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The p r i n c i p a l  techn ica l  f i nd ings  and accomplishments o f  t h i s  pro- 

j e c t  have been presented i n  three d e t a i l e d  techn ica l  repo r t s  submit ted 

t o  t h e  sponsoring agency. 

t h e  an thor 's  M.S. t h e s i s  i n  S t ruc tu ra l  Engineering. 

are: 

Each o f  these th ree  repo r t s  a l so  served as 

The th ree  repo r t s  

1. J. F. Haj j a r ,  "General-Purpose Three-Dimensional Color  Post- 

processing fo r  Engineering Analys is  ," Program o f  Computer 

Graphics Technical Report 84-1 t o  NASA Lewis Research Center, 

November, 1984. 

B. C. Ba i ley,  "Un i f i ca t i on  o f  Color  Postprocessing Techniques 

f o r  Three-Dimensional Computational Mechanics ,I' Program o f  

Computer Graphics Technical Report 85-1 t o  NASA Lewis Research 

Center, August, 1985. 

2. 

3. M. J. Panthaki, "Color Postprocessing f o r  Three-Dimensional 

F i n i t e  Element Mesh Q u a l i t y  Evaluat ion and Evo lv ing  Graphical 

Workstations," Program of Computer Graphics Technical Report 

87-1 t o  NASA Lewis Research Center, March, 1987. 

Copies o f  t he  abs t rac ts  o f  these t h r e e  repo r t s  are appended t o  t h i s  

repo r t  and these summarize the  e n t i r e  p ro jec t .  

I n  add i t ion ,  a number o f  techn ica l  papers have emanated from t h i s  

research . 
which have been submit ted separate ly  t o  t h e  sponsoring agency, and one 

manuscr ipt  i n  progress, which w i l l  be submit ted upon completion: 

These inc lude the  f o l l  owing f o u r  completed papers, copies of 



1. J. F. Abel, A. R. Ingra f fea ,  R. Perucchio, T.-Y. Han,and 3 .  F. 

Ha j j a r ,  " I n t e r a c t i v e  Computer Graphics f o r  F i n i t e  Element, 

Boundary E l  ement , and F i  n i  t e  D i  f ference Methods, "Uni f i ca t  i on 

o f  F i n i t e  Element Methods, North-Holland, 1984, pp. 47-63. 

2. J. F. Abel, A. R. Ingraf fea,  W. McGuire, and D. P. Greenberg, 

" I n t e r a c t i v e  Color Graphical Postprocessing as a Un i f y ing  

I n f  1 uence i n Numeri ca l  Analys is  Research ,'I Uni f i c a t i o n  o f  

F i n i t e  Element Software Systems, North-Hol 1 and, 1985, 

pp. 21-37. Also publ ished i n  F i n i t e  Elements i n  Analys is  and 

Design, Vol. 2, Nos. 1-2, A p r i l ,  1986. 

8. C. Ba i ley,  J. F. Ha j ja r ,  and J. F. Abel, "Towards E f f e c t i v e  3. 

I n t e r a c t i v e  Three-Dimensional Color Postprocessing ,I' 

Engineer ing Computations, Vol. 3, No. 2 ,  June, 1986, pp. 90-98. 

J. F. Abel, M. 3. Panthaki, and P. A. Wawrzynek, " I n t e r a c t i v e  4. 

Graphics and Analys is  Accuracy," Re1 i abi  1 i t y  o f  Methods f o r  

Engineering Analysis,  K. J. Bethe and D. R. J.  Owen, e d i t o r s ,  

P iner idge Press, Swansea, Wales, 1986, pp. 305-318. 

5. M. 3. Panthaki , J .  F. Abel , and P. A. Wawrzynek, "Graphical 

Postprocessing f o r  3-D Mesh Q u a l i t y  Evaluation," i n  p repara t ion  

f o r  submission t o  Engineering Computations. 



GENERAL-PURPOSE THREE-DIMENSIONAL COLOR POSTPROCESSING 

FOR ENGINEERING ANALYSIS 

by Jerome Freder ick  H a j j a r  

November 1984 

ABSTRACT 

A general approach t o  three-dimensional postprocessing o f  engineer ing 

analyses i s  presented. 

f rom a wide range o f  engineer ing ana lys is  methods which i nvo l ve  t h e  d i s c r e t i -  

za t i on  o f  cont inua. 

f i n i t e  d i f f e rence ,  and boundary element methods. 

processing sof tware us ing  compute; graphics techniques i s  developed t o  demon- 

s t r a t e  t h i s  approach. 

a l though an at tempt i s  made t o  keep t h e  sof tware r e l a t i v e l y  f l e x i b l e  w i th  

respect  t o  t h e  type  o f  device used. 

The approach i s  v e r s a t i l e  and may handle the  r e s u l t s  

Examples o f  such ana lys is  types a re  t h e  f i n i t e  element, 

I n t e r a c t i v e  c o l o r  post -  

The c a p a b i l i t i e s  o f  advanced hardware are used, 

A shaded image o f  t h e  object  o r  system being viewed i s  provided f o r  t h e  

v i s u a l i z a t i o n  o f  i t s  three-dimensional geometry. I n t e r a c t i v e  manipulat ion 

and sec t i on ing  o f  t he  ob jec t  i s  poss ib le ,  and the  response and a t t r i b u t e  data 

may be inspected us ing  a number o f  methods. A wide range o f  responses may be 

examined, i n c l u d i n g  a l l  types o f  scalars,  vectors,  and second rank tensors.  

The approach may be used bo th  t o  p rov ide  a q u a l i t a t i v e  f e e l  f o r  t h e  behavior  

o f  t h e  cont inua o r  t o  ob ta in  the d e t a i l e d  q u a n t i t a t i v e  r e s u l t s  o f  an analy-  

sis. 

necessary f o r  redesign may be obtained. 

The accuracy o f  t he  analys is  o r  s imu la t i on  may be assessed, and data 



UNIFICATION OF COLOR POSTPROCESSING TECHNIQUES FOR 

THREE-DIMENSIONAL COMPUTATIONAL MECHANICS 

by Bruce Charles Ba i l ey  

August 1985 

ABSTRACT 

To f a c i l i t a t e  t h e  understanding o f  complex three-dimensional numerical 

models, advanced i n t e r a c t i v e  co lo r  postprocessing techniques are introduced. 

These techniques are  s u f f i c i e n t l y  f l e x i b l e  so t h a t  postprocessing d i f f i c u l -  

t i e s  a r i s i n g  from model s ize,  geometric complexity, response v a r i a t i o n ,  and 

ana lys i s  type can be adequately overcome. They have proven themselves 

through use i n  contemporaneous research e f f o r t s ,  and an exemplary user 

i n t e r f a c e  i s  prov ided t o  a l l ow  t h e i r  easy use. 

F i n i t e  element, f i n i t e  d i f fe rence,  and boundary element models may be 

evaluated w i t h  t h e  pro to type postprocessor. 

parent  models t o  be s tud ied  as independent "subobjects .I' 

responses may be contoured inc lud ing  responses which become s ingu la r ,  and 

non l inear  c o l o r  scales may be input  by t h e  user f o r  t h e  enhancement o f  t h e  

contour ing  operat ion.  

geometric, response, mesh, o r  mater ia l  in format ion from t h e  database. I n  

add i t i on ,  s t ress  i n t e n s i t y  fac to rs  may be "contoured" a long t h e  crack f r o n t  

o f  a f rac tu re  model. 

recontour  responses repeatedly,  as i f  he were "paging" through t h e  response 

sets.  

ana lys i s  resu l t s .  

Elements may be removed from 

Discontinuous 

H i t  t e s t i n g  can be performed t o  e x t r a c t  p rec i se  

Stepwise analyses can be studied, and t h e  user can 

As a system, these t o o l s  a l l ow  e f f e c t i v e  i n t e r p r e t a t i o n  o f  complex 



COLOR POSTPROCESSING FOR THREE-DIMENSIONAL F I N I T E  ELEMENT 

MESH QUALITY EVALUATION AND EVOLVING GRAPHICAL WORKSTATIONS 

by Malcolm 3 .  Panthaki 

March 1987 

ABSTRACT 

This  research represents the t h i r d  and f i n a l  phase o f  a p r o j e c t  on 

general-purpose, i n t e r a c t i v e  co lo r  graphics postprocessing f o r  th ree-  

dimensional computational mechanics. Three general tasks  are  accompl i shed. 

F i r s t ,  t h e  e x i s t i n g  program (POSTPR03D) i s  por ted  t o  a h igh - reso lu t i on  

device. 

mented i n  the  program. 

t h e  p o i n t  o f  view o f  engineering postprocessing, and t h e  c h a r a c t e r i s t i c s  o f  

f u tu re  hardware are discussed. 

I n  t h e  course o f  t h i s  t rans fe r ,  numerous enhancements a re  imple- 

The performance o f  t h e  new hardware i s  evaluated from 

Second, i n t e r a c t i v e  graphical  t o o l s  are implemented t o  f a c i l i t a t e  

The l i t e r a t u r e  i s  q u a l i t a t i v e  mesh eva lua t i on  f rom a s i n g l e  analys is .  

surveyed and a b ib l i og raphy  compiled i n  t h i s  area of research. 

mesh sensors a re  examined, and the  use o f  two-dimensional p l o t s  o f  unaveraged 

responses on the  sur face o f  three-dimensional cont inua i s  emphasized i n  an 

i n t e r a c t i v e  c o l o r  r a s t e r  graphics environment. 

Q u a l i t a t i v e  

F i n a l l y ,  a new postprocessing environment i s  designed f o r  s ta te-of - the-  

a r t  works ta t ion  technology. Modular i ty,  pe rsona l i za t i on  o f  t h e  environment, 

i n t e g r a t i o n  o f  t h e  engineer ing design processes, and t h e  development and use 

o f  h igh- leve l  graphics t o o l s  a r e  some o f  t h e  features o f  t h e  intended 

environment . 


