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Improvement of Element Stability using Adaptive Directional Reduced
Integration and its Application to Rigid-Plastic Finite Element Method

K. Park,* Y. K. Lee,* Y.B.Park®™ and D.Y.Yang**

ABSTRACT

In the analysis of metal forming processes by the finite element method, there are many
numerical instabilities such as element locking, hourglass mode and shear locking. These
instabilities may have a bad effect upon accuracy and convergence. The present work is con-
cerned with improvement of stability and efficiency in two-dimensional rigid-plastic finite ele-
ment method using various types of elements and numerical integration schemes. As metal
forming examples, upsetting and backward extrusion are taken for comparison among the
methods: various element types and numerical integration schemes. Comparison is made in
terms of stability and efficiency in element behavior and computational efficiency and a new
schéme of adaptive directional reduced integration is introduced. As a result, the finite ele-
ment computation has been stabilized from the viewpoint of computational time, convergency,
and numerical instability.

Key Words : Rigid-plastic Finite Element Method (344 #%88484), Numerical Instability (4
XA By A), Shear Locking (A93E), Hourglass Mode(FelA 2 =), Adaptive
Directional Reduced Integration (B-&4 A&7 84)
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{a) using Q4 element
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Fig, 1 Deformed shape for upsetting
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Table 1 Comparison of results for each element

Element Load (ton) Bulging (mm)
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Fig. 2 Magnitude of bulging with respect to no. of
element
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Fig. 3 Deformed shape using DRI
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Fig. 4 Schematic diagram of backward extrusion
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Fig. 5 Deformed shape for backward extrusion
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Fig. 6 Deformed shape using adaptive DRI
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Fig. 7 Deformed shape and contour for Q4 element (SRI)
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(2) Deformed shape

(b) Shwear strain contour

Fig. 8 Deformed shape and contour for Q4 element(adaptive DRI)

(a) Deformed shape

(b) Shear strain cONLOUT

Fig. 9 Deformed shape and contour for T6 element

gete] ehiigich dgEes B W Q4 849 AL
4 DRIZ #43€ W9 Axrt =g WM 71 v
FARE & ¢ Atk ¥ T6 84F /H—ﬂ A tE

Q4 844 SRIE A& A4 Hlg +E42 F24
Table 3 Analysis condition and performance
Type of Element | Q4 (SRI) | Q4 (DRI) T6
No. of Node 289 289 281
No. of Element 256 256 120
Half Bandwidth 26 26 120
Time (sec) 2120 380 2689
Total iteration no. 690 141 297
Degeneration 32 49 35
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