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Seismic Analysis of Chemical Pump Using Automatic Mesh Generation System
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Abstract

This paper describes a seismic analysis of chemical pump using automated mesh generation system. The use of an automated
analysis system, involving FE codes together with CAD systems and FE pre- and post-processors, has provided an important step
towards shortening the design process and structural optimization. The FE model, which is a FE mesh accompanied with the
analysis condition, is automatically converted from the analysis model. The FE models are then automatically analyzed using the
FE analysis code. This integrated FE simulation system is applied to an analysis of three-dimensional complex solid structures

such as a chemical pump.
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The design of structural component is an iterative
process in which the aim is to achieve a structure
which has adequate strength and stiffness, and is
both practical and economical to manufacture : that
is, in some sense, an optimum design. The design
procedure can take a very long time if approached
conventionally, and it is unlikely that components
will in fact be optimized in detail against all impor-
tant criteria.

The use of an automated analysis system, invol-
ving FE codes together with CAD systems and FE

pre- and post-processors, has provided an important

chemical pump, automatic mesh generation, seismic analysis

step towards shortening the design process and
structural optimization. Of course, to do analysis and
design work, various general purpose programs such
as Pro/Engineering, I-DEAS, MARC and so on have
been used. Using these programs, however, conven-
tional analyses of practical structures are still
labour-intensive and are not easy for ordinary
designers and engineers to perform. Furthermore, it
is difficult for them to find a satisfactory or optimized
solution of practical structures utilizing such conven-
tional tools. A lot of trial and error evaluations are
indispensable.

The main reason for this is its high capability of

dealing with boundary-value problems in arbitrarily
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shaped domains. On the other hand, a mesh used
influences computational accuracy as well as time so
significantly that the mesh generation process is as
much important as the FEM analysis itself. Espe-
cially, in such large scale nonlinear FEM analyses
that approach the limitation of computational
capability of so-called supercomputers, it is highly
demanded to optimize the distribution of mesh size
under the condition of limited total degrees of
freedom. Particularly, the mesh generation process,
which influences computational accuracy as efficiency
and whose fully automation is very difficult in
three-dimensional cases, has become the most critical
issue in a whole process of the FE analyses. In this
respect, various researches(Lee, 2002; Shephard,
etc., 1991; Sibson, 1997: Cavendish etc., 1985; Lee,
etc., 2009) have been performed on the development
of automatic mesh generation techniques. However,
the technique of finite elements is not often easy to
use, because of the problem of formulating the
necessary input data for a FE analysis program.

To efficiently support design processes of practical
structures, the automatic FE mesh generator(Lee,
etc., 2010), which is based on bubble mesh system is

integrated with one of commercial FE analysis codes.

2. Outline of System

The developed FE

designers to evaluate detailed physical behaviors of

simulation system allows

structures through some simple interactive operations
to their geometry models. In other words, designers
do not have to deal with mesh data when they
operate the system. A flow of analyses using the
system is shown in Fig. 1. Each subprocess will be

described below.

2.1 Definition of Geometry Model

Geometric modelers are utilized to define geome-
tries of analysis domains. One of commercial geometric
modelers, Designbase(Chiyokura, 1998) is employed

for 3D solid structures. The advantage of Designbase
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Fig. 1 Flow of system

is that a wide range of solid shapes from polyhedra to
free-form surfaces can be designed in a unified
manner. In these modelers, 3D geometric data are
stored as a tree structure of domain - surfaces (free-
form surfaces such as Bezier or Gregory type surfaces)
- edge(B-spline or Bezier type curves) - vertices.
Designbase allows the wuser to start with a
hierarchical compositional Constructive Solid Geometry
(CSG)-view of a part and then to refine it with local
but consistent operations on the boundary repre-

sentation of the object.

2.2 Attachment of Material Properties and
Boundary Conditions

Material properties and boundary conditions are
directly attached onto the geometry model by clicking
the loops or edges that are parts of the geometric
model using a mouse, and then by inputting actual
values. The boundary conditions of the present
system accept Direchlet’s and Neumann's type. This
system allows the user to enter mechanical loads in

various forms for stress analysis.

2.3 Node Generation Using Bubble Packing

The key element of bubble meshing lies in the first
step, that is, the optimization of mesh node locations
by close packing bubbles. By this method, bubbles

move in a domain until forces between them are
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(a) Vertex bubbles (b) Edge bubbles

(c) Loop bubbles
Fig. 2 Bubble mesh procedure

(d) Final mesh

stabilized,

applied to generate a mesh connecting the nodes

and Delaunay triangulation is then

defined by the bubble packing. A repulsive or
attractive force much like an intermolecular van der
Waals force is assumed to exist between two adjacent
bubbles. A globally stable configuration of tightly
packed bubbles is determined by solving the equation
of motion. The novelty of this method is that the
close packing of bubbles forms a pattern of Voronoi
polygons, corresponding to well-shaped Delaunay
triangles. Fig. 2 shows the procedure of the bubble
packing method. Bubble meshing generates a two-
dimensional triangular mesh (a) solving the equation
of motion on vertices, edges, and faces(or loops), in
that order, and (b) generating a triangular mesh by
connecting the center points of the bubbles by
Delaunay triangulation. Similar steps are applied to
the generation of three-dimensional tetrahedral meshes.
In this procedure, the mesh density is needed in
order to determine the radius of the bubbles. To
handle general bubble spacing, we adopted bubble

density distribution function.

2.4 Fuzzy Control of Node Position

The fuzzy rules employed here can be generalized

as -

RULE' : IF p is A", THEN gq is B!

Small Medium Large
1.0
0.0
1.00 1.02 1.05 1.08 1.10 p
0.00 0.02 0.03 0.04 0.08 q

Fig. 3 Membership functions of lables of Al(p) and
B'(a)

where RULE' is the i-th fuzzy rule, A' and B' the

fuzzy variables, p the value of node, and Ap the

difference of the current and the next values of p, i.e.

lp(n+1)-p(n)|(n: the iteration number of node),

respectively. The labels of the fuzzy variables are

defined as follows.

As for A',
LARGE — p is much larger than 1.0.
MEDIUM — p is larger than 1.0.
SMALL — p is little larger than 1.0.

As for B',
LARGE — q is positive and large.
MEDIUM — q is positive and medium.
SMALL — q is positive and small.

As shown in Fig. 3, trapezoid type membership
functions are utilized as those of lables of A' and B

from the viewpoint of simplicity.
2.5 Mesh Generation

The Delaunay triangulation method(Lee, 2002; Lo,
1991 Shephard, etc., 1991: Sibson, 1997) is utilized
to generate tetrahedral elements from numerous
nodes given in a geometry.

Let N be a set of nodes, it has the property that
the circumcircle of any triangle in the triangulation
contains no point of N in its interior. The remaining
points in N will be iteratively added to the

triangulation. After each point is added, it will be
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Fig. 4 Example showing a Delaunay triangulation

connected to the vertices of its enclosing triangle(See
Fig. 4). All internal edges of a triangulation of a
finite set N are locally optimal if no point of N is

interior to any circumcircle of a triangle.

2.6 Preparation of input data

Through the interactive operations mentioned in
section 2.2 and 2.3, an user designates material
properties and boundary conditions onto the geometry
model. Then these are automatically attached on
nodes, edges, faces and volume of elements. Such
automatic conversion can be performed owing to the
special data structure of finite elements such that
each part of element knows which geometry part it
belongs to. Finally, a complete FE model consisting
of mesh, material properties and boundary conditions

is obtained.

3. Results of Seismic Analysis
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The seismic analysis was performed to demonstrate
the structural integrity of the chemical pump. The
coordinate system relationship between the seismic
analysis and safety related geometry is shown in
Table 1. Modal analysis was performed to find the

natural frequencies and mode shapes of the pump.

Table 1 Coordinate system definition

Geometry Seismic Analysis
Side-to-Side Direction X
Front-to-Back Direction Y
Vertical Direction 7

3.1 Modeling

A FEM model of the subject equipment was made
by using elastic solid(SOLID 185) and mass(MASS
21) elements.

The modeling figures for the pump are shown in
Fig. 5.

For the boundary conditions, the bolting conditions
of the pump basement bolting positions were
constrained to all translational (Uy, Uy, U, during

the analysis process. Motor and other equipments

‘ n | dd B
N B PN :

Fig. 6 Mesh generation for the FEM model




were considered as lumped masses.

Fig. 6 shows an example of FE mesh for pump.

3.2 Modal Analysis

The modal analysis was performed to determine
the natural frequencies and the mode shapes of the
subject pump for the undamped case.

The mode extraction method used in the analysis is
Block Lanczos. The Block Lanczos method is appro-
priate to solve large model with many constraint
equations. This method is applicable to the type of

problems which is solved by using the subspace

Table 2 Natural frequencies

Mode Frequency, Hz
1 267.2
2 285.7
3 465.7
4 495
5 592

NODAL SOLUTION
sTER=1

SUB =1
FREG=267.216
usum (ave)
REVE=0

DMx =,282882
amx =, z32882

— —
0 . 062863 . 125726 . 183588 .251451
.094294 157157 L22002

Fig. 7 Mode |

.282882

NODAL SOLUTION

STEP=1
BUB =5
PREQ=592 039
usuK (ave)
REvs=0
DMX =.270336
aux =.270336

9 180224 . 240298
. 150186 .210261 .270336

060075 .12014
. 030037 . 090112

Fig. 8 Mode IV

eigenvalue method at a faster convergence rate.

The natural frequencies of the FEM model based
on the modal analysis in seismic range were deter-
mined and are summarized in Table 2. Also, the
analysis results for Mode I and IV show the Figs. 7
and 8.

3.3 Equivalent Static Analysis

The acceleration of gravity was applied to make
pre-stress effect caused by dead weight and operation
loads including nozzle loads on the FEM model.
These pre-stress results shall be absolutely summed
with the results of the following equivalent static
seismic analysis.

Based on the results of section 3.2, the subject
pump is considered as rigid because its fundamental
natural frequency is greater than the high frequency

asymptote or the cutoff frequency and does not exist

HODAL SOLUTION
STER=1
sUB =1
TIME=L
SINT (Ave)
DMY =.569B-05
MK =, 660B+07

— L
o S187E4D7 .253E407 CHAOE+DT LSBTEH0T
733464 .220E4D7 .3§72+07 5138407 .660E+07

Fig. 9 Stress Distribution at Normal Condition

MODAL SOLUTION
STERP=1
SUB =1
TIME=1
SINT (AUG)
oMz =.7872-04
x =.3178+08

o L204E+08 A0BE+08 C611E+08 B1SE+08
. 10ZE+08 .30EE+08 .S00E+08 LT13E+08 0172408

Fig. 10 Stress Distribution at SSE
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in seismic range. thus, it is justifying the use of an
equivalent static analysis.

Because the subject pump is considered to be
supported by rigid structure, the motion of the pump
shall be the same as the support motion without
amplification. The horizontal and vertical dynamic
accelerations are taken as the zero period accelera-
tion(ZPA) from RRS.

The ZPA obtained from the RRS is applied to the
FEM model to perform an equivalent static analysis
including dead weight.

The seismic loads including dead weight multiplied
by applicable g levels, were applied simultaneously
through the subject pump’s FEM model. The
acceleration to be used is obtained by multiplying the
g values corresponding to ZPA of the applicable
required response spectra(RRS) by 1.5.

Analysis result of stress distribution at normal
condition shows the Fig. 9. Also, stress distribution
at SSE shows the Fig. 10.

4. Conclusions

A novel automatic mesh generation system for
large scale complex structures was developed. The
effective of the present system is demonstrated
through a chemical pump.

The mode frequency analysis results show that the
fundamental natural frequency is greater than the
cutoff frequency of the required response spectra
(RRS) and does not exist in seismic range, thus
justifying the use of an equivalent static analysis.
Therefore, detailed dynamic analysis is not required

for the subject pump.
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