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ABSTRACT: Due to high strength to weight ratio and high specific modulus, laminated composite plates are
different applications, the skew laminated composite plate mtelywused in these applications. Therefore, the
free vibration behavior of skew composite plate analysis is one of the most important behavior and it is the main
purpose of several studies. In this womrkptfinite element models were built to simulate the skew composite
plates using ANSYS APDL version (17.2). The first model was tBer@odels based on SHELL281 while the
second model wasB models based on SOLID186. The two models were usgddythe dfects of skewangle,
width-to-length ratio, fiber orientation, supporting type and layers layout on the fundamental frequency of
laminated skew plates. The skew angle was varied from (00) to (750) while the fiber orientation was varied from
(0o) to (900)and the widthto-length ratio was (0.5,1,1.25, 1.5 and 2). (SS$SFSF) and (FSFS) types of
supporting wereselectedandthree types ofayers layouts were uset@he results showed that skew angle and
width-to-length ratio fundamental frequency are sgly andseparately effecbn the fundamental frequency.
While the fiberorientation,supporting type and layers layouts hawaight effecton the fundamental frequency.
Finally, the combination effects of the five parameters gave a different variairom i the fundamental
frequency of the laminated skew plates.

KEYWORDS: Free Vibration, Skew Plate, Frequency Parameter, Leiogitiidth Ratio, ANSYS Software,
Composite Plate, Finite Element Method.

INTRODUCTION

Due to high strength to weight ratio and high specific modlgusinatedcomposite plates are various types of
application such as air and space craft, mavetdcles, fuselagpanels, nuclear structures, turbine bladed
automobile body panels. In maan era of composites, skew laminated composite plates are also being
increasingly used, for example in the wings of airci@inerally, the analysis of skew composite plate for free
vibration behavior is difficulbr not available for different reasolike: (a) the material properties of composite
material are not modeled accurately and when accurate model is used, the material constant will,ingreased

In laminated composite plate, the number of layers is the main challeagg wfathematicalrealysis. Therefore,

the approximate or numerical methods are digsetesearclthefree vibration behavior of skew composite plates.

The free vibration of skew isotropic and laminated composite plates was extensively studied by many researchers
over the pat few decades using different methods like Rayl&ih method and Finite Element methdd28].

For isotropic plates, Lee and Han studied free vibration behavior lmasede theory of first order shear
deformation and using a shell pategenerated by ningodes[29]. Their shell model gave significant
implementation advantages since it consistently uses the natural coordinate system. They carried out numerical
examples then compareheir resultswith the existing exact solutionslossén et al. developed a new finite
element model &sedon the theory offirst-ordersheardeformation for modeling the anisotropic and laminated

doubly curveccomposite shell panel with moderately thick curvaf@(. Their resultsvere compared with the
available numerical and analytical results and they found an excellent agreement in shallow and deep shells case.
They carriedout numericalexamples to explaithe elementperformance Garg et.al.investigatedthe free
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vibration poblem of four types of skew platé&) isotropic plate, (b)orthotropic plate, (c) layered anisotropic
compositeplate, and @) sandwich skew laminates composite plate)ubiljzing isoparametric finite element
model[31]. They compared thefesults withavailable results in the literature to check the model accuraey.
carriedout thenatural frequenciesf crossply and angleply skew laminateplates They introduced aew result

on skew sandwiches for different lamination parameters and skew .drgles al.analyzel the static behavior
and the free vibration behavior of general shell structbosesising the elemerftee Galerkinmethod[32].
Pradyumna and Bandyopadhyay usddgherorder finite element to analyze the free vibration problem of FG
curved panelg33]. Srinivasa etal. hasanalyzed the flexural natural frequencies of isotropic and laminated
composite skew plates with clamped and clearly assisted limit condjidhswith the methodology of finite
elementsTheyused two types of elements (CQUABKment andCQUADS elementto study the effectsf (1)
aspect ratio,2) lengthto-thickness ratio , and(3) the skew angleplates on the natural frequency of isotropic
skew plate. For skew composite plate , they studied the effect of five parameters (1) aspect ratioh{®} lengt
thickness ratio, (3) the skew angl@l) fiber orientation angle and5) numbers of layersn the free vibration
behavior.They foundhat frequenciemcreasavhen theskew angle increases and the variation of frequency with
the number of layers isot appreciable if theysed largeaumber of layers

The free vibration problem of rectangular composite laminate plate for various boundary conditions was studied
by Deepesh Bhavsar using ANSYS APDL software. He studied the effectsafe1)-thickness ratio, (2) aspect

ratios, and (3) ratio of Modulus of Elasticity on the first five natural frequencies of plate for different boundary
conditions [35]. The free vibration problem of rectangular composite laminate plate for various bpundar
conditions was studied by Deepesh Bhavsar using ANSYS APDL software. He studied the effects otd¢1) side
thickness ratio, (2) aspect ratios, and (3) ratio of Modulus of Elasticity on the first five natural frequencies of plate
for different boundary aaditions[36]. Khalafia and Fazilatibinvestigated the free vibration analysis of finite
square and skew laminated plates by developing a "NURBSd isogeometric finite element formulati36].

They assumed variable stiffnesties toemploy the curvihear fiber reinforcements. The cubic NURBS basis
functions are employed to approximate the geometry of the plate while simultaneously serve as the shape functions
for solution field approximation in the analysighey studied theccuracy aneffectivenes of the suggestion
method by comparing their results with results in the available literature.

Reeta Bhardwaj and Naveen Mani studied the vibrational behavior of parallelogram skew plate with non
homogeneous materig@7]. They assumed 1D variation ofd¢kiness and 2D variation tfmperature onlamped
edgesThey used Rayleigh Ritz method to solve governing differential equation of motion for vilratiawior.

The governing differential equation of motion for vibration analysis is solved by usingiayitz technique

and time period is calculated for the combination of different variation of plate paraméteresults show that

the suggested modeffers a good appropriate data for time period of frequency which will be helpful for structural
desgn. The linear theory for moderately thiskructures and strorfgrmulation finite element metho&SEFEM)
wereused by Nicholas Fantuzzi et. al. to calculate the first three natural of laminated composifeepla¢esies

[38]. Isanaka et. alised the finite element methtalinvestigatethe free vibration of simply supported stiffened
plates with three diffemt shapes (a) circular, (b) square and (c) rectangulardiffithent aspeatatio) [39]. They
studied the effects of skew angle and the stiffener properties on the free vibration piidgt#@emesults showed

that the stiffness increases with increasskiewnesef the geometry in bare and stiffened plates bare and stiffened
plates. In rectangular plate, the maximum overall stiffness was found at aspect ratio 1.75, while in circular plate,
the maximum overall stiffness was found in the case of baresplat

From previous literatures, the researchers studied the effects of (1) aspect ratio, (2pidrigkmess ratio, (3)

the skew angle and (4) numbers of layers on the free vibration behavior using different numerical methods
(specially finite elemet method)In thiswork, thebehavior offree vibrationskew composite plates was studied

by commercial finite element software (ANSYS APDL software version 171Bjee types of laminated

composite plates wear considered depending on the layers arrangement (or layers layout) and these types were
(o/Ngma o/ b) and (b/ b/ Db). Al so, thr eeinvesligateheeffect suppor
of layerslayout,fiber orientation, skew angle and the lengitwidth ratio on the fundamental frequency.

PROBLEM DESCRIPTION AND STUDIED CASES
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In this work, the thregy/pesof laminatedcomposite platevereconsidered, anthesetypes depends on the layers
arrangement (or | ayer 1alyo/uad/) BB)n damatypéshof shpportifm)gi.e.aThe (0
boundary conditions) were simply support at all edge (SSSS) , simply support at left and right edges and free at

top and bottom edges (SFSF) and simply support at top and bottom edges and free at left and right edges (FSFS).
The geometry, dimensionand layerdayout of skew composite platis illustrated in Figure (1and Table (L

The skew 40f g3 &8 45067 and &38). The physical andnechanical properties of the layer of

composite materialarelistedin Table(2).
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Geometry and Dimensions. Layout of Layers

Figure 1. Geometry, Dimensions and LayoutsSKew Plates Used in this Work.

Table 1 The Dimensions of the Plates Used in this Work.

No. Width (a) (m.). a/b Ratio. Length (b) (m.).
1 0.3 0.5 0.6
2 0.3 1 0.3
3 0.3 1.25 0.24
4 0.3 15 0.2
5 0.3 2 0.15

Table 2 The Physical anMechanical Properties of the Composite Materials Used in this Work.

No. Property Symbol Value Unit
1 Longitudinal Modulus of Elasticity E 38.07 GPas.
2 Transverse Modulus of Elasticity E 8.1 GPas
3 Modulus of Rigidity G12=G13=G23 3.05 GPas
4 Poisson Ratio 312= 313 022 | = -
5 Density | 2200 2200 kg/m

FINITE ELEMENT MODELS

The three layers laminated composite skew plates was simulated using a commercial finite element software
(ANSYSAPDL version (17.2)). The element "SHELL281" was used to build the two dimensions skew plate with
three layers. The shape and properties of ISE2B1 is illustrated in Figure (2) [482]. While the three
dimensions model was built using telement "SOLID186 " and the shape and propertéSOLID186 is also
illustrated in Figure (2) [4@2]. The number of elements three dimensionmodel is abut (275000 300000)
elements and the number of nodes is about (5500600000) nodes. The number of elementghie two
dimensionsnodel is abou(3700 4000) elements and the number of nodes is aidB00i 14000) nodes.

SHELL281 SOLID186
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Figure 2. Mesh Information of the Two Elements.
VALIDATION

In thebeginning the nondimensional fundamental frequency coefficigkd was calculated using the two finite
elemenimodels andhen comparedith thoseavailable in literaturéo check the validation for the present models.
The nondimensional fundamental frequency coefficield) is calculated as:

Where:1 ifrequencyin (rad/sec)(a)i plate width in (m), 1) -Mass density per unit arei@, plate thickness
in (m) andEt- Transverse Modulus of Elasticiily (N/m2).

A good agreement among the rdimensional fundamental frequency coefficienufessof the presennodels
andthoseof availablein literature for the simply supported square-@gtnmetric anglgly laminates was shown
in Table3.

Table 3. Fundamental Frequencies of Simply Supported SquareSymtimetric Angleply Laminates.

) Srinivasa et. al[34] Present Work
Fiber Jones | Reddy
Orientation [43] [28] CQUAD4 | CQUADS | SHELL281 | SOLID186
0 18.805 | 18.806 18.685 18.804 18.3735 18.3715
150 14.646 | 14.646 20.033 20.190 20.0073 20.0043
300 14.204 | 14.204 23.137 23.353 22.8969 22.8919
450 14.638 | 14.638 24.072 24.825 24.3505 24.3498
600 14.204 | 14.204 23.137 23.353 22.8969 22.8919
750 14.646 | 14.646 20.033 20.190 20.0073 20.0043
900 18.805 | 18.806 18.685 18.804 18.3735 18.3715

RESULTS AND DISCUSSION

Five parametersthat effected on the fundamental frequency of skew compugisites, werenvestigatedn this
work and these parametaree: skew angle, fibeorientation, layers layout, widito-length Ratio (aspect ratio)
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and type of suppor€Eigure (3)illustrationsthe differenceparameterks) of the nondimensional frequency due

to change in skew angle and (a/b) ratio for different supporting type ardfientation when the layer layout is

(0/ B /J0). While Figures ( 4imansighal Begqueschparamet&f)(leutwhenme v ar i
the | ayers |l ayout ar e Hron/Figures §3,4 and 8), th@b-dinfehsional freqeengye ct i v e |
parameter Kr) increasesvhile angle ofthe skewincreasesvhen the other parameters are constéfitenthe

angle ofskewincreasethe boundargonditions effect wilincreaseand the affected area of plate will be reduced

too then the nordimensional frequency paramet&)(will be increased. In other side, the effect of skew angle
increases when the (a/b) ratio increa3és nondimensional frequency paramet&k) when (a/b) ratio is (2), is

greater than that when (a/b)icats (0.5) and (1.25) as shown in Figures {6 8). This increasing in nen

dimensional frequency paramet&k)(occurs because the width of the plate (a) was constant in this work and the
increasing in (a/b) ratio means decreasing in length of the fidaiand this means reducing in area of the plate.

The reducing in the area of the plate leads to increasing halinmensional frequency paramet&s)(

Generally, when skew angle, (a/b) rasaonstant for the same layers layouts and type of supporting, the fiber
orientation has a slight effect on the rdimensional frequency paramete{s)( . In case (0/b/0),
orientation has a slight effect on the rdimensional frequency paramet&r)(becaus¢he change in mechanical
properties due to the fiber orientatif)h armsd)vied y/ B/mab
change in mechanical properties due to the fiber orientation is relatively large. Therefore, thréefibation has

different effect orthe nondimensional frequency paramett¥)(in these cases depending on the supporting types

(see Figures (10 and 11)). Tis difference in variation of -diorensional frequency paramet&s)(due to fiber

orientation results from the combination of supporting type effect and fiber orientationasfldadwn in Figures

(3,4 and 5). Generally, the mechanical properties of
(b / B/ BbB) for any value of fi ber Thereforethemnaadimeosional bi 0) a
frequency parameterkf) i n  c)assgedtdd théithaDofthec ases (b / 0/ b)) and (b /b
angle and fiber orientation changie nondimensional frequency parametd{;)( sometime increases and

sometime decreases because of the combmafithe skew angle effect and fiber orientation effect as shown in

Figures (9,10 and 11§enerally , the noglimensional frequency paramet&)( of (SSSS) is greater than that of

(SFSF) and (FSFS) when skew angle is zero and (a/b) =1 because thefdffestdary conditions in (SSSS) is

greater than that of (SFSF) and (FSFS) . Also, thedimensional frequency paramet&s)(of case (SFSF) is

smallerthan thabf (FSFS) becausef the effect of fiber orientation (see Figures (3,4 and 5).

CONCLUSIONS

The skew angle, fiber orientation, (afa}io, layers layout and supporting type are the parameters considered in
this work to study their effects on the fundamental frequendeotkew laminated composite plate. From the
outcomesthe following points can be concluded:

1- The first nondimensional frequency parameteks) (ncreasevhen the skew angle increases at constant fiber
orientation,constant (a/b) ratio and for the saragdrs layouts and supporting types.

2- The first nondimensional frequency parametet§)(increasewhen (a/b) ratio increases at constant fiber
orientation,constant the skew angle and for the same layers layouts and supporting types.

3- Generally,the fiber ofentation has slight effect on the first ndimensional frequency parameteks)( But
the effectof fiber orientation is strongly affected by the skangle,layers layout and supporting type.

4- In spiteof, the supporting type increases the value of-diomensional frequencparameterk) in cases of
(SSS9, but the supporting type has slight effect on thiference parameter offirst nondimensional
frequency. While the supporting type has strong effect onlifferenceof first nondimensional frequency
parameter effect in cases (SFSF) and (FSFS).

5- The combination effects of five parameters leads to vary the firstimoensioal frequency parametenss|
by different ways and different rate of variation.

6- The shell and solid models are very closed to each other and the shell model is simpler and faster than solid
model.
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In future work, the different layers layout with numbédayers more than three layers can be investigate to
investigatehe effects of skew angle, fiber orientation , lergtwidth ratio, types of supporting and layer layout

on the fundamental frequency of laminated skew composite plate.
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Figure 8. Effect of Width-to-Length Ratio (a/b Ratio) the First N@imensional Frequency Parameter)(K
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