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Studying effects of pelletizing process parameters on the main properties of
iron ore green pellets-laboratory approach

Akbar Jafari"!, Mohamad Mahdi arabi Parizi>?, Gholamhosein Baradaran?, Mahdi Azizkarimi®, Ali Mehrabani'

1- Department of Mechanical Engineering, Technical and Vocational University, Tehran, Iran.
2- Department of Mechanical Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman, Kerman, Iran.
3- Pelletizing plant, GolGohar Mining and Industrial Complex, Sirjan, Iran.

Abstract

In the present research, effect of pelletizing disk angle and rotation speed, as well as the percentage of moisture
and bentonite on the median size (pellets size distrinution index) and the mean drop number (pellets strength in-
dex) are studied experimentally. Design of experiment approach is applied leading to obtain reasonable number
of experimens with specific settings. To achive parametric mathematical functions, curve fitting is performed on
the experimental results and four-variable functions were developed for the two characteristics of median size and
drop number. In order to reveal the details and the role of each factor on the results, the necessary contour graphs
are prepared. Based on the observed influences of each parameter on the pellets characteristics, the probable
reasons and their physical interpretation were discussed. It was found that there are soptimal settings for the two
factors of rotation speed and disc inclination, leading to obtaine the desired pellet from both the size and strength
perspectives. In addition, it was found that in the studied range, the moisture and bentonite do not necessarily have
a positive effect on both pellets size and strength concurrently. The results of the present research can be usefull
for pellet production plants as assist to arrive optimall settings of the production process.

Keywords
Iron production, Pelletizing disk, Bentonite, Moisture.
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Improving the spacecraft attitude control performance with on-off thruster
actuator and fractional order pulse-width pulse-frequency modulator

Vahid Bohlouri®

Department of Electrical Engineering, Technical and Vocational University (T'VU), Tehran, Iran

Abstract

This article, the problem of controlling the attitude of a spacecraft with integral pulse width and frequency integrator is in-
vestigated and the said integrator is developed as a fractional order. The spacecraft is controlled by a two-state on-off thruster
actuator with a combination of proportional-derivative law and integrator. In order to focus more on studying the behavior of
the proposed integrator, the operator model is ideally considered, although it is due to the use of a nonlinear control system in-
tegrator. Average fuel consumption and operator activity are included as two main evaluation indicators, and on the other hand,
the absolute average value of the sign error on spacecraft attitude is also included as another important indicator in the study of
the behavior of the proposed integrator. In order to compare the results fairly, the situation control problem has been done for
the same assumed conditions and for the integrator of integer order and fractional order. The comparative results for changing
the fractional power of the fractional order integrator filter and checking the three performance criteria have been done. Also,
the influence of the uncertainty of the moment of inertia of the spacecraft, the uncertainty of the reference entry angle and the
range of external disturbances have also been studied. The obtained results indicate the change of the performance criterion for
changing the order of the fractional combiner filter and show the more appropriate performance of the proposed modulator for
a range of fractional powers.

Keywords

Spacecraft attitude control, Pulse-width pulse-frequency modulator, Fractional order, Pointing, Proportional-derivative control.
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Pinch analysis and simulation of Bu Ali Sina crude oil refinery unit
Nazanin Nemati Yazdi!, Mahdi Nasiri Shahrbabaki?, Mostafa Valizadeh Ardalan?, Ali Javadi*
1- Department of Mechanical and Industrial Engineering, University of Sadjad, Mashhad, Iran
2- Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
3- Department of Mechanical Engineering, Shahroud University of Technology, Shahroud, Iran
4- Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran

Abstract

Nowadays, energy saving in oil and gas refineries is of special importance, so saving and optimizing energy
(fuel) consumption can have many positive economic and environmental effects. Based on this, in this research,
optimization of fuel consumption in Bu-0Ali Refinery has been discussed. In this way, Bo Ali Refinery was first
simulated in the Aspen Hysys software environment, then it was modified and redesigned through the sensitivity
analysis of parameters effective in the energy consumption of the refinery. According to the title of the research,
in order to minimize the consumption of external heat sources, pinch technology has been used. Also, considering
the comprehensive combination diagram and its results, a four-stream converter is proposed for this refinery. The
results showed that this redesign saved the heat transfer rate (34829042 kJ/h) and reduced the consumption of the
refinery by about 7%.

Keywords
Oil refinery, Heat exchanger, Refinery distillation unit, Pinch analysis, Simulation.
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Study the influencing parameters on performance of screw conveyor in
order to redesign it in ShahreBabak copper complex

Mehdi Akhondizadeh', Meysam Atashafrooz', Kamran Fathipour!

1- Mechanical Engineering Department, Sirjan University of Technology, Sirjan, Iran

Abstract

In the present work, the performance of a case study screw conveyor in Shahrebabak copper complex has been
studied. The design of screw based on the standard design codes, especially CEMA code, has been investigated to
determine the design problems. The variation graphs of the screw speed, material rate and the upper bin discharge
have been recorded to use in evaluations. Data collection revealed that the screw conveying rate of material did not
match with the evaluations which given by the standard codes for the conveying capacity of screw. The data were
used to derive a correction factor between the operational data and theoretical relations of conveying capacity. By
the obtained correction factor, the relation for evaluation of the case screw capacity was derived and by with, the
maximum screw capacity was determined. Redesign of screw, according to the material conditions and required
capacity (of about 72 t/h) has been performed.

Keywords
Conveyor design, Screw conveyor, Screw feeder, Material handling, Screw slope.
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Fig. 12. The mass flow rate versus axial tilt angle.
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A Review on Heat Transfer Coefficient Measuring Methods in Bulk and
Film Specimens

Mehdi Jafari Vardanjani'”

1- Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran

Abstract

Thermal conductivity and contact thermal conductivity play an important role in the design of engineering thermal prod-
ucts. To date, various types of solid and thin film measurement techniques are known. In general, these methods are divided
into two categories: stable and transient, each of which is used according to the nature and accuracy required of the measure-
ment, relative to the target test sample. In general, the most common challenge of the techniques for measuring the conductive
heat transfer coefficient is related to achieving an error of less than 5%, which is caused by bulk or contact heat transfer. For
this reason, choosing the appropriate measurement method for quantitative and accurate measurement of the target sample
requires knowledge in the field of thermophysical characteristics, geometry and sample preparation method. It is also import-
ant to understand the principles and limitations of testing methods and possible sources of error that affect the final results. In
this regard, in the present study, after examining the various aspects of stable and transient measurement methods, including
the type of sample, achievable accuracy, costs, activities required for preparation, and other related matters, a comparison has
been made between them; finally, the appropriate method has been recommended according to the target sample considering

the parameters of measurement time, appropriate sample size, cost, and complexity of the technique.

Keywords
Heat transfer coefficient, Thin film, Bulk materials, Conductivity
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Investigating the effect of friction coefficient on the forming force of copper
sheet in the pressing process in bound groove molds

Saeed Rahnama'”, Moein gholami', Payam askari', Abbas Yaghobzadeh'

\-Department of Mechanical Engineering , University of Birjand , Tehran University , Iran.

Abstract

Extreme plastic deformation methods are methods that can be used to produce materials with a high strength-
to-weight ratio. Groove pressing process is a severe plastic deformation method used to produce metal sheets with
very fine grain structure. In this research, numerically and using the finite element method, the groove pressing
process is studied up to one full pass on a pure copper sample. Therefore, numerical modeling was done by AB-
AQUS 6-14 software, and by using this method, the output results of each stage are transferred as input to the
next stage. Numerical results showed that with the application of each step of the process (Constrained Groove
Pressing), the amount of plastic strain increases and also along the length of the sample, the amount of effective
plastic strain changes in an oscillating manner. By examining the changes in the forming force during the process,
the trend of force changes was observed. It consists of three parts in odd stages, and in the third part, the slope of
force changes increases sharply, which is due to the increase of contact surfaces and the effect of friction in order to
fill the corners of the mold. By examining the effect of the friction coefficient on the forming force, it was observed
that with the increase of the friction coefficient, the maximum value of the forming force increases.

Keywords
Modeling, Copper sheet, Hardness, Forming force
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Improving the performance of satellite attitude control with a reaction wheel
actuator and considering sensor noise

Vahid Bohlouri'" <Hamideh Sadat Seyed Hosseini?

1- Department of Electrical Engineering, Technical and Vocational University (TVU), Tehran, Iran
2- Department of Computer Engineering, Technical and Vocational University (T'VU), Tehran, Iran

Abstract

In this paper, the robust optimization method has been used to reduce the effect of sensor noise on the performance of the
satellite attitude control system with a reaction wheel actuator. In this regard, the absolute pointing error on the satellite attitude
has been chosen as the main control performance criterion. The optimization algorithm based on the genetic algorithm and the
Monte Carlo method of successive iterations have been used to include the effect of noise and obtain the control coefficients. A
modified proportional-integral-derivative (PI-D) controller with the observer method has been utilized to control the space-
craft. White Gaussian noise is added to angular velocity and angular feedback through a low-pass filter. To compare the results
fairly, the control coefficients for the same simulation conditions have been obtained for two approaches; robust optimization
and deterministic optimization. The performance criterion in terms of the noise power spectral density function has been inves-
tigated for two optimization approaches. The comparative results show that the tuned control system by the robust optimization
method, its performance criterion is more robust in the face of noise and has less changes, while the performance criterion of the
deterministic optimization method has more changes in noisy condition.
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Numerical simulation of EF7 engine in different operating conditions
Seyyed Mohammad Mahdi Delavaril, Karim Aliakbaril*, Mohammad Sheykhi1

1-Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran.

Abstract

In this research, with the help of commercial software called AVL BOOST, the performance of the EF7 gasoline
engine has been simulated numerically, and the effect of compression ratio and spark timing has been investigated
on power, torque, and thermal efficiency. The error of the current modeling compared to the results of experi-
mental tests was reported in the range of 3%. Also the simulation results showed that at high speed (5000 rpm) if
the spark advance starts 25 degrees before the top dead point and the spark duration in the range is 55 degrees,
the maximum output power is obtained from the engine, and as the spark duration increases, the ignition speed
decreases and the output power decreases. Besides, with the greater advance (ignition start angle), a greater per-
centage of the input energy is lost as heat to the engine wall and the output power decreases. It is noteworthy that
in the optimal conditions of spark timing at S000 rpm, the thermal efficiency of about 38% can be achieved, which
is increased by about 11% compared to the default spark timing mode.

Keywords
EF7 engine, AVL BOOST, Spark timing, Thermal efficiency
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Routing for unmanned flying robots in expedited order delivery within distribu-
tion networks and online customer service platforms

Erfan Khosraviyan*

Department of Mechanical Engineering, Payame Noor University, Tehran, Iran.

Astract

Amidst the continuous expansion of global commerce and the urgent need for expedited order delivery within distribution
networks and online customer service platforms, the demand for air cargo transportation has reached unprecedented levels,
complementing traditional distribution channels such as land and sea. Consequently, this sector has garnered considerable
attention in recent years. One of the primary challenges encountered in aerial distribution networks pertains to the routing
problem for unmanned aerial vehicles (UAVs), which necessitates considerations of enhanced customer satisfaction and net-
work constraints. To address this challenge, this paper commences by introducing the routing problem alongside customer and
network constraints, subsequently presenting their mathematical formulations. Notably, the dynamic behavior of aerial robots
poses a significant constraint in this context, which has been inadequately addressed in existing research on routing problems
within distribution and customer service networks. This deficiency is attributed to the involvement of flight dynamics equa-
tions, complicating the problem significantly. In this study, the nonlinear equations governing aerial robots for customer ser-
vice are reformulated in state space representation. Subsequently, the routing problem, incorporating the state space equations
of flying robots and considerations of customer and network constraints, is tackled using a genetic optimization algorithm—an
optimal solver. Following the solution process using the genetic algorithm, the results are elucidated in terms of optimal routes.
Simulation outcomes validate the efficacy of the proposed approach in meeting all problem requirements and objectives, there-
by presenting a viable solution for routing large-scale aerial networks.

Keyword

Routing, Aerial robot, State space equations, Genetic optimization algorithm, Distribution network and customer service
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Finding the optimal position of the DME with the aim of reducing proba-
bility airplane landing error in non-ideal conditions

Masoud Moradi Rad'*, Amir Reza Koosari', Mohammad Ali Amiri Atashgah1

1-Department of Aerospace Engineering , International Pardis Kish , Tehran University , Iran.

Abstract

Under adverse weather conditions, distance measuring equipment (DME) must be optimally positioned to
reduce landing errors. Interval type-2 fuzzy logic is employed as an effective method for determining the optimal
placement of DME. This approach evaluates factors such as weather conditions, flight paths, and other relevant
variables fuzzily to determine the optimal DME positioning. When there are unequal distances from the normal
landing strip for each sensor, identifying the optimal location for secondary sensor placement is crucial. This
system operates dynamically, identifying the presumed central landing line based on the initial placement of each
sensor, and ultimately determining the optimal position for the secondary sensor. In our experiments, the ideal
distances from the aircraft to the sensors were 131.5 meters and 132 meters, respectively, allowing the system to
accurately determine the appropriate landing spot. In non-ideal conditions, with distances of 134 meters and 129.4
meters, the system indicated that closer proximity to the second sensor led to an unsuitable central landing line.
The results demonstrate that using interval type-2 fuzzy logic can accurately identify and optimize sensor place-
ment, thereby reducing the likelihood of landing errors in adverse weather conditions.

Keywords
Interval fuzzy control system, Centerline estimation, Landing approximation
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Abstract

In the present research, effect of pelletizing disk angle and rotation speed, as well as the percentage of moisture and ben-
tonite on the median size (pellets size distrinution index) and the mean drop number (pellets strength index) are studied exper-
imentally. Design of experiment approach is applied leading to obtain reasonable number of experimens with specific settings.
To achive parametric mathematical functions, curve fitting is performed on the experimental results and four-variable func-
tions were developed for the two characteristics of median size and drop number. In order to reveal the details and the role of
each factor on the results, the necessary contour graphs are prepared. Based on the observed influences of each parameter on
the pellets characteristics, the probable reasons and their physical interpretation were discussed. It was found that there are
soptimal settings for the two factors of rotation speed and disc inclination, leading to obtaine the desired pellet from both the
size and strength perspectives. In addition, it was found that in the studied range, the moisture and bentonite do not necessarily
have a positive effect on both pellets size and strength concurrently. The results of the present research can be usefull for pellet
production plants as assist to arrive optimall settings of the production process.
Keywords

Iron production, Pelletizing disk, Bentonite, Moisture.

1- Introduction

In pelletizing process, iron ore concentrate is mixed with a binder such as bentonite and a certain amount of
water and rotated in a cylinder or disc, resulting in almost spherical pellets. The rotation of the disk causes the
particles to roll from top to bottom and due to contact with each other, their size increase gradually however,
the final products are in a wide range of size. The size distribution affects the pellets properties including its
mechanical strength and hence should be in optimum range. The main purpose of the present research is to
investigate impact of different factors on the disk pelletizing process using experimental approach. In addition,
the roles of variables is discussed in detail and mathematical functions are provided for each of them. Based on
the mathematical functions, individual and cross effects of the variables are studied and optimal conditions are
determined. The obtained ptimal ranges are valuable as can be used in realistic conditions.

2- Research materials and methods

To perform the experiments, iron magnetite concentrate of GolGohar company was used. The elements
composition was identified employing XRF,showing 68% iron (Fe), 23.73% iron oxide (FeO) and 0.214%
sulfur (S). The Blaine index of the used concentrate was around 1300.

The main specifications of the pelletizing disc are as follows:

e Disc diameter: 80 cm,
e Disc edge height: 12.5 cm,
e The inclination of the disc: 10° to 70°,

* Akbar Jafari, a_jafari@tvu.ac.ir
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e Rotation speed: Up to 32 rpm.

Four influential factors including disk rotation speed, &, disk inclination, a, bentonite percentage, b, and
moisture percentage, m, were selected for the study as they are controllable in realistic conditions.Using
Expert Design software 26 experiment cases were designed, in which the value of each of the four variables
is set at a specific value.

3- The product characterization and curve fitting

Median size is an important property of the produced pellets that is named D, . Impact strength of the pel-
lets is another factor that is called mean drop number, D, . This characteristic is measured as number of times
that a pellet is droped from height of 46 cm to be cracked or damaged. With the results of the experiments,
curve fitting was performed and the following quadratic functions with four constants have been obtained for
Dy, and, D, , respectively.

Dy, =—245.58+3.91N +6.5a+17.9b
+11.54m—0.03Na - 0.41 b (1)
—0.21ma—0.051N* -0.04*

D, =-4227+047N+0.52a~-3.41h+72m
—0.004aN +0.068bN +0.046 b —0.12bm 2)
—-0.007 N*=0.005¢* +0.52b* —0.46 m*

4- Results and discussion

The contour graphs of the concurrent impact of the disk speed and inclination on the median size and also
the drop number are depicted in Fig. 1. It is seen that with the increase of the disk speed and angle, both the
features median size and drop number increased however, decending trend is happened subsequently. There-
fore, these two factors should be adjusted at optimal range.
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Fig. 1. Contor graphs of concurrent effects of the disk speed and angle on the median size and drop number (

b=1%andm =7.5%).
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Figure 2 shows the contour graphs representing effects of the disk speed and bentonite on the median size and
drop number. It is observed that for the studied bentonite range, there is an optimal speed limit which has led
to have large median size and also drop number.
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Fig. 2. Contor graphs of concurrent effects of the bentonite and disk speed on the median size and drop number (
a=45%andm =7.5%).
Figure 3 shows the contours of simultaneous effects of the disk speed and moisture on the median size and
mean drop number. It can be seen that the contours of the median size are open curves, while the contours of
the drop number are closed curves with almost circular shape. Based on these graphs, the disk rotation speed
has extreme points in both graphs. It is seen that when the speed increases to around 25 rpm, mean drop num-
ber and median size increased and descending trend is exhibited subsequently.
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Fig. 3. Contor graphs of concurrent effects of the disk speed and moisture on the median size and drop number
(b=1%anda =45°).
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The contour graphs representing effects of the disk inclination and moisture (for 24 rpm speed and 1% benton-
ite) on the median size and mean drop number are presented in Fig. 4. Forms of the graphs in both of them in-
dicate that the optimal disk angle is around 45° leading to have maximum median size and mean drop number.

Moisture (%)

Moisture (%)
~
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=
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40! 42 44 46 48 50
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Fig. 4. Contor graphs of concurrent effects of the disk inclination and moisture on the median size and drop number (
N =24rpmandb=1%).
Figure 5 shows the contours of the simultaneous effect of disk inclination and bentonite on the median size as
well as on the mean drop number. It is observed that graphs in both figures are open curves. It is revealed that
optimum points are exhibited in them almost in the midle range of the horizontal axis.
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Fig. 5. Contor graphs of concurrent effects of the disk inclination and bentonite on the median size and drop number (
N =24rpmandm =7.5%).
Effect of the moisture and bentonite (at speed of 24 rpm and a angle of 45°) are depicted via contour graphs in
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Fig. 6. It is seen that the graphs of the pellets median size are almost linear meaning that there is no optimal
point for the bentonite content. As another conclusion of these graphs, the effect of moisture is more intense
than effects of bentonite.
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Fig. 6. Contor graphs of showing effects of the bentonite and moisture on the median size and drop number (
N =24rpmand o = 45°).

4.1. Optimization

Using the genetic algorithm, two-objective optimization procedure is done and the Pareto front is obtained
as drawn in Fig. 7. Based on this diagram, it is possible to identify acceptable settings in the region above the
Pareto front.
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Fig. 7. Pareto front regarding the median size and mean drop number as two objective functions.

5- Concluding remarks

In this article, effects of the disk speed and inclination, as well as the moisture and bentonite percentage
on the two main characteristics of the produced pellet, including the median size and mean drop number was
studied experimentally. It was found that by increasing the disc inclination to a certain limit, the two introduced
characteristics of the pellets increase, and then a decending trend occurs. In general, it seems that disk angle
around 45° is an optimal option. Moreover, it was observed that with increase in the disk speed, the median size
and mean drop number increase and then, decreasing trends happen.
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Improving the spacecraft attitude control performance with on-off thruster actuator
and fractional order pulse-width pulse-frequency modulator
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Abstract

In this article, the problem of controlling the attitude of a spacecraft with integral pulse width and frequency integrator is
investigated and the said integrator is developed as a fractional order. The spacecraft is controlled by a two-state on-off thruster
actuator with a combination of proportional-derivative law and integrator. In order to focus more on studying the behavior
of the proposed integrator, the operator model is ideally considered, although it is due to the use of a nonlinear control system
integrator. Average fuel consumption and operator activity are included as two main evaluation indicators, and on the other
hand, the absolute average value of the sign error on spacecraft attitude is also included as another important indicator in the
study of the behavior of the proposed integrator. In order to compare the results fairly, the situation control problem has been
done for the same assumed conditions and for the integrator of integer order and fractional order. The comparative results for
changing the fractional power of the fractional order integrator filter and checking the three performance criteria have been
done. Also, the influence of the uncertainty of the moment of inertia of the spacecraft, the uncertainty of the reference entry an-
gle and the range of external disturbances have also been studied. The obtained results indicate the change of the performance
criterion for changing the order of the fractional combiner filter and show the more appropriate performance of the proposed
modulator for a range of fractional powers.

Keywords

Spacecraft attitude control, Pulse-width pulse-frequency modulator, Fractional order, Pointing, Proportional-derivative
Control.

1-Introduction

Fractional order calculations have been used in many control systems to improve performance. In this
regard, a review article [1] has provided a detailed classification of fractional order control systems. Specifi-
cally, in reference [2], a fractional-order proportional-derivative controller is used to control the attitude of a
spacecraft with pulse width and frequency modulator. Changing the structure of the pulse width and frequen-
cy modulator using fractional calculations can produce interesting results. On the other hand, the performance
of the integrated pulse width and frequency is highly dependent on the integrator, if the order of integration
changes, the performance criteria and behavior of the integrator will also change [3]. Studying the perfor-
mance of spacecraft attitude control with the IPWPF integrator and using fractional calculations in order to
achieve a more appropriate behavior can have interesting results. Therefore, in this article, spacecraft attitude
control is investigated using a fractional-order integrated pulse width and frequency integrator and the results
are compared with the correct-order integrator. The main innovation and focus of this article is the use of
integral pulse width and frequency integrator of fractional order in controlling the attitude of the spacecraft
and studying the behavior of this integrator and checking the defined performance criteria. In the discussion
and results section, spacecraft attitude control has been studied for different values of fractional power. In this
section, the results of two correct order controllers and fractional order controllers have been compared for
different assumptions, disturbances, uncertainties and performance criteria.

2-Spacecraft Attitude Control

The structure of pulse width and frequency modulator is shown in figure 1. This modulator consists of
a filter with time constant and gain K and a Schmidt trigger block with the threshold value of turning on ,

* Vahid Bohlouri, V_bohlouri@tvu.ac.ir



Vahid Bohlouri Improving the spacecraft attitude control performance ...

the threshold of turning off , the input signal to the Schmidt trigger block U and the output level , the value
of the previous output signal of the width and frequency modulator pulse and a negative unit feedback are
formed. After comparing with the output signal of Y integrator, the input signal /n enters the filter (first order
dynamics) and finally enters the non-linear and memory block of the Schmitt trigger. Due to the Schmidt
trigger block, this integrator has a non-linear behavior and has 5 adjustable parameters. If an integrator () is
placed instead of the filter, the pulse width and frequency modulator will be integral. If the integrator power
is fractional, the integrator will be F-IPWPF. Figure 2 shows the single-axis attitude control circuit of a rigid
spacecraft with ideal operator model and proportional-derivative controller and F-IPWPF integrator [4].

PWPF Modulator

Ul
| ¥
| Ustr  Uopn

Figure 1. A PWPF modulator

(n|»—-

Figure 2. Satellite attitude control with PD controller and fractional order PWPF modulator

Numerical solution of has been done using Euler’s numerical method and time step 0.001 seconds in
MATLAB software. The initial conditions of zero angle and angular velocity are chosen and the moment of
inertia value is 1 kg/m2. The gain value of proportional and derivative control is selected as 10 and 20, re-
spectively. The Schmitt trigger block on and off threshold values are selected as 0.05 and 0.02, respectively,
and the output level of the Schmitt trigger block is selected as 1. In Figures 3, the angle of the spacecraft are
drawn for three input reference angles of 15, 30, and 45 degrees, respectively. According to the figure, the
controller has been able to follow the input reference angle with proper accuracy.
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Figure 3. Step response of the FI-PWPF modulator with PD control
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3-Results and Discussion

The absolute mean value of the sign error on the attitude of the spacecraft (Err), the mean fuel consump-
tion value (AV) and the thruster activity (N) in terms of A for three reference entry angles of 15, 30 and 45
degrees respectively in Figures 4 and 5 and 6 is drawn. The behavior in all three reference input angles is
almost the same. For A>1, the value of Err is incremental. For values of A < 1, the error is almost constant. For
a more detailed analysis, According to Figure 4, the maximum amount of fuel consumption occurs around
A=1, and with the deviation of A from the unit value, fuel consumption decreases.

065 |

06 |

——p=15 "]
——p=30 °

055 | 0 5

=45

Figure 4. Err versus A in FI-PWPF with PD control
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Figure 5. AV versus A in FI-PWPF with PD control0
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Figure 6. N versus A in FI-PWPF with PD control

According to Figure 7, for disturbances around zero, the lowest amount of error occurs, and with the
absolute increase of the amplitude of the disturbance, the pointing error increases, but the important point is
that the pointing error changes less in small A than in large A, so that the difference Err in A=0.75 and A=1.25
is about 25%. It should be mentioned that the external disturbances in the form of disturbance torque in
the range of -0.05 to +0.05 Nm have been selected and applied as a step function to control the state of the
spacecraft. Also, in figures 8 and 9, mean fuel consumption and thruster activity are studied according to the
range of external disturbances. As predicted, in these two forms, with the absolute increase in the range of
disturbances, fuel consumption and thruster activity have increased. Changes in fuel consumption in terms of
disturbance and per A have no significant difference, but in the thruster activity graph, with the decrease of A,
the amount of operator activity has increased in terms of disturbance. Another interesting point that confirms
the validation of the results is the relative symmetry of the graphs obtained. In spacecraft, due to fuel con-
sumption, movement of mechanical components or other factors, the moment of inertia usually changes, so
to consider these changes and check the behavior of the controller, the performance criteria are based on the
uncertainty of the moment of inertia for a change of £25% of the moment of inertia in Fig. 10 to 12 have been
shown. In all forms, with the increase of Err moment of inertia, the fuel consumption and thruster activity
have increased.
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Figure 7. The mean error versus amplitude of external disturbances for different values of fractional integral
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Figure 8. The fuel consumption versus external disturbances for different values of fractional integral
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Figure 9. The thruster activity versus external disturbances for different values of fractional integral
With the increase of the moment of inertia and for larger A, the value of Err has increased more. The slope
of the graph of fuel consumption in terms of the moment of inertia is almost the same for all A, and finally the

slope of the graph of increasing thruster activity has increased with the increase of the moment of inertia for
small A.
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Figure 10. The mean error versus moment of inertia
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4- Conclusions

In this article, a fractional order integrated pulse width and frequency modulator is developed to control
the attitude of the spacecraft with an on-off two-state operator. Absolute average error, average fuel con-
sumption and thruster activity have been studied in terms of integrator fractional power. The obtained results
show a relative increase in the average pointing error with an increase in the fractional power of the integra-
tor and a relative decrease in fuel consumption with a decrease in the fractional power. Also, the reduction
of the thruster activity has happened with the increase of the fractional power of the integrator. For example,
for a 30-degree maneuver, the state of the spacecraft and the assumed conditions, by reducing the deficit
power of the integrator, the average error is reduced by about 19%, the fuel consumption is almost constant,
and the activity of the operator is increased by about 4 times. In addition, the influence of the uncertainty of
the moment of inertia of the spacecraft and the uncertainty of the reference entry angle has also been stud-
ied. With the increase of the moment of inertia of the spacecraft, the average pointing error, the amount of
fuel consumption and the activity of the thruster increase, which is different for the changes in the fractional
power. The evaluation of performance criteria according to the range of external disturbances has also been
studied, and the results show a reduction in the error rate by reducing the power of the fractional integrator.
By studying the obtained results, it can be shown that the performance of the proposed modulator is more
suitable in a range of fractional powers and the use of this proposed modulator is especially preferable for
increasing the accuracy of the sign on the spacecraft’s attitude maneuver.
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Abstract

Nowadays, energy saving in oil and gas refineries is of special importance, so saving and optimizing energy (fuel) consump-
tion can have many positive economic and environmental effects. Based on this, in this research, optimization of fuel consump-
tion in Bo Ali Refinery has been discussed. In this way, Bo Ali Refinery was first simulated in the Aspen Hysys software environ-
ment, then it was modified and redesigned through the sensitivity analysis of parameters effective in the energy consumption
of the refinery. According to the title of the research, in order to minimize the consumption of external heat sources, pinch
technology has been used. Also, considering the comprehensive combination diagram and its results, a four-stream converter is
proposed for this refinery. The results showed that this redesign saved the heat transfer rate (34829042 kJ/h) and reduced the

consumption of the refinery by about 7%.
Keywords

Oil refinery, Heat exchanger, Refinery distillation unit, Pinch analysis, Simulation.

1- Introduction

Human’s increasing need for energy and its limited resources and the significant increase in energy prices
in the world in recent years have caused the importance of optimizing energy consumption to increase. Process
integration is a comprehensive approach in engineering design aimed at minimizing the use of resources and
energy, which will lead to many conceptual design methods and industrial applications.

2- Description of the process and statement of the problem and method

In this article, the investigation of the crude oil refinery unit in Bou Ali Sina Petrochemical is discussed.
The Boali oil refinery unit (Figure 1) has one distillation tower, two separator units, and three hot external heat
sources. The distillation tower has 31 trays from which the products are taken out.

In this article, according to the sensitivity analysis that has been done, operational parameters are inves-
tigated and the effects of each of them are observed, and then the refinery will be modified and redesigned.
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Figure 1. Simulation of Bu Ali Refinery
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Figure 2. streams Specifications

In this article, the design of the refinery and the examination of its results - such as the effect of the separa-
tor temperature on the mass flow rate, the analysis of the energy consumption of the hot external heat source,
the changes in the flow rate of the streams with the temperature of the fluid entering the flash drum, etc - have
been discussed and from Pinch’s laws, the heat sources of the refinery have been modified.

3- Refining and rebuilding the refinery

In this part, by using the basic concepts of energy integration and software, by removing the hot and cold
external heat source, two cold streams and two hot streams are transferred together in one exchanger and elim-
inate the energy required by the hot and cold external source and as a result, it reduces energy consumption in
the entire refinery. The process started by mixing water and oil and by entering the hot external heat source,
its temperature has reached from 14°C to 65°C. And then it enters the designed heat exchanger and exchang-
es heat with the water flow coming out of the three-phase sprayer. Figure (3) shows the operational view of
the designed refinery. After designing the heat exchanger and minimizing the consumption of external heat
sources, the results were obtained and by removing an external source and using the existing currents, the heat
transfer rate of the entire refinery is equal to 534256924 kilojoules per hour.
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Figure 4. Heat transfer rate after refinery repairs

4- conclusion and suggestions

In this article, pinch analysis and simulation of oil refinery were investigated. As seen in this article, due
to the increase in the price of energy carriers and the limitation of available fossil fuels, as well as the adoption
of stricter environmental laws, it’s inevitable to pay attention to the optimization of energy consumption in in-
dustries, especially oil refining industries, which have high energy consumption compared to other industries.

* According to the simulation, the value of the heat transfer rate of output from external hot sources and
the boiler of this refinery using the software is 569085966.3 kJ/hour.

 Using the concepts of integration, pinch analysis, and heat exchanger design, the heat transfer rate was
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reduced to 534256924 kJ/h.

* The results showed that only by analyzing the pinch and designing a heat exchanger, the consumption of
external resources has decreased about 7%.

In order to achieve higher goals, the following topics can be suggested for further research:

* Investigating other potentials for distillation tower optimization, such as optimization of return flow
ratios and optimization of operating pressure.
* Using other software related to pinch analysis and comparing their results with existing results.

» Converter design and pinch analysis for other heat sources and comparing their results with existing
ones.
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Abstract

In the present work, the performance of a case study screw conveyor in Shahrebabak copper complex has been studied.
The design of screw based on the standard design codes, especially CEMA code, has been investigated to determine the design
problems. The variation graphs of the screw speed, material rate and the upper bin discharge have been recorded to use in
evaluations. Data collection revealed that the screw conveying rate of material did not match with the evaluations which given
by the standard codes for the conveying capacity of screw. The data were used to derive a correction factor between the opera-
tional data and theoretical relations of conveying capacity. By the obtained correction factor, the relation for evaluation of the
case screw capacity was derived and by with, the maximum screw capacity was determined. Redesign of screw, according to
the material conditions and required capacity (of about 72 t/h) has been performed.

Keywords
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1-Introduction

Xiaojia et al. [1] studied the movement of the solid-gas phase in a vertical screw conveyor to determine the
velocity distribution function of the surrounding particles along the radius. Licking et al. [2] investigated the
influence of blade bending angle on screw conveyor performance in a coal mine with the help of finite element
simulation. The results showed that increasing the vane bending angle up to a certain amount increases the
transfer rate and beyond that value decreases the transfer capacity. Using discrete element simulation, Owen
and Cleary [3] studied the effect of parameters such as screw rotational speed, angle, screw diameter, pitch
and pipe diameter on screw performance. Yankin [4] conducted a comprehensive study of the performance of
screw conveyors in the form of theoretical studies and comparison and validation with experimental work in
his doctoral thesis. In addition to the mentioned sources, the ANSI/CEMA standard [5] has provided designers
with a powerful tool in the design and selection of screw conveyors and feeders. In the present work, the results
of the investigation of the performance of a screw conveyor, which was carried out based on the request of
Shahrbabak copper complex, to solve its problems, are presented.

2-Screw conveyor

Screw feeders and conveyors use the process of positive movement of materials in contact with the snail
to feed or transfer materials. The principle of operation of this equipment is that, as a result of one revolution
of the screw, the material is forced to move along the axis of rotation. The main components of most of these
equipment are shown in Figure 1.

3-Problem description

It was founded that the screw conveyor claimed by the designer, Autotech, with a nominal capacity of 72
tons per hour, was not able to increase the capacity to more than 50 tons per hour, and therefore, the initial
design was changed. Apparently, in the new design, the capacity problem is solved. The problem of the new
design is that, when changing the screw capacity, which is done by changing its speed, the stabilization of the
capacity is achieved with a delay. An example of speed changes and tonnage changes in 24 hours is shown in
Figure 2.

* Mehdi Akhondizadeh, m.akhondizadeh@sirjantech.ac.ir
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Figure 1. Schematic of the screw conveyor parts

Figure 2. Variation of capacity and speed of screw during 24 hours

The values corresponding to the diagram in Figure 2 are: the maximum speed: 60%, The minimum speed:
29.7%, mean speed: 50.8%, the maximum rate: 58.3, The minimum rate: 47.2, Mean rate: 51.6%

Table 2. Parameters of Screw design

Dia. Screw Num. feed Pitch Conv. Pitch Feed length Conv. Length Power
530mm 2 350mm 250mm 750mm 4500mm 75kw

4- Screw capacity
The capacity of the screw conveyor is calculated according to its functional parameters with the following
relationship: [5]

C =0.4712n(D; — D;)PK /1728 (1)

where, C is the screw capacity in cubic feet per hour, n is the screw rotation speed (rpm), P is the screw
pitch in inches, K is the filling percentage, Ds is the screw diameter and D, is the pipe diameter, both in inches.



Vol 2, Issue 2 / Aautumn and Winter 1402 Journal of science and Technology in Mechanical Engineering

Equation (1) is a valid relationship for calculating the capacity of the screw conveyor [6-8]. Equation (1) in
terms of tons per hour, including a correction factor, is as follows:

QO(t/ h)=(PKC.pn(? Ds* — Dp*)) /117 ()

Where p is the mass density of the material in tons per cubic meter, n is the screw speed in revolutions per
minute and C, is the correction factor. The screw capacity, or tonnage, was received from the control room
in different conditions and also calculated with equation (2) and the results are given in Table 3. Also, in this
table, the necessary correction factor is given to bring the calculated values closer to the real data. The speed
is expressed as a percentage of the rated speed, 1460 rpm.

Table 3. The capacity and speed of the screw and the correction factor

Capacity 55 58 48.6 52 49.9 49.1 56.3 50.3 49 | 48.6 | 50.2 56.2
Speed 66 74 45.3 44 554 52 353 71.7 50.6 | 453 | 553 333
C, 0.39 0.36 0.5 0.55 0.42 0.44 0.75 0.3 045 | 0.5 0.42 0.79

In almost all cases, a correction factor smaller than 1 is required to have the close evaluations of the screw
capacity with the measured ones. To validate these correction factors, data related to tonnage and speed are
recorded at another time and calculated with the equation 2.

In addition to the measurements of the screw performance, the review of the researchers’ research and the
laboratory results of the manufacturing companies show that there are factors that influence the correction
factor. According to the ANSI/CEMA standard, the following factors influence the correction factor: Pitch to
screw diameter ratio, The shape of the screw blades, The need to use a screw to mix the materials along the way

For the pitch-to-diameter ratio, it is suggested that certain standards be followed. Standard ratios include
0.5,3.2, 1 and 1.5. For the new design screw, which this ratio is about 2.3, the effect of this ratio on the cor-
rection factor is about 0.66.

The shape of the screw blades in this work is standard. This factor is ineffective for this screw and its effect
is considered with a factor of 1. Examining the graphs showed that according to reference data [2], rate change
is related to speed change with a factor of 0.85, and based on reference data [3], rate change is related to speed
change with a factor of 1. That is, in the first case, in the constant condition of other parameters, if the speed
is equal to x, the feeding rate is equal to 0.85x, and in the second case, in the constant condition of other pa-
rameters, when the speed is equal to x, the rate is also equal to x. Observations have also shown that a standard
screw with an inclination of 15 degrees will have a capacity of about 75% of its horizontal capacity, and with
an inclination of about 25 degrees, it will lose about 50% of its capacity. [10]

The effect of these factors on the correction factor can be summarized as follows:

C=0.88*0.66=0.528 €)

5- Redesign of screw

As mentioned in the previous sections, the screw of the previous design has not provided the required ca-
pacity of Shahrbabak copper complex. The screw of the previous design, assuming a correction factor of 0.56,
has a capacity of about 50 tons per hour at the maximum speed, that is, 26 rpm. The ANSI/CEMA standard
allows a maximum speed of about 94 rpm for current materials for a 20-inch

As a result, the 16-inch screw, only if the materials are A35 or softer in terms of wear index, is suitable for
the required capacity of over 72 tons per hour, and otherwise, according to the limitations Mentioned for speed,
it does not fit. The 20-inch screw, even in the condition of material with the worst wear index, i.e. A27, will be
able to work at a speed of 40 rpm, and therefore, even with a reduction factor of 0.52, it will give a capacity of
about 110 tons per hour.

6- Results
e Calculation of screw feed rate and correction of coefficients with the help of data collection of actual screw
performance showed that the new screw has a transfer capacity between 95 and 110 tons per hour at a

maximum speed of 26 revolutions per minute.
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e In the required range of the rate ,which is about 72 tons per hour ,the diameter of 20 inches is suitable
for the screw ,and the required rates can be reached by slightly reducing the diameter of the pipe and
increasing the speed of the screw by changing the gearbox.

e The current screw design is much higher in terms of transfer capacity than the requested rate of 72 tons,
and it is estimated to have a capacity of about 110 tons per hour .Of course ,the current design should work
very well in terms of screw wear.
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Abstract

Thermal conductivity and contact thermal conductivity play an important role in the design of engineering thermal prod-
ucts. To date, various types of solid and thin film measurement techniques are known. In general, these methods are divided
into two categories: stable and transient, each of which is used according to the nature and accuracy required of the measure-
ment, relative to the target test sample. In general, the most common challenge of the techniques for measuring the conductive
heat transfer coefficient is related to achieving an error of less than 5%, which is caused by bulk or contact heat transfer. For
this reason, choosing the appropriate measurement method for quantitative and accurate measurement of the target sample
requires knowledge in the field of thermophysical characteristics, geometry and sample preparation method. It is also import-
ant to understand the principles and limitations of testing methods and possible sources of error that affect the final results. In
this regard, in the present study, after examining the various aspects of stable and transient measurement methods, including
the type of sample, achievable accuracy, costs, activities required for preparation, and other related matters, a comparison has
been made between them; finally, the appropriate method has been recommended according to the target sample considering

the parameters of measurement time, appropriate sample size, cost, and complexity of the technique.
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1- Introduction

Thermal conductivity (k) shows the ability of a material to conduct heat. This parameter depends on the
thermal energy (Q) passing through the thickness (L) in the direction perpendicular to the surface (A). As-
suming the stability of the conditions, the temperature difference created on the sides of the sample thickness
(I, —1) are also effective on the value of this parameter. The range of thermal conductivity (k) values for
solids, at room temperature, has been found to be between 0.015 _W_ and 3000 _W . This parameter can
be a function of temperature or a function of heat flux direction. ™K m-K

Contact thermal conductivity is also referred to as the ratio of heat flux passing between two tangential
surfaces to the temperature difference of those two surfaces. This issue for solid materials often occurs due
to the roughness of the contact surfaces. This parameter is affected by factors such as surface roughness, sur-
face hardness, impurities, thermal conductivity coefficient of two tangent surfaces, and contact pressure [1].
For thin materials (films), the issue of contact conduction and the resulting temperature drop depends on the
adhesion strength and material difference. In this regard, it should be noted that thermal contact resistance
and thermal boundary resistance are used to describe the thermal conductivity of the contact surface of bulk
materials and thin films, respectively. Knowledge of thermal conduction and contact thermal conduction are
essential for the design of thermal systems. In this article, the methods of measuring this parameter in order to
characterize the thermal conductivity and contact thermal conductivity of bulk and film solid materials have
been reviewed and compared, so that according to the parameters of the measurement time, the appropriate
size of the sample, the cost, and the complexity of the technique, the appropriate method is selected according
to the sample in question.

Sincethe 1950s, extensiveeffortshavebeenmadetodeterminethecoefficientofthermalconductivityandcontact

* Mehdi Jafari Vardanjani, m-jafari@tvu.ac.ir
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thermal conductivity of materials in bulk materials [2-6]. It shows some of the most commonly used methods
that can be placed in the general group of stable and transient methods. In steady state methods, thermal prop-
erties are measured by creating a constant temperature difference independent of time. In transient methods,
the amount of energy dispersion of the sample is usually measured in a time-dependent manner. Each of these
methods can be used for a specific range of materials with their own advantages and disadvantages depending
on the thermal properties, sample configuration, and measurement temperature.

Thin or film-like materials with thicknesses ranging from a few nanometers to several hundred microns are
widely used in engineering systems. These materials are used to improve mechanical, optical, electrical, and
thermal performance in microprocessor [7], photonics [8], solar cells [9], and thermoelectric [10] industries.
These film materials may be used together with a substrate or as a multilayer, or even free. Usually, the thermal
conductivity of thin films is heterogeneous and depends on the thickness. Also, the preparation method and
the film substrate are also factors that affect the delivery of these materials. Usually, the methods of measuring
the thermal conductivity coefficient of bulk materials cannot be used for thin materials and films due to their
large dimensions. Therefore, according to the progress made in the field of heat transfer in micro and nano
dimensions during the last 30 years, special methods have been invented in this field (Table 1). These methods
mainly include 3w, and thermal reflection techniques.

Table 1 Commonly used thermal characterization techniques reviewed in this article

Transient
Samlpe Stable -
Frequency Time
e Absolute )
e Comparative * Hotwire
Bulk .p Pulsed power e Laser beam
* Radial e Hot disk
e Parallel
Film Thermal and electrical o 3o ° Thermalreflection

Thermal reflection

2- Measurement Methods

According to the analysis and comparison made about different methods of measuring the coefficient of
heat transfer by conduction and different materials in the field of parameters of stability or transience of the
method, mass or layered (film) state of the sample, type of material, time required for testing, cost, accuracy
Achievable, the usable temperature range of the method, the complexity of the test configuration, error factors,
the theoretical relationships used and the applications of each method, it can be concluded that according to
Fig. 1, each of the methods has its own applications and limitations. And their selection depends on the men-
tioned parameters and the same procedure cannot be considered for all materials and different conditions. For
example, the biggest challenge of the absolute measurement method is in determining the heat flux passing
through the sample. To solve this problem, a standard part (reference) with a certain heat transfer coefficient
is used. In this way, the comparative technique can be used without the need to directly measure the heat flux.

Also, longitudinal configurations have a suitable temperature range limit. For example, for measurements
at very high temperatures (e.g. above 1000 K), heat loss due to radiation through the heater and sample surfac-
es cannot be ignored and can cause uncertainty when calculating the sample heat flux. Therefore, to overcome
this problem, cylindrical samples are used in the radial heat flux method.

Unstable methods have also been developed in order to overcome the limitations of stable methods includ-
ing disturbing heat loss, contact resistance temperature sensors and the relatively long time required to achieve
a stable temperature difference, the most important of which is the 3® method.
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Fig. 1 Specimen size and measurement time for different methods of measuring the heat transfer coefficient

On the other hand, the lumpy or layered nature of the sample makes it impossible to use any method arbi-
trarily to measure the conductive heat transfer coefficient in the material, and the appropriate method must be
chosen according to the required accuracy. For example, the characterization of small millimeter bulk materi-
als is considered a big challenge because it is very difficult to measure the temperature by thermocouples and
measure the heat flux in them.

Contact or non-contact measurement method also creates limitations or advantages in the desired method.
For example, thermal contact resistance is usually an important source of error in temperature measurement.
Therefore, the laser beam or thermal reflection method has been developed to achieve high accuracy. Of
course, the error caused by radiant heat transfer should not be ignored in these methods and suitable conditions
should be provided for non-contact measurement. Also, in contact methods, it is usually assumed that heat
transfer is done in a one-dimensional way (there is no lateral heat loss).

3- Conclusion

In general, it can be said that according to the comparison, stable methods are capable of measuring large
samples in the longest data collection time, while the unstable thermal reflection method is able to measure this
parameter for the thinnest film in the shortest possible time.
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Abstract

Extreme plastic deformation methods are methods that can be used to produce materials with a high strength-to-weight
ratio. Groove pressing process is a severe plastic deformation method used to produce metal sheets with very fine grain struc-
ture. In this research, numerically and using the finite element method, the groove pressing process is studied up to one full
pass on a pure copper sample. Therefore, numerical modeling was done by ABAQUS 6-14 software, and by using this method,
the output results of each stage are transferred as input to the next stage. Numerical results showed that with the application of
each step of the process (Constrained Groove Pressing), the amount of plastic strain increases and also along the length of the
sample, the amount of effective plastic strain changes in an oscillating manner. By examining the changes in the forming force
during the process, the trend of force changes was observed. It consists of three parts in odd stages, and in the third part, the
slope of force changes increases sharply, which is due to the increase of contact surfaces and the effect of friction in order to fill
the corners of the mold. By examining the effect of the friction coefficient on the forming force, it was observed that with the
increase of the friction coefficient, the maximum value of the forming force increases.

Keywords
Modeling, Copper sheet, Hardness, Forming force

1- Introduction

Extreme plastic deformation methods include processes that change the microstructure of materials from
micron dimensions to nanometer dimensions, leading to the production of products with much higher strength.
The common and unique feature of severe plastic deformation processes is the stability of the dimensions and
the non-change of the material’s appearance during the process, as a result of which the limitation of strain is
lost. Metals subjected to severe plastic deformation processes have very good properties such as high strength
at ambient temperature, resistance to wear, super plastic property at high temperature and low strain rate,
good fatigue properties and excellent resistance They show their self-esteem [1, 6].Severe plastic deformation
processes include many methods such as pressing in the same angular channels ECAP! [7-8] and high-pres-
sure twisting HPT? [9-10] and bonding with cumulative rolling ARB?*[11-12]. Most of these methods require
expensive tools and complex procedures that have made it difficult to use in an industrial way [13-14]. One
of these processes is the limited groove pressing process of CGP*, which has attracted the attention of many
researchers in recent years [3,6]. CGP is a relatively new method in extreme plastic deformation. This process
was first developed in 2002 by Shin and his colleagues [15]. They applied the process on aluminum sheets and
concluded that with this method, it is possible to improve the mechanical properties as well as microgranular
microstructure in metal sheets. In the same year, Lee et al [16] for the first time simulated the finite elements
of this method and compared the results with the results of the CGR process. Investigating the CGP process at
two different temperatures (room temperature and refrigeration) was a research done by Krishnaiah et al. [17]
in 2005. In 2010 [18], Ganesh et al investigated the effect of the CGP process of aluminum sheet on the deep
drawing process

Gholami et al [19] experimentally and numerically studied the effect of CGP process on 6061 aluminum

1 Equal channel angular pressing
2 High pressure torsion

3 Accumulative roll bonding

4 Constrained Groove Pressing
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sheet and concluded that the distribution of mechanical properties in CGP samples is non-uniform. Finally,
they reported that the uniformity of the mechanical properties can be increased by optimizing the geometrical
parameters of the process. In another research[20], Gholami et al. numerically investigated the effect of using
a plate holder on the uniformity of the plastic strain accumulated in a copper sample and concluded that the use
of a plate holder during the process significantly increases the uniformity of the plastic strain and as a result
Uniformity of mechanical properties. Jabali et al. [21] in 2023, experimentally applied the CGP method at high
temperature (250 CO) and investigated the effect of this method on the mechanical properties of the formed
sample. Finally, it was determined by the fracture study that with increasing the number process passes, the
fracture mechanism changes from brittle to soft state. In 2023, Wang et al. [22] investigated the effect of CGP
using ultrasonic hammering at different temperatures and concluded that at a temperature of 200 °C with a
hammering time of 100 Second, a suitable combination of ductility and strength is achieved. In 2023, Yadav
et al. studied the effect of the CGP process on the wear behavior of aluminum samples and concluded that the
wear resistance of CGP samples also increases due to the application of strain. According to the past research,
the effect of friction coefficient on the forming force has not been done. In addition to the study of the plastic
strain created in the sample, the effect of friction on the forming force has been investigated. It is that by in-
creasing the friction coefficient, the maximum amount of forming force increases.

2- CGP process

In the CGP process, four consecutive pressing steps are performed as shown in Figure 1, which is called
a limited groove pressing cycle. Carrying out each pressing cycle can lead to an increase in the strength and
hardness of the sheet along with the finer graining of the sheet, but with the increase in the number of cycles,
the effects of the process on improving the mechanical behavior of the sheet are reduced, as well as creating
surface cracks and reducing the ductility of the sample are among the factors that limit the number of possible
cycles. It is done on a sheet.

] ] ]

Mo strain Half shear strain ~ Full shear strain

Initialshm| | | | | |

povell I B B B
rotation

Figure 1: A simple view of the practical steps of the pressing process in bound slotted molds

3- Research materials and methods

In this research, the simulation of complete two-pass finite elements of the limited groove pressing pro-
cess is performed by Abaqus software on a pure copper sheet in two dimensions. The mechanical properties
and Johnson-Cook coefficients of the copper sheet used in the simulation are presented in Tables 1 and 2.
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Table 1- The density and elastic properties of the pure copper sheet used in the simulation

Young’s modulus (E) (GPa) ~ Poisson ratio (v) Density(Kg/m®)
117 0.33 8960

Table 2- Johnson-Cook constants and parameters used in the simulation

A (MPa) B (MPa) n C m T,(K) T, (K) £0

90 292 0.31 0.025 1.09 298 1356 1

4- Simulation of finite elements

In this research, ABAQUS 6-14 finite element software is used for numerical simulation of the problem.
Because the mechanical properties of the sample change with the application of each step of the CGP process,
in the current numerical analysis, a method that can transfer the output results of each step as input to the
next step is used. In this simulation, the copper sheet is modeled as a deformable solid body. In order to study
more precisely in terms of the distribution and amount of forming force, the molds used in the simulation are
modeled rigidly/analytically. Since in the CGP process, the sample size changes after each pass along the di-
rection of the grooves is insignificant, this process is considered plane strain. In the finite element model, the
dimensions of the mold and the sample are considered to be 2 x 20 mm. The results of this model have been
used to evaluate the accumulated plastic strain during the process and the forming force. In this simulation,
the value of the friction coefficient according to the source [12] is considered equal to 0.25. At each stage of
the analysis, the degrees of freedom of the bottom molds (flat and grooved) are constrained in all directions.
The upper part of the mold can only be moved perpendicularly to the sheet. The amount of displacement of the
mold during the process of shape change is equal to the thickness of the sheet. In the simulation carried out in
this research, in order to prevent the increase in the length of the sheet without creating an edge in the mold,
the sides of the sheet are tied.

5- Conclusion

In this article, the simulation of the finite elements of the CGP process was carried out using Abaqus soft-
ware, and the most important results obtained are summarized in this section.

1- The analytical relations governing the plastic strain process predicts 1.16, which increases exponentially
with the increase in the number of passes. But in the simulation, it was observed that the average strain in the
middle of the sample after the end of the first pass is equal to 1.23. Considering the low error (03.6%) and the
nature of the strain measurement in the developed analytical model and the finite element model, the error rate
can be justified.

2- Along the length of the sample, the strain changes are fluctuating and the lowest amount of strain occurs
in the corner radius region.

3- Using the simulation of finite elements in two-dimensional mode and plane strain, it is possible to predict
the behavior of the forming force. According to the trend of force changes in the grooving stages (stages 1 and
3) and flattening stages (stages 2 and 4) are similar. The force is divided into three areas in the grooving stages,
and the force increases steeply in the third stage and when the groove chamber is completed. The double force
increase at the end of steps 1 and 3 is due to the forming force to fill the corners of the mold.

4- By examining the effect of friction coefficient on the forming force of the process, it was found that
increasing the amount of friction coefficient increases the maximum forming force.
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Abstract

In this paper, the robust optimization method has been used to reduce the effect of sensor noise on the performance of the
satellite attitude control system with a reaction wheel actuator. In this regard, the absolute pointing error on the satellite atti-
tude has been chosen as the main control performance criterion. The optimization algorithm based on the genetic algorithm
and the Monte Carlo method of successive iterations have been used to include the effect of noise and obtain the control coeffi-
cients. A modified proportional-integral-derivative (PI-D) controller with the observer method has been utilized to control the
spacecraft. White Gaussian noise is added to angular velocity and angular feedback through a low-pass filter. To compare the
results fairly, the control coefficients for the same simulation conditions have been obtained for two approaches; robust opti-
mization and deterministic optimization. The performance criterion in terms of the noise power spectral density function has
been investigated for two optimization approaches. The comparative results show that the tuned control system by the robust
optimization method, its performance criterion is more robust in the face of noise and has less changes, while the performance

criterion of the deterministic optimization method has more changes in noisy condition.
Keywords

Satellite attitude control, Sensor noise, Robust optimization, Reaction wheel, Modified PID.

1- Introduction

Noise is one of the factors causing errors in control systems, especially measuring equipment and sensors
[1]. To reduce the effect of noise, one approach is to use estimators to estimate the original signal contaminated
with noise. But another approach is to use non-deterministic optimization method. Parametric uncertainties are
usually included in the robust optimization method. As a reference example, [2] and [3] have used this method
to reduce the effect of uncertainty in the satellite status control performance criterion. In this article, to reduce
the effect of sensor noise, the use of a robust optimization method for the satellite status control system is pro-
posed. Considering the power spectrum density (PSD) of the sensor noise and sampling it, this method can be
implemented in the optimizer algorithm with successive iterations and using statistical features.

2-Spacecraft Attitude Control

The block diagram of single-axis status control of rigid satellite with reaction wheel actuator and PI-D
controller is drawn in Figure 1. It is worth mentioning that due to the presence of the saturation block, the men-
tioned control system is non-linear and the noise signal also enters the control system after passing through the
first-order filter. In this block diagram, there are two feedback paths of angle and angular speed, which usually
in determining the position of the satellite, the data of the gyro sensors or the rate gyro are noisy and can affect
the control accuracy. Other mathematical relations of the control diagram of Figure 1 are written as follows.

* Vahid Bohlouri, V_bohlouri@tvu.ac.ir
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Figure 1. Satellite attitude control with reaction wheel model and sensor noise
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Table 1 presents the parameters and status control system unit.
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Table 1. Parameters values and their units

Parameter Unit
Up 5Ur N m
J Kg m?
0 rad/s
® rad
K N m/rad
P
K N m s/rad
D
K N m/s rad
I
L rad/N m
I;i d N m
.s .s d2
Og,ow rad“s
u,u PR S
K -

3- Optimization

The deterministic optimization of the spacecraft attitude control system has been done according to the
following statements.

Find (K ,K,,K,,L) (14)
Minimizing Er (s)
Subject to Er <K (16)

where the control coefficients are the optimization variables and the absolute pointing error on the objective
function. Also, the control coefficients obtained from the deterministic optimization with the GA method and
for the stopping condition of the changes of the objective function being less than the value of 10 7 have been
obtained in Table 2.

Table 2. obtained controller gains from deterministic optimization

0, K, K, K, L
5 53/41 35/51 31/65 73/25
15 27/16 24/54 11/97 4/05
30 92/69 52/15 49/84 17/02
45 89/93 50/84 45/42 38/68
60 15/84 17/78 5/61 157/51

In contrast to the deterministic optimization, the robust optimization approach based on frequent iterations
of the program, taking into account the statistical characteristics, can be used to include the effect of distur-
bance and noise. The terms of this optimization are as follows:
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Find (K,;,K ,K ,L) (17)
Minimizing E{E,} +wo{E,} (18)
Subject to Er <K (19)
Table 2. obtained controller gains from robust optimization
®ref KP KD KI L
5 138/20 104/62 50/58 36/73
15 60/78 54/78 19/18 1/05
30 99/89 88/25 30/86 0/04
45 143/78 120/04 49/64 2/64
60 122/26 97/29 43/69 17/56

4- Results and Discussion

In Figure 2, the step response of satellite status control with reaction wheel and PI-D controller for angles
of 5, 15, 30, 45 and 60 degrees and for control coefficients set from deterministic optimization and without
considering the sensor noise is plotted.

60 |

— O™ ’
50 L —Orer

Oror =¥ ’
—0=® ’

40 | - of
—O =%

30 |

O (deg)

20 |

time (s)
Figure 2. Step response of the satellite attitude control with tuned gains from deterministic optimization

In Figures 3 and 4, the expected value and standard deviation of the performance index are plotted versus
noise PSD, for the regulatory controller with the coefficients obtained from the deterministic optimization and
robust optimization and for the angles of 5, 15, 30, 45 and 60 degrees. In Figure 5, the expected value of the
performance criterion is plotted versus standard deviation of the performance criterion for several noise PSD.
In this figure, which has tried to investigate the effect of the arithmetic mean and standard deviation, it shows
well the consistency of the satellite status control system, which is adjusted by the robust optimization method,
compared to the deterministic optimization.
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Figure 3. Expected value of the performance index versus noise PSD
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5- Conclusions

In this article, the performance of satellite attitude control in the face of noise was improved by using the
robust optimization method. Reaction wheel actuator and modified proportional-integral-derivative controller
with observer-based method as well as two angle and angular velocity sensors impregnated with noise were
used to model the control system. The absolute pointing error was chosen as the main performance index, and
optimization with deterministic parameters and robust optimization with noisy parameters were performed for
the same conditions based on Monte Carlo simulation. The numerical solution was performed for the same
conditions with two approaches: deterministic optimization and robust optimization. In order to compare, the
standard deviation and the expected value of the performance criterion were analyzed according to the noise
spectral density function. The obtained results show that in the face of noise, the control system adjusted with
the coefficients resulting from robust optimization has less changes, more consistency and less pointing error.
Also, if the amount of noise is very low, the deterministic optimization method will be preferable. Another
result is the ability to choose the weighting coefficient in the combined objective function in order to reach the
relative expected conditions of the consistency of the control system.
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Abstract

In this research, with the help of commercial software called AVL BOOST, the performance of the EF7 gasoline engine has
been simulated numerically, and the effect of compression ratio and spark timing has been investigated on power, torque, and
thermal efficiency. The error of the current modeling compared to the results of experimental tests was reported in the range of
3%. Also the simulation results showed that at high speed (5000 rpm) if the spark advance starts 25 degrees before the top dead
point and the spark duration in the range is 55 degrees, the maximum output power is obtained from the engine, and as the
spark duration increases, the ignition speed decreases and the output power decreases. Besides, with the greater advance (ig-
nition start angle), a greater percentage of the input energy is lost as heat to the engine wall and the output power decreases. It
is noteworthy that in the optimal conditions of spark timing at 5000 rpm, the thermal efficiency of about 38% can be achieved,
which is increased by about 11% compared to the default spark timing mode.

Keywords
EF7 engine; AVL BOOST; Spark timing; Thermal efficiency.

1- Introduction

Due to the strict environmental regulations, researchers in research institutes, universities, and automo-
tive-related industries have been continuously researching for decades to achieve the maximum efficiency and
performance of spark ignition (SI) engines of vehicles [1-4]. Various methods are used to increase efficiency,
reduce fuel consumption, and reduce greenhouse gas emissions in spark ignition engines [5-7]. The perfor-
mance of spark ignition engines depends on many factors, the most important of which are engine speed, com-
pression ratio, spark advance, and ignition duration. In addition, these factors are among the most important
parameters for optimizing the performance, efficiency, and emission of polluting gases, which allows internal
combustion engines to meet the goals and standards of future emissions [8-10]. Since the advent of the first
four-stroke Otto engine, the development of the spark-ignition engine has achieved a high level of success. In
the early years, engine designers’ main goal was increasing engine power and reliability. However, in recent
years, ignition timing has attracted more attention in the development of advanced SI engines to maximize per-
formance [11-14]. The modeling of the internal combustion engine was investigated in a simple and general
way in references [15,16] and experimental diagrams were used to predict the engine performance.

The present work aims to find the appropriate operating point of the engine with changes in spark advance
time, ignition duration, compression ratio, and speed. To find the appropriate point, which is the innovation
of the present work, the EF7 spark ignition engine was used. To achieve this goal, the studied engine was first
modeled in AVL BOOST software and then this model was validated with experimental and numerical data
of the EF7 engine. In addition, characteristics such as power, torque, and thermal efficiency were obtained at
different speeds and compression ratios. Characteristics such as power, torque, specific fuel consumption, and
thermal efficiency at different advance angles and ignition durations at 5000 rpm will be examined to find the
appropriate point.

* Karim Aliakbari, karim-aliakbari@tvu.ac.ir
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2- Simulation and problem-solving procedure
2-1- Modeling

EF7 engine is a four-cylinder in-line spark ignition gasoline engine designed and produced by Iran Khodro
Company. The engine model is simulated using AVL BOOST software according to references [20,27].

For the present study, the two-zone Wiebe model was chosen for combustion analysis. This model divides
the combustion chamber into unburned and burned gas zones [28]. However, the assumption that burned and
unburned charges have the same temperature is removed. Instead, the first law of thermodynamics applies to
the burned charge and the unburned charge, respectively.

dmyu, _ —p dav, n doy -y dOy, h dm,, _h dmygg,

_— 1
do “do  do do " do " do )
dm u dv do, dm dmy ,
ulu u _Z Wu —h B —h > 2
a0 P a0 a0 a0 40 @

dv d
where dm,, . is the internal energy change in the cylinder, p, % is the piston work, O . is the fuel heat

W m,

input, is the wall heat loss, and 7, is the enthalpy flow from the unburned zone to the burned

zone due to the conversion. Fresh charge for combustion products heat flux between two zones is neglected.

d
Mgy 21;3 is the enthalpy due to blowing, u . and b in the subscript are unburned and burned gas.

The effect of changes in the characteristics of the input flow to the engine can be checked by defining three
important criteria: effective torque (75 ) in Nm, effective power ( P ) in kW, and effective thermal efficiency
(74,04 - ) in percentage, which are respectively defined as Egs. (5)-(7) [30,31].

P. 6000
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!

ere n,, CV ., and n'ef are engine speed (rpm), low fuel calorific valklJ/kg), anduel consumption (kg/s), re-
spectively.

2-2- Solution method

e method of solving equations in AVL BOOST software is the numerical method of the initial value, and
the following assumptions are taken into account for the solution:

1. The numerical solution method of engine differential equations is the Rang-Kuta method.
2. The angular step is one degree and the number of repetitions is 50.

3. The convergence condition is based on pressure.



Vol 2, Issue 2 / Autumn and Winter 1402 Journal of science and Technology in Mechanical Engineering

4. Simple two-zone models assume that the cylinder has a burned zone and an unburned zone at all times
during the combustion process. The combustion zone consists of fuel, combustion products, and air, while the
unburned zone consists of the surrounding air [27].

3- Analysis of the results

In this part, firstly, the validation of the model used to analyze the performance of the combustion engine is
discussed, and then the effect of different parameters of the engine on the technical performance of the engine
(power, torque, and thermal efficiency) is investigated.

3-1- Validation of the results

The specification of the desired engine for modeling the present work is an EF7 spark ignition engine. Ta-
ble 1 shows the validation results for the power at 3000 rpm, where the modeling error in predicting the engine
power is in the range of -2.54%. In Fig. 1, the effective power of the EF7 engine for the current model, the
finite speed model (FS) [32], and the experimental results [32] are compared in different speeds. The results of
the current model in estimating the output power indicate the validity and high accuracy of the current model-
ing compared to other proposed models.

Table 1 Validation of the current model by finite speed (FS) analytical method [32] and experimentally at 3000 rpm.

Parameter Finite speed (FS) [32] Experimental [32] Current study
Power [kW] 49.2 47.2 46
Power error [%] +4.24 0 -2.54
85

---8--- Current work

——— Experimental
& Finite speed

85

75

65
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Fig. 2. Validation of the current model with engine power.

In Fig. 3, the effect of the compression ratio at different speeds on the output power of the engine is mod-
eled. As the engine speed increases, the fuel consumption increases and the output power always increases.
Also, as the engine compression ratio increases, the output power always increases due to the increase in en-
gine pressure.
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Fig. 3. The effect of compression ratio on the output power of the system at different engine speeds.

3-3- The effect of ignition start time and ignition duration on engine performance

In Fig. 6, the effect of spark timing on engine output power at 5000 rpm is simulated. If the ignition is
started 25 degrees before the top dead center (TDC) point and the ignition duration is within 55 degrees, the
maximum output power is obtained from the engine, and as the ignition duration increases, the ignition speed
decreases and the output power decreases. Also, with a longer advance of the ignition time, a greater percent-

age of the input energy is lost as heat to the engine wall and the output power decreases.
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Fig. 6. The effect of ignition start time and ignition duration on output power at 5000 rpm.
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4- Conclusion

In this study, the effects of compression ratio and engine speed on the performance characteristics of the
EF7 combustion engine were numerically analyzed with the help of AVL BOOST commercial software, and
the following results were obtained:

1. The developed numerical model had a good accuracy in predicting the performance of the combustion
engine and the modeling error in predicting the output power from the engine was reported to be less than 3%.

2. The results showed that the characteristics of the engine, including power, torque, and efficiency, per-
form better with increasing speeds and compression ratio. Also, the results showed that the present engine has
better performance between 3500 and 4000 rpm.

3. The results showed that if the spark is started 25 degrees before the TDC point and the spark duration is
in the range of 55 degrees, the maximum output power is obtained from the engine at 5000 rpm, and with the
longer spark duration, the combustion speed decreases and the output power decreases. Also, with the advance
of the ignition time, a greater percentage of the input energy is lost as heat to the engine wall and the output
power decreases.

4. The results showed that the value of the starting angle of the spark and the duration of the proper ignition
angle at 5000 rpm to achieve the maximum amount of torque are -25 and 55 degrees, respectively, and in this
condition the output torque reaches more than 174 Nm.

5. The results showed that in the proper ignition timing mode, the thermal efficiency reaches more than
38%, that the thermal efficiency in the default ignition timing mode is in the range of 34%, and by using the
proper ignition timing, the thermal efficiency of the engine is enhanced by about 11%.
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Abstract

Amidst the continuous expansion of global commerce and the urgent need for expedited order delivery within distribution
networks and online customer service platforms, the demand for air cargo transportation has reached unprecedented levels,
complementing traditional distribution channels such as land and sea. Consequently, this sector has garnered considerable
attention in recent years. One of the primary challenges encountered in aerial distribution networks pertains to the routing
problem for unmanned aerial vehicles (UAVs), which necessitates considerations of enhanced customer satisfaction and net-
work constraints. To address this challenge, this paper commences by introducing the routing problem alongside customer and
network constraints, subsequently presenting their mathematical formulations. Notably, the dynamic behavior of aerial robots
poses a significant constraint in this context, which has been inadequately addressed in existing research on routing problems
within distribution and customer service networks. This deficiency is attributed to the involvement of flight dynamics equa-
tions, complicating the problem significantly. In this study, the nonlinear equations governing aerial robots for customer ser-
vice are reformulated in state space representation. Subsequently, the routing problem, incorporating the state space equations
of flying robots and considerations of customer and network constraints, is tackled using a genetic optimization algorithm—an
optimal solver. Following the solution process using the genetic algorithm, the results are elucidated in terms of optimal routes.
Simulation outcomes validate the efficacy of the proposed approach in meeting all problem requirements and objectives, there-
by presenting a viable solution for routing large-scale aerial networks.
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1- Introduction

The demand for air freight has surged due to the expansion of global trade and the need for rapid order de-
livery, drawing significant attention to the field in recent years. The unmanned robot routing problem involves
coordinating a fleet of flying robots to serve customers with specific needs across various locations from one or
more terminals or warehouses, all while minimizing costs. Most studies assume constant energy consumption,
but it varies based on distance, speed, altitude, robot weight, cargo weight, and other factors.

2- Modeling the routing problem

Usually, multi-rotor maintenance in homogeneous or heterogeneous fleets requires sufficient infor-
mation about the set, including multi-rotors, customers and warehouses, service areas, geographical
conditions, etc.

A mathematical model contains all the necessary information about the system in question and is the
basis for designing the routing problem.

It is clear that the closer the mathematical model is to the reality of the system under study, the more re-
alistic the path determined based on it will be. This leads to more reliable and practical solutions, instilling
confidence in the models’ applicability.

2-1- Formulation &mathematical model
This section presents the mathematical model using five criterion functions:

I. Transportation cost (o)
II. Delay penalty for delivery/receipt time (8)
II1. Variable transportation cost (V)
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IV.Fixed operating cost (F)
V. Power consumption (E)

Based on these, the final cost function(CS4) is:

(Cs4) 2 20 2 v
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2-2- Dynamic modeling for power consumption

This paper focuses on a vertical flying aerial robot (quadcopter) with automatic steering and control. The equa-
tion for its angular acceleration is:

gty Tego 1,
]X [X IX
o . L, -1, I, . b
O=dy2_"x ‘R +2u (2)
oy 1, 1, ¢y I3 2
v=0p it L,
]Z IZ

In relation (2), (¢, 0, y) represent the Euler angles (roll, pitch, and yaw) concerning the inertial system.
(I X,1 Y, 1 Z) are the Euler angles relative to the inertial system H, with (I XY =1 YZ=1 ZX=0).Q R
denotes the total angular velocity of the rotor, and u_i (for i = 1 to 4) are the control inputs.

2-3- Calculation of required power consumption

We can use electric motor relations (3) and (4) to calculate power consumption to find the required voltage and
current at any moment. With these values, we can quickly determine the total load requirement.

V=(RZdeQZ+(KxQ) (3)

V=(RxI)+(KxQ) (4)

3- Simulation Results

The simulation assumes a constant flight altitude, with all birds flying at the same fixed height. Based on this
assumption, the power required during the initial and final flight phases for take-off and landing of the fixed
aerial robot is calculated according to the weight and load. The results are presented in figures (1)-(4).
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4- Conclusion

This paper addresses the critical need for route planning in unmanned aerial robots within sales networks and
customer service. It begins by outlining the challenges of route planning, operation, and modeling. To simplify
the mathematical path planning model, the flying robot’s motion equations are reformulated in state space
form. The model parameters and the characteristics of the flying robot are defined, and an optimal route is
determined using a genetic optimization method. The relationship with the robot’s power consumption is also
addressed to enhance the strategy’s efficiency. The simulation results demonstrate that the proposed approach
effectively meets all requirements and can be applied to complex air network routing problems.
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Abstract

Under adverse weather conditions, distance measuring equipment (DME) must be optimally positioned to reduce landing
errors. Interval type-2 fuzzy logic is employed as an effective method for determining the optimal placement of DME. This ap-
proach evaluates factors such as weather conditions, flight paths, and other relevant variables fuzzily to determine the optimal
DME positioning. When there are unequal distances from the normal landing strip for each sensor, identifying the optimal loca-
tion for secondary sensor placement is crucial. This system operates dynamically, identifying the presumed central landing line
based on the initial placement of each sensor, and ultimately determining the optimal position for the secondary sensor. In our
experiments, the ideal distances from the aircraft to the sensors were 131.5 meters and 132 meters, respectively, allowing the
system to accurately determine the appropriate landing spot. In non-ideal conditions, with distances of 134 meters and 129.4
meters, the system indicated that closer proximity to the second sensor led to an unsuitable central landing line. The results
demonstrate that using interval type-2 fuzzy logic can accurately identify and optimize sensor placement, thereby reducing the

likelihood of landing errors in adverse weather conditions.
Keywords

Interval fuzzy control system, Centerline estimation, Landing approximation

1- Introduction

Air flight safety and risk prevention have always been fundamental issues in the aviation industry. Re-
searchers in this field are trying to improve the accuracy of flights by upgrading navigation equipment and
reducing errors. The landing stage, which begins with the reduction of the speed and height of the aircraft, is
one of the most important stages of flight, which requires high precision. Common time-domain pulse inter-
ference suppression methods reduce interference by thresholding and zeroing the received signal samples, but
this method may also miss useful signals. Frequency domain filtering methods are also effective, but require a
variety of filters that are not possible in variable flight conditions .[1]

Identifying the central landing line is also one of the important issues that has attracted a lot of attention
recently. Various methods have been proposed for this task, each of which has its own advantages and disad-
vantages.[2] In this article, using interval fuzzy controller and distance sensors, a new method for identifying
the central landing line is proposed. This method, using interval fuzzy controller and replacing linear sensors
with distance sensors, has high accuracy and efficiency in identifying the central landing line, the results of
which are reviewed in the article.

2- Basic geometry and assumptions

In the solution proposed in this article, it can be said that by using the fuzzy mathematical logic of the
interval, the result of the performance of a system processing in an area or an interval of the place in the form
of a precise and geometric scale and acceptable in terms of numbers and in metric form. Provides Assuming
the placement of two measuring devices on both sides of the runway with a specific and measurable distance,
he imagined a hypothetical equilateral triangle in which two measuring devices are placed at the two vertices
and the flying device is located at the other vertex; According to figure (1).

* Masoud Moradi Rad, Masoud.moradirad@yahoo.com
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Figure 1. Outline of the proposed design

3- Signal equations and models

The intended innovation in this article is that, for the first time, by using the location of two sensors on
both sides of the runway, the most suitable landing line and the maximum approach of the plane to this
identified line will be identified. In the following, the desired signal model, control system and governing
equations will be explained.

4- Instrument landing system device specifications

The instrument landing system has two independent subsystems, one for transverse guidance and the other
for vertical guidance as the aircraft approaches the runway. It is used to determine the cross-sectional position
of the band, and the transmitter operates at a very high frequency and is usually installed at a distance of 1,000
feet (330 m) from the end of the band. Guides sitting for bandwidth and the receiver in the cockpit informs the
pilot or autopilot how far left or right the runway is relative to the centerline; Of course, this guidance is done
with a certain slope, which must also be considered so that the reduction of the aircraft’s altitude is completely
accurate and towards a specific point at the beginning of the runway.

5- Results

In this section, the results of the interval fuzzy control system are presented in order to identify the most
suitable landing place and to identify the suitable central landing line for the plane to land. In order to identify
the most suitable place and central landing line, three modes are considered. The overall system is such that
by adjusting the frequency of each of the sensors in the plane with one of the sensors next to the landing line,
we identify the central landing line. This system works in such a way that it detects the main central landing
line by identifying the distance of the plane from each of the sensors on the side of the landing line. The basic
principles are that the plane is considered as the vertex of a right-angled triangle. (According to Figure 2)
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Figure 2. Forming an isosceles triangle

In Figure 2, the triangle assumed as the main runway is at the base of the triangle and the location of the
plane is as the vertex of the triangle. The ideal situation for landing is the semi-circle formed by the apex of
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the triangle. If the distance of the plane from each of the gauges is the same, the plane is in the right direction
for landing (Figure 3)
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Figure 3. The proper place to land the plane in the bisector of an isosceles triangle

In this case, the distance of each sensor is equal to 131.5 meters (in simulation mode) for sensor 1 and 132
meters for sensor 2. Considering the interval fuzzy control method, this slight difference is acceptable in the
software and the appropriate landing place is recognized correctly. Figure 4 presents the result considering the
distance of 134 meters and 129.4 meters for sensor 1 and sensor 2, respectively.
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Figure 4. Identification of the landing site with a closer approach to the sensor 2
As it can be seen, with the close distance of Holpima compared to sensor 2, the center line considered for

the landing direction has a closer approach than sensor 1, which is considered as one of the inappropriate cen-
tral landing lines. The same case is considered in Figure 5 for the approach of the plane to the sensor 1.
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Figure 5. The close approach of the aircraft to the sensor 1 and the central landing line formed in the close approach to the
sensor 2

In this non-ideal case, gauge 1 is considered inside the triangle and gauge 2 outside the triangle, as can be
seen, in this case the most inappropriate central landing line has been obtained.
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The results obtained from the use of interval fuzzy logic to find the optimal position of distance measuring
devices show that this method has a higher efficiency compared to existing traditional methods. In traditional
methods, algorithms based on fixed rules and direct mathematical calculations are usually used, which have
less ability to process complex weather conditions and unexpected changes.
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