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Abstract

Insulators are used to perform both the electrical and mechanical functions. As such the
design of such materials should be made such that the insulators can perform the functions
optimally without failing or break. Insulators are used to provide mechanical support as well as
prevent the flow of electricity that is not required for the transmission of high voltage
electricity. This research paper aims to discuss the design criteria for silicone rubber
insulators. The method used in the study involved includes the review of literature from various
sources regarding design standards for silicone rubber insulators. The results indicate the
electrical and mechanical integrity are some of the most important aspects of insulators. The
composite insulators can thus be affected by elements such as chemicals, temperature, sunlight
and humidity. The results of the study can be used to design successfully, construct and install
reliable composite insulators to be used in high voltage electricity transmission lines.

Keywords: design criteria, composite insulator, mechanical integrity, electrical integrity, degradation.

1. Introduction

Almost all high voltage electric transmission is done using the overhead lines in
which the insulators are used to provide mechanical support as well as prevent the flow
of electricity that is not required. Electrical insulation is a very important element in the
transmission of electricity. The hazardous nature of the electric power must be taken
into consideration so as to prevent harmful effects. A composite insulator is a dielectric
material that prevents the flow of electric current. The resistance to the flow of electric
current is due to lack of free flow of internal charges. Composite insulators are therefore
non-conductors that are used in parts of electrical equipment to separate or shore up the
conductors without passing the power through itself. The Introduction should provide a
clear background, a clear statement of the problem, the relevant literature on the subject,
the proposed approach or solution, and the new value of research which it is innovation.
It should be understandable to colleagues from a broad range of scientific disciplines.
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Silicon rubber insulators are some of the widely used composite insulators for
high voltage electric transmission. Silicone rubber is a synthetic polymer used as an
electrical and thermal insulator due to the ability of the material to maintain useful
properties over a broad range of temperatures [1]. This research paper aims to discuss
the design criteria for silicone rubber insulators. The method used in the study involved
includes the review of literature from various sources regarding design standards for
silicone rubber insulators. The outcome of the current study can be used to design
successfully, construct and install reliable composite insulators to be used in high
voltage electricity transmission lines.

2. Design Criteria for or Silicone Rubber Insulators

Insulators are used to perform both the electrical and mechanical functions. As
such the design of such materials should be made such that the insulators can perform
the functions optimally without failing or breaking. The criteria used are then applied to
assign the mechanical and electrical rates to a particular insulating material. The M and
E rating are thus the point at which the insulator fails to perform its mechanical and
electrical functions when there is a simultaneous application of stress and voltage.
When designing a composite insulator one must, therefore, take into consideration the
specified mechanical load. Silicone rubber insulators are made from hydrocarbons that
have relatively weak electrostatic forces that are easily broken and hence the insulators
are prone to mechanical deterioration. The composite insulators can thus be affected by
elements such as chemicals, temperature, sunlight and humidity [2]. To ensure that the
effect of these elements are reduced proper design considerations should be taken into
place regarding electrical integrity, pollution performance, mechanical integrity, brittle
fracture and others.

3. Mechanical and Electrical Integrity of Silicone Rubber Insulators

Personal safety and power reliability are important in the designing of an
insulator. The reliability of the insulation regarding electrical and mechanical standards
must be considered so as to meet the lifetime of the insulators. The lifetime of power
lines is estimated to be over 50 years a period that requires that the both the electrical
and mechanical reliability of the insulators are maintained, something that must be
taken into design consideration. Given that the UHV and EHV transmitted along the
line have a potential power capacity of thousands of MW, design insulation that takes
into consideration the electrical stresses and mechanical loads should be developed [3].
Aging of the insulators starts to occur as soon as the installation is completed. Aging
presents permanent and irreversible changes that affect the insulating materials.
Composite insulators are highly susceptible to aging as the material made of
hydrocarbons whose bonds easily break leaving causing deterioration. The deterioration
causes the reduction in performance [4]. It is necessary to identify the deterioration as
soon as possible so as to reduce the detrimental effects associated with the low
performing insulators.

One important way of determining the integrity of an insulator is by carrying
tests aimed at evaluating the physical and mechanical condition of the insulator as well
as their ability to perform their functions. The testing of insulating material is conducted
through the insulation resistance testing. Aging should be considered when selecting the

-2-



[ ) Bm Surman Journal for Science and Technology /ﬂ‘sjst.scst.edu.ly
m%j Vol.02, No.3, Dec 2020, pp. 001 ~ 006 A0 5 2 glall oy Alna

insulation material as the process of aging not only affects the electrical characteristics
of the materials but mechanical integrity as well. The measurement involves applying a
voltage across the dielectric material and the current flowing the material measured
from which resistances is measured as a subject of ohms law. An integrity test is
necessary to ensure that an appropriate maintenance programme can be put in place to
prevent the chances of low performance and electric current seepage [5].

Electrical integrity of the silicon rubber insulator should be dependable for use
in transmission of high voltage electricity. As such the design of such materials should
be made in such that reflects enhanced electrical properties. The transmission voltage is
high thus the insulation must be able to handle such high voltage as well. Some aspects
of the electrical integrity that are essential for consideration include partial discharge,
dielectric breakdown strength and voltage endurance. The improvement of the above
aspects may lead to better and reliable insulation materials with low maintenance costs.
The aspects must be tested in the design process of the insulators so as to verify the
suitability for use [6].

The importance mechanical integrity of transmission line insulators can never be
overstated. Mechanical failure can see conductors dropping out of service something
that can also lead to serious environment hazard and electricity loss. The transmission
lines are bound to hang loosely as a result of lack of mechanical support provided by the
insulators. In as much as polymeric insulators possess the favorable mechanical strength
to weight ratio, it is necessary to consider the mechanical deterioration that results from
the mechanical load during the lifetime of the line. The insulators must be able to
withstand stresses associated with the conductor weight. Other factors that may lead to
overstressing may include wind load, icing and broken conductor conditions [7].

4.Pollution Performance

One of the most significant problems in power transmission is the pollution
flashover. The problem caused by pollution flashover is complicated due to the many
aspects involved in the modeling and designing of insulator and density of pollution in
different regions [8]. Some of the environments that have been documented to possess
high rates of pollution include areas close to industrial areas, near sea coast and in the
desert. Stages that characterize the pollution flashover include a buildup of the
contamination layer, insulator wetting, and leakage of current surge, dry-band arc
formation and a final extension of the arcs over a wider area. Getting to understand the
above stages is necessary for designers in formulating solutions to pollution and
enhancing the pollution performance of the insulator [9].
Flashover pollution characteristics of different insulating materials are essential to help
the designer to select the most suitable materials to be used in the insulation of
transmission lines [10]. Silicon rubber insulators are the commonly used insulating
materials and are thus used in the highly polluted environment. Studies indicate that
polymeric insulators such as silicon rubber perform better than ceramic-based insulators
when they are new, as such the designer needs to consider the suitability of the materials
in a particular environment. Performance properties in relation in hydrophobicity
should, therefore, be considered when designing an insulator. The silicon rubber
insulators are prone to occasional loss and are known to regain hydrophobicity [11]. The
methods that have been documented to cause uniform pollution on the surface of the
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insulators include abrasion, spraying with various chemicals such as kaolin and use of
wetting agents. Low molecular weight (LMW) elements present on the surface of the
insulator are known to bring about the hydrophobic nature of the materials improving
their pollution performance as well. A criterion for selecting LMW should be present in
a design process to help optimize the pollution performance of a particular material
[12].

5. Degradation of the Insulator

The designer must bear in mind that surface degradation depends on the
insulator material. It is, therefore, necessary to consider some of the factors that cause
faster degradation of the polymeric insulating materials [13]. The silicone rubber
insulators are known for their excellent pollution performance however the materials are
affected by surface degradation. Some of the processes that lead to degradation aging
include chemical, electrical, mechanical, water ingress and UV radiation processes [14].

Electrical processes affect the degradation of the composite insulators since the
distribution of the electric charge along the high voltage insulator is not uniform. The
lack of uniformity in the distribution of charges, therefore, causes pollution as a result of
discharges. Mechanical processes occur as a result of direct mechanical stresses such as
tensile and cantilever loading on the insulator. Indirect stresses occur due to the tears on
the surface that have been caused by the release of stresses that were trapped during the
manufacturing processes. Considering such stresses in the design of an insulator
eliminates future and potential degradation that may affect the insulator as a result of the
aging process [15].

Brittle fracturing in combination with the water of ingress is also known causes
of indirect mechanical stress. Chemical processes that cause degradation are those that
results from chemical attack of the insulation material. Studies conducted on surfaces of
field-aged insulators show uniform layers of pollution. Examination of the sea pollution
indicated salts while inland pollution majorly agricultural fertilizers, dust particles and
industrial particles. Wetting of the above particles resulted in the reaction of the
products with the polymer in the applied field [16].

Tropical climate encourages the growth of microorganisms on the surface of the
surface of the insulation. The biological particles are destroyed by the electric arc
however the particles as slimy materials that cause further degradation of the insulator
[17]. Processes by water ingress should also be considered as possible sources of
degradation of the polymeric insulators. Taking place in three major ways, water ingress
carries ionizable contaminants and corrosive chemicals that affect the mechanical
properties of the polymer. The three ways in which water ingress occur in polymeric
insulators include absorption of water into the material, through poor sealing at the ends
of the insulator and ingress through the surface defects and damages.

6. Brittle Fracture

The composite insulators are known to perform much better than the ceramic
insulators. Some advantages that the non-ceramic insulators possess over the
conventional insulators include ease of installation, improved damage tolerance,
excellent impact resistance and high strength-to-weight ratio. However, a mechanical
failure can result in service due to the fracture of the rod [18]. One factor that causes
mechanical failures of composite insulators is the brittle fracture of the fiberglass
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reinforced polymer (FRP). The mechanical failures have been shown to occur even at
lowest mechanical loads during the operational service of the insulator. The effect of
fracture has been known for over two decades; however, the problem still affects some
modern composite insulator designs. Designing a polymeric insulator, therefore, entails
formulating a material composition of the FRP rod that can resist the brittle fracture.
The rods that can resist brittle fracture can be thus be used to design composite
insulators. Such a rod was introduced into the market in the year 1983 and resulted into
insulators that led into 15 years of operational service [15]. It is necessary to include the
FRP rods in composite insulators so as to promote the load bearing ability of the
insulators. The rods are majorly made by the protrusion. The major constituents of the
rods include epoxy resins, vinyl esters and polyesters having reinforcement of E-glass
or ERC-glass that is also known as the boron-free E-glass [14].

Design criteria of composite insulators entail a description of the brittle fracture
formation as well as the instances of failures that can result due to the fracture process.
The characteristics of failures caused by brittle fracture include: the failures are
catastrophic and unpredictable; lack of reliable measure to monitor the composite
insulators that are in service that is likely to suffer from brittle fracture and uncertain
causes of failures. One of the primary characteristics of the attributes of the brittle
fracture is a large crack formed inside the FRP rod running perpendicularly to the long
axis of the insulator. Design consideration of the brittle entails various analyses to
establish the extent of the fracture and as part of failure investigation. The three
analyses that are conducted include microscopic, macroscopic and chemical analyses.
The above analyses give results that depict the nature of the crack [15].

7. Conclusion

Composite insulators are known to outperform the ceramic insulators. The
Mechanical and reliability of polymeric insulators are critical for the high-performance
voltage transmission lines and since most high voltage electricity transformation is done
using overhead lines safety and performance of the composite insulators used must be
considered. The composite insulators can be affected by elements such as chemicals,
temperature, sunlight and humidity. The reliability of the insulator regarding electrical
and mechanical standards must be considered so as to meet the lifetime of the
insulators. When designing an insulator, one must bear in mind that the degradation of
the insulator surface depends on the type of the insulator. Processes that lead to
degradation of composite insulators include chemical, electrical, mechanical, water
ingress and UV radiation processes.
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ABSTRACT
In industry develop mechanized and automated welding processes, the welding field taken
a high place with raising demand for high production rates, quality, and high precision. Some
problem faces resistance spot welding of carbon steel such as selecting suitable and optimum
parameters of input process that control conditions, which help to gain requirement nugget
quality or predicting the nugget quality.

Mathematical models have been developed by (expert design program 7.1) utilizing the
response surface methodology for the resistance spot welding of 2 mm thickness of carbon
steel workpiece to relate important process control parameters like (welding current, electrode
force as well as welding time) to an important nugget quality parameter. With utilize the
response surface method to predict and optimizing the weld nugget volume in resistance spot
welding of carbon steel. The weld nugget has been measured and finding out the effect of force
and current on electrode penetrant depth (a). The study finding shown that the response surface
methodology can be employed easily for developing mathematical models for predicting weld
bead geometry within the workable region of process parameters.

Key Words: Welding, resistance spot welding, welding parameters, carbon steel, optimizing.
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INTRODUCTION

Welding is a type of metal adhesion where adhesion is the result of heating to a suitable
temperature, although the use of metal filler exists or does not exist according to the American
Welding Associate [1]. According to American Society of Welding, welding is a localized
coalescence of metal where coalescence is produced by heating to suitable temperature, with
or without the use of filler metal [2-5]. Electrical resources including (electric arcs, electric
resistance, electronic beams) and gas flames, lasers, friction, ultrasonic molten metal baths
discover the many sources of energy that can be used in welding. The field of welding has a
high position in the development of the industry. At a surprising rate, automation developed
in the welding process, at the end of this century it is possible to discover more automation in
welding processing units. Without a question about welding and this is important, we hardly
understand that without welding this type of metal work and many metal structures like the
building and the bridge will not be present. Therefore, the most important component in
industries such as automotive, construction, and aviation is welding technology. In fact, oil is
drilled at sea in addition to the use of various types of welding to work in such difficult ocean
conditions [6-9].

In 1885, Elihu Thompson was discovered after melting some copper wire while
experimenting with resistance welding. Later, based on those results, he patented an "Electric
Soldering Tool" [10]. Resistance welding is the most followed by the electrical welding
procedures used in today's industry. The welding process was due to a combination of heat,
strength, time, and weight. In additional, resistance welding process suggests, the resistance
of metals to electricity (welding current) leads to restricted heating. Conditions for the optimal
welding process are the main component of the Taguchi method [11-15]. In general, in
resistance welding, the heat generated in the welding area is the resistance next to the metal,
which begins to weld with flowing electric current and also applies a certain pressure, to
guarantee a sufficient contact area between the plate metal that needs welding. Unlike other
welding processes, there is no filler metal in the local welding process or no fluxing materials
are applied in the spot welding process. Resistance spot welding is commonly used as a
welding process for manufacturing and manufacturing of the production industry. When
choosing a process for private use, it is desperate to consider two conditions as follows [16].

e To obtain the required specifications, the welding parameters must be controlled and
optimized to maximize the formation of the welding area.
e The ability to perform welds of the required quality through long-term production at a
low operating cost.
The current path in these work pieces is welded and the need for some heat and low voltage is
relatively high, currents are important to improve the required amount of welding heat. This
study aims to use the response surface method to predict and improve the size of weldment
parts in carbon steel spot welding.

EXPERIMENTAL

e Materials

Carbon steel were used as experimental metal; the chemical compositions of the Carbon
Steel are given in the Table 1.
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Table 1. The chemical compositions of carbon steel

Content C Si S P Mn Ni Cr Mo Cu Ca Ce La Pd Fe

% .059 | .013 | .014 | .016 | .146 | .062 | .029 | .016 | .050 | .0030 | .014 | .003 | .003 | 99.401

e Welding and Welding Equipment

The raw metals of carbon steel are formed in form of plate of 20 cm length, 2.5 cm width
and 2mm thickness by used low speed with cooling solution to avoid generated temperature
and stress concentration during forming process, the dimensions of samples gross section as
showing in figure (1):

20em
Figure 1. Dimensions of row material specimen.

Resistance Spot welding RSW is made by spot welding machine which is (Rayomex PMI-
2045 Spot welder, Manual Spot Welding Machine), where control panel in welding machine
are prepare to adjust settings for welding process parameters like welding time and speed. The
control parameters were (Current, Time, and Force), the parameters changed to find good
weldability and the effect of minimum temperature on the welding areas between the minerals,

the table 2 shows the parameters of the welding process for better welding.

Table 2. The welding process parameters.

No. Current (A) Force (N) Time (s)
1 30 5 15
2 50 5 15
3 30 10 15
4 50 10 15
5 30 5 25
6 50 5 25
7 30 10 25
8 50 10 25
9 23 7.5 2
10 50 7.5 2
11 40 4 2
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12 40 12 2
13 40 7.5 1
14 40 7.5 3
15 40 7.5 2
16 40 7.5 2
18 40 7.5 2
19 40 7.5 2
20 40 7.5 2

Changing one parameter at a time and keeping the other parameters constant. The
scope of work was determined by inspecting for any visible defects, such as cracks and

porosity. The upper and lower variables of the process control are shown in Table 3.

Table 3. The process control variables.

Control Variables lower upper
Current (A) 23 55
Force (N) 4 12
Time (s) 1 3

e The Measurement of Weld Size
Mainly, weld size measurements were made through the metal cross sections of the weld

nugget samples through image analysis using a small digital holographic endoscopy. The cross

section of the sample weld, where the melting area and the measured weld size were made.

RESULTS AND DISCUSSIONS
e Visual Examinations
The most widely used of any welding methods of nondestructive examination, where the

visual examination is easy to apply, quick, inexpensive. On other hand, required experience
and gives important information related to the general conformity of the weldment to
specifications and standards. Visual examinations and inspection was done for all samples and
show some defects as the welding parameters effects. All resistance spot welding sample have
good penetration, Figures 2&3 showing some samples after welding process. Where, the

samples dimensions were shown in Figure 1.

-10-
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Figure 2. Samples after welding process.

Figure 3. Samples after welding process.

e Macrostructure Test Discussions
To determining the quality of the weld area depends largely on the requirements of the

relevant examination and test, Destructive Testing used for any weld production. In general,
the specifications require mechanical tests of weld area resistance, weld properties, sizes, and
HAZ to determine the quality of weld regions.

Mechanical tests of the weld area are similar to those applied to base metals, and in some
cases change as necessary to determine the characteristics of the weld regions. Table 4 shows
that the weld area measurement samples with (a), (d) and (D) are shown in the following

figure. As shown in Figure 4.

Figure 4. Cross-section of welding zone.
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Where:

e a = Electrode penetrant depth

e d =Height of nugget
e D= Width of nugget

Table 4. The samples welding area measurement.

NO | Current | Force N | Times a d D
A

1 30 5 15 3.58 4.18 0.13
2 50 5 15 4.45 4.09 0.08
3 30 10 15 4.12 4.13 0.1
4 50 10 15 5.09 4.01 0.05
5 30 5 25 4.26 4.05 0.13
6 50 5 25 4.25 3.96 0.18
7 30 10 25 4.85 4.09 0.81
8 50 10 25 6.10 4.25 0.20
9 23 7.5 2 7.32 11.11 0.22
10 55 7.5 2 5.06 4.05 0.35
11 40 4 2 4.93 4.08 0.16
12 40 12 2 5.54 3.99 0.19
13 40 7.5 1 5.54 3.99 0.19
14 40 7.5 3 5.71 4.40 0.11
15 40 7.5 2 4.45 4.08 0.11
16 40 7.5 2 3.68 4.33 0.18
17 40 7.5 2 4.42 4.33 0.16
18 40 7.5 2 5.65 4.17 0.26
19 40 7.5 2 5.36 4.06 0.21
20 40 7.5 2 5.47 4.10 0.49

The selected process control variables with their limits and codes are given in Table 5.

Table 5. The control variables with their limits

Parameter Notation Factor levels

Coded value -1.6 -1 0 1 1.6
Current 23 30 40 50 55
Force 4 5 7.5 10 12
Time 1 15 2 2.5 3
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The experiments were carried out according to the random design matrix, to avoid the
systematic errors that infiltrate the system model. The beads are placed on the hinge to hold

the 2mm thick carbon steel plates in the experimental setup shown above.

e DEVELOPMENT OF MATHEMATICAL MODELS

Improve the results obtained by the expert design program 7.1. Whereas, (Design Expert)
is part of a design program that needs the researcher's help to design and interpret multivariate
research experiences. It is used to design an experiment to see how properties such as tensile
strength affects changes in treatment conditions. The program provided a wide range of
experimental designs containing factors, fractional factors, and complex designs that can deal
with both process parameters such as welding speed and other process parameters. The
response function representing any of the weld dimensions can be expressed as:

y = f [current (C), resistance (F), time (T)]
The chosen relationship, being a second degree response surface, is expressed in the equation

model [1]. Also, as shown in Figure 4.

1)

Where: bo is the average of responses and bi, bz, bs, b1, bis... bss are the coefficients that
depend on the respective main and interaction effects of parameters. The mathematical models

developed are given below. The process control variables are in their coded form:

a=0.2+0.036C + 0.034F + 0T + 0.03CF — 0.02CT — 0.018FT + 0.028C, — 0.021F, + 0.021T,

(2)

d =414 —-13C — 0.03F + 0.073T — 0.035CF + 0.1CT + 0.12FT — 0.11C, — 0.027F, + 0.025T,

(3)

D = 4.84 + 0.26C + 0.18F + 0.49T — 0.088CF + 0.18CT + 0.24FT — 0.41C, + 0.21F, — 0.07T,

(4)
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NO C F T Curre | Force Time a d D
nt

1 -1 -1 -1 30 5 1.5 3.58 4.18 0.13
2 +1 -1 -1 50 5 1.5 4.45 4.09 0.08
3 -1 +1 -1 30 10 1.5 4.12 4.13 0.1
4 +1 +1 -1 50 10 1.5 5.09 4.01 0.05
5 -1 -1 +1 30 5 25 4.26 4.05 0.13
6 +1 -1 +1 50 5 25 4.25 3.96 0.18
7 -1 +1 +1 30 10 25 4.85 4.09 0.81
8 +1 +1 +1 50 10 25 6.10 4.25 0.20
9 -1.6 0 0 23 7.5 2 7.32 11.11 | 0.22
10 +1.6 0 0 55 7.5 2 5.06 4.05 0.35
11 0 -1.6 0 40 4 2 493 | 4.08 |0.16
12 0 +1.6 0 40 12 2 5.54 3.99 0.19
13 0 0 -1.6 40 7.5 1 554 | 399 |0.19
14 0 0 +1.6 40 7.5 3 5.71 4.40 0.11
15 0 0 0 40 7.5 2 4.45 4.08 0.11
16 0 0 0 40 7.5 2 368 | 433 |0.18
17 0 0 0 40 7.5 2 4.42 4.33 0.16
18 0 0 0 40 7.5 2 5.65 4.17 0.26
19 0 0 0 40 7.5 2 5.36 4.06 0.21
20 0 0 0 40 7.5 2 5.47 4.10 0.49

Table 6. The design matrix and observed values of the bead dimensions.

Effect of force and current on electrode penetrant depth (a)

The optimization of the resistance spot welding parameters was implemented using the
statistical tool Response Surface Methodology (RSM). It is a set of mathematical and
statistical methods useful for developing a set of experiments, establishing an empirical
relationship and graphically indicating the effect of the interaction between the values of the
process parameters. The penetration depth of the electrode (a) increases with increasing
resistance (F), and this gradually increases with increasing current (C) in relation to time (T).
Because F, C and T have a positive effect on the penetration depth of the electrode (a), as seen
in Figures.

Figure 5 shows the response surface and contour surface of electrode penetrant depth

(a) for the interaction effect of F and C. While Figure 6 represent the relationship between
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time F and current C. In addition, Figure 7 shows the response surface and contour surface of
electrode penetrant depth (a) for the interaction effect of time T and current C. while figure 8
represent the relationship between time T and current C. In other side, figure 9 shows the
response surface and contour surface of electrode penetrant depth (a) for the interaction effect
of time T and force F. While, figure 10 represent the relationship between time T and force F.

a

® Design points above predicted value
@

I 0.35

0.35
008 0.2975
X1 = A: Current
X2 = B: Force

Actual Factor
C: Time = 2.00

40.00

A: Current
5.00 ~ 30.00

Figure 5. Electrode Penetrant depth (a) for interaction effect of F & C.

a
® Design Points

0.35

0.08
X1 = A: Current
X2 = B: Force

B: Force

Actual Factor
C: Time = 2.00

30.00 a5 .00 40.00 45.00 50.00

Az Current

Figure 6. Represent the relationship between time F and current C.
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Figure 7. Electrode penetrant depth (a) for effect of time T and current C.
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Figure 8. Represent the relationship between time T and current C.
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Figure 9. Electrode Penetrant depth (a) for effect of time T and force F.

a
a

® Design Points
0.35

0.08

X1 = B: Force

X2 =C: Time

0.159996

C: Time

Actual Factor

A: Current = 40.00

0.123569

5.00 6.25 7.50 B8.75 10.00

B: Force

Figure 10. The represent the relationship between time T and force F.

CONCLUSIONS
This study taken the important from title itself, which aimed to utilize the response surface

method to predict and optimizing the weld nugget volume in resistance spot welding of carbon
steel. As well as, measuring weld nugget to finding out the effect of force and current on
electrode penetrant depth (a). the study finding shown that the response surface methodology
can be employed easily for developing mathematical models for predicting weld bead
geometry within the workable region of process parameters. The models developed can be
employed easily in the form of a program for automatic and robotic welding for obtaining the
desired high-quality welds.

The predicted values of nugget size are in good agreement with the actual experimental
values. The all nugget parameters are increases with the increase in current, force and time.
The best dimensions have been found were width (D)=4.28 mm, height (d)=3.91 mm and
electrode penetrant depth (a)=0.16 mm corresponding to input process parameters, current
(C)=18.18 A, force (F)=7.7 N and time (T) = 1.5s.

This work could be applied on other materials and on other welding processes even those
with filler metals. This work could be extended to study the influence of parameter on other

responses like heat affected zone, hardness and distortion
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Abstract:

Characterization of the polyimide-based composite films containing carbon
particles was studied and the kinetics of the initial stage of carbonization and the
effect of the filler on the properties of the carbonized films were evaluated. Two
polyimide (Pl) characterized by different rigidity and different degrees of
ordering of the intermolecular structure were used. The character of the particles
action on the kinetics of the carbonization process depends on the heating rate.
In this work, we demonstrated the incorporation of different foreign elements
into carbon films by mixing a Nickel with a poly (amic acid) in solution followed
by heat treatment. It was found that Nickel in the polyimide film promotes the
carbonization of matrix polyimide and also an increase of the electrical
conductivity and magnetic property of the films. The growth of metal particles
in carbon films and the change from paramagnetic to ferromagnetic behavior
were observed with the increase of carbonization temperature. Here in, a
polyimide film containing Nickel of 0.6 at% of the total number of atoms in the
precursor mixture and heat—treated films were investigated in some detail.
Systematic measurements of X-ray diffraction (XRD), scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and Raman are
used. That showed the quantitative changes of structure and property with
carbonization

Keywords: heat treatment, Nickel-polymer complexes, polyimides

-19-



E‘%‘? B!B Surman Journal for Science and Technology /d‘sjst.scst.edu.ly
E#F=s  Vol.02, No.3, Dec 2020, pp. 019 ~ 031 4,58 g 2 glall ¢jla jua Alaa

1. Introduction
As a high-performance engineering plastic materials, polyimide (PI) is well

known and intensively studied for its excellent thermal and mechanical
properties. The Pl-based materials have been widely used in industrial
applications such as aircraft parts, aerospace applications, electronic packaging,
adhesives, and matrix materials for composites.'® Since 1970s, Burger found that
the carbon film derived from Kapton® had a graphitizing nature.” A great deal of
work has been done to focus on the fabrication of carbon materials using Pl as a
precursor by extremely high thermal treatment, and the results show that Pl is a
promising candidate for the carbonization process due to its higher carbon
content and rigid aromatic structure, which can easily form ordered carbon or
graphite layer structures.®1° In order to get a regular structured carbon material
with the expected properties, a larger number of efforts have been made for better
carbonization of polymers in recent two ways. The first study focuses on
improving the degree of orientation of polymeric chains. The other work focuses
on the incorporation of different foreign elements, i.e., transition metal or metal
oxide particles. This is because that the crystallinity of carbon as materials can
be enhanced due to the catalytic effect of metal particles and the heat-treatment
temperature can also be reduced.!*'?2 Moreover, the electrical or magnetic
properties of the carbons materials might be improved by the implantation of
metal particles.*** For explorations on the catalytic effect of nickel particles,
Bin et al. added them into PI films to improve the degree of graphitization, and
the electric conductivity of the resulting carbon film reached 1000 S/cm.®®
Additionally, the commercially available Pls with different chemical structures
such as Kapton®, Upilex®, and Novax® products have already been studied,
finding that the graphite films with a high degree of graphitization, high electrical
conductivity, and very low anisotropy ratio can be achieved.”*° The researches
-20 -
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on the carbonization of Pl films with different chemical structures indicated that
the rigid structure of the repeating unit played an important role in the
carbonization process when using polyimide as a precursor .*® In our previous
study, an metal complex(iron) was incorporated into the Pl materials synthesized
from pyromellitic dianhydride (PMDA) and 4,4’-oxydianiline (ODA) for the
promotion of carbonization process.!® The results showed that the final product
both exhibit good electrical and magnetic properties. This makes us believe that,
by using PI films synthesized from 3,3’,4,4’-biphenyltetracarboxylic dianhidride
(BPDA) and p-phenylenediamine (PDA) which possesses a more rigid molecular
structure and with the help of metal catalyst, it is possible to get a better carbon
film with excellent electrical and magnetic properties. The purpose of this study
Is to discover both the structural influence and the catalyst effect on the
preparation of carbon films from PI films. The PI films used in this work were
synthesized from BPDA, DMA and PDA. Nickel is incorporated as the catalyst
by the in-situ method to get a homogeneous dispersion. The microstructure
transition of Pl molecules and the change of metal particles were tracked. In the
present work, the carbonization process film is studied by measuring the changes
in size, weight, and chemical composition with carbonization, and by structure
analysis, electrical conductivity and Magnetic properties measurement on the
carbonized film, therefore, nickel was selected. They were heat-treated at
different temperatures between 600 and 1600C°.
2. Experimental
2.1. Materials

BPDA was provided by Wuxi Bohai Chemical Products Co., Ltd. PDA was
purchased from Shijiazhuang Haili Fine Chemical Co., Ltd. N, N-
dimethylacetamide (DMAc, analytical pure, 99.9%) was provided by Tianjin
Guangfu Fine Chemical Research Institute. Nickel acetate tetrahydrate was
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provided by Sinopharm Group Co., Ltd. All chemicals were used as raw
materials without purification.
2.2. Preparation of PI-Ni composite film

The synthesis procedure for the preparation of P, or PI-Ni composite films is
shown in Fig.1. The content of nickel, according to the previous literature, was
chosen as 0.6 at% (atomic percentage) in the precursor mixture (PAA and nickel
acetate tetrahydrate).!” After continuously stirring for 30 min at least, the mixture
was cast on a clear glass plate. Then, the composite film was heated in an air
atmosphere at 80°C for 20 min and at 100°C, 200°C, 300°C, and 320°C, each
for 1 h, yielding the PI film containing nickel. The thickness of the resultant
composite film was approximately 40um and the color was dark brown. The PI-
Ni composite film, in which nickel acetate tetrahydrate dissolved in ethanol was
used as a Ni precursor. For a contrast, pure polyimide film without nickel

particles was also prepared.

RPN PDA NMA

A 4 A 4 A 4
[ DnAah/amin anid (DA A\ ]

Nickel (Ni 0.6) at >'

Nickel contained (PAA)
solution

0O Q ‘)/ \

Imidization :v

[ NAahsivrmaidAA~A NI N Filiann ]

»

Carhonizatin

Carbonized PI-N films
NiO/Ni

o
NN

/\/\/\L\O

-22 -




E‘%‘? B!B Surman Journal for Science and Technology /d‘sjst.scst.edu.ly
E#F=s  Vol.02, No.3, Dec 2020, pp. 019 ~ 031 4,58 g 2 glall ¢jla jua Alaa

Fig.l.The procedure of preparation of carbon films derived from PI, PI-Ni
composite
2.3. Carbonization of Pl and PI-Ni composite films

The carbonization process was performed under a nitrogen atmosphere in a
tubular furnace. The thermal-treated Pl and PI-Ni films were sandwiched
between polished artificial graphite plates and heated to 600°C, 800°C, 1000°C,
1200°C, 1400°C, and 1600°C respectively and held at the final temperature for
1 h. The heating rate of all samples was 5 °C/min. The PI-Ni films after
carbonization at 600°C, 800°C, 1000°C, 1200°C, 1400°C, and 1600°C under a
nitrogen flow were denoted as PI-Ni-600, PI-Ni-800, PI1-Ni-1000, PI-Ni-1200,
P1-Ni-1400, PI-Ni-1600, respectively, the same as the PI film.
2.4. Characterization

The structure and crystallinity of carbon films were characterized by X-ray
diffraction (XRD). The XRD patterns were obtained with an X-ray
diffractometer (D8 ADVANCE, Bruker AXS, Germany) using Cu Ko radiation
(A= 0.154 nm) and operated at 40 kV and 200 mA with a scan rate of 0.18° per
second in the range of 10-90° (26 value). A Hitachi S-4700 scanning electron
microscope (SEM) operating at an accelerating voltage of 20 kV was used to
observe the surface morphology of the carbon films. The electrical conductivity
and magnetic properties of the composite films were measured by a four-point-
probe (FPP) device and vibrating sample magnetometer (7410VSM, Lake Shore,
America), respectively.
3. Results and discussion
3.1. XRD measurement

The effects of the carbonizing temperature on the crystal structures of
carbon films derived from PI films, and PI-Ni films were identified by XRD. The
diffraction patterns for the carbon films derived from pure PI film are shown in
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Fig. 2a. The pattern of Pl has two small peaks at 26=20.04° and 25.38°, which
indicates that PI film without carbonization has relatively low crystallinity. The
(002) line of the carbon films derived from PI film becomes sharper and shifts to
higher angles with increasing the carbonization temperature, which is due to the
formation of well-regulated structure. Meanwhile, a small peak appears at around
20=43° for the PI films after heat treatment and becomes more apparent with
increase of the carbonizing temperature, which is the same with the
characteristics of graphite.t8

The structural change of PI-Ni film during the carbonization process is
illustrated in Fig. 2b. In theory, nickel complex can transfer to amorphous carbon
and NiO after heat treatment at 400°C in air and then transfer to crystalline
carbon and Ni at 600°C or above.?’ However, no extra peaks in the PI-Ni films
appear by comparison with PI films at 1000°C or less. This is due to the overlap
of the (10) reflection of carbon and the (111) reflection of metallic nickel and the
(202) reflection of nickel oxide at about 20=44°.2122 \When heated up to 1200°C
or above, two peaks at 44° and 52° develop with increasing carbonizing
temperature, indicating that more and more metallic Ni is appearing.!! It is
evident that the peaks at 44° and 52° are attributed to plane (111) of metallic Ni
and plane (004) of carbon, respectively. In addition, the (002) reflection of
graphite carbon in PI-Ni film becomes narrower and sharper than that of PI film
at the same condition. This confirms that the nickel particles can accelerate the

carbonization process of PI film.
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Fig .2 XRD patterns of Pi & Pi-Ni films with different carbonizing temperatures.

3.2. SEM of Pl and PI-Ni composite films with different carbonization

temperatures

SEM measurements have been applied to observe the surface morphology

of various films. Fig. 3a-d describes the surface morphology of PI films treated

by different carbonization temperatures. The surface of PI film exhibits smooth

and flat without any defects. With the increase of the carbonization temperature,

the carbon films present a more rough surface morphology at the temperature

lower than 1200°C. This is ascribed to the release of gas caused by the pyrolysis
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of PI film. However, it is interestingly noted that the surface of P1-1600 film
shows a smooth surface with a microporous structure, indicating that the
rearrangement of molecular structure takes place after the violently pyrolysis of
PI film.

Fig. 3i-1 show SEM photographs of the PI-Ni film and the heat-treated ones.
For the films treated at temperatures lower than 600°C (Fig. 3i-j), no images of
particles can be observed, which may be due to a small number of nickel
complexes. It is clearly observed that some particles with a size of 200~900 nm
in diameter appear on the surface of PI-Ni-1200 film (Fig. 3k). These particles
are considered as metallic nickel based on XRD analysis. Meanwhile, we can
deduce that metallic nickel does not generate at 600°C, indicating that there is
no (111) reflection of metallic nickel at 26=44° in XRD curve of PI-Ni-600.
When heated up to 1600°C (see Fig. 3l), we can not observe porous carbon

structure due to carbonization of the Pl matrix, but some defects can be

found due to the presence of metallic nickel. Additionally, some nickel particles
are incorporated into carbon layers. This indicates that the increase in the number

of metallic nickel may be beneficial to dense packing of carbon layer.

(\

untreated 600°C 1200°C 1600°C

Fig. 3 SEM images of PI (a-d), PI-Ni (i-I) films carbonized at the indicated temperatures.
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3.3. Electrical conductivity

The electrical conductivity of carbon films was first measured, and the
variation trend of the surface resistivity depending on carbonization temperature
Is depicted in Fig. 4. At carbonization temperatures lower than 600°C, the sheet
resistivity of all the carbon films is too high to be measured. This may be caused
by the high resistance of polyimide matrix. Above 800°C, the surface
resistivity’s of all the carbon films decrease with an increase of the carbonization
temperature due to the formation of carbon layer structure. In addition, the
surface resistivity of all the carbon films containing iron or nickel is less than
that of pure PI especially at low carbonization temperatures. At 1400°C, all the
carbon films present almost the same resistivity, as shown in Table 1. This
indicates that nickel complex have a catalytic effect on the carbonization of the

composite films.
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Fig. 4 Variation of surface resistivity of carbon films with carbonization temperatures

Table 1 Sheet resistivity of carbon films with different carbonization temperatures
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Specimens | Sheet resistivity (€/sq.)

800°C 1000°C 1200°C 1400°C 1600°C

Pl 45.58 45.07 44.72 0.80 0.55
PI-Ni 26.62 2.30 1.38 0.82 0.49

3.4. Magnetic properties

The magnetic behaviors of Pl and PI-Ni carbon films at different
carbonization temperature can be observed from the magnetic hysteresis curves
shown in Fig. 5. In these magnetic hysteresis curves, the curves of Pl and PI-Ni
carbon films did not exhibit hysteresis any more, and the
magnetization changed almost linearly with the applied magnetic field. The Ms,

Mr and Hc values of different carbon films are given in Table 2.

Table 2. Magnetic properties of the carbon films

Sample Ms (emu/g) | Mr (emu/g) Hc (oe)
Pl 0.16864 0.0086256 198.36
PI-800 0.10052 0.0069042 296.03
PI-1600 0.13876 0.014874 266.69
PI-Ni 0.41911 0.018675 144.34
PI-Ni-800 | 0.45798 0.022401 145.97
PI-Ni-1600 | 0.44571 0.023703 152.75
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4. Conclusion

The carbon film was obtained by carbonizing heat treatment kinds of polyimide
with nickel film prepared through process from 600 to 1600-C in a nitrogen
atmosphere. During heat treatment, the oxygen within the PI film was mainly
released in the temperature range of 600—700-C due to the evolution of CO and
CO2, the combination of metal particles with carbon films was successfully
carried out by using polyimide and metal complexes. The change of nickel
clusters in the film occurred remarkably during carbonization in the temperature
range of 600-1600 °C, which is in good accordance with SEM observations on
the same films. The presence of the metal catalyst promoted the carbonization of
matrix polyimide and resulted in high electrical conductivity. After treatment at
1600°C, there was almost the same conductivity for the nickel-containing carbon
films and carbon films derived from pure Pl as a result of the compensation of
the crystalline improvement in the matrix carbon resulting from the pore
formation due to the reduction of nickel compounds. The detailed analyses of
chemical and physical variations of film during carbonization and comparison of
carbonization processes for the different carbon precursors indicate that the

polyimide with nickel is a good candidate for the manufacture of carbon film.
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DESIGN A MICRO-OHMMETER FOR MEASURING VERY

SMALL RESISTANCE
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Abstract
In our paper the micro-ohmmeter in This circuit will be used for measuring very
small resistances without applying large currents. The mili-voltage value will be
used in this paper as well. Anyway, the Achievement of the circuit consists of
two parts, simulation by software, and hardware. This paper is going to describe
all steps one by one with calculation, simulation and hardware results.
Introduction

In this circuit, we are going to design a micro-ohmmeter that could be
measure low amplified by an amplifier then rectified using rectification circuit.
This circuit can be used to track shorting in printed circuit boards without
affecting the sensitive components on it. The circuit consists of six main parts
which are: (source, Kelvin probes, Differential Amplifier, Phase sensitive
detector (PSD),Voltage-Controlled Oscillator (VCO), Muting Detector
(Comparator)).We are going to explain all parts and the function of them in this
report.
The aim of this experiment :-
e Design and test a lock-in Amplifier based micro-ohmmeter.
e Extraction of resistance measurement via the 4WKP, in order to filter

inaccuracies.

e Understand the concept of 1A in order to assure reasonable rejection and high

common-mode range.
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e Achievement of 1.1 KHz oscillation from the Source (i.e., oscillator,
Quadrature & Attenuator) in terms of peak-to-peak form of less than 200mV.

e Achieve and output of a waveform around 10 KHz, in terms of audible signals
from the microphone.

System Block Diagram

Refe

N 1/ I—n:Ar-AP 4

PSD

Probes

VCO ﬂ

MUTE

ZIES

Figure (1) Block diagram of the instrument design
Source
The source consists of (Oscillator), (Quadrature Divider) and (Balanced

Attenuator) as Shown in figure (2). [5]

U2:A
iy s 5 o ol
3 K J2
|, o) 90
R2 x Q O 270
v 2013 g 0 deg
- Ul < 180
555 REF
L—4dr g of=2
>
pc |-
R3
2 Jcv
2 | 2 mle H R P
=4
TR & TH 1k0 =10
U2B [] RS o
- 9 o 13 3
D Q <10
11 LK Probes
| » R4
1 c2 c3 1 x Q I
1n0 10n o 4013
E

(Figure 2 Oscillator, Quadrature Divider and Attenuator circuit)

- Oscillator

An oscillator is an electronic circuit that produces a repetitive electronic signal,

often a sine wave. Oscillators designed to produce a high-power AC output from
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a DC supply are usually called inverter. There are many types of electronic
oscillator; One of them the 555 Timer IC can be connected in its Monostable
mode thereby producing a precision timer of a fixed time duration, or in its
Bistable method to yield a Flip-flop type switching action [2]. The connections
for astable or free-running operation. Together the trigger& threshold inputs are
linked directly to the capacitor. Also there is an Extra resistor, R;, connected

between the capacitor and the discharge transistor to slow the discharge.

i Vg

53

Eeset %
\—I\ e 4 8 | %RE Where
o s TS

;111 :I §R1 R2=34K

- 555 02l
) Thrreskwld
ca Timer 6 03=101f
I IvIodule

Tl | _—
1 11 1 —3 Cortrol
5 oltagze
Rl f L j— ES
1 TEZ

(Figure 3 The basic 555 timer diagram)

The beginning of the source which generates 1.1KHz frequency, at this
frequency R; equals 130K, the end result of output of oscillator as shown in
figure (4,5). Controlling the charging time (controlling the frequency) via R; and
R,. Regulatory the discharging time via R;. After this comes the stage of
Quadrature Divider.

The total period is the sum of the charge and discharge time t

T=0.693(R2 + 2R,) C.

1
250m

AT =Ul=F :Ti: =0.004%10° = 4KHZ

Thigh=0.693*C3*(R1*R>)
Tlow:O.693*C3*R1
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(Figure 4 Real Oscillator Circuit Test Result)

Oscillator)

- Quadrature Divider

(Figure 5 The output of the

The Quadrature Divider as its name denotes to dividing by four, here it does

divide the frequency of 4KHz by four resulting in a frequency of about 1KHz.

The Balanced PI type Attenuator technically reduces the amplitude of the voltage

by a fraction which is really determined with the Rs value (Note: VVoltage divider

theorem and that resistance is in direct proportion with Voltage) prior to the

signal getting to J,.

AT:>U2:A,B:>F=1— 1

T 1000%10°°
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(Figure 6 Quadrature divider output with different phases)
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-+ +
Action Action
Save Image
File File
Format Format
About About
P Saving ! Saving
Images | Irnages
|
Select i £ Zelect
Falder i Folder
. L. ) 5
Save S Save
TEKDDO1.JPG TEKODODZ.JPG
CH2 200y M 1.00rns CH2 2004 M 1.00ms CH2 J~ 3.168Y

(Figure 7 Quadrature divider output(at 0 0 and 180 0)) (Figure 8 Quadrature divider output(at 90 0 and 270))

Ul U2,A u2,B
voltage frequency | voltage Frequency | Voltage frequency
6.16 AC |1.025HZ |488AC |257.1HZ |6.40AC |257.1HZ

- Balanced Attenuator

An attenuator is an electronic expedient that reduces the amplitude or

power of a signal without noticeably distorting its waveform. An attenuator is

effectively the opposite of an amplifier, though the two work by different

methods. While an amplifier offers gain, an attenuator provides loss, or gain less

than 1.Attenuators are usually passive devices made from simple voltage divider

networks. Switching between different resistances forms adjustable stepped

attenuators and continuously regulating ones using potentiometers.
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The output signal should have peak-to-peak amplitude of not as much of 400mV.
Together these values have a +/- 5% tolerance. The waveform frequency about
1.1 kHz. Then in this step the voltage will be reduced from 6V to 400mv peak to
peak at which the value of Rs (75) was obtained by using Thevenin's theorem as

shown below, The higher value of RL the higher the voltage across it

Vout = Vin *Rs/(R3+R4+R®)

200mv = 6 Rs/(1.1K+1.1K+Rs) Rs =75.86 Q

Recalculate when the vin 4.88

Vout = Vin * Rs/(R3+R4+R®)

200mv = 4.88 * Rs/(1.1K+1.1K+Rs) Rs =94 Q

Calculate the (rather small) voltage we measured when a 1m€ resistor is
connected across Rs

Vout = Vin *((Rs*RL/R5+RL)/R3+Rs+(Rs*RL/Rs+R\))

0.00099
1.1k+1.1k+0.00099

Aftar that we are going to calculate the voltage corresponding to 0.22, which the

VOLIt = 4‘.88 *

Vo = 2.22uv

maximum resistance this device is intended.
Vout: Vin * RL/(R3+R4+RL) VOl.lt = 0.000485V

We used 0.22Q resistor as a load resistor so we've got 0.485mv voltage source

at point J, as required.

Differential Amplifier

An instrumentation amplifier is a gentle of differential amplifier that has
been outfitted with input buffers, which eliminate the requirement for input
impedance matching and thus make the amplifier particularly suitable for use in
measurement and test equipment. Additional characteristics include very low DC

offset, low drift, low noise, very high open-loop gain, very high common-mode
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rejection ratio, and very high input impedances [4]. Instrumentation amplifiers
are used where excessive correctness and stability of the circuit both short- and
long-term are essential. As the voltage value across the amplifier must be
200mV, will be easy to find by calculation that this value is 10 times greater . we

can see the result of the calculate

R9: Vout — ( 2R1 ) % E
(V2+V1) Rgain R2
24 (2*10000) , 100
0.000446%2 Rgain 10
So Rg=81KQ

After the calculate Ry, so we used Ry=81k€, in this time we found the gain is

inversely proportion to Rg

The question that we should think about is, Why we have distributed the gain,
rather than using U3 to supply all the gain? Are there any disadvantages to doing

this?

Because the value of the first stage is smaller than the next, otherwise we
multiply the gain in ten times to get the good output. In the Figure below we can
see the Real amplifier Circuit Test Result at Js&Js with J3 .Moreover, we can see
the gain of the differential stage it well be 10 rather than the normal 1, this is

because

R., _ 100K _ 4. also as the end result the ratio of the
R17 1OK

resistances is 10 as well as the gain is 10 time.

Ri is different from the stated value by 1%. There is no effect at the output

signal.
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Any of Ris, 16, 17, 10 are different from the stated value by 1%. The gain could
increase & amplify by increasing or decreasing the value of any one of these

resisters

Telk i Trig*d kA Pos: 0.000s SAVESREC

— oy ST oty evsrend ey p—— ﬂbayt
| Sawing

Images

Select
Folder

Save
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CHz2 500mY r 2.50ms

(Figure 9 Real amplifier Circuit Test Result at J5&J6 with J3)

Phase sensitive detector (PSD)
This device is responsible for the rectification process where the amplified AC
signal get rectified to a DC signal. Further the rectification process a DC signal
IS obtained but with unwanted ripples as it shown in figure 8 which was denoted
via pin J8 & 11. Bear in mind this is the second stage of amplification therefore
it will be amplified by a gain of ten has been worked out. The components of the
PSD are phase reversing switches which technical works using zero crossing
reference, which makes the signal in the required manner. As the final outcome
is required to be fully rectified which is can bee seen in figure (9), for this reason
even numbers of switches are responsible for this task.
Vosp = VeigVy sin(w,t + O5;5) sin (Lt + Oref)

In practice and simple words the PSD also ensures that the wanted signal
is processed with elimination of unwanted signals, and the PSD becomes unique
when it carries out the filtration of a signal of predetermined reference such as

frequency and this cannot be obtain with alternatives technique of PSD such as

-39-



E‘%‘? B!B Surman Journal for Science and Technology /ﬂ‘sjst.scst.edu.ly
E#F=4  Vol.02, No.3, Dec 2020, pp. 032 ~ 046 4,58 g 2 glall ¢jla jua Alaa

Diodes. Emphasizing the location of the PSD to be between the two op-amps and
the third is to remove the spikes with the DC signal which are a result of Cs.

In this circuit the phase reversing switch is located in the middle of the two op-
amps and their third companion which results in the PSD, this is so in order to

neglect switching spikes which are caused of released charges (C; duty).

J8

P4
—

u4 100k
R11 R17 10k
AO — 12 [0 X 12 — 2 | >
100 12 1 x1 L
R13 Y 15

—— 2 ! ! US5:A
" o 100 1 zg z 4 R16 10k MC33172P
S 120
3122 R15 v J11

J7 11 100k it
S S
C
Sync 6 INH
R18
100k 4053 L Vg (5
VEE=GND

(Figure 10 circuit of Phase sensitive detector)

The Synchronous Switch
This is the core of the whole design. The aim is fairly easy, but designing a phase-
reversing switch which does not inject not needed voltage spikes into the signal
is surprisingly difficult. The main problem is that, to switch quickly and
completely, the switching signal voltage is often quite large and has sharp
transitions (SIMON BATESON).

A synchronous switch for rectified alternating circuits, the function of
which be automatically synchronized on the crossing to zero of the load voltages
at its terminals. This synchronous switch contains essentially a semi-conductor
element selected from thyristors of a particular kind and possibly a diode. The

semiconductor component comprises two essentials electrodes and a control
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electrode. This part can only be triggered at times when the polarity of the control
voltage at the gate is the reverse of that of the first main electrode, and once
triggered it after that remains blocked until the load current crossing it is reduced
to zero. To provide an alternating current switch, the main electrodes might be
linked to a rectifier bridge, and it may also be connected across a diode, and the
devices thus formed can be used to interrupt each phase of a poly phase load

current. In the Figure (11) it can be clearly seen the Synchronous Switch circuits.

Figure 11 The Synchronous Switch circuits

Output Reference — Ground 3V
The major purpose of having this circuit is to create a platform for
referencing the DC voltage signals by the LPF, rectifier, and the VCO.
Technically here Ci, capacitance is kept inaccessible by Rs, which in a sense
makes the virtual ground reference. Looking up this section of the circuit
concludes that it is potential divider theorem to be used to work out R3;, and as

can be seen R3; & Rs3 are identical hence virtual ground voltage is V.

R2(1)
AMP=2.2 \/\/ R2 _ /<: RI®
FREQ=10k T
OFFSET=2.5

PHASE=0

THETA=0 M1 R1
PMOSFET 10K
FREQ=1000 Ul
Pw?goig UL(D) INVERTER

TF=0 r2.5v
TR0 A\
V1=0 M2
v2=5 NMOSFET

T

-41 -



E‘%‘? B!B Surman Journal for Science and Technology /dsjst.scst.edu.ly
E#F=4  Vol.02, No.3, Dec 2020, pp. 032 ~ 046 4,58 g 2 glall ¢jla jua Alaa

R32
Ji3 c1 100k
0_—|2 (02)
O

u6:B
MC33172P —Q VG
1 - = S R31
oul S ! o [— 11—
sV 10u 5 10
C11 [] R33 o == C12
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Figure (12) wiring diagram of Reference Ground

Sallen-Key Equal Value low pass Filter

The signal which is the input to the LPF carries some noise and it’s been passed
through this filter in order to achieve a clean DC signal which is noiseless at J8,
It couldn’t be clearly smooth but contains glitches due to phase lags introduced
in the differential amplifier stage. It will be contains noise, in the form of mains
pickup, thermal noise and DC offset. To average all of these disturbances, we
need a low pass filter to eliminate the ripples. The purposes of the low pass filter
in this circuit to eliminate the ripples and just pass low frequency because the
output DC of the amplifier was had ripples and this Undesirable so the output of
the low pass filter will be pure and steady DC. When we measured between Jg
and J;; &R load=0.220hm we obtained pure and steady DC =1.3V as shown in
figure(14) and as input to VVoltage-Controlled Oscillator (VCO) and we designed
R20 and Ry, as following:

1
© 2mRC

f

1 1

R = = — R = 322.3 R22 = R20 = 330
2mFC 2%5%0.1¥10~6
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(Figure 13 Real LPF Circuit Test Result at J9 with J11&R load=0.220hm)

Voltage-Controlled Oscillator (VCO)

In the this part of the design .A voltage-controlled oscillator (VCO) provides a
periodic signal, more fore, is an electronic oscillator designed to be controlled in
oscillation frequency according to the voltage input, the frequency could be
changed by a variable (DC) control voltage at last the output from the
comparator is further processed in the VCO, at this step the VCO implements the
output from the comparator in an oscillating periodic signal form where the
frequency of the produced signal is in comparison to the input feed into the VCO
which denotes to range of the resistance to be measured in a range manner .[6]
The system used in this part is the potential divider method where the DC output
from the PSD and comparator in return switches the VCO to on status till the DC
output from PSD circuit is under the reference voltage which is originally set up
by the potential divider technique we can see the circuit of Controlled Oscillator
(VCO) in figure (14) and The output of the integrator and comparator stages of
the VCO as shown in figure(16) shows Rsg and (j11) charge and discharge and
(R) load=10 hm and figure(17) shows j;» with (j11) charge and discharge and r
load = 0.22Q .
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It is possible to obtained by the following equation:
Fo = V1 / 8RC (Vth — Vth)

4.5-3

Uk = ———
8+x100KC*1.5

_ 4.2-2.5

T 8%100K+Uk*1.5

= 225 pf
, but in practical we used 220pf capacitor which is the closest available in the lap
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Muting Detector (Comparator)

The most important function in this step to mute the buzzer. When the measured

resistor is bigger than 0.22Q. How this process happens?, The principle of

operation of this circuit depends on the process of Comparator When the

measured resistor become high value, the output voltage of source will be

increase the voltage at J9 becoming greater than the reference voltage 3v a result

of that, the comparator U6: A will produce negative signal , this signal will enable

the diode to pass signal. However, Thus at this voltage the transistor will be

switched off because the transistor base voltage will always be less than the

emitter voltage. So the charging and discharging of the capacitor will not

continue which will mute the sound In the figure (17) below the circuit of the

muting detector

R24
10k
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TP8

©)

R23
————— }—9

R34

Vvco >—2

1MO0
3
\ .

SELECT UG:A
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47k
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Figure (17) muting detector circuit

R34=30K

Vi * R34
0= R2a+Rr3e
6 * R34
+5 = 0K T R34

- 45 -



E‘%‘? B!B Surman Journal for Science and Technology /ﬂ‘sjst.scst.edu.ly
E#F=4  Vol.02, No.3, Dec 2020, pp. 032 ~ 046 4,58 g 2 glall ¢jla jua Alaa

Conclusion

The simulation of the design is achieved by check every signal in the
circuit (inputs and outputs) and the suitable values of the components are selected
which give the desired specification of the design without any cost.
The design is suitable to measure the resistor which has very low resistors
maximum limit (0.22 ohm) . The output frequency is muted by the comparator
circuit when the values of the measured resistors more than 0.22 ohm which it is
the aim of our design.
In An instrumentation amplifier circuit, there is one resistor controlling the value

of gain
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ABSTRACT:
Many road pavement agencies have been using different methods for designing Hot-mix
asphalt mixtures "Marshall , Super Pave , Hveem ,...... ,etc" and they are believing that

fundamental changes must be made in the aggregate components of HMA to reduce rutting to
tolerable levels. Properties of HMA such as stability, durability, and resistance to permanent
deformation (rutting) can be largely affected by aggregate gradation. Hence, gradation is
considered as one of the main properties of aggregate that influences the performance of
asphalt pavement. However, other factors such as compaction efforts, bitumen content, and
physico-chemical properties of asphalt cement have also some effects on pavement
performance. The Marshall Mix design method involves selecting a trial aggregate gradations
and Compaction level (number of blows). The trial aggregates gradation is mixed with varying
percentages of asphalt cement and then compacted at specific temperature level fixed by
viscosity. In Super pave mix design procedures, the volumetric mix design is conducted using
trial and error aggregates blending process to find a mixture with the appropriate properties at
the design compacting effort. So, it is necessary to evaluate the effect of aggregates gradation
on the performance of HMA especially, permanent deformation and the most important
necessary tool to develop method for designing asphalt mixtures that utilize aggregates
interlock and aggregates packing to develop mixture that meets all volumetric criteria, and
which is easy to construct and gives excellent performance. The primary objective of this
research is to evaluate the effect of aggregates gradation on rutting performance of different
asphalt concrete, and to evaluate the applicability of the “Bailey Method” in Egypt. Also
results of stability, flow, stiffness index, and VMA were analyzed and correlated to permanent
deformation (rutting) of the investigated mixtures. Using Bailey Ratios of all different blends
"Bailey aggregate blends and Traditional blends" have been investigated to predict permanent
deformation (rutting) for all specimens. To fulfill these objectives two types of aggregate
blends were prepared. The first is named dolomite blends (DOL) were consisted of dolomite
coarse aggregates, fine aggregate "natural sand" and mineral filler .The second is named
limestone blend (L1M), were consisted of limestone coarse aggregates, fine aggregate "natural
sand" and mineral filler. Different gradation types were used in this research included coarse,
open and dense gradations. The total were twelve gradations, six gradations for DOL, and
six for LIM, were blended using two methods, ten of these gradations were designed by
traditional method "Trial and Error" and the remaining were designed by Bailey method.
Only one type of asphalt cement, penetration with 60/70, was used in all mixes. Marshall
Method was utilized to design the mixtures, and Wheel Tracking Test "WTT" was carried out
to evaluate the rutting performance. The comparison between the obtained results was done,
and then the conclusions and recommendations were drawn based on them.
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1.Introduction

In practice, Hot Mix Asphalt "HMA" is very simple, but actually is much more complicated
than it appears. HMA is a composite material consists of aggregate particles having different
sizes (coarse and fine aggregates), an asphalt binder which is a semi-solid viscoelastic material
and air voids. In Egypt, “Marshall Method” is used to design and evaluate the HMA. Some
countries in the Middle East may use “Super Pave”; although Marshall and Super pave have
detailed procedures to determine the asphalt content (AC) of the hot mix, very few instructions
are given on how to design the aggregates blend. Super Pave only gives a list of the criteria
for aggregates blend in the form of control points "upper and lower limits of percentage
passing for certain sieve sizes and restricted zone" a range of values of percentage passing to
be avoided for several fine sieve sizes". However, “Super pave and Marshall” don't give any
certain definite method to select the aggregates gradation of mix if the criteria are not met.
The text only tells the Engineers to go through the process of trial and error.[11],[12]
Additional combinations of the aggregates could be tested or additional materials from
different sources could be obtained and included in the trial blend analysis. Traditionally,
engineers have relied on experience either themselves or from others to design the aggregates
blend of mix. Gradation of the aggregates is the most effective property of it, and some
properties of HMA such as stiffness, stability, durability, fatigue resistance and resistance to
permanent deformation can be largely affected by aggregates gradation. Therefore; gradation
is considered as one of the most important properties of aggregates that influence the
performance of asphalt pavements, especially permanent deformation. So, in this research, the
effect of this property "Gradation of aggregates" on rutting performance was evaluated using
different gradations of the same materials. Recently, the engineers have used different methods
which provide simplified explanation of mechanics of aggregates structure, the procedure of
the aggregates blend evaluation and design, one of these methods is called "Bailey Method".
It was initially developed by Mr. Robert Bailey, it is a gradation selection procedure that
considers packing characteristics of aggregates. “Bailey Method” is a tool to design the
aggregates interlock and aggregates structure in HMA. So, Bailey Method, along with
experience, can guide the direction of the mix designs helping to quickly reach a final design
that performs well under actual road conditions. [12].

Among the range of tests that can be carried out to evaluate the performance of HMA, Wheel
Tracking Test "WTT" was used. It is carried out by using scaled traffic loading to directly
evaluate the performance of HMA.

2. Rutting:

Rutting of asphalt concrete pavement is the permanent deformation of any of the layers in the
structural system. It is considered as one of the most common and destructive pavement
distresses as a result of the repetitive traffic loads. Deformation can be caused by consolidation
or plastic flow in the pavement layers. One of the contributors to rutting in hot mix asphalt
(HMA) pavements is excessive asphalt content which lead to the loss of interlock between
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aggregate so that traffic loads will be resisted only by asphalt not by the whole mix. Increasing
the design asphalt content will decrease the shear resistance of mixtures to induce later
movement of materials. An increase in the viscosity of the asphalt cement at the same
pavement temperature can improve rutting resistance. For aggregate with larger nominal
maximum size, more fractured faces, and more rough surface texture will have obvious effects
on mixture to restrain plastic flow.[8]

2.1 Rutting Evaluation Tests:

Many techniques have been used in rutting evaluation such as Hamburg Wheel-Tracking,
Wheel Tracking Machine, Asphalt Pavement Analyzer, Three-Wheel Immersion Tracking
Machine and Third Scale Mobile Model Load Simulator (MMLS3). [1]

3. The Bailey Method

3.1 Why Bailey?

After decades of use, a lot of valuable experience with the Marshall mix design method have
been obtained. Accordingly there is a degree of comfort in working with the Marshall method
in designing mixes. While there has been some guidance on the use of coarse and fine
superpave mixes. However, designers are still struggling with mix designs and have to conduct
numerous trials to select the proper aggregate blend. A better way to speed up the process and
understand the mixes that are being produced is needed.

The Bailey Method is used to create a strong aggregate skeleton by developing the proper
voids in the mineral aggregate to achieve good durability and rut resistance. The strong
skeleton is created by enhancing aggregate interlock and aggregate structure. The method
develops aggregate interlock as the primary support of the structure and a balanced gradation
to complete the mixture. Desirable qualities in asphalt are achieved by understanding the
packing characteristics of the aggregate through the Bailey Method. The method is directly
based on the voids in the mineral aggregate (VMA), air voids, and the properties of
compaction. [12]

3.2 Aggregate blending

The Bailey method provides a good starting point for mix design and an invaluable aid when
making adjustments at the plant to improve air voids, VMA and overall workability of the
mix, whether you are using Marshall or Super Pave are used. The bailey method provides this
needed assistance to the designer to provide resistance to rutting and long durability or long
term performance with the available aggregates. Congruently, the mix must be fairly simple
to produce and workable in the field to facilitate achieving good density. The focus in the
Bailey method is aggregate packing. In order to understand aggregate packing, what particles
form the coarse aggregate structure and which ones fit into the voids created within that
structure are needed. The packing characteristics are determined by several factors: the shape,
strength and texture of the aggregates, the combined blend gradation, and the type and amount
of compactive effort (e.g. Marshall vs. gyratory compaction).
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Ultimately, the Bailey method allows the designer to select an aggregate skeleton that will be
more resistant to permanent deformation and adjust the VMA by changing the packing of the
coarse and fine aggregates to ensure that the mix has sufficient asphalt binder. [11]

3.3 The Bailey Method Principles

There are four key principles to be considered with the Bailey Method:

1. Determine what is coarse and fine, what creates voids and what fills them, and which one
is in control of the aggregate structure (i.e., the coarse aggregate or the fine?).

2. The packing of the coarse fraction influences the packing of the fine fraction.

3. The fine aggregate coarse fraction relates to the packing of the overall fine fraction in the
combined blend.

4. The fine aggregate fine fraction relates to the packing of the fine portion of the gradation
in the blend.

3.4 Developing the Combined Aggregate Blend:

After gathering the typical information for the individual aggregates (gradation, specific
gravity, etc.) and performing the unit weight tests, a combined blend can be developed and
evaluated with respect to the four main principles of the Bailey Method, prior or actually
blending the mix in the laboratory. The following steps outline the general procedures for
developing and evaluating a trail blend:

Step 1: Determine the Mix Type and NMPS

Step 2: Chose the volume of coarse aggregate (i.e., CA chosen unit weight)

Step 3: Blend the individual coarse aggregates by volume

Step 4: Blend the Individual Fine aggregates by volume

Step 5: Chose the desired percentage of minus 0.075mm (#200) in the Combined Blend. [12]

4. Research Plan

Two types of coarse aggregates that are commonly used in Egypt which are dolomite and
limestone aggregate, from each type two sizes have been selected. The first one is course
aggregate (CA2) larger than 9.5mm and smaller than 25mm, while the second is course
aggregate (CA1) larger than 2mm and smaller than 9.5mm.

Two additional materials to enhance the performance of the mix, the first one is fine aggregate
(FA) which is natural sand passes through sieve (9.6mm, 3/8"), and mostly passes through
sieve No. 4 (4.75mm). The second is Mineral filler (MF) passes through sieve (No. 30) and at
least 70% passes through sieve (No 200). (0.075 mm.).

4.1 Aggregates blending and the Optimum Asphalt Content

The dry mix aggregates were blended using two different methods, the first method is trial
and error (Traditional Gradation Method "TGM"), while the second is the Bailey method
(Bailey Gradation Method "BGM"). In TGM five graded mixes which are (2C"open graded",
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3B, 3D"coarse graded™, 4B and 4C"dense graded") were prepared using dolomite aggregates
and limestone. In the Bailey method one graded mix which is (coarse graded mix) was
prepared using dolomite aggregates and limestone, then, they were compared with 3D
gradation. All (12) mixes were selected to meet the Egyptian standard specifications. The OAC
for all mixes were determined using Marshall and using bitumen (PG 60/70).

4.2 Performance test

To evaluate the performance of all mixes, Wheel Tracking test were conducted on the HMA
and the engineering properties were determined and presented.

Figures (1) and (2) show those steps are performed in this study.
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Figure (4) Relationship between time (min) and max rut depth (mm) for the six LIM-mixes

Finally, stability, flow, stiffness, VMA and rut depth values for each mix at OAC were
collected. The obtained relationships between rut depth and these parameters that are related
to pavement performance (Stability, Flow, Stiffness, and VMA) are drawn in Figures (5) to

(8).
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The results from the performance test (WTT) to evaluate rutting performance on the six
dolomite mixtures were compared to the six limestone mixtures. Dolomite mixtures with high
hardness and lower water absorption aggregate blends were generally showed less rutting .On
the other hand, the comparison between the six dolomite mixtures showed generally superior
performance in the coarse graded mixes, less performance in the open graded mixes and inferior
performance in the dense graded mixes .The best performance of all mixes was DOL-Bailey
mix, where the max rut depth value was 1.6 mm .The same results were recorded in limestone
mixes except that the best one of them was LIM-3B mix where the max rut depth was 3.02mm
. However the LIM-Bailey had a relatively high rut resistance compared with the other LIM
mixes where the max rut depth value was 3.19mm.Dense graded mixes of dolomite and
limestone were showed more rutting, especially LIM-4B and LIM-4C mixtures showed
unacceptable results with the max rut depths of 9.63mm and 8.02mm respectively.(>7 mm)

6. Evaluation of rut depth and it's correlation with stability, flow, stiffness index, and
VMA

Figures (5) to (8) show the effect of stability, stiffness index ,flow, and VMA on rut depth
and their correlations for:

e All 12 mixtures except LIM 4B and LIM 4C.

e Open and coarse mixtures (2C,3B,3D and Bailey mixes)

6.1 Stability versus rut depth

Figures (5a) shows an increase in stability values while slightly decrease in rut depth with very
low correlation (R?= 0.07). As these mixes are different in their performance against rutting,
therefore; the data of coarse and open mixes were separated and then the relationships was
redrawn in figure (5b). It is clear from this figure that the rut depth decreases with an increase
in stability with a relatively high correlation (R? =0.2). Therefore, it was concluded that
stability is not the only major parameter to control rutting potential.

6.2 Flow versus rut depth

The relationships between flow and rut depth were plotted in Figure (6a, b). It can be
concluded that, there is almost no correlation between them in all mixes (figure (6a), while the
rut depth increases with an increase in flow in case of discarding the results of dense mixes,
with also a low correlation (R?= 0.13) "figure (6 b)". It can be also concluded from previous
figures that, the flow results alone also are not a good indicator for the rut performance

6.3 Stiffness index versus rut depth

Stiffness index is the ratio of stability divided by flow value. It can be noticed that the stiffness
index also slightly increases with a decrease in the rut depth, with very low correlation figure
(7a). However, the same relationship could be obtained in case of discarding the results of
dense mixes, with a relatively high correlation (R?= 0.3) figure (7b). It can be also concluded
that the stiffness index is not also a good indicator to represent the rut performance of HMA.
6.4 VMA versus rut depth

-57-



% B!B Surman Journal for Science and Technology /ﬂ‘sjst.scst.edu.ly
E#=s  Vol.02, No.3, Dec 2020, pp. 047 ~ 062 4,58 g 2 glall ¢jla jua Alaa

The same results of flow are concluded as there is almost no correlation between VMA and
rut depth in case of all mixtures figure (8a).While the rut depth increases with an increase in
VMA in case of discarding the results of dense mixes, with a relatively high correlation (R% =
0.23)"figure (8b)". It can be also concluded from the previous figures that, VMA results alone
are not a good indicator for the rut performance.

These results are in agreement with Shiau, et al, (1997) [10] who concluded that, "the Marshall
stability and flow could not evaluate rutting resistance for different aggregate gradations, and
the VMA was better than the dense grade mixture to resist rutting". They are also in agreement
with Abukhettala (2006) [1] , who stated that there is no correlation between stability, flow
and rutting, therefore, stability, flow and stiffness cannot be used to predict rutting of the new
Malaysia HMA mixtures.

In contrast Brown, et al, (1989) [4] concluded that Marshall flow is a good indicator for rutting.
Also Ahmed, et al, (2011) [2] stated that there is a strong correlation between stiffness factor
and rut depth from wheel tracking test when tested between 40°C and 50°C. Randolph, et al,
(1996) [9] concluded that the Marshall stability/flow ratio produced the strongest correlation
with rutting for all HMA mixture properties with R? values of 0.528. These results confirmed
the obtained results in case of stability and flow with different values of R2. Brown, et al
(1989) carried out their work on asphalt concrete cores hence, there are other factors may
affect these results. Therefore, the authors believe that the rut depth depends on several
parameters rather than stability, flow, stiffness index , and VMA only.

7. Evaluation of rut depth using Bailey parameters (Ratios)

After blending the aggregates by using Bailey Method procedures for two mixes and the
Bailey ratios for them were calculated, then they were compared with the Bailey recommended
ranges. The calculations for the other mixes could be calculated too. These ratios may be useful
to evaluate rut depth of mixes, to evaluate packing of the portions of the combined aggregate
gradation and to predict other properties of HMA such as VMA. Three ratios were defined:
the coarse aggregate ratio (CARratio), the coarse portion of fine aggregate ratio (FAC Ratio), and
the fine portion of the fine aggregate ratio (FAfratio). Bailey ratios of all mixes were calculated
then collected and presented as shown in table (3) and figures (9), (10) and (11). The table
also shows "NMPS" for each mix and recommended ranges (R.Ranges) of Bailey ratios
according to Bailey procedures.

Table (3) Bailey ratios of DOL and LIM mixtures and Bailey recommended ranges

Bailey Ratios and their recommended ranges"R.Ranges"

Mixture | NMPS
name | (mm) CA Rraiio | R.Ranges | FAcratio | R.Ranges | FAfRatio R.Ranges
DOL-2C 19.0 0.81 0.60-0.75 0.46 0.35-0.50 0.43 0.35-0.50
DOL-3B 19.0 1.03 0.60-0.75 0.48 0.35-0.50 0.45 0.35-0.50
DOL-3D 19.0 0.97 0.60-0.75 0.44 0.35-0.50 0.37 0.35-0.50
DOL-4B 12.5 0.03 0.60-1.0 0.36 0.35-0.50 ——* 0.35-0.50
DOL-4C 19.0 0.47 0.60-1.0 0.46 0.35-0.50 0.69 0.35-0.50
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DOL-Bailey 19.0 0.71 0.60-0.75 0.47 0.35-0.50 0.43 0.35-0.50
Lim-2C 19.0 0.89 0.60-0.75 0.35 0.35-0.50 0.44 0.35-0.50
Lim-3B 19.0 0.94 0.60-0.75 0.38 0.35-0.50 0.38 0.35-0.50
Lim-3D 19.0 0.84 0.60-0.75 0.39 0.35-0.50 0.39 0.35-0.50
Lim-4B 19.0 0.44 0.60-1.0 0.65 0.35-0.50 0.65 0.35-0.50
Lim-4C 19.0 0.48 0.60-1.0 0.46 0.35-0.50 0.67 0.35-0.50

Lim-Bailey 19.0 0.73 0.60-0.75 0.41 0.35-0.50 0.47 0.35-0.50
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mixes and Bailey recommended ranges. the 12 mixes and Bailey recommended ranges.

Finally: The aggregate gradation curve had a significant effect on laboratory permanent
deformation properties and field compaction. Mixes with coarser gradation produced more
resistance to rutting than mixes with finer gradations under WTT and, an increase in the fine
aggregates content had an adverse effect on the laboratory permanent deformation properties.
These conclusions are in agreement with Randolph, et al, (1996) [9] and the percentage of
crushed coarse particles had a significant effect on laboratory permanent deformation
properties. Also these results are in agreement with Gregory, et al, (1999) [7] and Hafeez, et
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al, (2009) [5] who found that mixes with coarser gradation produced more resistance to rutting
than mixes with finer gradations.

8. Conclusions
Based on the results and discussions of the test data, the following conclusions can be drawn:

e There is a good relationship between aggregate gradation and HMA properties
and permanent deformation "Rutting" especially when the gradation is
quantified by the Bailey aggregate ratios.

e Mixes with coarser gradation (3B, 3D and Bailey mixes) produce more
resistance to rutting than dense gradation mixtures (4B and 4C-mixes) or open
gradation mixtures (2C-mixes) under WT machine, but may be exposed to
difficult field compaction, if the aggregate ratios gradations of these mixes are
not controlled.

e Anincrease in fine aggregates (sand) caused an adverse effect on the laboratory
permanent deformation properties.

e Bailey method is a useful tool in redesigning and evaluating aggregate blends
particularly when combined with engineering experience.

e Controlling aggregate ratios gradations could control anticipated mix
properties and predict permanent performance of HMA.

e The main limitation of the Bailey method is only consider aggregate size and
pays little attention to other aggregate properties (e.g, shape, Strength, surface
of the particles, type and amount of compaction energy, ...etc.) .This limitation
is observed in rutting performance variations when the materials were changed
from dolomite to limestone of the same type of gradation.

e There is no strong correlation between stability, flow and stiffness index and
rut depth. Therefore; they cannot be used to predict rutting potential of the
HMA mixture.
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ABSTRACT

Laser-induced breakdown spectroscopy (LIBS) is a type of atomic emission spectroscopy
which uses a highly energetic laser pulse as the excitation source. In principle, LIBS can
analyze any matter regardless of its physical state, be it solid, liquid or gas. LIBS may be used
to evaluate the relative abundance of each constituent element, or to monitor the presence of
impurities. Our experiments reveal that in addition to the presence of carbon, hydrogen,
nitrogen and oxygen, which can be primarily attributed to the active pharmaceutical
ingredients, specific inorganic atoms were also present in all the tablets. Initial attempts at
classification by a ratio metric approach using oxygen (777 nm) to nitrogen (742.36 nm,
744.23 nm and 746.83 nm) compositional values yielded an optimal value at 746.83 nm to
provide an acceptable classification.

1 Introduction

Laser induced breakdown spectroscopy (LIBS) is an analytical method for determination of
qualitative and quantitative composition of sample. One of the main advantages of LIBS is the
possibility to perform non- contact measurements without significant requirements for sample
preparation. LIBS is a versatile method for fast and accurate multi- element analysis of solid,
liquid and gaseous samples. In the last few years LIBS has become a popular tool for
determination of sample composition and has found versatility in many fields, including
environmental (Senesi et al., 2009), biomedical (Rehseet al., 2007)and pharmaceutical[Ongeet
al., 2002].

The pharmaceutical industry is beginning to consider this technique for in-line monitoring and
product analysis applications. However, there is not a lot of work published in the literature
that deals with the specific application of this technology for pharmaceutical applications
[Ongeet al., 2002; Ongeet al., 2005].

An important feature of the LIBS technique is its speed, which can allow for online
deployment. By integrating a peak resulting from the emission of a unique element at a
particular wavelength, a signal intensity value proportional to the amount of this particular
element present in the material ablated is recorded for each successive laser pulse.This
information can be monitored and compared for each site of a tablet for the determination of
tablet uniformity distribution, or it can also be compared as an average value between several
tablets for content uniformity evaluation.

High energy materials are soft organic compounds with the general formula C,HgN,O.. The
dominant peaks in the LIBS spectra of all such compounds comprise of Carbon, Hydrogen,
Oxygen and Nitrogen. They all are exhibit similar molecular and elemental signatures in their
LIBS spectra. These molecular species are key signatures of organics substances for
identification of organic high energy materials(Lazicet al., 2009;Lucenaet al., 2011).
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As sources for material ablation and simultaneous plasma generation from ablated material Q-
switched Nd:YAG lasers are commonly used. Intensive laser pulse is focused on the sample
surface to produce plasma or laser spark. Emission from the plasma is collected by fiber optic
and analyzed by spectrograph or photodiode. When optimal experimental conditions are
obtained, LIBS can provide accurate analysis of examined samples.

In this paper, we investigate the feasibility of LIBS for routine pharmaceutical tablet
investigation such as Parofon 300mg, Parol 500 mg and Aferin 650 mg for compositional
information and discrimination among tablets procured over the counter from local pharmacy.
Herein, we first report our observations of the LIBS-based elemental analysis on common
pharmaceutical tablets. Further, we attempted to classify these tablets into their corresponding
functional groups based on a radiometric approach

2Experimental Methods

The over-the-counter drug samples were purchased from a local pharmacy. They will be
scanned using LIBS with any further processing. The details of the samples are provided in
Table 1. Forth coated samples, the spectra were first recorded directly with the coating. (Here,
coated samples refer to the tablets that are available with colored coatings on them.) The
protocol outlined in Missaghiand Fassihi(Missaghi and Fassihi, 2004)was used for removal of
coating ensuring the relative flatness of sample.

Table 1.Details of pharmaceutical samples investigated.

Formula of the primary

Se. No. Sample name Ingredients
component
1 ;e;rafon 300 C8HINO2+C7HACINO2 Paracetamol+Chlorzoxazone
2 Parol 500 mg  C8HINO2 Paracetamol
3 Aferine 650 C8HINO2+ Paracetam_ol _ +
mg chlorpheniramine maleate

Five to ten different pharmaceutical tablets will be purchase from a local market. They will be
scanned using LIBS with any further processing. LIBS spectra were recorded using a Quantel-
Big Sky Nd:YAG laser (Bozeman, MT, USA), HR 2000 Oceanoptics Spectrograph (Dunedin,
FL, USA) and Stanford Research System Delay Generator SRS DG535 (Cleveland, OH,
USA). The experimental setup Figure (1) shows the LIBS setup. The laser operates at a
fundamental wavelength of 532 nm and used for sample ablation. It was then run in the Q-
switched mode at a repetition rate of 1 Hz. External gated detection was performed at 0.5 ns
gate delay and 20 ns gate width. Spectrograph was externally triggered from the laser at every
pulse with the delay generator. Samples will be measured by the LIBS technique by scanning
five different locations and four excitations per location.

A laser-induced breakdown spectroscopy-based analytical methodology is developed to study
tablet coating variability in pharmaceutical tablets. The method quantifies the amount of
coating on a tablet by assigning an average coating thickness score to it. When tested using
samples with different amounts of coating, the coating thickness scores showed direct
correlation to the weight gain of the tablet, hence validating the analytical method. The relative
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significance of the processing parameters and the components of variability were computed
using statistical techniques.

The sampling frequency of laser shots was found to have no significant effect. The effect of
the position of the laser pulse on the tablet surface was found to be significant; however, it
was determined that this effect was due to the tablet curvature, which resulted in the laser
optical path to intersect the coating diagonally. The variability between batches (lots)
manufactured under the same processing conditions was not significant. The largest avoidable
source of variability was the tablet-to-tablet component, possibly indicating the inadequate
mixing performance of the coating device.

Foucsing Lenses Tablet

Laser source
I Laser path

Sepctrograph

Collection Lenses

Delay generator
Detector controller

Fig. 1.Experimental set up

3. Results and Discussion

3.1Spectral analysis

A representative LIBS spectrum for each of the thee drug samples is plotted separately in Fig.
2, for the shake of clarity. All the spectra exhibited peaks corresponding to nitrogen, oxygen,
hydrogen and carbon. These lines can be attributed to the primary components responsible for
the action of the tablets (active pharmaceutical ingredients), which are organic molecules.
Though the primary component of Aferine does not contain any nitrogen in them, yet their
LIBS spectra show the nitrogen peaks. The possible reason for observing nitrogen peaks in
Aferine samples could be the presence of other ingredients such as flavoring and coloring
agents that are added to the pharmaceutical tablets. The spectra also exhibited peaks
corresponding to, Iron, sodium, magnesium, titanium and calcium.
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Fig. 2.LIBS spectra of the samples used in the study. (a) Aferin, (b) Parafon, (c) Parol.

We suspect that the other metals could be components of excipients (Brunette et al.,
2001)(especially sodium) or contaminants (Lewen, 2011). Both the recordings showed peaks
corresponding to carbon, hydrogen, oxygen and nitrogen, the coated spectra showed strong
peaks corresponding to titanium. Table 2 shows the list of the elements observed in the spectra
and their corresponding emission wavelengths

Table2.Different peaks observed in the LIBS spectra and the corresponding atomic elements.

S. No. Element Wavelength (nm)

1 Carbon 247.85

2 Iron 279.78, 283.59, 285.18

3 Manganese  279.10, 279.48, 380.96

4 Sodium 589.0, 589.60

5 Vanadium  251.16, 572.68, 635.70

6 Oxygen 777.19, 777.41, 777.53, 822.18, 822.76

7 Nitrogen 742.36, 744.23, 746.83, 818.48, 818.80,
821.63, 824.23

8 Hydrogen 656.27

9 Magnesium  518.36

10 Titanium 394.8, 395.6, 395.8, 399.8

11 Calcium 393.37, 396.86
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3.2Ratio metric analysis

We explore the potential of the ratio metric approach in identifying the tablets based on their
respective oxygen to nitrogen intensity ratios. This approach was previously shown to yield
reasonable identification of organic nitro-compounds, namely4-nitroaniline and 4-
nitrotoluene, by Rai et al. 2008. The oxygen peak at 777 nm (O)Figure (3)and nitrogen peaks
at 742.36 nm (N1) and 744.23 nm (N2) Figures (3 and 4) were used for evaluating the O/N
ratios. The oxygen peak at 777 nm is a triplet and was not fully resolved in our LIBS spectra.
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Fig. 3.0xygen LIBS peaks from (a) Aferin, (b) Parafon, (c) Parol. The dots represent the
experimental points.
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Fig. 4.Nitrogen (N1 and N2) LIBS peaks from (a) Aferin, (b) Parafon, (c) Parol. The dots
represent the experimental points.

Two different O/N ratios were calculated corresponding to the peaks of nitrogen at O/N1 and
O/N2. A direct evaluation of the O/N intensity ratios by considering the areas under the peaks
resulted in very large values as shown in Table 3.

Table3.0xygen to nitrogen ratios with the oxygen peak at 777 nm (O) and nitrogen peaks at
742.36 nm (N1) and 744.23 nm (N2).

Sample name O/N1 O/N2
1 aferinl 500mg  4.25 2.55
2 parofon_500mg 41.08 27.85
3 parol 500mg 23.05 12.5

Density of states calculated for the three tablets for the hydrogen peak at 656.65 nm (Figure.5)
taking into account the plasma temperature c=10000 K. Figure.6 shows the values of density
of states for different tablets under consideration.

1500 T T T T T T T T T T

—
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500

Intensity (a.u)

e e

T T T T T T T T
650 652 654 656 658 660 662 664

Wavelength (nm)

Fig. 5. The position of H2 peaks for the different tablets.
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Fig. 6. shows the density of states of different tablets.

3.3 Software Analysis

We applied software on tablet Aferin (500mg) as shown in the figure below:
We used unscramble software this program depends on

e Application knowledge (table) 40%

e Common sense 30%

e Statistics 20%

e Mathematical 10%

3.3.1 Correlation and variance explained

As shown in the figure aferin 650 mg there is error as well explained as other variables link of
error her is proportional to how much explained %.

Correlation between two variables parol 500mg and parafon 300mg we need to take into
account that both they need to be closed each other and we need to be explained in PCA in
this case very well explained.

50000

nnnnnn

Fig. 7 PCA graph shows two components parafon 300mg and aferin 650 mg
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Figure 10. PCA graph shows two components parol 500mg and aferin 650 mg

Conclusion

In this work, LIBS was evaluated as a rapid and direct method for measuring the drug content
in pharmaceutical tablets. Although the tablet components are all organic, in a large fraction
of cases the drug molecule contains an element which distinguishes it from the other tablet
components. Measuring the drug content can therefore be carried out by quantifying this

element.
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LIBS can provide new information on the surface and internal distribution of pharmaceutical
materials entering into the composition of pharmaceutical solid dosage forms. The technology
does not require any sample preparation, samples can be analyzed quickly in less than one
minute, and it is specific to the element(s) contained in the chemical structure of drugs and/or
other functional materials. Qualitative and quantitative determinations can then be obtained
rapidly on drug formulations during the developmental stage or commercial manufacturing.
In this work, we have studied the effectiveness of routine monitoring of commercial
pharmaceutical tablets using a LIBS technique for routine pharmaceutical tablet investigation
such as Parofon 300 mg, Parol 500 mg and Aferine 650 mg for compositional information and
discrimination among tablets procured over the counter from local pharmacy. We also use
PCA to correct the experimental errors.
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Abstract.

The abstract theory applies to examples of algebraic equations and nonlinear boundary value
problems are discussed, including systems of reaction diffusion equations. The link s between
bifurcation and stability showing are also investigated, the study discusses how increasing a
diffusion coefficient in a reaction-diffusion system can lead to bifurcation and also to a stable
solution becoming unstable.

Keywords: Nonlinear Boundary value problems, systems of reaction diffusion equations,
Stability, Bifurcation.

1 INTROCUCTION

Bifurcation phenomena arise in many parts of mathematical physics and an understanding of their nature is of
practical as well as theoretical importance[1], [2] and [3]. Reaction—diffusion systems are mathematical models
which explain how the concentration of one or more substances distributed in space changes under the influence
of two processes, local chemical reactions in which the substances are transformed into each other, and diffusion
which causes the substances to spread out over a surface in space [4],[5], [6] and [7]. This paper draws on and
derives support from the studies mentioned above and investigates how stability and bifurcation are linked as
both depend on the signs of eigenvalues. This study discusses the stability of solutions and reaction diffusion
system, and also, it discusses the surprising fact that increasing the amount of diffusion in a system can cause a
stable solution to become unstable. Finally, the paper establishes a connection between stability and the direction
of bifurcation for semi linear boundary value problems. The researchers consider the stability of solutions of

systems of ODE's and diffusion equations and study how the stability is linked to bifurcation

2 REACTION DIFFUSION EQUATION

Let us consider the following equation
u;, = Au, u(0) = u, (1.1)

Where A: X —» Y and X and Y are Banach spaces with X € Y. If X =Y = R", we have a system of ODE's. If
X ={uec?J0,1]),u(0) =0 =u(1)}and Y = C([0,1]) we have a reaction diffusion equation. The solution
of (1.1) is denoted by u(t,uy). An equilibrium # is stable if all solutions which start near @ stay nearby.
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Moreover, if all nearby solutions converge to # as t — oo,then % is asymptotically stable [6], [8] and [9]. Let’s
give definitions as follow:

An equilibrium solutions  is stable if for all € > 0 there exists § > 0 such that for every u, for which |u, — %] <
&, the solution u(t, u,) satisfies [u(t,uy) — | < € for all t = 0. The equilibrium solution # is asymptotically
stable if it is stable and there exists § > 0 such that |u(t, u,) — @] = 0 ast — oo for all u, for which |u, — 4| <
6 [10].

3 LINEAR AND NONLINEAR SYSTEMS
Let us consider the linear system
u, =Lu (1.2)

Where L is linear with eigenvalues A, <A, < -+ and corresponding eigenfunctions ¢,, ¢,, ... such that
{1, P,, ...} form abasis for Y. To show that u = 0 is stable if all eigenvalues of L has negative real part. Suppose

that the general solution of equation (1.2) can be written

u(®) = ) G (13)

It is needed to find C, (t). By differentiating the equation (1.3), then, we obtain that

(i cn<t>¢n)’ - i Ca)pn = L (i cn<t)¢n> - i Ca(O)Lpy = i InCa(O)n
n=1 n=1 n=1 n=1 n=1

Hence, it is required
C’n(t) = AnCn(t)

And so, we get 1,,C,(t) = Ae’nt, where A is a constant. Thus, we obtain the solution

u(t) = Z Aente,
n=1

Zero solution is stable. It can be shown similarly that if L has a positive eigenvalue then u = 0 is unstable. Let
us consider nonlinear equation u, = F(u). Since u — DF (0)u is the best linear approximation to F(u) is not
surprising that it can be proved that if u = 0 is a stable solution of u; = DF (u), i.e,, if all the eigenvalues of
DF (0)u have negative real part, then u = 0 is a stable solution of u, = DF (u). On the other hand, if DF(0)u
has a positive eigenvalue then u = 0 is an unstable solution. Example 1

let us consider the nonlinear equation

u; = Au — cu® where ¢ € Rand ¢ # 0.

Hence,

F(u) = Au — cu?.
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Calculating the Fréchet derivative, we get that
F'(u)h = (A — 2cu)h.
Hence, F'(0)h = Ah and so,if h # 0, F'(0)h = uh & Ah = ph & 1 = u. Hence u = 0 is a stable when 1 < 0

and u = 0 is an unstable when A > 0. This confirms the conclusion that we reach from the phase planes

Figure 1.1
........... T eieneaaen, B
Phase plane when 4 < 0 phase plane when 4 > 0
Figurel.1: phase planes when u = 0 is a stable if 1 < 0 and unstable if 1 > 0
Example 2

Let us consider the parabolic equation

Uy = Uy +Af (W) for0 < x <1, t > 0; u(0,t) =0 =u(l,t)
The equation above can be written as
u, = F(4,u) where F:R X X — C([0,1]) with X = {u € €?([0,1]):u(0) = 0 = u(1)} is defined as
F(A,u) = uy, + Af (w).
Calculating the Fréchet derivative, we obtain
E,(A, wh = hy, + Ahf'(w)
and sowhenu =0
E,(4,0)h = hy, + ARf'(0).
Thus, the eigenvalues yu of F, (4, 0) are values of y such that
hyy + Ahf'(0) = ph with h(0) = 0 = h(1) (1.4)
The equation (1.4) has non-zero solutions and it can be written as
—hy, = (Af'(0) — w)h with h(0) = 0 = h(1).
Let us assume
y =4f'(0) — u.
Then, we require that

—hy, = yh with h(0) = 0 = h(1)
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The eigenvalues y = m?,4m?,..., corresponding to eigenfunctions ¢; = sin (mx), ¢, = sin (2mx),........ , hence,
we obtain non zero solution of the equation (1.4) when f'(0) —u = n?n? for some n, for example u =

Af'(0) — n?m?. Hence u = 0 is a stable equilibrium point, if

A'(0)—nPrl<0=> 1< P foralln = A < 2.
7'(0) 7'(0)

2
If 1> f7'T—(0)' Then, the equation (1.4) has a positive eigenvalue and so u = 0 is an unstable equilibrium point.

4 STABILITY OF THE REACTION DIFFUSION SYSTEMS.

This section is essentially concerned with stability properties of uniform state solutions to systems of

reaction diffusion equations. we consider the system of n reaction diffusion equations.
a a
a—j =DAu+F(u) on Q, d—z =0 on 40 (1.5)

Where () is a bounded region in R", u € R", D is an n X n diagonal matrix and F: R — R™. Then, solutions of

the corresponding systems of ODE's
u, =FWw)ueRr: (1.6)

Are also solutions of the reaction diffusion system. We would expect the addition of diffusion to make solutions
more likely to be stable, we might expect that u = 0 is a stable solution of (1.5) whenever is a stable solution
of (1.6). We show that this true for the case of single equation.

Let us assume u = 0 is a stable of the single equation u; = Au, where A is a negative constant. Let us consider
the single reaction diffusion equation u, = dA + Au, this equation more likely to be stable to systems of
reaction diffusion equations. The stability of the solution u = 0 is determined by the sign of the eigenvalues

dAu + Au = uu 1.7)
—dAu—-—(A—pwu=0 (1.8)

Hence u is an eigenvalue of the equation (1.8), if and only if A — u is an eigenvalue of - dAu with Neumann
boundary condition i.e., A — u=0, py, u,, i.e,u = A, A — . Since A < 0 then, all eigenvalues of the equation
(1.8) <0 and so, the equilibrium solution is stable. We show that this is not true for the case of a general system
as follows. Let us assume u — 0 is a stable solution of general linear system u; = Au. Hence all the eigenvalues

of A have negative part. We now consider the general reaction diffusion system
u; = DAu + Au
The stability the zero solution for this system is determined by of the eigenvalues u of
DAu + Au = pu
—DAu — Au = —uu 1.9
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Non zero solutions of (1.9) occur when —u is an eigenvalue of one of the matrices ;D — A i.e pis an

eigenvalue of one of the matrices —u;D + A.

Although all the eigenvalues of —y; D and of A have negative real part, it is still possible that —y;D + A has a
positive eigenvalue and so (1.9) can have a positive eigenvalue. To illustrate this case, let us give an

example. The matrix

e

has negative eigenvalues, but by choosing y; = 1and D = [3;)0 10], therefore, it is obtained that.

=055

This has one positive and one negative eigenvalue. Hence in this case p = 0 is a stable solution of the system

of ODE's u, = Au but an unstable solution of the reaction system u, = DAU + Au.
5 STABILITY OF THE BIFURCATING SOLUTIONS
By considering the following problem
ey = Af (W), u(0) =0 = u(1) (1.10)

where f(0) =0 and f'(0) > 0. According to the Crandall and Rabinowitz theorem, then there is a nontrivial
continuously differentiable curve through (4,, 0), of the form of (A(s), u(s)), where u(s) = s¢, + sy(s),and s is
small number and ¢, is the first eigenvalue of —pu,, with zero boundary conditions i.e., ¢, (x) = sin (7x). In order

to investigate the stability of the solution u(s). By linearization of the equation (1.10), then
Wiy + Af’(u(s))w = uw (111D

The solution u(s) will be stable (unstable) if the eigenvalue u corresponding to the positive eigenfunction w < 0 (>

0). Substituting the solution (A(s),u(s)) in the equation (1.10). Then,
~Uy (5) = A(s)f (u(s)) (*)
Differentiating this equation with respect to s yield the new system
~ s (5) = A (S)f (u(s)) + A f' (uls))us(s)

Let us consider ¢ = uy(s). It is clear that by u(s) = s¢; + sy(s), and so u;(0) = ¢p; > 0, and uy(s) > 0 for s

close to zero. Then,

—0xx(8) = X () f(u(s)) + A f' (u(s)) o (1.12)

We multiply (1.11) by ¢ and (1.12) by w, and by adding new both equations, and integrate to obtain
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[ et = prawrdr =t [ wopds + 25) [ fw wax

And also, by using integration parts, the new results can be written as:

f(wxx(p - (pxxw)dx =0

Hence,

o TR S f 0 wax

Fwods (1.13)

We have that u(s) > 0 for small positive s and u(s) < 0 for small negative s. Hence f(u) > 0 (<0) for s small and
positive (negative), and so| f (u) wdx satisfies the same sign property. As [ wodx > 0, it is easily to determine the
sign of u in terms of the signs A'(s). By looking at 2'(0) > 0. If s > 0, A(s) > A; and is s < 0, A(s) < A4, and soO
the bifurcation diagram is as in the Figure 1.2

sf o
VA

Figure 1.2: Bifurcation diagram for u(s)

If s>0,ff()wdx >0 and so u < 0. Hence u(s) is a stable solution. On the other hand, if s <0,
J f(w)wdx < 0 and so u < 0. Hence u(s) is an unstable solution. Let us now look at A’'(0) < 0. Then, if s > 0,
A(s) < Ay and if s < 0, A(s) > A4, To see the bifurcation diagram look at the Figure 1.3 for this case.

Figure 1.3: Bifurcation diagram when u < 0

If s >0, [ f(w)wdx > 0 and so u > 0. Hence, u(s) is an unstable solution. While if s < 0, [ f(w) wdx < 0
and so u > 0. Hence, u(s) is a stable solution. Finally, by looking at the case A’ (0) = 0. Let us first assume A"'(0) >

0. Hence A has local minimum at s = 0 and so we have bifurcation diagram of the form
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S
Figure 1.4: Bifurcation diagram when u > 0

Let us investigate the stability of u(s) for s > 0. Then, 2'(s) > 0 and [ f () wdx > 0 and so

O f@wdx

[ weodx

and so u(s) is a stable solution. On the other hand, for s < 0. We have A'(s) < 0 and [ f(u) wdx < 0 and so

again

_ =X () [ f(w) wdx
h= [ weodx <0

and so u(s) is a stable solution. By considering|the case A" (0) < 0. Then, A has local maximum at s = 0 and so,

the bifurcation diagram is shown in the Figure 1)5:

Figure 1.5: Bifurcation diagram of u(s)

Let us now investigate the stability of u(s) for s > 0. Then 1'(s) < 0 and so the least eigenvalue of the problem

linearized about u(s) is

—X(s) J £ (u) wdx
‘LL —

>0
[ weodx

and so u(s) is an unstable solution. On the other hand if s < 0, we have A'(s) > 0 and so

[ = =X (s) [ f(w) wdx

>0
[ wodx

and so u(s) is again an unstable solution. It is needed to show how our results apply by giving the following

example
—Uy = Asin(w), u(0) =0=u(1)
Itis given f(u) = sin (u). Then, f'(0) =1, f"(0) =0 and f""(0) = —1 . Thus, it is obtained that A'(0) = 0 and

A"(0) > 0, and so the bifurcation diagram is as in the Figure 1.4
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6 CONCLUSIONS

In this paper, we have discussed the stability of the solutions showing how bifurcation and stability are linked, how

a uniform solution can become unstable as diffusion (the bifurcation parameter) increases and finally for boundary

value problems establish a connection between the stability and direction of bifurcation of bifurcating solutions.
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Abstract:
This study aims to identify the role of internal marketing dimensions to
improving the quality of banking services provided by bank branches in the city
of Sorman. Whereas, to achieve the objectives of the study, the descriptive
analytical approach used a questionnaire form to collect data and information,
analyze using (Spss) program. The important results, of the study is a positive
relationship between the dimensions of internal marketing and the quality of the
banking services provided, where the 61% of the quality of the provided banking
services is mainly due to the dimensions of internal marketing according to the
viewpoint of the study sample. In addition to the results of the answers for the
total paragraphs of the study axes as a whole, and through the analysis of the
correlation coefficients, there is a statistically significant correlation at a
significant level (0.05) between the elements of the quality of banking service

provided with the internal marketing dimensions.
Key words (internal marketing dimensions, quality of banking services)
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Abstract:-
This study investigated the accounting information system used in the Libya Insurance
Company. Where it aimed to introduce the accounting information system and the main
role that this system plays in obtaining sound and accurate outputs in a timely manner,
and then knowing the difficulties facing the company in implementing an accounting
information system and providing suggested solutions to the problems of the existing
system resulting from the apparent weaknesses in it. In this study, the descriptive and
analytical approach was used, which relies on collecting data and information related
to the study variables, and a questionnaire sheet was also used to survey the opinions
of the study sample represented by the employees of the Libya Insurance Company
(Public Administration), and then the statistical analysis program (SPSS) was used to
analyze and interpret the data using a package from statistical tests. The study showed
a number of results, including that the accounting information system currently used by
the company is a manual operating system, despite the availability of modern computers
in the departments of financial affairs management, and also the limited utilization of
available computers for optimal use despite their novelty, as there are no databases for
operating accounting data in the Accounting System, which leads to a slowdown in
obtaining financial statements and reports in a timely manner.
Keywords: accounting management system, assessment.
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Abstract.

The present work presents a study of Two Dimensional Flow Analysis over NACA0012 and
RAE2822 airfoils. here the aerodynamics analyses are carried out by use of Cell Centered Finite
Volume scheme. Through this study, a grid generation algorithm has been developed to fulfill the
need of the case of two dimensional C-topolgy. There are types of grid generator can be adopted:
structured grid or unstructured grid. The first grid approach is normally needs less expenses
compared to the second one. Using an ordinary approach in creating the grid of the flow domain by
algebraic grid generation method

The validation of the developed computer code carried out by comparing its result with
Fluent software and experimental results, it had been found that some discrepancies result in
term of Mach number or other flow properties between the developed computer code and
fluent software are apparently. By improving grid of the flow domain by use of smoothing
technique give the developed computer produce the result in a good agreement with the fluent
software and the experimental result as well. Considering the ability of the developed
computer code similar to the Fluent software, the present code had been used to evaluate the

aerodynamics characteristics for other cases such as fuselages.

Keywords: Airfoil, CFD, Inviscid Flow Analysis
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1. Introduction

The present work which deals on the development computer code for solving the Time
Averaged Navier Stokes, it used firstly for solving the two dimensional compressible inviscid
flow problem governed by Euler equation before goes to the flow problem governed by the
Time Averaged Navier Stokes. For the purpose of evaluation on the capability of the
developed computer code, the present work focused on solving the flow problem past through
airfoil NACA 0012 and airfoil RAE 2822. Various researchers around the world had obtained
the experiment result over these two types of airfoils at various flow conditions. Hence,
comparison result can be made between the present developed code with the experimental
result beside on the comparison result obtained by using Fluent software. The comparison
result of the present developed code as inviscid flow solver presented in the following:

2. Governing Equations of Inviscid Two Dimensional Compressible Flow.

The governing equation of fluid flow without viscous effect is known as Euler equation. For
the case of flow passes over a body, the Euler equations which can be derived from the

conservation of law are written in term of the conservative variables can be given as [3,4]:

o f, QAV + [, |(Ednx + (Fo)ny] ds =0

1)

with Q written to a Cartesian system, V is the cell volume, nx and ny are the components of
the normal unity vector to the flux face, S is the flux area and E. and Fe are the components of

the convective flux vector. The vectors Q, Ee and Fe are represented by:

P pu pv
2 v
_)pu _)put+p _ pu
‘" {pv}' fe = puv and F = pv? +p
e (e + p)u (e +pv

)

Where p the fluid density; u and v the Cartesian components of the velocity vector in the x
and y directions, respectively; e the total energy per unit volume of the fluid; and p is the static
pressure of the fluid. The method for solving a system equation as defined by Eq. (1) can be

done by use of method available in Ref. [1] or [6].
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3. Mesh Flow Domain

However, the case of flow past through an airfoil in which the flow domain has

relatively a simple flow domain, the unstructured grid can be developed by use of structured

grid. This is due to the fact that a structured is more easily programmed than unstructured grid

developed by use a Delaunay grid generator. In this respect, the setting up the flow domain

past through airfoil can use c-grid topology or O-grid topology. The present work use

unstructured grid in C-grid topology. Figure 3.3 shows an airfoil model immersed in the free

stream with the incoming velocity U... with make an angle of a with respect to the airfoil chord

line. And for more explanations check the reference [8].

AR

Figure 1.1 Flow past through an airfoil

Figure 1.1 shows the flow domain surrounding the airfoil which modeled to have C-

topology as shown in the Figure 1.2 below.

freesiream B.C.

G

freestream B.C.

wall B.C.

B cut off B.C.

freestream B.C.

Ouiflow

Quiflow

H

Figure 1.2 The C-topology for the flow past through airfoil and the boundary condition.
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In the C-topology, the line ABCDE represent the inner boundary while the line
AHGFE represent the outer boundary. The line AB and DE represent the cut off boundary
condition. The outflow boundary condition defined along the line AH and EF, while line HGF
represents the free stream boundary condition. To minimize the effect of imposing the outer
boundary to the overall solution, the present work uses a distance HF and GE is set 40 times
the airfoil chord length. As it had been mention previously the present work use unstructured
grid with the Roe’s cell center finite volume as the solver for solving the governing equation
of fluid motion. The element used in formulating the Finite Volume method is in the triangular
form. To obtain a triangular element, the present work start with creating the mesh flow
domain in structured form which will generate the mesh of flow domain as shown in the Figure
3.5.

05

D5k

L

(@) Full view (b) zooming view
Figure 1.3 The mesh flow domain in structured grid representation.
As the structured grid is available, the next step is grid triangulation namely converting from
the shape of element from quadrilateral in structured grid become a triangle element. This
process will generate the mesh of the flow domain originally as given by Figure 1.3 becomes

as shown in the Figure 1.4,

20 ~

04

0.2 o

-0.2

-2055 =T 0 0 0 0 0.2 0.4 08 08 1
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(@) Full view

(b) zooming view

Figure 1.4 The mesh flow domain in unstructured grid representation

4. Result and Discussion.

For the purpose of evaluating the present developed computer code in view of the flow

problem in hand considered as the flow problem governed by Euler equation are applied to
the case of flow problem past through airfoil NACA 0012 and airfoil RAE 2822. The first

airfoil represents a symmetrical airfoil. Any solution must provide a symmetrical solution

between the solution over the flow domain located at the upper part of airfoil surface with the

result provided in the flow domain below the lower surface when the incoming velocity having

a zero angle of attack. Table 4.1 show the flow condition had been assigned to these two cases.

Table 4.1 Summary of Inviscid Flow Test Cases

Test Case Airfoil Profile Me a Reference(s)
Gregory & O'Reilly, NASA R&M 3726,
1 NACA 0012 0.15 0
Jan1970
Gregory & O'Reilly, NASA R&M 3726,
2 NACA 0012 0.15 10°
Jan1970
Gregory & O'Reilly, NASA R&M 3726,
3 NACA 0012 0.15 15°
Jan1970
Christopher L. Rumsey, NASA Langley
4 NACA 0012 0.7 1.49°
Research center, May 1988
5 RAE 2822 0.729 | 2.31° Cook etal., 1979

5. Case Study of Flow Past through Airfoil NACA0012 for Inviscid Flow

For the case of flow past through airfoil NACA 0012, two values of Mach number had

been selected. The first Mach number value is M« = 0.15 and the second one is at the Mach

number M« = 0.7. The first value Mach number indicates that the flow is incompressible flow,

since the physical flow phenomena had been found as far as the Mach number of the free

stream below M = 0.3, the compressible effect can be ignored. In other word, the flow

behaves as incompressible. At this low Mach number the flow analysis are carried out at three
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different angle of attacks a=0°, 10° and a=15°. The topology of the flow domain presented
in C-topology with unstructured grid as shown in the Figure 2.1. The number of elements are
128 x 64 x 2 elements.

20

04

0.2 o

-0.2

[l

-0.4

ool i . ] f L ) i J
-20 -10 0 10 20 0 0.2 04 06 08 1

X X

(@) The whole domain Actual (b) Close —up
Figure 2.1.a The mesh flow domain over airfoil NACA 0012, mesh size is 128*64*2

20

e

I e e ¥ S S Y

€220 -10 0 10 20
X

(@) Present grid generation code (b) Grid by Gambit software
Figure 2.1.b The mesh flow domain over airfoil NACA 0012

Figure 2.2 shows the comparison result in term of pressure coefficient C, along the airfoil
surface between the present code, Fluent software and the experimental result. Here the
experimental result used is the experimental provided by (Gregory & O'Reilly, NASA R&M
3726, Jan1970). The flow condition is set at the incoming Mach number velocity M« =0.15
for three different angle of attacks a =0°, 10.0° and o =15.0°

-132-



% B Surman Journal for Science and Technology /dsjst.scst.edu.ly
E#F=a  Vol.02, No.3, Dec 2020, pp. 127 ~ 138 A8 g o glall (e pea Adaa

05 — i
e Sy
_'E hh‘"’”---s e
. e .
t T
S
0.5 — FLUENT
1 M
4 ® @ ®CoDE
B +—+—+EXP _
% FLUENT =t
8 T T T T 1 . . . . .
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(a) Angle of Attack a=0° (b) Angle of Attack o= 10°
20
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(c) Angle of Attack o =0°
Figure 2.3 Comparison result of pressure coefficient distribution Cp along the airfoil
surfaces for the case Airfoil NACA 0012.
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Considering above Figure, one can conclude that the present code is in a good agreement

with experimental result as well as with the result obtained by use of Fluent software. The

present code is able to produce a symmetrical result between Cp at upper surface and Cp on

the lower surface.

In view of the flow pattern over the flow domain presented in term Mach number

distribution between the present developed code and Fluent software are depicted in the Figure

2.4 and Figure 2.5 for the case at the angle o = 0°, 10.0° respectively.
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(a) The present code

(b) Fluent

Figure 2.3.b: Mach Contour, NACA 0012 airfoil at M»=0.15 and a=0" by using the present

inviscid code and Fluent software
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Figure 2.2.b: Mach Contour, NACA 0012 airfoil at M»=0.15 and a=10° by using inviscid
code and Fluent software
The previous result is for the case of a low Mach number. Physical observation had
conducted by various researchers had found that a Mach number M < 0.3, the
compressible effects can be ignored and the flow can be treated as incompressible flow.
In the case at a high subsonic flow in which the compressible effect has to be taken
account, the comparison result between the present inviscid code, Fluent and
experimental result in term of pressure coefficient distribution along the airfoil surfaces

as shown in the Figure 2.6.
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Figure 2.6.: Distribution of Mach Number on NACA0012 at M»=0.7 and o = 1.49° by using
inviscid code
While Figure 2.7 shows their comparison result in term of the Mach contour over the

flow domain between the present code and Fluent software
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Figure 2.7.: Mach Contour, NACA 0012 airfoil at M»=0.7 and a=1.49° by using inviscid

code and Fluent software

Considering the comparison result as shown in the Figure 2.6 and Figure 2.7 are
clearly indicated the present developed code is in a good agreement with the
experimental result and also able to produce the result as obtained by Fluent software.

The comparison for other airfoil is applied to the case of flow past through airfoil
RAE 2822. The flow condition is set at M=0.729 , o= 2.31° and Re = 6.5 Million. Basically
in the inviscid flow analysis, Reynolds number is not needed. However, in the context of the
experiment work, the Reynolds number is required to be stated, since the Reynolds number
will determine with what happen the flow behavior inside the boundary layer domain. In
addition to this, for the case flow past through a streamline body such as the flow past through
airfoil, a High Reynolds number will give more guarantee to get the inviscid flow solution
close to the experimental results.

In view of grid topology and mesh flow domain, Figure 2.8 shows the grid topology and

the close up of the mesh flow surrounding airfoil had been used in the present work.
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Figure 2.8.a The mesh flow domain over airfoil RAE 2822 with the mesh size is 128*64*2
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The comparison of Mach contour between the present work and fluent a s given in the Figure
2.9 below.
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(a) The present code (b) Fluent
Figure 2.9.b: Mach Contour, RAE2822 airfoil at M=0.729 and a = 2.31° by using inviscid

code and Fluent software

While in the case of pressure coefficient along the airfoil surface their comparison results

are given in Figure 2.10.
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Figure 2.10 Cp Distribution on RAE2822 M=0.729 and o = 2.31° by using inviscid code

6. Conclusion

The validation of the developed computer code is carried out through comparing their result
to case of flow past through airfoil where their experimental results are already available in
the literature and through rerunning the flow problem by use a Fluent software. Here uses test
case of flow past through airfoil NACA 0012 and airfoil RAE 2822 at some various flow
conditions. Considering the comparison result shows that the developed computer code as
inviscid solver are able to provide the result as obbtained from the experimental and Fluent

software.
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