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Training Classes

The next ADINA-AUI training course will be
held at ADINA R & D on May 8 - 9, 2003.
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We are glad that Spring is finally here after a long
and cold winter. This has indeed been one of the
coldest winters here in the Northeast region of the
United States.

Regardless of the weather, we have been busy
implementing new features in the ADINA System
8.1 (to be released this summer). In this Newslet-
ter, we present some interesting new capabilities
and enhancements in ADINA 8.1.

Cyclic Symmetry Analysis

Cyclic symmetry analysis is useful for structures
where the geometry and boundary conditions are
rotationally symmetric. The loads, however, can be
different on each cyclic part.

In a cyclic symmetry analysis, only a section of the
structure is modeled as illustrated in Figure 1(a).

Instead of generating and solving solution matrices
for the complete structure, smaller sub-models are
used. When these sub-models are solved sequen-
tially, the exact solution of the complete structure is
obtained. This applies to static, dynamic and
frequency analyses.

The use of cyclic symmetry analysis results in a
significant reduction in the memory usage and
CPU time. As an example, we consider the fre-
quency analysis of the model in Figure 1(a). The
comparison between a full model analysis and a
cyclic symmetry analysis is shown in Figure 1(b).

The key enhancements to the cyclic symmetry
analysis capability in ADINA 8.1 include:

� The sparse and iterative solvers can be used.

� The primary cyclic part boundary does not need
to be flat and be aligned with the X-Y plane.

� The axis of cyclic symmetry can have any
orientation in space.

Figure 1: Cyclic Symmetry Analysis

(a) Section of structure modeled for cyclic symmetry analysis

(b) Comparison of memory usage and solution time

Number of Equations 67,215 8,962

Memory Usage (MB) 233 26.5

Solution Time (seconds) 1,100 296

Full Model Cyclic Model
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Figure 3: Analysis of Dam Break Problem with VOF Method

Mesh Overlay Feature

In ADINA 8.1, the mesh overlay feature is imple-
mented which allows users to use a coarse mesh
to analyze the overall model and then use a fine
mesh to analyze a detail part of the model, using
the results obtained in the coarse model.

The concept of the mesh overlay feature is illus-
trated in Figure 2 and the usage is described
below.

1) User creates and runs the overall model for a
certain number of time steps. A mapping file is
created which contains the displacement
results of the model at each time step.

2) User creates the detail model. The number of
time steps and the time step size in the detail
model have to be the same as in the overall
model. During the run of the detail model, the
displacements calculated from the mapping file
of the overall model are imposed on the bound-
ary of the detail model at each time step.

The mesh overlay feature can be applied continu-
ously to models with finer details. For example,
following the above illustration, the user can create
a sub-detail model with a finer mesh within the
detail model. The mapping file from the detail
model would then be used to calculate the im-
posed displacements on the sub-detail model.
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VOF Method

The volume of fluid (VOF) method is a surface-
capturing method implemented in the ADINA fluid
flow analysis module for solving flows involving
immiscible fluids. The VOF method is used to
calculate the evolution of the interface between the
immiscible fluids through time. Surface tension
and wall adhesion effects can be included in the
analysis.

The VOF method can be used with incompress-
ible, low-speed compressible and slightly com-
pressible flows. It cannot be used with high-speed
compressible flow or in problems involving phase
change.

Potential applications for the VOF method include
stratified flows, free-surface flows, filling and
sloshing problems, the motion of large bubbles in a
liquid, the motion of liquid after a dam break,
hydraulic bore, the prediction of jet breakup, and
the steady or transient analysis of liquid-gas
interface boundaries.

The application of the VOF method is illustrated in
the dam break problem shown in Figure 3. A
rectangular column of water is initially held up
between the dam and the wall. At time t = 0, the
dam is removed (breaks) and the water flows due
to the effects of gravity. The evolution of the inter-
face between the water and air can be simulated
using the VOF method.

Figure 2: Mesh Overlay Feature

Overall Model:
coarse mesh

Detail Model:
fine mesh

Displacements mapped from results of overall
model are applied on boundary of detail model
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New FCBI Elements

In ADINA 8.0, the Flow-Condition-Based Interpola-
tion (FCBI) scheme was implemented for the 4-
node quadrilateral element and the 8-node brick
element.

In ADINA 8.1, the 3-node triangular, 4-node tetrahe-
dral, 5-node pyramid, and 6-node prism elements
are added to the FCBI elements. The table in
Figure 4 summarizes the types of elements that
are available for fluid flow analysis in ADINA 8.1.

With reference to the table above, each group of
elements which are not separated by any line can
be used together in a model. For example, the 4-
node quadrilateral and 3-node triangular FCBI
elements can be used together.

Metal Forming Improvements

The simulation of metal forming processes is
enhanced in ADINA 8.1 with the following new
features.

� Explicit time integration can be used with the
rigid target algorithm. In analysis where
springback calculations are not required, the use
of explicit time integration may be more efficient.

� Overall speedup in computation is achieved
through parallelization and improved sorting

Figure 4: Elements Available for Fluid Flow Analysis

Element
Type

Non
FCBI

FCBI

2-D

3-D

For high-speed compressible flow,
only the shaded elements can be used

algorithm. Parallel processing can be used for
both explicit and implicit time integration. The
improved sorting algorithm reduces the number
of computationally expensive contact checking.

� Major and minor principal strains and stresses in
the shell element plane are output for shell
elements. These results can be used directly to
analyze forming limit diagrams (FLD).

We illustrate the new features and enhancements
with the standard S-rail stamping benchmark
problem. Figure 5(a) shows the band plot of major
strain on the S-rail. Figure 5(b) shows the FLD plot
where values of principal strains at integration
points are compared with the forming limit curve.
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Figure 5: S-rail Stamping Analysis

(b) Forming Limit Diagram

(a) Band plot of major strain
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Metal Forming Improvements (contd)

The solution times (in minutes) for the simulation
of the S-rail stamping are compared for explicit and
implicit time integration (ADINA 8.0 and 8.1). Note
the following conditions used in the analysis with
explicit integration � no damping, mass scaling of
100, full integration, and tool velocity ~ 50 mm/sec.

Surface to Volume Meshing

In ADINA 8.1, a new meshing capability allows
users to create a volume mesh from a collection of
boundary surface meshes which makes up a
closed volume.

Figure 6 illustrates the use of this capability for the
modeling of an abdominal aortic aneurysm (a
disease which causes the blood vessel to expand
to more than twice its normal diameter) where the
3-D fluid mesh is created from the boundary
surface meshes.

When the volume mesh is created, element face
sets and node sets are also created. Each ele-
ment face set and node set is created based on a
group of surface elements. Loads and boundary
conditions on the boundary of the volume mesh
can be easily applied through the element face
sets and node sets (see Figure 6).
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Each group of surface
elements will create
an element face set
and a node set.

Collection of boundary surface meshes
used to create volume mesh

Normal traction loading
applied on element face sets
marked by A and B.

Figure 6: Creating Volume Mesh from Surface Mesh

Second M.I.T. Conference on Computational
Fluid and Solid Mechanics, June 17 - 20, 2003

The Second M.I.T. Conference is fast approaching.
Please mark your calendars for the Conference
which will be held in the same spirit as the First
Conference on the M.I.T. campus.

The mission of the M.I.T. Conference:
�To bring together Industry and Academia, and
To nurture the next generation in computational
mechanics.�

Please check out the latest information on the
Conference web site at
http://www.secondmitconference.org.
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