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Introduction

In formulating the element it was important that it should be
compatible with the FAFEC 70 programs [1] . These programs consist
of a suite of subroutines capable of analysing one, two and three
dimensional structures with a wide range of different elements in
the same problem. If there are variations in shell thickness bet—
ween elements or if various element types are to be mixed, it is
difficult to accommodate more than six degrees of freedom at each
nodal point, that is three translations and three rotations. Olson
and iindberg [2] show that it is possible to include higher order
nodal variables in mixed element structures. Although PAFB: 70 does
include this facility, the present authors believe that the method
is too cumbersome for the automatic analysis of practical structures.
The element presented in this paper has five of the six possible
degrees of freedom at each node. The rotation about the normal to
the element base plane is omitted.

E ement eometr The element size and position is defined by the
radius 1-, length l, subtended angle“: and node numbering as shown
in Fig. 1. The five degrees of freedom at each node are ux, UV and
uz, displacements in the x. y and z co-ordinate directions respectiv—
ely, and Ex and9y, rotations (using a right handed convention) about
the x and y co-ordinate axes respectively.

Theory Since numerical integration is used throughout, the element
co-ordinete system is scaled into the§,7l plane in a similar manner
to reference [3].

The ux and uv displacements are linear polynomials in E. 72
and the U2 displacement is the Birkhoff—Garabedian polynomial which
has been successfully used by Deék and Plan [4] for flat plate bend-
ing analysis. For a flat plate element the displacement functions
chosen would be conforming. However, When the functions are modi-
fied to inclUde rigid body modes, using the method described by
Cantin and Clough (5] , the shell element becomes non-conforming.
The ex and 9y rotations are obtained as functions of the u and u:
displacements by considering small rotations of the middle surface
of the shell and neglecting all second order and higher terms.

Terms in the stress .Issumption given in Table 1 are chosen to
satisfy the equilibrium elationshlps derived for an infinitesimal
portion of the shell. Issumin Novozhil'ov's relationships[6]
between the forces, momgnts {Ni (see Fig. 2) and the strains of the
middle surface of the shell {6} , the strain energy of the element  



  

can be written down in terms of the {9} constants of the stress

assumption. The 16} constants are then expressed in terms of the
constants of the displacemsnt function by equating/the internal

strain energy of the element to the' external work done by theforces

{N}, after a suitable transformation, at the interelement boundaries

and by minimising the complementary strain energy with respect to

each a constant. The boundary displacements are evaluated from the

displacement functions. Finally the element stiffness matrix is

obtained by substituting for the {G} constants. _

The element mass matrix, which allows for the effects of trans—

verse and in-plane inertias. is obtained by substituting the displace-

ment functions in the kinetic energy expression for the element.

The structural stiffness and mass matrices are assembled from
the element matrices and the eigenvalue problem solved with the
relevant standard PAFEC 70 subroutines.

Results 1. The natural frequencies of the clamped curved fan
blade shown in Fig. 3 were analysed with2 x 2 and 3 x 3 meshes.
Adyantage was taken of the symmetry and the boundary conditions

along the centre line varied for the symmetric and anti-symxetric
modes. The results obtained were compared with the best results
from Olson and Lindberg's displacement finite element [7], where
in-plane inertia was neglected; and an upper bound solution [8]
using the power series approach. The experimental results are to be
found in reference“). It is clear from Table 2 that the hybrid
shell element gives very good results. I full discussion of the
modes of vibration of the fan blade are given by Olson and Lindberg

i7]-

2. For a 1 x 1 mesh in the free—free pinched cylinder [5] the
displacement under the point load was within 2.4 per cent of Cantin's
[9] converged result.

Conclusion From the above results and many others which have been
obtained it is apparent that the hybrid element presented is
extremely useful for practical engineering structures especially when
the mesh is coarse.
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it is assumed that N4“ = N“

and Mq,‘ = My

Figure 2. Forces acting gn_an infinitesimal amnion of-the shell

 



    
   

t = 0.12"

/v\ Density = 0.283 lb/in3

’234 Poisson's ratio = 0.3 1

\</ Young's Modulus = 30 x 1D6 117f/in2     

 

   
  Figure 3. C18 ed curved fan blade showin 3 x 3 mesh

 

    

  

Table 1. Stress assumgtion
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Natural Fr: uencies of the curved clam ed fan blade
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