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Study of Energy Ebsorption of Crushing Element in ER24PC L ocomotive

P. Hosseini Tehrani I. Ferestadeh

Abstract In most engineering structures the energy absorption systems are used to prevent or reduce
damages. In this paper, performance of a crushing element of ER24PC locomotive is investigated. The
numerical modeling of this crushing element, after introducing its operation, is performed using the
Abaqus finite element software in order to evaluate its crushing characteristics. Since the shape of
crushing element of ER24PC locomotive is tapered, an analytical solution has been used to validate the
numerical results. Because of the thickness of crushing element, rupture may be occur in this element
and using of a proper damage model is essential in order to simulate this rupture. From three damage
models introduced in this paper, one damage model is already provided in Abaqus and the other two
models have been coded. By comparing numerical results with experimental test results, proper damage
model in software is developed and used in order to properly simulate the crashing process of considered
element. The desirable damage model is verified by using ECE R66 standard. Finally in order to improve
the energy absorption capacity metallic foam is used as a filler in energy absorber element. Through
comparing the energy absorption behavior of foam filled crushing element with the non-filled element the

foam performance in crushing element is evaluated.

Key Words Energy absorber, crushing element, damage model.
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Automated Fault Detection of Tri-Lobe Compressor Using Wavelet
Transformation and Support Vector Machine

M. Karimi S. Aliabadi Farahani

Abstract Inorder to diagnose the faults of industrial rotating machines automatically, an expert system
is used in this paper. A tri-lobe roots blower compressor is used as a test rig to represent an industrial
machine. The proposed method for training the expert system includes. data acquisition, signal
processing and intelligent pattern recognition stages. Acceleration signals of healthy and faulty
compressor components were acquired in the first stage. The signals were conditioned to be used for the
signal processing as the next stage. It is hecessary to find pattern recognition criterion of the compressor
fault diagnosis. Therefore feature extraction of data was performed as part of the second stage. In the
third stage, a support vector machine tool was trained and employed to classify the faults. The proposed
procedure was tested and the obtained results showed that this algorithm works very well and it fully
classifies the faults automatically.

Key Words Condition monitoring, automatic fault diagnosis, wavelet Transformation, support vector
machine, Tri-lobe compressor.
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Aerodynamic Perfor mance I nvestigation of an Experimental
Variable-Span M or phing Wing M odel
A. Tarabi  S. Ghasemloo M. Mani

Abstract In this paper, the implementation of the variable-span Morphing wing(VSMW) on the wings
of a UAV to achiev the optimal performance for various flight regimes is studied in wind tunnels. For
the implementation of this plan, a morphing wing with its related mechanism is designed, built and
tested. Tests were carried out at a low- speed wind tunnel with speeds of 35, 60 and 80 m/s in the range
of Reynolds Number between 250 x 103 to 620 x 103. For the implementation of the morphing wing
plan, the maximum deviation of wing span relative to Basewing (BW) is 38 percent and change of aspect
ratio is 74% percent. Experimental results showed the improved aerodynamic properties of VSMW
compared to BW. These improvements are in the form of reduction of induced drag, thrust required and
increasing of lift coefficient, aerodynamic efficiency, endurance and rang. According to the results,
endurance and range for VSMW comparison to BW, respectively 17 and 5 percent increased. The
experimental studies show that the maximum aerodynamic efficiency of the wing model occurs at 4
degree angle of attack with the maximum value being 14.8 for the base wing, 16.3 for the morphing
wing with 50 percent (5 cm) extension in wing span, and 17.4 % for the morphing wing with 100 percent
(10 cm) span extension. This research also shows how VSMW can be used as an alternative method of
roll control instead of the regular method (i.e. using aileron control surfaces) as it provides more roll
control power than the regular method.

Key Words Morphing Wing, Variable Span,Wind tunnel, Range and Endurance, Aerodynamic
Coefficient.
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Free Vibration Analysis of Functionally Graded Rotating Double Tapered Beam by using
Euler-bernoulli Beam Theory and Differential Transform Method

F. Ebrahimi S. Dashti

Abstract In this study, the free vibration analysis of a functionally graded rotating double tapered beam
is performed. The analysis is based on Euler-Bernoulli beam theory. The Material properties of the beam
vary continuously in the thickness direction according to the power-law function. The governing
differential equation of motion is derived using the Hamilton’s principle. Natural frequencies are
obtained using differential transformation (DTM) technique. The effects of the taper ratios,
nondimensional rotational speed, nondimensional hub radius and material volume fraction index on the
natural frequencies are discussed. Numerical results are tabulated in several tables and figures. To verify
the present analysis, the results of this study are compared with the available results from the existing
literature. It is shown that the natural frequencies of a functionally graded rotating double tapered Euler-
Bernoulli beam can be obtained with high accuracy by using DTM. It was observed that nondimensional
rotational speed, height taper ratio and power-law exponent significantly affect the natural frequency.
The effects of hub radius and breadth taper ratio on the natural frequencies are negligible.

Key Words Free vibration, Functionally Graded material, Differential Transform Method, Tapered
Euler- Bernoulli beam.
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Experimental Investigation of the Sail Position of a Submarine on the
Downstream Flow Field

Sh. Mohammad Beigi M. Dehghan Manshadi A. Saeidinezhad A.A. Dehghan

Abstract The effect of sail position on the downstream flow field of the sail is investigated in the wind
tunnel. A five-hole pressure probe is used to measure the 3D flow field. The investigation of the five-hole
results shows that the five-hole measurements can determine the horseshoe vortex structure. Also, the
results show that the horseshoe vortexes become smaller by forward moving of the sail on the body to the
nose. Therefore, if the sail is mounted on the hull near the bow, the performance of the impeller increases
and nose level decreases.

Key Words Horseshoe vortex, Submarine model, Sail, Wind tunnel, Five-hole probe.
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Study the Factor s Affecting the M oistur e Diffusion Coefficient in Drying Clay Ceramics
and Explanationsthe Analytical Model Process

M. Bagherian K. Khalili S.Y. Ahmadi Brooghani

Abstract In this study, effective diffusion coefficient of drying clay of ceramics drying clay ceramics
have been studied. In this study, the effects of temperature (40-60-80 °C), relative humidity (30-50-70%)
and air velocity (1-2-3 ms-1) on the drying behavior of clay ceramics were investigated. A full factorial
design of experiments on a cubic sample was performed. In each trial mass and volume reduction using
balance and camera was registered and the drying curve was plotted. Effective diffusion coefficient of
moisture using drying curves were calculated using the newly developed algorithm of firefly. In this
algorithm, the goal is to reduce the error between the analytical values and experimental values.
Statistical analysis and analysis of variance showed that in calculation of the effective diffusion
coefficient the velocity, temperature and humidity are independent of each other. The greatest impact on
the effective diffusion coefficient is respectively related to the temperature, velocity and environment
humidity. The comparison between this study and other studies show that 97% similarity and
applicability of this method in calculating the effective diffusion coefficient of the ceramic drying
processes.

Key Words Ceramic Drying, Fick's law, the effective diffusion coefficient, surface thermography,
optimization.
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Firefly Algorithm
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Objective function f(x), X = (zy,....,zq4)7
Initialize a population of fireflies x; (i = 1,2, ...,n)
Define light absorption coefficient ~
while (t <MaxGeneration)
for i =1: n all n fireflies
for j =1:1 all n fireflies
Light intensity I; at X; is determined by f(x;)
if (I; > I,)
Move firefly ¢ towards j in all d dimensions
end if
Attractiveness varies with distance r via exp[—~vr]
Evaluate new solutions and update light intensity

end for j
end for i

Rank the fireflies and find the current best

end while

Postprocess results and visualization
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Combining the Principles of Fuzzy L ogic and Reinforcement L ear ning for
Control of Dynamic Systems

M. Goharimanesh A.A. Akbari M.B. Naghibi-Sistani

Abstract Reinforcement learning is a method in which agent/agents obtain a positive or negative
reward to do an efficient operation. In this way, the performance will be very suitable for the systems
which are naturally complicated for deriving the differential equations. This can be a good alternative to
other control areas. One of the main disadvantages of this method is considering the discrete actions
during it. However, many of dynamical systems couldn't be optimized by this approach. To remedy this
deficiency, different approaches have emerged, including approximate methods. In this paper, fuzzy logic
is used to continually optimize the operations. In this case, the reinforcement learning method sets the
fuzzy control rules which are the principles of optimal control. Two approaches, stabilizing the pendulum
and both of pendulum and cart are considered to control the pole- cart problem in this paper. The results
show that the applied artificial intelligence can be used as a proper solution for the taken policy.

Key Words Reinforcement learning, Fuzzy logics, Inverse pendulum.
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Numerical Simulation of Toos Power Plant Boiler to Improveits
Thermal Efficiency

M. Anbarsooz M. Pasandideh-Fard N. Shaleh

Abstract In this study, the boiler of Mashhad Toos power plant is studied numerically in order to
investigate the possibility to improve its efficiency and reduce its pollutants emission. In this regard, first
the current status of the boiler is simulated and the numerical results are compared with the available
experimental data, where a good agreement is observed. Next, the effects of the injected fuel droplets’
diameters, air flow rate and the inlet air swirl direction arrangement on the boiler thermal efficiency and
pollution emissions are studied. An appropriate arrangement of the inlet air swirl directions for the nine
liquid-fueled burners of the boiler is proposed that will lead to a higher boiler thermal efficiency and
lifetime.

Key Words Power plant, Droplet diameter, Pollutants, Efficiency, Swirl direction
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Numerical and Experimental I nvestigation of Aerodynamic of Quadrotor
Bladesin low Reynolds

S. Mahmoudi M.H. Djavareshkian M.S. Tavakoli

Abstract In this study, a low Reynolds flow around a blade is studied by experimental and numerical
methods and characteristic curves are extracted. In the experimental static test, the results of thrust force,
engine power, current and voltage in different speed for a rotor were recorded. Considering the
importance of the flow field around the blade, the static and dynamic numerical simulations of the flow
through a blade of Quadrotor are investigated. In addition to the blade aerodynamic results, the
statistical of the computational domain are also analyzed. For the numerical simulation, a commercial
software (Fluent) is used with the assumption of compressible viscous flow and K — & turbulence model
simulations. In this study, the characteristic curves of the rotor blade are extracted by the two mentioned
methods. Comparison of numerical and experimental results show good agreement and confirm the
accuracy of the measurement. According to the simulation of the flow field around the blade using the

numerical method, the effective distance of the blades in order to find the optimum Quadrotor structure is
studied.

Key Words Aerodynamic, propeller, Quadrotor, flow analysis, propulsion, vorticity, Experimental
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Abstract Inthis paper, by defining an appropriate free energy function and integrate that with a Lattice
Boltzmann algorithm; a two-phase system of vapor and liquid is modeled where the flow is governed by
the continuity and Navier-Sokes equations. Using the developed model, initially a planar interface is
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vapor isinvestigated and equilibrium conditions of the droplet are compared with theoretical results.
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A New Hybrid Strategy for M odeling of Forward Kinematics of Parallel Robots
I. Kardan A. Akbarzadeh

Abstract Unlike serial manipulators, forward kinematic problem (FKP) of parallel robots is highly
complicated and its analytical solution is not generally le. Therefore, in most cases numerical methods
are used to solve this problem which are relatively time consuming. On the other hand, reducing the
duration of FKP analysis is an essential task for applications like real-time control. In this paper,
artificial neural networks and a 3rd-order numerical algorithm are combined and a new hybrid strategy
is proposed for forward kinematics analysis of parallel manipulators which significantly increases the
speed of the FKP solution. In the proposed method, an approximate solution of the FKP isfirst produced
by the neural network. This solution is next considered as an initial guess for the 3rd-order numerical
technique which solves the nonlinear forward kinematics equations and obtains the answer with a desired
level of accuracy. The proposed method is applied to a spatial 3-PSP parallel manipulator. The results
show that using this method will lead to a 35 percent reduction in number of iterations and a 12 percent
reduction in the FKP analysis time, while maintaining high level of solution accuracy.

Key Words Artificial Neural Networks, Parallel Robot, Forward Kinematics Analysis, 3rd-order
Numerical Algorithm
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Multimode Wheeled Mobile Robot with Height Control on Uneven Surfaces

M. bamdad A. Mardani

Abstract In this paper, the motion capability of wheeled mobile robot is increased by providing a new
structure. Due to the special design, converting a two-wheeled robot to a four-wheeled robot is possible
in the proposed multi-mode robot. This design has the ability to simultaneously and interchangeably
provide locomotion and manipulation capability in motion on uneven terrain. Unlike most other mobile
robot designs that have a separate manipulator arm module attached on top of the mobile platform, the
central axis in this design can manipulate like a robotic arm. The robot midpoint as an end-effector is a
passive joint. The part which could carry the guidance and visual equipments follows the height contral,
easily and without a new actuator. The basic requirement of stability and acceptable performance could
be guaranteed through this simple, novel design. Finally, the smulation is used to study the robot’s
enhanced mobility characteristics through animations of different trajectories for end-effector on uneven
terrain.

Key Words Mobile Robot, Multimode, Locomotion, Height control.
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The Numerical and Experimental
Investigation on the Aerodynamics of
Quadrotor’sBladein low Reynolds
Numbers

S. Mahmoudi' M.H. Djavareshkian?,

M.S. Tavakoli®

1-Introduction

In this decade many scientists and researchers paid a
lot of attention on Micro Air vehicles (MAV) as a
result of which there has been a very sharp growth in
this area. Nevertheless, although nowadays MAVs
have both military and commercial applications
around the world, there is no accurate data about
their different parts such as aerodynamic
characteristics, mechanics and control. Therefore,
according to all of effective issues related to these
vehicles, considerable attention must be paid to
develop and find a proper database and information
for our personal goals.

In accordance with the diversity of existence of
MAVs’ blade and their different missions, access to
original technology in construction and accessibility
of their original information for doing experimental
and numerical tests are extremely essential. Based on
the trends of previous explorations, a numerical
investigation in terms of flow field around the
quadrotor blades were not comprehensive and
widespread. Furthermore, there is not sufficient data
about the process of generating and damping
vorticities and also their effects on fluid flow around
the blade. Therefore, first of all, a test setup was
designed and constructed measuring and analyzing
the effect of blade and motor propulsion parameters.
Then, a number of different empirical tests on a
blade and motor were done. Along the research, the
characteristic curves of motor and blade in static
condition were recorded. Moreover, a range of
numeric simulations in both static and dynamic
conditions were analyzed for further exploration
about the blade aerodynamic and its flow field.
Thereby, the thrust force and process of vortex
generation due to the blade rotation were studied
based on the different air velocities. Finally, some
parts of both methods were compared together which
had a proper harmony.

To put it brief, a comprehensive research in both
numerical and experimental methods and studying
the flow field around the blade in both static and
dynamic conditions which was followed by a

1 MSc in Aerospace Engineering, Ferdowsi University, Mashhad,
Iran.

2 Corresponding author: Associate Professor, Department of
Mechanical Engineering, Ferdowsi University, Mashhad, Iran.
javareshkian@um.ac.ir

3 Graduated of Mechanical Engineering, Ferdowsi University of
Mashhad, Iran.

relevant comparison, can be considered as
innovations of this research.

2- Numerical Method

In order to study external flow around a dynamic
body, a model of body was constructed in a virtual
wind tunnel. Accordingly, the flow had a steady
condition and the blade was rigid. In fact, a small
single reference frame which had a negligible space
from the blade was considered and instead of the
blade rotation, the mentioned frame and its inside
flow were rotating in the various RPMs.
Consequently, the vectors of relative velocity can be
subtracted from the frame rotation vectors and
because of that a real condition of flow field around
the blade can be simulated. Eventually, the
governing equations should be applied to estimate
the different parameters along the tests. According to
the aforesaid stages, Navier-Stocks equations
including continuous and momentum equations (1),
(2) were employed.

o _
STV, =0 (1)

d 9
a(pvr)Jrv.(pVIVr)Jr 20XV, +QXQX1+p PO

where Q, V,, 1, p and t are the rotational speed of
the reference frame, relative velocity, displacement
vector, density and time, respectively.

In the next step, the discretization of equations and
the computation method were selected by finite
volume and SIMPLE algorithm. Moreover, due to
the measured Mach number in 0.75 of blade
diameter, the flow was incompressible and turbulent,
so the K-¢ as one of the popular models was
employed. Also, second order upwind interpolation
and extrapolation were used in order to compute the
convection term in discretized momentum equations.
In terms of mesh generation, a tetrahedral grid was
used to produce physical domain with a
concentrating higher rate of mesh near the blade to
have a better computation about vortexes and flow
distribution.

Fig 1. Measurement fixture of propulsion forcein MAV lab
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3- Experimental Approach

As it can be seen in Fig. 1, a test setup was designed
and constructed in order to measure the effective
parameters of motor and blade propulsion system.
Generally, propulsion tests were used find different
combinations of motors and blades in supplying the
required thrust force for the desired application. The
mentioned test setup included the different parts such
as electronic load cell, aluminum base, speed
controller, radio control, laser taco meter, battery,
voltmeter, data acquisition board, computer, motor
and propeller. The selected motor belongs to the
EMAX Company with model 6T2215 / 09 which is
joined by a propeller with characteristics of 10%4.7
slow-flyer. It is noted that during the static tests, the
thrust and power coefficients were the most
important parameters which were measured by the
fixture.

4- Resultsand Discussion

Having examined the data from the numerical
simulation, it is obviously apparent that the processes
of generating and damping the vertexes around the
blade have a significant role in the analysis of flow
field and its treatment. Therefore, the trends of this
process in static conditions are represented in Fig. 2.
As it is shown, there are three cases based on the
vortexes intervals from the blade’s surface in which
A is on the blade surface, B is about one meter
behind the blade and C is in a distance of two meters
further than the blade surface. It is noted that almost
noticeable parts of vortexes in section C were
damped.

Fig. 2. The process of vortex gener ation

Additionally, to find the propulsion coefficients of
blade and motor, experimental tests were done which
are depicted by Figs. 3 and 4.
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Fig. 3. Thethrust coefficient in Static condition
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Fig. 4. The power coefficient in Static condition

5- Conclusion

In this article, the series of both experimental and
numerical tests were studied to find a better view
about MAVs propulsion system.

1. Due to the negative effects of vortexes of flow
field around the blade, the essential equipment in
MAVs such as battery, speed controller, receiver,
and camera should be installed at a proper distance
from the blade because they lead to a falling trend in
the thrust coefficient.

2. The results illustrated that the relevant blade
material and its pitch can be estimated based on the
velocity and pressure distribution on the blade
surface.

3. The experimental tests show that the downstream
vortexes should be considered significantly, since if
the distance of propeller is lower than a specific
value, they can produce a negative thrust that leads
to an unsteady condition for the vehicle.

4. From the outcomes of dynamic simulation it
seems that the vortexes behind the blade are
produced in a further distance of the blade. The
distance that these vortexes disappear is
unpredictable, unless it is used in a larger physical
domain. This matter needs more powerful
computers.

5. As it can be seen, the blade (slow flyer 10%4.7) is
fallen to the wind milling condition at around 10 m/s
inlet air velocity in physical domain.
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Numerical Simulation of Toos Power
Plant Boiler to Improve lts Thermal
Efficiency

M. Anbarsooz*
M. Pasandideh-Fard® N. Shaleh®
1- Introduction
Nowadays, numerical simulation has been widely
adopted as a powerful tool in the design and
performance analysis of industrial boilers. The main
aim of using numerical simulations is to achieve
optimal design of a new boiler or to improve the
performance level of an operating boiler. Higher
thermal efficiency and at the same time lower
pollutants emission are the main goals of such
investigations.

In the current study, the effects of different
operating parameters on the thermal efficiency and
pollutants emission of the Toos power plant boiler
are investigated numerically. A three-dimensional
model of the boiler combustion chamber is created
and the computational domain is carefully meshed.
The governing equations of the reacting turbulent
flow considering radiation heat transfer are solved
using the Fluent commercia software. The
numerical results are validated using the measured
data available in Toos power plant and a good
agreement between the numerical results and those
of experiments is observed. Next, the effects of
various parameters such as injected fuel droplets
diameters, inlet air mass flow rate and the swirl
directions of the inlet air flow on the boiler thermal
efficiency and its NOx and soot emissions are
investigated.

2- Boiler Characteristics

The geometry and dimensions of the studied boiler
are depicted in Fig 1. There are nine burners in this
boiler which are equipped with gas and liquid fuel
nozzles. In this study, the simulations are performed
for the case that the diesel injection nozzles are
active. The operating parameters of the boiler are
givenin Table 1.

Table 1. Boiler operating parameters.

Parameter Unit | Value
Air inlet mass flow rate Kgls 140
Inlet air temperature °C 288
Axial to tangential components ratio of -
. ) 0.125
theinlet air
Recirculating air mass flow rate Kg/h | 82917
Boiler pressure mmHg | 370
Liquid fuel mass flow rate ton/hr | 37.01
Liquid fuel temperature °C 125
Liquid fuel density at 35°C ka/m®* | 950

1 Corresponding author: Assistant Professor, Quchan University
of Advanced Technology. anbarsouz@aqiet.ac.ir.

2 Professor, Ferdowsi University of Mashhad

3 M.Sc., Mashhad Grid Management Company.
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Fig. 1. Boiler geometry and dimensions (in cm).

The arrangement of the inlet air swirl directions
are depicted in Fig. 2. Each burner is specified with a
two-digit number in this Figure, where the first digit
is the burner row number and the second digit is the
burner position measured from the bottom left
corner.

CACHC)
299
996

Fig. 2. Inlet air swirl directions.

3- Solution Procedure and Boundary Conditions
The governing equation is solved using the Fluent
commercial software for the steady-state condition
using the pressure-based solver. The applied
boundary conditions are shown in Fig 3. The boiler
walls are assumed to be iso-thermal. The two-step
Tesner model is used for modeling soot formation
and Zeldovich mechanism is used for predicting the
thermal NOx. The prompt and fuel NOx are also
considered in the simulations.

4- Resultsand Discussion

In order to vdidate the numerical results, the
numerical results are compared with the
experimental measurements performed in Toos
power plant which are given in Table 2. As can be
seen in the Table, the numerica simulation can
predict the experimental data with less than 10
percent error.

The effect of the diameter of injected fuel droplets
on the thermal efficiency of the boiler is shown in
Fig 4. Asthe diameter of the droplets decreases, fuel
evaporation occurs in a shorter time and a better
mixing with the inlet air takes place. As aresult, the
maximum temperature of the combustion chamber,
the NOx emission and the boiler efficiency increase.
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Figure 3 - Applied boundary conditions.

Table 2. Numerical resultsin comparison with the available
experimental datain Toos power plant.
Error

Parameter Num. | Exp. %)

CO, volume fraction 1481 | 145 2.1
Boiler thermal efficiency | 84.69 | 85.3 0.7

Combustion products
temperature (Kelvin) 1410 | 1283 9.9
NOX (%) 406 386 5.2
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Fig. 4. Injected fuel droplets diameter effect on the

boiler thermal efficiency.

Several arrangements of the inlet air swirl

directions have been examined in this paper to find
the most suitable one. Fig 5. shows the
recommended arrangement which resulted in a better
performance of the boiler. Applying this
arrangement  will result in a higher thermal
efficiency, and at the same time, keeps the flame
centered in the combustion chamber. This will
increase the life time of the boiler walls which are
covered with water-wall tubes.
The heat-transfer-coefficient distributions on the
boiler walls are shown in Fig. 6 for the default
arrangement of the inlet air swirl directions (Fig. 2)
and also for the arrangement recommended in this
paper (Fig 5.). As the Figure shows, the new
arrangement has resulted in a more uniform
distribution of the heat-transfer-coefficient on the
boiler walls.

€¢ 9
cee
929¢€

Fig. 5 Therecommended arrangement for the
inlet air swirl directions.

——

@ (b)
Fig. 6 Heat transfer coefficient distributionson the
boiler walls, a) with default arrangement and b) with the
recommended arrangement for thieinlet air swirl directions.

5- Conclusions

In this study, the Toos power plant boiler has been
studied numericaly to increase its thermal efficiency
and reduce the pollutants emission. A three
dimensional model of the boil er combustion chamber
has been meshed and the governing equations of the
reacting turbulent fluid flow considering radiation
heat transfer have been solved using the Fluent
commercia software. Numerical results have been
validated by comparing them with the experimental
data and a good agreement with less than 10 percent
error was achieved. The effects of injected fuel
droplets diameter and the inlet air swirl directions
arrangement on the efficiency and pollutant
emissions have been studied. Results show that
decreasing the diameter of droplets increases the
maximum temperature, boiler efficiency and NOx
emission. A new arrangement for the inlet air swirl
directions has been recommended which results in a
higher boiler efficiency and also a more uniform
distribution of the heat transfer on the boiler walls.
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Combining the principles of fuzzy logic
and reinforcement learning for control of
dynamic systems
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1- Introduction

Many complicated dynamic systems use fuzzy
inference systems due to its robustness and smooth
response. However, they do require the existence of
an expert to consider a suitable rule-set. The main
challenge is, therefore, to be able to define a suitable
rule-set needless of an expert. Studies have been
carried out to design fuzzy logic based controllers
without the need of an expert's experience and
knowledge. In order to solve this issue reinforcement
learning (RL) algorithm is recommended to define
fuzzy rules for a fuzzy control system.
Reinforcement learning can also be practica in
driving the generation of the suitable rule-set based
on the interactions with the environment. It can be
simply combined with fuzzy logic and provide the
relationship between the states and the admissible
action, which is the same as creating the fuzzy logic
“if...then” engine. In this paper reinforcement
learning approach is used to design a real controller
for controlling an inverted pendulum modeled in
SIMMECHANICS environment while a force is
exerted to its cart.

2- Fuzzy- Reinfor cement L earning Strategy

Reinforcement learning is an influential tool for
finding the optimal policy in areal process. RL uses
the environment feedback and generates a signal
named reinforcement. This signal might be defined
as a reward or a punishment. In an analogy to a
control system, environment plays the same role as
the plant of the system and action is as the controller
signal which is generated by an agent or an
individual. The goal of RL isto find the best action
for each state, in which the process which wants to
move to Q-Learning is a simple algorithm which is
used in this study. This algorithm has a lookup table
named the Q table. It estimates the discounted future
rewards for taking actions based on the given states.
This method is either impractical in the case of large
state-actions spaces, or impossible with continuous
state spaces. Many studies proposed methods for
approximating the Q table. These methods were not
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totally desirable because of their slow solution. An
aternative approach is to integrate fuzzy sets and
reinforcement learning together. In this case, al of
states are the same as the inputs of fuzzy and action
which are defined as the output. Algorithm 1, defines
the Q-Learning reinforcement learning principals
with the governing equations. In this method,
Takagi-Sugeno FIS is used and all of the rules are
between input membership functions. Moreover, the
constant outputs are tuned by the Q-Learning.

Algl. O-Learning Reinforcement Learning Principals

- Observe the state x.

- For each rule: choose the actual consegquence using
greedy or epsilon-greedy.

- Compute the global consequence a(x) and its
corresponding Q-value Q(x, a) by EQ. (2).

- Apply the action a(x) by EQ. (1). Let y be the new
State.

- Receivethereinforcement r.

- Update Q-values by EQ3.(3-5).

X)xai]/Zai(x) (1)
[Za xq[1 7 }]/Za (2)

[Za )xa| i ]J ;ai (x) 3
AQ=r+yV(y)-Q(x,a) @)
Aq[i.iq=(0AQ>(0!,-(X>)/Z“1'(X) ©®)

In these equations, « is the learning rate, a is
the action series, r is reinforcement, y is the

discount rate and ¢«; is the truth value. The

mentioned parameters in this algorithm are arbitrary
and are selected by trial and error.

3- Modeling and Simulation

In this paper, an inverted pendulum modeled in
SIMMECHANICS environment is considered. This
environment is a part of SIMULINK which worksin
MALTAB software. In this environment many
mechanical structures especially robots can be
modeled and simulated. As Fig. 1. shows the
pendulum was modeled in SIMMECHANICS.
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Fig. 1. Pendulum dynamics modeled in SMMECHANICS
environment

In this study we linked this environment to our
fuzzy-RL main code to train the pendulum to reach a
stable motion. Our goal here is to stabilize the four
states of a pendulum which are the pendulum angle
and angular velocity and cart position and speed.

The result of the proposed fuzzy reinforcement
learning policy is shown in Fig. 2. Moreover, these
results are compared to the result of a conditional
fuzzy controller defined by experience of an expert.
As this Figure shows, fuzzy-RL could stabilize the
system in al of the four states. Screen shots of the
pendulum were captured in every 10 seconds from
the start time to the end of a one minute period.

Jes—

L

- I

a) Fuzzy control received b) Fuzzy control tuned by
from an expert human reinforcement learning

Fig. 2 comparison of an expert' and fuzzy reinforcement
lear ning to control theinverted pendulum

The trend of the four states controlled using
fuzzy reinforcement learning are shown in Figures 3-
6. Simulations show that all of four states, angle of
pendulum, and angular velocity of pendulum, cart
position and cart velocity that are fluctuating in a
limit bound. It means that the pendulum could be
stabilized during the simulation using the policy
created by fuzzy reinforcement learning strategy.
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Figure 3 control of pendulum angle using FRL
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Fig. 4. Control of pendulum angular velocity usng FRL

0.15

0.1
£ 005
x

0

-0-0% 10 20 30 40 50

Time [sec]

Fig. 5. Control of cart position using FRL
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Fig. 6. Control of cart velocity using FRL

4- Conclusion

In this paper, a new free model based on fuzzy
reinforcement learning is introduced to control an
inverted pendulum as a classical system dynamics. In
this method, a controller which is tuned by some trial
systematic actions is introduced and it is finaly
made known to an expert machine which can set the
forces exerted to the cart to stabilize the pendulum
system. Instead of a rea pendulum, we used a
mathematical model simulated in the
SIMMECHNICS environment. This environment
lets us have a super easy atmosphere to model
complicated dynamic systems like the inverted
pendulum. Our fuzzy reinforcement learning
algorithm is able to meet our desired goal in
controlling the inverted pendulum.
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Experimental Study on Factors Affecting

Drying of Ceramics Clays

M. Bagherian' K. Khalili®
S.Y. Ahmadi Brooghani’

1- Introduction

Drying is a complex process in which heat and mass
transfer occur simultaneously. This process is
influenced by external factors (environmental
temperature, relative humidity and velocity) and
internal factors (porosity, particle size and
distribution). Many studies have been conducted for
drying process, through which different drying
mechanisms have been discussed. In this paper the
moisture movement inside the material has been
modelled based on diffusion moisture transfer
theories. The above mentioned description is
governed by Fick’s equation. In this model,
Diffusion Coefficient is the main factor in describing
drying. Therefore, by finding this parameter, drying
process can be modelled mathematically. The aim of
this study is to calculate the effective diffusion
coefficient in various environmental conditions. To
this end, full factorial design of experiments has
been carried out. Three levels for temperature,
relative humidity and velocity were selected. During
each experiment, all of the environmental parameters
including, temperature, humidity, and velocity were
kept unchanged using system control. In each
experiment, the changes of surface temperature and
weight of sample were recorded by thermography
camera and digital weight balance, respectively.

2- Theory of drying

The experimental data determine the accuracy of the
obtained parameters. According to experimental
data, it can be observed that, in the first stage of
drying the evaporation is equal to the internal rate of
evaporation from the solid to the environment. As a
result of the difference in hydrostatic pressures, the
moisture transfer mechanism obeys Darcy's law. The
one-dimensional diffusion is a good approximation
for most practical systems. Thus, the moisture
transfer inside the matrix is simulated by Fick’s
second law of diffusion which governs a majority of
moisture transfer problems in porous media.
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This model was employed in the present study to
model the drying of ceramic clay. The analytical
solution of equation (1) for a rectangular shape can
be expressed as shown in Eq. (2).

_ M-Me _ o 8 —Desf(2n-1)*m?t
MRanal - MQ—MEE - En:l (2n-1)n? exp)( . (2L)? )) (2)

In the first step, Dy, was used and MR was
calculated using Eq. (2). Consequently, the MR was
compared to experimentally obtained MR, and the
difference was defined as error. The x*; Eq. (3) was
minimized by employing the Firefly algorithm.

X2 = Z%zg(MRanalitical - MRexprimental)z (3)

In equation (3), MReyprimentar 1S Obtained from
experimental data.

3- Materialsand Methods

To provide experimental data, 27 experiments were
carried out. The variables considered in this study
included the dry bulb temperature (40, 60, 80 °C),
the relative humidity (30, 50, 70 %) and velocity (1,
2, 3 ms™). These factors were designed using the
full factorial DOE. Experiments were done using
the setup schematically shown in Fig 1.

Fig. 1 Dryer setup: a) laptop, b) system control, c) dryer
chamber, d) sensor, €) camer a, f) sample, h) balance, i)
channel j) blower, k) heater, m)humidifier

4- Thermography

Infrared thermography is a non-destructive testing
technology that can be applied to determine the
surface temperature of clay during drying. In this
research, five predefined sample points were
determined to evaluate and draw surface temperature
curve. A typical sample curve is shown in Fig 2. In
this curve, three stages can be observed. In the first
stage which is a transient period, the material is
heated until its temperature reaches the wet bulb
temperature. During the next stage, i.e. the phase of
drying at constant temperature, the temperature
stabilizes uniformly within the material. The whole
heat supplied by the air is consumed by the water
evaporation at the surface at a constant rate. During
the third stage, i.e. the falling rate period, the
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temperature begins to increase and it tends to the
drying air temperature. Thermography curves
showed the duration of the characteristic periods of
drying, critical point of drying, separating the
constant drying rate period from the falling rate
period, and wet & dry bulb temperatures.

Temprature ()

4 LM [has

22

Time (min}

Fig 2. Surfacetemperature variation during drying

5- Resultsand discussion

The effective diffusion coefficient was determined
by equation (3) and measuring the mass loss of the
sample during its drying under well-defined
conditions. For different experimental conditions of
drying, the D¢ was plotted versus MRy, as shown in
Fig 3. In this Figure it is clear that at the beginning
of the process, the effective diffusion is almost zero.
This is the pre-heated stage. After passing this stage,
with MR reduction, D increases linearly until it
reaches the maximum value. This period is
considered as the first period of drying. During this
period, a layer of saturated air, which is in
thermodynamic equilibrium with the wet material,
appears at the clay surface. The vapor in this layer is
considered to be saturated as if it appears over a free
water surface, and its temperature is equal to the wet
bulb temperature. During this period, the rate of
drying depends primarily on the external drying
conditions which are the temperature, the relative
humidity, and the flow wvelocity of the drying
medium. As the sample dries, dry areas appear on
the surface and the second stage begins. At this
stage, the effective diffusion coefficient decreases
exponentially approaching zero.

For the 27 experiments, statistical analysis was
done to identify the main factor of the clay drying
process that influenced the -effective diffusion
coefficient. It was found that temperature and
velocity are linearly correlated and relative humidity
has a reverse correlation with diffusion coefficient.
Furthermore, the greatest impact on the effective
diffusion coefficient is related to the temperature,
velocity and environmental humidity, respectively.
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Fig3. Diffusion coefficient versusMR

6- Conclusions

In this study, the effects of temperature (40, 60, and 80),
relative humidity (30, 50, and 70) and air velocity (1, 2,
and 3) on the effective diffusion coefficient in rectangular
sample clay ceramics were investigated. Statistical
analysis and analysis of variance showed that in the
calculation of the effective diffusion coefficient, the
temperature, the velocity and the humidity are independent
of each other. The greatest impact on the effective
diffusion coefficient is related to the temperature, velocity
and environmental humidity, respectively.
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Experimental I nvestigation of the
Sail Position of a Submarineon the
Downstream Flow Field

Sh. Mohammad Beigi'
A. Saidinezhad®

M. Dehghan Manshadi?
A.A. Dehghan®

1-Introduction

A submarine is an underwater vehicle that includes a
main body and various appendages. The flow field
around the bare body at zero angle experiences
almost no separation and vortex generation.
Nevertheless, when the appendages are mounted on
the body, the streamlines are influenced by the body
shape and a complex vortical flow field is created.
Vortical flows around the hull have a significant
effect on its performance. One of these vortices is the
horseshoe vortex that forms at the junction of the sail
and the hull body. A submarine sail has an airfoil
shape that is a place to enter and exit for the crew
and also is a room for installing the control and
communication devices. The sail has a significant
influence on the hydrodynamic equilibrium and
stability of the submarine. Figure 1 shows a
schematic of the horseshoe vortex formed around the
sail on the hull. The sail creates a pressure gradient
that is opposite to the main flow. In this case, the
boundary layer on the upstream side of the sail
creates a transverse vortex. This vortex which moves
forward, has to turn around the sail and as a result, a
so-called horseshoe vortex is created on both sides of
the sail. This vortex moves along the length of the
submarine and enters into the wake region and the
flow around the propeller. Therefore, the uniformity
of the propeller flow field deteriorates, resulting in
lower propeller efficiency and higher impeller noise
production.

Many submarine maneuvers and operations should
be done stealthily; but the produced noise of the
propeller causes its rapid identification. So, the
propeller noise must be reduced as much as possible.
One of the useful ways to improve the hydrodynamic
performance of a submarine is to control the wake of
the submarine components such as reducing the size
and strength of the horseshoe vortex.

'Msc in Mechanical and Aerospace Engineering, Department of
Mechanical and Aerospace Engineering, Malek Ashtar University
of Technology, Isfahan, Iran.

Corresponding author: Associate Professor in Mechanical and
Aerospace Engineering, Department of Mechanical and Aerospace
Engineering, Malek Ashtar University of Technology, Isfahan,
Iran. mdmanshadi@alum.sharif.edu
* Phd in Mechanical Engineering, Department of Mechanical
Engineering, Yazd University, Yazd, Iran.

% Associate Professor in Mechanical Engineering, Department of
Mechanical Engineering, Yazd University, Yazd, Iran.

Fig. 1. Schematic of the hor seshoe vortex formation around
the sail on the hull

The study of the vortical flow structure around the
submarine body has been considered by many
researchers. The researchers measured the wake
around the propeller of a submarine model
(SUBOFF) equipped with a sail and all appendages
in a wind tunnel for Re = 12x10°. The flow field
around a submarine model with a symmetric body
equipped with the sail was studied. To remove the
horseshoe vortex, they suggested that a small device
should be installed downstream of the horseshoe
vortex of the sail. The results showed that the
proposed device has a positive effect on reducing the
non-uniformity of the wake; but the selection of the
device location on the hull and near the sail is very
crucial and must be accurately determined. One of
the factors that could influence the controlling of the
horseshoe vortex is to change the location of the sail
on the hull. In this study, due to the negative effect
of the horseshoe vortices on the submarine wake, the
horseshoe vortex structure is investigated by an
innovative experimental approach called five-hole
probe. Also, the size of the boundary layer that
encounters the sail is changed by moving the sail on
the hull and the power of the horseshoe vortex is
accordingly changed.

2- Methodology

Experimental measurements are conducted in the
closed circuit of Isfahan Malek Ashtar University of
Technology wind tunnel. The test section dimensions
are 380 x 280 mm’ and 700 mm length. The
maximum speed of the wind tunnel is 30 m/s with
the turbulence intensity of 0.25 %. The standard
submarine model with the length of L=700 mm
having a sail with the shape of NACA 0020 is
installed in the wind tunnel at free stream velocity of
16 m/s and tests are conducted by using a five-hole
pressure probe. A five-hole probe with an external
diameter of 3 mm was fabricated and calibrated
during a complex process. Then, it was positioned in
the vicinity of the submarine model hull to measure
the 3D flow field. To study the effect of the sail
position on the horseshoe vortex size and its
strength, the sail was placed in three different
longitudinal locations in the forward part of the
submarine model. Selection of the front half of the
hull is based on the design constraints for having
more hydrodynamic stability. After installation of
the sail in the middle position, the flow field
downstream of the sail was measured by the five-
hole probe.
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3- Resultsand discussion

After installation of the appendages such as the sail
on the submarine hull, it is expected that the velocity
decreases in the wake region and some vortical flows
like the horseshoe vortex be is formed. By moving
away from this appendage in the direction of the
flow, it is expected that the wake size and its strength
is decreased. To study the wake of the sail, the five-
hole probe was placed in its downstream and the
flow field was measured. The contours of average
velocity and the velocity vector at position x/L.=0.55
were measured from the nose which is shown in Fig.
2. Almost, a symmetric flow structure may be seen
around both sides of the sail.
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Fig. 2. Mean velocity contour and velocity vectors at
position x/L=0.55 from the nose

The behavior of the horseshoe vortex is then
studied as it moves towards downstream along the
length of the submarine model. The results of the
flow field measurement by the five-hole probe are
analyzed for three different sail locations of
x/L=0.21,0.28,0.35 and the data are shown in Fig. 3.
The results show that for the sail location of
x/L=0.21, the horseshoe vortex is formed at the
transverse locations of 0.35 < Y/R <0.55, for sail it is
located at x/L= 0.28. It is formed in 0.35< Y/R <0.55
and for sail at 0.35 it is formed in this way: 0.35 <
Y/R <0.6. 1t is also seen that for the sail location of
x/L=0.21, the center of the horseshoe vortex is in the
transverse position of Y/R=0.45, for the second
position, it is in Y/R=0.4 and for the third location of
the sail, the center of horseshoe vortex is in
Y/R=0.35. By analyzing the above results, it can be
concluded that the horseshoe vortex size is larger for
the case of the sail located at the third position.
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Fig. 3. Comparison of the aver age velocity and the
velocity vector for three positions of the sail

4- Conclusions

Flow over standard submarine model is studied in
the wind tunnel using a five-hole pressure probe for
various longitudinal positioning of the sail on the
hull body and the following results are obtained:

1- The results of the five-hole probe show that the
five-hole  measurements are  capable  of
experimentally visualizing the vortical flows around
the submarine such as the horseshoe vortex structure.
2- The results show that the horseshoe vortices
become smaller in size by positioning the sail on the
body closer to the nose, resulting in an improvement
in the performance of the propeller and a reduction
in the impeller induced noise.
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Freevibration analysis of functionally
graded rotating double tapered beam by
using Euler-Bernoulli beam theory and
differential transform method

F. Ebrahimi' S. Dashti?

1- Introduction

Functionally graded materials (FGMs) are the new
class of composite materials which were introduced by
Japanese scientists in the mid-1980s as ultra-high
temperature-resistant ~ materials ~ for  aerospace
applications. This kind of material is achieved by
controlling the volume fractions, microstructure,
porosity, etc. of the material constituents during
manufacturing, resulting in spatial gradient of
macroscopic material properties of mechanical strength
and thermal conductivity. Furthermore, the rotating
beams are extensively used in the modeling of
engineering applications such as turbo-machine and
turbine blades, airplane propellers and robot
manipulators. For instance, the dynamic modeling and
analysis of rotating blades made of FGMs has become
a topic of considerable research over the last decade. In
addition, the non-homogeneous beams with varying
material properties are widely used in civil, mechanical
and aeronautical engineering, due to the fact that they
can improve distribution of strength and weight, and
guarantee  structural  integrity. For  example,
functionally graded (FG) beams made of ceramic and
metal are capable of both suffering from high-
temperature environment because of better thermal
resistance of the ceramic phase and exhibiting stronger
mechanical performance of metal phase to guarantee
the structural integrity of the FGMs. Moreover,
Differential transform method (DTM) is a semi-
analytical-numerical technique based on Taylor series
expansion developed for various types of differential
equations. DTM makes it possible to obtain highly
convergent and accurate results and exact solutions for
differential or integro-differential equations. By using
this method, the governing differential equations can
be reduced to recurrence relations and the boundary
conditions may be transformed into a set of algebraic
equations. DTM does not pose an3y restrictions on
both the type of material gradation and the variation of
the cross section profile. Hence, it can cover most of
the engineering problems dealing with the mechanical
behavior of non-uniform and non-homogenous
structures. Although DTM has been used for solving a
vast range of problems in different fields of
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engineering. However, no research effort has been
devoted so far to find the solution of vibrational
behavior of a double tapered rotating FG beam by
employing DTM. Motivated by these considerations,
in the present study, utilizing the DTM, the free
vibration of a rotating double tapered beam composed
of FGM is investigated in conjunction with Euler-
Bernoulli beam theory. The governing differential
equations of motion are derived using the Hamilton’s
principle and the DTM is utilized to obtain a semi-
analytical solution to the free transverse vibration
problem. Some illustrative numerical examples are
presented in order to investigate the influences of FG
material volume fraction index, rotational speed, hub
radius, and the taper ratios on natural frequencies of
tapered rotating FG beam in detail.

2- Theory and For mulation

Employing the Hamilton principle and considering
Kirchhoff-Love hypothesis, the governing equation for
a non-uniform flexible FG beam (as it is shown in Fig
1.) can be obtained as follows:

Lla-wa-pr L -wa-wa-
pow -t [ -g)+ 819+

4
S -8 =51 —§2) + 3 (—a—B+

aBs)(1 - )| G} =0 ()

where & is the hub radius parameter, 1 is the
rotational speed parameter, p is the frequency
parameter, § is the dimensionless distance and W is
the dimensionless flapwise deformation.

b,
Fig. 1. Geometry cf arotating hub-double tapered FG beam

Now by applying the DTM rule on the equation of
motion the following relation is obtained:
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This equation may finally lead to a non-trivial
solution from which the natural frequencies of the FG
beam are obtained.

3- Numerical results and discussion

In this section some parametric studies are conducted
in order to examine the influence of various FG beam
parameters such as constituent volume fractions, taper
ratios, rotational speed and hub radius on the natural
frequencies of the rotating double tapered FG beam.
The convergence trend for the first frequency is shown
in Figure 2. It is found that in the DTM method after a
certain number of iterations eigenvalues have
converged to a value with a good precision. The effect
of both breadth (« ) and the height taper ratio (§ ) on
the first natural frequency of FG rotating beam is
plotted in Figure 3. It can be seen that for the constant
value of rotational speed parameter, the fundamental
natural frequency of tapered FG beams increase as the
breadth and the height taper ratio increase.
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Fig. 2. Convergence study for thefirst frequency of rotating
doubletapered FG beam
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Fig. 3. The effect of taper ratioson thefirst three frequencies of
FG rotating tapered beam

The effect of rotational speed parameter (1 ) on the
first natural frequency of FG rotating tapered beam has
been depicted in Figure 4. According to Figure 4,
increasing the rotational speed increases the
fundamental frequency of rotating FG tapered beam
and this trend is almost the same for all values of
power-law exponents. This is due to the fact that, an
increase in rotational speed results in an increase in the
value of the centrifugal force and hence increases the
natural frequencies.
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Fig. 4. The effect of rotational speed on first natural frequency of
FG rotating tapered beam

Finally, the variation of the first natural frequency
with various hub radius parameters is presented in Fig
5. It is observed that frequency increases with the hub
radius as it is expected due to increase in centrifugal
stiffening of the beam. Also the rate of increase
becomes larger with the increasing rotational speed
parameter because the centrifugal force is directly
proportional to both of these parameters.
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Fig 5. Effect of hub radius parameter on first four natural
frequencies of FG rotating tapered beam

4- Conclusions

In this paper, free transverse vibration analysis of a
rotating double tapered FG beam is investigated within
the framework of a semi-analytical technique called
DTM. Several important aspects such as taper ratios,
hub radius and the rotational speed as well as the
material volume fraction index which have impacts on
natural frequencies of such beams are investigated and
discussed in detail. The calculated results are compared
with the ones in the literature and great agreement is
considered. The numerical results indicate that the
flexural natural frequencies increase with rotational
speed and hub radius while they decrease with the
power-law exponent and this trend is almost the same
for higher mode frequencies. It is also concluded that
the fundamental frequency of tapered FG beams
increases as the breadth and the height taper ratio
increase while the higher mode frequencies increase
with the breadth taper ratio and they decrease with the
height taper ratio.
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Aerodynamic Performance I nvestigation of an
Experimental Variable-Span M orphing
Wing Model

A.Tarabi! S Ghasemloo®> M. Mani®

1- Introduction

Aerodynamics experts have recently focused on the idea of
improving aircraft performance via making appropriate
changes to geometric parameters of the wings. Accordingly,
the researchers and designers have carried out many
experiments with different changes in the aspect ratio of the
wings, concluding that in-flight change in the shape of the
wings can play an influential role in the improved
performance of the aircrafts. The results of these studies
have been the main source of what has come to be known
as "Shape Morphing". A morphing wing (MW) is a wing
that can undergo many changes in its geometry (e.g. span,
sweep, twist, dihedral angle, etc.), alowing the wing
configuration to be widely optimized in a range of flight
conditions such as take-off, landing, cruise and loitering.
The morphing aircrafts using variable-span wings have the
benefits of both large-span (e.g. longer flight range, more
fuel savings and higher aerodynamic efficiency) and short-
span  wings (eg. high-speed flight and better
maneuverability). Furthermore, asymmetrical changing of
the wing span can be used for roll control as a substitute for
aileron control surfaces.

In the present study, we used an experimental technique
(i.e. wind tunnel) to develop a scale model of a variable
span morphing wing (VSMW). The span change was made
electro-mechanically. Moreover, the wind tunnel tests were
carried out on different configurations with different spans,
and at different angles of attack. This study is, in fact,
concerned with the design and development of a VSMW
for UAVs that morphs without the use of complex
hydraulics or servo motor systems. Also in this study, some
complementary activities were done to complete the
previous works. First, in this study the morphing concept is
implemented with a minimal effect on the weight of the
wing, and the overall configuration of the wing is amost
maintained unchanged especialy in take-off and landing
conditions. Second, in most previous studies, the morphing
technology was applied to (rectangular) straight wings
whereas in the current work, the wing is of a trapezoidal
form, which had its own problems in terms of design and
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arrangement of actuation equipment due to the small size
of the model.

2- Test equipment

All experiments were conducted in a subsonic wind
tunnel of closed-circuit type with a test section of
80cmx80cmx200cm operating at speeds from 10 to 100
m/sec (Fig. 1). The wind tunnel was also equipped with a
6-component balance system to measure all forces and
torques exerted on the model. On both sides of the test
chamber wall there were transparent acrylic plastic
windows to provide interna visibility.

Fig. 1. The subsonic closed-circuit wind tunnel

3- Thewind tunnel model characteristics

For an experimental study of the flow characteristics
around the UAV wing, we designed and developed a
model consisting of a moving wing and afixed wing. The
fixed wing is made of fully-burnished aluminum, and the
moving wing is made of bronze. The fixed wing sweep
angle is 33 degrees at the leading edge with no twist
angle. The fixed wing model airfoil is an asymmetric
NACA 64A212. The fixed wing serves to hold the
moving wing, and envelop the mechanism of changing
the moving wing span. The different views of the wind
tunnel model are shown in Fig 2.

Moving Wing

Fixed Wing

Fig. 2. Thewind tunnel model (fixed wing and moving wing)

4- Experimentation process

To ensure the accuracy of the results, the balance system
and the flow conditions in the wind tunnel were
calibrated first. The conditions for carrying out the wind
tunnel test are presented in Table 1.

Table 1 The conditionsfor wind tunnel test

Variable Range of Values
V (m/s) 35, 60 and 80
Span Extension (m) Oand 0.1

Angle of Attack (deg.) -410 20
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5- The study of the influence of implementing a VSMW
on the aer odynamic coefficients

Figure 3 shows the changes in the lift coefficient of the
model versus the angle of attack at the speed of 60 m/sfor a
0-100% extension in the wing span. According to the
diagram, as the wing span increases at a fixed flight speed,
the lift coefficient increases too. This increase is due to the
increase in the wing area and the aspect ratio.

Figure 4 shows the changes in the aerodynamic efficiency
of the model (i.e. lift to drag ratio) versus the angle of
attack at the speed of 60 m/s for the wing span extending
from zero to 100 percent. According to the Figure, as the
wing span increases at a fixed speed, so does the
aerodynamic efficiency of the model. The reason is that the
aspect ratio increases with the span, and as the aspect ratio
is increased, the lift coefficient is increased too, while the
drag coefficient is decreased. Consequently, the ratio of
these two coefficients will be increased too. As can be seen,
the maximum aerodynamic efficiency occurs at about 4
degree angle of attack; i.e. the angle at which the UAV will
experience the minimum thrust required and the maximum
range and flight endurance.
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6- The advantages of implementing a VSMW for
increasing the range and the flight endurance of the
UAV

The mathematical equations for computing the flight
endurance, range and the minimum thrust required by a jet
aircraft are:

10, W,
2 2 0.5 C0.5
R=(55) S @
(TR)min = T;X (3)
Cp

The maximum flight endurance for a jet aircraft is
achieved when the aircraft flies with the minimum required
thrust. According to Eqg. (3), the minimum thrust required is
achieved in case of maximum lift-to-drag ratio. Therefore,
the maximum flight endurance for a jet aircraft is achieved
when the aircraft flies at a speed equal to the maximum lift-
to-drag ratio.

According to Eq. (1), the influential parameters in the
calculation of flight endurance include the specific fuel
consumption, aerodynamic efficiency, fuel weight and
the total weight. In the present study, the motor type has
remained unchanged (i.e. the thrust and the specific fuel
consumption are constant) and the weight of the fuel of
the vehicle has also been assumed to be constant. On the
other hand, the added weight due to the implementation
of the MW concept has been ignored as it is about 1.5%
compared to the total weight of the UAV. Findly, the
assessment of changes in the flight endurance of the
vehicle has been done based on the changes in the
aerodynamic efficiency. Therefore, with using Eq. (1),
the maximum extent of changesin flight endurance of the
MW will increase by 17% compared to the base wing
(BW).

Using the same reason, and by using Eqg. (2), the
maximum extent of changes in the flight range of the
MW, as compared to the BW, will increase by 5%.

7- The Roll control of UAV by using a variable-span
mor phing wing

The control surfacesinstalled on the wing —i.e. ailerons -
can be used to achieve the rolling moment. This is a
regular (conventional) method. Another method for
achieving the rolling moment is to use a variable-span
morphing wing. By this method, the wing can be divided
into aright and a left part (with respect to the central line
characterizing the longitudina axis of the UAV). Then,
in order to achieve the right or left roll, a corresponding
increase in the span can be made in the right or left part
of the wing.

8- Conclusions

This paper concerns design, development and testing of a
MW for an unmanned aeria vehicle with the am of
improving the vehicle's performance over its flight
envelope. For this purpose, a VSMW model that allows
changes in wing span was developed and exposed to
wind tunnel testing. The MW model was tested in a low
speed wind tunnel facility at a variety of Reynolds
numbers from 250x10% to 620x10° under steady wind
speeds (i.e. 35, 60 and 80 m/s). Experimental wind tunnel
results were then compared against BW test specimen to
evaluate the performance of the MW. The experiment
demonstrated an improvement in the aerodynamic
efficiency of the VSMW in the form of areduction in the
drag and a subsequent increase of 5 and 17 percent in
flight range and endurance, respectively. It was also
found that the maximum aerodynamic efficiency of the
wing model occurs at 4 degree angle of attack, which was
17.4 for the MW with 100 percent increase in the wing
span. This research aso shows how the VSMW can be
used as an alternative and effective method of roll control
instead of the conventional method using aileron control
surfaces.
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Automated Fault Detection of Tri-Lobe
Compressor Using Wavelet Transformation
and Support Vector Machine

M. Karimi? S. Aliabadi?

1- Introduction
Condition Monitoring (CM) is commonly used in the

industry to maintain the equipment as well as reduce
cost and improve the efficiency of the machinery. There
is a routine schedule in the heavy industries such as
vehicle manufacturing companies to perform vibration
data acquisition of rotating machinery. The data is then
analyzed and some of the usual faults are identified in
the time, frequency, and time-frequency domains.
Because the obtained vibration signas are stochastic,
some of the techniques in the time and frequency
domains fail to detect some of the defects. Thus, the
time-frequency domain analysis has been widely
developed to extract the energy distribution of the signal
as the fault features in the both domains. Wavelet
transformation has been widely used in condition
monitoring for its advantages over other time-frequency
methods. The main advantage of wavelet transformation
is its capability of displaying components of signal with
different frequenciesin the time domain. Several articles
have been published with some applications of wavelet
transformation in fault detection of gears with broken
tooth or crack. The manual fault detection was based on
an expert capability and how the signa was interpreted.
Recently, the challenge is intelligent pattern recognition
of faults from data. In order to make the whole process
automatic, an expert system must be designed to train a
neural network using the extracted features from the
vibration data. The support vector machine is an
alternative method which is capable of classifying the
features. The main advantage of the support vector
machine compared to artificial neural network is using
fewer samples for training the network without
compromising efficiency. This paper focuses on
autonomous fault detection of a Tri-Lobe compressor
with different seeded faults. In order to compare the
results, three steps namely: data acquisition from an
experimental test rig, data anaysis, and applying
artificial intelligent methods on data were performed.

! Corresponding author: Assistant Professor, Department of
Mechanical Engineering, Bu-Ali Sina University, Hamedan, Iran.
karimi_mh@yahoo.com

2 M.Sc., Department of Mechanical Engineering, Bu-Ali Sina
University, Hamedan, Iran

2- Wavelete transformation and support vector
machine Algorithms

The wavelet transformation is similar to the Fourier
transformation which can be used for stochastic signals.
Therefore, the original signal is transformed into
different Daubechies wavelet categories. Each category
has some coefficients associated with a unique
frequency which is shifted and scaled from the original
signal preserving some properties of the signal. If the
signal is obtained from a faulty component of the
machine, the low frequency wavelet may have the
information of one fault while the high frequency
wavelet may have the other properties of other faults.
Severa further decompositions can be carried out to
achieve a component signal with the main information
about the faullt.

Support vector machine theory is based on classifying
data using a super-plane called super-separator. A super-
plane separator which causes a maximum distance
between the plane and the closest data is chosen as the
optimum soluticn. Figure 1 displays two different types
of data (points) namely: black squares indicate minus
type (class) and white circles show positive type. The
support vector machine theory tries to classify data into
two types using a support vector to maximize the margin
distance from the origin.
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Fig. 1. A two dimensional classification using the support
vector machine

This idea is then generalized to classify data into
several different types where faults might be more than
two in the compressor. Figure 2 show an algorithm of
support vector machine which compares one class of
data against the others.

3- Fault detection process in experimental test rig
consisting of a Tri-L ope compr essor

A Tri-Lope roats blower compressor was installed to
perform all three steps of vibration analysis. A
piezoel ectric accel erometer was mounted horizontally to
collect data with 2560 samples per second enough to
avoid aliasing phenomena. Figure 3 shows the test rig
consisting of the compressor and data acquisition
hardware.



M. Karimi, S Aliabadi

| Input data

Fig. 3. Experimenta]eﬁ rig consists of the compr essor
and data acquisition hardware

Four different cases were considered and designed to
be used for intelligent classification namely: healthy
(with no seeded faults), unbalancing, misalignment, and
both unbalancing and misalignment faults. In order to
test the robustness and repeatability of the designed
algorithm the data was recorded five times for a one
second duration. Figure 4 shows the four different
mentioned vibration signals in the time domain,
respectively. It can be observed from this Figure that
visual inspections of the signals and some time domain
techniques fail to extract a feature for fault diagnostic
and classification. Discreet wavelet transformation was
conducted on the vibration signal with misalignment
fault and the results are shown in Figure 5. The energy
distribution in each component is a good criterion for
further classification. A fraction of invisible energy in
each Daubechy signal was computed as a percentage.
Only six further decompositions were carried out in
discrete wavelet transformation. Table 1 shows the
energy percentage for two types of faults.

Table 1. Energy percentage for each coefficient

Unbalanacingl Misalignmentl Unbalanacing2 Misalignment2
a5 3691 14.26 33.42 135

d5 35.88 44.69 35.55 44.57

d4 9.05 9.95 8.93 9.48

d3 4.46 3.33 4.74 3.16

d2 319 2.96 3.24 2.79

dl 105 24.81 11.12 26.5
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Fig. 4. Four typesof vibration signals: a) healthy (with no seeded
fault, b) unbalancing, c) misalignment d) combination of
unbalancing and misalignment

Accehrali:m(m!s"‘Q)

Decompositions at level 5

+ A
o o
d5 E il ﬂﬂmu'nf\lr gl Ju LJU\}\ (L JU!'I,."r \ fur\[\rw

s t“’*‘ L‘"*H%‘w‘* it - “wj

(L
d3

e [
o= LA o o

. L L ' 1
500 1000 1500 2000 2500

Figure5. Discrete wavelet transformation of signal with
misalignment fault

4- Conclusions

Three different support vector machines were placed
consequently and a MATLAB code was written to
classify each fault condition (class). In order to test the
designed support vector machines some experimental
data with known class of faults were not used in the
training process. The whole algorithm was trained with
the other data and was tested with unused data. It was
observed that support vector machine was able to
classify the fault completely with zero error. Therefore,
it makes the whole process very promising for
autonomous fault detection in the industry.
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Study on Ener gy absor ption of Crushing
Element in ER24PC L ocomotive

P. Hosseini Tehrani' L. Ferestadeh?

1- Introduction

One of the ways of energy absorption during an
impact is the use of energy absorbents. These
absorbents show different deformations dependent
on geometry and loading conditions but plastic
deformations in all of them cause kinetic energy
dissipation resulting from the impact. Dynamic
progressive buckling is one of the common energy
absorption methods in thin-walled energy absorbents
under impact.

In thick-walled energy absorbents where the ratio
of thickness (h) to medium level radius (R) is higher
than 0.05, the structure damage results from folding
and sheet rupture. The reason is the high thickness of
sheet in these absorbents. Increase of sheet thickness
enhances resistance of energy absorbent and
phenomenon of progressive buckling does not occur
in these absorbents.

Consider that the dimensions of the crash element
of Siemens ER24PC locomotive are such that it is
regarded as thick-walled energy absorbent.
Therefore, rupture of the sheet causes destruction
during collision. Then, it is necessary to use damage
models for prediction of rupture for accurate
modeling of the destruction process of this crash
element under impact.

In this paper, three damage models i.e. Johnson —
Cook, GTN and Modified Rousselier damage models
have been examined for estimation of damage in
testing collision of crush element of Siemens
ER24PC locomotive. First, the beginning of damage
(for each one of these models) is described and then
the necessary information for entering these damage
criteria in Abaqus software is explained. By
comparing results of modeling with different damage
criteria with results of laboratory test, suitable
damage criteria have been specified. Also, the
desirable damage model is verified by using ECE
R66 standard.

Finally, in order to improve the energy absorption
capacity metallic foam is used as a filler in the
energy absorber element. Through comparing the
energy absorption behavior of foam filled crushing
element with the non-filled element the foam
performance in the crushing element has been
evaluated.

1 -Associate Professor, Iran University of Science and
Technology. hosseini_t@iust.ac.ir

2-Corresponding Author: M.Sc. Student, Iran University of
Science and Technology. imanferestade@rail.iust.ac.ir

2- Modding and solving with finite element
method

The crushing element of Siemens locomotive has
been modeled with the Abaqus software. The crush
element is conical with rectangular side. Dimensions
of the smaller base are 400mmx430 mm and
dimensions of the larger base are 480 mmx800 mm.
Length of the crash element is 830 mm and its
thickness is 15 mm. Since its thickness is not low
compared with its dimensions, solid element was
used for its modeling. Young's modulus for the
desired steel is 200 Gpa, Poisson coefficient is 0.3
and density is equal to 7800kg/m3 . Crush element
is connected to a rigid base on one side. A rigid sheet
has been used as impactor in modeling. The
centralized mass of 100 tons has been applied in the
center of this rigid sheet which is equivalent to the
mass of the train.

Surface to surface algorithm has been used for

contact of the rigid impactor and crush element and
the general contact algorithm has been used for
contact of different parts of the crush element with
each other at the time of impact. In both cases,
friction coefficient has been considered to be equal
to 0.3 which is the friction coefficient for steel to
steel contact. The crush element is completely bound
on the side of its base and the rigid sheet collides
with it from the other side at the speed of 120
Km/hr. This speed is the motion speed of Siemens
locomotive in Iran lines.
To ensure the finite element model was sufficiently
accurate, it is validated using a theoretical model
derived by Wierzbicki and Abramowicz, which
predicts the mean crush load during the progressive
buckling phase.

3- Using damage modelsin simulation

For this purpose, three Johnson —Cook, GTN and
Modified Rousselier damage models have been used.
First, the beginning of damage (for each one of these
models) is described and then the necessary
information for entering these damage criteria in
Abaqus software is explained. By comparing results
of modeling with different damage criteria with
results of laboratory test, suitable damage criteria
have been finally specified.

4- Deter mining suitable damage model

To determine suitable damage model, results of
simulation with different damage models should be
compared with laboratory results. Therefore, testing
information of an almost similar crush element has
been used to select the suitable damage model. Work
on this crush element has been performed by Ince
and Tiirkmen in 2011. Considering that the material
of this crush element is steel and the ratio of length

. . 1 . .
to thickness is equal to T= 55, its geometrical
conditions have good agreement with conditions of
the crash element of Siemens locomotive (f = 55.3).
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Therefore, the information in [32] has been used and
a model was developed for this crush element. Then,
simulation was done with three different damage
models within 50 milliseconds and the results of
simulation were compared with the results of the
laboratory test. Figure 1 shows a comparison of
simulation results with different damage models with
the results of laboratory information. As it is shown
in the Figure, the modified Rousselier damage model
has the best agreement with laboratory results.
Therefore, the best model for estimation of impact
conditions of the crash element of Siemens
locomotive should be the modified Rousselier
damage model.

350

Experimental

300
— — — - No damage
250
----------- Johnson-Cook
—: == GIN

......... Modified_Rousselier

200
150

Force(kN)

100
50

Time(ms)

Fig. 1. Diagram of forcein termsof timefor three damage
models and laboratory results

5- Comparing energy absorption rate in the
modified Rousselier damage model with energy
absor ption standard
In this section, the results of simulation with
considering the modified Rousselier damage model
have been compared with the conditions mentioned
in ECE R 66 standard. Considering this standard,
computer modeling is correct when the following
two conditions are established concurrently:
1- Hourglass energy value should be less than 5% of
total energy.
2- Energy ratio parameter should not exceed 1+0.05.
After the simulation, it is clear that hourglass
energy value is standard in the mentioned limit
because maximum hourglass energy (0.39MJ) is
equivalent to 0.7% of total energy (55.93 MJ).
Therefore, the first standard condition is established.
The second standard condition has been established
because energy ratio parameter varies from 0.99994
to 1.00003 which is in the determined standard limit
and it does not exceed the limits referred in the
standard.

6- Use of foam to increase the absor bed energy

Aluminum foam has been used as an energy
absorbent. The aluminum foam which has been
considered here is produced with continuous casting
process and is recognized as Hydro Aluminum AS.
The density of this foam is 340 kg/m?3, its Young's
modulus is 0.948 Gpa and its Poisson coefficient is
0.325. Geometrical dimensions of the desired foam
are such that empty volume of the crash element is
completely filled by putting it inside the crash

element. The mass of the aluminum foam with the
mentioned geometrical dimensions is 68.34 kg and
the mass of the component increases by 11.3% by
putting it inside the crash element.

The Effect of foam filling

Simulation was done with the modified Rousselier
damage model and by putting aluminum foam
material with the specifications which were
mentioned in the previous section inside the crash
element of the Siemens locomotive. After the
simulation, from diagram of energy absorption for
the empty crash element and crash element filled
with foam it is found that energy absorption
increases by 24% in the presence of foam while
maximum force grows only by 0.2% .

7- Conclusion

In this paper, collision performance of Siemens

ER24PC locomotive was studied. This was done

with numerical solution and Abaqus software.

During this simulation, two parameters of maximum

force and absorbed energy which are two important

factors in studies of collision performance of parts
were studied.

At the end, the following results were achieved:

1- Comparison of software results with results of
analytical solution showed that the precision of
modeling results in Abaqus software is
acceptable.

2- Because thickness of plate of the crash element
of the Siemens locomotive is high and it is
ruptured during collision, simulation does not
show correct results without considering damage
criterion.

3- Damage models of Abaqus software do not
show fracture behavior correctly because they
consider the material to be continuous and
without pores while microstructural damage
models consider the material to be porous.

4- Since the modified Rousselier damage model
considers a sentence for fracture resulting from
shear, it shows fracture behavior of the crash
element of Siemens locomotive more accurately
than the GTN damage model which lacks these
characteristics. Therefore, it is the best damage
model for simulating collision of the crash
element of Siemens locomotive.

5- To wvalidate simulations with the modified
Rousselier damage model, ECE R 66 standard
was used and it was shown that the performed
simulations satisfy the conditions mentioned in
ECE R 66 standard well.

6- Use of aluminum foam increases energy
absorption by 24% while maximum force grows
only by 0.2%. Therefore, aluminum foam can be
used inside the crash element of Siemens
locomotive to increase energy absorption.
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