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THREE-DIMENSIONAL MESH-GENERATION AND PLOTTING ROUTINES
FOR USE WITH A BOUNDARY ELEMENT PROGRAM (BIE3D)

by
K. W. Man
M. H. Alisbadi*

SUMMARY

This Memorandum describes two computer programs vhich have been developed as
data preparation tools for the three-dimensional boundary iategral equation
(BIE3D) computer program. The first is a three-dimensional wmesh. gensratiom
computer program which is based on a semi-sutomatic subdivision technique similar
to a two~dimensional finite element mesh generation procedure. The program is
written in standard FORTRAN and it is now operational in the Materisls and
Structures Departmental VAX computer. The second {s a computer program for plot-
ting the generated mesh. The plotting program is used to drav a three~dimensional
view of the mesh of a problem. 1In particular, a gensrated mesh can be drawn so
that its topology can be chacked visually for snomalous points and incompatibility
of elements. The program is written in BASIC and it runs interactively om a
Bewlett-Packard HP2647F graphics terminal.

Both computer programs are described with exsmples. Instructions and de
criptions for both input and output data file are presented in each csse.
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. This Memorandum describes two computer programs which have been developed s data
h preparation tools for the three-dimensiocnsl bdoundary integral equation (BIE3D) computer

b ) programa’. Thess programs will belp BIX3D users to perfors their tasks more efficiently

' sod effectively. In particular, time saving is the biggest sdvantage of using these pro-
grans. Thes programs are called MESH3ID and DRANID.

MESEID {s a three-dimensional mesh generation computsr program for use with the

three-dimensionsl boundery integral equation® computer program (BIXID)'. It is written
t in standard PORTRAN and it is available in the Materials and Structures Departmental VAX
Y computar.

" DRAWID is & computer progrsm that can be used to plot s generated three-dimensional
mash on & graphics visual display or on peper. The program is writtea {n BASIC and it
can be operated intersctively by the users on a Bewlett~Packsrd NP2647? graphics terminmal.

These programs are now available to all BIE3D users as sn optiocn. The users ecan

3 either crests s BIE3D input data file in the conveationsl way, ss described fully in &
mm‘,nmmmmuuuﬂuhnhmcmz. A graphic
output of the generated mash can be obtained using the DRAWSD program, as descridbed in
saction 3.

The main aim of this Mesoraodum £s to lsy down the guide lines of the operating
procedures of the programs. Step~by-step instructions are given to show bow an {nput and
output data files can be prepared for Both of the programs. PFurthermore, test cases for
both of the programs sre 1lustrated with examples and descriptions.

Ia order to reduce the amount of time {mvolved ia data preperation for & boundary
integral equation (BIE) analysis, computer~eiled-design (CAD) softwere such as mash
generation computer programe csa Ge employed. The uwse of such programs not only saves
time But also eliminaces the bumen exrors which occur during manual prepsration of the

‘—‘s’ nodal co-ordinates and element topologies. Nash generation programs beve been well docu-
meuted in cthe finite elamsnt mathod (FEM). These programs are generslly of cwo :ypuz"z

(a) A digitizing tadlet coupled with an {ateractive graphics system may be employed to
define and produce the gesmetric dsta. A light pen is wsually used to digitise the
structursl outlines of & prelininary mesh. The program may then allow for the choice of
slemeut types end the finensss of subdivision of elements. With this information, the \
mesh generativa progras will generste a mash sutomstically and output it cuto a graphics
visusl displey er & plotter. Wowsver mesh gemeration algorititms of this type are highly
dependent on the make and model of the digitizer end mormelly regquire specialised syscem
} softwars,

() A eemi-eutomatic spproach mey be used, where the structural outline is based on s
few large Blocks which are defined as input data. LKlaments sre then gemerasted
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* This mecthod {s slso referred to as the Boundary Klement Method (BENM).




sstematically by a subdivision process, Iu this subdivision process, the generated
clement sises need to Be specified as & separate sét of input data. This approach is
descrited ia dotail £ the following sections and it is the method used in the present
stely. A two~dimsasional fiaite element mash generstion routine® which is based on this
approsch las Desu sleptel anl modified for generating & mesh on a two-dimensional surface,
a8 roquired for & tiree-dimsnsionsl BIR cslculatien.

2.1 The me: tion 1 -

This three~dimensionsl mesh-ganeration program has besn developed jointly with the
Departmsnt of Engiosarisg Materials, University of Southampton and is pow imstalled in
the Matsrials and Structures Departmantal VAX computer. The program (MESH3ID) is based on
sutomatic elament subldivision of a few large structursl dlocks which are defined as imput
data: esch Block is subdivided into slements sccording to weighting factors provided as
{sput dats.

MESEID will calculste all the nodal co-ordinates for sll the eubdivided elaments.
The nodal pofnt sumBering eonvention (clockwise or anticlockwise), generated for the mesh,
will be the same as the {nput dats umbering couvention for tha structural blocks.

2,2 ‘Gecmetric representation of & structursl block
In the method of BIZ, the Boumdary contour is the surface of s three-dimensional

body and is always Tepresentad by surface slements termed Bouniery elaments. The type of
boundary elemsnt used in BIE3D &s the aight-nole isopsrametric quadrilsteral element, as
sbown fn Tig 1. MESHID uses the eight-mode quadrilateral to represent a structural block
i{n the initial stage of the mesh generation process. 7The mathematical representation of
a structural Block f» Based on thbe globel cartesisn co=crdinate system where each of the
nodes ;' i» spproximated By interpolation formnla which involves finite element shape

functions ss shown Below:
zER) - g e, m

vhere 3* are the nodal co-ordinates and M*(g,n) are the shape functions® for a two-
dimensionsl finite element analysis x » (x,y,8) .

This interpolation is equivalent to the transformation of a boundary element to a
plane squate in a local co~ordinate system (f,n), as shown in Fig 1. Por example, in
rig 1, the 1ine T = ¢! will mep into the glodal co-ordinate ‘system such that nodes %,
4, 3, will lie on the same curve: this is an approximetion to the actual shape of the
edgs of the boundsry element, Other lines (,n = constant will similarly map iato
curves in the glolal co-ordinate system to approximate the boundary element, which is
being parsmectrically vepreasented by §,n .

2.3 TIhe_subdivision process :
73
Any one eight~node quadrilateral slement msy be subdivided into a oumber of sssller <
alements and the sizes of the suddivided elements are predetermined by weighting factors N

specified as input data, ,

)

b
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When sn elemsst is subdivided extrs nodes will be crested in order to restore the
compatibility of the eight-node elemsnts. For example, in subdividing a three-dimensional
body, such @s a cube in Fig 2, tde subdivision of one of the elements on one side of the
cube causes incompatidility of nodsl points with the slements adjacent to it. Purther

‘sdditional nodal points, in all s total of twelve, must be introduced ia order to restore

the compatidilicy of the elements. In fsct, tbe subdivision process not only subdivides
a large block into mmaller slements but also ensures all the elements and all the nodal
points are compatiBle with each other; repested common nodes st boundsry interfaces are
eliminsted (see section 2.4). In order to achieve this, the suddivision process requires
a set of input data that fteelf is consistent and compatible. Por iastance, for each
structural block it is necesssry to specify the following:

() The mmber of subdivisions to be made in both { and n directions are stored in
NDIVX and NDIVY raspectively. Tor example, if NDIVX = 3 gnd WDIVY = 2 then the block
will Be subdivided into three 3ivisions in the [ direction and two divisions in the n
direction respectively, f¢ & total of six elemsnts will be genersted as shown {n Pig 3.
The direction of the subdivisions must Be clesrly defined whare there are two or sore
Blocks 1inked together becsuse the cempstibility at the block-to-block {nterfaces must
Be preserved, 7¢ the mmber of elements at the adjscent Blocks must be the same, as indi-
cated fa Fig 4.

() Waighting factors are specified as inmput data, for each individual block, to defioe
the relative sizes of the elements within s Block. The weighting factors are demoted by
(¥); vhers T is the direction of tde weighting factors. This information is stored in
the following formst:

OIEITX(IDIVX, (IDIVI=] ,MDIVX) .

Similarly, the weighting factors “u.)t in the n directiou are stored as:
(WEITY(IDIVY), (IDIVY=] ,NDIVY) .

It should be noted that these weighting factors are used to define the relative sizes of

the elaments in a psrticular way for a particular block; therefore their absolute valuas

do not affect the mash genevation process. Tor example, in ovder to subdivide a large

structural Block into three slements tha weighting factors (li)i may be specified as:

W v
10 10 20

0.2 0.2 0.4 . Y

Novever, it is equally important to specify sll the weighting factors consistently for
sll Blocks sdjscent to each other where compatibility of modus at block-to=block inter-
face must Be veserved. A pictorisl {llustration of compatidility of nodes at block-to~
block {nterfaces in shown in Pig 4.
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Both local co-ordinatss £ snd n are initialized to the value of =1, and are
then incremented sccording to

0)

‘i Ld ti—l ’ﬂ_ » . (2)

€
('n) i

VI UR S 2

n

oV i-uiir :
where H: - Z (‘t)i and i':‘ - ('n)i (&)]

and where subscript i denotes the gensral increment and the mumation is made over the
total mmber of subdivided elements in the specified direction. The real space
co-ordinates are thu calculated using (1).

2.4 Coummectivity of individual blocks

The subdivision process, ss described in the previous section, is performed indi-
vidually for sach structural block. The generated element nodal points within each block
are mmbered individually. However slement nodal points betweenr block-to-block inter-
faces will have coumon co-ordinate values so0 they need to be uniquely numbered. This is
done automatically by searching for all the points having common co-ordinate values and
replacing the nodal mmbers by a single nodsl mmber, It should be noted that this pro-
cass of elimination of repeated nodes will in general produce a new modal mumbering system
for the generated mesh, even for the case whers all the structural blocks remain undivided;
an example of this is fllustrated in Tig SalB.

A typical mesh-generstion routine msy be illustrated using the simple flow diagram
Gelow: N
‘Subreutine DIELOC

' 1 sccepts 811 foput dats
Sabroutine GEINER
Perforws the subdivision of esch bBlock

] avd eliminates repesced moldes

Subroutine ' SYRP
Bvaluates the sbape functions, fe 8-nodse

T

Subroutine TRIC .

Trisngular elements sre obtained by dividing
the linear quadrilateral element across the
shorter diagonal.

r1'nt SW HY
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2.5 Input data

Subroutine INBLOC reads in the dats necessary to define a preliminary mesh which
msy contain saveral structural Blocks. In the MESHID input data file, apart from the
problem title, all data msy be entered as free-format.

Descriptions of a MESH3ID input dats file i{s given below and in order to see bow
this works a test case is 1llustrated in section 2.6 with the entire data £ile of the
prodlem 1isted with descriptions. The users may use this example as a guide line to
prepate & data file for the umo computer program.

ror clarity, the MESH3D input data file cen be arbditrarily divided into seven
groups as described Below, It should be noted that a maximum of 750 elemsuts may be
generated as a mesh without altering the dimensions of tha arrays in the progrem.

1) PROBLEM TYILE:
¢ Eater problem title occupying not more than 80 cbaracters.
) B 2) GAUSSIAN

#* Enter the order of Gaussian quadrature formula used for the integration over
asch element and the corresponding Gsussisn abscissae and coefficients.
(Wote: The Gaussizn sBscissae and its coefficients are used in the Caussian
quadratore forwclse to evaluate variocus integrals over elements and cells in
BIE. A short eummary of their valuas is listed in the Appendix or a compre~
Bensive set of the coefficients may be found in Ref 5. As a guide line fourth-
or sixth-order of Gaussian Quadrature is sufficient for most cases. If in
doubt, the safest way to get information on the stability of the results {s to
maks several runs, at the subsequent stage of using BIEID, with different order
of Gaussfan quedrature, It should be noted that the Gaussian quadrature is
oot used in ths slgoritim of the mesh-genaration program so they can be neg~
lected Bare By entering & ZIRO instesd; bowever it will need ‘to be changed for

,:"\ :hlmbﬂn)

Grou, mrnm. FROPERTY

* Rater the Young's modulus and Poisson’s ratio.
(Mote: Weither Young's modulus nor Poisson’s ratic are used in the algeritm
of the mesh-gensration program; their values will not therefore affect the
mesh Tesult But are needed for BIE3D.)

4) MESE DATA

* Eater the total number of points, total mmber of blocks, type of elements to
Be generated (og sight) and the dimension of the eo'-otdinto system used
(eg two or thres). Theses data are resd i{n subroutine INBLOC and the para-
: meters defined in the program ast

NPOIN « WamBer of co-ordinate points defining the structursl outline.
NELEM ~ Mumber of Blocks (maxiwum of 30 Blocks may be specified).

™ NS 1077
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WMODE - Types of elament which are permitted in the program are:

(a) Quadratic eight node isoparssetric elesents,
(®) Linear four node elements,
(¢) Lioear three-node trisnguler element.

WIME ~ Number of co-ordinate dimensions (eg two or thres).

'S) Structural bdleck data
* Enter the block mmber, the mmbers of the nodal points of the block. (Mote the
numbering - convention for a block i{s as follows: as ths surface is viewed along the

inward normsl from cutside the body, the nodal mumbers sre specified in clockwise
order, {6 right-hsnd-ecrev rule.)

These parameters sre defined in the program ass -

WUMEL - Structural block mmber, .
LNODS - Structural Block data. (LNODS(NUMBEL,INODE), INODE=| ,NNODE), fe the block
topology definicion.

€roup (6) Co~ordinates of thenodel pofnts

* Enter the point mumber and the three-dimensionsl co-ordinats (x,y,2) of the nodal
points of the Blocks. Thase parsmeters are Jefined in the program ss:

JPOIN - point mmber,

COOED (JPOYN, IDIME) (IDIME=] ,NDIME) - (x,¥,2Z) co-ordinstes of the points.

(Mote: maximm of 200 pointe may Be used to define the structursl outline without
sltering the size of the srray dimension in the program.)

* Enter Block n-hjr. mmber of elements in the ¢ direction and mmber of
elements in the 1 directfon.

# Zater the corresponding weighting factors for the § direction and the weighting
factors for the n direction.

These are the input data necessary to subdivide each structural block into smaller
elements and these perameters are defined in the progrem as:
KBLOC = Block number.

KDIVI -~ Mumber of elements iu § direction into which the block fs to be subdivided.
¥DIVY « as MDIVX but fn § direction.

(Mote: saximm value of four may be specified for NDIVX and WDIVY without altering
the array dimension {a the progrem.)
END-OP-PILE

2.6 Test case

A flat plate vith a normal central bole is used here ss an example to demonstrate
the operating procedures of the mesh generation program MESIID. The dimensions of the
flac plate sre shown in Pig 6. 1n order to meks the problem as simple as possible the
sysmetry sbout the x= and y-axes {s used so that culy & quarter of the plata is sodelled

-
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in this exmmple. The initial mesh of the flat plate contains a total of 10 large struc-
tural blocks and a total of 32 points as shown in Pig 7 and Fig 8.

In order to generste & mesh the large structursl dlocks are subdivided using the
weighting factors as described ino section 2.3. A listing of the fuput dats £ile for
the MESH3D program is listed below with descriptions. The data file name is designated
as FP.DAT:~

Data file FP.DAT Descriptions

TITLE: FLAT FPLATE WITH A CENTRE HOLE eess Problem title

[] «ees Order of Gesussian

.23861919 46791393 quadrature end coefficients.

.66120940 .36076158

+93246949 .17132449

-.23861919 46791393

~.66120940 .36076158

-, 93246949 17132449

1000.0 0.3 sees Young's modulus
and Poisson's ratio

321083 eses Total oumber of pointse,
total mumber of blocks, slement
type (e 8) and co~ordinste
dimensions..

1 12345678 esss Block mmber and block

2 543910111213 dats specified in the right-

3 1211101415 16 17 18 hand-screw rule

4 17161519 2021 22 23

S 76513122 25126

6 25 26 121817 23 22 27

7 7262528293018

8 25 27 22 21 20 31 29 28

9 2019 15 14 10 32 29 31

101 30293210932

1 100 ese. Point mmber and the three-

2 10.1 dimensional cartesian co-ordinmate

3 10.2 aystem

4 1 4.2

s 1.8.2

6 1.8 .1

71.80

8 1 40

9 .50.2

1000 .2

11 .4293 .4293 .2
12 .8586 .8586 .2
13 .9238 .8152 .2
14 0.5.2

15 01 .2

16 .41 .2

17 .81 .2

18 .8152 .9235 .2
19 01 .

20 010

21 410

2 810

23 81 .t
24,8586 .8586 .|

i
!
i
!




25 .8586 .8586 0
26 .9238 .8132 0
27 .8152 .9235 0
28 .4293 .4293 0

10 1 3

1 .
3.5 3 3.5
END

This dats file (FP.DAT) may then be submitted to the MESH3D program using the commands as

follows:
$assign FP.DAT f£0r003
$assign TP .MES  £or004
$run MESHID

vsss Block (1) and weighting
factors in the £ and n direction.

ee.. Block (2) and weighting
factors in the € and n direction.

vees GCC

eves ond=of~file

(assign to logical unit 3)
(assign to logical unic 4)

1701 SKH HT
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The isput-data (FP.DAT) will be chacked for the total mmber of nodal points and
elements to ensure the srray dimensional sizes in the MESHID prograa will not be
exceeded. An excessive valus of thess mmbers will cavse an execution error and san
error message will Be displayed befors sbortiog the program. If the total mmber of
nodal points sndl elements is not too large then the mash coordinates of the three-
dimensional mesh will Se¢ sutomatically generated according to the process of sub~-
division and the corresponding weighting factors. The output data file containing the
generated mesh dats of the quarter flat plsts is called (FP.MES). Before this file can
be sulaitted for the BIE3D run there are two more steps the user may need to carry out:

(1) visual inspection of the topology of the generated mesh, and
(2) specify Boundary conditions.

Tha visusl inspaction of the mesh can be dome once the mesh is piotted on paper. The
procedures for ths plotting of the mesh on paper are described in section 3. Once the
mesh has Been checked for misaligmment, anomalous points or any incompatibility of
elemant distributions atc it can then be modified to include the boundary conditions of
ths problem; the Boundary conditions are inserted according to the format specified for
boundary conditions in the BIE3D users' guidc’. Yinally the user can submit the modified
(FP.MES) inpot data f£ile, (MODFP.MES) say, and Tun tha BIEID program using the commands
as follows: '

$assigns MODFP.MES for005  (assign to logical unit 5)
$assign TP.RES £or006 (assign to logical unit 6).
$RUK BIE3ID

where 'FP.RES' is the ocutput-data-file of the BIE3D program containing the displacements,
the tractions and the surface stresses for all the nodes of the three-dimensional mash
of the quarter-plate. ’

3 MESH PLOTTING

The checking of the nodal co-ordinates of three-dimensionsl mesh data is often
tedious and difficulc., In particular, {f the mesh data has been generated by a mesh
generation program, the large volums and the three-dimensional complexity of the mash
dats would make the checking process sn swesome tssk. The obviocus alternative approach
is to plot the generated mesh on peper in an isometric view. The visual topology of
the mesh would sllow for the checking of misaligmeent, anomalous points or any incom-
patibility of element 3istributions etc. Such a visual presentstion for a mesh in
three dimensions is invaluable and absolutely essential for any mesh design and mesh.
generation work, Indeed, during the plotting process, if one followa the path of the
plotting pen on the chsrt, one can essily determine without racourse to the mumerical
datas file, vhether the mesh Bas Been gensrated in the specified mmbering couvention.
Purthermore, with the option of having all the nodal mumbers of all the slament mumbers
or both plotted, the mmbered mesh can be used to assist the specification of all the
boundary conditions in which each individual nodal point or surface element csn be
precisely locsted and constrained if rvequired.

et ——
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A three-dimensional mesh plotting computer program (DRAN3D) has been written amd
implemented in the local computer systes. The program is written in BASIC and it runs
{uteractively on a Hevlett-Packard HP264A7F graphics terminal. It can either be used to
plot s three~dimensionsl sesh, in sn isometric view, on a graphic terminal display or
on paper. In this section, the Bandling of input and output data files will be explained
snd how exsctly the graphic plotting programs csn be used in conjunction with the mesh
genaration program (MGEN3D) and the boundary fntegral equation.program (BIE3D).

3.1 The grephic plotting computer program (DRAW3D)

The computer progras DRAWID can be used, on a Hevlett Packard HP2647F termimal, to
plot a tiree-dimensional view of a mesh. The plotting program (DRAW3D) is now available
in the local computer system. It has been axtensively used throughout the preseant work
and sBown to be useful for checking of a genersted mesh. The program can be used inter-
asctively by the users so that ths view sngles of an isometric plot can be rotated
throogh O to 360 degrees in any &xes to show any side of the figure. Also, the dimen-
sions of the figure in the X~ and y-planes can be distorted so that exaggeration of any
particalar plane of the figure msy be made. When the final projection of the configura-
tion is sccepted, it can Be plotted on paper as & permanent record.

3.2 ‘Data preperstion for ths plotting program

A BIZ3D {nput data file requires very 1ittle change befors {t can be submitted
for a plotting program run. In fact the only change which is required is to convert
& FORTRAN input dsta file format into a BASIC input dsta file format. The comversion
is an essentisl step and it is dome by separating sach data item by a cowma.

The following section will list all the steps required to prepare a plotting progr
ioput data file. :

3.3 Operating procedures for the graphic plotting program

(1) Separate the mesh data in g BIEID input data file by commas. This can be
schieved either by typing the commas in by hand or submitting the input data file to
a utilities program called READCON in the VAX computer. The utilities prograa will
separste all the data in the dats file with commas sutomatically:

$assign (BIEID input data file ) PORO01
$run READCON

and the output of the modified mesh data is assigned to the display.
(2) ¥ow we can transfer this modified mesh data from the display to a floppy disc,

(3) snd then run the BASIC plocting program by typing’ in
> GET "DRAWID" (asmming that the plotting progrmm is already in the disc)
> RUN

At this point, the plotting program will respond with prompts in an interactive wode
and 8 series of prompts will be displayed on the screen:

i bt e gt s 2
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> Plotting device? (display=0 or plotters$)
> Input file name:
> Element type? (Triangulare3 or Quadrilaterals8)

Once these questions are answered, the program will take over uﬂ plot out the three-
dimensional view of your mesh. After it has finished, further prompts will appear on
the display: '

> Do you wish to have the slement-number labelled? (Y or N)
> Do you wish to have the nodal-pumber labelled? (Y or K) .

When these are dons the mesh plotting process is completsd snd the program will re-start
with the following prompts:

> KENTER view-angles (rotation about x~ and y-axes) and distortion in y direction:
EXTER Plotting device’ (display=0 or plotter=3)
Input total mmber of hidden elements:
Do you want to plot distorted shape? (Y or N)

v V.V

The user can select any ons of these options and carry on as before.
3.4 Test case

The file called (FP.MES) is the generated mesh data file for the quarter-plate
example as described in section 2.6. It is used here to demonstrate the opersting pro-
cedures of the plotting computer program DRAWID.

Before the data file can be submitted for the plotting run, the format of the data
£ile must be converted to the BASIC dats format as described in secticn 3.3 The comverted
dats of file (YP.MES) is listed Below: it should be noted that this 1isting has been
condensed to save space. '

Two three~dimensional presentations of the genarsted mesh are plotted on paper as
shown in Fig 9 and Fig 10. .It can be seeu that & total of 52 quadrilateral elements and
a total of 158 nodal points Bave been genersted in this case. The element numbering
systen and nodal sumbering systes of the generated mesh are shown in Figs 9 and 10,
respactively.

Dats file Descriptions
TITLE: TLAT FLATE WITH A CENTRE BOLE eess Title
158, 52 eess Jumber of nodes and mumber of
elements.
i, 1.000000 , 0.0000000»00, 0.Q0000008+00 eees Node mmber and

2, 1.000000 , 0,00000002+00, 3.50000008-02 %,7,2 cartesian co-ordipatas
3, 1.000000 , 0.0000000E+00, 7.0000000%-02 )

:

e e o0
e * s s s
« ® oo
e s s e

185, 0.000000 , 0.0000000E+00, 0.1300000
156, 0.000000 , 0.0000000E+00, 0.1630000
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157, 0.500000 , 0.00000002+00 , 7.0000000K-02
158, 0.500000 , 0.00000002+00 , ©0.1300000

1, 1, 2, 3, 9, 14, 13, 12, 8 eves Dlement oumber snd element
2, 3, 4, .3, 10, 16, 15, 14, 9 data specified in right-hend-
3, S, 6, 7, 11, 18, 17, 1§, 10 screw convention.

4, 12, 13, 14, 20, 25, 26, 23, 19

48, 107, 98, 93, 151, 155, 154, 153, 130

49, 93, 84, 79, 70, 65, 156, 155, 151

S0, 3, 144, 145, 152, 133,7187, 3, 2

51, 3, 187, 153, 134, 155, 158, S, &

52, S5, 138, 155, 156, 65, 56, 7, 6

35, 20, 1 esse view angles snd distortion.
o . eses End of file.

4 COMCLUDING REMARKS .
The instructions contained in this Memorandum will ensble users to run the programs

MESHID and DRAW3ID as they stand, to obtsin respectively a mesh and s graphics presenta-
tion of s mesh of a simple or complex three-dimensionsl coufiguration.

A three-dimensional mesh presentation of a real structure csn be very complex
and difficult to Bandle mamally, But by using these programs the users can lesve the
ousBer manipulation to the programs and concentrate on the accuracy of the modelling of
the problea.

B

1701 SH Wi




™ NS 1077

P

Appendix

Gaussian coefficients

0.3399810433 0.6521451548
0.8611363115 0.3478548451
=0.3399810435 0.6521451548
=0.8611363115 0.3478548451
0.2386191860 0.4679139345
0.6612093864 0.3607615730
0.9324695142 0.1713244923
=0.2386191860 0.4679139345
=0.6612093864 0.3607615730
=0.9324695142 0.1713244923
0.1834346424 0.3626837833
0.5253324099 0.3137066458
0.7966664774 0.2223810344
0.9602898564 0.1012285362
=0.1834346424 0.3626837833
=~0.5255324099 0.3137066458
«~0.7966664774 0.2223810344
=0.9602898564 0.1012285362
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K.¥. Man

0.C. Zienkiewics
D.V. Piillips

W.R. Boell
3.A. Bush

2. Eiaton
D.R.J. Owen

?.C. Emmmer
AX. Stroud

Title, etc
‘A uwoez's guide for RIEID - & boundary integral equation
computsr program for three-dimensionsl elastostatic anmalysis.
RAE Tochnical Memorandum Mat/Str 1078 (1986)

An sutomatic mesh generation scheme for plave and curved sur-
faces by {soparametric coordinates.

Int. J. Bam. Neth. Bagmg., 3, S19-528 (1971)

Mesh generstion - A survey journal of engineering for indusery.
Trans. dmerican Society of Mechanical Engineers series B,
Vol 95, ¥o.l

Pinite element programming.
Acsienic pre~s, London (1977)

Famerical incegration over simplexes and comes.
Mzth. Tables Aids Comp., 10, 130-137 (1956)
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Fig 2 Subdivision of a three-dimensional dody

Figs 182
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Fig 3 Subdivision of a structural block in ¢ and n direction
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» Fig 4

s

Fig 4 A pictorfal representation of element and noda'l compatfbility at
the block-to-block {nterfaces
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Fig 5a8d

(a) v Preliminary mesh

Fig S Nodal number{
generated mes

(o) ec.mntud mesh

:g system of the preliminary mesh and the undivided
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s Fig 6 A flat plate with a central normal hole
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Fig 7
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Fig 9

TITLE: FLAT PLATE WITH A CENTRE HOLE

2

Fig 9 Mesh design and element mmbering system of a quarter of

the flat plate
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Fig 10

Fig 10 Mesh design and nodal numberin

g system of a ouarter of
the flat plate :
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