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SUMMARY

Hitachi.Ltd. has developed a software system in structural analysis
fields using NASTRAN, and now HITAC users in Japan can use IG/0G
(Input Generator/Output Generator) program for NASTRAN, IG/0G saves
much time required to make a structure analysis date to interoret the
result from an analysis by NASTRAN,

INTRODUCTION

Generally, large-scale calculations in structure &nalysis regquire more
than 1000 elements and nodal points even in the analysis of plane
structure, In addition, thousands of input data cards must be prepared,
In the case of three-dimensional structure having various arbitary
shapes, & numerous amount of input data more than these must be prepared.
This operztion is extremely difficult to be done by hand and also
requires much time. On the other hand, the analytical results such as
the node displacement outputted for each nodal point, and the elementary
stress and force outoutted for euch element reaches several times the
input data, These bring about the Tact that nrodigious labor and time
must be shared for rearranging and retrieving the resultant ocutnuts
and preparing all necessfry renorts,

The IG divides & structural model set by the user into elements, and
generates the user communicetion file used as an input data file
to NASTRAN. The IG incorporated in NASTRAN helps to simplify the
aforementioned troublesome preparation of input data extremely.

The OG rearrénges & numerous amount of output data and plot them
gréphically or in figures to facilitate the retrieval of analytical
results. By writing the file-names used in the 0G into the user
communication file at the time of NASTRAN execution, the user enables
the 0G to draw various figures while changineg the narameters provided
for figure construction, after the completion of NASTRAN execution,
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IN®UT GENERATOR

Many excellent automatic mesh generation programs for specific
structures such &s aircraft and ship have been developed and introduced,
For general structures, however,few of those programs &re uséble. The
autometic mesh generation program (TG) of IG/0G inroduced in this papez
ha8s been developed for universal applications, for which various new
concepts were incorporated.

A whole structure cannoi be divided completely at & time . In this
system, it is divided into sub-structures called parts which are then
inputted. The part is formed by & relatively simple shaépe such as triangle,
quadrilateral, or the like. In the IG the respective narts are mesh-
generated and then combined with efdch other to complete dividing & whole
structure in mesh. The number of processings necessary for dividineg
a structure into narts is only e frection{several ten times less) of
that needed for dividing into structural elements, although it depends
on the shape. This brings about the fact that the number of processings
needed for data prenaration can be reduced greatly. In addition, special
data are not required when combining the respective parts with each other,
since the combining overation is performed based on the distance between
the coordinates of grid points.

The data which can be obtained by automatic mesh generation are limited
to some extent, but load and consiraint conditions can be created in
addition to grid point data &nd element combination data,

Part

Ten different kinds of parts are usable in the IG, each having its
own divide method. The list of divide methods is as shown below.

(1) Quadretic shave function method
(2) Cubic shape function method

(3) Rotational quad-atic plane method
(4) Coon's blending function method
5) Plane parallelogram method

(
(6) Rotational parallelogram method
(7) Cylindrical parallelogram method
EB) Rotational plane curve method

9) Similar translation method
(10)0rthogonally branched pipe method

Different kinds of paris may coexist within the same structure.
A part is defined by specifying boundary lines. Straight line, guadratic
curve, cubie curve, and aArc are used as boundary lines, The boundary linesg
usable for euch part differ according to the kind of part or divide
method. A boundary line is defined by specifying 2 or more points on it.
The points used to define boundary line are called characteristic points.
For example, straight line is defined by specifying characteristic
points 2% its both ends, and quadratic curve is by 3 points -- 2 at
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its both ends and 1 8t the intermediate portion of it.

The quadratic shave function method is one in which the plane structure
econsisting of triangle or gquadrilaternsl is to be divided. The boundary
line used in this method is represented by any one of straisht line,
quadratic curve, and cubic curve,

As shown in ™pg. 1, the structure repnresented by A,B,B,F,C,G,1,H in the
coordinate sysvem AY is correluted with the squére of abed in the coordinat
systemXf . 3hape function is used to correlate the points in the coordinate
systempglf with the voints in the coordinate system XY. The shape function
is the same 2s those often used in the finite element method. Dividing
opergétion is performed on the square in the coordinate systemof .

By obtaining the points corresnonding to the grid points menerated

" the aformentioned diviaine operation, the structure of A,l,B,F,C,G,D,H
15 substanaially divided.

The cubic shape function method is the same As the quadratic sheove
function method, except that vart shane is %-dimensional.

The rotational quadratic nlane method is an application of the
quadratic shape function method. The section of thick-wall shell
generated by rotating & ovlane around an axis is divided by using the
quadratic shape function methad., Tn the circumferential direction, the
shell is divided eveénly 4t the specified angle.

The Cooh's blending function method is one in which the method of
creatinr a free curve used in numericasl control is anplied to automatic mesh
generation.

In the plane parallelogram method, & structure approximating a
quadrilateral, whose ooposinag edges run almost in oarallel, is divided
into parts. Rach edge is defined as an aggregate of straight line,
quadrutic curve, and arec. If the oopnosing edees &re not in parallel,
an additional line can be specified at the intermediate nortion of them,
whereby the shapes of divided elements c&n be improved considerably.

The rotational parallelogram method is one in which the vlane parallelo-
gram methed is utilized for 2 thick-wall shell generated by rotating
a4 pargllelogram around an axis, like in the rotutional quadratic pnlane
method. The section of the shell is divided by using the vlane parallelo-
gram method. In the circumferential direction, the shell is divided
evenly at the specified anszle.

In the cylindrical parallelogram method, the section of & cylinder is
divided by usingz the plane parallelozram method. In the axial direction,
the cylinder is divided evenly at the specified length.

The rotaticnal vlane curve method is cone in which a thin-wall shell
generated by rotéating a curve defined on XZ plane is divided. The curve
ig defined as an aggregate of atraight line, guadratic curve, and arc,

The similar trensletion method is one in which the surféce generated hy
translating a straight line along acurve is divided. 'he curve is defined
as an aggregate of straieht line and arc.

The orthogonally branched pioe method is one which can be applied only
to orthogonelly branched pive. However, such pine c&n be combined with
other parts.
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Mesh Pattern

Fifteen different kinds of mesh patterns are available, whereby
the normal dividing operations ere satisfied. Por example, the Tollwing
patterns are included; a guadrilateral iz divided into triangles by using
shorter diagonal line instead of longer one, or the number of divisions
is increesed or decreased as dividing operation moves in & certain
direction. T

Each pattern has the corresponding code, thus B pattern to be used is
selectgd by spec?fy?ng the cgge co%respohding to the part.

Load Generation

lLoeds such as grid point force eand pressure can be generated.
The amount of eéch component contéined in grid point force and the

amcunt of pressure must be represented by the line&r function of grid
point coordinate values. Pressure is assumed to be applied in the
direction parpendicular to plane element. Grid point force is given
for each component,

Constraint

A gspecial part can be used for defining only the constraint
condition of grid point. This part is linear, being represented by
streaight line, guadratic curve, or cubic curve. "The boundary condition
8long the contour of structure cun be generated easily by using the
part,

Three~Views

In the analysis of complex structure, it is troublesome to input
the coordinate values of charecteristic points for defining the boundary
lines, The IG is capable of inputting the coordinate values by using
three-views in addition to inputting them dlirectly This greatly helps
to simplify the analysis of complex structure.

Command

The data incorporated in the IG are classified into the dsta
used to define & sgtructure and those necessary for activating the
actual mesh generation. The data needed for activating the generation
8re called commands. The following commands 8re avajilable,

(1) AUTOMESH
Activates the mutometic mesh generation of part,
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{2) TRANS
Trunlates automaically-mesh- generated parts similarly; i.e.,
the specified values are add~1 respectively toesch grid point
coordinate,
(3} ROTATE
Rotntes automatically-mesh- generated nart. This commend is capable of
placineg the part at any desired position in combinstion with TRANS,
(4) scALB
Contracts and expands pert,
{(5) REFLECT
Reflects part, Por evample, when & part is reflected on X axis,
the siamn representineg the X value of srid point coordinate is
reflected.
(6) BRASH
Eliminates part »f grid points or elements within & part,
{7) COMBINE
combines the respective parts which have been mesh-generated by
AUTOMESH command and operated by other commBnds.

{8) ruoT

Plots the data obtained by automatic mesh generation on the XY plotter,
(9) pRINT

Lists up the results of mutomatic mesh generation.
(1) ADD

Adds the data which cannot be created by the IG such as shape
date or material date in the formet of NASTRAN

(11) ADDEND
Indicates the end of additional data beginning with ADD command.

Output of IG

The putout of IG is available 8s shown below.
(1) NASTRAN input user communication file
This file serves &s an input %o NASTRAN,
(2) Mesh-generated structure projection
The results of automatic mesh generation are plotted on the XY
plotter,
(3) List of created data
The results of automatic mesh zeneration are listed up.

OUTPUT GENERATOR

The 0G edits the results of NASTRAN, Attempts are beinz made to
support the following functions in the festure; the aforementioned
results are to be drawn on the &Y plotter and graphic display, and
the specified contents are to be listed up in the specified format.

Currently, the 0G suoports the plotter function which is the same ag
that of NASTRAN and the function capable of drawing principal stress



diagram,

The input of 0G is the output user communication file of NASTRAN,
This file is prepared while execution is carried out in NASTRAN.
The module for creating the file has been developed newly.

Principal Stress Diagram

Principal stresses gccurring in tne elemenis of 8 plane can be
drawn on the XY plotter in which their amounts and directions are shown
by arrows. The principal stresses calculated in NASTHAN are read and
displayed via the output user communication file. The pen drawing the
diegram can be changed automatically according to whether the stress

i3 compressive or tensile,
Uger Communication TFile

Some of rigid formats supported by NASTHAN are looped. By writing
the files created in the looped portions by the QUTPUT module, the data
blocks having the same néme are written &s many times 23 the numbsr of
loops. These data blocks cause a confusion when they are referred to.

In the QUTPUT2 module currently supported, only the first and last
data blocks are referred to although & number of data blockas having
the same name exlist. To cope with this, QUTPUTS module ha&s been developed
newly. IN the OUTPUTS module, data blocks are outputted separately
for each loop, and loop number can be affixed to each data block.
Therefore, any desired data block can be referred to by specifying the
loop name or loop number or data block name, In &ddition, the OUTPUTS module

is capable of taking out not only datea blocks but parameters.
The following is an example of altersation card in rigid format 8 used
to create the user communication file.

1. ALTER 2
2, PARAM

ALTER 103

PARAM//C,N,ADD/C,N,0/C,N,0/%

ALTER 106
PARAM//C_N.ADD/V . N,100P/V,N,LOOP/vi Ny 1 /4

purpyTs, ,,,//C,N,0/V,N,UCF/C,N,X/C,N,B/Y,N,LOOR/$

In ALTER L%, 1 is added to parameter LOOQP, und the LOOP value is written
in QUTPUT5 next to ALTER 106.
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BXAMTLRS

The Pirst example is one to divide & structure like & rocket
shown in ®ig.12. The fuselage which is axisymmetric is divided in
the rotsétional plane curve method, and the wing is divided in the
quadratic shape function method. 664 elements Bnd 616 prid points
are generated. The number of input cards to IG is 30.

The second examnle is 8 holed plate. A gquarter of it is divided in
the plane parallelogram method and the quadraiic sh&pe function method.
It is easy to divide the part near the hole into smaller elements.
898 elements &nd 195 grid points are generated from 61 input cards.

The .hird example is & solid structure with the shape of I shown in
Fig.l4. The characteristic points of this exemple are inputted using
three-views, "or & simple structure like this it is not necessary to
uge three-views, 228 elements and 488 grid points are generated
from 84 input cards,

The fourth exemple is also & solid structure as shown in Tig.15,
The cylindrical parallelogram method is used. The input cards are
shown in Fig.16 and the result which is drewn on XY plotter is shown
in Pig.l7.

CONCLUDING RUuMARKS

in automatic mesh generation program was developed for universal
tpplicatinns, in which the structure of arbitrary shape is divided

into simple-shape sub-structures which are further divided into elements,

end then the sub-structures are combined with each other to complete

dividing the whole siructure in mesh. The number of processings necessary

for data oreparation is reduced to several ten times less. The
characteristic points defining the sub-structures c&n be defined by
inputting the coordinate values directly and by using three-views,
In the enalysis of complex structure, characteristic points can be
defined easily by using three-views.

A new output module was developed to suppart the function of editing
outputs, by which the data blocks prepared in DMAP loop can be assisned

accurgtely to addresses.
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141



Fie.l? Example 2 A quarter holed plate
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"ig,. 14 Bxample 3
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{CARD NO

1)
2
3
4)
5)

73

a3

9}
10}
11
12)
11
14}
15)
14}
17)
la)
193y
20
21)
22)
2%)
24)
25}
28)
27)
28)
29)
3g
313
32)
Iy
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TITLE MODEL (&)

CONTROL NONE 1

aLock D R

POINT 1 0.0 400,0

POINT 2 9.0 100,90

POINT 3 100,0 0.0

POINT & g.0 ~100,0

POINT 5 2.0 ~400,0

POINT .} 150,0 400,60

POINT T 150,48 200,0

FOINT 8 250,¢ 1.0

POINT 9 150,90 ~200.0

POINT 10 150,0 -400,0

POINT 11 300,90 400,0

POINT 12 640,¢ 0,6

POINT 13 300.,0 =400,90

LINEAR 1 1 2

ARC 2 2 3 L]

LINEAR 3 4 5

ARC 4 11 12 13

LINEAR 5 -] 7

ARC -] 7 8 9

LINEAR 7 9 10

PART 100 CLPL 3po0 3 ] 5
HEXAL 1 1 10040,0

LINE & 8

LINE 1 2 2 & 3 2

LINE 5 2 ] 4 7 2

AUTOMESHLIGO

COMRINE MODELOS ) 0.1

PRINT

PLOT ORTH Al 2
60.9 34.0 4,0

S

v

N

N

¥
b
[
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1
|
L)

Pigz.15 Wxamnle 4,4 solid column

I NP UT DATA LIST

Pigz,16 Input data of Example 4
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Mg.17 Result of Example 4



