 400 cm™'. This was
carried out by mixing 1mg of dried eggshell powder with 500
mg of KBr in a mortar and then pressing this mixture at a
certain pressure for a time period of 15 minutes. This spectra
test gives information about the functional groups on the
surface of the modified eggshells.

— Effects of pH on the Cu’*and Pb?* adsorption

The effect of pH on adsorption of Pb?" and Cu’* ions onto
eggshell was studied by mixing a given weight of the
adsorbent with 100 ml of each 100-ppm individual solution
of the adsorbate at different pH values ranging from 4 — 10 at
24°C (ambient temperature). The varied pH value was
adjusted using 0.1TM NaOH and/or 0.1M HCl solutions and was
continually measured by United States Hanna Instruments
model HI98107 pH meter. The mixtures were then put on a
shaker for time periods varying between 60-90 minutes. The
solutions were then filtered through Germany Merck KGaA
Whatman filter paper no. 41 (diameter 125 mm) and the
filtrate obtained was then analyzed for residual metal
concentration. The final concentration of Pb?*and Cu®* after
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the residence time of 90 minutes were measured with the
Analyst 400 Perkin Elmer Atomic Absorption Spectrometer
(AAS).
— Effects of adsorbate concentration on the adsorption
of Cu?* and Pb?*ions
The effect of initial metal concentration on adsorption of Pb?*
and Cu** ions was studied by mixing 0.5 g of the adsorbent
with 100 ml of the individual adsorbate (Pb?* or Cu?*) in varied
concentrations of 100, 200, 300, 400 and 500 ppm at ambient
temperature and pH 7. The individual ion mixtures were then
agitated for periods ranging between 60-90 minutes. The
solutions were then filtered and analyzed.
— Effects of adsorbent weight on the adsorption of Cu?*
and Pb*" ions
The effect of adsorbent dose on the adsorption of Pb?* and
Cu*" ions was studied by mixing different masses of the egg
shell adsorbent ranging from 2 to 15 g with 100 ml of each
100-ppm individual solution of the adsorbate at ambient
temperature and pH 7. The individual ion mixtures were then
agitated for a time range between 60-90 minutes. The
solutions were then filtered through and analyzed.
— Effects of agitation time on Cu?* and Pb?* adsorption
The agitation on the shaker was decided to be 150 rpm to
make the process more efficient for a contact time of 60
minutes and 90 minutes after the pH adjustment and
addition of a given weight of adsorbent was done. Afterwards
filtration using Germany Merck KGaA Whatman filter paper
no. 41 was carried out and then the samples were sent to USA
Skyray AAS 6000 Flame Atomic Absorption spectrometer to
check the level of adsorption.
3. RESULTS AND DISCUSSION
Figure 1 show the Fourier Transform Infrared spectroscopy of
the modified adsorbent (eggshell) after adsorption. It shows
sharp declines at 628 cm™' which depicts effects of CaCO;,
while those of 1132 cm™ and 1638 cm™' are attributable to
the C=0 groups. The peak at 3436 cm™' is attributable to H,O
molecules. For most parts of the figure, the spectra after
adsorption was lower in value due to the presence of the
adsorbed lead and copper ions.

120.00

[« -
[« )
5
[ 3
o

80.00

628, 65.63

60.00
40.00

1132, 34.76

TRANSMITTANCE

20.00

1638, 17.57

3436, 1.27
2000 4000
WAVELENGTH (cm?)

BEFORE ADSORPTION

0.00
6000

AFTER ADSORPTION

Figure 1: FTIR spectra of the MCE adsorbent before and after adsorption
Figures 2 and 3 show the Scanned Electron Microscope (SEM)
image of the MCE adsorbent before and after adsorption
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respectively. Figure 3 shows the reduction of the pores sizes

and effective surface area after adsorption of the lead and
copperions on the adsorbent.

Figure 2: SEM image of the MCE adsorbent before adsorption
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Figure 3: SEM image of MCE after adsorption

— Effect of pH on the adsorption of Cu?*and Pb”*ions
The effect of pH on the adsorption capacity of MCE for lead
(Pb?*) and copper (Cu”) is represented in Figure 4. The
solution pH was maintained within the range of 4.0 - 10.0. It
was noticed that optimum adsorption in this experiment
occurred at pH values around 6. At pH 6, the increase in
adsorption could be attributed to the weak inhibitory effect
of HsO" ions. At pH levels above 6, the adsorption rates were
unpredictable due to the accumulation of metal ions on the
surface of the adsorbent. A fall in the rate of removal of metal
ions at lower pH is due to the higher concentrations of H* in
the solution which compete with the metal ions for the
adsorption sites on the adsorbents. The effect of pH on
adsorption was reported by Rohaizar et al. (2013) in a study
about the removal of Cu?* from water by adsorption on
chicken eggshell. It was found that the adsorption of Cu?*
increased as the pH increased from 4 — 7. This displacement
reaction creates space for the exchange of ions on the surface
of eggshell. Therefore, a pH above neutral is favorable for the
effective binding of heavy metals present within the solution.
Park et al. (2007) in a simulated study about the removal of
heavy metals using waste eggshell, predicted the presence of
soluble lead species as Pb(OH),*~ above pH 12.

Another study, however, reported optimum adsorption of
lead ions at pH 6 after which the metal ions started to
precipitate (Arunlertaree et al, 2007). This suggests that the
optimum pH for the removal of metal ions is dependent on
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other factors than the acidity or the alkalinity of the solution,
which affects the behavior of compounds formed. All metals
precipitate as hydroxides by the addition of NaOH and the
observed metal removal at these high pH values may also
have been due to NaOH and not adsorption onto the
adsorbent. Another controlling factor could be the size of
eggshell used. This was demonstrated by Pettinato et al.
(2015), where they obtained the best results with the smallest
particles of the eggshell, owing to the increased surface area
available for the adsorption. Although higher percentage
adsorption was noted at higher pH values (pH of 8 upwards)
for all metal ions, pH 7 was chosen as the optimum pH, as it is
the point before adsorption slowed down and also due to
environmental considerations where it is environmentally
friendly to release neutral aqueous solutions, as opposed to
acidic or basic effluents.
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Figure 4: A plot of % metal removal with pH
— Effects of adsorbate concentration on the adsorption
of Cu**and Pb*"ions

The effect of adsorbate concentration on the adsorption
capacity of eggshells for Cu** and Pb*" is represented in
Figure 5. The analysis on the effect of metal ion concentration
demonstrates that an increase in the concentration of lead
and copper ions led to a decrease in the percentage
adsorption. Anantha and Kota (2016), noticed that the metal
ion adsorption of copper increased sharply in the beginning
and then decreased slowly with further increase in the initial
concentration. This relationship is noted as the initial
concentration of lead and copper ions increase. The decline
in percentage adsorption may be ascribed to lack of sufficient
surface area (1g of eggshell) to allow more metal ions have
access to the solution. At lower concentrations most of the
ions present can interact with the binding site and thus the
percentage adsorption is higher, whereas at higher ionic
concentration, the adsorption is low due to the saturation of
adsorption sites which is attributed to the increasing number
of ions competing for available binding sites on the eggshell.
The maximum percentage adsorption of lead ions was found
to be 96% at a concentration of 300 ppm. For the copper
metal, adsorption was noticed to be the highest at a
concentration of 100 ppm after which the adsorption percent
decreased slightly but steadily.
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Figure 5: A plot of percentage metal removal with metal ion concentration
— Effects of adsorbent weight on the adsorption of
Cu®*and Pb?*ions

The effect of adsorbent dose on the adsorption capacity of
eggshells for Cu®* and Pb*" is presented in Figure 6. The
results represented in the figure show that an increase in the
adsorbent dose leads to an increase in adsorption
percentage. This is largely due to the increased number of
pores that are available for adsorption. Some previous studies
reported the removal of lead to be influenced by the dose of
eggshell, as the effective removal of solutes increased with
increasing dose of adsorbent (Agarwal and Gupta (2014);
Agarwal (2012); Arunlertaree et al. 2007). At high sorbent
dosage, the available metal ions have adequate
exchangeable sites on the eggshell to bind to, resulting in a
higher metal ions uptake. Lead showed a very high affinity to
the eggshell. It was observed that 1 g of the eggshell was able
to adsorb 97.89% of the metal ions.
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Figure 6: A plot of percentage removal with adsorbent dose
— Effects of contact time on the adsorption of Cu’and
PbZtions

The effect of contact time on the adsorption capacity of
eggshells for Cu?" and Pb?" is represented in Figure 7. The
exponential phase for lead was found to be between 60 and
120 minutes, further increase in contact time led to no
significant adsorption of metal ions by the eggshell. A slight
increase in the percentage adsorption for Cu?* was observed
as the contact time increased. Copper indicated a slightly
higher increase in percentage adsorption over time. It
however dipped at a contact time around 75 minutes, this
was due largely to otherfactors affecting adsorption. The lead
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ions showed a different trend, as their adsorption reduced
with contact time, this can be attributed to the fact that at 60
minutes, the pores available for adsorption had already been
filled up, hence any further introduction of adsorbate will only
bring about a decline in the percentage metal removal.
Similarly, Ipeaiyeda and Tesi (2014) obtained an optimal
adsorption for 100 ppm of Pb?* at a contact time between 60
- 120 minutes.
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Figure 7: A plot of percentage removal with contact time
— Adsorption Isotherms
The experimental data were tested and compared with the
four isotherm models.
Langmuir isotherm
The Langmuir isotherm assumes that the surface of any
adsorbent material contains a number of active sites where
the adsorbate attaches itself. This attachment can either be
physical or chemical. When the attachment is via Van der
Waals interactions, it is known as physiosorption and when
via covalent bond it is known as chemisorption. It says that
there is not much interaction between the adsorbate
molecules and once a saturation value has been reached no
further adsorption would take place.

—4— copper O lead
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0.012
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Figure 8: A plot of 1/ge with 1/ce showing the Langmuir isotherm for lead and copper
A linear plot obtained for Langmuir isotherm is shown in
Figure 8 for copper and lead.
The Langmuir isotherm equation is given in Equation (1). The
equation obtained for the Langmuir isotherm for the current
data was obtained from the plot of 1/ge against 1/ce.
Ce_ 1 Ce
de  QobL Qo

(M
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where ge is the amount of dye adsorbed (mg/g), Ce is the
equilibrium concentration of the adsorbate (mg/L), Qo is the
maximum adsorption capacity (mg/g) and b is the energy of
adsorption (J/mol).
= Freundlich Isotherm
The Freundlich model is given by Equation 2.

logq. = logke + 1/ logC, (2)
where ge is the amount adsorbed (mg/g), Ce is the
equilibrium concentration of the adsorbate (mg/ L), krand n,
the Freundlich constants are related to adsorption capacity
and desorption intensity respectively. The model is based on
the assumption that adsorption occurs on a heterogeneous
adsorption surface having unequally available sites with
different energy of adsorption.
The plots for the Freundlich isotherm for the metal ions (lead
and coper) are given in Figure 9.
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Figure 9: A Plot of log ge with log ce for Freundlich isotherm
Temkin Isotherm
The Temkin isotherm assumes that the heat of adsorption of
all the molecules increases linearly with coverage. The linear
form of this isotherm is given in Equation (3).

(3)

Qe is the amount adsorbed at equilibrium in mg/g, b is the
Temkin isotherm energy constant, T is the temperature, R is
the gas constant and ar is the Temkin isotherm equilibrium
binding constant (L/g). The slopes and intercept obtained
from the graphical plot ge against In Ce were used to calculate
the Temkin constants. Figure 10 show a plot of ge with In ce
for the Temkin Isotherm.
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Figure 10: A plot of q with In ce for the Temkin Isotherm
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— Dubinin—Radushkevich Isotherm
The linear form of the Dubinin—Radushkevich isotherm is
given in Equations (4), (5) and (6).

Inqy, =Inqp — BE? 4)
where qgp is the theoretical saturation capacity (mg/g), Bis a
constant related to mean free energy of adsorption per mole
of the adsorbate (mol?/J?) and e is the Polanyi potential which
is related to equilibrium as follows;

€=RTIn(1 + 1/Ce) (5)

-1
E= /\/ﬁ )
where € is Polanyi potential, 3 is the Dubinin—Radushkevich
constant, R is gas constant (8.31J/molK), T is absolute
temperature, and E is mean adsorption energy.
Figure 11 shows the plot of In g with E? for lead and copper.
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Figure 11: A plot of In q with E2
Pseudo First Order Kinetics
This is given in Equation (7).
K1

log(qe — q0) = logqe — 55 -t (7)
Where k; (min™') is the pseudo- first—order adsorption kinetic
parameter; qu is the amount adsorbed at time t (min); and Qe
denotes the amount adsorbed at equilibrium, both in mg/g.
The plot of log (ge—qy) as a function of t provides the k; and ge
values as shown in Figure 12.

¢ copper B lead
<= Liniar (copper) Liniar (lead)
1.86 °
_— | e
18 y=-7E-05x + 18599
- R2-0.0548
O 184
&
< 183
0 O
ol
= 182 y=-0.0004x + 1.85
R2-0.9895 =
181
40 %0 rivE vy & 100

Figure 12: A plot of In (qe—qy) against time
— Pseudo Second Order Kinetics
The pseudo - second-order equation based on the
adsorption capacity at equilibrium is expressed in Equation

(8).

t

1 t

q1 - k2q2e

Qe



where k, (g/mg.min) is the pseudo-second - order
adsorption kinetic parameter. From the slope and intercept of
the (t/qt) as a function of t, k; and ge was obtained in Figure
(13). The plots according to Equation (8) provided excellent
linearity as R? value was 0.9979 and 0.9998 for copper and lead
respectively.
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Figure 13: A plot of t/qt with time
— Elovich Model
The Elovich model applicable for chemisorption kinetics and
systems in which the adsorbing surface is heterogeneous
(Namasivayam and Kavitha, 2002) is given in Equation (9).

dat _ o o—Bqt
i =X e 9)

Integrating this equation for the boundary functions yields
Equation (10).
qt=%1n(oc B) + %lnt (10)

where a is the initial adsorption rate (mg.min/ g) and B is
related to the extent of surface coverage and the activation
energy for chemisorption (g mg™). A plotof gt vs.Intin Figure
14 gives a linear trace with a slope of (1/8) and an intercept of
1/8 In (a B). The plot is linear with good correlation coefficient
(R? = 0.0852 for copper, R? =0.9754 for lead).
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Figure 14: A plotof g with In't

CONCLUSION AND RECOMMENDATIONS

Evidence provided in this study has shown that MCE have a
high efficacy and have the potential to be used as an effective
adsorbent for the removal of Pb’*and Cu®ions aqueous
solutions. The Langmuir isotherm model fitted the copper
adsorption most with a correlation coefficient (R?) value of
0.9992, better than for lead, while the pseudo second order
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kinetics fitted the lead and copper adsorption most with R’
values of 0.9998 and 0.9979 respectively. A conclusion could
be reached that pH, contact time, adsorbent weight/dose
and initial metal concentration all played significant roles in
the rate of adsorption of the metals. It was observed that
adsorption of the metal ion was more pronounced with
samples that had higher contact times. Adsorption was also
higher in more basic solutions, as experimental runs with pH
heading towards alkalinity showed greater adsorption
capacities. This method of adsorption can be employed in
purifying wastewater from metal mine effluents, metal
refining and battery manufacturing facilities effluents.
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MODELLING AND SIMULATION OF VEHICLE WINDSHIELD WIPER SYSTEM USING H.. LOOP
SHAPING AND ROBUST POLE PLACEMENT CONTROLLERS

"School of Electrical & Computer Engineering, Dire Dawa Institute of Technology, Dire Dawa, ETHIOPIA
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Abstract; Vehicle windshield wiper system increases the driving safety by contributing a clear shot viewing to the driver. In this paper, modelling, designing and simulation of
a vehicle windshield wiper system with robust control theory is done successfully. H == loop shaping and robust pole placement controllers are used to improve the wiping
speed by tracking a reference speed signals. The reference speed signals used in this paper are step and sine wave signals. Comparison of the H <© loop shaping and robust
pole placement controllers based on the two reference signals is done and convincing results have been obtained. Finally the comparative results prove the effectiveness of the
proposed H = Loop Shaping controller to improve the wiping mechanism for the given two reference signals.

Keywords: H = Loop Shaping, Robust Pole Placement, Windshield

INTRODUCTION

Driving a vehicle is complicated in harsh weather condition
without using glass wiper system. Controlling the wiper
speed based on the change in weather condition is one of
the research area in automotive industries now a day.
Recently, the wiper speed is adjusted manually controlled by
the driver. Dc motors are used to drive the wiper system
based on feed forward techniques. In this paper a separately
excited Dc motor is designed and controlled using robust
control method to improve the feed forward wiper system
performance.

MATHEMATICAL MODELLING

Consider the electromechanical car mirror wiper system
shown in Figure 1.

ot}

Figure 1. Electromechanical car mirror wiper system

The motor shown is a servomotor, a dc motor designed in
particular for use in a control system. The operation of this
device is as follows: A fixed voltage is carried out to the field
winding. A voltage is implemented as an input to the servo
motor and the angular position ¢ of the wiper arm is the
output of the device. The input voltage is implemented to the
armature circuit of the dc motor. A constant voltage is carried
out to the field winding. If an errors exists, the motor develops
a torque to rotate the output load in the sort of way as to
reduce the error to zero. For constant field current, the torque
evolved by using the motor is

T =K,

(1)

where K1 is the motor torque constant and ia is the armature
current.
When the armature is rotating, a voltage proportional to the
fabricated from the flux and angular velocity is brought on
within the armature. For a constant flux, the brought about
voltage eb is without delay proportional to the angular

. de
velocity —= or

dt

do

eb :KZE (2)

Where eb is the back emf, K2 is the back emf constant of the
motor, and @ is the angular displacement of the motor shaft.
The speed of an armature-managed dc servomotor is

managed via the armature voltage e(t). The differential
equation for the armature circuit is

La%t)maia(meb:e(t) 3)

Substituting Equation (2) in to Equation (3) yields:
di, (t

L i, (t) do ()
dt

X +R0, (t)+ K2E=e(t)
Taking the Laplace transform the equation will be
sL,l, (s)+R,1,(s)+sK,0(s)=E(s) (5)
The equation for torque equilibrium is
d’o  do .
OF+bOE:T:K1|a(t) (6)
Taking the Laplace transform the equation will be
$°3,0(s)+b,0(s) =K1, (s)  (7)
Where JO is the inertia of the combination of the motor, load,
and gear train referred to the motor shaft and b0 is the
viscous-friction coefficient of the aggregate of the motor,
load, and gear train mentioned the motor shaft.
By eliminating 1, (s) from Equations (5) and (7), we obtain

®(S) — Kl (8)
E(s) L,JoS*+JoR,8% +(Lby +K,)s+bR,
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We assume that the gear ratio of the gear train is such that
the output shaft rotates n times for each revolution of the

motor shaft. Thus,
C(s)=n®(s) (9)

The wiper arm speed can be evaluated by using an integrator
to the wiper arm position as

W(s)=Zc(s) (10)

Substituting Equation (10) in to Equations (9) and to
Equations (8) gives us the transfer function between the
applied voltage and the wiper speed as

W(s) nK,

E(s) LJos*+JoR,s° +(Lab, + K, )s? +byR,s

(11)

The parameters of the system is shown in Table 1 below.
Table 2 Parameters of the system

Parameters | Symbol Values
Inertia of the motor
1 J —2 2
] load, and gear train 0 107"Kgm
) Viscousffriction b, 0.2N ms/ rad
coefficient
3 Back emf constant K, 0.8V s/rad
4 Motor torque K, 0.7N m/amp
constant
5 Motor Resistance R, 1.20
6 | MotorInductance L, 3x107 H
7 Gear ratio n 25

Numerically the transfer function is
17500
G(s)=
(s) 3s* +12s° +806s® + 240s
The state space form will be

—40 -2686.7 -800 0 1

1 0 o o| |o

X= X+ u
0 1 o ol |o
0 0 1 0/ (o

y=(0 0 0 58333)

PROPOSED CONTROLLERS DESIGN

—H infinity Loop shaping using Glover-McFarlane
method Controller Design

The block diagram of the car mirror wiper system with H

infinity Loop shaping design using

Glover-McFarlane method is shown in Figure 2 below

Reference Speed + Actual Speed
i )

Car Mirros Wiper
System

Figure 2. Car mirror wiper system with H infinity Loop shaping design using Glover-
McFarlane method
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A feedback controller, KS, is synthesized that robustly
stabilizes the normalized left cop rime factorization of G, with
a balance margin. It may be proven that the frequency
response of KsW2GW1 will be much like that of W2GW1. On
the other hand, if the viable gain is simply too large, this will
probable indicate an overdesigned case in appreciate of the
robustness, which means that the performance of the system
can also in all likelihood be progressed by the usage of a
larger in computing Ks. The final feedback controller, Kfinal, is
then constructed with the aid of combining the H infinity
controller Ks, with the weighting functions W1 and W2 such

that
Kina = WKW, (12)
We choose a pre compensator, W1, and a post compensator,
W2 transfer functions as
1 1
Cs+24 27 5+13
The H infinity controller transfer function is
‘- -1.4195° -109.35* - 6357s° - 1.66055° - 1.235¢065 - 3.84¢05
* 8" +114.36° + 76785 +3.05¢055" +6.5366065° + 6.968607s” +3.027e08s +1.7608
— Robust Pole Placement Controller Design
In a typical feedback manage system, the output, y, is fed back
to the summing junction. It is now that the topology of the
layout changes. Instead of feeding again y, what if we feed
back all of the state variables? If each state variable is fed back
to the manipulated, u, through a gain, ki, there might be n
gains, ki that would be adjusted to yield the required closed-
loop pole values. The feedback via the profits, ki, is
represented by way of the feedback vector -K.
The block diagram of the car mirror wiper system with robust
pole placement method is shown in Figure 3.

Reference Spoed & _ ,_ X e
e ]

[}
]

final

1

Actis Speed

¢
e

Figure 3. Car mirror wiper system with robust pole placement method

The state equations for the closed-loop system of Figure 3
can be written by inspection as

X = Ax+Bu = Ax+B(—Kx)=(A-BK)x (13)

y =Cx
The poles for this system is chosen as

P= [—1—2i,—1+2i,4—3i,4+3i]

Solving using Matlab the robust pole placement algorithm
gain will be

K =[-46 —26727 790 125]
RESULT AND DISCUSSION
In this section, the Simulink model design and simulation of
the vehicle windshield wiper system using H infinity loop
shaping and robust pole placement controllers by comparing




the two proposed controllers for tracking the step and sine
wave speed references.

— Comparison of the proposed controllers for tracking

the step speed reference

The Simulink model of the vehicle windshield wiper system
using H infinity loop shaping and robust pole placement
controllers for tracking the step speed reference is shown in
Figure 4 below.

Wiper Spesd

Car Mirrer Wiper Systam

&l
Stop Refarance Speed

Figure 4. Simulink model of the vehicle windshield wiper system using H infinity Loop
Shaping and Robust Pole Placement Controllers for tracking the step speed reference
The wiper system performance for the proposed controllers
using a step reference (step change from 0 to 6 m/s) of the
wiper speed simulation is shown in Figure 5 below.

Output Speed Responce for a Step Desired Speed Signal
T T T

Step Reference Speed
e Car M., per System with H infinity Loop shaping
= Car Mi.. tem with Robus! Pole Placement Cantroler

0 5 10 15 20 25 k1]

[lime offset: 0

Figure 5. Simulation result for a step reference input
The data of the rise time, percentage overshoot, settling time
and peak value is shown in Table 1.
Table 1. Step response data
Robust Pole

H infinity Loop

No Performance Data

Placement Shaping
1 Rise time 1.25eC 1.22 sec
2 Per. overshoot 53.4% 40 %
3 Settling time 8 sec 6 sec
4 Peak value 9.2m 84 m

— Comparison of the proposed controllers for tracking
the Sine Wave speed reference

The Simulink model of the vehicle windshield wiper system

using H infinity loop shaping and robust pole placement

TECHNICA CORVINIENSIS — Bulletin of Engineering
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controllers for tracking the sine wave speed reference is
shown in Figure 6 below.

Wiper Spaed

Figure 6. Simulink model of the vehicle windshield wiper system using H infinity loop
shaping and robust pole placement controllers for tracking the sine speed reference
The wiper system performance for the proposed controllers
using a sine wave reference (wiper moving in the forward and
reverse with 6 m/s) of the wiper speed simulation is shown in

Figure 7 below.

Output Spead Responce for a Sine Wave Desired Spead Signal
T T

Sine Wave Reforence Speed
Car Mi...per System with H infinity Loop shaping
Car Mi...tem with Robust Pole Placement Centrolier ||

[lime offset. 0

Figure 7. Simulation result for a sine wave reference input
The simulation result shows that the vehicle windshield wiper
system with H infinity loop shaping controller track the
reference speed better than the vehicle windshield wiper
system with robust pole placement controller.
CONCLUSION
The vehicle windshield wiper system is designed and
simulated based on the given control signals using
Matlab/Simulink and a promising result have been analyzed.
The performance of the vehicle windshield wiper system is
tested for wiping speed regulation using track a signal
method.
Comparison of the vehicle windshield wiper system with H
infinity loop shaping and robust pole placement controllers is
done for a step and sine wave reference speed signals and
the vehicle windshield wiper system with H infinity loop
shaping controller shows a good result in improving the
wiping mechanism in almost the all performance measures
taken.
Finally the comparative results prove the effectiveness of the
proposed H oo Loop Shaping controller to improve the
wiping mechanism for the given two reference signals.
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Abstract; Climate unpredictability and change in climatic parameters have direct influence on environment and human existence. A negative change in the climate, always
have its corresponding dysfunctional impacts on man and the ecosystem globally or locally leading to flooding, poor agricultural yields, famine, and even death at some stages.
Knowledge and information on the climatic variation parameters in an environment s very vital for environmental study assessment and proper planning. Therefore, evaluating
the effect of weather variability on discharge of Ona River in Ibadan cannot be under—estimated. A methodology to evaluate river discharge exclusively from remotely sensed
data was developed. Water surface width and maximum channel width measured from satellite images of Ona River was coupled with channel slope data obtained from
topographic maps created using Shuttle Radar Topography Mission (SRTM) were used to estimate the discharge. Landsat images were acquired for the years 1990, 2000 and
2015, which were used to determine anthropogenic activities. SRTM and Quick bird were used to model environmental changes and effects on the discharge of Ona River. The
weather change effects on water discharge from Ona River in Ibadan was examined in three phases; site observation and data collection which was done in 2015 to get weather
and discharge data of Ona River for each month, model simulation of temperature to determine discharge was done using regression model analysis. The rainfall distribution is
being revealed to have strong effect on the discharge rate (R? = 0.77) and that of temperature on discharge rate of Ona River (R* = 0.80). In 2015, the influence of rainfall on
discharge rate was stronger (R” = 0.85) while the discharge was 2.88m*/s. The monthly temperature—discharge gives a negative relationship (R?= 0.55). There is strong
negative relationship between vegetation and rainfall, —0.7. It has been projected that in 2028, the discharge rate will be reduced to about 2.17 m*/s. There is evidence of
dynamic responses of rivers to precipitation rate, which implied a significant response between rainfall and discharge and the negative effect of anthropogenic activities on

rivers. This result can be used to predict the discharge of rivers given weather and environmental factors.

Keywords: River Ona; discharge; GIS; logarithmic; model

INTRODUCTION

Climate change has been discovered to be one of the biggest
threats to humanity, human security in addition to producing
adverse environmental conditions such as rising sea level,
drought, crop failure, degradation of water/air quality, heat
waves (Emmanuel et al, 2015). Climate change and its effect
on river discharges has been studied in different ways,
ranging from different spatial scales to time series of
diversified lengths in many periods. Modeling climate change
and its effect on river discharge is usually achieved either by
collecting climate data such as temperature and rainfall in
hydrological models or by varying climate data series with
expected changes (Singh and Bengtsson, 2004). Change in
weather data and weather uncertainties have direct effect on
environment and human existence. A negative change in the
state of weather causes a retrospective effect on man and the
ecosystem both locally and globally. Weather is the condition
or state of an atmosphere of a particular place at a given time
(Ayoade, 2004). It may also be said to be the aspects of the
atmospheric state which is visible and experienced and
which affect human activities. The weather conditions of any
particular can be explained and understood with the aid of
some meteorological elements such as precipitation,
temperature, winds, pressure, sky state and humidity, which
are factors triggers and influence the process of the
atmosphere (Gbadegesin et al, 2020). Climate change is an
overtime change observed from either natural variability or
human activities according to the United Nations of
Intergovernmental Panel on Climate Change (IPCC, 2011).
While weather on the other hand is the day—to-day condition
of the atmosphere, and its variation over minutes to weeks,

climate can be expressed by statistical weather analysis or
information that describes the abnormalities of weather for a
specified interval at a given location. The weather of a certain
location is usually averaged over a 30-year period to
determine its climate (Gutro, 2005). Climate and have
different implications on the economy because of the
different phenomena they represent (Fisher et al, 2012).
According to IPCC (2011), assets and people in most countries
are increasingly vulnerable to extreme weather. It was
observed that the nature these extreme conditions have
changed over the past 50 years, and may likely remain as this
century progresses. However, there is uncertainty on exactly
how the frequency and strength of extreme weather events
might change. Adaptation measures taken in the near future
therefore need to be resilient to a broad range of future
climates (Howden, 2011).

In a recent assessment, IPCC (2011) mentioned that there is
possibility that Africa will be warm during this century, noting
that the drier subtropical regions will be warmer than the
moist tropics. There is likelihood for the decrease in annual
rainfall throughout most of the region, except the eastern
Africa, where annual rainfall is projected to increase. These
physical changes in the environment are expected to have
devastating effect on agricultural production, such as millet
and maize, which are staple foods. In addition, acute soil
erosion and land degradation are also effect of land climate
change to be considered (Oyiga et al,, 2011). The effect of
climate change may be weaker or stronger, permanent or
temporary, favorable or adverse, harmful, primary (direct) or
secondary (indirect) impact on soil processes. Among these
processes soil moisture regime plays a distinguished role
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(Adeoye et al, 2018) as it influences the amount of water
supply in plants, the air and heat regimes, biological activity
and plant nutrient status of soil (Montgomery, 2007).The
erosion  process, sediment delivery and sediment
transportation are important components and measures of
the functioning of the earth system. Erosion and sediment
redistribution processes are the primary drivers of landscape
development and vital in soil development (Philippe et al.,
2014; Ojo, et al,, 2018). Furthermore, high sediment loads can
result in pollution and habitat degradation in river system
(Islam and Tanaka, 2014). For instance, reservoir capacity of
Awara dam has greatly reduced due to continuous
sedimentation and siltation. There have been struggles in
most countries because of water stress emanating from water
borne sewerage, irrigation demands and industrial pollution.
These pressures will be significantly exacerbated by climate
change, which in reduced rainfall and increasing
temperatures for many regions, also reducing the quantity of
water available for drinking, household chores, agriculture
and industry purposes. The more the need for water due to
climate change, the more effective balancing water
demands will become so important, most especially in areas
where there are pressing demands for industrial uses over
other uses like drinking supplies. High temperatures affect the
quantity of runoff that negatively, hereby, reducing the
quantity of groundwater also which is the major source of
water supply in some parts of the nation. Similarly, reduced
rainfall, especially in the north would further compound the
inability of the zone to meet people’s water demand (Idogho
et al, 2014). In Africa, several factors are responsible for the
variability in weather, one of it is deforestation. In addition, the
agriculture and industry that replace the forests often cause
an extra problem by producing carbon emissions of their own
(Chakravarty et al, 2012). Another factor is the growing
population, as the population grows, there are more people
who need food, livestock and energy, and this increased
demand leads to increased emissions (McMichael et al.,, 2007).
According to Heinrich (2009) the northern part of Nigeria may
increase its dependence on ground water sources because of
low rate of precipitation experienced unlike the south-
western Nigeria.

APPLICATION OF GEOGRAPHICAL INFORMATION SYSTEM
(GIS) TO WATER RESOURCES

GIS is a very important tool used to address various water
resources related issues like the quality of water, ground
water contamination, ground water movement, river
restoration, flood prediction and management on a local,
regional, national or even global scale (ESRI, 2012). GIS can
analyze the current situation, model and stimulate different
scenarios for predicting the future, project new information
to enhance decision—-making and watershed management
(Yoo et. al., 2004). It can also be employed in making a suitable
decision in critical scenario, evaluating the effects of land
use/cover, soil type, vegetation, topography, water quality
and geology. Hydrology is a common field that recently
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employed GIS and Remote Sensing (RS) to tackle different
issues within the field. There is mainly as a result of its
integration can help the hydrological cycle and all related
processes. In addition, it could enhance the possibility of a
three dimensional approach for distributed models. GIS has a
great ability to integrate data from multiple sources as long
as they all have the same spatial reference. Forinstance, it can
combine data from sources such as boreholes and wells,
subsurface isopach maps, structure contour, surface geology
maps, and satellite imagery. This ability allows all of these data
to be used simultaneously to develop a more comprehensive
model. Such models could assist geographers to gain a
deeper understanding of the movement of different surface
(or subsurface) waters and their interactions (Ziliaskopoulos
and Waller, 2000; Olaniyan, et al., 2015).

GIS system uses data acquired from Remote Sensing and
other sources to build new geo-referenced databases in
specific referable forms. Within the map conversion process,
some cells might represent pits or holes. These cells should
be removed before running the model otherwise; water
would accumulate in these cells when drainage patterns are
being extracted. The whole map forms a stream network,
which will define the flow direction and ultimately determine
the outlets of the basin. Simulated runoff can be compared to
the measured runoff at basin level for return periods of 10 and
50 years. However, the results often indicate that the
generated model is not biased in over—predicting /under—
predicting the runoff. Baiyinbaoligao et. al. (2011) and
Olaniyan, et al, (2015) employed GIS for modeling the
rainfall-runoff process in the Kuronagi River based on two
rainfall stations. Since rainfall-runoff could be modeled based
on different methods, they engaged the distributed
Kinematic Wave hydrological model to calculate the two
rainfall-runoff events in 2005 and 2006. They used ESRI's Arc
View version 8.3 and its Spatial Analyst extension module to
carry out the flow direction, flow accumulation, and stream
network as features. A 50 m DEM spatial data issued by Japan
Geographical Survey Institute in 1996 was used to produce
the digital basin of the Kuronagi River (Baiyinbaocligao et. al,,
2011).The approaches vary from a simple sensitivity analysis
of hydrology to the changes observed in climate inputs to the
study of palaeo climatic data, spatial shifting of current
climates towards polar region. Because of its physically based
nature, the latter approach is arguably the most attractive.
Therefore, this study aimed at determining the weather
change effects on water discharge from Ona River in Ibadan
in three phases; site observation and data collection between
1990 and 2000, predicted for some years and resulted into

maps.
METHODOLOGY

The method used for this work involved GIS tools in the
analysis and evaluation of rainfall and temperature effect on
discharge of Ona River. In—situ analysis was done, alongside
extraction of images through Quick bird, Landsat and DEM of
the Ibadan for previous years before 2015.




— The Study Area
Spatially, the study area has a tropical wet and dry climate and
is strongly influenced by the West African monsoon climate,
marked by a distinct seasonal shift in the wind pattern
(Odewunmi et al, 2013). Ona River is one of the major rivers in
Ibadan, South Western, Nigeria and lies between Latitude 7°
15"49" and 7° 45" 21" N longitude 3° 57' 58" and 4° 08" 20" E
(Andem, et. al,, 2012; Bello et al., 2019). The river has a length
of about 8 km and an area of about 28,5 Km? and it flows
through the low—density western part of Ibadan. The river
flows in a north—-south direction from its source at Ido Local
Government Area where it is dammed and flows through
Apata Ganga (Ibadan South-West Local Government Area) to
Oluyole Local Government (Andem, et. al,, 2012). Figure 1
depicts the study area in relation to Oyo State, Nigeria.
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Figure 1: Map of Study Area in relation to Oyo State, Nigeria
(adapted from Andem, et. al., 2012)

— Data Acquisition
The data used for this study are temperature, rainfall and
discharge data between 1990-1999 and were obtained from
meteorological station of Forestry Research Institute of
Nigeria (FRIN), Ibadan office. The discharge data for 1990 to
1999 were obtained from Eleyele Dam gauge station. The
River Discharge rate of 10 years (1990 to 1999) were used due
to its availability, while an in-situ discharge data of 2015 were
collected at a distinct point along the river course. Satellite
images; Landsat, Shuttle Radar Topography Mission (STRM),
and Quick bird were obtained and utilized to model
environmental changes and their effects on the discharge of
Ona River. The Landsat image was used to determine
anthropogenic activities within the study area. The Digital
Elevation Model (DEM) was used to show the slope and flow
direction of the river and its distributaries, while the Quick bird
image was use to delineate the study area.
— Methods
The methods used to include data preparation, image
processing, mapping, and modeling as outlined by Otieno et
al, (2013).
— Data preparation
Ona River basin was generated using Landsat images covered
by path 191 and row 55. The providers; NASA have already
rectified these satellite images used for this study, while the
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downloaded DEM and Landsat images of the study area were
clipped into a shape file.

— Image Processing

To process the images, the spectral respond pattern was first
developed for easy identification of remotely sensed features
using IDRISI 17.0 software. A simultaneous query of all the
images included in a raster image group file, in order to
obtain guantitative information from images, digital number
was converted to physical quantities, radiance and brightness
temperature.

_ ((@LmaxA-Lmind)
LA = (—QCALA ) Qcar + LvinA

(1)
where;

LA = Spectral radiance at the sensor's aperture [W/ (m?sr um)]
The above expression does not consider the atmospheric
effects, therefore there was need to convert images from

radiance to reflectance measures, using equation 2 (Gyanesh
etal, 2009).

__ T.TOAr.d?
- ESUN)\-COSGSZ

)

where;

pA = Planetary TOA reflectance (unit less),

1= Mathematical constant approximately equal to 3.14159

(unit less),

LA = Spectral radiance at the sensors aperture [w/ (m?sr um)],

d? = The earth-Sun distance (Astronomical unit),

Esyn = Mean exoatmospheric solar irradiance [w/ (m?sr

uml,

Os7= the solar zenith angle (degree),

The cosine of this angle is equal to the sine of the sun

elevation O

Therefore, Bs; = 90-6se.

— Prediction of Discharge

Transformation Model

To project temperature into the future year 2028, logarithmic

transformation model of Brian Field et al, 1993 was used:
logcP((t—n)) = log.B + nlog(1 +r) (3)

To project discharge into the future using equation 3.4 (Brian

etal, 1993).

using  Logarithmic

Pieny = (1 +1)"Py )
where;

P(¢—n)= the discharge to be forecast at time t+n

P ()= the discharge at time t - the base year,

r =annual growth rate

The ratio K was calculated using equation 5

P(t-n
k== (5)

The mean annual rate value r is 0.00425 using the equation
36

r = antilog{ ©6)
RESULTS AND DISCUSSION

The discharge in—situ measurement of River-Ona in 2015 is
as shown in Table 1. The discharge between January to March
and October to December are relatively low compared to the
months, but January and February remained constant

because the depth is also constant due to lack or inadequate

10gP(t+1)—10gP(t)} 1
n
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precipitation. It was observed that the discharge reduced in
August, which is meant to be one of the peak periods, this is
traceable to seize in rain during the period but the discharge
increased in September as the discharge measurement were
affected by the depth, width area and distance. The time
depends on the depth since the width (8m) and distance
(3m) remained constant, the more the depth, the lesser time
taken for the float to get to the 3m mark. The average
discharge data and average weather data between 1990 and
1999 as displayed in Table 2. The rate of discharge measured
in 1996 and 1999 were the highest due to the high rainfall
observed in those years, 1990 was a drought year and the
corresponding discharge (0.59) was low also, also 1998 whose
discharge was 2.05 m?®/s. There is an increase in the discharge
as 2015 which was collected as 2.88 m*/s.

Table 1: Discharge in—situ measurement of River—Ona (2015)

£ &
Jan 1.2 8 96 3 121 024 | 230
Feb 1.2 8 96 3 121 024 | 230
Mar | 1.25 8 10 3 11.2 026 | 260
Apr | 1.28 8 10.24 3 108 | 028 | 284
May | 14 8 11.2 3 942 | 0318 | 3.56
Jun 15 8 12 3 9.12 0.33 3.9
Jul 1.59 8 12.72 3 9.0 033 | 4239
Aug | 148 8 11.84 3 1092 | 0274 | 3.253
Sept | 152 8 12.16 3 9.12 033 | 4013
Ot | 1.11 8 8.88 3 1246 | 0241 | 2138
Nov | 0.96 8 7.68 3 131 ] 0229 | 1759
Dec | 092 8 7.36 3 137 | 0219 | 1612
Table 2: Discharge and Weather Data of the study area 1990 to 1999
Discharge Temperature Rainfall

(m¥/s) Q) (mm)
1990 0.59 2433 12.25
1991 0.71 23.12 398.77
1992 0.48 2475 97.83
1993 0.48 24.59 131.23
1994 0.39 25.90 913
1995 0.78 22.59 422.6
1996 0.83 2232 5255
1997 0.77 22.17 413.33
1998 0.38 25.17 90.68
1999 2.05 21.83 556.71

— Modeling the Relationship between the Weather
Elements and Discharge

To model the relationship between discharge and weather
elements like temperature and rainfall, the variables were
regressed and the discharge served as the dependent
variable all through. The R? values of the regressions in Figures
2,3,4,5and 6 show good fits. 77% of the variation in discharge
of Ona River is explained by the independent variable; rainfall
as shown in Figure 2.
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The effect of temperature as displayed in Figure 3 is stronger
with about a negative value of 80%. Result also shows that a

Figure 5: 2015 Monthly Rainfall—Discharges




strong negative relationship exists between temperature and
rainfall distribution.
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Figure 6: 2015 Twelve Months Temperature—Discharge Observations

The monthly discharge and weather parameters of 2015
regressions give strong positive relationship between rainfall
and discharge, but negative relationship between
temperature and discharge.

Temperature and rainfall relationship is y = 8E-08x’> — 8E-05x*
+ 0.0146x + 24.327 with R* = 0.9168 as shown in Figure 2,
while Figure 3 show the rainfall and discharge relationship of

y = 2E-08X" — 6E-06x" — 0.0003x + 0.5293 with R> = 0.7725.
Temperature and discharge relationship yield y = -0.1083x* +
7.9015x> = 192.01x + 1554.4 with R* = 0.8004 as displayed in
Figure 5, while the 2015 Monthly Rainfall-Discharge gavey =
~0.1083x% + 7.9015x% = 192.01x + 1554.4 with R* = 0.8004.2015
Twelve Months Temperature-Discharge observations gave y
=1.5717x3 - 13.735x2 + 36.291x + 2.7986 with R* = 0.5591 as
shown in Figure 6.

— Significance F-value

In this study, the Significance F-values are 0.018697 and
0.019802 between temperature and discharge and between
rainfall and discharge, respectively. Significance F shows that
the results are reliable (statistically significant) since these
values are less than 0.05, therefore result can be said to be
good enough.

— Projection of Discharge using Geometric Trend Model
The projected temperature for 2028 is as shown in the Table
3. Applying equations 4, 5 and 6, the temperature was
predicted to rise up to about 35.02°C, substituting this in
equation 7 as t it was possible to determine the future trend
of Ona River discharge for another 13 years. The projection
gives a discharge value of 2.17m?/sby year 2028. There is a
decrease when compared with the 2015 discharge; this may
not be unconnected to loss of water from the river due to
higher evaporation rate that might be caused by expected
increased temperature.

Q =11.668 —0.2713t (7)
Table 3: Projected Temperature for 2028
Datt | Mean temperature Ratiok) | AnnualRate (1) |
1989 2333 13 0.002
2002 30.22 1.07 0.006
2015 3240 1.08 0.005
2028 35.02 - -

vvvvvvv
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DISCUSSION

The effects of weather variation are obvious on River Ona and
its tributaries are because of increase in the amount of rainfall
and temperature thus resulting to higher annual river
discharges over the years. Therefore, gradual decrease in
rainfall over the years consequently leads to decrease in the
mean annual river discharges, this implies that river
discharges increase because of wetter climate (higher
temperature and higher rainfall amount).

These results correspond with the results by Arnell (2002),
Singh& Bengtsson (2004) and Olaniyan et al., (2015) stating
that increment of precipitation is primarily due to discharge-
runoff rather than evaporation, because the amount of
evaporation is nearly constant due to the already saturated
land surface condition.

The study by Amell (2002) and Adewale et al, (2010)
concluded that the effects of climate change on river
discharges in the scenario period would be influenced by
changes in the use of water affecting the hydrological system.
This will probably increase the actual evapotranspiration, Ea
and reduce river discharges from the affected areas (Brooks,
1983; Liu et al., 2005; Bello et al., 2019).

The rate of annual discharges will increase the width and
depth of natural watercourses by increasing erosion
according to regime theory (Ojo, et al., 2018). It could also lead
to the damage the drainage networks. It could also increase
the fluxes of nonpoint source pollution and sediment to the
river channel and this can increase flood frequency and flood
risk.

Over the years, discharge—runoff severity increases and the
drainage network in River Ona is badly affected, as increase
discharge will cause more floods, which would have some
effect on farming along the riverbanks. Mean annual river
discharge increased because of higher intensity of rainwater
to the river (Otieno, et al., 2013); therefore, there is need for
preventive measures to be taken to reduce flood risk.
CONCLUSIONS

This study evaluated the effect of temperature and rainfall
variation on the flow of Ona River using Remote Sensing and
Geographical Information System (GIS) techniques. The
results revealed that the dynamic response of rivers to
precipitation rate is higher during the raining season, as there
is a significant relationship between rainfall and river
discharge, thus affecting the discharge rate of the
river.Continous data collection of discharge, temperature,
rainfall, and other parameters should be carried out by all
hydrological stations in order to help environmental scientists
and policy makers to regulate such activities, which could
affect the river course. Further studies can be carried out to
establish the impact of extreme weather variations on the
river discharge. The findings from this study used to predict
the discharge of a particular river given the weather and
environmental factors.
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DEVELOPING A SUSTAINABLE MANUFACTURING SYSTEM BASED ON THE INDIAN FDI
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Abstract; Sustainable development goals (SDGs) are set from the perspective of the country and industry. There is a gap between the SDGs and the corporate social responsibility
(CSR) that has been implemented by industries for years. Activities from the manufacturing industry that meet the SDGs are still missing. This study surveys both academic
researchers and senior managers in the manufacturing industry in India. It applies analytical hierarchy process analysis and proposes (1) a sustainable manufacturing system
(SMS) that is composed of seven constructs with 55 activities that support SDG 2-12 and 41 sustainable targets, (2) ten activities as the initial stage of the SMS that support SDG
2,3,4,6,8,9,and 12,and (3) that SMS needs to be implemented to a company’s external environment first, and then within the company, in the sequence of Zoca/ community,
Enterprise welfare, Enterprise process, Enterprise performance, Enterprise policy, Enterprise human resource and Fnterprise product By implementing SMS, the gap between

the SDGs and CSR can be diminished.

Keywords: Sustainable development goal, sustainable manufacturing, sustainable manufacturing system

INTRODUCTION

Manufacturing generates a significant quantity of
greenhouse gases alongside the energy and transport
industries [1]. Manufacturing has further a direct social impact
as it produces the articles that are used by final consumers. It
also has a direct impact on occupational safety and health [2].
Taken together, it is evident that manufacturing requires
sustainability as a solution to meet the needs of all parties [3].
Based on the 17 sustainable development goals (SDGs) and
169 sustainable targets issued in 2015 and listed on the
United Nations' website, countries around the world have
begun to develop the SDGs into activities that suit their own
national conditions, and implement these activities one by
one. The manufacturing industry consumes a high
percentage of natural resources [4] and must therefore align
itself with the SDGs by implementing activities to support the
sustainable targets [5].

Batterham [6] proposes that sustainable development can be
categorized into five levels: global objectives, industry
strategies, enterprise sustainable targets, specific projects,
and individual actions/measured outcomes. Manufacturing
companies often focus on internal processes and operations
[7], and except for suppliers and customers, manufacturing
companies rarely communicate with society and local
communities [8]. Meanwhile, the requirements of the SDGs
are clearly developed from the perspective of the country and
industry. Activities that manufacturing companies can
implement directly within the company are limited.
Therefore, manufacturing companies are generally
conservative in promoting sustainability. They continue to
carry out corporate social responsibility (CSR) activities that
were first implemented years ago [9]. Unfortunately, the
scope of such CSR activities is not as broad as the triple
bottom line (TBL) that SDGs comply with [10]. It shows that
there is a gap between the expectation of the SDGs and the
practical implementation of manufacturing companies. This

study focuses on the enterprise sustainable target level within
the manufacturing industry.

Many companies publish CSR reports annually. CSR is
important but social responsibility is directed solely to
shareholders [11]. Meanwhile, some CSR projects may do little
more than promote the agenda of the corporation itself while
dispelling attention from deeper economic, political, and
social problems that need to be addressed [12]. It shows a gap
between sustainable development and CSR. Sustainable
manufacturing is expected to diminish the gap in the
manufacturing industry [13].

Sustainable manufacturing is defined as the creation of
manufactured products that use processes that minimize
negative environmental impacts, conserve energy and
natural resources, and are economically sound and safe for
employees, communities, and consumers [14]. In line with
this, Moldavska and Welo [15] propose that product, process,
community, employees, and customers are the main
domains of sustainable manufacturing. Bhatt, Ghuman, and
Dhir [16] state that sustainable manufacturing deals with the
conservation of energy and natural resources and ensures the
safety and well-being of all stakeholders. Well-being is what
employees feel as related to organizational culture [17]
Kulatunga, Jayatilaka, and Jayawickrama [18] state that the
supply chain, products, build environment, and processes are
the industry focus when implementing sustainable
manufacturing in the Sri Lankan manufacturing sector.
Ocampo and Clark [19] propose a hierarchical framework for
index computation in sustainable manufacturing. The
framework shows that employees, customers, and
community are categorized under social well-being.

In addition, Moldavska [20] states that sustainable
assessments should be made not only for sustainability, but
also related to competitive advantage, customer satisfaction,
and competitiveness of product. Huang and Badurdeen [21]
propose a framework that indicates that process and product
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are two pillars of sustainable manufacturing performance
measurements while philosophy is the foundation of the
framework and policies are the tool by which to deliver the
philosophy. The above studies show how performance,
process, product, people, policy, well-being, and community
are domains that enterprises should pay attention to while
implementing sustainable manufacturing. This study applies
these seven domains as constructs to conduct the further
research.

MATERIALS AND METHODS

India, with its population of 1.4 billion, is expected to be the
next major manufacturing country. This is in part due to rising
manufacturing costs in China, leading many companies to
move their production lines to India. Manufacturing accounts
for 14% of India’s GDP [22]. The importance of sustainability
for India cannot be underestimated. As many foreign direct
investment (FDI) manufacturing companies in India have
introduced CSR and publish CSR reports to stockholders every
year, these companies have a good foundation for
implementing sustainable manufacturing. The purpose of
this study is to establish a sustainable manufacturing system
that manufacturing companies can employ to directly
support sustainable targets.

The SDGs are based on a global perspective and have a broad
span. To narrow the focus to the manufacturing industry in
India, this study employs a two-step questionnaire to collect
data. In step one, an SDG and sustainable target
questionnaire is sent to Indian academic researchers through
email to collect comments about which sustainable targets
FDI manufacturing companies should support in India. In step
two, based on the collected responses, the seven main
constructs and the main activities of sustainable
manufacturing are identified, and a second questionnaire is
created. This questionnaire collects responses from senior
managers who work in FDI manufacturing companies that
have implemented CSR for more than five years. Finally, the
analytical hierarchy process (AHP) is applied to build a
sustainable manufacturing system and to propose the initial
stage of sustainable manufacturing.

According to Wikipedia, Chennai is the fourth largest city in
India. It is the automobile capital of India, and the main
automobile industry base in India. Chennai produces 35% of
the car parts and 30% of the vehicles in India. Global
automobile companies such as Hyundai, Ford, Mitsubishi,
Nissan, etc, have set up factories there. Chennai can be
regarded as one of the major foreign manufacturing
investment locations in India. This study sets Chennai's
foreign manufacturing companies as the research scope.
Further, this study selects companies who have published
annual CSR reports the past three years (2018-2020). Because
these companies have implemented CSR, they have a better
understanding of the terms and meanings on the
questionnaire. In order to ensure that respondents have a
deep enough understanding of the company’s operations,
organization, human resources, and local community, the
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respondents are required to have worked in the company for
more than eight years. The collected responses are analyzed
by AHP, where the consistency ratio (CR) must be less than
0.1.

RESULTS

The SDG and sustainable targets questionnaires with open
ended questions were first sent by email to researchers at
Indian University’s management school. Twelve responses
were obtained. Based on the comments from these 12
responses, a list of 11 goals (SDG 2 to 12) that FDI
manufacturing companies should support was created.
Under these 11 goals, a total of 41 sustainable targets that FDI
manufacturing companies can directly execute activities
toward to support the achievement of these goals were
compiled. This study then broke down the comments of the
respondents into the first 49 activities that can be executed
and implemented.

Meanwhile, some respondents commented that SDG does
not cover competitiveness and performance, which are two
major factors companies focus on. Companies must be
competitive to provide a stable environment for their
employees. It was therefore necessary for this study to add
four activities related to business competitiveness:

1. Ensure the competitiveness of enterprises,

2. Improve customer satisfaction,

3. Treat suppliers fairly, and

4. Develop competitive products.

In addition, some respondents commented that the impact
of product life cycles on the environment is important.
Companies should produce environmentally friendly
products. This study thus added an activity called Develop
products with lower energy consumption and longer service life.
Some respondents commented that it would be difficult to
solve the problem of sustainability with traditional methods.
With the rise of new technology, digital transformation
should be considered as an approach. This study therefore
added Apply digital technology to improve efficiency of end-to-
end processes [23]. There are thus six activities that do not
come from SDG that also need to be addressed, resulting in a
total of 55 activities explored in this studly.

The main activities of the manufacturing value chain can be
categorized into five dimensions: performance, product,
process, people, and policy [24]. Compared with home
country manufacturing companies, FDIs also face the aspect
of cultural differences. Benefits or welfare are the first factors
that employees compare between foreign companies and
local companies [25]. To avoid the impression of being a
predator, FDI companies need to communicate properly with
the local community [26] to achieve the purpose of peaceful,
harmonious, and common development. Thus, the issue of
welfare and local communities also need to be addressed.
This study uses Enterprise performance, Enterprise product,
Enterprise process, Enterprise human resource, Enterprise policy,
Enterprise welfare, and Local community as research constructs
and then classify the above 55 activities under the seven



constructs as shown in Appendix 1. Appendix 1 presents the
seven constructs, 55 activities, and the sustainable targets
these activities support. It also presents that the relationship
between activity and sustainable target is not one-to-one, but
that multiple-to-multiple relationships exist. For example,
activity 40, Expand the scope of medical insurance to reduce the
burden of family medical expenses, supports sustainable
targets 34 and 3.8. Activity 47, Improve water quality and
sanitation in local community to reduce malaria incidence,
supports sustainable targets 3.3, 3.9, and 6.b. Activity 43 and
activity 51 both support sustainable targets 6.2.

— Analysis

This study then conducts the second survey. The
questionnaire is sent to senior managers who work in the FDI
manufacturing companies in Chennai that have continuously
published CSR reports the past three years. Senior managers
are defined as those who have worked in the company for
more than eight years and hold the titles of manager, senior
manager, or directors. A total of 42 response are collected. Six
responses are invalid and therefore removed from the data
sample, resulting in a total of 36 valid responses being used
for the AHP analysis. The 36 valid responses are provided by
23 managers, eight senior managers, and five directors. These
have worked in the company for an average of 9.1 years and
have had direct or indirect contact with the company’s CSR
on an average of 3.7 years. This means that the respondents
have a certain degree of understanding of the corporate
culture and CSR in the FDI manufacturing companies.

This study analyses the seven constructs of the 36 responses.
The Clis equal to 0.1, which means that the seven constructs
are consistent. The CRis equal to 0.07, which presents that the
results are acceptable. The top three rankings are Local
community, Enterprise welfare, and Enterprise process. The rest
rankings are Enterprise performance, Enterprise policy, Enterprise
human resource, and Enterprise product.

The following are the analysis of each construct:

(1) Enterprise Performance. The Cl and CR of this construct are
0.005 and 0.004, respectively. The results are thus considered
consistent. The top 3 activities are Ensure enterprise
competitiveness, Increase salary year by year alone with
productivity, and Improve customer satisfaction.

(2) Enterprise Process. The Cl and CR of this construct are 0.07
and 0.05, respectively. The results are thus considered
consistent. The top three activities are Increase the proportion
of renewable energy, Improve productivity by diversity,

technology, and innovation, and Adopt clean and
environmental-friendly technologies to improve production
processes.

(3) Enterprise Product. The Cl and CR of this construct are 0.07
and 0.05. The results are thus considered consistent. The top
three activities are Apply circular economy to product design to
reduce the impact of product life cycle on environment, Examine
the products and processes in the value chain for negative
impact on ocean and land, and Increase number of patents for
sustainable product and material
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(4) Enterprise Human Resource. The Cl and CR of this construct
are 0.03 and 0.02. The results are thus considered consistent.
The top three activities are Increase the number of young
employees, Increase number of technicians and their skills, and
Corporate with official school for staffs training and education
degree.

(5) Enterprise Policy. The Cl and CR of this construct are 0.03
and 0.02. The results are thus considered consistent. The top
three activities are Put sustainable development into policy,
Conduct training of sustainability, and Promote sustainable
development through practical projects by staff.

(6) Enterprise Welfare. The Cl and CR of this construct are 0.09
and 0.06. The results are thus considered consistent. The top
three important activities are Increase the use of sustainable
agricultural products in staff restaurants, Provide medical
subsidies for pregnant employees, and Provide birth registration
and medical and nutritional subsidies for employees’ new-borns
and children under five years old.

(7) Local Community. The Cl and CR of this construct are 0.09
and 0.06. The results are thus considered consistent. The top
three activities are Improve water quality and sanitation in local
community, Employ a certain proportion of residents, and
Provide awards for innovation and scientific research and
development in higher education.

— Initial Stage

According to the analysis results of the questionnaire
responses collected from senior managers, the activities
under the seven constructs are calculated by the Eigenvector
method, and the weights of the activities at each level are
calculated and ranked. The top five activities are shown in
Table 1.

Table 1. Top five activities of initial stage

Sustainable
Construct Activity Rank = target
supported
7 Lol Improve water quality and
- 47 | sanitation in local communityto | 1 3.3,3.9,6.
Community o
reduce malaria incidence
7. Local_ 13 Employ a cert_am proportion of 5 15
Community residents
7 Lol Provide awards for innovation and
- 50 |scientific research and development| 3 | 4.b,9.5
Community o ,
in higher education
6. Enterorise Increase the use of sustainable
- merp 37 agricultural products in staff 4 24
Welfare
restaurants
. Apply circular economy to product
3. Enterprise 14 | designtoreducetheimpactof | 5 | 84,122
Product . .
product life cycle on environment

Among the top five activities, three belong to Local
community. This indicates that companies can start by
improving their community relationships and the local
environment. Related to Enterprise welfare, Increase the use
of sustainable agricultural products in staff restaurants also
directly expresses the company’s actions of sustainability to
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employees. Many Indian FDI companies serve meals. Food
fees are cheap, and the food is cleaner than roadside stands
around the company where the employees usually buy their
meals. At the same time, Indian vegetarians account for the
majority of the population. Therefore, the simple and most
direct way to educate employees regarding what
sustainability is and let employees personally feel the practice
of sustainability is by serving sustainable food directly to
employees through company meals.

The fifth activity related to Enterprise product shows that
company products need to also directly add sustainability.
This is a further statement to employees and shareholders
that the company is going to move towards sustainable
manufacturing. The top four activities are related to the
external environment and employee living. These activities
do not yet involve the actual production process and policies
that are of the major functions of manufacturing. This means
that for FDI manufacturing companies, the first stage of
sustainable  manufacturing can be to start with
communication to the community, improve employee living,
and then focus on the company’s products. In this way the
concept of sustainable manufacturing can be introduced to
all stakeholders.

To further explore the activities linked to the initial stage, the
top 6-10 activities are analyzed. To officially announce a
company is pursuing sustainability, it must Put sustainable
development into policy, as this helps communicate out to all
the employees how sincere the company is. Because of
India’s caste system, some children may not be able to
complete their education. Access to clean and safe water
supplies may also be an issue in certain communities.
Subsidize education for vulnerable children in local community
and Establish public toilets in the community and supply free
water and soap are thus easy ways to enhance a company's
relationship with the local community. Furthermore, the
power supply in India is not as convenient or easy to access
asitisin other developed countries. To reduce the impression
that foreign companies plunder Indian resources, companies
can Increase the proportion of renewable energy, which is highly
supported by the government.

The medical expense of pregnant women in India is costly. It
would be very helpful in the implementation of the concept
of sustainability if companies help pregnant employees by
providing them with company welfare plans. Welfare is not
only financial support. Companies can:

(1) make contracts with high quality hospitals to provide
periodic health checks during pregnancy,

(2) organize and pay for doctors to visit the company during
working hours,

(3) provide postpartum leave, and

(4) relocate employees to low-labor workstations.

Among the top ten activities, five activities are related to Local
community, two are related to Enterprise welfare, one is related
to Enterprise product, and the final one is related to Enterprise
process. This indicates that sustainable manufacturing
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activities should be implemented by companies first related
to outside factors then to inside factors. Companies can start
with activities related to the local community so that
employees are introduced to the concept of sustainable
manufacturing and see that this is something the company
prioritizes. It can then implement activities related to
enterprise welfare. In this way employees can trust that the
purpose of sustainable manufacturing is not just another
public relationship activity employed by the company, but a
true priority. Companies can directly put sustainable
manufacturing into its product design and perform official
employee training. This study considers the top ten activities
to be the initial stage of sustainable manufacturing that a
company can start implementing, after which the company
can implement the rest of the constructs in the sequence of
Enterprise performance, Enterprise policy, and Enterprise human
resource.

Linking the first ten activities to SDG, if companies implement
sustainable manufacturing according to the initial stage
described above, SDG 2, 3, 4, 6, 7, 8, 9, and 12 will be
supported. That is to say that four SDG 4 (Quality education)
and three SDG 3 (Good health and well-being) sustainable
targets will be supported. Companies can publish these
activities in their CSR reports to disclosure them to the public
and shareholders. The CSR reports can be used to explain the
relationship  between SDG and the  sustainable
manufacturing activities the companies implement. This
strengthens the link of the companies’ SDG support as well as
makes it more transparent.

Sustainable Manufacturing System

Based on the above analysis, this study proposes a sustainable
manufacturing system that is composed of seven constructs
and the implementation sequence as shown in the following
figure. The sequence is Local community, Enterprise welfare,
Enterprise process, Enterprise performance, Enterprise policy,
Enterprise human resource, and finally Enterprise product.

In Figure 1, one can see there is a house surrounded by Local
Community. The house represents the manufacturing
company itself and is composed of the six manufacturing
constructs. Sustainable manufacturing can thus be seen as
not only being an internal activity within companies, but also
needs to be communicated out to the external environment.
The most direct external environment of the company is the
local community, so the sustainable manufacturing house is
surrounded by the local community. Because policies are the
principles and guidelines of company activities, Enterprise
policy is placed at the bottom as a cornerstone. Enterprise
welfare and Enterprise process are two of four pillars that
directly communicate with the local community. These two
constructs are placed on the left and right sides of the
sustainable manufacturing house. Enterprise human resource
and Enterprise product are placed in the middle and are thus
considered the core constructs inside the enterprise. These
four pillars directly influence Enterprise performance.
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Abstract; Numerically controlled laser cutting (CNC) tools have been developed as an alternative to conventional cutting equipment and bring a considerable benefit due to the
increased accuracy, contactless processing, higher productivity and lower energy consumption. Given the desirable need to streamline the technological flow of manufacturing
to optimize production costs and minimize losses of raw materials, the use of numerically controlled equipment (CNC) for cutting metal parts is a goal of real interest. The paper
presents in stages a manufacturing sequence of a metal part, with an explicit description of the necessary steps, which includes the design stage and realization of 3D and 2D
models of the part, loading in the command computer and control of laser cutting equipment, positioning material on the work surface, parameterization and calibration of the
equipment, proper cutting of the parts and dimensional verification of the part at the end of the process.

Keywords: optimize, C(NC, process, production

INTRODUCTION

The production of laser cutting machines began fifty years
ago. Progress has been rapid and laser cutting is one of the
largest applications of lasers in the metalworking industry.
Numerically controlled laser cutting (CNC) tools have been
developed as an alternative to conventional cutting
equipment and bring a considerable benefit due to the
increased  accuracy, contactless  processing,  higher
productivity and lower energy consumption.

Common to all personal manufacturing tools (e.g., 3D printer,
laser cutter, CNC machine) is the need for a virtual
representation, diagram, drawing, or 2D / 3D model of the
object to be produced. Another important aspect in the
manufacture of metal parts using modern cutting equipment
is the calibration and parameterization of the cutting
machine. Laser cutting is a thermal process that begins by
heating and focusing the laser beam (density varies around
104 Wmm-2) in combination with the gas (active orinert). The
laser beam melts the metal that is being cut, and the gas with
its current eliminates the liquefied metal (Ahn, D.G,, et al,
2005).

MATERIALS AND METHODS

The process of laser cutting or laser cutting is done with the
help of a laser beam. It is directed with a lens to the area to be
cut or cut. The laser beam that passes through the lens and
into the work area melts the material you want to cut or cut.
In order for this activity to take place, a coaxial gas jet is
pumped in order to remove the waste that occurs as a result
of the melting process of the material you want to cut or cut
(Barton, K.L et al., 2007).

RESULT

The necessary steps for cutting a metal part consist of a
sequence of operations and parameterizations, such as:
designing the part, loading into the computer the command
and control of the laser cutting equipment, parameterization

and calibration of the equipment, actual cutting of parts
(Cheng, T. et,, 2001).

— Part design

In order to cover the manufacturing flow, a side wall of a drum
was selected, which was designed in the solidworks program

according to predetermined dimensions (Davim, P. et al).
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Figure 1. Design and dimensioning of the piece (Solidwaorks)
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Figure 2. Previewing the piece in 3D format (Solidworks)
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— Loading into the computer the command and

control of the laser cutting equipment

The project designed in solidworks has been saved in a .dxf
file so that it can be loaded into the laser cutting machine

program (Felix Huppert et al., 2019).
=g

1 e e | s

Figure 3. Loading and parameterization in the control computer
of the cutting machine

— Equipment parameterization and calibration
Depending on the material to be cut and its thickness, we
choose a cutting nozzle. The size of the nozzle holes has a
great influence on the quality of cutting and drilling. When
the diameter of the nozzle holes is larger, its proper
protection for the focusing mirror is weaker because the
chances of the flying melting sparks reaching the mirror are
higher (Davim, P, et al.).

Figure 4. Cutting nozzle

Figure 5. Calibration of sheet thickness
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The calibration of the cutting machine according to the
thickness of the material to be cut is done automatically, the
machine having capacitive sensors.

Figure 6. Calibrarea din soft

Figure 7. The results displayed on the display after calibration

The auxiliary gas used for cutting can be connected to the 02
and N2 sources at the same time. The gas can be selected as
needed during cutting and the system can automatically
switch the gas supply (Frederick Struckmeier et al).

Figure 8. Gas pressure adjustment

— The actual cutting of the parts

Each workpiece has different profiles, some are easy to cut,
but some are difficult to cut, such as small holes, sharp
corners, etc. To ensure the cutting quality and cutting
efficiency of the whole part, we will adopt the layered cutting
method.

In this way, we could adopt different technological
parameters to control the cutting of different profiles, thus
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ensuring not only the cutting quality of the hard-to-cut




profiles but also the improvement of the cutting efficiency of
the easy-to-cut profiles (Miroslav Radovanovic et al,, 2002).

s

Figure 9. The debit process
After completing the above steps, the part being cut, we can
measure it with the help of measuring instruments (subler) to
verify compliance with the quotas in the execution drawing
(Paolo Bison et al.).

Figure 10. Checking the final part

CONCLUSIONS

= Prototyping, an activity which normally costs a car
manufacturer thousands of hours per year (the parts to be
produced range from single pieces to a few dozen for
experimental preproduction runs).

Production in small batches, luxury or special cars, trucks
and buses or parts for the aerospace industry.

Production of spare parts where the robot flexibility is
especially suited to following the diversified demand.

For cutting and drawing dies. The process of development
that precedes the die forming reaps a major advantage
when laser robots are used.

Cutting of large turbine blade ving contours for rotors and
stators. Flexibility of the systems is often the most
important reason for its purchase since in the case of
production start-up or small batch production, frequent
modifications will be necessary
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Abstract; The article presents a variant of hydrostatic transmission in open circuit that replaces the classical mechanic transmission; for both variants are analyzed parameters
such as enerqy efficiency, power, lost power, etc. Hydrostatic transmission has specific advantages that are deriving from positioning the generator on the ground such as: nacelle
mass reduction that will reduce the price of the construction and the simplification of the energy transmitting chain. Energy transmitting and summing from multiple wind

turbines is much easier.

Keywords: wind turbines, hydrostatic transmission, mechanical transmission, energy efficiency

INTRODUCTION

In 2020, the electricity obtained from the conversion of wind
power covered 6.38% of the total consumption worldwide.
Small wind turbines can produce a power of 400 watts up to
100 kW. The average wind speed from the geographical
location determines how much wind power a turbine can
convert (***, Small Wind Turbine & Generators to Power Your
Home, 2020). Most of this energy production is obtained with
horizontal axis wind turbines. For this type of turbine, the
location of the electric generator in the turbine platform leads
to a significant increase in the mass of the platform, and
implicitly the mass of the pillar supporting the turbine. In
addition, the maintenance of the turbine becomes more
difficult with the increase of the rotor diameter and the height
of placement.

The platform (excluding the rotor) represents between 20 ...
35% of the total weight of a large turbine reaching in some
cases the order of hundreds of tons. In the case of the VESTAS
V90 turbine, the platform weighs 75 tons, the rotor 40 tons,
and the tower 152 tons (***, Renewables 2020 Global Status
Report, 2020). In August 2021, the largest offshore wind
turbine with a capacity of 16 MW was launched; for this
turbine, the nacelle has a weight of 37 T / MW, considered
very competitive. In the case of small turbines (< 100 kW),
even if we do not have such weights, the same values are kept
as a percentage. Other research has shown that in offshore
turbines, one of the main issues is gearbox failure, with
current designs requiring replacement or capital intervention
every 4 years. With the gearbox contributing to around 10%
of turbine cost (Buhagiar, T. S, 2013), such frequent
replacements are very detrimental to the overall viability of
offshore wind energy conversion. Danop Rajabhandharaks
states in his thesis (Rajabhanharaks, D., 2014) that it is not
uncommon for a gearbox to fail on average every 5 years,
while the designed lifetime of a wind turbine is typically
about 20 years. On the other hand, there are wind turbines
that have appeared in the last decades that differ from the
classic solutions, and fall into the category of unconventional
wind turbines; they have different shapes, are arranged

vertically or horizontally at different heights, and in terms of
power they usually fall into the category of low power
turbines (below 100 kW).

Reducing the weight of the platform, and implicitly the
weight of the support pillar, would be easy to achieve if the
electric generator were located on the ground and the tower
would support only the rotor and a few other auxiliary
elements. Maintenance would also be much easier to
achieve. As for the unconventional turbines, they are located
in the most diverse places, and the reduction of the
suspended mass and reduction of the gauge is likely to
simplify the construction and improve the visual impact.
While in the turbines with vertical axis located on the ground
or near the ground, the generator has small dimensions and
weight, in those placed on buildings or bridges, the location
on the ground of the generator significantly simplifies the
construction.

%{E‘.‘er : THE

Figure 1— Unconventional wind turbines (***,
https://www.whirlopedia.com/index php/unconventional—wind—turbines)
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For all these problems the solution is the hydrostatic
transmission of energy from the rotor to the generator, also
giving up the gearboxes that multiply the reduced rotor
speed (5..40 rpm) to make it compatible with that of the
generator (1500..3000 rpm); by an intelligent use of some
classic-and-modern hydraulic ~ components, high
performance hydrostatic transmission can be achieved.
MATERIALS AND METHODS

In addition to the advantages mentioned above, the research
undertaken by the authors aimed to establish energy
efficiency in two transmission variants: a classic variant and a
hydrostatic transmission variant. Beside the main purpose of
the research related to efficiency, the aim was to adjust the
drive speed of the electric generator and the transmission
response to the input parameter variation (wind speed
mainly). In this phase, the research was performed by
numerical simulation (by using Simcenter Amesim software),
to reduce material costs and research time.

Hydrostatic system is consisting of a variable speed motor
that represents the turbine blades, connected to a planetary
speed multiplier that increases the hydrostatic pump speed
up to 2000 rev/min. The hydrostatic pump is connected in an
open circuit, which includes also: a hydraulic orifice that adds
flow rate losses in the system; a hydraulic pressure relief valve
that opens if the pressure in the system is higher than 150 bar;
a hydraulic motor that drives the load pump; a hydraulic
pressure relief valve. Generator is represented in this
simulation by the load pump. The power sensors and the
speed sensor collect the data, and then the difference
between output power and input power is calculated and
displayed on a chart. The same data from the sensor is divided
and the result represents the efficiency of the transmission.
Speed sensor measures generator speed, the data is
transmitted for comparison in the comparator where the
value from the sensor is compared with a reference value and
then the error signal is transmitted to the PID regulator that
adjusts pump displacement in such way that output speed
remains constant. The reason is the necessity to maintain a
constant frequency of 50 Hz.

Figure 2 — Simulation Network
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Mechanical transmission has in componence the same
variable speed motor that is connected to a continuously
variable speed multiplier that increases the speed up to 1470
rev/min. The output of the speed multiplier is connected by
a flexible coupling to the load pump. The sensors from the
mechanical transmission are placed in the same place as in
the hydrostatic transmission, the PID regulator does the same
thing as the PID regulator from the hydrostatic transmission;
the difference is the parameter that is adjusted.

Table 1. Simulation parameters

Hydrostatic

Mechanical

Component -
transmission

transmission

Variable speed motor

(turbine blades) Speed: 25. .. 100 rev/min

- Planetary Continuously variable
Speed multiplier =20 = 60
Displacement; 112 -
Hydraulic pump cm?/rev

Variable displacement
Relief valve 150 bar
Displacement: 35 cm®/rev
Fixed displacement
HEP46

Hydraulic pressure valve

Hydraulic motor

Hydraulic oil
Moment of inertia
Hydraulic load pump
Hydraulic load pressure

0.1kg-m?
Displacement: 35 cm’/rev

(racking pressure 120 bar

valve
k=3 k=180
PID requlator k=370 = 3800
ke=0.0016 ke=0.0018
saturation range: 0— 1 | saturation range: 0 — 60
RESULTS

The comparison between a hydrostatic transmission and a
mechanical transmission by simulation leads to the following
results that will be discussed next. In the following graphs,
hydrostatic transmission is denoted as HT and mechanical
transmission is noted as MT. The parameters have been
monitored and calculated in order to ensure a fair
comparison between the two transmissions.

; — Wind tubine shaft speeci - HT frevfmin] |
Irewfmin] | \yind twibine shaft speed - MY [revfmin]

1007~
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Figure 3 — Wind turbine shaft speed variation over time
Wind turbine shaft speed variation for HT and MT is shown in
Figure 3. The two shafts speeds have the same variation as
one can see on the graph.
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Figure 4 — Variation of the speed and torque at the output of the planetary speed
multiplier (HT)

Variation of the speed and torque at the output of the
planetary speed multiplier for HT, Figure 4, shows that the
speed increase and simultaneously the torque decreases. The
speed at the output of the multiplier increases because the
input of the multiplier increases too due to the variation of
the wind turbine shaft speed and because the torque
decreases. The planetary multiplier provides the necessary
speed for which the hydraulic pump has a good efficiency
and good stability because the mass distribution of the
transmission is even.

Variation of the speed and torque at the output of the
continuously variable speed multiplier for MT, Figure 5, shows
the output value of both parameters remains constant, the
only parameter that varies is speed at the input of the
multiplier. However, as is well known this type of transmission
is capable to operate at a constant speed while the speed of
the shaft may vary.

frevimin] | — The spead at the output of the continuously variable speed multiiier - MT [rav/min]
T N it Gefiniimvs i RS ARt
x10 —— Torque at the output of the cantinuously variable speed multiplier - MT [Nm] ENm]U
169 ,E 161
14 - T =
[
o F 120
o0
104 4
¥ 80
03 3
- 80
06
40
o1 =10 |20
02 TS0
v 2= BLOG47[}
0.0 ' r - 1 r T - F 20
0 2 4 6 8 10
X: Time [s]

Figure 5 — Variation of the speed and torque at the output
of the continuously variable speed multiplier (MT)
Variation of the pump flow rate, internal and external flow
losses are shown in Figure 6, and as one can see the open
circuit pump flow rate, after a short oscillation caused by the
PID regulator, stabilizes. After the speed of the output
multiplier shaft speed reaches 500 rev/min and the hydraulic
pump enters in the speed zone where it begins to have good
efficiency, the flow rate stabilizes. Of course, as in any
hydraulic system, there are some internal losses in the
hydraulic pump as well as in other system components and
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certainly, there are external losses too; both type of losses do
not exceed 5.56 L/min.
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Figure 6 — Variation of the pump flow rate and internal and external flow losses (HT)
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Figure 7 — Pressure and flow rate variation through the pressure relief valve (HT)
To ensure that pressure in the system has the set value and
the flow rate through pressure relief valve remains zero, the
values of these parameters are verified during the entire
simulation. As it is shown in Figure 7, the pressure at the relief
valve is 120 bar and the flow rate through the pressure relief
valve is 0 L/min, meaning that it remains closed. The relief
valve will open when the pressure reaches 150 bar.
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Figure 8 — Variation of the hydraulic motor speed and flow rate through
the hydraulic motor (HT)
Variation of the hydraulic motor speed and flow rate is
showed in graph in Figure 8; after a short period of variation
in the beginning, the parameters become constant during
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the rest of the simulation. Speed of the hydraulic motor is
monitored with a sensor that sends the value that is
measured to the comparator that compares the set value
with the output value of speed from the hydraulic motor.
Based on the error that the PID regulator receives, it adjusts
its output according with the input and makes correction in
order to obtain at the HT the desired speed.

frev/min] | [gad pump speed - HT {rev/min)

—— Torque at the load pump - HT [Nm] o

-0

x0’
0.0

02

0.4

x =10
y.1=-1470
v 2= 6690

0.6
- -30
0.8

[ =40

b .50

- -60

X: Time [s]

Figure 9 a) — Variation of the load pump speed and torque at the load pump (HT)
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Figure 9 b) — Variation of the load pump speed and torque at the load pump (MT)
Figure 9 a) is the graph for the variation of the load pump
speed and torque for hydrostatic transmission and Figure 9 b)
shows the graph for the variation of load pump speed and
torque for mechanical transmission. The two transmissions
have the same values for these two parameters that are
presented in the graphs, which means that frequency is the
same, and constant for both transmissions.
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Figure 10 a) — Variation of the load pump flow rate and pressure
atthe load pump (HT)
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Figure 10 b) — Variation of the load pump flow rate and pressure
atthe load pump (MT)
Figure 10 a) shows the variation of the flow rate and pressure
for the load pump of the hydrostatic transmission and Figure
10 b) shows the variation of the flow rate and pressure for the
load pump of the mechanical transmission. Both pumps have
the same values of the parameters during the simulation and
that means that they generate the same power.
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Figure 11 —b) PID requlator parameters (MT)
The graphs in Figure 11 a) and Figure 11 b) show the PID
regulator variation of the parameter for HT and MT during the
simulation. The PID parameters were calculated with Ziegler
— Nichols method before they were introduced in the
simulation parameters. Ziegler — Nichols method consists in
finding a k, gain by increasing the proportional gain, kp, until




output of the control loop remains stable. After finding the ky,
period, Ty, can be found too by measuring the difference
between two oscillations. With those two parameters the PID
regulator parameters can be calculated. For this simulation, it
has been chosen Ziegler-Nichols method with no overshoot.
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Figure 12 — Error variation for HT and MT
The speed error can be seen in Figure 12 for both
transmissions. Comparing the two graphs, one can say that
the hydrostatic transmission is more precise than the
mechanical transmission because the speed error that enters
in the PID regulator of the hydrostatic transmission is 55 times
smaller than at the mechanical transmission.
Figure 13 shows the power consumption for HT and MT
during the conversion of the wind power to electricity; even
if the two transmissions have different power consumption
the output power that is produced remains the same. Figure
14 proves that both transmissions have the same output
power.
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Figure 13 — Input power variation for HT and MT
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Figure 14 — Qutput power for HT and MT
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The lost power, Figure 15, is bigger for the mechanical
transmission because of the friction in bearings. The friction
generates heat and causes premature wear of the
transmission. Hydrostatic transmission does not lose that
much power because the components are permanently
immersed in fluid and, as we know, the fluid has lubrication
proprieties.
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Figure 15 — Lost power for HT and MT
== Hydrostatic transmission efficiency [null i
Inull ~== Mechanical transmission efficiency [null] |
10 |
i s,
0.8 y
0.6
04 -
0.2 x =10
y.1 % 0.89567
¥.2 = 081669
00 T T T T
[ 2 4 6 10
X! Time [s]

Figure 16 — HT and MT efficiency
Figure 16 shows that HT has a higher efficiency than MT,
which makes this transmission better than the other; even a
small difference of efficiency means a lot in the current
situation that we are today when almost everything uses
energy. HTs are more reliable and more compact than MTs
that need a lot of space for the gearbox to fit.
CONCLUSIONS
= Hydrostatic transmission is by 8% more efficient than
mechanical transmission.
PID regulator was introduced in the system to maintain
constant the output speed for both transmissions,
speed that is proportional to the frequency of the
generators.
The speed regulation in the hydrostatic transmission is
more precise than the one in the mechanical
transmission.
Hydrostatic transmission is easy to control and they can
perform in various weather conditions.
Hydrostatic transmission adapts easy to the changes of
the input parameters such as wind speed fluctuations.
Hydrostatic transmissions are more reliable than
mechanical transmissions.

103|Fascicule 2




ACTA TECHNICA CORVINIENSIS — Bulletin of Enginee
Tome XV [2022] | Fascicule 2 [April - June]

Acknowledgement

European funding has been granted, under Competitiveness Operational Programme
POC 2014-2020, call POC—A1-A.1.1.3-H-2016, Financial agreement no.
253/02.06.2020, signed between INOE 2000 and the Ministry of Education and
Research for the project titled “Horizon 2020 Support Centre for European Project
Management and European promotion PREPARE”, MYSMIS2014 code 107874.

Note: This paper was presented at ISB—INMA TEH' 2021 — International Symposium,
organized by University "POLITEHNICA” of Bucuresti, Faculty of Biotechnical Systems
Engineering, National Institute for Research-Development of Machines and
Installations designed for Agriculture and Food Industry (INMA Bucuresti), National
Research & Development Institute for Food Bioresources (IBA Bucuresti), University of
Agronomic Sciences and Veterinary Medicine of Bucuresti (UASVMB), Research-
Development Institute for Plant Protection — (ICDPP Bucuresti), Research and
Development Institute for Processing and Marketing of the Horticultural Products
(HORTING), Hydraulics and Pneumatics Research Institute (INOE 2000 IHP) and
Romanian Agricultural Mechanical Engineers Society (SIMAR), in Bucuresti, ROMANIA,
in 29 October, 2021

References

(11 Al—Hamadani, H, An, T, King, M., & Long, H. (2017). System dynamic
modelling of three different wind turbine gearbox designs under transient
loading conditions, International Journal of Precision Engineering and
Manufacturing, 18, 1659—1668

Buhagiar, T, & Sant, T. (2013). Analysis of a stand—alone hydraulic offshore
wind turbine coupled to a pumped water storage facility, Sustainable Energy
2013: The ISE annual conference, Malta

Cai, M., Wang, Y., Jiao, Z, & Shi, Y. (2017). Review of fluid and control
technology of hydraulic wind turbines, Frontiers of Mechanical Engineering, 12,
312-320

Dulgheru, V., Dumitrescu, C., Maican, E., Ciobanu, 0., & Radoi, R. (2021).
Defining the Main Parameters of a Darrieus Type Wind Turbine with a Power of
1kW, Hidraulica Magazine, (3), 4350

Garcia — Bravo, JM., Ayala—Garcia, I.N., & Cepeda — Aquilar, J.L. (2017).
Variable Ratio Hydrostatic Transmission Simulator for Optimal Wind Power
Drivetrains, Hidawi International Journal of Rotating Machinery, 5651736
Jiang, Z, Yang, L, Gao, Z., & Moan, T. (2014). Numerical Simulation of a Wind
Turbine with a Hydraulic Transmission System, Energy Procedia, 53, 44—55

Lin, S., Qi, P, & Zhao, X. (2020). Power generation control of hydrostatic wind
turbine implemented by model—free adaptative control scheme, Wind Energy,
23,849 - 863

Patriota, AS.L, Pinheiro, RF., & Medina — T., G.I. (2020). Harnessing Wind
Energy with Hydrostatic Transmission Coupled to an Electromagnetic Frequency
Regulator, Preprints, 2020110236

Rajabhandharaks, D. (2014). Control of Hydrostatic Transmission Wind Turbine
[Master's dissertation, San Jose State University]

Radoi, R., David, I, Chiritd, Al, & Popescu, A—M. (2020). Considerations
regarding the use of hydraulic drive systems in the construction and
maintenance of wind turbines, Journal of Research and Innovation for
Sustainable Society, 2(1), 5-10

Schulte, H. (2014). Control—oriented description of large scale wind turbines
with hydrostatic transmission using Takagi—Sugeno models, 2014 IEEE
Conference on Control Applications (CCA), 664 — 668

Wang, F., Chen, J., Xu, B., & Stelson, K. A. (2019). Improving the reliability and
energy production of large wind turbine with a digital hydrostatic drivetrain,
Applied Energy, 251, 1133092

104|Fascicule 2

(13]

*** Small Wind Turbine & Generators to Power Your Home (2020).
https://ygrene.com/blog/sustainable—living/small—wind—turbines—
generators—power—your—home

*** RENEWABLE 2020 GLOBAL STATUS REPORT (2020).
https://www.ren21.net/wp—
content/uploads/2019/05/qsr_2020_full_report_en.pdf

** https://www.whirlopedia.com/index.php/unconventional—wind—
turbines

ISSN: 2067-3809
copyright © University POLITEHNICA Timisoara,
Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA

http://acta fih.upt.ro



'ECHNICA CORVINIENSIS — Bulletin of Engineering
Tome XV [2022] | Fascicule 2 [April - June]

Andreea—Catalina CRISTESCU, “llie FILIP, 2Vasilica STEFAN,
2Lucretia POPA, "George IPATE, “Gheorghe VOICU

CAR BRAKING SYSTEM — GENERAL ASPECTS IN A REVIEW

"Faculty of Biotechnical Engineering, University Politehnica of Bucharest, ROMANIA
“National Institute for Research—Development of Machines and Installations designed for Agriculture and Food Industry, ROMANIA

Abstract; One of the roles of the braking systems, which it has to fulfil, is to prevent the wheels from locking and keeping the sliding from falling within certain limits. Also, the
primary goal is to ensure the required decelerations and progressive braking, without shocks. The safety of the vehicle, as well as the possibility of full use of speed and
acceleration during its operation, is ensured by the braking capacity. Thus, the braking system must meet a number of essential criteria. The advent of automobiles has given
rise to the need for the most efficient braking system that can ensure high standards of performance, reliability and safety. The braking system is indispensable for the safety of
road users. The need for an efficient and efficient braking system has led to its continuous improvement, becoming more and more complex with the advent of microelectronics.
Today, the braking mechanisms are assisted by complex systems such as: the anti—grip system during braking (ABS), which ensures the contact of the wheel with the surface
with which it is in contact; electronic stability control system (ESP), which ensures a dynamic stability control, detecting slippage; anti—slip systems, which ensure the stability

of the vehicle in different conditions.
Keywords: car breaking system, disk brakes, drum braking systems, brake pads

INTRODUCTION

As early as 5000 BC (Post W., 2019), when the first use of the |=
wheel dates back, mankind was faced with the problem of |=
using a braking system. Over time, it has undergone many (=
improvements, in order to obtain a system as efficient as|_

possible, which corresponds to current needs and
technologies.

The first efficient braking system dates back to 1796,
representing a wooden shoe-type braking system. It survived
for several decades and was later replaced by a system that
used damp textiles as a friction material, the latter being in
turn replaced by tanned leather.

With the advent of motorized carriages, the need for a much
more efficient braking system appeared, so that in 1880, the
braking system used ferrule as a friction material. (Cimpeanu
& Cimpeanu, 2019)

One of the roles of the braking systems, which it has to fulfil,
is to prevent the wheels from locking and keeping the sliding
from falling within certain limits. Also, the primary goal is to
ensure the required decelerations and progressive braking,
without shocks (Tretsiak, Kliauzovich, Augsburg, Sendler, &
Ivanov) (Stefan-lonescu, 2019).

The safety of the vehicle, as well as the possibility of full use of
speed and acceleration during its operation, is ensured by the
braking capacity. Thus, the braking system must meet a
number of essential criteria such as:

Stopping the car safely

Immobilizing the car when it is on a slope

Ensuring required decelerations

Ensuring progressive braking

Minimal effort on the part of the driver

Proportionality between the effort applied to the drive
mechanism and the deceleration

Braking force to act in both braking directions

Ensuring braking only when the driver intervenes
Ensuring heat dissipation during braking

Simple shrinkage, easy maintenance

Prevent unwanted acceleration while driving downhill
Immobilizing the vehicle when it is parked (Stefan—
lonescu, 2019, Post W., 2019).

Thus, the braking system is indispensable for the safety of
road users. The need for an efficient and efficient braking
system has led to its continuous improvement, becoming
more and more complex with the advent of microelectronics
(Post W., 2019).

MATERIALS AND METHODS

There are 2 types of braking systems to use: disc brake type
braking system and clog braking system. The latter are
currently used on the rear axle of cars, but their aim is to
replace them with disc—type braking systems (Reif, 2019). A
breaking system is presented in figure 1.

Figure 1 — Conventional braking system on both axles of the car (Reif, 2019)
In order to actuate the braking system, the driver applies
force to the brake pedal (8) by moving the rod which
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connects the brake pedal to the actuator piston (7). The
actuator amplifies the pressing force and transmits it to the
rod connected to the main cylinder (6). The main cylinder
converts the mechanical force into hydraulic force. Inside the
main cylinder, there are two pistons that push the hydraulic
fluid from the main cylinder pressure chamber into the brake
lines (4) and the brake hoses (2), thus transmitting the
hydraulic pressure from the disc brakes (1) to the wheels. The
front axles, and the drum brakes (12) are presented the rear
axle wheels. If one of the brake circuits fails, the other remains
fully functional so that braking is provided by a secondary
braking system. The brake fluid container (6) is connected to
the main cylinder (6), completing the fluid volume
fluctuations in the brake circuits (Reif, 2019).

The parking brake system applies the rear axle brakes (12) via
the lever (9) and the parking brake cable (10).

During braking, as the deceleration increases, much of the
car's load is moved from the rear axle to the front axle
(dynamic axle load change). Thus, the pressure regulating
valve (11) lowers the brake pressure on the rear wheels to
prevent overloading them. This process is called braking force
balancing, unlike the ABS system, where this process involves
controlling the braking force (Reif, 2019).

In unfavourable conditions, such as wet asphalt, slippery road,
sudden reaction from the driver, it is possible for the vehicle's
wheels to lock during braking, making the vehicle
uncontrollable. To prevent such situations, the anti—lock
braking system (ABS) detects if one or more wheels are
gripped, ensuring a constant or reduced pressure for them,
preventing wheel locking, and also ensuring the stability of
the vehicle. Thus, the vehicle can be stopped safely.

Figure 2 — ABS braking system
The ABS system is based on the components of the
conventional braking system, as follows:
= brake pedal (1) (Figure 2)
brake booster (2)
main cylinder (3)
Brake fluid reservoir (4)
Brake fluid hoses (5)
Brake fluid hoses (6)
brake pads and discs (7)
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In addition, there are:
Wheel speed sensors (8)
hydraulic modulator (9)
ABS control unit (10)
warning light (11) which illuminates when the ABS system
does not work (Reif, 2019)

The ABS system must meet a number of requirements,
characterized by safety standards associated with the braking
response dynamics and braking system technology, such as
stability  and  manoeuvrability,  efficiency,  timing
characteristics and reliability (Reif, 2019)

Thus, the braking system of vehicles plays the main role in the
safety of the driver and other road users, being composed of
a series of complex elements designed for its proper
operation, according to the rules.

DISK BREAK COMPONENTS

A vehicle needs a braking system to stop or adjust its speed
depending on the change of road and traffic conditions. The
basic principle used in braking systems is to convert the
kinetic energy of a vehicle into another form of energy.
During a braking operation, not all the kinetic energy is
converted into the desired shape. Thus, when braking by
friction, a certain energy can be dissipated in the form of
vibrations.

There are two types of brakes, namely drum brakes and disc
brakes. The latter are widely used. Disc and pad brakes,
compared to drum brakes, cool faster, due to a larger friction
surface and greater exposure to air flow, there is the ability to
self-clean due to centrifugal forces (Rashid, 2014)

Studies have shown that disc brakes are the most effective at
stopping cars whose mass is significant, with ever—increasing
performance, and whose safety standards are becoming
more demanding (Stefan—lonescu, 2019).

The most important advantages of using disc brakes over
drum brakes are the following:

low sensitivity to the variation of the coefficient of friction.
uniform pressure distribution on the friction surfaces and,
as a result, uniform wear of the gaskets

large cooling surface and good heat dissipation
conditions allow them to dissipate high energy in the form
of heat.

stability in operation at low and high temperatures —
balancing axial forces and lack of radial forces

the possibility of operation with small clearances between
the friction surfaces which drastically decreases the
commissioning time

independence of braking efficiency from the degree of
wear of the friction linings

ensuring the same braking moment regardless of the
direction of travel — the deformations of the parts in the
friction torque much more advantageous: the disc
deforms in the rough axial direction unlike the radial
deformation of the drum which causes change in its
shape, thus affecting the play between friction surfaces;
easy replacement of gaskets (Stefan-lonescu, 2019)




In the case of the disc brake system, the pads are pressed onto
a rotating disc when braking, generating heat due to friction
between the pads and the disc. This is transferred to the
outside environment, resulting in the cooling of the disk.
(Rashid, 2014) Such a braking system consists of a caliper,
fixed by screws, on the spindle port, a disc installed between
the hub and the wheel. The brake pads are embedded in the
caliper, which under the action of hydraulic cylinders, will
press on the disc and stop its rotational movement.

DISC BREAK CALIPER

The disc brake caliper can be fixed or floating. In the case of
the fixed caliper (Figure 3), it is absolutely necessary to place
two pistons on each side of the disc, while in the case of the
mobile caliper (Figure 4), only one piston can be arranged
(Stefan—lonescu, 2019).

Cylinder Disk pad Hydraulic oil |

: Caliper
- Disk —4

Figure 3 — Fixed caliper (Rashid, 2014)
When pressure is applied, the piston moves and pushes the
inner brake pad. When it comes in contact with the surface of
the disc, the stirrup moves in the opposite direction so that
the outer plate comes into contact with the surface of the
disc. Following this process, the rotational motion is stopped
(Reif, 2019).

Disk pad ~ | Hydraulic oil

e ' Diskpad
: - - Caliper :

o “eylinder i
< Disk. S

Figure 4 — Mobile disk (Rashid, 2014)
In general, inner and outer plates have different contact
pressure distributions and different wear behaviors, due to
the different support, drive system and the difference in
thermal deformations of the internal and external surfaces of
a. (Rashid, 2014)
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BRAKE PADS

The brake pads are made of a rigid metal plate and a friction
material as an adhesive part. The latter must withstand high
temperatures, pressure and friction. The contact surface is
relatively small, which means that the friction material is
subjected to high pressures and forces, significant thermal
loads and dynamic stresses 20 times higher than drum brakes.
The friction material is the element subject to wear, which
means that the brake pads require frequent replacement
compared to the brake disc. They have a small surface area
compared to the braking they develop (Stefan-lonescu,
2019).

A good brake pad must meet certain thermo-mechanical
requirements and develop a stable coefficient of friction. The
stiffness of the friction material is relatively low, but the metal
plate must be rigid to transmit the force provided by the
hydraulic piston and to distribute the pressure evenly on the
contact surface with the disc. This allows a uniform wear of
the gasket, maintaining a constant braking and an optimal
distribution of heat flow (Stefan-lonescu, 2019).

Metal plate

L

Viscoelastic material

Friction material

Figure 5 —Disk pad (Rashid, 2014)
In some cases, an additional layer of material, called a
substrate, is added between the friction material and the
metal plate, in order to absorb the vibrations resulting from
the contact of the pad and the brake disc (Rashid, 2014).
The role of the metal plate is to support the friction material.
They can be mounted by various methods such as adhesion,
welding or clamping (Rashid, 2014).
The viscoelastic material is found between the back of the
metal plate and the piston, the case of the fixed stirrup, or the
metal plate and the housing of the movable stirrup. Its role is
to dampen the vibrations resulting from the contact between
the plate and the disc. They can be made of a steel core with
a viscous coating or a viscoelastic core with a metal coating
(Rashid, 2014).
BRAKE DISC
The brake disc is fixed to the wheel hub and has the same
rotating motion as it. It is made mostly of gray cast iron, being
very resistant to wear. In the case of high-performance
vehicles, the brake disc has an aluminum or steel hub or bowl
and a ceramic carbon brake pad (crown), assembled by
screws (Stefan-lonescu, 2019).
The braking power of the disc brake is determined by the
speed at which the kinetic energy is converted into heat, due
to the frictional forces between the plate and the disc.
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The resulting heat must be removed as soon as possible,
otherwise the temperature of the disc may increase and affect
the braking performance (Rashid, 2014).

Thus, in order to obtain optimum performance, ventilation
holes have been designed in the brake discs which increase
the cooling speed.

Brake discs can be divided into two categories:

solid brake disc

ventilated brake discs

The solid brake disc is the most rudimentary model, while the
ventilated disc has holes on the surface of the disc and / or
channels between the two discs, facilitating air circulation
and heat exchange with the environment. Ventilated brake
discs have a higher cooling rate, so a lower surface
temperature. Low temperature reduces the risk of brake
fading and disc and pad wear (Rashid, 2014).

Both the solid and the ventilated disc have or do not have a
mounting hub (bowl). The bowl increases the distance
between the axle friction surface and the disc surface, making
it easier to cool the disc and helping to protect the bearings
from the high temperature wheel generated during braking
operation. A schematic description of these two types of disks
is shown in Figure 6. (Rashid, 2014)

(d)

Figure 6 — Representation of different types of brake discs
a) disc with ventilation without hub b) disc with ventilation hub; b) solid disc without
hub; d) solid disc with hub (Rashid, 2014)

If the bowl is not part of the brake disc, it is called a hybrid
or composite brake disc.

There are different ways to mount the disc on the bowl.
Figure 7 shows two methods of mounting the disc on a
bowl, with a connecting element, a steel screw or a
ceramic bolt. They are mounted in the radial direction of
the disc (Rashid, 2014).
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Figure 7 — Representation of the disc fixed on the hub
a) disc with ventilation without hub b) disc with ventilation hub; (Rashid, 2014)

For brake discs with ventilation, different shapes of ducts are
used: radial straight, curved, diamond-shaped or teardrop,
arched (Figure 8). EFach configuration provides a unique
airflow, but in all cases, air enters the center of the disk and is
released through its outside. Due to the air circulation, high
voltages can occur in the center of the brake disc, which is a
disadvantage in case of heavy use (Rashid, 2014).

Figure 8 — Representation of brake disc ventilation ducts
a) straight; b) curved; ¢) diamond and tear (Rashid, 2014)

Figure 9 — Representation of airflow circulation in brake discs (Rashid, 2014)
RESULTS
Disc brakes are known to experience severe working
conditions in conditions of thermal fatigue, wear and heavy
mechanical loads. Among various materials, cast iron is the
most widely used material in disc brakes because it has a



unigue combination of excellent wear resistance and higher
heat transfer coefficient.

Different parameters, including alloying elements and their
morphology, affect the tribological behavior of cast irons.
There are several studies on the effects of alloying elements,
on the wear resistance of gray cast iron. Silicone, chromium
and manganese are known to have a positive influence on
the wear resistance of the brake disc (Abutu, 2018).

It is expected that higher hardness and tensile strength can
be achieved, in combination with a lower wear loss, by
adding silicon and chromium as an alloy to the gray castiron.
In addition to the chemistry and microstructure of the alloy,
abrasion and wear test variables also have prominent
attributions to the wear behavior of gray cast iron. Whether
the test is performed under dry or lubricated conditions, the
speed of the parts moving continuously during the test and
the applied load have an effect on the wear behavior of the
alloys.

For example, gray cast iron shows a much better wear
resistance under lubrication conditions, obviously due to the
lower coefficient of friction. It is known that gray cast iron
alloys have a characteristic lubrication in themselves due to
the presence of graphite particles in their microstructures.
Therefore, cast iron is still by far the most widely used material
in disc brakes in trains and cars (Abutu, 2018).

Given that disc brakes are an essential component of
passenger safety in the vehicle, it is essential to understand
the degradation mechanisms of this component.
Degradation and failure of the disc brake is very complicated
due to the simultaneous contributions of mechanical loading,
surface conditions and thermal stresses. The fact that the disc
brakes face dynamic loading conditions makes the
interpretation of the faults even more complicated. It is
postulated that surface washing, formed during abrasion,
creates spots that can initiate cracks. Subsequent loading
causes the disk to crack and malfunction. The reason for the
cracks is caused by fatigue caused by cyclic
thermomechanical loading (Abutu, 2018).

As a result of the brake disc malfunction, the phenomenon of
brake vibration occurs. This term refers to the uneven braking
torque, resulting in fluctuations in braking force that occur
during a complete rotation of the disc. These phenomena are
classified into thermal trepidation and cold trepidation.
Thermal shaking occurs during deceleration at high speeds,
and cold shaking can occur at any speed (TEXTAR, n.d.).
Thermal vibration can be defined as a resonant vibration in a
frequency range between 100 and 250 Hz. Sound intensity
varies throughout deceleration, but does not affect braking.
These fluctuations can be felt as a vibration of the steering
wheel, impulses in the brake pedal and the vibration of the
chassis components.

Braking speed depends on the force applied to the pedal.
Thermal vibration can usually be identified by a circular
arrangement of points on the friction surface of the disk.
These axles are caused by local overheating during braking,

A TECHNICA CORVINIENSIS — Bulletin of Engineering
Tome XIV [2021] | Fascicule 2 [April — June]

which causes the transfer of materials from the brake pad to
the brake disc and / or the permanent change in the structure
of the brake disc cast material. Usually, the transferred
material is removed during normal braking. To prevent the
risks, it would be ideal to replace the disc and not recondition
it (Abutu, 2018)..

The performance of the brake depends not only on the
thermal and mechanical properties of the disc friction
materials, but is also affected by the topography of the
contact surfaces and the third body formed as a result of wear
processes (Kemmer, 2002, Osterle, et al., 2008)

In addition to the causes mentioned above, there are other
factors that can cause thermal shock, such as improper wheel
balancing, worn wheel suspension bearing parts, steering
system and incorrect front axle alignment. The trepidation is
caused by multiple factors, making it difficult to identify the
exact cause (TEXTAR, n.d.).

CONCLUSIONS

Disc brake is a complex system and understanding the
various issues related to its design and operation requires
expertise in various disciplines, e.g. tribology, materials
science, fluid dynamics, vibrations, etc.

Disc brakes have evolved over the decades due to extensive
research and development. There are still many phenomena
that are not fully understood. For the complete and realistic
analysis of disc braking systems, the further development of
nonlinear finite element models, which could simulate the
realistic evolution of the contact interface, is crucial.

The problems that have attracted a lot of attention from the
research community are represented by the phenomena that
appeared in the braking system, such as squeaking,
vibrations, tremors. Due to the continuous development of
disc brake systems, they have become less and less common,
but the problem has not yet completely disappeared. The
problem of predicting sensitivity to brake application remains
a difficult task for the brake research community. (Rashid,
2014)

Note: This paper was presented at ISB—INMA TEH' 2021 — International Symposium,
organized by University "POLITEHNICA” of Bucuresti, Faculty of Biotechnical Systems
Engineering, National Institute for Research-Development of Machines and
Installations designed for Agriculture and Food Industry (INMA Bucuresti), National
Research & Development Institute for Food Bioresources (IBA Bucuresti), University of
Agronomic Sciences and Veterinary Medicine of Bucuresti (UASVMB), Research-
Development Institute for Plant Protection — (ICDPP Bucuresti), Research and
Development Institute for Processing and Marketing of the Horticultural Products
(HORTING), Hydraulics and Pneumatics Research Institute (INOE 2000 IHP) and
Romanian Agricultural Mechanical Engineers Society (SIMAR), in Bucuresti, ROMANIA,
in 29 October, 2021
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Abstract: A wide range of novel waste management machinery have been researched recently, due to the growing interest in composting technologies. Applying novel
processing technologies for organic wastes has 2 major benefits: size and volume reduction and production of a natural fertilizer that can improve the soil quality and reestablish
the properties of the soil where is needed. Due to the generation in high quantities of the organic waste, a rapid, viable solution is needed. The goal of this study was to provide
a proof of concept for an urban pre—composting equipment. The advantage of using a bioreactor for the decentralized organic waste treatment is the considerable reduction of
the total volume of the waste, allowing a higher quantity of processed material, in safe working conditions for both the environment and human health.

Keywords: automated composting system, organic waste management

INTRODUCTION

Food losses and food waste has become a global concern
and a priority, in order to achieve the Sustainable
Development Goals Target. Over the last years the interest
into the food losses and food waste increased, especially due
to some major management problems, which generates
challenges to the environment, food security and natural
resources.

Atthe global level the political agenda includes the reduction
of the food losses and food waste. Therefore, the European
Union, United States, the African Union have been taken
actions to work towards the targets established of reducing
food waste by 50% by 2025-2030, (Cabeza et. al. 2013;
Hanson et al,, 2016).

According to the Food and Agriculture Organization (FAO) of
the United Nations, one third of the food production, which
was meant for human consumption, is being wasted. This
means a loss of USD 750 billion (FAO, 2013; Gustavsson et al.,
2011). The studies revealed that the European Union
generate 100 million tons of food waste and food loss every
year, 45% coming especially from households (FUSIONS,
2015).

Food Recovery Hierarchy

Source Reduction
Reduce the volume of surplus food generated

Feed Hungry People
Donate extra food to food banks, soup kitchens and shelters

Feed Animals
Divert food scraps to animal food

The European Commission funded several projects focused
towards a more resource efficient Europe focused on
reducing the waste and improve the valorization of the food
resources throughout the entire supply chain (Ostergen et al.,
2014, FUSIONS, 2016). According to the Food Recovery
Hierarchy, each tier focuses on different management
strategies and prioritizes actions to prevent and divert food
waste and food loss.

Composting has been adopted mainly by cities in order to
divert organic waste materials from landfills and create a new
product which can be used for agricultural purposes at low
cost. (Hargreaves, et al., 2008).

This direction of composting has attributes into the
environmental factors and economic factors. Landfill capacity
can decrease and also all the costs involved like
transportation and materials, using the compost into the
agriculture as fertilizer decreases the rate of artificial fertilizers,
and the most important aspect is that the process increases
the capacity of households for recycling (He et al., 1992; Otten
2007; Hansen et al., 2006; Zhang et al., 2006).

In order to obtain a good fertilizer during a short period of
time through the composting process, different types of
equipment emerged.

Feasible alternatives to door-to—door collection, are currently
implemented in a number of European countries (Austria,
Switzerland, Germany, UK, Belgium, Netherlands, Sweden and
Norway) (Siebert et al,, 2015). According to Sundberg et al.,
(2011), when organic waste is collected in classical containers,
it undergoes an uncontrolled breakdown through anaerobic
fermentation, resulting in odor issues and the production of
leachate. While this method has no detrimental impacts on
the anaerobic digestion, due to the compaction, it releases
moisture in the waste, and resultant low porosity.

Sakarika et al., (2019), assessed a pre-composting technology
that had the role of controlling the breakdown of organic
matter, reducing time and space requirements at the final
main composting stage.

Composting is the process of reducing organic substances
from vast volumes of decomposable materials to smaller
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volumes of relatively stable decomposable materials. The
carbon-to—other—element ratio is brought into equilibrium
in this process, preventing temporary nutrient
immobilization.

The classic method of composting was to pile organic
materials and let them stand for a year, but the method is very
long, valuable nutrients are lost during the process, and
organisms, some weeds, weed seeds and insects are not
properly controlled (Raabe, 2015).

New composting technologies have recently been
developed that address some of the issues associated with
traditional composting. Compost can be generated in 2 to 3
weeks using this method. Extra effort on the part of the
composter is necessary in exchange for the time savings, but
the effort is justified for people who desire big amounts of
compost or who want to transform items that would
otherwise be wasted into usable compost.

To achieve the correct C/N ratios, it is necessary to identify the
food waste composition and define the proportion of
different food waste categories before beginning the
composting process. Following the assessment of physico—
chemical parameters, regression analysis can be successfully
utilized to determine the quantities of each type of waste in
order to attain the appropriate C/N ratio.

Compostable materials should have a carbon to nitrogen
ratio of 25-30 to 1 for the composting process to be most
effective. This is difficult to quantify, but blending equal
volumes of green plant material with equivalent volumes of
naturally dried plant material, produces a carbon to nitrogen
(C/N) ratio of around 30/1. Grass clippings, old flowers, green
pruning, weeds, fresh rubbish, and fruit and vegetable wastes
are all examples of green materials. Dead, fallen leaves, dried
grass, straw, and moderately woody materials are all
examples of dry material.

Salla (2016) evaluated on—farm composting of vegetable
organic waste, under cold climate conditions of Eastern
Canada, using bark or straw as bulking material. Feedstock
was added at two-week intervals for the first six weeks, and
the compost readjusted the quantities in order to have 65%
water content and a C/N ratio of 30. He concluded that the
mature composts have been obtained after several weeks of
composting, and the analysis showed adequate
physicochemical properties, being also free of E. coli. He also
emphasized the importance of screening the row material in
order to eliminate foreign matter before their use as soil
organic matter amendment.

It's difficult to use fruit and vegetable waste as the only
compost feedstock, since their moisture content is above
80% and their porosity is rapidly depleted (Sundberg et al,
2013; Chang and Chen, 2010).

Inside the composting equipment fruits and vegetables are
crushed by their own weight in a short time, and the plant
cells that provide structural strength and rigidity are
damaged, allowing water to fill the pores of the composting
mass. Plant cells decompose quickly due to microbial action
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in these conditions, and the pH drops, hindering the well-
functioning composting microorganisms and lowering
composting effectiveness (Sundberg et al, 2012). To
overcome these constraints, the physical properties of
composting recipes must be adjusted (Awasthi et al,, 2014).
Bhave and Kulkarni (2019) researched the influence of active
and passive aeration on composting of household
biodegradable wastes. Their main results confirmed that both
types aeration systems performed well under continuous
loading, however the maturation period required for actively
aerated reactor was 37.30% less efficient than the naturally
aerated system.

The present paper assesses a small equipment for organic
waste processing, an intelligent composting machine that
can convert the organic waste into compost in a shorter
period of time. The process is obtained by using a consortium
of thermopile bacteria (Ecoman, Foodie user manual).
MATERIAL AND METHOD

The biological process of the FOODIE is using microorganism
to transform the organic waste. By maintaining the
temperature, air flow and moisture, allows the bacteria to
break down the organic waste into compost within 24 hours,
and reduce the volume by 85%. The tests were performed on
an automatic composting equipment for organic waste
management Ecoman - Foodie, and the operational mode
was customized according to the type and nature of the
waste (Figure 2).

Wassial mosde Lny
L] ]

. . This B e 13 chuge
Compest Remanal Door the Eachine from
Al tighk onw with dor i 1 easual mody
seraor for removal od sl Wi e
compord. Ak a sy Wrral mode honed
feuture, POOCIE ftogs tasemmen the
when the compast torpmt
errdrval dhasi B epined i
PRI

Ermsirgary abod twdich
Vhen pressed FOOOE shigs immedltely.
Exhiiait pipe
For exhawrt of alr ared
waker vapour and
Conmetied to wwage |
drainage Fre
Porwer Cable
Connection

Figure 2. ECOMAN FOODIE composting equipment (Ecoman Foodie Manual, 2021)
The equipment is formed by a composting tank, with a
humidity sensor, heater, mixing blades and exhaust system.
Food waste from a supermarket chain was introduced into



the equipment. Previously, the waste was separated so that
there was no plastic, metal and other contaminants in the
mixture (Figure 3). The waste is then mixed using mixing
blades, according to a predetermined schedule, depending
on the nature of the introduced waste, as seen in Figure 4.

Figure 3. Adding a mixture of organic material to the composter consisting of fruits,
vegetables, meat, and dairy

Figure 4. The operation of mixing and aerating the organic matter inside the

equipment
When the composting tank is filled, the moisture sensor
detects the humidity and the heating system starts. The
parameters are controlled using a programmable logic
controller, which also helps with process customization
(Figure 5). The water content from the organic matter is
evaporated and it is released as vapors. It is highly important
the sorting stage before composting, otherwise may arise
processing isues as seen in figure 6, where several small
contaminants remained in the mass of processed organic
matter.
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The remaining matter, after water content is released, starts
to decomposed due to the microbial activity. The equipment
does not emit loud or disturbing noises, as it does not use
grinding or mechanical crushing processes, being equipped
with internal blades that use exclusively the process of
homogeneous mixing of waste. A mixture of sawdust and
special cultures of microorganisms are used for organic
matter decomposing. At the end of each compost extraction,
a small ratio of compost ramains in the equipment to
guarantee a continuity of the production of microorganisms.
The equipment complies with both Romanian legislation and
the European legislation, namely: REGULATION (EC) No
1069/2009 and REGULATION (EU) 142/2011.

=

3 e

Figure 6. Example of incorrect separation of plastic waste, leading to compost
contamination

Electrical conductivity, moisture, pH, ash content are being
measured every week, while nitrogen and carbon contents
were determined at the beginning and the end of the
composting period.
In order to kill any pathogens that could develop in the
process, we introduced a sanitation phase, which involves
maintaining a high temperature (70 degrees Celsius) for an
hour. This stage of sanitization is necessary to ensure that
there will be no pathogens at the end of the composting
process (eg E-coli, Salmonella, etc.).
The composting equipment has been fed with oraganic
waste for a period of 3 months. In this time it has been
followed a recipe which includes: several types of organic
waste such as fruits, vegetables, fruit and vegetable peels,
eggs, eggshells, fish, chicken or fish bones, shells , dairy
products, bakery products, meat or processed meat
preparations, leaves or dried grass.
RESULTS
Samples of the compost have been tested by an authorized
laboratory. Have been found that from the organic waste
introduced, have been obtained 92.55% dried substance with
a 4.4 pH, 93.05% and a total organic carbon of 45.62%. Also
what is very important is that no Escherichia coli or salmonella
spp. have been detected.
The tested working methodology envisaged a temperature
increase continuously until reaching the value of 50 degrees
celsius. The temperature is increased using a ceramic heater,
which is mounted on the bottom of the equipment. After
reaching this temperature, the heater stops, until the
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temperature drops below 40 degrees Celsius, then starts
again. During this time, the other mixing and steam
extraction functions work without being affected. The
humidity extractor has been set for a 10 minute operation
with a 5 minute break.

The variation of the mixture temperature, at the surface
where the temperature is homogeneous, can be observed in
the graph below, for a period of 24 hours. The moment the
material is introduced in the equipment generates a sudden
variation of the temperature, considering that the waste is
cold and humid.
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Figure 7. Temperature variation within 48 hours in the composting equipment
It can be seen that, although the upper temperature is set at
50°C, due to the heat inertia, it rises to 52°C. After the heater
stops, the temperature drops gradually to 45°C, this being the
temperature set for the heater to start again. At 4 pm (16" on
the graph), the daily supply of material takes place this
explaining the sudden drop in temperature. The process then
resumes, and in the period 16-19% can see the increase in
temperature, that returns in the range of 45-52°C.
The temperature range was chosen this way because the
main objective was to reduce the volume of raw material, in
order to maximize the processed waste.
The correct decomposition of organic matter have been
detected by the pleasant odor of the mixture, by the heat
produced (naturaley by the process), by the growth of white
fungi on the decomposing organic material, by a reduction of
volume, and by the change in color of the materials to dark
brown. Using the equipment using the proposed processing
methodology, several quality indicators were obtained, no
unpleasant odors were eliminated from the process, while
the presence of bacteria and fungi indicated an efficient level
of processing. The color of the material changed within 24
hours, and the material became homogeneous and
crumbled (Figure 8).
Insects do not survive the composting process, therefore the
equipment can be placed inside production halls without
disturbing the activity due to the presence of the insects. In
addition, most weeds and weed seeds are killed by
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processing. However, the ability of the equipmenffo troy
highly resistant weed seeds has not been tested.

| 9
Figure 8. Depicting of the compost characteristics during processing (continuous
processing for 3 weeks, adding vegetable waste every day)

After processing, the mass of compost obtained was
matured, in order to obtain a quality product, without
mechanically intervening on it. Therefore, at the end of the
composting process using Foodie equipment and after it has
been matured for another two weeks, the compost looks like

in figure 9.

Figure 9. Depicting of the compost characteristics during processing (continuous

processing for 3 weeks, adding vegetable waste every day)
The colour is middle brown, no plant remains or seeds have
been identified. Organic matter and elemental contents are
determined on dry matter basis. The analytical results on dry
matter basis are used for compost quality comparison. To
determine the moisture content, compost samples are dried
at 103°C until constant weight is achieved. Weight loss equals
moisture loss, based on which moisture content or dry matter
content of the compost is calculated. A moisture content of
38% was determined (the optimal range followed being 40—
45%).




The organic matter or carbon content of compost is of high
importance especially if it is used to enhance soil organic
matter content. Low organic matter values in compost can
result from the use of purely organic waste streams while a
high level of organic matter can be an indicator of an
unfinished composting process or unstable compost.
Continutul de substanta organica opbinut in faza de
procesare utilizand echipamentul a fost de 78%, iar in urma
maturarii a fost determinat un coninut de 68% (50-60 %
being the desirable values for most compost uses). Total
organic carbon obatined, at a pH of 5.2, was determined to
be 45,62%. Major and secondary nutrient content of compost
is important, in order to estimate the fertilizer value and to
know how much of the compost is preferably or can be
legally applied for different types of soil. Repeated
applications of compost rich in certain elements can be useful
to overcome an imbalance of the nutrient status of the soil.
The total nitrogen value had a very good value of 2.76 % dr.
subst, total phosphorus % dr. subst., calcium 13913 mg/kg
dr. subst,, potasiu 13931 mg/kg dr. subst,, zinc 28.60 mg/kg
dr. subst,, the other parameters/heavy metals being in normal
parameters.

CONCLUSIONS

This study showed that food waste from supermarkets and
grocery stores could be composted on local sites using high—
performance composting equipment, provided with a
monitoring system and sensors to control the process. The
proposed process and equipment can convert organic
matter into quality compost in a short a time, ranging from 14
to 21 days.

Although the performance of the equipment is high, and it
manages to speed up the composting process and kill
pathogens, itis recommended to be used a maturation stage,
to further reduce organic matter. The higher presence of
organic matter is caused by the fact that the material is added
daily, while the organic material added in the last 2 days did
not have time to be fully processed.

Rapid composting have proved to kill all plant diseases and
the the sanitization phase proved that it can destroy
pathogenic germs from meat, by maintaining a high
temperature (which can vary depending on the case from
60-70°C). The compost being produced on the site can be
accepted by the farmer as a soil organic amendment.
However, the row material needs to be verified before use to
remove potentially foreign matter and contaminants such as
plastics, labels, gloves, or elastic bands.
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