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Abstract

Until recently post—processing of finite element model has been heavily relied on expensive graphic
peripheral devices. With the aid of inexpensive microcomputers, very economical post-processor graphics
program called MICRO-POST has been developed. Model geometry or results of analysis for the unlimited
meshes can be easily presented in a number of low—cost graphic devices. The paper presents the procedure
obtaining the device-independent graphics, and the structure and functions of the program. It also describes
efficient 1/O scheme to overcome the memory limitation, and dialogue—type input technique to control
the plot operation in an interactive manner. Through the post processing examples for the general purpose
finite element programs, it demonstrates the usefulness of the program.
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Microcomputer — Based Post — P rocessor for Large Finite Element Analysis

INTRODUCTION

Today it is general to utilize computer graphics
in performing post —-processing the finite element
analysis, thereby greatly reduces time and effort
in checking the model geometry, or in interpreting
the results of analysis through the comprehensive
graphical form instead of vast amount of printed
output. Until recently the graphic post—processing
was done on the mainframe and its expensive
peripheral graphic devices. Device—dependent
graphic softwares®™ used for this purpose were
mainly developed to be subordinate to the general
purpose finite element packages and usually were
costly. For this reason many engineers, researchers,
or students in the university could hardly access
to the graphics programs. However, apearance of
low-cost microcomputers and graphic devices hav-
ing excellent graphic capability, enables us to
develope very economical device-independent post-
processor program. If such program is used. all the

Model ler
(Mesh Generator)

Geometry Plot File

giaphic post-processing can be done on the mic-
rocomputer whether the analysis is performed on
the mainframe or microcomputer itself. If the pro.
blem is analyzed in the mainframe the necessary
plot data can be transferred to microcomputer by
the appropriate data transmission software “%

In this study the program called MICRO-POST®
which can perform the graphical post-processing
on the microcomputer for the 2 or 3-dimensional
finite element model of unlimited meshes, is deve-
loped. The paper presents the structure and func-
tions of the program. Some examples for the large
finite element meshes produced by the general
purpose finite element programs are also included
in the paper.

POST-PROCESSING ON MICROCOMPUTER

1. Plot Files for Post—processing

In any type of finite element program it generally
requires geometry data and attribute data such
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Fig. 1 Post—processing proccedure in the finite element analysis.
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Fig. 2 File structure of MICRO —POST acceptable plot files.

as boundary conditions, property data or loading
conditions prior to analysis. These are usually cr-
eated by modeller, and the correctness of data is
checked by graphics before the analysis. Then the
analysis is performed with this confirmed data
through the processor, and the results such as
deformed geometry, stresses or other parameters
from the various load cases are obtained. The files
containing these informations are the plot files for
graphic post—processing. The plot files generated
from modeller and processor are shown in Fig. 1.
As shown in Fig. 1. these files are transmitted,

if analysis is done on the mainframe, and converted
to binary form acceptable to post—processor prog-
ram MICRO —POST. During the process the plot
operation is interactively controlled by dialogue—
type menu panels, and the user can obtain the
graphics in the display, plotter or printer at his or
her own will.

To convert plot data to MICRO-POST accept-
able binary input form. a simple data conversion
program called CONVBIN is used. The conversion
from ASCII decimal data to binary data is neces-
sary to speed up /O, thereby to accelerate the
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graphic process. Three files generated through the
process are : 1) original geometry file with ‘. BPL"
extension ; 2) deformed shape or mode shape file
with “BDE" extension : 3) contour information file
containing the stresses or other desired parameters
with extension *. BST". The plot information stored
in these files are shown in Fig. 2. If user provide
these binary plot files with the same sequence as
shown in Fig. 2., MICRO-POST can be used as
a post-proccesor for any type of finite element
program created or owned by user. This provides
a great flexibility to the program in interfacing
with other programs. Thus even the student who
is working on the class project in the finite element
Course can utilize MICRO-POST in conjuction
with his or her own analysis program without get-
ting involved in the graphic programming. Curren-
tly CONVBIN program interfaces with SAPg™,
SAP7®, COSMOS7%and CFEP®@ finite element
programs. The plot files generated by these prog-
rams can be converted by CONVBIN to MICRO-
POST acceptable binary files without any modifi-
cations.

2. Device -independent Graphic Program

The graphic programs used in the mainframe
system are generally device-dependent and this
gives user a great trouble when his or her organi-
zation does not have the supporting graphic devi-
ces. Eliminating this inconvenience, device~in-
dependency of the graphic programs is obtained
owing to graphic standardization, To perform grap-
hics independently at different devices the MICRO-
POST program uses high-level interface graphic
libraries®™"* which are developed using the CGI
(Computer Graphics Interface) software™. one of
standardized graphics programs. These interface
libraries are the programs which are developed to
facilitate application programmer in developing the
menu-driven input system. and 2 or 3-dimensional

application graphic programs. In Fig. 3 device-in-
dependent graphic system implemented in the
MICRO-POST program is shown. As shown in
Fig. 3, since CGI treats the various type of displays,
plotters and printers as a single virtual device, the
program operates independently in a number of
different graphic devices.

3. Structure of the Post- Processor Program

A. Graphic Control Procedure

Control flow of the MICRO-POST program
is shown in Fig. 4. As can be seen in Fig. 4, graphic
operation is controlled by the 3 menu panels. The
first panel contains the input fields related to the
overall graphic operations, and the next panel is
for the geometry or for the contour plot. Since these
panels controlled by the program execution com-
mands, the movement from following panel to
previous one or vice versa, or termination of prog-
ram execution can be easily done during the ope-
ration. Once the graphic mode is determined th-
rough this control process, the corresponding pic-
ture will be displayed on the screen. At this mo-
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Fig. 3 Device-independent graphic system implemented
in MICRO-POST,
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Fig. 4 Control fiow of MICRO—POST program.

ment if the displayed ‘picture is not the desired
one, the user can interact with computer by going
back again to the control panels and modifying
the plot selections. If the magnified view of certain
portion of the displayed picture is desired, it can
be obtained using the zoom function of the prog-
ram. The selection of zooming area is also interac-
tively done on the picture by the direction keys.
This operation can be repeatedly performed until
desired maginification of the portion is obtained.
The picture displayed on the screen. either maginifi-
ed or not, can be directed to the plotter or printer
to obtain the hardcopy of good quality. Once the
hardcopy operation is done, the same picture will
be displayed on the screen and it allows the user
again to do any of interactive operations mentioned

above.

B. Overcoming the Memory Limitation

In the process of graphic operations, large am-
ount of data manipulations are required. If the
mainframe is used in this operation, many of them
are done in the memory core using arrays of large
dimension. However if microcomputer is mobilized
for this purpose, the memory limitation must be
overcome through efficient disk IfO. In the MIC-

RO-POST program direct access files are exten-
sively used to replace the core arrays, thus the finite
element model of unlimited meshes can be handled
without any difficulty.

Fig. 5(a) shows how the arrays of large dimen-
sion for the nodal coordinates are replaced by the
disk files. The similar scheme 1s applied to the
operation in obtaining static deformed shape or
dynamic mode shape. Arrays required for the trans-
formation of coordinate systems, which is inewvit-
able in the process of projections of 3-dimensional
model having various viewing parameters onto
the 2-dimensional display, are also replaced by disk
I[/O.

. In Fig. 5(b) it shows the scheme applied to the
contouring operation. The file, shown in Fig. 5(b),
containing the contour parameters such as stresses
of the specified component for the given load case.
is created with retrieved data from the binary
contour information file, mentioned in the previous
section. Smoothed contour parameters at nodal
points are then stored for contouring. In this way
contour map for any component of parameters for
any load case can be obtained unless the disk sto-

rage space is full.

C. Speeding up the Graphic Processing

To speed up the graphic processing several tec-
hniques are implemented in the program. Conver-
sion: of formatted decimal plot files to binary files,
as mentioned earlier, takes a share in the speed
up procedure. Another acceleration of procedure
is corresponding disk 1/O from the second run of
plotting session. if the viewing parameters are not
changed. This situation is occuring when the fol-
lowing operations are involved : 1) zooming the
portion of the picture ; 2) obtaining the superposed
static deformed or dynamic mode shape with dif-
ferent scaling factor for exaggerated view : 3)
obtaining the contour map for the different com-

ponent of parameters for any specified load case
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Fig. 5 Replacement of core arrays with direct access disk files,

; 4) reducing the picture by scaling down the view-
port ; 5) obtaining the hardcopy of the picture.

Moreover, if the memory is expanded and this
partofmemoryisusedasavirtualdisk,thespwd
of plot operation on this virtual disk is remarkably
fast-even faster than on many graphic devices
connected to the mainframe. This is truly exciting
fact and the vaiue of inexpensive microcomputer
is highly rated.

4. Functions of the Program

The funcions of the program can be classified
In two categories ; the functions related to the
geometry plot and the ones for the contour map.
The picture for the original geometry, static defor-
med geometry or dynamic mode shape can be
obtained by the former functions. Using the latter
functions the contour map for the stresses, member
forces, moments or other desired parameters can
be obtained.

As mentioned earlier the control of plot operation
is done by the three menu panels and they are
shown in the Figs. 6 to 8. In these menu panels,
the input parameters and the various plot functions
corresponding to them are self-explanatory. Since
these manu panels consist of dialogue-type input
fields, the user can input the required data in a
highly interactive manner. At the beginning, the
default values are automatically displayed in the
input fields. These values can be modified if they

E F E B POST-PROCESSOR
CSE GROUP OF DAELIN DYGINEERING Q0. LT0., SEUL, KOREA
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Fig. 6 Menu panel for plot control
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are not the desired ones, and the changed values
will be displayed at the next run. Input can be done
from the top by typing in the appropriate values.
However, if the user does not want to change
the displayed input and wants to skip the following
input fields, he or she can directly access to the
fields of execution command, which is shown at
the bottom part of the Figs. 6 to 8. At this stage
the user can continue the process or, if necessary,
can go back to the previous panel for the desired
modifications.

The advantages of dialogue-type input are many
and, some of them are: 1) owing to the self-ex-
plantory input descriptions, the user does not need
to discuss with manual and can interact imme-
diately with computer as if he or she is talking with
computer , 2) since the input selections are con-
trolled by the program internally, it is possible for
the user to take only acceptable characters or
numbers within the permissible range, thereby input
errors can be greatly reduced.

EXAMPLES FOR THE GENERAL PURPOSE FINITE
ELEMENT PROGRAMS

1. Static Anaysis of 30-story Frame

In Fig. 9, the deformed and undeformed shape
of three dimensional 30-story frame, analyzed by
CFEP program®®, is shown. This picture is obtaind
by the low-cost plotter. Of course this model can
be plotted with different viewing directions, or with
other desirable reduced scale. Original model and
deformed model can be plotted seperately with
different line type and color. The exaggeration of
displaced geometry can also be adjusted at will.
By specifying the range of elements to be plotted,
user is able to obtain only the selected portion of the
picture. In addition, the node numbers or element
numbers can be written on the model. The mag-
nified view of the portion of the model can be also
obtained using the zooming function.

Acalysis af 30 atory frase by CFEP. uigro-post R

FILE: FR3O

ANALYSIS AT

KOOKMIN UNIV.
[SEOLL, KOREA
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1.1 1
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X-AX1S  90.
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Y
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Fig. 9 Deformed and undeformed shape of 30-story frame.
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Fig. 10 Original geometry and first mode shape of milling

machine.

2. Free Vibration of Milling Machine

The first vibration mode and original geometry
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of milling machine, analyzed by SAP6 prograrr‘{-'
, 1s shown in Fig. 10. The other mode shape can
also be plotted with option of either mode shape
alone or mode shape superposed onto the original
geometry. All the functions described in the pre-
vious section can be exploited in this model too.

3. Design of Reinforced Concrete Slab

In Fig. 11, the contour map of the moment in
X -direction for the reinforced concrete flat plate
model, analyzed and designed by CFEP program,
is shown. This model can be plotted with different
viewing directions as in the previous case. Besides,
the contour for the moment in Y -direction can

also be obtained for the various load cases. In ad-

Mx contour (Ft-kips/ft) of R/C Flat plate model. wiCRo-postT (R)
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Fig. 11 Mx contour of R/ C flat plate model.
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Fig. 12 Magnified portion of the picture outlined in Fig. 11.

dition, the contour map for stresses, forces, other
parameters for the different load cases, or designed
steel areas can be obtained. The interval of the
contour can be adjusted if desired. The option
whether to draw the outline only or to superpose
undeformed meshes on the contour plot is also
available. When the user take the latter choice,
the node numbers or element numbers can be
written on the plot. Of course, this numbers can
be different colors to distinguish with the contour
numbers. This option is very useful when the por-
tion of high stress concentration is magnified and
to see the related elements or nodes. The Fig. 12
is the magnified portion of the picture outlined in
Fig. 11.

CONCLUSIONS

To replace expensive graphic post-processing
of large finite element model on the mainframe
system, an economical microcomputer-based post-
processor program called MICRO-POST has been
developed.

By using the efficient I/O scheme to overcome
the memory limitation, it is able to handle the model
of unlimited meshes.

Error-preventive dialogue-type input scheme
allows the user to control the plot operation in a
highly interactive manner.

Due to the device-independent program struc-
ture, the graphic output is obtained in a number
of low-cost graphic devices.

Through the post-processing examples for the
general purpose finite element programs, it demon-
strates the usefulness of the program.
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