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Nonlinear forced vibrations of thin circular functionally graded plates
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Nonlinear forced vibrations of thin functionally graded circular plates under classical clamped boundary
conditions are investigated based on the classical plate theory. The von Karman strain-displacement
relations are employed to include the geometrical nonlinearity caused by large transverse displacements of
the order of the plate thickness .Modal expansion in polar coordinate system along with the perturbation
method of multiple scales is used to solve the governing equations. The material properties are graded
through the plate thickness according to a power-law distribution of the volume fraction of the constituents.
Transverse forcing is supposed to be harmonic with the angular frequency near to the natural frequency of
one particular asymmetric mode. Nonlinear vibration phenomena such as jump phenomenon and internal
resonance are studied and the effects of boundary conditions, power-law distribution, amplitude and
frequency of external load on dynamical behavior of circular plate are examined. The validity of results is
established by comparison with the existing results in the literature as well as FEM results.
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3. Functionally graded materials
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1. Jump phenomenon
2. Internal resonance
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Energy sector
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2. Aluminum-Alumina
3. Fixed poins

4. Steady state
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A numerical analysis on effect of impedance and thickness of various
layers on deflection of target plate in layered armor systems under

explosive loading

Ali Aslani, Jamal Zamani Ashani’

Department of Mechanical Engineering, K.N.Toosi University of Technology, Tehran, Iran.
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Multi-layer structures have been widely used for producing resistant structures under dynamic loads. In
this article, behavior of multi-layer structures at high strain rates, their effect on the shock wave attenuation
and deflection of target layer are investigated. The effect of the thickness of SiC, A16061 and RHA steel on
deflection of target layer was investigated numerically; and mathematical modeling was applied for target
layer deflection. LS-DYNA software was used for simulation. The Johnson-Cook and Johnson-Holmquist
material models were used for modeling of ceramics and metals, respectively. Two-layer and three-layer
composite structures with a constant total thickness of layered system were simulated and their impact on
the target layer deflection were studied. Due to the importance of weight factor in creation of a multi-layer
armor, for better comparison of multi-layer structures, the stiffness to weight ratio was used. The results
show that using two ceramic layers around metal layer increases the stiffness to weight ratio of the
structure and improves armored system performance. Consequently, a four-layer system consisting of a
combination of ceramics and metals was suggested which has a less weight and better performance. In this
system, a reduction pattern for acoustic impedance is used which has positive impact on the performance of
armored structure.
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Keywords Abstract

Oxidized Polyacrylonitrile Oxidized Polyacrylonitrile fibers (OPF) are made by thermal stabilization of polyacrylonitrile (PAN) fibers
Fibers, and are used as precursors materials for production of carbon fibers. In this paper, effect of adding these
Epoxy, fibers on tensile properties of polymer matrix composites was studied. So thirteen kind weights of epoxy
Hybrid Composite, matrix composite reinforced with one of the carbon, Kevlar and glass fabrics including OPF by hand lay up
Tensile Properties method as four layers with different layering were made. For making of composites epoxy Bisphenol F resin

and polyamine hardener were used and the resin to fiber fraction was selected as 60 percent. Then tensile
properties and failure cross section of them were studied. Results showed that by increasing OPF to carbon,
Kevlar and glass fabric ratio; the tensile and modulus strength decreased but in more than 50 weight
percent ratios failure strain increased. Study of the fail cross section showed that composites made with one
of the carbon, Kevlar, glass fabrics including OPF have lateral, explosive and edge delamination failure
modes respectively and with increasing the OPF to carbon, Kevlar and glass fabric transverse failure mode
happens.
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1. Failure Mode
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Creep Analysis of FGM Rotating Disc with non-Uniform Profiles

Hodais Zharfi, Hamid Ekhteraei Toussi*

Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
*P.0.B. 9177948974, Mashhad, ekhteraee@um.ac.ir
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Rotating discs are the vital part of many kinds of machineries. Usually they are operating at a relatively high
angular velocity and temperature conditions. Accordingly in practice, the creep analysis is an essential
necessity in the study of rotating discs. More recently the application of Functionally Graded Materials
(FGMs) in the construction of rotating discs is the subject of many researches. These newly developed
heterogeneous compounds enable the designer to manage the distribution of material properties and
benefit their superior thermo-mechanical capacities. Apart from the patterns of material distribution, the
shape of a disc is another factor which controls the stress field and consequently the deformation and life
expectations. To study the effects of cross sectional profile, three different Aluminum-Silicon Carbide FGM
discs with uniform, convergent and divergent cross section profiles are selected as the case studies. It is
seen that there is a definite speed in which creep relaxation reduces considerably at the entirety of the disc.
This important rotational speed is named the creep limit speed. Some case studies are represented to show
the effects of disc profile upon the disc creep limit speeds.
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Experimental investigation of creep behavior in Phenolic based polymer

composites
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Keywords Abstract

Cree The behavior of composite structures under applied loads and temperatures is one of the most important
Polyrlzleric composites topics of research in composite materials. The creep properties of composite materials have very important
Basalt fiber effect on the behavior of the structure during life time. Among various investigations on creep behavior of

polymeric composites, Basalt fiber reinforced polymers has been rarely investigated. In the present paper
the creep of basalt/polymer composites with two different types of basalt woven including plane weave and
satin weave are experimentally investigated. Creep tests were performed at three different temperatures:

100, 150 and 200 °C and also two mechanical stresses including 3.8 and 6.5 MPa. The results showed that
strain rate in satin wave is reduced by 68% at 200 °C in comparison with the plane weave. Moreover, some

other parameters such as failure mechanism and creep life of specimens were investigated.
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Degree of cure is one of the most important properties of prepregs, so that the change in degree of cure will
cause the changing the of other properties such as, mechanical properties, tack and resin flow. In order to
predict and monitor degree of cure, the quantitative relation with processing parameters such as line speed,
oven temperature and resin content have to be determined. In this paper, the heat transfer equation
governing epoxy-glass prepreg curing systems, together with the equation for the rate of epoxy resin curing
is solved using numerical methods and computer programs written in the MAPLE software. The kinetic
parameters of the curing reaction of epoxy resin are also evaluated by using isothermal differential
scanning calorimetry data. According to results, initially, the temperature and the degree of cure will be
reduced by increasing the amount of resin. However, releasing of the heat of curing increases both the
temperature variation rate and the degree of curing. Moreover, the fiber types affect the degree of curing;
the higher the density and specific heat capacity of the fibers, the less the temperature and degree of curing.
Finally, increasing the oven temperature raised the temperature and degree of cure, as expected. On the
other hand, increasing the line speed decreased the temperature and the degree of cure.
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Free Vibration and Static Bending Analysis of Curved Sandwich Panel with
Magneto-Rheological Fluid Layer in Sheets using Improved High Order
Sandwich Panel Theory
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In this study, free vibration and static bending analysis of curved sandwich panel with magneto-rheological
(MR) fluid layer in sheets have been studied. Sandwich panel that is studied is double curved with simply
support boundary condition and it is under bending load. In order to derive the governing equations of
motion, an improved high order sandwich panel theory and Hamilton's principle are used for the first time.
After comparing with similar results in the domain of this issue and ensure that the accuracy of the derived
equations, the effect of magnetic field on the frequency of the panel has been investigated. The effects of
magnetic field intensity and changing the geometric parameters such as aspect ratio, thickness of MR layer,
radius of curvature and thickness ratio on the characteristics of vibration and deflection have been studied.
In the free vibration analysis section, the obtained results showed that the natural frequency of panel
increases by increasing the magnetic field, also increases by increasing the panel aspect ratio, and decreases
by increasing the core thickness to panel thickness ratio. Likewise the obtained results showed that the
natural frequenciy for the case of double curved panel is more than single curved and flat panel. In the static
bending analysis section, obtained results showed that the natural deflection of the panel decreases by
increasing the magnetic field, increases by increasing the radiuses of curvatures ratio, and increases by
increasing the core thickness to panel thickness ratio. Therefore, by changing these parameters, the natural
frequency and deflection of the system, can be changed in the desired range, and also by having a
controllable magnetic field in the system, the natural frequency and deflection of the system can be
controlled.
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[1] Safarabadi, M., “More accurate evaluation of curing residual stress field

considering interphase characteristics,” In Persian, Journal of Science
and Technology of Composites, Vol. 1, No. 1, pp. 3-12, 2014.
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[2] Timoshenko, S., “Strength of Materials, Part II, Advanced Theory and
Problems,” Third ed., Krieger Publishing Company, Florida, pp. 121-132,
1976.
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[3] Switzky, H. and Cary, J. W., “Minimum Weight Design of Cylindrical
Structures,” AIAA Journal, Vol. 1, No. 10, pp. 2330-2337, 1963.
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[6] Mauritz K., “Sol-gel Chemistry,”
http://www.psrc.usm.edu/mauritz/solgel.htm, available in 13,
February 2005.
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[7] Standard Test Method for Solidification Point of BPA, Annual Book of
ASTM Standard, 06.04, D 4493-94, 2000.
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