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A Study on the Solution Stability by the Position of Internal Nodes
in Higher Order Isoparametric Elements

Joon Hee Lee and Jang Keum Lim
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Abstract

Higher order isoparametric elements are usually used in the finite element analysis because
they can represent easily the geometric shape of a complex structure and can improve the solution
quality. When these elements are used, the position of internal nodes affects greatly on the
solution accuracy. Decreasing of the accuracy related to the position of internal nodes is due to
non-conformal mapping between the global and the local coordinate systems and this non
-conformal mapping often results in an unstable Jacobian value. This paper, in order to remove
this difficulty, suggests a modified shape function which can establish conformal mapping
between two coordinate systems. Numerical experiments with the proposed shape function show
that a stable solution can be obtained without respect to the position of internal nodes, and offer
convenience that one can take arbitrarily the position of internal nodes considering only the
geometric shape of element boundaries.
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Fig. 2 Lagrange type isoparametric elements
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Table 1 J-value of 1-d isoparametric elements with internal nodes optimally positioned
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Table 2 Bar modeled by 3-node elements with positionally varied internal nodes

Model Description Location of internal nodes
1 All internal nodes are located in optimal
.. 10—
position
) All internal nodes are located in non-opti-
mal position
All internal nodes are located in non-opti-
3 mal position where can not be solved by s N .
conventional method
Table 3 Normalized max. displacement for the bar model
Model Conventional method Proposed method Exact
1 1.00000 1 1
2 0.52384 1 1
3 - 1 1
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Fig. 5 Displacement comparison on the bar model Fig. 6 Two dimensional cantilever
Table 4 Cantilever modeled by 8-node elements with positionally varied internal nodes
Model Description Location of internal nodes
! All internal nodes are located in
optimal position
5 All internal nodes are located in non
-optimal position
All internal nodes are located in non °
3 -optimal position where can not be
solved by conventional method o N .
Table 5 Normalized max. deflection for the cantilever model
Model Conventional method Proposed method Exact
1 0.98895 0.98895 1
2 0.39252 0.98895 1
3 0.98895 1
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Table 6 Cantilever modeled by 9-node elements with positionally varied internal nodes

Model Description Location of internal nodes
All internal nodes are located in
1 . . ) o a o D
optimal position
b —o 1 Qo o
5 All internal nodes are located in non o o o
-optimal position o o
All internal nodes are located in non a] ol
3 -optimal position where can not be
solved by conventional method o N R o

Table 7 Normalized max. deflection for the cantilever model with 9-node elements

Model Conventional method Proposed method Exact
1 0.997941 0.997941 1
2 0.629643 0.997941 1
- 0.997941 1
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Fig. 7 Deflection comparison on the cantilever model
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Fig. 9 Deflection comparison on the cantilever model with 9-node elements

Table 8 Pinched ring plate modeled by 9-node elements with positionally varied internal nodes

Modd Description Location of internal nodes
) All internal nodes are located in
optimal position
5 All internal nodes are located in non
-optimal position
All internal nodes are located in non
3 -optimal position where can not be
solved by conventional method
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Table 10 Node movements during the simula-
tion of a metal forming process
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Fig. 10 Two dimensional pinched ring plate model
Table 9 Normalized max. displacement for the
pinched ring
Conventional Proposed
Model P
method method
1 1.000000 1.000000 609%
2 0.949179 0.999261
3 - 1.001748
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Fig. 11 Displacement comparison on the pinched ring plate model with 9-node elements
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Fig. 12 Semi-spring modeled by 20-node elements with positionally varied internal nodes
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Fig. 13 Displacement comparison on the semi-spring model with 20-node elements

Table 11 Normalized max. displacement for the semi-spring

Model Conventional method Proposed method
1 1.00000 1.00000
2 0.34790 1.00223
3 0.99909
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