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:Abstract

This research paper addressed the concept of integrated management of
pest control and agricultural diseases to see the economic role it plays in
improving and increasing the production of olive crops in Libya, which is
tamous for its climatic conditions suitable for olive cultivation as an interest of
agricultural crops, so it was necessary to care for pests and diseases that attack it
and cause serious economic damage, and in order to research to reach results
that can be used through its implementation on the ground to avoid the

expected losses .
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Therefore, the most important recommendations of the research paper were the
need to establish a comprehensive and integrated database on the most
important pests and diseases prevalent in Libya and work to encourage organic
agriculture and support it by all means to make it a success, training the cadres
working in agricultural extension on such programs to be able to push farmers
towards the implementation of this program, which will reflect positively to

improve the productive efficiency of olive fields.

Key words: integrated pest control management, natural (vital) enemies, level

of economic damage
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1- Plant Pathology, (2004), George N, Agrios, Department of Plant Pathology
University of Florida.
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Abstract:

The Chinese orientation towards the African continent raises many
questions about its main causes and motives among many who are interested
in international studies.

The African continent has recently become a focus of the foreign policies of
several advanced countries.

In the continuation of the traditional interest of colonial European
countries such as France and Britain, with the penetration of American influence
in a large way and the presence of some regional countries, In the meantime,
China is entering this line, which represents a clear shift in Chinese foreign
policy.
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This study focuses on the Chinese interest in Africa in referring to its
causes, dimensions and motives. It also addresses the opportunities and
challenges facing this presence represented in the momentum of international
competition for Africa, then try to identify the most important ways used by the
Chinese strategy to achieve its goals, especially soft powers.
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Rotodynamic examination for ball bearing turbocharger

*Dr. Amer H. akier **Eng.Hosni M. Zaghwan ***Eng. Ahmed A. Abdelhafid

Abstract:

The construction of the turbocharger rotor protects the special type of oil film
as a dynamic method of both sealing power and film bearing strength, this could
be for some types of sealed turbocharger. The hardness and damping matrices of
the sealed construction calculated by applying short bearing theory which included
to form a simulation model of the complete rotor system compared with the
experimental ones and also compared with the simulation outcomes of a rotor
system without sealed construction on over speed, unbalance and solidness
reaction were revealed by this way. This paper has shown that the sealed
construction is of substance within the rotor dynamics examination for ball bearing

turbo charger, and here the short bearing theory is still available.

KEY WORDS: turbocharger, sealed construction, vehicle engine, ball bearing
*Staff member at Faculty of Education University of Tripoli
** Staff member at Jadu Faculty University of Nalut Libya

*#** Staff member at Jadu Faculty University of Nalut Libya
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Introduction:

Turbocharging is the main direction of modern vehicle engine enhancement.
Engine turbocharging technology can greatly increase engine output, improve fuel
economy, save energy, reduce exhaust pollution, and reduce noise. Bearings are
the core components of turbochargers, and their efficiency and reliability have a
significant impact on the performance and life of turbochargers. Compared with
the currently commonly used floating bearings, the mechanical efficiency of
turbocharger ball bearings can reach more than 95%. The total efficiency of the
rolling ball bearing supercharger can be increased by 5% to 7%, and it can even
be increased by 20% at low flow rates (Thomas G R, et al. 2005 pp 35-45). Ball
bearings have high rigidity, low oil film damping, good transient response, and low
lubrication requirements. Therefore, the use of ball bearings in automotive
turbochargers has become a development trend. At present, the research on the
dynamic characteristics of the ball bearing turbocharger bearing—rotor system has
just started. Existing studies have neglected the influence of the damping and
stiffness of the seal structure on the dynamic characteristics of the ball bearing
turbocharger rotor (Wilke 1998 & Johnson2001). Therefore, this research takes
into account the influence of the damping and stiffness of the seal structure by
adding an additional sealing structure. And the finite element model used to
analyze the dynamic characteristics of the turbocharger bearing-rotor system and

its stability as well.
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Dynamic analysis of turbocharger seal structure

For the ball bearing turbocharger, the oil film damping of the ball bearing is
quite small, and the general dynamic analysis can be ignored (Johnson C D &
Wilke S, 2001, pp 1-10). The damping of the seal structure is larger than that of
the ball bearing oil. Neglecting the damping of the seal structure will have an
impact on the transient response and stability. At the same time, the stiffness of
the sealing structure may also have an impact on the critical speed. The
supercharger seal structure studied in this paper figure (1) is a piston ring seal to
prevent bearing lubricating oil from entering the compressor, or turbine part of the
supercharger, while preventing the air at the compressor end or the gas at the

turbine end from entering the supercharger. Its structural feature is that, the seal

i e[
D u i
— =

Figure (1) the working position of sealed construction

ring (outer circle) expands tightly in the seal ring groove under its own radial

elastic force, and there is a certain gap between the seal ring (inner circle) and
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the rotating shaft. When the supercharger is working, there are three conditions

for the medium between the seal ring and the shaft:

1. Air (compressor side) or gas (turbine side).

2. Lubricating oil and air (compressor side) or gas (turbine side) mixture.

3. Lubricating oil.

Under normal circumstances, as shown in figure (2), when the gap between
the seal ring and the rotating shaft should be filled with a certain pressure of
lubricating oil and air. This paper conducts research in this state. When the
turbocharger is in a steady state, the gap between the seal ring and the shaft

remains unchanged; when the wheel supercharger is in an unsteady state, such

Figure (2) THE WORKING CONDITION OF SEALED CONSTRUCTION

as acceleration and deceleration, the rotor is subjected to radial load Change, the

gap between the seal ring and the rotating shaft will change. In extreme cases,
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such as flat damage, over speed, etc., it may cause friction between the rotor
shaft and the seal ring. In addition, when the supercharger accelerates or
decelerates, the axial load of the supercharger rotor is the largest. Under the
action of 5-10 times the axial load under steady-state conditions (Liu Tianxiong,
et al. 2002), it may also cause the axial end face of the seal ring and Rubbing
occurs between the mating end faces of the rotor shaft. Because these two states
are not the general state of turbocharger work, this paper does not consider the
rubbing state. Similar to the rotation of the rotating shaft in the oil film bearing, the
rotating shaft also rotates in the seal ring while the seal ring is tightened in the
seal ring groove, and the gap is also oil and gas compounds, and the oil film
action mechanism is the same (similar). Studies have shown that sealing force
and oil film force have similar dynamic principles (Li M, et al. 2010 pp 1356-1360).
Due to the theoretical basis of oil film force, the Reynolds equation is a partial
differential equation containing two variables, which is difficult to solve. In
engineering, numerical solutions are usually used to solve the stiffness and
damping of the oil film. Short bearing theory provides an approximate algorithm
for solving oil film stiffness and damping, which has been widely used in
engineering, especially for short bearings with a length-to—diameter ratio of less
than (.25. The calculation results are accurate and easy to calculate. According
to the working state and dimensional characteristics of the seal ring, this paper
regards the seal ring as a short bearing to analyze the influence of the seal
structure damping on the rotor dynamics of the compressor. Under the semi-

Somerfield condition, the nonlinear oil film force of a short bearing is expressed in
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polar coordinates (Zhang, 2007, et al. pp 66-69). Infinitely short bearings (narrow

bearings):

WORL3 262

E = c2 [2(1—82)2] (1)
_ _ uoRrRLC® me?
Fe = c? [2(1—52)3/2] @

Qil film equivalent stiffness and equivalent damping

Oil film stiffness :

Fy

ko=—= G
Fe

do - 5 (4)

The negative sign at the right end of the above two equations represents
the radial elastic restoring force Fr and the circumferential damping force Ft of the
oil film, which are opposite to the directions of the eccentricity e and the
precession speed e  respectively. When the turbocharger rotor system rotates,
the center of the journal will make a steady-state synchronous circular precession
around the center of the oil film ring. According to the short bearing approximation

theory, the oil film stiffness and damping can be expressed as (Huang R, et al.
2009, pp 298-303):

UONRL3 2¢

Ko = == i (5)
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URL3
Tz

dy = [— ] (6)

2(1-£2)"/2

Where: R is the bearing radius, L is the bearing width , p is the lubricating oil
dynamic viscosity Degree, E represents the journal eccentric distance; C
represents the sealing gap, s:% is the journal Eccentricity; Q represents

precession angular velocity.
Establishment method of rotor dynamics model

The classic finite element analysis method of rotor dynamics is to establish a
typical bearing—rotor system. Through the analysis of the disc, shaft section,
bearing seat and other elements on the axis, the relationship between the element
nodal force and the nodal displacement is established, and integrated The motion
equations of each element are obtained by obtaining the system motion
differential equations with node displacements as generalized coordinates, thereby
transforming the system into a rotor vibration problem with finite degrees of
freedom, and solving a set of linear algebraic equations to obtain the critical

speed of the rotor.

Turbocharger bearing-rotor system usually consists of discrete compressor
wheel and turbine wheel, rotating parts, shaft section with distributed mass and
elasticity, and bearing seat. For a rotor system with N nodes connected by N-1
shaft sections, the motion equations of each disc and shaft section unit are
integrated to obtain the motion equation of the rotor system stability. (Huang R,

et al. 2009, pp 298-303)

10
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{[Mﬂwz} + -Q[/z]{Uz} + [Kz]{Uz} ={Q2}

. 7
[M1{U,} — 20, {U} + [K; {U;} = {Q4} 7

Among them: the overall mass matrix (M;), the swing matrix () J; is a 2Nx
2N-order symmetrical sparse ribbon matrix. U;, U, for The displacement vector of
the system, the corresponding general forces are Q;, and Q, Thus, PRO of the
rotor can be found when () = w Boundary speed. The homogeneous formula of
type (7):

o ]G +al) B+ k)@ -o ®)

Suppose the solution of equation (8) is:

{U;}={A,} cos wt — {B;} sin wt 9
{{U2}={A1} cos wt + {B,} sin wt ©)

By Substitution into equation (8), this yields to:

K, — M;w? Jiw? 3
J1 02 K, — M;»? l{_} {0}

(10)
K, — M;w? Jiw? B,
Jiw? K, — lezl {A_Z} =10
Let:
=% ] - [ 2] o

11
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So the frequency equation is (Ericka M, et al. 2005, pp187-193)
IMpw? + K| =0 (12)

The above formula is a 4N-order algebraic equation related to 2.
Because [K] is a symmetric positive definite matrix, and MF is a real symmetric
matrix, but usually not positive definite, some of the 4N eigenvalues are negative
real numbers, only when ®? is positive real number. The eigenvalues are
meaningful and their arithmetic square root is the critical speed of each order of
synchronous positive vortex and synchronous anti-vortex.

This paper uses Dyrobes finite element software to establish a two-
dimensional beam model: Type (Huang R, et al. 2009, pp 298-303). In the Dyrobes
software, the rotor system can obtain a two-dimensional model of the rotor by
establishing the shaft section and inputting the shaft section parameters and
material parameters. Among them, the rotating parts of the bearing inner ring,
sealing sleeve and spacer that have a sudden cross-section directly adopt the
equivalent diameter for modeling and calculation, turbine and compressor
impellers are equivalent to mass points. The ball bearing is simplified as an
elastic support, and the dynamic characteristics of the ball bearing are described
by adding four positive stiffness and positive damping. The stiffness and damping

of the sealing structure are obtained from the bearing module in Dyrobes.

12
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Calculation and analysis examples:

Instance:

Take a certain type of supercharger that has completed the critical speed
test as an example to perform rotor dynamics analysis. The specific dimensions

are as following: Turbine end seal ring ruler size: Diameter 14mm, inner diameter

-0.01
1.4 -003
0,775%0.025
¥ N—
3
S s
o
H
S vz |

12.45mm, width 1.39mm; Thickness: (0.775mm. Shaft diameter at the seal ring:
111.5mm. Compressor End seal ring size: diameter] Imm, inner diameter
9.6mm, width 1.39mm, and thickness (.7mm. Compressor end shaft sleeve size:
inner diameter 6mm, the outer diameter of the seal ring 8.7mm, kinematic
viscosity: 14.21 mmz/s, the dynamic viscosity is: 3000MPa.s, the speed of the
turbocharger that is commonly used is 10,000r/min. Let L be the width of the seal
ring and D be the straight seal ring diameter, the sealing ring L/D<0.2, can be
regarded as a short bearing (L/D<0.25). The CAD diagram of the sealing ring is

shown in Figure3 and Figure4

Figure (3) the cad map of sealed ring turbine side

13
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Figure (4) the cad map of sealed ring on compressor side

Calculate the stiffness resistance of the rotor system according to the bearing

module in Dyrobes as illustrated in table 1.

Table (1) Stiffness resistance of rotor system according to the bearing module in

Dyrobes
Position Stiffness /(N - mm -1 ) Damping/(N-s -mm‘l)
0
1.39-0.01
N
3 s
+
S +
o 0.7%0.025 . 1
Jack joint 63484.7 0
Turbine end seal ring 59.5477 0.102331

14
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Compressor end seal

45.9163

0.789056

The bearing-rotor
aforementioned method is shown in Figure4 and Figure5. The left side of the
figure is the compressor impeller, and the right side is the turbine. Its mass,
moment of inertia and center of gravity position are all obtained by the mass
characteristic function in Pro/E. the Ball bearing is simplified as an elastic
support. The static stiffness of the bearing is calculated by the squeeze oil film
bearing tool module in the Dyrobes software according to the bearing structure
and load. In order to facilitate the comparison of simulation results, the model in

Figure6 is obtained by adding three elastic supports to the model in Figure5.

system model established

(Glynne P, et al. 2004, pp344-349).

15
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Fig.5 The rotor model without sealed construction.

—1] -—
I B 1 4

Tnr e B el cacd

Fig.6 The rotor model with sealed construction.

Simulation results and analysis:

Critical speed analysis:

The results obtained by the software are shown in table 2. The results of
D represents the calculation result without considering the sealing structure, the

calculation result R represents the calculation result of adding the sealing

16
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structure, and A represents the test result. (Mitcheaon, et al. 2004, pp523-
529)

Table (2) Calculation results of the software

Calculation and test Frist order critical Second order critical
results rotating speed/(r.min‘l ) rotating speed/(r.min‘l )
D 66046 86468
R 66123 86715
A 68000 84000
Difference: I(A-D) 2.87% 2.93%
Difference: 1(A-R) 2.76% 3.23%
| (D-R) 1/D*100% 0.17% 0.29%

Comparing the results in Table2, it is found that the simulation calculation
results are not equal with the experimental results. The difference is within 5% its
engineering acceptable, so in this model the analysis of dynamic characteristics of

the type rotor system has engineering value. After the sealing structure is added,

17
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the critical speed of the rotor system is increased to a certain extent, this is
because the sealing structure increases the overall rigidity of the system and thus
the critical speed is increased. However, because the rigidity of the sealing
structure is too small relative to the stiffness of the ball bearing, the critical speed
has increased quite dramatically. Therefore, the error caused by ignoring the

stiffness of the sealing structure in practical applications is less than 5%.
Stability analysis:

In Figure7, the upper line represents the compressor decay rate, the lower
line represents the turbine decay rate, the straight line with positive slope is
negative reverse vortex, and the straight line with negative slope is positive
vortex. It can be found from Figure7 that the stability of the rotor system is greatly
improved after the sealing structure is added. Compared with no added seal
structure, the added seal structure oil film damping force after addition can
provide part of the elastic restoring force, which is beneficial to the rotor in
passing the critical speed, damping and eliminating the non-linear oil film
imbalance. It can ensure the stable operation of the system. (Minazara E, et al.

2005, pp946-949)

Unbalanced response analysis:

Comparing Figure 8 and Figure 9, it is found that the compressor and
turbine center of gravity amplitude changes little or no change in the rotor system

after adding the seal structure damping and stiffness, and the amplitude graphs

18
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basically overlap. Among them, the compressor center of gravity and the turbine
center of gravity of the unsealed structure are the largest the amplitudes are
0.17220mm and 0.091096mm respectively. The maximum amplitudes of the
compressor's center of gravity and the center of gravity of the turbine with a
sealed structure are (0.1717mm and 0.091096mm, respectively. This is because
after adding the sealing structure, the stiffness of the system changes very little,
and only when the speed is high, the reduction of the amplitude can be reflected.

(Changki M, et al. 2010, pp1-10)

2
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Conclusion:

The influence of the sealing structure on the rotor system of the ball

bearing turbocharger is due to the damping and rigidity of the sealing structure.

19
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However, since the stiffness of the seal structure is much smaller than the
stiffness of the ball bearing, considering that the stiffness of the seal structure has
little effect on the dynamic characteristics of the rotor, the damping of the seal
structure is larger than the oil film damping of the ball bearing, which has a great
influence on the dynamic characteristics of the ball bearing turbocharger rotor.
Therefore, to analyze the dynamic performance of the ball bearing turbocharger
rotor, a dynamic model of the seal structure should be established and
incorporated into the bearing—rotor system model. In this paper, a turbocharger
seal structure dynamic model is established for the first time. By adding the seal
structure damping and stiffness to a simple model that does not consider the seal
structure, the critical speed and stability of the rotor system of a certain type of
turbocharger are carried out with the help of finite element software. The following
conclusions can be drawn from the comparison of the experimental results of the
linear and unbalanced response with the simulation results of two different
models:
(1) The stability of the rotor system is greatly improved, and the critical speed and
vibration amplitude change very little, less than (0.2%.
(2) Since the rigidity of the sealing structure is very small, it has no obvious
influence on the critical speed and unbalanced response of the rotor system,
which can be ignored in the initial stage of actual engineering application

design.

(3) The large damping of the seal structure makes a significant improvement in

the stability of the rotor, which cannot be ignored in practical applications.

20
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(4) The short bearing theory is a powerful and reliable theory which can give a

very good accuracy in the results for turbocharger rotor dynamics.
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The influence of indium percentage on properties of short wave infrared
(SWIR) InGaAs/PI photodetector
*Dr. Fathi Mohmed Amer **Msc. Nassrddin Ali Almaufe

Abstract

In this study, the properties of the materials from which the InGaAs
photodetector is made representing both the compounds Indium arsenide InAs and
Gallium Arsenide GaAs were first studied, where the energy gap values for these
materials were determined at different temperatures. The main task of this paper, some
important parameters of In.Ga, ,As photodefector material such as direct bandgap E,
and its corresponding cutoff wavelengths 1., lattice matching a,, and refractive index
(n) at ddifferent wavelengths, is calculated using MATLAB software. The spectral
dependence of these paramefters is calculated for whole indium composition range
(1=<x>0). Also, through the results, it became clear to us that the energy gap is affected
by the change in the concentration of indium and it is becomes narrower as the indium
percentage increases. By changing x, InGaAs material can covers the wavelength range
of (0.815 — 3.502um). From the results it was found that the band gap of In,Ga, ,As
photodetector spans from 1.520eV (0.815 um) for GaAs to 0.354eV (3.502 pm) for
InAs, and also sensitivity of InGaAs photodetector will be accomplished at (1.55-
1.87um), and (2-2.6um) SWIR windows when (x=0.53), and (x=0.82) respectively.

Keywords: InAs, GaAs, InGaAs photodetector, lattice matching, SWIR windows.

*Staff member Gharyan University Libya
**Staff member Gharyan University Libya
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1. Introduction

Infrared (IR) photodetectors are optical devices designed to measure the
intensity of the IR radiation that strikes them by converting this radiation energy
into electrical signals. The performance of an IR photodetector is dependent
upon many factors, including spectral response, speed of response, and
temperature of operation.

The IlI-V semiconductor materials are among the most important
semiconductors and have recently received much attention since they have the
potential to be employed as base materials for IR photodetectors, light—emitting
diodes, and spintronic devices, e.g., quantum-well and quantum-dot applications
(Razeghi 1994, pp. 369, 631-633 and Marshall 2008).

The selection of IR photodetectors used in different IR instruments
depends on the range of wavelengths to be measured. For the near-infrared
(NWIR), short-infrared (SWIR) regions, InGaAs, which is made of an alloy of
indium arsenide (InAs) and gallium arsenide (GaAs), is the common substrate
material of the image sensors. InGaAs photodiodes for NWIR and SWIR
radiation detection features include high sensitivity, high speed, low noise, low
dark current, high quantum efficiency and spectral responses ranging from
approximately (0.5 — 3um). This type of photodiodes is suitable for a wide range
of applications including analysis, optical communication, environmental sensing,

and measurement. The development of In,Ga,_,As fabrication technology with
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various Photodiode structures, including avalanche photodetector (APD), p-
doped-intrinsic-n—doped (p-£n), and metal-semiconductor-metal (MSM).
2. Indium Arsenide (InAs) Semiconductors

Indium arsenide (InAs) is a semiconductor material made of arsenic (As)
and indium (In). The semiconductor has a melting point of (942°C) and a cubic
shape occurs in the form of gray crystals. It is very similar to gallium arsenide
and is a substance with direct bandgap. Indium arsenide is popular for its narrow
energy bandgap and high electron mobility. The relatively small direct band gap
(0.354 eV) at temperature of 300 K, and resulting high electron mobility (e .
1x10* cmz/V s at 300 K have made this material interesting for use in Hall-effect
device applications (Milnes and Polyakov, /993 P 237). As an active layer, or
substrate InAs can be used in conjunction with several semiconductors such as
InGaAs, AlGaSb and InAsSb and has interesting heterojunction potential for
lasers and photodetectors in the wavelength range up to 10 pym, modulation—
doped field effect transistors, and quantum-well structures (Milnes and Polyakov
1993 p.237).
= Properties of (InAs) semiconductor material

Indium arsenide (InAs) is very significant material in the fabrication of
optoelectronic devices. They offer a good basis for many new technological
applications such as photodetectors, lasers, light emitting diodes and integrated
circuits, filters, and modulators. The unit cell of InAs consists of four (In) atoms
and four (As) atoms and can be represented by the lattice parameter (a). The

zinc-blend structure (ZB) of the (InAs) is shown in figure (1).
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Figure (1) Cubic zinc-blende structure of /nAs, unit cell.

The chemical, electrical, thermal, mechanical and optical properties of

indium arsenide are provided in the table (1).

= band gap structure of InAs semiconductor material

Indium arsenide is a direct gap semiconductor material (0.352 eV at
300 K), and (0.415 eV at 0 K). Figure (2) show Band structure of (InAs)

semiconductor material.
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Chemical Formula InAs
CAS No. 1303-11-3

Group NA

Band Gap Type Direct

Symmetry Group T4~F43m

Intrinsic Carrier Concentration 1 x 1015¢cm™3
Hole Mobility
Hole Diffusion Coefficient

Melting Point

Thermal Conductivity 0.27 Wem™ °c™!

Thermal Expansion Coefficient 4.52x10°¢ °c”!

Infrared Refractive Index (300 K)
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Figure (2) Band structure of InAs.

For the IR spectrum between approximately (3 pm) and (8 um) in
combination with (InAs, Sb) alloys, its electro—optical properties are of concern.
Lattice matching heterojunctions can be obtained with alloys such as (In.Ga;-
xAs). InAs has also been developed on a variety of non-lattice-matched

semiconductors such as (GaSb, InP, GaAs and AISb), and has demonstrated
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intriguing quantum well-actions. The temperature dependence of the direct

energy gap of (InAs) semiconductor material is given by:

Eg (T) = 0.415 —

-4 2
% (eV). (M.P. Mikhailova 1996, p. 147-168)...(1)

Applications of InAs semiconductor material

The applications for indium arsenide are described below:

Indium arsenide is employed to build infrared photodetectors with a
wavelength spectrum of (1-3.8um). Photodetectors are usually
photovoltaic photodiodes.

Diode lasers are also constructed from indium arsenide.

Cryogenically cooled photodetectors have low noise, but (InAs)
photodetectors also can be used at room temperature in high—power
applications.

Indium arsenide is analogous to gallium arsenide and is a direct bandgap
material.

Indium arsenide is possible to form quantum dots in a monolayer of
indium arsenide on gallium arsenide or indium phosphide.

Indium gallium arsenide quantum dots can also be formed in the shape

of indium arsenide dots arranged in the matrix of gallium arsenide.

3. Gallium Arsenide (GaAs) Semiconductors

Gallium arsenide is a type Ill/V semiconductor with high electron mobility

and a high saturated electron velocity which enables transistors made of gallium

arsenide to operate at frequencies above 250 GHz. Due to their wide—-bandgap,
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gallium arsenide devices are not sensitive to heat. Such devices often have less
noise, particularly at high operating frequencies.
=  Properties of GaAs semiconductor material.

Gallium arsenide GaAs is a compound semiconductor with a combination
of physical properties that has made it an attractive candidate for a lot of
optoelectronic applications. It has high electron mobility and a small dielectric
constant; GaAs is commonly used in low—power devices and circuits, high
temperature resistance, ultrahigh frequency. The zinc-blend structure (ZB) of

the (GaAs) is shown in figure (3).

Figure (3) Cubic zinc-blende structure of GaAs, unit cell

The chemical, electrical, thermal, mechanical and optical properties of

gallium arsenide are provided in the table (2).
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= Energy Band Structure of (GaAs).

Gallium Arsenide (GaAs) semiconductor material is a direct bandage with
a maximum valence band and a minimum conduction band and is expected to
match in k-space in the Brillouin zone centers. As seen in figure (4), one of the
significant characteristics attributed to GaAs is its superior electron mobility
produced as a result of its energy band arrangement. Figure (4) indicates that
the few valleys in the shape of a band are narrow and some are widely curved.
These narrows and curves vary according to the electrons with low effective
mass state, while valleys that are wide with gentle curvature are characterized
by greater effective masses. In relation to the electron momentum profile, the
curvature shown in figure (4) clearly indicates the effective mass of electrons
passing through the crystal.

The minimum conduction band of GaAs semiconductor material exists at
the same wave vector as the valence band maximum, which means that the
transition of an electron from the conduction band to the valence band involves
no momentum change. Since the probability of photon emission with energy
approximately equal to the band gap is somewhat high, GaAs produce an
excellent light-emitting diode (LED). The temperature dependence of the direct

energy gap of GaAs semiconductor material is given by equation (2)

5.408 x10~*T2 . .
Eg (T) = 1.519 — W(GV) (Mlkhal'ova 1996, pp 147_168) ..... (2)
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Figure (4) Energy Band Structure of GaAs.

» Applications of GaAs semiconductor material

The gallium arsenide applications are described below:
Gallium arsenide can be used to manufacture devices such as solar cells,
laser diodes and optical windows, infrared light—-emitting diodes, microwave
frequency integrated circuits, monolithic microwave integrated circuits, etc.
Unlike many other semiconductor materials, GaAs has a direct bandgap,
meaning it can emit high—efficiency light. Since it is a direct bandgap
material, it is resistant to radiation damage that allows it to be used in

optical windows and space electronics in high power applications.
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= GaAs semiconductor substance detectors are used for the detection of
X-rays.
4. Indium gallium arsenide (InGaAs)

Ternary semiconductors are important compounds formed from two
elements of group Il with one element of group V or (one element of group I
with two elements of group V). Indium gallium arsenide InGaAs is a ternary alloy
of InAs and GaAs. In and Ga are (group lll) elements of the periodic table while
(As) is a group V element. Alloys made formed by these chemical groups are
referred to as "lll-V' compounds. Depending on the compositional mixing ratio x
(where x denotes the fraction of an atoms in (InAs) substituted by Ga atoms),
(InGaAs) have intermediate properties between those of (GaAs and InAs). The
(InGa,-xAs) photodetector may be designed for any wavelength within a (0.85-
3.6 pum) spectral range. The lattice parameter of In,Ga;xAs depends on a
composition that changing from a = 5.65 A for GaAs (Eg=1.42eV)to a=6.06
A for InAs (Eg = 0.35 eV) as xis varied between () and 1. Figure (5) shows the
bandgap energy, lattice constant atomic spacing and cutoff wavelength of
different semiconductor elements, compounds and alloys (S.M. Sze 1990)The
dots represent the binary materials e.g. InP, the lines connecting two dots are
ternary materials e.g. InGaAs and in between the lines are the quaternary
material e.g. InGaAsp.The binary alloys have constant bandgaps and lattice
parameters, ternary alloys have one degree of freedom and quaternary alloys
have two degrees of freedom because various lattice parameters is to be

had for every bandgap.
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Figure (5) Energy bandgap versus lattice constant of some commonly
used group IV, lll-V and II-VI materials after, (A.J. Moseley et.al. 1986
pp. 1206)

By comparison, the availability of lattice-matched substrates for 1lI-V
alloys is limited in many cases. Indium phosphide (Inp) is suitable for (In,Ga;-
xAs) alloys with a bandgap near (.75 eV (1.65 pum) in the short wavelength
infrared (SWIR) band. As the alloy varies to longer wavelengths, however, the
crystal and device quality of (InGa;_,As) degrades so that it is limited to

wavelengths of approximately (3 um) or shorter. The Lattice constant is given

as shown in equation (3):

a, = 6.0583-0.405x (1- x) A° (Adachi, S., J 1983, pp. 1844-1848)............... (3)
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The layers of (InXGal_XAs) with (X>0.53), lattice—mismatched to (InP),
allow the absorption edge or cutoff to be extended to longer wavelengths. This
necessitates the use of higher Indium content alloys which are mismatched with
respect to the InP substrate with the problems of dislocation induced, junction
leakage, and low quantum efficiency So, some buffer layer should be inserted to

prevent the large mismatch between In,Ga;_xAs layer and InP substrate (A.J.
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Moseley et.al. pp. 1206, 1986) Schematic lattice constant match and mismatch
effects on the quality of (In,Ga;_.As) crystal is illustrated in Figure (6).
Figure (6) Schematic lattice constant match and mismatch effects on the quality

of crystal.

The bandgap of InGaAs decreases by increasing the indium content of the alloy
and thus extends the spectral response. The temperature (T) and alloy composition (x)
dependence of the direct energy gap of (InyGai.xAs) semiconductor material is given by

equation (4). (Goldberg and Schmidt 1999, pp. 62-88)
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E,(x,T) = 0.42 + 0.625 (1 — x) ( >8 19 ) x 1074T?%(1 — x)
gt ) = BAs T Y \T¥300 T+273 *
419 x 107 T? +0.475 (1 2 (eV) 4
273 . 1=x)(CEV) i (B)

The equation relating to the bandgap and the cutoff wavelength is given by

equation (5).

Where:
h: is Plank's constant in J s!

c : speed of light in free space in ms™!

Indium gallium arsenide InxGai-xAs 0.73-0.47 1700 - 2600 Near IR

Germaninum Ge 0.66 1800

Indium arsenide InAs 0.35 3400 Near IR
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Therefore, at a specified wavelength, the energy bandgap for a material is
a constant value depending on the speed of light. Table (3) gives common
materials with respect to photodetectors and their respective bandgaps at

300K.The cutoff wavelength is also specified in this table.

The absorption coefficients of semiconductor materials (Ge, Si, GsAs,
AlGaAs) and (InGaAs), referring to the spectral responses of the detectors

centered on these materials are shown in figure (7).
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Figure (7) Absorption coefficients of Si, Ge, GsAs, AlGaAs and InGaAs
semiconductor materials. After, (S. Adachi 1992)

The principal importance of InGaAs is its application as high sensitivity, high speed
photodetector of choice for optical fiber communications (Pearsall, T. 1980,

pp.709—720). The specific criteria to be fulfilled by these photodetectors include
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low noise, high speed and low capacitance capability. High—purity (InGaAsP)
materials are necessary to conform to these specifications. In InGaAs
photodetectors, the significant noise contribution is from the shot noise due to
leakage current. Therefore, reduction of leakage current in InGaAs photodiodes
is an important task in order to detect the atmospheric constituents in the (1-2.6
pm) spectral band (J.P Burrows et.al. 1992). (InGaAs) IR photodetectors are
specifically used for imaging and detection of target. The ability to reproduce
target images is one of the most important concerns in IR applications, which is
often specified by two conflicting parameters: sensitivity and resolution (Mazzetta
and Scopatz 2010, pp. 1-8).

Finally the Refractive index (n) of InyGa;_xAs can be calculated using

the the equation (6).

2.054

n= [8950 + ————— (6)

2
1.424
1—[(0.6245 )W]

Where:

A is wavelength of incident radiation [um]

Eg(x) is energy gap of InxGa,_xAs alloys at room temperature (T = 300 K), which

can be expressed by equation (7).

Ey = 1424 — (1.50)x + (0.43)x% [eV] coovovviriieiiiiiicis (7)

= Iny.53Gaj 47As photodetector.
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[lI-V semiconductor materials are usually used at optical wavelengths of
1.55 um because the energy gap can be modified according to the desired
wavelength by changing the relative composition of the material which is lattice—
matched to the substrate. InGaAs is one of the commonly used detector
materials for short wave infrared SWIR imaging owing to its low dark current.
InGaAs layers are usually grown on lattice—matched InP substrates with an alloy
composition of (x = 0.53).The spectral response normally covers (0.9-1.7um)
at room temperature, which covers three SWIR atmospheric windows of 1, 1.24,
and 1.64 pm. Figure (8) shows the spectral response of Ings53Gag.47As

photodetector.
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Figure (8) shows the spectral response of Ing 53Gay 47As photodetector.
= Iny.3,Ga, 3As photodetector
By increasing the composition to (x=0.82), InxGa;«As is able to extend
its cutoff to longer wavelengths. The Inj.5,Ga,.1sAs alloy has a band gap of

(0.48 eV) at 300K and hence extends the incident photon absorption at room
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temperature up to (2.6 pm) wavelength. Figure (9) shows the spectral response
of Iny.goGay.15As photodetector. The broad lattice mismatch between the InP
substrate (ao = 5.8694) and the In(.82Ga(.18As absorption layer (ao = 5.990),
which is around 2%, is accommodated by a graduated layer technique. To

reduce the defect density, the mismatch is
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Figure (9) shows the spectral response of Ing.3,Gay.13As photodetector.

by a graduated layer technique. To reduce the defect density, the mismatch is
accommodated by growing several InAs P,_, layers, where the composition of
(As) is increased from layer to layer. Step grading is very effective in decreasing
dislocation density than continuous grading because most dislocations bend at
the step interface and do not propagate along the growth direction (G.H. Olsen

et.al. 1975, pp. 1643-1646 and J.C.P Chang et.al. 1993, pp. 500-502).

5. SIMULATIONS, RESULTS AND DISCUSSION

= Calculation of energy bandgap of (InAs) material.
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The direct bandgap (£;) dependence on the temperature of indium
arsenic materials (InAs) was calculated using Equation (1), where the
temperature ranges from 0 to 300 K, Fig (10) shows that the energy gap

decreases with increasing temperature.
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Figure (10) Temperature dependency of the direct energy band gap of InAs material.

The values of the energy gap and the corresponding cutoff wavelengths are

described in table (4)
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T (K) Eg (eV) Aco (HM)
0 0.415 2.987
100 0.399 3.107
200 0.376 3.297
300 0.352 3.522
400 0.323 3.839
500 0.296 4.189

= Calculation of energy bandgap of GaAs material

The same procedure was repeated where equation (2) was used to
calculate the energy gap for GaAs material. Figure (11) show that the energy
gap of GaAs decreases with increasing temperature. The values of the energy

gap and the corresponding cutoff wavelengths are described in table (5).

- e i

|
|
1.5 ———"—"—"9%g " """ "7~ """~~~ 7 -~~~ —-———— 1
|

1.48 - - - - - -

1.46F - - - - — - -

1.449f - - - -

1.42 - - - - - -

i e e S Tl
——F -t -
R

|
L R e e e !
|

71.38F - - - - - -

Erergygp(eV)

1.36F - — - - — - -

-t —-t—-=--
|
|
|
|
|
|
|
4
|
|
|
|
|
|
|

1.34F - ——— - -

1.32

|

|

|

|

|

|

|

-+

|

|

|

|

|

|

|
g44+444 - -

[ i i S el

(/] 21‘)0 300
Temperature (K)

Figure (11) the temperature dependency of the direct energy band gap of
GaAs.
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Aco (HM)

LGS

100
200
300
400
500

Eg (eV)

1.519
1.501
1.465
1.422
1.376
1.327

0.816
0.826
0.846
0.872
0.901
0.934

= Calculation of energy bandgap of (In,Ga,;_,As) material.
Figure (12) illustrates the dependence of the energy gap Eg for given

values of compositions (x), where The range of T was varied from 0K to 300K,

and the energy gap Eg reached values in the range from (.354eV, when x=1 at

7= 300K to 1.520eV, when x=0 at T=0K, which span the short wavelength IR

(0.815 - 3.502um). It can be seen from Figure (12) that Eg:
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Figure (12) the dependence of In,Ga,_,As energy bandgap (£g) versus

temperature (T).

= The (Eg) slowly drops with 7 reaching a minimum for 7 = 300 K at all
values of x.

= The Eg with lower values of x the spectral response can be tailored to

wavelengths as short as (.82um, corresponding to the bandgap of

(GaAs) (1.520 eV).
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Figure (13) illustrates the dependence of the energy gap Eg for given

values of compositions (x) where The range of T was varied from (0K to 300K,
and the energy gap Eg reached values in the range from (.354eV, when x=1 at

7= 300K to 1.520eV, when x=0 at T=0K, which span the short wavelength IR
(0.82-3.5 pm).
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Energy gap (eV)

Figure (13) the dependence of the energy gap £g of In,Ga;_,As for given

values of compositions (x)

Calculation of The lattice constant of (In,Ga,_,As) material.

Using the equation (3), the relationship between lattice constant (a,) and Indium
composition (x) will be a linear relationship, as shown in the figure (14). The

results are summarized in Table (7)
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Figure (14) Lattice parameter (a,) variation with indium fraction (x) of

In,Ga;_4As
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The lattice constant and band gap of (Ing.53Gag.47As and Ing g;Gay.13AS)

semiconductors at 300K are listed in table (8).

- Calculation of the Refractive index measurements of (In,Ga,_

xAs crystals).
Refractive index measurements of In,Gal_,As crystals were performed
as functions of wavelength of incident of radiation and indium composition using
equation (6) at 300K. The results are plotted as a function of indium composition

in figure (15) for the full composition range (0< x <I).
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Figure (15) refractive index of InxGa;_xAs alloys as a function of

wavelength A at 300 K.
Conclusion

Based on the results and observations presented and discussed in
Section 5 the important conclusions that the band-gap (Eg) is reduced by
increase of indium content. It has been shown that energy gap of In,Ga;_As is
sensitive to the indium concentration (x). By raising the indium content, the band
gap becomes narrower. InGaAs material can covers the wavelength range of
(0.815 - 3.502um). Principally, the band gap of In,Ga;,As ternary system
spans from 1.520eV (0.815 um) for GaAs to 0.354eV (3.502 pm) for InAs.

Photodetectors using Inj s3Gaj 47As material lattice matched to INP
substrate with a wavelength detection (1.55um) have been commonly used in

optical fiber communication systems.
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In order to change the detection wavelength to a range of (2-3 pm), more
Indium material should be integrated into the In,Ga;_As alloy. However that is
a challenge. The high Indium concentration in In,Ga;_,As alloy induces a large
lattice mismatch between In,Ga,_ As layer and INP substrate. By using a linear
graded In,Ga;As buffer layer x value ranges from (0.8< x > 0.53), the
Ing.sGay.,As active layer was grown on INP substrate that allowed the In,Ga;_As
photodetector to extend the cutoff wavelength to approximately 2.6 um.

The results presented in this study would be useful for the design and
modeling of heterostructure for variety types of SWIR (p-£n) InGaAs

photodetector.

s gadlal)

(INGaAs) isuall Cadlsll Lgie €y A Slgall Gailiat Yl Loy cdanll 120 3
Bl Dl die gl o3¢l A8all S9ad ad 2aat 23 Cus ¢ (GAAS) 5 (INAS) S Aliciallg
Syl CaslSll Msal dagal) el b ey leen B8l) 03g] o) Cangl) L Adids
(80) Aaill dadans ¢ (Aco) Abladl) adadll Cilage Jlshl 5 (Eg) 43Ul 5528 i (INGay xAs)
Glaa & En \MATLAB zaliys alaily elld g ddlide Lmge Jlshal die (1) LSV Jaleas ¢
2l Pa Ga ¢ (0 <X > 1) g Bgenne il llg gV L 4 I S iahl) 028 o3
i 831 pa ol oy pgatly) S8 (A ualls il 8L sgnd o amlsl) (e aile
a5l Jshall s s of INGaAS gl CadlS) daulual oKy 438 (X) dad i
e a3 C2alS)) 138 gal Z8Ual) 5gd o Sl s Lad .(0.815 = 3.502 pm)
(0.815 pm) adaall dage Joh dad laic (15 Allg (GaAs) 1 aahll syad a9 (1.520eV)
Ay ¢ (3.502 Pm) add dage Joh Lhlas lly (INAS) 3 a8l 5528 4 (0.354eV)

51



Issue 20 | AL-OSTATH Spring 2021 part 2

Laie (2-2.6pum) 5 (1.55-1.87um) oudlll & sjaie (sSin (grad) A 128 daulus
Sl e (x=0.82) 5 (x=0.53) o5&
Reference:

1. Razeghi, M. High—power laser—diodes based on ingaasp alloys. Nature 1994,
369, 631-633.

2. Marshall, A.R.J.; Tan, C.H.; Steer, M.J.; David, J.P.R. Electron dominated
impact ionization and avalanche gain characteristics in InAs photodiodes.
Appl. Phys. Lett. 2008, 93, 111107. 008, 93, 111107.

3. A. G. Milnes and A. Y. Polyakov, Mater. Sci. Eng. B 18, 237 (1993).

4. M.P. Mikhailova Handbook Series on Semiconductor Parameters, vol.1,
M. Levinshtein, S. Rumyantsev and M. Shur, ed., World Scientific, London,
1996, pp. 147-168.

5. S.M. Sze, High Speed Semiconductor Devices, John Wiley & Sons Inc., NY
1990.

6. A.J. Moseley, M.D. Scott, A.H. Moore and R.H. Wallis, "High efficiency low
leakage MOCVD grown GalnAs/AlinAs heterojunction photodiodes for
detection to 2.4 urn," Electronics Letters, Vol. 22, pp. 1206, 1986.

7. Adachi, S., J. Appl. Phys., 1983. vol. 54(No.4): p. 1844-1848.

8. Goldberg Yu.A., and N.M. Schmidt Handbook Series on Semiconductor
Paramefers, vol.2, M. Levinshtein, S. Rumyantsev and M. Shur, ed., World
Scientific, London, 1999, pp. 62-88.

9. S. Adachi, Physical Properties of llI-V Semiconductor Compounds (John
Wiley and Sons, 1992).

52



Issue 20 | AL-OSTATH Spring 2021 part 2

10. Pearsall, T. (1980). "Ga0.47In0.53As: A ternary semiconductor for
photodetector applications'. IEEE Journal of Quantum Electronics. Institute
of Electrical and Electronics engineers (IEEE).16(7):709-
720.doi:10.1109/jae.1980.1070557. ISSNO018-9197.

11. J.P Burrows, K.V. Chance, V. Rozanow and R.J. Spurr, "COME and
SCIAMACHY:: Scientific Objectives," Proc. SPIE, Vol. 1715, 1992.

12. Mazzetta, J.A.; Scopatz, S.D. Resolution and sensitivity: Simplified imager
performance by MTF and PTC. In Proceedings of the Infrared Imaging
Systems: Design, Analysis, Modeling, and Testing XXI, Orlando, FL,USA, 11—
14 May 2010; Vol. 7662, pp. 1-8.

13. G.H. Olsen, M.S. Abrahams, C.J. Buiocchi, and T.J. Zamerowski, "Reduction
of Dislocation Densities in Heteroepitaxial I1lI-V VPE Semiconductors," J. of
Appl. Phys., Vol. 46, No. 4, pp. 1643-1646, 1975.

14. J.C.P Chang, T.P. Chin, C.W. Tu and K.L. Kavanagh, "Multiple dislocation

loops in linearly graded In,Gai,As (0 5_x 5. 0.53) on GaAs and In,Gai,P (0
x 5. 0.32) on GaP," Appl. Phys. Lett. Vol. 63, No. 4, pp. 500-502, July
1993.

53



Issue 20 AL-OSTATH Spring 2021 Part 2

e
,
Turning Parameters Optimization for Surface Roughness of
Aluminum 7(075via Taguchi Method

*Msc.Eisay F. Almshraqi, **Msc.Abubakr A. Karoud ***Msc.Sami A. Mashat
e
’
ABSTRACT

This paper deals with the optimization of turning process parameters of
Aluminium alloy 7075 using Taguchi methodology. The cutting parameters considered
for the study are feed rate, cutting speed, and depth of cut, with two different tool
noses to get minimum surface roughness. The type of insert used was a tungsten
carbide, while the coolant was soluble oilperformed at 150mL/hr. Taguchi orthogonal
array (L9) using nine experimental runs are designed for machining. The results show
that the optimum parameters of machining are obtained at a feed rate of (0.3mm/rev,
cutting speed 900rpm, depth of cut 1.0mm in the case of nose radius (0.8mm), and a
feed rate of 0.5mm/rev, cutting speed 900rpm, depth of cut 0.5mm in the case of nose
radius (1.2mm). Confirmation tests with the optimal levels of cutting parameters were
done to illustrate the effectiveness of the Taguchi optimization method. Taguchi method
is found to be a very efficient tool to obtain an optimum surface roughness. The results
show that the optimum parameters of machining are obtained at a feed rate of
0.3mm/rev, cutting speed 900rpm, depth of cut 1.0mm in the case of nose radius
(0.8mm), and a feed rate of 0.5mm/rev, cutting speed 900rpm, depth of cut 0.5mm in
the case of nose radius (1.2mm). Confirmation tests with the optimal levels of cutting
parameters were done to illustrate the effectiveness of the Taguchi optimization method.
Taguchi method is found to be a very efficient tool to obtain an optimum surface

roughness.
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I. INTRODUCTION

Computer numerical control (CNC) Lathes has become one of the most
competent productive and flexible manufacturing machines, where specially
designed for turning operations to produce complicated surfaces (A.M. Khan,
et al 2020). The turning process is one of the most widely used material
removal processes in the industry. It has the advantage of reduced lead time
with smooth finishing (A.M. Khan, N. He, L. Li, W. Zhao, M. Jamil2020, pp.
111-118). It is widely used in a variety of manufacturing industries including
the aerospace and automotive sectors (Krar, Stephen F, 2005 &Krar, Stephen
F. J.W. Oswald, 1983). Lathe is used primarily to produce conical or
cylindrical parts, flat faces, and curved surfaces. It is one of the most versatile
machines in industry. Lathes come in all sizes from very small jewellers lathes
used to produce watch parts to lathes that produce huge drive shafts for oil
tankers. The principles on which they operate are all the same. A piece of
stock is held in a chuk or collet and rotated against a cutting tool(LAWRENCE
E. 1985, P508-510). As the competition grows, customers now have
increasingly high demands on quality, making surface roughness one of the
most competitive parameters in today’s manufacturing industry (A Jayant, V
Kumar, 2008).Surface roughness(Ra) is a measure of finer surface
irregularities in the surface texture. It is rated as the arithmetic average
deviation of the surface valleys and peaks expressed in micrometres(N.MANOJ
et al, 2017). The ability of a manufacturing operation to produce a specific
surface roughness depends on many factors. For example, in turning process,
the final surface depends on the cutting speed, the rate of feed, the depth of
cut, nose radius of tool and mechanical properties of the piece being machined
(Kishawy H.A. &Elbestawi M.A. 1999, PP 1017-1030,Thamizhmanii et al.
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2007, Lin 2008,Gusri, A.l et al, 2008). A small change in any of the above
factors can have a significant effect on the surface produced.

Design of experiments (DOE), described by the Taguchi principle, is
one of the most important statistical techniques of total quality management
(TQM). Taguchi methods provide an efficient and systematic way to optimize
designs for performance, quality, and cost (Resit Unal and Edwin B. Dean,
1991). Fundamentally, traditional experimental design procedures are too
complicated and not easy to use.

A large number of experimental works have to be carried out as the
number of process parameters increases. To solve this problem, the Taguchi
method has used a special design of orthogonal arrays to study the entire
parameter space with only a small number of experiments] (Bryne M.D. (1994)
pp 39-47). It has been widely utilized in engineering analysis and consists of a
plan of experiments to acquire data in a controlled way and to obtain
information about the behaviour of a given process. The greatest advantage of
this method is to save the effort in conducting experiments. Therefore, it
reduces the experimental time as well as the cost(E. Daniel Kirby, (2010 pp.
14-17). Engineering continue to desire materials that are capable of longer
service lives, and processes for shaping those materials into finishing products
that are capable of machining tighter geometric tolerances and improved
surface finish. Aluminium is the world’s most abundant metal and it is the third
most common element comprising 8% of the earth’s crust (Haynes, 2016-2017

p p. 14-17).

56



Issue 20 AL-OSTATH Spring 2021 Part 2

The versatility of aluminium makes it the most widely used metal after
steel. Aluminium alloys are alloys in which aluminium is the predominant metal.
The typical alloying elements are copper, magnesium, manganese, silicon, tin
and zinc. Aluminium alloys are widely used in engineering structures and
components where light weight or corrosion resistance is required. This paper
aims to study the effect of turning parameters, resulting in an optimum value of
surface roughness. The effects of the process machining parameters are very
essential. The present method of selection of parameters on desired surface
roughness has been accomplished using Taguchi’s parameter design
approach. In this paper the objective is to minimize surface roughness, so a

smaller—the better criterion for each response has been implemented.

Il. TAGUCHI PARAMETER DESIGN

The experimental design proposed by Taguchi involves using
orthogonal arrays to organize the parameters affecting the process and the
levels at which they should be varies. The general steps involved in the

Taguchi Method are as follows:

A. Selection of Quality Characteristic
There are three types of quality characteristics in the Taguchi
methodology, such as smaller-the-better, larger-the—better, and nominal-the-
best. The goal of this research was to produce minimum surface roughness
(Ra) in turning operation. Smaller Ra values represent better or improved
surface roughness. Therefore, a smaller-the better quality characteristic was

implemented and introduced in this study.
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B. Selection of Control Factors

Previous studies indicated that depth of cut, cutting speed, and feed
rate had significant effects on surface roughness in the machining operations.
In this study, the controllable factors are feed rate (A), cutting speed (B), depth
of cut (C),with two different nose radii of the tool, which were selected because
they can potentially affect surface roughness performance in turning operation.
Since these factors are controllable in the machining process, they are
considered as controllable factors in the study. Table (1) listed all the Taguchi

design parameters and levels.

Table (1) Variable factor levels

Factor Level 1 Level 2 Level 3
Feed rate (mm/rev) 0.3 0.5 0.7
[Cutting speed (rpm) 500 700 900
Depth of cut (mm) 0.5 1 1.5

C. Selection of Orthogonal Array

One of the steps included in the Taguchi parameter design is selecting
the proper orthogonal array (OA) according to the number of controllable
factors (parameters). Since three factors were studied in this research, three
levels of each factor were considered. The orthogonal array selected as the
L9, which has 9 rows corresponding to the number of tests with three columns
at three levels,and each experimental run will have three data as shown in
table (2). Therefore a total of (9x3) = 27 data values were collected for each

nose radius.
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Table (2) L9 Taguchi orthogonal array

Experiment Feed rate Cutting speed |Depth of cut
number A B C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

D. Conducting the Experiments

The workpiece used for the testes was in the form of round rod with
diameter of 20mm and length of 130mm.Two inserts were used with two
different nose radii; commercially available tungsten—-based coated inserts flat
faced cemented carbide (grade sandvik). These inserts have geometries
identical to those designated by ISO (rhombus shape inserts 55°, with nose
radius (.8, 1.2 mm). The experiments, sorted in tables (3,4), were randomly
run by the CNC machine. Three measured surface roughness data values
were collected, S/N signal-to—noise ratio of each experimental run were
calculated. Each experimental run were calculated based on the following

equation:

2 2

y, t..ty,
n

S/N =-10 log

Where n = number of measurements in a trial/row, in this case, n=3 and
yi is the  ith measured value in a run/row. The average response values were

also calculated and recorded.
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Table (3): Experiment design (Nose radius 0.8 mm)
Experiment | Feed rate Cutting Depth Response value Average Sum
speed of cut response of MSD |[S/N value
number |A (mmv/rev)|B (rpm )| C (mm) Ral | Ra2 | Ra3 value squares

1 0.3 500 0.5 1.6 1.54 | 1.56 | 1.566667 | 7.3652 | 2.4551 |-3.90063

2 0.3 700 1 1.58 1.6 1.56 1.58 7.49 2.4967 |-3.97361

3 0.3 900 1.5 1.66 | 1.56 | 1.54 | 1.586667 | 7.5608 | 2.5203 |-4.01446

4 0.5 500 1 2.4 [2.58 ] 2.54 | 2.506667 | 18.868 | 6.2893 |-7.98605

5 0.5 700 1.5 468 [ 424 | 3.68 4.2 53.4224 | 17.807 | -12.506

6 0.5 900 0.5 2.76 | 2.68 | 2.8 | 2.746667 22.64 7.5467 | -8.77755

7 0.7 500 1.5 6.12 | 5.34 | 4.96 | 5.473333 | 90.5716 | 30.191 |-14.7987

8 0.7 700 0.5 4.36 | 5.88 | 6.34 | 5.526667 | 93.7796 | 31.26 |-14.9499

9 0.7 900 1 5.1 4 3.98 4.36 57.8504 [ 19.283 |-12.8519

Table (4): Experiment design (Nose radius 1.2 mm)
. Cutting | Depth Response value Average Sum
Experiment | Feed rate speed of cut response of MSD |[S/N value
Ral | Ra2 | Ra3
number |A (mm/rev)|B (rpm )| C (mm) value squares

1 0.3 500 0.5 0.58 [ 0.54 | 0.54 | 0.553333 | 0.9196 | 0.3065 |5.135223

2 0.3 700 1 0.76 | 0.8 | 0.78 0.78 1.826 [ 0.6087 |2.156205

3 0.3 900 1.5 0.8 |0.74] 0.74 0.76 1.7352 | 0.5784 |2.377717

4 0.5 500 1 0.66 [ 0.58 | 0.62 0.62 1.1564 | 0.3855 [4.140132

5 0.5 700 1.5 0.88 [ 0.94 | 0.82 0.88 2.3304 [ 0.7768 |1.096908

6 0.5 900 0.5 0.32 [0.36] 0.34 0.34 0.3476 [ 0.1159 [9.360415

7 0.7 500 1.5 094 1.1 | 0.88 | 0973333 | 2.868 0.956 10.195421

8 0.7 700 0.5 0.5 10.52]0.54 0.52 0.812 | 0.2707 |5.675652

9 0.7 900 1 0.58 [ 0.6 | 0.56 0.58 1.01 0.3367 14.727999

lll. RESULTS AND DISCUSSION

In this study, it is the smaller-the better case, which means the

smallest surface roughness, would be the ideal situation. This criterion is

employed to determine the optimal cutting condition. By following the criteria of

smaller surface roughness and larger S/N ratio, figures (2-3) used to

determine the optimal set of parameters from the experimental design.
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Figures (2&3) showthe control factor of feed rate (A) at level one
(0.3mm/rev) provided the best result. Because it has the highest S/N ratio
value, which indicated that the machining performance at such level produced
minimum variation of the surface roughness. Besides, the lower surface
roughness value had a better machining performance, and shows the control
factors of cutting speed (B) at level three (900rpm), and depth of cut (C) at
level two (1.0mm), provided the best results. Therefore, the optimum cutting
condition will be; feed rate=0.3mm/rev (A1), cutting speed=900rpm (B3), and
depth of cut=1.0mm (C2). The comparison of the optimal set of
parameterswith data in the table (3) which represents the experimental design,
new parameters arise and obtained and these parameters do not exist in table
(3)- To predict the mean for the treatment condition average of the result for

the trail set, at this particular level is calculated by the following equation:

,7calc =,7an +(Ai _,7avg) +(Bi _ﬁavg) +(Ci _,7avg) (2)

Where:

”calc! The calculated S/N ratios at optimal machining conditions.

Uavg: The average S/N ratios of all control factors.

Ai : The average S/N ratio when the factor A (feed rate) is at level i.

B, : The average S/N ratio when the factor B (cutting speed) is at level i.

1

C. : The average S/N ratio when the factor C (depth of cut) is at level i.

1

The expression for surface roughness value is:
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—_ _”calc/zo
Ra.,.=10

(3)

alc

The average S/N ratios for all control factors ’_ng and the average S/N

ratio for each control factor A, , B_3 and 52 can be obtained from the table
(4) and from the figure (2).
Then the values of S/N ratios are substituted in Equation (2) and the

calculated S/N ratios at optimal machining conditions will be:

... =-9.30653+(-3.9629- (-930653)) + (-8.54796- (-9.30653))
+(-8.2705- (-9.30653))
... =-2.16827 dB
Substituting this value in Equation (3) will give the surface roughness

value as:

Ra_, =1.28355um

calc

Mein Effects Plat (data means) for SN value
food rate A autting s pead B

Mean of S/N value
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Figure (4) Means of 8/N (Nose radius 1.2 mm)
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Figures (4&5) show the control factors of feed rate (A) at level two
(0.5mm/min), cutting speed (B) at level three (900rpm), and depth of cut (C)
at level one (0.5mm), provided the best results. Therefore, the optimum cutting
condition will be; feed rate=0.5mm/min (A2), cutting speed =900 rpm (B3), and
depth of cut=0.5mm (C1). The comparison of the optimal set of parameters
with the data in table (4) which represents the experimental design, these
parameters are exist in the experiment number six and it is the optimal set of
parameters.

Confirmation experiments are very important in validating the minimum
surface roughness resulting from the optimum cutting conditions. The optimum
cutting conditions were: feed rate 0.3mm/rev, cutting speed 900rpm and depth

of cut 1.0mm. Two samples were cut under the optimal parameter set-up for
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the sake of confirmation. Surface roughness average for each sample;
Ra=1.286um and Ra=1.31pym were obtained. The mean of the surface
roughness of thesetwo samples is Ra=1.298um. It is very close to the
predicted value of surface roughness (Ragac=1.28355um). Therefore, the
confirmation run indicated that the selection of the optimal levels for all the
parameters produced the best surface roughness.
IV. CONCLUSIONS

The validity of Taguchi method in optimizing the cutting parameters for
better surface roughness in turning operation is confirmed. The parameter
under investigation is the surface roughness. This factor is studied using the
method under the effect of three factors; feed rate, cutting speed, and depth of
cut. The workpiece material was aluminium alloy 7075with the carbide cutting
tools. Using Taguchi method, the optimum parameters for better surface
roughness are obtained at a feed rate (0.5mm/rev, spindle speed 900rpm and
depth of cut 0.5mm, (i.e., A2-B3-C1). Confirmation experiments at optimal
conditions were carried out. The outcomes of experimental results are fairly
close to the predicted values. The mean surface roughness of the two
confirmation samples (1.298um) was very close to the predicted value of
surface roughness (1.28355pm). It can be concluded that better optimization
of cutting parameters is necessary to obtain a good finish. The cutting
parameters settings for best surface roughness by using Taguchi parameter
design were able to produce that. Taguchi parameter design is found to be an
efficient method for optimizing surface roughness in turning operations and it
can obtain a remarkable saving in time and cost.
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