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Introduction

The FASTDRAW/3 distributed graphics system includes
commands to generate points and elements in local
coordinate systems, perform simple construction of arcs,
circles and create arbitrary space curves and surfaces.
FASTDRAW/3 can automatically create a mesh of elements on
a defined surface after control points along the
boundaries have been selected. Also, elements can be
duplicated by any combination of translation, rotation,
and scaling in two or. three dimensions. FASTDRAW/3
supports· user defined elements that allow a design to be
accomplished in parts and the ·parts then combined to build
the final geometric model.

The FASTDRAW/3 distributed processing system is compared
with alternative systems on large mainframe computers,
standalone mini-computers, and desktop. computers. The
distributed processing system is part of the MCAUTO
network of remote job entry stations. It is a mini
computer implementation of FASTDRAW/3 with enhancements to
provide better service. Local plotting from a high speed
pen and ink plotter that is directly attached to the mini
computer gives the engineer fast turnaround on plots of
his design at intermediate steps. Error free
communications between the user's graphic CRT and the
FASTDRAW/3 system occurs at speeds higher than available
from conventional remote timesharing services.

The structural design engineer today has a choice of
computer programs and systems which are supposed to reduce
the work required to create the input data used by finite
element analysis programs such as STRUDL, EASE, ANSYS,
etc.

The manner in which the engineer uses these preprocessing
systems varies from one program to another. Some are
simple prompting programs that create card files to be
scanned and subsequently plotted on a graphics CRT.
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These prompters are usually specific for a single analysisinput format and are cumbersum if used in an interactivedesign process. The programs that allow interactivedesign and editing do not all satisfy reasonableexpe·ctations for ea'se of use, understandable conventions,and good response.

This paper describes the FASTDRAW/3 interactive graphicssystem as it is implemented in the McDonnell DouglasAutomation Company distributed processing network.

The system provides interactive finite element design preand postprocessing as well as access to
analysis programs such as STRUDL, NASTRAN. ANSYS. EASE,SAP which execute on MCAUTO's large IBM and CDC remote jobentry computers.

FASTDRAW/3 Features

FASTDRAW/3 allows the finite element designer to create,display, and modify a special data file known as the modelfile. The interactions with the program are performedfrom an interactive graphics CRT. The FASTDRAW/3Executive (see Fig. 1) interfaces the engineer with themodel manipulation command subsystem and with theconversion interfaces for STRUDL, NASTRAN, ANSYS, EASE2,and SAPS.
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1.1 The FASTDRAW/3 Model File

Using FASTDRAW/3 in finite element design consists of
creating and modifying data kept in the model file. A
model file contains points, local coordinate system
definitions, elements, boundaries, and regions. Let's
briefly descirbe each of these.

Point data consists of the xtY,z coordinates, a reference
to a local coordinate system, an identifying label, force
constraints, a count of the number of elements that use
the point and the number of times the point is used -by
boundaries. Points attached to a boundary are called
control points because they control the mesh that is
generated on a region formed with that boundary.

A local coordinate system has a label,
its origin, and a type(rectangular,
spherical).

the coordinates of
cylindrical, or

FASTDRAW/3 elements are either finite elements specific
for an analysis program or are user-defined elements. A
user-defined element is constructed in its own model file,
and consists of application finite elements. In another
model file, instances (incidences) of the entire user
defined element can be created by locating the definition
points to be used in the new model, and by also indicating
which user-defined element is required.

Boundaries are used to create a mesh of points and
elements on a region. A boundary can be a straight line,
a circular are, or a space curve. Points are created
along a boundary to influence the generation of a mesh and
in some cases to aid in the creation of additional
boundaries. A temporary boundary consisting of several
other connected bounaries can be specified with the PATH
command.

The last FASTDRAW/3 data type is the region. A region is
a surface or part of a surface. The ~egion is speified by
three or four sides which are one or several boundraies.
The region is used to generate a mesh of finitie elements
such that the points in the mesh "are on the region.

The values of these data types is easily printed for
inspection on the CRT by using the PRINT command.

1.2 Command Usage.

Commands will usually be shown with their optional
parameters. When a required parameter is left off of the
command line, FASTDRAW/3 will request the user to enter
the missing parameter values. This is an important
feature for so~eone unfamiliar with a specific co~mand.
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Whe n us i ng ,the ~ASTDRAW/3 model file ed it or a 11 command s
are always available.

What this means is that the user is not required'to make
command selections that limit what operations can be done
at a particular stage of the design.

1.3 Label, PRINT Command

The first. example is the LABEL command •. It is used
to print the labels of mod~l file data entities which ·are
c~rrently displayed. Its full syntax is:

LABEL type[(list)] ,[type ••• ]; [REACTIONS] [.MESH]

LABEL will label Points, elements, regions, systems, and
boundaries, or all types of data as well as
reactions(i.e., constraints) and meshs. If, no .parameters
are specified, then the data type choices are printed on
the CRT and the user selects one of the types. FASTDRAW/3
will then label all of the occurences 'of that type in the
picture. An example of LABEL which will label all the
regions, and.the points numbered between 10 and 50:

LABEL R,P(lO-SO)

The values of the FASTDRAW/3. data types t'hat
described in the preceeding section 'can be displayed
simply by using the PRINT command:

PRINT [type[(list)]] ••• [PATH] [SWITCH]

were
very

So, to print the. mode~· file's· point dat,a, this command
wouid be used:

PRINT P

1.4 Display Control

FASTDRAW/3 has several commands which control the display
of the model file. 'They do not change values of the model
data. only change the picture that is visible on the CRT.
Two of these commands, LABEL and PRINT. have already been
described.

The REORIENT command
angles which causes the
desired orientation:

le~s the
pict~re

user select three viewing
to be redrawn in· the

REO ANG(thetaz,thetay.thetax)

If no angles are specified, the command prompts the user
to enter the angles.



Portions of the picture can be magnified for closer
inspection(zoorn) by using the WI~DOW command. \yI~DOW lets
the user pick two points from the model or two points on
the CRT screen(using a cross-hair cursor) which define
opposite, corners of a rectanRle that is to be enlarged to
fill the CRT screen. .

2.0 Model file Data Creation

The different model' file data types (points, elements,
systems, regions,·.boundaries) e.~h have' their own set of
commands that are :used to' construct· new o6currences of
these data types. In addition, points and elements can be
duplicated u~ing four special duplication cooctands. There
is also a command to generate a mesh of points and
elements on a region.

2.1 Creating Points

There are
model file.

nine c'o"mmands
These ·are:

"'that wi-II create 'points in the

POINT DIGITIZE,
POINT at the intersection of 2 boundaries
POINT KEYIN
POINT HORIZONTAL
POINT VERTICAL
POINT on a BOUNDARY
POINT on a PATH
POINT on a REGION

Keyed-in points may be specified in a user-defined local
coordina·te system (:rectng'ular, c"y'lindrical, or sphe.~ical).

As an example, if local system nuober 1 is a spherical
system, the FASTDRAW/3 command

POI KEY SYS(l)

would prompt by printing

E'NTER R, TH'ETA,PHI"

Then coordinate triples coul'a', 'be ent::ered,' with an empty
line terminating the input.

The PO INT ON A BOUNDARY command' ha s five' 'va ria t ions wh i c h
offer different methods for autooati~~lly calculating the
distances between the new points that are :placed on the
selected boundary.
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2.2 ere'ating Elements'

FASTDRAW/3 uses the .same command·s to c,rea.te both .·liser.~

defined elem.ents. 'and applicatio.n· finite elements .•
Elements can be, con.struc'ted one at a time or b~. u's'in~ "the
duplication comman.ds or .the ~iE·S.Hco.mt'fland.·

A FASTDRAW/3 user selects'which application o·r u·s·er-
defined elements are· ,goiJig to· be· u'sed .an.d assig'ns t.he
element '8 number. To add a.single ~lement inst~n~e··to·th~

model file the ELEMENT e~mm~nd is :~aed. The r~q~ired·

defini tion points are spe·cifie:d.· .·by thei r .l.abel or 1)y
digitizin'g each point on the CRTsc.reen··

ELEMENT BOXC'n) ~(point list)
o·r ELn ·P( point list)

(where "n" is th'e number that 'was assigned ·to the element
by the' user).

For example, EL2 P{I,7,l.O,4) 'could ·be. ~sed to 'add a new
occurrence of the element· assigned to box 2 (it has four
definition points).

This is the manual method of creating elements.

There are also four element and point generation commands
that can crea.te new ele~~nts and points from exis~ing

points and elements:

TRA.NSLATE
ROTATE
TRAVERSE
DU·PLICATE

Tbe TRAVERSE co·mmand gene~ates new .. ~l.emen"ts by· tr.ansl·~ti~g

points in the same plane or 1:n a' p"l:ane . para'llel ·t·O· 't.he
current pla.ne.

The ROTATE 'command duplicates the' .de.ir~d 'elemenis by
rotating the new elements·a specified" numb'er 0·£ degre·es
abo u t an ax i slyin g in : the C,:u rr e I1 t 'p'l'an e '.,. ·0ron".e
perpendicular to the ~urrent plane~

The TRAVERSE command fs sp(!.cifiC.al1y ·designed·. for,. truss
generation because it generates·the dup~icat~s such th~t

the reference' lines in the new e1emen'ts have the 's'ame
slope as in the o~igin~l.

The DUPLICATE command works· in three. dime~sions artd
combines t ra.ns la tian t ro ta't i on and·' .'s cal·i.ng . f"o r ere a t lng
duplicates. (see Figures 2, 3)
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MODEL BEFORE ELE~1E~T nu
. Figure 2 PLICA':'IO~
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2.3 Creating Boundaries

There are fifteen bou'ndary creation commands.commands 'create standard geometric boundaries:
, These

LINE· P ._
L'INE, NP
LINE. LI~E

ARC 3P
ARC 2L
ARC 3L

CIRCLE P
CIRCLE 2P
CIRCLE 3P

line, given a point and an angle
line. through a s e r i e s·0 f points
line parallel to another line

circular arc through 3 points
arc tangent to 2 lines
ar~ tangent to 3 lines

circle, center point. and -radius
circle, center, circumference pt.
circle, given 3, p'oints,

BOUNnARY 4P .spa~e curve th~o~gh 4 pts.
~OUNDARY SPLIT two boundaries by cutting the existin~

one
BOUNDARY REGION boundary str~ng th~~ugh points

on a regio~
BOUNDARY NP 'smooth boundary through points

The BOUNDARY 4P command will create a cubic space curvethrough four model file points (See Figure 4).

5

>80U 4P P(1,2,3,4t
>800 4P P(7,5,8,7)

BOUNDARY FROM 4 POINTS
Figure 4
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The BOUNDARY NP cocmand uses a series of model file points
to create a continuous spline curve. The mathematical
technique used by FASTDRAW/3 to represent boundaries is
called parametric cubic geometry. (S~e Ref. 2)

When describing a complex shape with FASTDRAW/3 several
different boundaries may ~e needed to model the geometry
of the object.

The PAT~ command: PATH B(boundary list) lists a set of
boundaries that together def"ine a continuous boundary
chain. The path is used in creating points along the
path, or in creating a region (surface) that follows the
path (see REGION PATH).

2.4 Creating Reglons(Surfaces)

There are five commands used to create regions with
FASTDRAW/3:

REGION PATH B(boundary list)
REGION SPHERE RADIUS(r) THETA(tba,tea) ,

PHI(pba,pea) SYSTEM(s)
REGION SUBDIVIDE R(rl) B(bl) B(b2) B(b3) B(b4)
REGION 4B B(bll) B(b2) B(bl3) B(b4)
REGION RULED B(bll) B(b12) "

REGION SPHERE is a coomand to create a spherical surface
given the radius and the starting and ending theta and phi
angles.

REGION RULED creates a ruled surface by using straight
lines to connect two boundary lists that for~ the opposite
edges of the surface.

REGION SUBDIVIDE creates a smaller surface from an
existing one. Only the limits defining the region change.
Typically, REGION SUB is used to form a smaller region for
mesh generation.

REGION PATH is used when a surface is desired that can be
created by a curve of constant shape which is moved along
the specified path.(Figure 5, 6)

REGION 4B is used in creating a region from four boundary
lists.
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CREATION OF CONTROL POINTS
Figure.5

REGION PATH SURFACE CREATION
Figure 6
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2.5 Creating a Mesh

T'ne ~t-ES'H cOcloand is 'used to generate a finite elernenp-:.. ·.niesh
i?·n.· ..~ny···FA~T.DRAtoJ/3 region. Control points placed .alon-g. the
r.eg'ion's bOl)ndaries with the POINT creation cOr.lr.t~nds' are
tJle. w'ay 'that the user' 'has to adjust the nesh: d~nsl..ty,.· A
se":par·ate. 'command, }ISET, is used .to cont·ro.~th·e:.~ t'abel
g·.ene·tation sequ'encing and the type of mesh elements. ·'~·o be
u.s.e'd~ FAST·DRA\-1/3 will automatically create transiti.on··:·row
(!,l.em~t:lts 'if t.he proper nur.tber of control poi.nt·s'- are
pr·esen·t on, opposite sides of the' region.

The 0 'p tim u tn use and s e 1 e c t ion a f b 0 undar ~e s 'a'n d' reg ~ 0 n s
for,·.m~sh gener'ation is .extensively covered ,in. ItFASTDRA\.J/3:
X'n'..t, E!' r"ac t i v e .' Gr a p'h i c Meshee n era t -i 0 n" ( R~ fer en ~ e.' '. 3 ) •
'.'Ex~\'mpl'~s of' me'shs' produced by FASTDRAt-113 are 'sh'o'wp", in
f'i g~ t· ~ s 7·" 8, 9.) ., .

MESH ON SURFACE AFTER REGION PATH
Figure 7
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MESH ON SU1FACE FORMED BY' REGION RULED
Figure 8

MESH WITH TRANSITION ROWS
Figure 9
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3 .0 ,~~,~ t:.ri..p~.~~d; S:Y,~.;:e",~" :pe"S.ig~ . ,~:'. . . .

~i:~:e'::~"~~:n,t;~;~~,i;;fr.::t:'::d,a.~:~:;~·~:~'._¢:t 1~i~'1;ea ~ ::~'s'~:In~:~'~~~:~~ ~
s Y·;ift:e:m·.:·'~.~ .~ .. ;"111i s.'" .:tm.pl e·m'e~'~.:a't'! o'rf .s·t r ~i: t'eg.Y. wa s '" c;ho se n a v e r
s e.v·e::r.·al··- .·o:i: lie·t.·~,:pC):~ 5·]. b:i 1.1 t·t.e·s·: :.:. t i·m'e.s ha red. la rg·e 'mal nf raIn e

........, s ; : ,. , '. -s.i·n.gleuse.r miITii~c·omp·\Jt..er

:.~~ ..";,, _.' ~ ~'. -, .:~. ,-'~ e s k ~ C)'p. ,c·oni put er .'
FA~t"b.~,U~: ··~~u"ai:r~.adY " a.va! labl',e on ~lCAUTO' st imes ha red

~r:~;:;~i;~~,.:~;~.}t;Z~:',;~:~~~':.~~~·~:·~~:.~~:A\V~~~•. ::~: t. t~f. a~:~
P~:9.V:t.9:·~A::.s:e,r·vi~~~" 'enh,a n'ce:me:n t:s' . t-ha·,t. w.e r.e. d ff f .rc u It· t ...o· do 0 n
th..Ei)~CD:C:. :e·Cfu~i:p.m·ent·., be'ing ·-ti'~ed.·~:·· :. .

;ii!!.~~~~~!~'~~:~:!::;eE=!f~tii;!::~~:.~.~':i ~,:~ :;"~:s=~:e ~~';;V'i1; ~ ~i: :~.;~ ~ ~
int~I?~·tE!,.·rii'~·ri't~~·'~·fAS~TtlRA~W.13 • '.. :Anot;he:r' .... in P9 t toa:n't 'c'c"n~'s:':i'dera t.i 6-n was
t h·a~~~~~·". ·.~·~··;intp:b~r ~:'a~ t:' :.' ...p:e rip·~e:t;~·i,s:. ..<- d'l"~k.s ,. ~ ·p.l 0 t·t~~ r···~r) '. a're a
sig;rf{'f'fc'a:i'it" ·~t:·action" o f.". t'he' tq·~t· of th"e sy~tem.· To keep
the cos t low I for 'a use t ' ~ w. 0 r k s tat ion, the sed e vic e s
should be shared and easily accessable. A final point to
be mentioned is that to ask a custo~er to purchase their
own mini-computer impasses a large capital expenditure and
one which is quickly obsoleted or at least soon surpassed
in value by new equip~ent.

The last strategy considered was to use a desktop
computer. All of the implementation problems found with
small mimi-computers existed with desktop systems as well.
The expens~ .,of non~shared periphe'~als '" wa's '. also:. ··st·ill a

pro'~:~·~,~.·.::...:'r .~\ ;'~~,'::::,:-":'~:'; ::',:~ .<".. ;, .... .. '., '< ..;' .. < .. ' '.... •:,>. .. "
Wh c(ei?~~:'·::'f;i)):.a::ll·Y ...:: .;~ e 'v'o l.: v:.e'd.:. .:was··' a mu.l t i.~~u s.e r ..tJme.5:·b a r.e do" m.i.n i
c 0 m;~iu·t:~':~'~':·~'i' ," i···W;h~.':. 'r ~.s ~.+ !:'~.'~ i'on ..().~ .m em or:'Y 's pac~' . ~;a~s.. ov e'~ C om'.e by
us tti'g..;·.-:···~·· .:' ~m.'i·~i"i,;:cc;)'m.puter. '. w.i:~'.h .···'·v~r ..t'u~l. trienid'ry .. ma·na.g:emen t
har·dw"a.·re·::·a·nd·:.~6:·ro~,·w·a:.:r.·e.·: ~rhl-s, '· .. vi·ttual·.~ ··m·e.mo:ry.,. allows', for
1 a ~::·g·e·:'~...;~pr(;g·.t~m~.> ··· ..a::n~·d:·'·~ ~a:r ..i.hg o'f' ~ .s i'~n~:g 1e .coP:y·:~o £ "a . pro g ram
b Y ~~~~~i:· "~_~e r's ,: ". .,. 1. •••• ::" " .' •••• ,.... • ,- : •• ; '.

~ : .•: ;

The:·" ·<c(f·S;t:Cr-i·but~·d .. ·,FAST.ORA.tvl·]. .system· ~o··e·s-riot: r.elY;· Q·n any
s pe~·~.a:.l.~ ·.<fp·e·t:a t i·.ng· ··.sy·,s t'e-tri··.mo··d i f i·sa:t i.o.n·s • ' Th.i S·.: kee pst he
so f. t·~·a:r.~;:.: '.P9.r·ot.·a.ble: . ··a nd . '. ·.ma.~e S ... i t .' po S sib 1 e tb res p 0 n d to
imp"tO!v·"(!·~.~nt.s..-·:ltt "har:4~;~r~ '>co'st .. o:r :"';:: 'perfo~:t')a-'nce" as they
b ec:·q~.~·' '~"a~i l'~;b ~"e' ~. " ./,:" ' .. ' : '.' .'. .: .... '..

~~:'<~~:~t~6R.~~~;)~t~~.t:d;.~:~;~::~,~;~:::,i.:6i.,n::n.~~'~.,te.;:e;t:i:~~·~de~'~~
c orn.;.p.:~~t~'r·~·.):';·· (:s e:e'F··~·g\lr'e -·i 0). 0 '~i'he' ·ritu.l,ti -user . mi-n i - c o,~ put e r
a 1 1oo:w.s> :$:e've r at ..FAS TD RA·W·!3·· -us er s' to'" ace es so:, t he 'F AS TD RA\~ / 3
model 'editing features while the computer system is
concurrently processing plo~s spooled to an on-line pen
and ink plotter, and also communicating to the ~!CAUTO RJE

complex of IBM and CDC computers.
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Figure 12
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FASTDRAW/3 has a subsystem called HOST that makes the
communication between the mini-cocputer and the MCAUTO IBM
and CDC systems a simple matter of answering questions.
(Figure 11) HOST then creates the correct batch job
con t.role a.X" dimagesand submit s the m tot h e pro per h 0 s t
computer in"the ~CAUTO network.

EXAMPLE OF HOST OPERATION
Figure 11

4.0 Summ~ry

FASTDRAW/3's superior features such as local coordinate
systems. flexible point creation, element duplication, and
boundary,-~~gi~n arid mesh generation have been enhanced by
implementing F~STDRAW/3 on a multi-user mini-computer
system. Now on-line pen" and ink plotting of intermediate
and final design steps can be performed with the plotted
output qui~kly available. Terminal drawing speeds 2-8
times fas~~r- t~an what is available from remote
timesharing mainframes is a standard feature. A
successful distribution of tasks has been accomplished by
placing the interactive problem modeling software on a
shared mini-computer that has a link to the MCAUTO large
scale batch processing system to execute the Model
analysis.
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