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Abstract
In the present study, a comprehensive thermodynamic
modeling and optimization of CGAM problem is pre-
sented. The CGAM problem refers to a cogeneration
plant which delivers 30 MW of electricity and 14kg/s of
saturated steam at 20 bar. The installation consists of a
gas turbine followed by an air preheater that uses part of
the thermal energy of the gases leaving the turbine, and
a heat-recovery steam generator in which the required
steam is produced. This system is composed of air com-
pressor, combustion chamber (CC), Air Preheater, Gas
Turbine (GT), and a Heat Recovery Heat Exchanger.
In this paper, at the �rst stage, each part of the sys-
tem is modeled using thermodynamic laws; and next,
with by applying economic functions, the optimization
of this problem is performed. For optimization, objec-
tive functions includes the total cost rate of the system
product. The environmental conditions are de�ned as
T0 = 298.15K and P0 = 1.013 bar. The fuel for the to-
tal plant is natural gas (taken as methane) with a lower
heating value (LHV) which is equal to 50000 kJ/kg. And
then, solve the problem which is formulated as a set
covering problem by Genetic algorithm and PSO algo-
rithm is solved. In the end of this article, we compare
these solving approaches (Genetic and PSO algorithms)
to know which of them are working e�ciently. The de-
sign parameters of this cycle are compressor pressure
ratio (rAC), compressor isentropic e�ciency (�AC), GT
isentropic e�ciency (�GT ) , CC inlet temperature (T3),
and turbine inlet temperature (T4). After reviewing the
results of the two algorithms, it is showed that both al-
gorithms which to optimize the results are almost identi-
cal. However, the PSO algorithm is simple to implement
and more exible in programmingand convergence rate
than compared to the capability of Genetic algorithm
is capable. The results show that the PSO algorithm is
more e�cient than Genetic algorithm in solvinge CGAM
problem.

Key Words: PSO algorithm, genetic algorithm, opti-
mization, CGAM problem.
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Abstract
Shape memory polymers are a class of multi-phase smart
materials which have the ability to return from a de-
formed state (temporary or �xed shape) to their origi-
nal (or permanent) shape, called as shape memory ef-
fect, (or recovery) under di�erent thermo mechanical
cycles, e.g., �xed strain stress recovery and �xed stress
strain recovery. Due to their unique behavior, shape
memory polymers have many applications in industry
areas. Shape memory polymers have been researched,
developed, and utilized in a wide range of applications
such as advanced technologies in the aerospace, medical
and oil exploration industries. Moreover, shape mem-
ory polymers have a promising future for application in
sensors, actuators and smart devices. However, applica-
tions of shape memory polymers are restricted by their
low strength. Di�erent techniques are employed to elim-
inate such restrictions. Among them, addition of mi-
cro and/or nano-particles is a common practice. In this
study, a numerical method, based on 3D �nite element
method, is introduced to investigate the e�ect of nano-
particles on mechanical properties (e.g., the mechani-
cal strength) and performance of shape memory poly-
mer nano-composites. The non-linear behavior of shape
memory polymers is described through employing a re-
cently proposed visco-hyper-elastic constitutive model,
and the nano-composite is simulated in the framework
of the nonlinear �nite element method. E�ects of dif-
ferent volume fractions and aspect ratios of the nano-
particles are investigated, and the results are presented
in the form of stress strain temperature diagrams. Ac-
cording to the produced results, increasing the volume
fraction and/or aspect ratio increases the generated elas-
tic stress and the recovered stress. In addition, adding
up to 3 percent of nano-particle volume fraction and ap-
plying strains up to 20 percent would not disrupt the
performance of the material, while remarkably enforce
the shape memory polymer based nano-composite.

Key Words:
viscoelastic modeling, �nite element method, graphene nano-
plat.
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h is based on traditional safe-life design methodology that
uses special S-N curves obtained from specimens con-
taining some defects (aws). Damage tolerance requires
that the structures retain, after a partial failure, the ca-
pability to withstand the limit load. Fault tolerance is a
new damage tolerance design method which is based on
equivalent initial aw-sized concept.
Since 1989, the Airworthiness Regulation evolved to-
wards the application of Damage Tolerance principles
to rotorcraft. This change forced the helicopter indus-
tries to review their design methodologies and to face
new problems, linked with fracture mechanics applica-
tions to their typical structures.
In this paper, various approaches to helicopter fatigue
design are reviewed, and the advantages and disadvan-
tages of each method are discussed. Then, di�erent
methods of helicopter fatigue design are compared. At
the end, other aspects of helicopter fatigue design, such
as inuence of material on helicopter fatigue design, fa-
tigue design of helicopter components against impact
loads, and conducting tests in relation to the helicopter
fatigue design are all discussed.

Key Words: Helicopter fatigue, fatigue design, heli-
copter fatigue life, helicopter fatigue approaches.
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Abstract
In this paper, a novel technique is presented for inverse
kinematics and motion planning of a redundant manip-
ulator robot in an environment with unknown obsta-
cles using a fuzzy controlling is presented. Kinematic
redundancy occurs when a manipulator possesses more
degrees of freedom than the minimum number required

for executing a given task. Redundancy enhances the
manipulator dexterity and exibility which allows the
redundant robot to move faster and safer in the envi-
ronment without colliding with obstacles. In order to
avoid colliding with obstacles, a high degree of freedom
robot was used. Due to high degree of freedom, inverse
kinematics of redundant robots is very di�cult, thus a
general approach to motion planning of a redundant ma-
nipulator robot is very practical and valuable. It was in-
spired that a human arm is capable of avoiding colliding
obstacles. Therefore, in this paper, direct control of end
e�ector position of manipulator using a multi- behav-
ior fuzzy controller, inspired by behavior of human arm,
makes a practical method to the navigation of redundant
manipulator robots. In this method, the control of every
link is independent from the degree of freedom of robot;
the number of input and output signals are constant.
Fuzzy controller system used in this research is a combi-
nation of three fuzzy controllers, which deals with a sep-
arate behavior of redundant robot. The main objective
is still to avoid the obstacles and exion and extension
of arm. The �nal behavior of redundant robot is a com-
bination of these behaviors. For illustration, some sim-
ulation results of redundant planar manipulator moving
in an unknown environment is presented. Results were
prepared by a Simulink model containing fuzzy control
subsystems, sensor, actuators, and obstacles. The sim-
ulation and experimental results of three and six link
planar manipulators in environment with one obstacle
and without obstacle show a good and promising per-
formance of the robot.

Key Words:
control, unknown environment.
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Abstract
Nowadays, CPUs and GPUs are used in computations
pertaining to numerical solution of di�erential equations.
However, the �xed hardware architecture of CPUs and
GPUs makes it di�cult to optimally implement many
numerical solution algorithms. In recent years, a new
method, based on hardware implementation of equa-
tions using Field Programmable Gate Array (FPGA),
has been given much attention. The unique feature of
this approach is the ability to vary the hardware ar-
chitecture on the basis of the solution algorithm, which
results in increased solution speed and a reduction in
power consumption. This methodology, in which hard-
ware can vary from one architecture to another for
computing purpose is named Recon�gurable Comput-
ing (RC). RC can be used to solve a lot of problems such
as FEM, FVM with structured or unstructured mesh"
In this research, typical problems, such as mass-spring
systems and wave equations, have been considered, and
hardware implementation on FPGA has been used to
solve the resulting di�erential equations. For modeling
these systems, we used the software and hardware which
is accessible to us, so we used a domestic FPGA board
and MatLab and Xilinx ISE software products. Based
on the results, advantages and challenges for hardware
implementation of di�erential equations have been pre-
sented. Results for a single element mass-spring system
show a comparable solution speed for CPU and FPGA
implementation. However, with an increase in the num-
ber of elements of the mass-spring system, for exam-
ple, to 6, the FPGA hardware implementation overtakes

CPU and the speed of FPGA becomes almost 8 times
that of CPU. Moreover, results of the solution of wave
equations show that the speed with FPGA implemen-
tation is 3.6 times that of CPU. Therefore, for higher
numbers of computational elements, results show the
superior process speeds attainable with hardware im-
plementation of equations using FPGA compared to the
software implementation on CPU.

Key Words:
up, PDE, ODE.
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Abstract
Fatigue design of helicopter components has proven to
be a di�cult and challenging task. The purpose of the
fatigue evaluation of helicopter components, especially
the main rotor blade, is to show that catastrophic failure
expectation during its service life due to fatigue is com-
pletely gone; in addition, occurrence of Non-catastrophic
cracking remains low enough so that the economic use
of the helicopter structure can be achieved. The fa-
tigue design methodology, most commonly applied by
the helicopter community, was based on the Safe-Life
philosophy. In spite of safety and the overall success
in helicopter applications, this method does not ac-
count for any component strength that deviates from
the strength distribution assumption made during the
fatigue substantiation process. In recent years, due to
low e�ciency of Safe-Life method, using other fatigue
life analysis methods, such as aw tolerance, damage
tolerance, and fault tolerance, have been felt to be more
necessary.
The Flaw Tolerant Safe-Life or Enhanced Safe-Life
method provides component management requirements
based on the assumption of the existence of aws in the
component's critical areas. This approach is adopted
only in the helicopter community. Flaw Tolerant method
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h using the appropriate changing in the structure of a lin-
ear damper which results the damping coe�cient of the
proposed NDVD damper varies respect to the displace-
ment and the velocity of damper piston. To this end, a
solid cone shaped part is assembled in the interior region
of the damper cylinder, which causes the uid moves be-
tween the solid cone shaped part and inside the existing
ori�ce on the piston. In fact, the movement of the pis-
ton results in changing the size of the gap where the
uid passes and the damping coe�cient is consequently
varied. In order to obtain more accurate modeling in
the vibration analysis, the e�ect of momentum varia-
tion is also applied in the advised NDVD damper. The
e�ect of momentum variation on the motion of a vibra-
tory system equipped with a nonlinear displacement-
velocity-dependent (NDVD) damper is elaborated and
also compared with the previously published papers. In
this paper, the governing equation of a mass-spring sys-
tem equipped with the NDVD damper as the vibratory
system is derived for three cases of free, forced and res-
onance vibration problems and solved by the numeri-
cal fourth-order Runge-Kutta method. The displace-
ment pro�le, velocity pro�le, damping force and the
force transmitted to the base of the system are evalu-
ated for a mass-spring system equipped with the NDVD
damper. In addition, these results for three cases of
free, forced and resonance vibration problems are
compared with the results obtained from the system
equipped with a linear damper as well as the nonlin-
ear displacement-dependent (NDD) damper presented
in the previous works. The simulation results con�rm
that the recommended NDVD damper has much bet-
ter performance in reducing of vibration in the system
compared to the linear and NDD dampers.

Key Words:
nance vibration; nonlinear displacement-velocity-dependent
damper; law of conservation of momentum.
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Abstract
Diaphragm pumps are positive displacement pumps
which have many applications in the petrochemical, and
gas industries. As an example, Infusion pumps can be
mentioned which are highly regarded in the gas industry
due to the good resistance against chemical uids. Since
the diaphragm pumps are composed of various mechan-
ical parts, some of which, such as the diaphragm, are
in direct contact with the uid, many di�erent causes
of mechanical damage are reported from some consumer
companies such as Gas Company for this purpose, �nd-
ing a model similar to the actual model is very useful.
One of these pumps' design and manufacturing methods
is using commercial codes for simulation rather sophisti-
cated and expensive laboratory methods. Since the uid
in the pump is transmitted by a diaphragm motion, the
concept called the uid structure interaction is de�ned
due to the problems related to simulations of uid struc-
ture interaction, animated network simulation, and ge-
ometry of the pumps, limited deal of e�orts has been
done in the past for numerical analysis of these pumps.
Today, with signi�cant progress made in the develop-
ment of computational systems and commercial codes,
a good platform for the simulation of such problems is
created. There are several methods for simulating uid
structure interaction problems; one-way method is se-
lected for this simulation due to the small deformation
of the diaphragm and ow �elds in front of other aspects
of the model pump. In order to reduce the size of the
pump dimensional model calculations, this pump is sim-
ulated using ANSYS CFX commercial code. We have
generated a model that could well show some parame-
ters of this type of pump, and so, a more e�cient model
can be produced by reduced construction costs via future
studies. One of the results of the presented method, is
introducing one-way uid structure interaction method
as a suitable modeling method. The other results wor-
thy of being mentioned are the study on the velocity and
pressure �elds, the e�ects of functional parameters such
as engine speed and displacement diaphragm pump on
stream, and other outcomes that are fully addressed in
a season. In order to validate the model the boundary
conditions of a real sample uid injection pump, odorant
in city gas company, is used; that after comparing the
amount of output in terms of displacement diaphragm
with the information contained in the pump catalog, in
the worst case, error rate turns out to be 10%, and an
average error is about 5%.

Key Words:
tion, ansys CFX.
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hof the second language academic words via the exible
proposed learning modes led to better vocabulary reten-
tion over time. The �ndings indicated that the students
recognized more vocabulary for the recall test, given
one month after the end of the training period. How-
ever, the results suggested that those received online in-
struction via computer-supported learning recalled vo-
cabulary better when compared to their counterparts.
The usability and convenience of the exible proposed
technology-enhanced learning modes support an overall
positive response from university students. To conclude,
technologies in use for English vocabulary learning pro-
mote long-term retention of vocabulary. It is, there-
fore, suggested that teacher education and training in
the area of technology in use for second language vocab-
ulary learning requires further research.

Key Words:
dictionary-based learning, english vocabulary learning.

VIBRATIONAL ANALYSIS OF
FUNCTIONALLY-GRADED
MICRO-ROTORS WITH MASS
ECCENTRICITY BASED ON THE
COUPLE STRESS THEORY
M. Hashemi
mehdihashemi@mech.sharif.ir
M. Asghari(corresponding author)
asghari@sharif.edu
Dept. of Mechanical Engineering
Sharif University of Technology

Sharif Mechanical Engineering Journal
Volume 33, Issue 1, Page 63-71, Original Article

c Sharif University of Technology

� Received 11 November 2015; received in revised form 12 March
2016; accepted 12 April 2016.

Abstract
In this paper, exural vibration behavior of functionally
graded micro-rotors with a mass eccentricity is investi-
gated on the basis of the modi�ed couple stress theory.
The modi�ed couple stress theory is a non-classical one
which is capable to take into account the small-scale ef-
fects on micro-scale elements and structures with just
one higher-order or non-classical material property. It
should be noted that it has been experimentally veri-
�ed that the classical continuum theory fails to properly
simulate the mechanical behavior of small-scale exible
structures. The micro-rotor is composed of a exible
shaft and a disk at its middle. Here, the disk is as-
sumed to have a mass eccentricity, which causes forced
vibrations. Additionally, the shaft of the micro-rotor

is assumed to be made of a functionally graded (FG)
material with varying properties in the radial direction.
In derivation of the formulation, both gyroscopic e�ects
and rotary inertia are included. By setting the non-
classical material property to zero, the formulation is
reduced to the classical continuum formulation. Gov-
erning equations of motion of the micro-rotor in lateral
motions as well as the general form of boundary condi-
tions are derived with the aid of the Hamilton's prin-
ciple. These equations are transformed into a partial
di�erential equation utilizing complex functions. Next,
based on the Galerkin method with two-mode trunca-
tion, analytical expressions for vibration characteristics
of the micro-rotor, including �rst two natural frequen-
cies in both forward and backward whirl motions, are
obtained for the simply-supported cases. Moreover, the
amplitude of the forced vibration of the micro-rotor in
steady state condition is determined. The forced vibra-
tion is due to the mass eccentricity of the disk. With
these analytical results in hand, it is an opportunity
to evaluate the e�ect of non-classical material property
on the vibrational characteristics of micro-rotors. These
non-classical e�ects have been numerically investigated
in an example provided.

Key Words: Micro-rotor, functionally graded materials,
couple stress theory, free and forced vibration, eccentricity.
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Abstract
In this paper, vibration performance analysis of a nonlin-
ear displacement-velocity-dependent (NDVD) damper is
presented. The proposed NDVD damper is constructed
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Abstract
Fluids can be divided into several classi�cations in terms
of their viscosity behavior with relation to shear rate.
One of these classes is the Newtonian �fb02uids, which
exhibit a constant viscosity with the increase of shear
rate. The main feature of Shear Thickening Fluid )STF(
exhibits an increased viscosity with the increase of shear
rate. The shear thickening phenomenon occurs in most
of the concentrated colloidal suspensions containing hard
solid particles in uid. The behavior of continuous phase
has a signi�cant impact on the properties of the STF.
Due to the appearance of OH bonds on the surface of sil-
ica particles and also the appearance of this type of bond
in the polyethylene glycol, the formation of hydrogen
bonds. In this paper, glass �ber reinforced shear thick-
ening uid and shear thickening uid with clay nanopar-
ticles under quasi-static tests is investigated. A shear
thickening uid was prepared successfully and rheolog-
ical behavior was was investigated. One of the disad-
vantages of shear thickening uid (STF) is high con-
centration. To prepare shear thickening uid polyethy-
lene glycol as a base uid and the silica nanoparticles is
added slowly to the uid. After to create shear thicken-
ing uid clay nano particles are added to the uid. Glass
fabrics were soaked in STF/ethanol (1:3) solution to
prepare STF-glass fabric composite and STF- nanoclay-
glass composite. For better immersion of �bers, at �rst
STF is diluted in ethanol, and then the �bers are left
there in for a speci�ed period in order to impregnate
all �bers with the uid. The composite's sensitivity to
the impact will be reduced through ethanol combining
with the uid and its elimination. After this stage, to
eliminate the ethanol in the sample, it is heated at a tem-
perature range of 60�700C. Quasi-static resistant tests
were carried out on three modes the neat glass fabrics
and STF- glass fabric and STF-nanoclay glass fabrics
composites. The current study clearly displays a sig-

ni�cant enhancement in penetration resistance of glass
fabric impregnated with STF-nanoclay.

Key Words:
erty, glass fabrics, nanosilica, nanoclay.
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Abstract
With the rapid development of ubiquitous learning, the
emerging technologies contribute signi�cantly to English
language learning. An increasing number of studies be-
gan to discover the e�ects of computer and mobile lan-
guage learning on the second language areas and skills.
With each language area, the relevant technologies are
embedded in the context of English pedagogy to facili-
tate the e�ciency of learning. However, to date, it seems
that no research has been conducted to examine the ef-
fectiveness of dynamic methods of English vocabulary
learning. To shed light on the pre-existed pedagogical
values of computer and mobile language learning for the
second language vocabulary, the study pursued the pur-
pose of investigating the e�ectiveness of diverse teach-
ing methods of computer-assisted, mobile-based, and
dictionary-use on students' long-term retention of 330
words of Coxhead's (2000) academic word list. To this
end, 264 freshman university students were randomly
distributed into four groups and received new academic
words either on paper or through computer and SMS.
After learning the words of each sublist, periodical tests
were given from the proposed system for the learned
vocabulary to test whether students have learned the
new English vocabulary over time. The �ndings of the
current research revealed that the regular distribution
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htheories used because of existence one material length
scale. Although Eringen's nonlocal elasticity is the pop-
ular theory to simulate mechanical behavior of carbon
nano-structures, its microstructure-dependent constitu-
tive model does not allow the construction of the en-
ergy functional. Hence, this article is aimed at inves-
tigating the utilization of modi�ed couple stress theory
and Aifantis's theory to estimate natural frequencies of
simply-supported single-layered graphene sheets. For
this purpose, it is tried to estimate material length scale
of theories by point-by-point matching between available
�rst natural frequency of graphene sheets determined by
molecular dynamic method and the obtained data. Ac-
cording to the results, modi�ed couple stress theory can-
not be used unless one substitutes square of length scale
parameter with a minus value in stain energy equation
or adds the gradient velocity to the kinetic energy equa-
tion by a new material length scale. The former leads to
a non-positive de�nite strain energy function, and the
later makes a gradient elasticity theory with two mate-
rial length scales. Aifantis's theory is more applicable
than modi�ed couple stress theory in this situation. It
is also seen that the higher order natural frequencies,
estimated by di�erent gradient elasticity theories and,
material length scale of which is �xed by using molecu-
lar dynamic data, are di�erent, although this di�erence
decreases with an increase in side-length of square nano-
plate. It can be concluded that chirality, side-length of
nano-plate, and the used gradient elasticity theory a�ect
the material length scales, as well.

Key Words:
aifantis's theory, couple stress theory.
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Abstract
Typically, fatigue failure of a component happens at a
notch where the stress level rises because of the stress
concentration e�ect. Notch is usually de�ned as a ge-
ometric discontinuity. Notch may be introduced either
by design or by the manufacturing process. A hole in
a component is an example of a design notch. Material
and fabrication defects, such as weld defects, inclusions,
casting defects, or machining marks, are notches which
are introduced due to the manufacturing process. A va-
riety of methods are available to predict fatigue failure of
notched specimens. The purpose of the present investi-
gation is to rank such methods according to their predic-
tive capability. Tensile tests were conducted on CK45
steel specimens and mechanical properties and stress-
strain curve were obtained. Rotating bending fatigue
tests were performed at room temperature on smooth
and notched cylindrical specimens, and S-N curves were
obtained. To better investigate the notch-size e�ect on
fatigue life of the cylindrical specimens, two di�erent
notch geometries were used. Based on the obtained
experimental S-N curve for smooth specimens, fatigue
strength reduction factor or fatigue life for notched spec-
imens were predicted by Neuber, Peterson, maximum
stress, critical distance (Point method, Line method,
Area method) and weakest-link (Area method, Volume
method) theories and comparison of experimental re-
sults were considered. The predictions by maximum
stress and stress gradient methods were conservative,
which is some consolation to engineering designers; nev-
ertheless, the errors were high. Neuber, Peterson and
critical distance methods are based on stress gradient
in notch root radius and predictions by these methods
were not accurate. Also, Peterson, Neuber and Stress
gradient methods are not consistent with �nite element
results. The predicted fatigue strength reduction factors
by weakest-link methods were the closest to the experi-
mental results. Finally, the weakest-link theory is recom-
mended in terms of predictive capability, availability of
the required materials data, and the compatibility with
FEA stresses to predict fatigue strength factor among
the studied methods in this research.
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h are derived and using harmonic balance method, cap-
ture region is de�ned. Numerical results are provided
to assess the validity of obtained solutions. Then a free
rotating unbalanced disk is added to the system. Using
harmonic balance method and numerical solutions, e�ect
of the added free unbalanced disk on the capture range
is discussed. Numerical results are provided for di�erent
unbalanced added discs and di�erent initial conditions.
Obtained results show that the added unbalanced mass
can improve the system capability to narrow the capture
region and escape it.

Key Words:
unbalanced disk.
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Abstract
Volute is one of the main components in radial ow com-
pressors where the working uid is collected and deliv-
ered to the compressor downstream pipelines. Volute
design has direct and strong e�ects on the compressor
performance and its stable operating range. This com-
ponent causes distorted pressure �elds in upstream ow
passages which can lead to mechanical forces on the im-
peller. In the current research, based on the fundamental
concepts of volute design, a new approach for volute de-
sign is considered and the e�ective parameters on volute
performance are recognized. Using computational uid
dynamic (CFD) tools, the optimum values of e�ective
parameters which lead to an increase in volute pressure
ratio and static pressure recovery coe�cient as well as
decreasing the total pressure loss coe�cient and the net
radial force are explored.
Considering the exit cone and the tongue area geometry
design criteria, the models are numerically evaluated at
the design point and o�-design conditions to select the

optimum model for fabrication and testing. The new
volute is installed at a compressor test rig and the com-
pressor characteristic curves are obtained. At the design
point, area variation by 40% results in 14% variation in
static pressure recovery factor and 18% variation in to-
tal pressure loss coe�cient, however, it leads to increase
the net radial force on impeller up to 100%. Experimen-
tal results, which are used for numerical model veri�ca-
tion, show that the compressor pressure ratio and the
isentropic e�ciency are increased by 2.5% and 1.9% at
70,000rpm respectively.

Key Words:
area, static pressure recovery, isentropic e�ciency, free vor-
tex, non-uniform circumferential pressure.

FREE VIBRATION OF
SINGLE-LAYERED GRAPHENE
SHEETS BASED ON DIFFERENT
GRADIENT ELASTICITY THEORIES
S. Ziaee
ziaee@yu.ac.ir
Dept. of Mechanical Engineering
School of Eng., Yasouj University

Sharif Mechanical Engineering Journal
Volume 33, Issue 1, Page 29-36, Original Article

c Sharif University of Technology

� Received 19 September 2015; received in revised form 15 De-
cember 2015; accepted 12 April 2016.

Abstract
The unique electrical and mechanical properties of car-
bon nano-structures make them desired materials with
a wide range of applicability. Hence, the study of their
mechanical behavior is an important topic which has
attracted a great deal of attention. Graphene, a two-
dimensional carbon nano-structures with an one-atom
thickness, exhibits so wonderful electrical, mechanical,
thermal and optical properties which make it suitable
to use in micro-/nano-electromechanical system such as
nano-scale electromechanical resonators, vibrational be-
havior of which a�ects their functionality.
The importance of incorporating the size e�ect on con-
tinuum mechanics to simulate the mechanical behavior
of nano-structures is well-known. To this end, di�er-
ent higher-order continuum mechanics that contain ad-
ditional material constants have been developed. How-
ever, the recognition of an e�cient non-classical theory
with respect to nano-materials is a challenging process.
Modi�ed couple stress theory, Eringen's nonlocal elas-
ticity, and Aifantis's theory are some of non-classical
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Abstract
Vibration problems in rotating machines can be ex-
tremely frustrating and may lead to great damages, re-
duced reliability, and unpleasant side-e�ects. Unbal-

anced rotating masses are a main source of machine vi-
brations. In an unbalanced rotating system with elastic
supports, mass center displacements induce an oscilla-
tory force into the support and cause base vibrations.
On the other hand, base vibrations introduce an oscilla-
tory torque to the rotor and cause velocity oscillations.
In this way, a reciprocal action forms a complex set of
nonlinear equations which depend on actuating torque,
giving a wide range of harmonic, periodic and chaotic
solutions. Close to the system natural frequency, base's
high amplitude vibrations result in considerable power
waste and prevent rotor acceleration. In such a case, sys-
tem may su�er power shortage and remain in resonance.
This phenomenon is named resonant capture.
In this article, it is proposed to interrupt capture mecha-
nism by adding a free unbalanced mass to the system. It
is predicted that system base vibrations force the added
mass to rotate or vibrate, and the reacting forces will
a�ect the base motions. This may delay the capture
mechanism and provide enough time for the system to
accelerate and escape the capture region.
To evaluate the e�ciency of the proposed method, an
unbalanced rotating system with elastic supports is con-
sidered. The nonlinear governing equations of motion
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