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The fiber pre-tension is one of techniques that used to improve the properties of fibrous composite plate.

In this paper, we study the fiber pre-tension effect on dynamic behavior for composite plate. The natural frequency and mode shapes studied for pre-tensioned fiber composite plate. The pre-stressing ranges (2-20MPa) applied on the fibers during curing process at room temperature. Dynamic model achieved using finite element to get the natural frequencies and modes shape and compare the results with analytical solution by used iteration of JACOBI method that solved by using FORTRAN language. The results show that the Fiber pre-tension will increasing the natural frequency (ωn) of cantilever composite plate by (53%) and the modes shape show that the models will deform in three directions (Z, θx, and θy) for most modes.

Introduction.

A Composite material usually defined as a "combination of two or more materials with significantly different properties". Such materials are made for improving the (structural, thermal, or other physical characteristics) of a single material.

A typical composite contains one or two phases that are more discontinuous called (reinforcements). They are usually stronger than the continuous phase (matrix). Some examples of composite materials used as "concrete, filled plastics, armours, aerospace, automotive, sports", and unidirectional continuous or chopped fiber reinforced composites. Multidirectional reinforced composites, such as laminates and fabric or three dimensionally reinforced materials, which, are widely used. Mechanical, physical, or other properties of composite depend on those of the constituents and their distribution. [START_REF] Hashin | Fiber Composite Analysis and Design[END_REF] Some of the properties are strong functions of the arrangement of the constituents, e.g., "fibers orientation, the shape, the size, size distribution" etc.

The concentration is usually measuring in terms of volume or weight fraction of the constituents and its distribution is a measure of homogeneity of composite.

There are three common types of composite materials:

1)

Fibrous composite: consists of fibers (long, short, or chopped) in matrix.

2) Laminated Composite: consists of layers of various materials.

3)

Particulate Composite: consist of particles in matrix.

The fibrous composites commonly used in industry for their high specific strength "the ratio of strength to weight σ/W", high specific elastic modulus, improving corrosion and wear resistance, low thermal conductivity, increased fatigue life. The endurance limit of toughened composites can be much higher than of steel and aluminium [START_REF] Garmestany | Mechanical and Microscopy Analysis of Carbon Fiber Reinforced Polymer Matrix Composite Materials[END_REF].

The constituent materials in the fibrous composites are fibres and matrix. Fibers are the major load carrying components while the matrix transfer the loads between the fibres, provide barrier against adverse environments, protect the surface from abrasion and provide lateral supports. The different fibres used are glass, aramid, carbon, or metals fibre [START_REF] Kelkar | Introduction to Low Cost Manufacturing of Composite Laminate[END_REF].

Laws of Composite Materials:

Longitudinal Modulus of Elasticity: (E1) To find the modulus of elasticity in fiber direction (E1), form Fig. 1 [4].

Fig. 1. The fiber matrix arrangement for an element of composite loaded in longitudinal direction [START_REF] Adams | Micromechanics of Composite Materials[END_REF].

E1= Ef Vf + Em Vm= EfVf + Em (1-Vf ) ( 1) 
where Vmmatrix volume fraction;

Vffiber volume fraction.

The longitudinal modulus of elasticity is affected by fiber volume fraction as shown in Fig. 2.

Fig. 2. Variation of (E1) with fiber volume fraction [START_REF] Adams | Micromechanics of Composite Materials[END_REF].

Poisson's ratio (υ12).

The Poisson's ratio (υ12), can be obtained by an approach similar to the analysis for elastic modulus (E1) [START_REF] Adams | Micromechanics of Composite Materials[END_REF].

υ12= υf Vf + υm Vm = υf Vf + υm (1-Vf) (2)
Figure 3 shows the effect of fiber volume fraction on the poisons ratio for composite materials.

Fig. 3. Variation of (υ12) with fiber volume fraction [START_REF] Adams | Micromechanics of Composite Materials[END_REF].

2-D Element (Quadrilateral Shell 4-node Element).

A shell element is a surface type element, it is really a 2D element but also called 3D element because it is not restricted to the XY-plane like 2D solid element, it can be located anywhere in the threedimensional space and it can deformed out-of plane . Shell elements are engineering "abstractions" because a geometric surface has no physical thickness. The ANSYS real constant used to assign a thickness to a shell element. Shell elements also called (Plate Elements), and are used to model panel type structure where the thickness is small compared to other dimensions of the part. They can carry in-plane loads (also called membrane load) and out-of plane bending moments and twisting [START_REF] Nettles | Basic Mechanical of Laminated Composite Plates[END_REF].

Shell element type (Shell-63) shown in Fig. [START_REF] Adams | Micromechanics of Composite Materials[END_REF], is an older type of shell elements but it is still very widely used .It can analyze large deflections but not plasticity .This type of shell elements is used with modeling the dynamic model with ANSYS for the composite plate [START_REF] Movaeni | Finite Element Analysis: Theory and Application with ANSYS[END_REF].

Fig. 4. Quadrilateral 4-node shell element [START_REF] Nettles | Basic Mechanical of Laminated Composite Plates[END_REF].

The nodal displacement vector at the i-th nodes written as:

j v i u i i i     (3)
The displacement vector   at any point (x, y) is to be expressed as follows [START_REF] Movaeni | Finite Element Analysis: Theory and Application with ANSYS[END_REF]:
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and 4 S are the shape functions and are equal to:
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Hence, it can be shown that:
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and it is required to formulate the shape functions.
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Substituting these values at the four nodes, it can be shown that: 
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Or in the matrix form: To compare the results of finite element analysis of dynamic model by ANSYS with another type of analysis, used the analytical method by the Fortran program to solve the equations using JACOBI iteration [START_REF] Cook | Finite Element Modeling for Stress Analysis[END_REF].
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The JACOBI method produce all eigenvalues (Natural Frequencies) and eigenvector (Modes Shape) of matrix [D] simultaneously, where [D] = [dij] is real symmetric matrix of order (N×N). This method is based on the theorem in linear algebra that states that a real symmetric matrix [D] has only real eigenvalues and that there exists a real orthogonal matrix

[R] that ([R] T [D] [R]
) is diagonal .The diagonal elements are the eigenvalues, and the column of matrix [R] are the eigenvectors.

The governing equation for dynamic eigenvalue (Natural Frequencies) problem with no damping and no external forces [START_REF] Dufour | ANSYS Tips : Picking and Element Type for Structural Analysis[END_REF]:
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where [K]is symmetrical stiffness matrix and [M] is symmetrical mass matrix.

The pre-stressing of fibers will effect on the stiffness matrix [K] only and the values of pre-stresses will be the same as in ANSYS model. 
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By assuming that then:

  ] [M K   (14) by multiplying by [K] -1 :     D (15)
Where:
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In general the matrix [D] is non-symmetric, although the matrix [K] and [M] are both symmetric, since JACOBI method is applicable only to symmetric matrices [D], we can derive the standard eigenvalue problem with symmetric matrix [D].

Assuming that the matrix [K] is symmetric and positive definite and can using the Choleski decomposition.

L EA K ij            2       U U K T  (16) 
where [U] is an upper triangular matrix, and substitutions it in Eq. ( 13):

      M U U T   (17) 
Multiplying this equation by to obtain :
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The standard eigenvalue:
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The roots are called the eigenvalues and represent, for each root , there exist a victor , which is knowing as the eigenvector can be obtained as ratio of its component.

The effect of pre-stress on the stiffness matrix [K] is done by its effect on the elastic modulus (E), while the mass matrix [M] was not affected by the pre-stress.

The Result and Discussion.

The dynamic analysis used to determine the natural and fundamental frequency for the composite plate with volume fraction of (Vf=30%) and used the finite element method (ANSYS) and (Jacobi As the pre-stress will increase the stiffness of the plate, then the natural and fundamental frequency will increase as the pre-stress level increase The higher natural frequency is desired to make the plate farther from resonance for the dynamic plate.

Figure [START_REF] Nettles | Basic Mechanical of Laminated Composite Plates[END_REF] show the natural frequency for the plate at different value of pre-tension on fibers in cantilever composite plate.
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. Relation between pre-stress levels and natural frequency(ωn).

From this figure can notice the increasing in natural frequency value with increase the pre-stress on the fiber, the increasing ratio reach to (54%) and that occur due to the increasing in composite plate stiffness due to the pre-stressing on fiber.

Figures (6, 7, 8, 9 and 10) show the increasing in frequency of 2 nd , 3 rd , 4 th , 5 th , and 6 th mode with prestressing level and the increasing ratio reach to (54%) at maximum pre-stressing value. [START_REF] Muhanad | Analysis of Stiffened and Un-Stiffened composite plates subjected to time dependent loading[END_REF][12][13][14][15][16] show the modes shape of pre-stressed cantilever composite plate, from these figures can notice the deflection that happened for pre-stressed composite plate in six degree and that give an idea about the shape of body that deflected due to its own force. 

  iteration by FORTRAN program) to analyze the composite plate model and find the natural frequency for pre-stressed samples. The natural frequency depends on the stiffness and mass according to the relation [9]. ωnnatural frequency, Hz; kstiffness of sample, N/m; m -Mass of sample, kg.

Fig. 6 .

 6 Fig.[START_REF] Movaeni | Finite Element Analysis: Theory and Application with ANSYS[END_REF]. Relation between pre-stress levels and 2 nd mode frequency(ω1).

Fig. 7 .

 7 Fig. 7. Relation between pre-stress levels and 3 rd mode frequency (ω2).
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 8 Fig. 8. Relation between pre-stress levels and 4 th mode frequency (ω3).

Fig. 9 .

 9 Fig. 9. Relation between pre-stress levels and 5 th mode frequency (ω4).

Fig. 10 .

 10 Fig. 10. Relation between pre-stress levels and 6 th mode frequency (ω5).

Figures

   show the modes shape of pre-stressed cantilever composite plate, from these figures can notice the deflection that happened for pre-stressed composite plate in six degree and that give an idea about the shape of body that deflected due to its own force.

Fig. 11 .

 11 Fig. 11. 1 st mode shape.

Fig. 12

 12 Fig. 12. 2 nd mode shape.

Fig. 14 )

 14 Fig.14). 4 th mode shape.

Fig. 15

 15 Fig. 15. 5 th mode shape.
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Summary. The pre-tensioned fiber in composite plate give more stiffness for the material and that lead to increasing the value of natural frequency (ωn) about (54%), and that preferred to been away from resonance. The frequency of composite plate in different modes shape will increase also due to the fiber pre-tension and that make the composite plate more resist to deflect due to its own weight in 6 th degree of freedom (D.O.F). The convergence between the analytical solution (using FORTRAN and JACOBI iteration) and numerical analysis (using ANSYS software) reach to (94%).

Appendix:

Material Properties: The properties of matrix and glass fiber used in numerical and mathematical analysis are

The matrix.

There are many types of resin that can be used as a matrix like polyester, polyethylene, polystyrene, epoxy, etc. The resin type used in this work is Epoxy resin (LECO-POX103) which is manufactured by (Leyco Chem.) for chemical industries in Germany.

The (LECO-POX103) is a low viscosity component epoxy resin system with formulated amine hardener.This type of epoxy has the following properties: The glass fiber.

The aim of using the fibers in composite is to carrying the load that applied to composite while the matrix holding and protecting the fibers that distributing the load between them The type of fibers used is (E-glass) with the commercial name of (Vela Glass 875U). This type of fibers is dry, unidirectional glass fiber. For most applications, Vela-Glass 875U is a proven cost effective alternative to traditional strengthening techniques.

The general properties of this glass fiber are [START_REF] Gwo | Integrated Multi-Media with Experiment for Mechanics of Composite Materials[END_REF]:

Color: white, primary fiber direction: 00 (unidirectional), density: 2285 kg/m 3 , tensile strength 1350 MPa, modulus of elasticity 60 GPa.