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Analysis of Functionally Graded Material Structures Based on Isoparametric
Graded Element

ZHANG Long, QIU Rongkai, CHENG Jun, LIU Bingbin
(Facility Design and Instrumentation Institute, China Aerodynamics Research and Development Center, Mianyang

621000, China)

Abstract:Functionally graded materials are widely used in aerospace thermal structures. In order to solve the
technical difficulty of simulating special mechanical behavior caused by the heterogeneous characteristics of
functionally graded materials, based on the finite element method framework, the plane 4-node and 8-node
isoparametric gradient elements are developed through reforming the element stiffness matrix of which the
material gradient is introduced into the shape function. And the simulation technique for functionally graded
material structure is established on the basis of the ABAQUS platform, where an isoparametric gradient
element UEL (User-defined element) sub-routine is developed using Gaussian integral numerical method.
First, a square plate of functionally graded material is used to study the influence of the mesh density on the
simulated results, and the convergence of the plane 4-node and 8node isoparametric gradient elements is
verified. Then, a comparative analysis of simualtion accuracies of the gradient element and the conventional
element is carried out. When subjected to complex load conditions, the stress field calculated by the
conventional element appears to be stepped and achieves low fidelity, whereas the stress field obtained by the

gradient element is smooth and continuous. The gradient element requires less number of element to obtain
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more accurate simulation results than the conventional element. In the end, the simulation of the functionally

graded material perforated structure and cantilever is carried out. The number of gradient element required to

obtain convergent results is far less than that of the conventional element. This work reveals that the

simulation accuracy and efficiency of the plane 4-node and 8-node isoparametric gradient elements is higher

than that of the plane 8-node conventional element, and even far higher than that of the plane 4-node

conventional element.
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Fig.14 Stress value of exponentially functional graded ma-

terial at y=0 (Case 2)
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Fig.15 Stress contour of graded element and conventional

element of linearly functional graded material (Case 3)
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Fig.16 Stress contour of graded element and conventional

element of exponentially functional graded material

(Case 3)
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Fig.17 Stress vaule of linearly functional graded material at
y=0 (Case 3)
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Fig.18 Stress vaule of exponentially functional graded ma-

terial at y=0 (Case 3)
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(a) Characteristic element length = 1.06 mm

(b) Characteristic element length = 0.531 mm
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Fig.20 Computed stress results of 8-node graded element

(Example 1)
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Fig.21 Computed stress results of 8-node conventional ele~

ment (Example 1)
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(Example 2)
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Fig.24 Computed stress results of 8-node conventional ele-

ment (Example 2)
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