
UCID- 19310, Rev. 2 

ORION: An interactive color post-processor 
for two dimensional finite element codes 

John 0. Hallqukt 
JoAnne L. Levatin 

January, 1982 
Rev. 1, July, 1983 

Rev. 2, August, 1985 

This is an informal report intended primarily for internal or limited external 
distribution. The opinions and conclusions stated are those of the author and 
may or may not be those of the Laboratory. 
Work performed under the auspices of the U.S. Department of Energy by the 
Lawrence Livermore National Laboratory under Contract W-7405-Eng-48. 

ORION an interactive color post-processor for two dimensional finite 
element codes. For more information consult the user’s manual or 
contact: 

Lawrence A. Sanford 
Method Development Group 
Lawrence Livermore National Laboratory 
P.O. Box 808, L-122 
Livermore, CA 94550 
Telephone: (5 10923-9849 

ACKNOWL,EDGMENT: 

Acknowledgment is given to the prior ORION developers. 



DISCLAIMER 

This document was prepared as an account of work sponsored by an agency of the United States Government. 
Neither the United States Government nor the University of California nor any of their employees, makes any 
warranty, express or implied. or assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial products, process, or service by 
trade name;trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or the University of California. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the United States Government 
or the University of California, and shall not be used for advertising or product endorsement purposes. 

Printed in the  United States of America 
At.ailahle from 

National THhnical Information Service 
U.S. Department of Commerce 

5285 Port Royal Road 
Spnngfield, VA 22161 

Price 
Code - 
A01 

Papercopy Prices 

A02 
A03 
A04 
A05 
A06 
A07 
A08 
A09 

Page 
Range 

Microfiche 

001 -050 
051-100 
101 -200 
201 -300 
301 -400 
401 - 500 
501-600 
601 



ORION: An interactive color post-processor 
for two dimensional finite element codes 

John 0. Hallquist 
JoAnne L. Levatin 

Methods Development Group 
Mechanical Engineering Department 

August, 1985 



CONTENTS 

ABSTRACT ............................................................ 1 
INTRODUCTION ........................................................ 1 
BACKGROUND .......................................................... 1 
CAPABILITIES ........................................................ 2 

EXECUTION ........................................................... 2 

DATABASE ............................................................ 3 
COMMAND DEFINITIONS ................................................. 5 

Commands common to phases I and I1 ................................ 5 
PHASE I COMMANDS ................................................... 13 
PHASE I I  COMMANDS .................................................. 21 

EXAMPLE ............................................................ 27 
ACKNOWLEDGEMENTS ................................................... 43 

REFERENCES ......................................................... 45 

APPENDIX A ......................................................... 47 

EFFECTIVE STRESS AND STRAIN ...................................... 47 

APPENDIX B ......................................................... 49 

NORMAL AND SHEAR COMPONENTS ...................................... 49 

APPENDIX C ......................................................... 51 

STRAIN CALCULATIONS .............................................. 51 

APPENDIX D ......................................................... 53 

EXPERIMENTAL DATA FILE ........................................... 53 



ORION: An interactive color post-processor 
for two dimensional finite element codes 

ABSTRACT 

This report i s  a user's manual for the post-processor, ORION. O R I O N  

reads the binary plot f i l es  generated by the two-dimensional f i n i t e  element 
codes currently used a t  LLNL. 
number of quantities may be displayed on meshes consisting of triangular and 

quadrilateral elements. O R I O N  can compute strain measures, interface 
pressures along slide lines, reaction forces along constrained boundaries, and 
momentum. 

Contour and color fringe plots of a large 

ORION runs on the CRAY-1 and VAX computers. 

INTRODUCTION 

BACKGROUND 

O R I O N  [l] is the interactive post-processor for N I K E Z D  [2], DYNAZD [3], 

T A C 0 2 D  [4], TOPAZ [SI ,  and GEM2D C63. O R I O N  remains under continuous 
development by the authors , and frequent users , therefore, are encouraged t o  
make suggestions concerning new features they would 1 i ke implemented. 
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CAPABILITIES 

ORION has t h e  c a p a b i l i t y  t o  p l o t :  

c o l o r  f r i n g e s  , 
contour  l i n e s ,  

vec tor  p l  o t s  , 
p r i n c i p a l  s t r e s s  l i n e s ,  

deformed meshes and m a t e r i a l  ou t1  i n e s  , 
t i m e  h i s t o r i e s  , 
r e a c t i o n  fo rces  a1 ong const r a i  ned boundar i  es , 
i n t e r f a c e  pressures a long s l i d e l i n e s ,  

user  speci f i ed 1 abel s. 

Most s t r a i n  measures are computed i n t e r n a l l y  i n  ORION f o r  d isp lay .  

EXECUTION 

ORION i s  i n  p u b l i c  on a l l  CRAY machines i n  L ivermore and may be executed 

by t y p i n g  

ORION C=cfile G=pfile S=sfile 

where 

cfile = i n p u t  f i l e  c o n t a i n i n g  commands 

pfile = f i r s t  b i n a r y  p l o t  f i l e  

sfile = a l l  commands are saved i n  sfile 

A f t e r  exhaust ing t h e  commands i n  cfile, ORION r e t u r n s  c o n t r o l  t o  t h e  te rmina l  

f o r  i n t e r a c t i v e  i n p u t .  

as t h e  cfile i n  subsequent runs. When used i n t e r a c t i v e l y ,  t h e  execut ion  l i n e  

i s  

The sfile, whose d e f a u l t  name i s  ORNSAV, may be used 

ORION G=pfile S=sfile 
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or 

ORION G=pfile 

On VAX/VMS computers ORION w i l l  prompt f o r  t h e  i n p u t  

shou ld  be kept  t o  under 8 characters  and t h e  f i l e  t y p e  des 

be typed, i.e,, t h e  user  should enter :  

l i n e ,  F i l e  names 

gna t ion  should not  

G = pfile 

even though t h e  f i l e  name i s  pfile.DAT;l. I ns tead  o f  t h e  mon i to r  number, t h e  

user  en ters  t h e  number f o r  t h e  dev ice des i red.  A l i s t  o f  t e r m i n a l s  and 

assoc ia ted  numbers i s  p r i n t e d  t o  the  t e r m i n a l  be fore  t h e  "TMDS:" prompt. TMDS 

i s  an acronym f o r  T e l e v i s i o n  Moni tor  D isp lay  System, 

DATABASE 

Present ly ,  THOR [7] and POSTACO [ 8 ]  b i n a r y  databases are  read by 

ORION. Others a r e  a l s o  implemented and read. New databases can be t r i v a l l y  

added by anyone who has a complete understanding o f  ORION'S undocumented 

o r g a n i z a t i o n a l  s t r u c t u r e ,  We w i l l  not  a t tempt  t o  desc r ibe  t h e  s t r u c t u r e  here 

i t  is t o o  compl icated, bu t  f o r  those who do not  have an understanding s i n c e  

b u t  w sh t o  add a new database, we have i n c l u d e d  comment cards i n  t h e  source. 
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COMHAND DEFINITIONS 

HELP 

TV n 

TV -nl n2 n3 

T o r  END 

Z r Z A L  

UZ a b AL 

UZG 

Commands common t o  phases I and I 1  

Ente r  HELP and d i s p l a y  a l l  a v a i l a b l e  

commands. D e s c r i p t i o n  of  each command i s  

a v a i l a b l e  i n  t h e  HELP package. 

Use TMDS wi th  mon i to r  number n. I f  n i s  

t h e  red  channel o f  a c o l o r  TMDS, O R I O N  

w i l l  a u t o m a t i c a l l y  grab t h e  green and 

b lue  channel. (The authors must be aware 

of t h e  TMDS channel numbers for  t h i s  t o  

occur, however.) 

Use c o l o r  TMDS w i t h  mon i to r  numbers n1, 

n2, and n3 fo r  t h e  red, green, and b l u e  

channel s , respect  i v e l  y . 
Terminate. 

Zoom i n  a t  p o i n t  ( r ,z)  w i th  window A$. 

Zoom i n  a t  p o i n t  (a,b) w i t h  

window AL where a, h, and AL are numbers 

between 0 and 1. The p i c t u r e  i s  assumed 

t o  l i e  i n  a u n i t  square. 

Cover c u r r e n t l y  d i sp layed  p i c t u r e  w i t h  a 

10 by 10 square g r i d  t o  a i d  i n  zooming 

w i t h  t h e  u n i t y  zoom, "UZ", command. 
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UNFIX 

GSET r z A E  

FSET n A r  AZ 

SETF r z A r  AZ 

FIX 

L- 

FR80 f i 1 mtype 

Set TMDS p i c t u r e  t o  i t s  c u r r e n t  window. 

Th is  window i s  s e t  u n t i l  i t is  r e s e t  by 

t h e  "GSET, "FSET," o r  "SETF" commands o r  
re1  eased by t h e  "UNFIX" command. 

Release c u r r e n t  TMDS window s e t  by t h e  

"FIX," "GSET," "FSET" or  "SETF" commands. 

Center TMDS p i c t u r e s  a t  p o i n t  ( r ,z)  w i t h  

square window of w i d t h  AE. This  window 

i s  s e t  u n t i l  i t  i s  r e s e t  o r  t h e  "UNFIX" 

command i s  typed. 

Center  TMDS p i c t u r e s  a t  node n w i t h  a 

r e c t a n g u l a r  Ar x AZ window. Th is  window 

i s  s e t  u n t i l  i t  i s  r e s e t  w i t h  or  t h e  

"UNFIX" command i s  typed. 

Center  TMDS p i c t u r e s  a t  p o i n t  ( r ,z)  w i t h  

a r e c t a n g u l a r  A r  x AZ window. T h i s  

window i s  s e t  u n t i l  i t  i s  r e s e t  or t h e  

"UNFIX" command i s  typed. 

S e l e c t  FR80 camera. FR80 d e f a u l t  

f i l m t y p e  i s  FICHE48. Other o p t i o n s  

i n c l u d e :  FICH48D, FICHE24, FICH24D, 35mm, 

COLOR35, DIC035, P16mm, COLOR16, DIC016, 

CSLIDE35, HARDCOPY, REPORT, VUGRAPH, and 

VUGRAF11. T h i s  command, i f  used, must 

precede t h e  "PLOTS" command. 
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CLASS leve l  

GIVE 

PLOTS 

LTS 

DTS n R~ ml...xn mn 

C 

TT Y 

CFILE 

G R I D  

Se t  c l a s s i f i c a t i o n  level  of FR80 
output .  The  d e f a u l t  i s  UNCLASS. Other 
levels include: PROGLEV,  PARD,  A D P ,  
CONFIDNT, SRD, and SYSTEM. T h i s  command, 
i f  used ,  m u s t  precede the "PLOTS" 
command. 

Give the FR80 f i l e  t o  t h e  system f o r  
p l o t t i n g  upon terminat ion.  T h i s  command, 
i f  used, m u s t  precede t h e  "PLOTS" 

command . 

Create  FR8g p l o t f i l e  conta in ing  a record 
of the  TMDS disp lay .  

List each s t a t e  number and time word 
contained i n  the database on the computer 
te rmina l  . 

Delete s t a t e s  ti t o  mi f o r  i = l , Z , . . . , n  
from the database.  These s t a t e s  a r e  
recovered when O R I O N  i s  terminated.  

Comment - proceed t o  next card.  

R e t u r n  cont ro l  t o  t h e  terminal  . T h i s  
command may be placed anywhere i n  an 
O R I O N  command f i l e .  

Return control  t o  the command f i l e  
s p e c i f i e d  on the execute line. 
command i s  used from t h e  te rmina l .  

T h i s  

Overlay TMDS d i sp lays  w i t h  a g r id  of 
orthogonal 1 i nes . 
-7- 



NOGR I D 

TIME t 

STATE n 

G 

UDG 

R PVA 

RPHA 

M n  

V 

NDPLT 

Do not  over lay  TMDS d i sp lays  w i t h  a g r i d  
of orthogonal lines ( d e f a u l t ) .  

Read s t a t e  corresponding t o  time t i n t o  
memory. If t does not  correspond t o  a 
p a r t i c u l a r  s t a t e  i n  t h e  da tabase ,  O R I O N  
w i l l  i n t e r p o l a t e  between two s t a t e s  t o  
time t. I f  t exceeds the maximum time i n  
t h e  database,  O R I O N  wi l l  e x t r a p o l a t e  t o  
time t using t h e  l as t  two s t a t e s .  

Read s t a t e  n i n t o  memory. 

View mesh.  

Display nodal po in t s  of the undeformed 
mesh as do t s  on the mesh p l o t s .  Retyping 
"UDG" turns t h i s  option o f f .  

Reflect mesh, contour,  f r i n g e ,  etc.,  
p l o t s  about v e r t i c a l  a x i s  . Retyping 
"RPVA" turns t h i s  option o f f .  

Reflect mesh, contour,  f r i n g e ,  etc. ,  
p l o t s  about hor izonta l  a x i s  . Retypi ng 
"RPHA" turns th i s  option o f f .  

P l o t  material n w i t h  any o f  t h e  next 
three commands. 

View mesh of mater ia l  n.  

P l o t  node numbers on mesh of mater ia l  n. 
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ELPLT 

HEAD 

HDSZ in 

TSCL tscl 

GSCL gscl 

SSCL sscl 

TMOD scl shf 

FRAME 

NOFRAME 

RJET n i 

P1 o t  el ement number on mesh of materi a1 
n.  

Define heading t o  appear on all plots. 
Desired heading is expected on the next 
l ine in the input deck. I f  typed 
interactively, ORION will prompt for the 
heading. 

The heading is plotted in characters t o  a 
line. 
Scale time by t sc l .  

Scale length by gscl. 

Scale stress by sscl. 

Modify TOPAZ (TACO) temperature s ta te  by 

scaling i t  by scl and shifting i t  by shf. 

Frame p l o t s  with a reference grid 
(default) .  

Do no t  plot a reference grid. 

Send a copy of the FR8P) f i l e  t o  r je t  n 
u s i n g  plot format i where 

i= l  gives a 5" plot 
i = 2  gives a 8" plot 
i=3 gives a 10.5" plot 
i=4 gives the largest possible plot. 

I f  i i s  negative, the plot i s  sideways, 
rotated 90 degrees clockwise on the 
paper. 
11 or 22 inch plotters. 

Plots may be sent t o  either the 
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PHSg f i  1 ename 

RES0 nx  ny 

TEXT n s t m a 

USETXT 

DELTXT 

Return  t o  i n i t i a l i z a t i o n  phase and use 

t h e  p l  o t f  i 1 e sequence beg inn ing  w i t h  

f i l e ,  f i lename.  

Set t h e  x and y r e s o l u t i o n s  o f  O R I O N  

p l o t s  t o  n x  and ny, r e s p e c t i v e l y .  

d e f a u l t  bo th  nx  and ny t o  1024. 

We 

De f ine  t e x t  l i n e  n a t  l o c a t i o n  (s , t ) .  

Characters  a r e  p l o t t e d  m t o  a l i n e  a t  an 

ang le  a. Coord inates s and t l i e  between 

0 and 1 i n c l u s i v e  and r e f e r  t o  t h e  area 

w i t h i n  t h e  frame, The "UZG" command may 

be used as an a i d  i n  s e t t i n g  s and t. 

The d e s i r e d  t e x t  i s  expected on t h e  next  

l i n e  i n  t h e  i n p u t  deck, I f  t yped  

i n t e r a c t i v e l y ,  O R I O N  w i l l  prompt f o r  t h e  

t e x t ,  Tex t  w i l l  n o t  be p l o t t e d  u n t i l  t h e  

"USETXT" command i s  typed. 

D i s p l a y  a l l  t e x t  d e f i n e d  w i t h  t h e  TEXT 

command. 

Do n o t  d i s p l a y  t e x t  de f i ned  w i t h  t h e  TEXT 

command. 

DTXT m n De le te  t e x t  l i n e s  m t o  n. 

The f o l l o w i n g  commands apply  t o  t i m e  h i s t o r y  p l o t s ,  i n t e r f a c e  p l o t s ,  e tc .  

I 

ASET amin amax Set minimum and maximum values on 

absc issa  t o  amin and amax, 

r e s p e c t i v e l y ,  I f  amin=amax=O,O ( d e f a u l t )  

O R I O N  determines t h e  minimum and maximum 

values , 
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ATXT 

OT XT 

DATXT 

DOTXT 

OSET omin omax 

ASCL f a  

OSCL f o  

SMOOTH n 

LOGO 

Replace d e f a u l t  l abe l  on absc issa .  The 
des i red  t e x t  i s  expected on the next l i n e  
o f  t h e  i n p u t  deck. 
i n t e r a c t i v e l y ,  ORION wi l l  prompt f o r  t h e  
t e x t .  

I f  typed 

Replace d e f a u l t  l abe l  on ord ina te .  The 
des i red  text is  expected on t h e  next l i n e  
of t h e  i n p u t  deck. 
i n t e r a c t i v e l y ,  ORION will  prompt f o r  t h e  
t e x t .  

I f  typed 

Restore d e f a u l t  l abe l  on absc issa .  

Restore d e f a u l t  label  on ord ina te .  

Set  m i n i m u m  and maximum values on 
o rd ina te  t o  omin and omax, 
respec t ive ly .  I f  omin=omax=O.O ( d e f a u l t )  
ORION determines the m i n i m u m  and maximum 
Val ues . 
Scale  a l l  absc i s sa  da ta  by f a .  
d e f a u l t  is  f a  = 1. 

The 

Scale  a l l  o rd ina te  da t a  by fo. 

d e f a u l t  is  f o  = 1. 

The 

Smooth a da ta  curve by replacing each 
da ta  p o i n t  by the average of t h e  2n 
adjacent  po in ts .  The  d e f a u l t  is  n=O. 

P u t  LLNL logo on a l l  p l o t s  ( d e f a u l t ) .  
Retyping t h i s  command removes t h e  logo.  
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Addendum: 

ORION Commands Implemented Since August 1985 

Commands Common 

dmo dmo { on I off 1 

file file file-name 

lamina lamina file-name 

lcnn lcnn 

no ref res h no ref res h 

npdata npdata 

nPlP nPlP n 

pale palette n c, ... c, 

PlY 

to Phase I and Phase I1 

Enable/disable drawing of material 
outlines 

Specify file-name for associated 
commands “print”, “etime” (and 
re I at e d co m m an d s) 

Specify material data file-name 
containing lamination information 

E na b I e/d isa b le assignment of si de 
numbers from lowest numbered 
node of an element; command 
“lcnn” toggles between each 
setting 

Disable graphics ref res h ing 

Output nodal coordinates to 
“0 r n out” 

Adjust number n of points in a line 

Set user-defined color palette of 
n colors using color indices c, 
through c, 

Set lamina plies of n plies using 
ply indices p, through p, 



NOTE: lamina must be called before 
PlY 

PlYS plys p,  p, stride Set lamina ply indices p, through p, 
using stride 

NOTE: lamina must be called before 
PlYS 

ref res h ref res h 

speckles speckles level 

Enable graphics refreshing 

Enable correction procedure for 
“speckled” fringe plots wherein 
elements whose nodal values 
fluctuate about 0.0 will be 
correctly plotted 

thick thick frame Set line and stroked character text 
thick head for “thicker” plot headings, frames 
thick mesh (axes and legends), and mesh grids 

thin thin frame 
thin head 
thin mesh 

Set line and stroked character text 
for “thinner” plot headings, frames 
(axes and legends), and mesh grids 

traction traction n m, ... m, Compute traction force(s) and 
moment(s) of n materials m, 
through m, 

ztol ztol tolerance Obtain z-tolerance value for 
fringe, contour, et cetera, interval 
levels 



DE e l  e2 

DM n ml m2 ... % 

CMN el e2 m 

0 

UDO 

MO 

B 

FSON 

FSOFF 

GO 

PHASE I COtIMANDS 

Delete  elements e l  t o  e2. 

Delete n ma te r i a l s  inc luding  "1, m2,, . . ,  
and mn. 

Change mater ia l  number of elements el  t o  
e2 t o  m. 

P lo t  o u t l i n e s  of a l l  ma te r i a l .  

Display nodal po in ts  of the  undeformed 
o u t l i n e  as dots  on the o u t l i n e  p l o t s .  
Retyping WDO" turns this command o f f .  

P lo t  mater ia l  o u t l i n e  of mater ia l  n where 
n is def ined w i t h  the  "Mi' command. 

Determine boundary nodes of mater ia l  n 
and d i sp lay  boundary w i t h  nodes on 
TMDS. The  mater ia l  number, n ,  i s  def ined  
w i t h  the "Mi' command, 

P lo t  only free su r faces  and s l i d e l i n e  
i n t e r f a c e s  w i t h  "0" comnand. [Must be 
used before  "0" command.] 

Turn  o f f  the "FSON" command. 

View mesh r i g h t  of centerline and o u t l i n e  
l e f t  of centerline. 
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HEMP 

MNOFF 

MNON 

DSF s 

CONTOUR c n ml m2 ... mn 

PRIN c n m l  m2.,.mn 

Swi tch geometry p l o t s  t o  a le f t -handed 

coo rd ina te  system w i t h  t h e  r a d i a l  

coo rd ina te  a long t h e  p o s i t i v e  v e r t i c a l  

ax is ,  and t h e  a x i a l  coo rd ina tes  p l o t t e d  

a long t h e  h o r i z o n t a l  ax is .  To t u r n  t h i s  

command o f f ,  s imp ly  re t ype  it. I f  t h i s  

o p t i o n  i s  ac t i ve ,  i n t e r f a c e  pressures a re  

no t  computed c o r r e c t l y .  

Do no t  p l o t  m a t e r i a l  numbers w i t h  t h e  

I ' O " ,  "G", and "GO" commands ( d e f a u l t ) .  

P l o t  m a t e r i a l  numbers w i t h  " O " ,  " G " ,  and 

"GO" commands. 

Displacements a re  sca led  by s, The 

d e f a u l t  i s  1. 

Contour component number c on n m a t e r i a l s  

i n c l u d i n g  m a t e r i a l s  m l ,  m2, ,.., 
n i s  zero, o n l y  t h e  o u t l i n e  o f  m a t e r i a l  

m l  wi th  contours i s  p l o t t e d ,  Component 

numbers are g iven i n  Table 1. 

If 

P l o t  l i n e s  o f  p r i n c i p a l  s t r e s s  and s t r a i n  
in t h e  yz  p lane on n m a t e r i a l s  i n c l u d i n g  

m a t e r i a l s  m l ,  m2 ,..., mn. 

on l y  t h e  o u t l i n e  o f  m a t e r i a l  m l  i s  

p l o t t e d .  The l i n e s  are p l o t t e d  i n  t h e  

p r i n c i p a l  s t r e s s  and s t r a i n  d i r e c t i o n s .  

Pe rm iss ib le  component numbers i n  Table 1 

i n c l u d e  0, 5, 6, 100, 105, 106, ..., e t c .  

Orthogonal l i n e s  o f  both maximum and 

minimum s t r e s s  a re  p l o t t e d  if components 

0, 100, 200, etc.  a re  s p e c i f i e d ,  

I f  n i s  zero, 
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FRINGE c n m l  m2 ...mn 

NCOL n 

PROFILE c n "1 19.. .mn 

VECTOR c n m l  m2...mn 

LINE c n m l  m2...mn 

F r i n g e  component number c on n ma te r i a l s  
inc luding  ml, m2,...,mn. If n is  zero ,  
only the  o u t l i n e  of mater ia l  ml w i t h  
contours  is  p lo t t ed .  Component numbers 
a r e  given i n  Table 1. 

Number of co lo r s  i n  f r inge p l o t s  is  n .  
T h e  d e f a u l t  value f o r  n i s  6 which 
inc ludes  co lo r s  w h i t e ,  b lue ,  cyan, green, 
yel low,  and red. An a l t e r n a t i v e  value 
f o r  n i s  5 w h i c h  e l imina te s  the  m i n i m u m  
Val ue w h i t  e . 
Plo t  component c versus element number 
f o r  n ma te r i a l s  i n c l u d i n g  m a t e r i a l s  ml, 
mZ3...,mn. I f  n is 9, t h e n  component c 
i s  p l o t t e d  f o r  a l l  elements. Component 
numbers a r e  given i n  Table 1. 

Make a vec to r  p l o t  of component c on n 
materials inc luding  m a t e r i a l s  ml, 
m2,...,mn. If n is  zero,  only t h e  
o u t l i n e  of mater ia l  ml w i t h  vec tors  is  
p lo t t ed .  Component c may be set t o  
"V" o r  "F" f o r  vec tor  p l o t s  o f  

di  s p l  acement vel oci t y  , or  hea t  f l ux 

r e spec t ive ly .  

"D" 

Plo t  v a r i a t i o n  of component c along l i n e  
def i ned w i t h  the "NLDF" "PLDF" , "NSDF" , 
or the "NSSDF" commands given below. In 
determining v a r i a t i o n ,  cons ider  n 
m a t e r i a l s  inc luding  mater ia l  number "1, 
m2 , .. .mn . 
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NLDF n n l  nz...n3 

PLDF n rl zl...rn z n  

NSDF m 

NSSDF R m 

RANGE r l  r2. 

MOLP 

NUMCON n 

PLOC 

Define l i ne  f o r  "LINE" command using n 
nodes inc lud ing  node numbers n l ,  

"n "2, ... 
nodes. 

This  l ine  moves w i t h  the 

Define l i n e  f o r  "LINE" command using n 
c o o r d i n a t e  pai r s  ( r l  , z l ) ,  

( r2 , z2 ) ,  . . .( r n , z n ) .  
i n  space. 

T h i s  l i n e  i s  f ixed  

Define l i ne  f o r  "LINE" command a s  side 
m. S ide  m i s  def ined  f o r  mater ia l  n by 
the  "B" command. 

Define l ine f o r  "LINE" command and t h a t  
i nc ludes  boundary nodes R t o  m 
(counterclockwise)  i n  the interface 
d e f i n i t i o n s .  T h i s  command m u s t  fol low 
t h e  "B" command. 

S e t  t h e  range of levels t o  be between r l  

and r2 i n s t e a d  of i n  the range chosen 
au tomat i ca l ly  by ORION. To d e a c t i v a t e  
t h i s  command, t ype  RANGE 0. 0. 

Overlay t h e  mesh on the contour,  f r i n g e ,  
pri nci pal stress,  and pri nci pal s t r a i n  
p l o t s ,  Retyping "MOLP" turns th i s  opt ion  
o f f .  

P lo t  n contour  l e v e l s .  The  d e f a u l t  i s  9. 

P l o t  let ters on contour lines t o  i d e n t i f y  
the i r  l e v e l s  ( d e f a u l t ) .  
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NLOC 

IF0 n 

IFS m 

IFN L m 

I F P  c m 

IFMS c m n i l  i 2  ... i n  

IFVA rc zc 

I FVS 

LOSER i 

Do not p l o t  let ters on contour lines. 

Begin d e f i n i t i o n  of i n t e r f a c e  n. I f  
i n t e r f a c e  n has been previously def i ned, 
t h i s  command has the e f f e c t  of des t roying  
the old d e f i n i t i o n .  

Inc lude  s i d e  m i n  the  i n t e r f a c e  
d e f i n i t i o n .  Side m is  defined f o r  
ma te r i a l  n by t h e  "6" command. 

Inc lude  boundary nodes 9, t o  m 

(counterclockwise)  i n  the i n t e r f a c e  
d e f i n i t i o n .  T h i s  command m u s t  fol low the 
llB" command. 

P lo t  component c of i n t e r f a c e  m. 
Component numbers a r e  g i v e n  i n  Table 2. 

Plo t  m u l t i p l e  s t a t e s .  
interface m i s  p lo t t ed  f o r  n s t a t e s  
inc luding  s t a t e s  i l , i2 , . . . ,  and in .  

Component c of  

P lo t  the angular  l oca t ion  of the 
i n t e r f a c e  based on the cen te r  point  
( rc ,zc)  along the abc issa .  P o s i t i v e  
angles  are measured counterclockwise from 
the  y ax i s .  

P l o t  t h e  d i s t a n c e  along the  i n t e r f a c e  
from t h e  f i r s t  i n t e r f a c e  node along the  
a b c i s s a  ( d e f a u l t ) .  

Write a LOSER f i l e  f o r  i n t e r f a c e  i .  
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No . Component No. C omp one n t 
1 Y 21* 1 n (V/Vo) (vol u m e t  ri c s t  r a i  n )  
2 Z 22* y-di s p l  acement 
3 hoop 23* z-di spl  acement 
4 YZ 24" maxi mum rli s p l  acement 

6 m i n i m u m  pri nci pal 
7 von Mises (Append ix  A)  27* maximum ve loc i ty ,  max. heat f l u  
8 pressure or  average s t r a i n  28 i j  normal 
9 maxi m u m  pr inc ipa l  -mi  n i  mum pri nci pal 29 j k  normal 

10 y m i n u s  hoop 30 k l  normal 
11 maximum shea r  31 l i  normal 
12  i j  and kl normal ( A p p e n d i x  B )  32 i j  shear  
13 j k  and l i  normal 33 j k  shear 
14 i j  and k l  shear  34 kl shear  
15 j k  and l i  shear  35 l i  shear  
16 y-devi a t o r i  c 36* re1 a t  i ve v o l  ume V/Vo 

y-vel oci t y ,  y-heat f l  u x  
z-vel oci t y  , z-heat f l  u x  5 maximum pr inc ipa l  ;$ 

17 z -devia tor ic  37 * Vo/V-l 
18* 
l9* 

hoop-devi a t o r i  c 38* b u l k  v i s c o s i t y ,  Q 
e f f e c t i v e  p l a s t i c  s t r a i n  
temperature 

P + Q  
dens i ty  20 

Table 1. Component numbers f o r  element va r i ab le s .  By adding 100, 200 300, 
400, and 500 t o  t h e  component numbers not superscripted by an a s t e r i s k ,  com- 
ponents numbers f o r  i n f in i t e s ima l  s t r a i n s  , Green-St . Venant s t r a i n s  , Almansi 
s t r a i n s ,  s t r a i n  r a t e s ,  and extensions a r e  obta ined ,  respec t ive ly .  Maximum and 
m i n i m u m  pr inc ipa l  stresses and s t r a i n s  a r e  i n  t h e  yz plane. T h e  corresponding 
hoop q u a n t i t i e s  m u s t  be examined t o  determine t h e  ove ra l l  extremum. S t r a i n  
cal  cul  a t i  ons a r e  descri bed i n Appendi x C. 

No. Component 
1 press u re 
2 shear  s t ress  
3 normal f o r c e  
4 t angen t i a l  f o r c e  
5 y-force 
6 z-f o rce  

Table 2. Component numbers f o r  i n t e r f a c e  va r i ab le s .  In axisymmetric 
geometries t h e  fo rce  i s  per u n i t  radian.  
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R n m k  

RMC n m k R 

MOVIE to tk k R 

Repeat command. ORION will repeat the 
command that immediately follows for 
states n to m incrementing by k. This 
command applies to the "G", ' ' G O " ,  "O", 
"MO", "CONTOUR", "IFP" , and "IFMS" 
commands. 

Repeat mu1 ti pl e commands. 
repeat the commands that immediately 
follow, including the next R lines of 
input for states n to m incrementing by 
k. This command is generally preferred 
over repetitious use of the 1/0 intensive 
"R command. 

ORION wi 1 1  

Repeat multiple commands. ORION will 
repeat the commands that immediately 
follow, including the next R lines of 
input, starting at time tB and ending at 
time tk in k equal increments. 

PHS2 Proceed to Phase 11. 
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PHSl 

ELEMENTS n el e2 ... en 

COMP n c1 c2 ... cn 

NODES n nl n2  ... n n  

IFNDS n n 1  n2  ... n n  

IFFP 

GATHER 

PHASE I1 COMMANDS 

Return t o  Phase I .  

Select the n elements for time history 
pl o t s  w i t h  element numbers el ,e2,. . . ,en. 

Select the n stress and strain components 
for element time history p l o t s  with 
numbers c1,c2, ..., cn 0 Components are 
listed in Table 1. 

Select for time history plots the n nodes 
with numbers n1,n3, ..., n - n o  

Select the n materials for time history 
plots with materi a1 numbers m l  ,m2, 

. . . ,mn. 

Select the n interface nodes w i t h  node 
numbers n l , n 2 ,  ..., n n  f o r  time history 
pl  o t s  . 
Pack total interface forces f o r  al l  
interfaces. 

Read through the plot f i l e s  and store the 
time histories for all  the variables 
speci f i ed i n the "ELEMENTS", "COMP" , 
"NODES", "MATLS" , and "IFNDS" commands . 
This command m u s t  he typed before any 
time histories can be plotted. 
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EXPDATA f i 1 ename 

CENTER rc zc 

ETIME c n e l  e2 ... en 

NTIME c n nl nz  ... nn 

MTIME c n m1 m2 ... mn 

NRTIME c n1 n2 

P l o t  exper imenta l  data i n  f i l e  filename 
on nex t  p l o t  generated by any o f  t h e  

commands "NTIME" , "ETIME", . . . etc .  whi ch 

fo l l ow .  The data s t r u c t u r e  o f  filename 
i s  descr ibed i n  Appendix D, 

Set cen te r  f o r  r a d i a l  t ime  h i s t o r y  p l o t s  

a t  ( rc ,zc)  
command. 1 

[Must then use NTIME 

P l o t  component c f o r  n elements w i t h  

numbers el,e2 ,..., en over t ime.  The 

component and e l  ement numbers must be 

d e f i n e d  wi th  t h e  "COMP" and "ELEMENTS" 

commands, r e s p e c t i v e l y  . 

P l o t  component c f o r  n nodes w i t h  numbers 

n1,n2, ..., nn over  t ime. 

numbers are  d e f i n e d  i n  Table 3. The node 

numbers must be de f i ned  i n  t h e  "NODES" 

command. 

Component 

P l o t  component c f o r  n m a t e r i a l s  w i t h  

numbers m l  ,mZ,. . .mn over t ime.  

numbers are  d e f i n e d  i n  Tab le  4. The 

m a t e r i a l  numbers must be d e f i n e d  i n  t h e  

"MATLS" command. 

Component 

P l o t  over  t i m e  t h e  d i f f e r e n c e  i n  

component c by s u b t r a c t i n g  t h e  va lue  o f  c 

a t  node n2 f rom t h e  va lue a t  node n1. 

Component numbers are  de f i ned  i n  Table 

3. The node numbers 

t h e  "NODES" command. 

must be d e f i n e d  i n  
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ITIME c n n l  n 2  .-- nn 

FTIME c n i l  i 2  ..- i n  

GTIME c 

SSPLT e c1 c2 

PALL 

PRINT 

COLUMN 

Plot over time component c for n 
interface nodes with numbers 
n 1  , n 2 , .  . . , n n .  Component numbers are 
defined in Table 2, The interface node 
numbers m u s t  be defined i n  the "IFNDS" 
command. 

Plot over time component c for n 
interfaces with numbers i l , i2 ,  ,.., i 
Component numbers are defined i n  Table 5. 

n o  

Plot over time global variable c, 
Component numbers are defined i n  Table 6. 

Plot component c1 versus c2 for element 
e. The component and element numbers 
m u s t  be defined with the "COMP" and 
"ELEMENTS" commands, respectively . 
Plot a l l  data packed by the GATHER 
command. 

Print plotted time history data i n  f i l e  
ORNOUT. 
command is printed. 

Only data plotted af ter  th i s  

Printed data is written with the format 
2E20.11. 
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No. Comp o n e n  t 
1 y-di s p l  acement 
2 z-di s p l  acement 
3 y-vel oci t y ,  y-heat f 1 u x  
4 z-vel oci  t y  , z-heat f l  u x  
5 y-accel e r a t i  on 

6 z-accel e r a t i  on 
7 
8 r-coordi na t e  
9 z-coordi na te  

t empe r a t  u re 

10 rad ius  

Table 3. Component numbers f o r  nodal time h i s t o r y  p lo t s .  The  radius  i s  
re1 a t i  ve t o  poi  n t  ( rc, zc) d e f i  ned i n the  "CENTER" command. 

No. Component No. Corn pone n t 

y-momentum 
y-posi t i  ve momentum 
y-negati ve momentum 
z-momentum 
z-posi t i  ve momentum 
z-negati ve momentum 
k i n e t i c  energy 
y-r i  g i  d body ve loc i ty  
y-posi t i  ve ve loc i ty  

10 y-negati ve ve loc i ty  
11 z-r i  g i  d body vel oci t y  
12 z-posi t i  ve ve loc i ty  
13 z-negati ve ve loc i ty  
14 kinet ic  energy per u n i t  mass 
15 i n t e r n a l  energy 
16 y r i g i d  body a c c e l e r a t i o n  
17  z ri gi  d body accel e r a t i  on 

Table 4. Component numbers f o r  mater ia l  time h i s to ry  p l o t s .  
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1 t o t a l  y - force  
2 t o t a l  z-force 

Table 5. Component numbers f o r  t o t a l  i n t e r f a c e  fo rce  time h i s t o r y  p lo t s .  

No. Component 

1 t o t a l  kinetic energy 
2 t o t a l  i n t e r n a l  energy 
3 k ine t i c  + i n t e r n a l  energy 
4 y-momentum 
5 z-momentum 
6 y - r ig id  body v e l o c i t y  
7 z-r i  g i  d body v e l o c i t y  

Table 6. Component numbers f o r  global va r i ab le  time h i s to ry  p lo t s .  
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EXAMPLE 

Use of ORION i s  demonstrated i n  the example w h i c h  follows. The  i n p u t  f i l e  
which c o r r e l a t e s  t h e  command and f i g u r e  number is  shown below. 

COMMAND TMDS FIGURE 
BOX S14 
1625 PLOTS C FIGURE 1 
GO C FIGURE 2 
STATE 51 GO C FIGURE 3 

STATE 6 CONTOUR 8 1 2 C FIGURE 4 
IFD 1 M 1 R 
IFS 1 
IFD 2 M 2 B 
IFS 2 
IFVA 0 0 

IFMS 1 1 5 7 8 9 10 11 
IFMS 1 2 5 7 8 9 10 11 
PHS2 IFFP IFNDS 2 5 106 GATHER 
ASET 0 50. 
ITIME 1 1 106 
FTIME 2 2 1 2 
PHSl DE 77 600 
MOVIE 0 200 5 0 GO 
RJET 10 -1 
E N D  

C FIGURE 5 

C FIGURE 6 
C FIGURE 7 

C FIGURE 8 
C FIGURE 9 

C FIGURE 10-15 
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ORION EXAWLE 
mF = 1.00000E+00 
TIME= 0 .  

J.Y) 

r m  
2 %  

z m  

l Y )  

i m  

0.- 

0. m 

-am 

-1 m 
-1 Y) 

-zm 

-PY) 

-s m 

-3 Y) 

+ m  

Fig. 1. 
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CONTOURS OF PRESSURE DSF = 1.00000E+00 
T I  UE= 4 . 9 5 U O E + O O  

sz5 p, , , , , , , , , , , , 1 1 I I I I I  , , , I ,  j 

HIN N 
W X { X ] z  ::36E-01 

CONTOUR LEVELS 
A= 2.36E-02- 
B= 4.71E-02- 
C= 7.07E-02- 
k 9.42E-02- 
E= 1.18E-01- 
F= 1.41 E-01  
C= 1.65E-01- 
H= 1 -88E-01- 
I =  2.12E-01- 

- 

- 

3 -8m 

Fig .  3 .  
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Fig. 4. 
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ORION E X W L E  
D S F  = l.OOOOOE+00 
TIME= 4.9534OE+OO 

Fig .  5 .  
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Fig .  6. 
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Fig. 7 .  
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ORION EXAMPLE 

Fig. 8. 
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ORION EXAMPLE 

8.S 

am 

7.50 

7.m 

..Y1 

6.m 

S.1) 

s m  

4.m 

a.m 

s.m 

S.m 

zs 
2.m 

1 .x) 

1 .al 
0.1) 

o w  

- o n  

-1 .m 

-1 n 

-z.m 

-e.% 

DSF = ~.OOOOOE+OO 
TIME= 0 .  

t " " " " ' " " ' " " " "  

-ISC 13 Y rioifc;.Jtz r P 24 

Fig. 10. 
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14 75 
1 4  Y) 

14 n 
14 m 
13 Is 
15 y: 
i s  n 
15 (I? 

1 2  7s 
12 8 
11 25 
i z  m 
11 'E, 

11.91 
11 ?5 
1 1  m 

90 n 

i o  m 
s n  

1 0  75 

1 0  Ts 

¶%2 
¶ i 5  
a.m 
a n  
650 

aas 
a m  
7.1s 
7 n  

7m 
715 

6?S 

0 s  

6.25 

b m  
525 

DSF = 1.00000E+00 
TIHE= 4.00000E+01 

t 

Fig .  11. 
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Fig. 12. 
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ORION EXAMPLE 
DSF = 1.00000E+00 
TIUE= 1.20000E+02 

I 1 , , , 1 , , , , , , , , , , ,  I t ,  

Fig .  13. 
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Fig. 14. 
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ORION EXAWLE 
M F  = 1.00000E+00 
TIME= 2.00000E+02 

I I ,  , >  
/ UQ 

Fig.  15. 
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APPENDIX A 

EFFECTIVE STRESS AND STRAIN 

The e f f e c t i v e  s t r e s s  and s t r a i n ,  component 7, and t h e  e f f e c t i v e  p l a s t i c  

s t r a i n ,  component 19, a re  d e f i n e d  here t o  avo id  confus ion:  

e f f e c t i v e  s t r e s s  (T 

3 '  1 / 2  
(3 = ( 7pij Sij) 

e f f e c t i v e  s t r a i n  E, E ,  g o o  

e f f e c t i v e  p l a s t i c  s t r a i n  E~ 

- t 1 / 2  
E =  E DYj Dp d t  i j  0 P 

The terms s i j  and E d i j  a r e  t h e  d e v i a t o r i c  components o f  t h e  s t r e s s  and s t r a i n  

tenso rs  

1 - -  
'ij = i j  3 (3kk &ij 

d 1 
i j  i j  3 'kk 'ij , & = E  - -  

and DPij i s  t h e  p l a s t i c  component o f  t h e  r a t e  of deformation tensor .  

e f f e c t i v e  p l a s t i c  s t r a i n  i s  w r i t t e n  i n t o  t h e  p l o t  f i l e  w i t h  t h e  s t r e s s  s t a t e .  
The 
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APPENDIX B 

NORMAL AND SHEAR COMPONENTS 

The normal and shear stress and strain components can be readily defined 
as shown in Figure F . l  below. 

i a: iQk i 

Q4 - Element Q8 - Element 
z 

Normal 

Shear 

Y 

Angle 

i j & kl Jk f l i  

Figure F . l .  Definition of normal and shear components for  44 and 

48 elements. 
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APPENDIX C 

STRAIN CALCULATIONS 

Assume t h a t  p a r t i c l e s  i n  a body have coo rd ina tes  y and z t h a t  map t o  

p o s i t i o n s  Y and Z a t  t ime  zero. These coo rd ina tes  are  r e l a t e d  through t h e  

displacements v and w by 

y = Y + v(Y,Z,t), 

z = z + w(Y,Z,t). 

V e l o c i t i e s  a re  g iven by t h e  t i m e  d e r i v a t i v e s  o f  t h e  displacements 

0 0 ay av 
v = y = a t = -  a t  

o az aw ; = z = - = -  
a t  a t  a 

The deformation g rad ien t  m a t  r i  x 

0 az az 
- aY aZ 
F =  - - 

Y 0 -  Y 0 

and t h e  v e l o c i t y  g rad ien t  m a t r i x  

0 av" av" 
ay az 
- -  

0 aw" aw" 
I ay az 

- -  L =  

n 

Y 

a r e  u s e f u l  f o r  d e f i n i n g  t h e  s t r a i n  measures: 

i n f i n i t e s i m a l  s t r a i  n m a t r i  x 
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Green-St. Venant s t  r a i  n mat ri x 

1 t  E = - ( F F - I )  
.., 2 -.., - 

A1 mansi s t r a i n  mat r i  x 

r a t e  of deformation m a t r i x  

1 t D = , ( L + L )  

ex tens ions  

= [Nt .., (FtF) N]'" - I Y (N) -.., .., 
E 
-. 

where I i s  t h e  i d e n t i t y  m a t r i x  and f = F- l .  

s t r a i n  gage data i n  t h a t  they measure t h e  ex tens ion  of a l i n e  o f  u n i t  l e n g t h  

whose d i r e c t i o n  be fore  deformat ion i s  N. 

The extens ions correspond t o  

I n  p lane s t r a i n  problems, F33 = 1 and 

L 3 3  = 0. 
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APPENDIX D 

EXPERIMENTAL DATA FILE 

The time h i s t o r y  opt ions  of O R I O N  allows experimental  d a t a  t o  be 
p l o t t e d .  
command . 

The d a t a  i s  contained i n  the d a t a  f i l e  named w i t h  the  "EXPDATA" 

More than one da ta  record may be contained i n  the  f i l e .  Po in t s  of each 
record w i l l  be p l o t t e d  w i t h  a d i f f e r e n t  cha rac t e r .  The f i r s t  number of t h e  
d a t a  record g ives  the number of po in t s ,  N ,  i n  t h e  record and is  s p e c i f i e d  a s  an 
i n t e g e r  i n  columns 1-5; i.e., a I 5  f i e l d .  The  N l ines t h a t  fol low d e f i n e  the  
d a t a  p o i n t s  such t h a t  i n  columns 1-20 a time value i s  s p e c i f i e d  and i n  columns 
21-40, t h e  corresponding func t ion  value is de f ined .  Here 2E20.0 f i e l d  i s  
assumed. ORION ceases  t o  p lo t  da ta  po in t s  when the  end-of-f i le  i s  de t ec t ed ,  
t h a t  i s ,  a f t e r  a l l  da ta  records contained i n  t h e  f i l e  are p l o t t e d .  
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