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Abstract. Finite element modelling of high frequency vibrations in piezoelectric crystal 
resonators is computationally more efficient if high P order finite elements are 
employed. Since the finite elements do not impose stress continuity across the elements, 
it is more accurate to use only one layer of elements across the plate thickness for 
modelling a plate resonator. For our thickness shear resonators, we needed a quintic 
shape function to  represent the mechanical displacements and electric potential across 
the plate thickness. Hence, for our very high frequency vibration problems, we needed a 
6x6x6 (216 -node) node element. Currently the highest P order brick element in GiD is a 
3x3x3 (27-node) node element. In this paper, we present our front end and back end 
software which were employed together with GiD to generate model meshes of 216-
node finite elements. Macros that generate 27 node structures hexahedral meshes for 
seven generic types of piezoelectric resonator structures were created in GiD. A front 
end software was developed that could change the dimensions of the mesh resonator 
structures by modifying their respective macros. This would greatly reduce the time 
consuming task of genera ting a new mesh each time a resonator’s dimensions were to 
be changed. The front end of the software reads in the dimensions for any of the types of 
resonator structures, and then modifies the macro (in the _gid.ini_ file) so that when the 
macro is run, a mesh having the required dimensions is generated. The software also 
specifies the number of elements required along the dimensions of the structure. A 
FORTRAN program was coded to convert the 27-node elements to 216-node elements. 
Since GiD does not mainta in a consistent connectivity matrix, our program also checks 
the connectivity matrix of each element. 
 
 
1 INTRODUCTION 

Piezoelectric quartz crystals are used in a variety of applications ranging from 
piezoelectric motors, delay lines, filters to ultrastable oscillators. A quartz resonator is 
the primary component in a stable oscillator, and the resonator has to be designed to 
resonate in a particular vibrational mode at a specified frequency. Variation of the 
vibrational mode shapes and frequency are often observed, and these are undesirable. 
The stable oscillator often employs a fundamental thickness shear mode AT-cut quartz 
plate resonator. The energy of the resonator should be concentrated beneath the 
electrode so that there is minimum leakage of energy at the resonator supportsi. Finite 
element analysis is used to analyze the piezoelectric crystal resonators.  
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      In a finite element analysis of the crystal resonator, we need to generate a finite 
element mesh model which matches the actual shape and dimensions of the resonator; 
hence the GiDii is used to generate structured meshes for the resonator. The high 
frequency resonators employ modes with large wave numbers. Therefore, the finite 
element mesh has to be sufficiently fine to capture these wave numbers. Our high 
frequency applications dictate that given the choice of either using a high H or high P 
mesh model; the high P mesh is computationally superior iii. Consequently, we 
developed a high P element with 216 nodes (6x6x6). The Gid however has only a 27-
node (3x3x3) element as the highest P element; hence, we needed programs to convert 
the 27-node structured quadratic mesh to a 216-node mesh for our models.  

      Since the resonators have highly irregular shapes, the generation of meshes for 
analysis is complicated and time consuming. For our applications, we needed to 
perform parametric studies of the resonators as functions of their dimensions, and seven 
generic resonator crystals were analyzed most often with minor variations in their 
dimensions. In order to automate the task of creating a new mesh each time the 
dimensions of the resonators were to be varied, we created a front end software in 
Microsoft Visual Basic 6.0 which accepts the dimensions and the number of elements 
across the dimensions of the seven generic crystal resonators, which then modifies 
macros for each of those crystals in GiD to generate the required mesh.  

2 FRONT END SOFTWARE FOR MODIFYING THE GID MACROS 

Macros for generating the finite element mesh of each of the seven crystals were created 
in GiD. The macros were programmed so that they created 27-node structured 
hexahedral meshes for each of the crystal resonators. GiD stores these macro definitions 
in the file ‘gid.ini’. Our program consists of several forms, the main form (fig. 1) being 
the one from which one can choose the resonator for which the mesh is to be generated. 
The resonator can be selected by clicking on the button for the relevant resonator. A 
second form (fig. 2) where the dimensions of the required resonator can be specified 
comes up. Once these dimensions are specified, and the button “Generate” is clicked, a 
new form (fig. 3) comes up which highlights the various dimensions of the resonator, 
and the number of elements desired across those dimensions can be specified. All this 
data is stored and written out to the gid.ini file. So when the macro for the crystal is run 
in GiD, a 27-node structured quadrilateral mesh for the resonator of the desired 
dimensions and number of elements is created. This mesh is written to a file which is 
then processed to convert it to a 216-node element mesh, using the software described 
below. Thus each time a user wants to generate a mesh, all he has to do is run the 
software and specify the dimensions and number of elements and then run the relevant 
macro in GiD. This effectively automates the process and saves the user the 
cumbersome task of creating the structure of the resonator in  GiD and then generating a 
mesh each time analysis of any of the crystal structures is to be performed.  

3 CONVERSION OF A 27 -NODE STRUCTURED QUADRATIC ELEMENT 
MESH GENERATED BY GID TO A 216 -NODE ELEMENT MESH  

The conversion of a 27-node element mesh to a 216-node element mesh can be achieved 
in two ways. The first way is to group 125, 4-node structured  elements together to form 
a single cubical element that would have 216 nodes. This method would require no 
computations, just a changing of the nodal (IEN) matrix of each element to match the 
final element structure. Another way is to use the shape functions of a standard 27-node 
element to interpolate between the nodes of each element of the mesh generated by  
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Fig 1.: Front end software form for                                     Fig 2.: Front end form for dimensions 
resonator selection                                                               specification 

    

 
Fig 3.: Front end software form for                                        Fig 4.: Standard 27 node hexahedral  
 specification of number of elements                                     element used 
 
 
GiD, and add the additional nodes to each element. The positions of the nodes are 
determined by the nodal co-ordinates of a standard 216-node isoparametric element.  
 
The software programmed by us in Fortran computes the  216-node element mesh and 
also takes care of local axes orientation of all elements so that they are all aligned in a 
certain fixed direction as required by our analysis software. 
 
3.1 Isoparametric elements: 
 
Our program uses the 27-node shape functionsiv, Ni, to interpolate and find the global 
coordinates >< aaa zyx ,, , a  = 1, 2, …, 216, of the 216-node elements using the 
following equation:  
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where >< iii zyx ,,  are the global coordinates of the respective 27-node elements,  

>=< aaaa
tsr ,,ξ  are the coordinates of the 216-node isoparametric elementv and N i are 

the shape functions of the standard 27 node element shown in fig. 4 evaluated at the 
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nodes of the isoparametric element. The local coordinates of the isoparametric element  
varies from -1 to 1 and has increments of 0.4. The geometric boundaries of our 
resonator applications are sufficiently regular, so the mapping of 27-node elements to 
216-node elements is geometrically accurate. 
 
3.2 Aligning local and global axes: 
 
The local axes of the 27-node element generated by GiD affect the local axes of the 216 
node generated by our software from the GiD mesh, because the shape functions are 
formulated using a certain reference axes, as shown in figure 4. The mesh generated by 
GiD does not maintain a consistency between the local axes of all elements, i.e. the 
local axes of the elements can be rotated with respect to each other. For our analysis, it 
was critically important that all loc al axes have a fixed direction. The software 
programmed by us checks the co-ordinates of the first three nodes of each element of 
the original mesh generated by GiD with respect to the 27th node of the same element 
to determine if the orientation is as required. In case the orientation of the local axes is 
not as required, the program rectifies it by rotating the element locally so as to match 
the directions shown in fig. 4. Only then is the interpolation for the 216 node element 
carried out. 

4 SUMMARY 

GiD was employed to generate the finite element meshes for the modeling of high 
frequency vibrations in piezoelectric crystal resonators. Since the highest P element in 
GiD is the 27-node element, a Fortran program was coded to map the 27-node element 
mesh to a 216-node element mesh. The program also checks the consistency of the local 
element axes. In order to automate the parametric study of the resonators purity of mode 
shapes, frequencies, and frequency-temperature behavior, respectively, as functions of 
the resonators dimensions, a front end Microsoft Visual Basic program was use d to 
modify the GiD macros which were used to generate the meshes for the resonators.  
This was found to be highly time efficient and accurate. 
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