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Abstract— The plates used as structural elements in the field of aerospace, naval and civil engineering take different shapes 
due to their functional and structural requirements as well as aesthetic considerations. In this paper, finite element dynamic 
analysis of different complicated shaped thin plates is presented. In the formulation, the arbitrary planform of the whole plate is 
mapped into a square domain where a cubic serendipity shape function is used to represent the complicated geometry and an 
ACM plate bending element is considered for the displacement function. This element is capable to model different geometries 
just like isoparametric element without the shear locking problem and generation of spurious mechanisms which is inherent in 
the isoparametric formulation. 
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I. INTRODUCTION 
 
The functional and structural requirements along with 
the aesthetic considerations demand the shapes of the 
plates to be complicated when they are used as 
structural elements in the field of aerospace, naval and 
civil engineering. Their behavior must be known 
under dynamic conditions. In the literature, the studies 
carried out are mostly on plates of regular geometries 
and those on complicated shapes are scanty. 
Therefore, dynamic analysis of different complicated 
shaped plates is presented in this paper. Earlier, Huang 
(1990) proposed a mixed FE-BE method for analyzing 
coupled vibration of complicated floating plates. A 
consistent boundary element approach is presented by 
El-Zafrany et al. (1994) for bending analysis of 
arbitary shaped thin plates. Bending analysis of thin 
plates is done by Hamouche et al. (1997) with spectral 
solution methodology. A mesh free method is 
formulated by Liu and Chen (2001) to find static 
deflection and natural frequency of thin plates and 
solved hexagon, elliptical and a plate with a hole of 
complicated shape. Karami and Malekzadeh (2002, 
2003) employed differential quadrature methodology 
for quadrilateral plates and Shi et al. (2009) proposed 
boundary knot method for free vibration of arbitrary 
shaped plates. Green quasifunction method is 
considered by Li and Yuan (2012) for free vibration 
analysis of clamped thin plates. Jonckheere et al. 
(2015) studied wave based method for dynamic 
bending analysis of quadrilateral plates. 
Kirchoff plate theory which is meant for thin plates 
cannot be used for arbitrary geometry plates and 
Mindlin plate elements when applied to thin plates 
face shear locking problems. So, Barik and 
Mukhopadhyay (1998) have developed a rectangular 
element through which any arbitrary shaped thin 
plates can be analyzed. In this paper, the same 
formulation is applied for the analysis of complicated 
shaped thin plates. Its usefulness, efficiency and 

generality are shown by presenting numerical 
examples. 
 
II. MAPPING OF THE PLATE 
 
The arbitrary shape of the plate is mapped (Barik and 
Mukhopadhyay, 1998) approximately into a [-1, +1] 
region in the ξ-η plane with the help of the cubic 
serendipity shape function (Zienkiewich and Taylor, 
1989). The mapped square plate is now discretized 
into a number of elements and each element is being 
mapped with the same cubic serendipity shape 
function to a natural coordinate element of domain [-1, 
+1]. 
 
III. DISPLACEMENT INTERPOLATION 
FUNCTION 
 
For the proposed element, the four-noded rectangular 
ACM plate bending element with three degrees of 
freedom (w, Ɵx, Ɵy) at each node is considered. The 
interpolation functions for the bending are the usual 
ones presented in detail in Barik and Mukhopadhyay 
(1998). 
 
IV. BOUNDARY CONDITIONS 
 
As a general case, the stiffness matrix for a curved 
boundary supported on elastic springs continuously 
spread along the boundary line is used. Considering a 
local axis system x1 - y1 at a point on a curved 
boundary along the direction of the normal to the 
boundary at that point, the displacement components 
along it can be obtained. The details are in Barik and 
Mukhopadhyay (1998). 
 
V. RESULTS AND DISCUSSION 
 
Free vibration analysis for two different complicated 
shapes i.e. semi-circular semi-elliptical and diamond 
shaped are carried out with mesh divisions for the 
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whole plate. Fundamental frequencies are obtained 
and corresponding mode shapes are also presented. 
The notations used for boundary conditions (BC) for 
all edges simply supported and clamped are SSSS and 
CCCC respectively.  
 
A. Semi-circular Semi-elliptical Shaped Plate 
A semi-circular semi-elliptical shaped plate in Fig. 1 is 
analyzed and its fundamental frequencies for SSSS 
and CCCC boundary conditions are tabulated in Table 
1.  Fig. 2 and 3 presents first four mode shapes of 
SSSS and CCCC plate respectively. 
 

 
 Fig. 1: A typical 8×8 mesh with boundary nodes of Diamond 

Shaped Plate 

    

 
Fig. 2: Mode shapes of simply supported Semi-circular 

Semi-elliptical Plate 
 

Table 1: Frequency parameter (ω′= ωb2(ρh/D)1/2)  for 
Semi-circular Semi-elliptical Plate 

 
 
1.1. Diamond Shaped Plate 
Fig. 4 shows a typical diamond shaped plate which is 
analyzed and its fundamental frequencies for SSSS 
and CCCC boundary conditions are tabulated in Table 
2. The first four mode shapes of SSSS and CCCC plate 
are presented in Fig. 5 and 6 respectively. 
 
Table 2: Frequency parameter (ω’= ωr2(ρh/D)1/2) for 

Diamond Shaped Plate 
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Fig. 3: Mode shapes of clamped Semi-circular Semi-elliptical 

Plate 

 
Fig. 4: A typical 8×8 mesh with boundary nodes of Diamond 

Shaped Plate 

 

        

 
Fig. 5: Mode shapes of simply supported Diamond Shaped Plate 

 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-3, Mar.-2016 

Finite Element Dynamic Analysis of Thin Plates With Complicated Geometry 
 

22 

    

 
Fig. 6: Mode shapes of clamped Diamond Shaped Plate 

CONCLUSIONS 
 
In order to have the linear dynamic analysis of thin plate 
of arbitrary shape, the formulation is generalized by 
means of a mapping technique so that the analysis is 
performed in a square domain. Many researchers have 
used different elements to analyze plates but these 
elements are limited to solve a particular type of 
geometry only. In the present paper, the element has all 
the advantages of the isoparametric element to model an 
arbitrary plate shape and without the disadvantages of the 
shear locking problem etc. The versatility of the element 
is proved by undertaking different plate geometries. 
These are new results as no such geometries are analyzed 
in any previous published literatures. 
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