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PKEFACE 

The Langley Wireframe Geometry Standard (LaWGS) d e s c r i b e d  h e r e i n  was accepted  
a t  Langley kesearch Center  by t h e  Computer-Aided Design f o r  Research and 
Engineering (CADRE) committee on June 13, 1983; recommended t o  t h e  Langley 
Computer Users Committee on June  14, 1983; and approved by t h e  Chief 
S c i e n t i s t ,  Robert H. Tolson, on November 15, 1983. In  a d d i t i o n ,  t h e  Chief 
S c i e n t i s t  approved t h e  recommendation t h a t  e x i s t i n g  programs us ing  d i f f e r e n t  
geometries than t h e  s tandard  not  be r e w r i t t e n  b u t  have t r a n s l a t o r s  w r i t t e n  t o  
conver t  between t h e  s t a n d a r d  and nonstandard formats.  

The fol lowing concur w i t h  t h e  h e r e i n  d e s c r i b e d  Langley Wireframe Geometry 
Standard.  
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SUMMARY 

This document. g i v e s  t h e  background l e a d i n g  t o  t h e  acioption of  a Langley 
Research Center wireframe geometry s t a n d a r d ,  a d e s c r i p t i o n  of  t h e  s t a n d a r d ,  
and t h e  format f o r  u s e  of  t h e  s tandard .  A wireframe geometry u s e s  p o i n t s  and 
l i n e s  r a t h e r  t h a n  s o l i d  elem-.nts or s u r f a c e s  i r l  i t s  d e f i n i t i o n .  

INTKODUCTION 

The a b i l i t y  t o  numerical ly  d e f i n e  z r b i t r a r y  shapes  f o r  a n a l y s i s  o r  
c o n s t r u c t i o n  of experimental  models has  progressed t o  t h e  p o i n t  t h a t  very  
complex and d e t a i l e d  models can  be genera ted  e a s i l y  and q u i c k l y  wi th  t h e  a i d  
of computer codes and i n t e r a c t i v e  modeling techniques.  The i n c r e a s e  i n  
computer speed and c e n t r a l  memory s i z e  h a s  made p o s s i b l e  t h e  u s e  of  v e r y  
d e t a i l e d  d e s c r i p t i o n s  of c o n f i g u r a t i o n s .  It is  m o s t  d e s i r a b l e  t h a t  t h e  same 
numerical model be used throughout t h e  e n t i r e  d e s i g n  process  - f r o &  concept  
and a n a l y s i s  through model manufacturing. This  wireframe geometry s t a n d a r d  
. ? s t ab l i sSes  a common p o i n t  of r e f e r e n c e  f o r  t h i s  process .  

Many ccmputer a p p l i c a t i o n s  programs t h a t  r e q u i r e  numerical  model d e s c r i p t i o n s  
are being used a t  Langley. Because t h e r e  i s  no c o n s i s t e n c y  in t h e  geometry 
i n p u t  formats  o t  most of t h e s e  programs, u s e r s  are  o f t e n  faced w i t h  having t o  
r e d e f i n e  t h e i r  numerical  i n p u t  models f o r  each  program they  wish t o  use.  To 
s i m p l i f y  t h i s  t r a n s l a t i o n  of  geometry from one format  t o  a n o t h e r ,  t h e  Langley 
o r g a n i z a t i o n  CADRE (Computer-Aided Design f o r  Research and Engineer ing)  
undertook t h e  t a s k  of e s t a b l i s h i n g  a geometry format s t a n d a r d  f o r  u s e  a t  
Langley. n r te r  i n v e s t i g a t i n g  s e v e r a l  geometry formats  widely used (References 
1, 2,  3, 4) and t h e  I n i t i a l  Graphics Exchange S p e c i f i c a t i o n ,  ICES (Reference 
51, CADRE recommended and adopted a format t h a t  would meet t h e  m a j o r i t y  of  
requirements  a t  Langley. The format chosen is  similar i n  form t o  t h e  
a r b i t r a r y  geometry p o i n t  d e f i n i t i o n  d e s c r i b e d  i n  Reference 1, b u t  h a s  
a d d i t i o n a l  f e a t u r e s  t h a t  w i l l  be descr ibed  i n  a la te r  s e c t i o n .  The format i s  
s imple t o  use  and y e t  f l e x i b l e  enough t o  d e s c r i b e  most complex shapes ,  such as  
a i r c r a f t ,  space  s t a t i o n  components, test equipment, launch v e h i c l e s ,  etc. For 
e x i s t i n g  programs t h a t  u s e  geometry formats  o t h e r  than  t h e  s t a n d a r d ,  
t r a n s l a t G r s  can be w r i t t e n  t o  conver t  between t h e  non-standard and t h e  
s tandard  formats .  Thus t h e  Langley wireframe geometry s t a n d a r d  (LaWCS) w i l l .  
provide t h e  common l i n k  between a l l  of LaRC’s formats ,  

Some of t h e  Eeatures of t h e  s tandard  inc lude  f u l l  t h r e e  dimensional  c a p a b i l i t y  
( v a r i a b l e  i n  X ,  Y and Z), a n  unl imi ted  number of components o r  o b j e c t s  can be 
used t o  d e f i n e  a model o r  p o r t i o n  of a model, and a unique name may be g i v e n  
t o  each  o b j e c t .  A right-handed C a r t e s i a n  c o o r d i n a t e  system i s  used, 
c o i n c i d e n t  p o i n t s  a r e  a l lowed,  and fo r  symmetrical o b j e c t s  on ly  h a l f  t h e  
object  need be Spec i f ied .  

The remainder of t h e  t e x t  w i l l  d e s c r i b e  t h e  Langley Wirefrane Geometry 
Standard (LaWGS) i n  d e t a i l .  Examples of i t s  u s e  are found i n  Appendix A. 
Appendix B g i v e s  g e n e r a l  i n s t r u c t i o n s  for  d e s c r i b i n g  a i rc raf t  shapes w i t h  
LaWGS. Appendix C provides  g u i d e l i n e s  f o r  developing LaWCS t r a n s l a t o r s  o r  
i n t e r f a c e s ,  and e x i s t i n g  LaWGS t r a n s l a t o r s  and t r a n s l a t o r s  being developed are 
l i s t e d  i n  Appendix D. 
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DESCRIPTION OF THE LANGLEY WIREFRAME GEOMETRY STANDARD (LaWGS) 

The Langley Wireframe Geometry Standard is a format  f o r  d e s c r i b i n g  
c o n f i g u r a t i o n  geometry wi th  d i s c r e t e  po in t s .  
t h e  l o c u s  of p o i n t s  f o r  contour  l i n e s  over  t h e  conf igu ra t ion .  
c o n t e x t ,  a contour  l i n e  can  be thought of a s  a set of p o i n t s  t h a t  when 
connected by s t r a i g h t  l i n e s  w i l l  f o l low t h e  contour  of t h e  o b j e c t .  
Add i t iona l ly ,  when r e s p e c t i v e  p o i n t s  on a l l  a d j o i n i n g  contour  l i n e s  of t h e  
o b j e c t  are s i m i l a r l y  connected, the mesh or wireframe o b j e c t  i s  c r e a t e d .  
a LaWGS f i l e  c o n s i s t s  of coord ina te s  of t h e  sets of contour  p o i n t s  t h a t  are 
t h e  nodes f o r  t h i s  wireframe s t r u c t u r e  (see Figures  1, 2, 3, and 4). 

These p o i n t s  are c o o r d i n a t e s  of 
I n  t h e  LaWGS 

Thus 

A conf igu ra t ion ,  as de f ined  i n  LaWGS, may c o n s i s t  of a s i n g l e  o b j e c t  or a 
c o l l e c t i o n  of o b j e c t s .  The d e s c r i p t i o n  of each  o b j e c t  is i d e n t i c a l  i n  form t o  
t h a t  of t h e  o t h e r s  and as previous ly  mentioned c o n s i s t s  of sets of d i s c r e t e  
p o i n t s  t h a t  d e f i n e  contours  over  t h e  o b j e c t .  
con tour s  and t h e i r  p o i n t s  are l i s t e d  is not  s p e c i f i e d  by UWGS, bu t  is  a 
cho ice  of t h e  person who creates t h e  LaWGS d e s c r i p t i o n .  However, t o  i n s u r e  
t h a t  t he  LaWGS f i l e  w i l l  be i n t e r p r e t e d  c o r r e c t l y ,  cons i s t ency  should be 
observed. For example, i f  t h e  p o i n t s  of t h e  f i r s t  i npu t  contour  of a n  o b j e c t  
are ar ranged  a long  t h e  x-axis i n  i n c r e a s i n g  o r d e r  (i.e. f o r e  t o  a f t ) ,  then  
each subsequent contour  f o r  t h e  o b j e c t  should be de f ined  i n  l i k e  manner. I f  
t h e  next  contour  l i s t e d  f o r  t h i s  same o b j e c t  is  clockwise from t h e  f i rs t  
contour ,  then  l i kewise  t h e  t h i r d  contour  should be clockwise from t h e  second,  
t h e  f o u r t h  From t h e  t h i r d ,  and so on t o r  t h e  remainder of t h e  o b j e c t .  The key 
c o n s i d e r a t i o n  when c r e a t i n g  a LaWGS f i l e  is t o  main ta in  cons i s t ency ,  
p a r t i c u l a r l y  i n  a p p l i c a t i o n s  where d i f f e r e n t i a t i n g  between t h e  i n t e r i o r  and 
e x t e r i o r  of t h e  wireframe model is important .  For  t h e s e  a p p l i c a t i o n s  where 
t h e  d i r e c t i o n  of s u r f a c e  normal v e c t o r s  must be cons idered ,  g u i d e l i n e s  f o r  
o r d e r i n g  p o i n t s  are provided i n  Appendix C. 

The o r d e r  i n  which t h e s e  o b j e c t  

Each o b j e c t  may be de f ined  i n  e i t h e r  of two ways: 1) r e l a t i v e  t o  a g l o b a l  
coord ina te  s y s t e m  t h a t  e x i s t s  f o r  t h e  c o n f i g u r a t i o n  or 2) r e l a t i v e  t o  i t s  own 
l o c a l  coord ina te  s y s t e m ,  i.e. independent ly  of t h e  o t h e r  o b j e c t s  i n  t h e  
conf igu ra t ion .  Both t h e  g l o b a l  and t h e  l o c a l  coord ina te  s y s t e m s  used in LaWGS 
are right-handed C a r t e s i a n  coord ina te  systems as i l l u s t r a t e d  i n  t h e  fo l lowing  
ske tch .  
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For o b j e c t s  desc r ibed  i n  the g l o b a l  coord ina te  s y s t e m  o n l y ,  t h e  LaWGS f i l e  
w i l l  c o n t a i n  an alphanumeric i d e n t i f i c a t i o n  of t he  :onfigurat ion and a n  
alphanumeric i d e n t i f i c a t i o n  of each o b j e c t ,  a n  i n t e 3 e r  i d e n t i f i c a t i o n  number 
which i s  unique t o  each o b j e c t ,  t h e  number of conto.ir  l i n e s  t o  be l i s t e d  f o r  
each o b j e c t ,  t h e  n m b e r  of p o i n t s  t o  be l i s t e d  f o r  2ach con tour  l i n e  (note:  
every contour  l i n e  o n  t h e  o b j e c t  must have t h e  same number of p o i n t s ) ,  and t h e  
po in t  c o o r d i n a t e s  of t h e  o b j e c t .  The g l o b a l  symmetyy parameter can  be used t o  
i n d i c a t e  symmetry about  one of t h e  t h r e e  g l o b a l  a x i s  planes.  

For o b j e c t s  d e s c r i b e d  i n  l o c a l  coord ina te  sys t ems ,  a d d i t i o n a l  parameters are  
provided t o  l o c a t e  t h e  o b j e c t  r e l a t i v e  t o  t h e  g l o b a l  c o o r d i n a t e  system. The 
l o c a l  symmet ry  parameter can be used t o  i n d i c a t e  syumetry about  one of t h e  
t h r e e  l o c a l  a x i s  planes.  Als3, t h e  o b j e c t  may be r o t a t e d ,  t r a n s l a t e d ,  and 
s c a l e d  t o  achieve i t s  d e s i r e d  o r i e n t a t i o n  i n  t h e  gl1,bal system r e l a t i v e  t o  the  
o t h e r  o b j e c t s .  

The o r i e n t a t i o n  of a n  o b j e c t  depends on t h e  o r d e r  i n  which :he t r ans fo rma t ions  
are app l i ed .  In  LaWGS, o b j e c t  t r ans fo rma t ions  are a p p l i e d  i n  t h e  fo l lowing  
order :  

1) l o c a l  symmetry; 
2)  r o t a t i o n  about x-axis ,  p h i  ( y ) ,  r o t a t i o n  about  y ,  t h e t a  ( e ) ,  

r o t a t i o n  about 2, p s i  ($1, (Appendix C ) ;  
3) t r a n s l a t i o n  i n  x -d i r ec t ion ,  t r a n s l a t i o n  i n  y ,  t r a n s l a t i o n  in 2 ;  

4) scale i n  x - d i r e c t i o n ,  scale i n  y ,  scale i n  z; 
5) g l o b a l  symmetry. 

Data is e n t e r e d  i n t o  a LaWGS f i l e  i n  l i s t - d i r e c t e d  f o m a t  which complies w i t h  
t h e  American Nat ional  Standards I n s t i t u t e  (ANSI) FORTRAN 77 language desc r ibed  
i n  document X3.9-i978. 
without  a FORMAT s t a t emen t .  The inpu t  d a t a  va lues  are free-form wiLh 
s e p a r a t o r s  r a t h e r  t han  f ixed - s i ze  f i e l d s .  Sepa ra to r s  can  be one o r  more 
blanks,  commas, o r  s l a s h e s ,  e i t h e r  of which can be preceded o r  followed by any 
number of blanks.  Charac t e r  s t r i n g s  must be enclosed i n  s i n g l e  quotes .  

L i s t -d i r ec t ed  inpu t /ou tpu t  p rocesses  coded d a t a  

The s t anda rd  format is presented i n  t h e  fol lowing s e c t i o n .  
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THE LANGLEY WIREFKAME GEOMETKY STANDARD (LaWGS) FORMAP 

Va r i a  b i e  
N a m e  - Record 

1 IDCONF 

. k s c r i p t i o n  

I d e n t i f i c a t i o n  of iaWGS c o n f i g u r a t i o n  
(1-80 alphenumerrc c h a r a c t e r s  
enclosed i n  s i n g l e  quo tes ) .  

(Repeat record sets 2, 3, and 4 f o r  each o b j e c t . )  

IDOBJ 

NOW 

NLINE 

NPNT 

iSYML 

Rx 
KY 
R Z  

TX 
TY 
Ti! 

XSCALF; 
Y SCALE 
%SCALE 

Object i d e n t i f i c a t i o q  (1-80 d'phanumeri: 
c h a r a c t e r s  enclosed i n  s i n g l e  quo tes ) .  

Object number ( i n t e g e r  i d e n t i f i c a t i o n  
unique t o  o b j e c t ) .  

Number of con toc r  l i n e s  t o  h e  l i s t e d  f o r  
o b j e c t  . 

Number of p o i n t s  l i s t e d  f o r  each con tour  
l i n e .  

In i t s  l o c a l  c o o r d i n a t e  system, t h e  o b j e c t  i s  
= 0, not  symmetrical. 
= 1, symmetrical about i t s  l o c a l  X-Z a x i s .  
= 2, symmetrical  about  i t s  l o c a l  X-Y a x i s .  
= 3, symmetrical about i t s  l o c a l  Y-Z a x i s .  

Rotat ion of t he  o b j e c t  about i t s  l o c a l  X, Y, Z 
a x e s ,  r e s p e c t i v e l y  ( r o l l ,  p i t c h ,  yav ) ,  i n  
degrees .  

T r a n s l a t i o n  of t he  o b j e c t  a long t h e  X, Y ,  Z 
axes ,  respec t ive ly ,  t o  move t h e  o b j e c t  t o  
the  g l o b a l  s y s t e m  from i t s  l o c a l  s y s t e m ,  i n  
u n i t s  c o n s i s t e n t  w i th  o b j e c t  i n p u t  po in l s .  

Scale  f a c t o r s  a p p l i e d  t o  t h e  X, Y ,  Z 
c o o r d i n a t e s ,  r e s p e c t i v e l y ,  t h a t  w i l l  
t ransform ihe  o b j e c t  p o i n t s  i n t o  g l o b a l  
u n i t s .  

February 1985 5 



Var iab le  
Name - Kecord Descr ipt- ion 

4 

ISYMG I n  t h e  g l o b a l  c o o r d i n a t e  system, t h e  o b j e c t  is 
= 0, n o t  symmetrical. 
= 1, symmetrical about  t h e  g l o b a l  X-2 a x i s .  
= 2, symmetrical abou t  t h e  g l o b a l  X-Y a x i s .  
= 3, symmetrical abou t  t h e  g l o b a l  V-Z a x i s .  

(XSY I d m s n  Po in t  coord ina te s  of t h e  o b j e c t ,  where 
m = 1 to  NPNT f o r  each n = 1 t o  NLINE. 
For r e a d a b i l i t y ,  begin a new record 
image f o r  each contour:  

*LaWGS Conventions: 

Data i s  e n t e r e d  i n  l i s t - d i r e c t e d  format. 

3D right-handed Car t e s i an  coord ina te  sys tems are used. 

Object t r ans fo rma t ions  are a p p l i e d  i n  i h e  fol lowing o rde r :  

( 1 )  Local symmetry: I s m  
(2 )  Rotation: a )  FX, b )  RY, c )  RZ 
(3) Trans la t ion :  a )  TX, b) TY, c )  TZ 
( 4 )  Scal ing:  a )  XSCALE, b) YSCALE, c )  ZSCALE 
(5) Global symmetry: ISYM; 

If e i t h e r  ISYML or ISYMG i s  non-zero, i t  i s  assumed t h a t  t h e  p o i n t s  t h a t  
are l i s t e d  f o r  t h e  o b j e c t  are t o  be r e f l e c t e d  about t h e  i n d i c a t e d  p l a n e  
of symmetry. I f  both ISYML and ISYMG are non-zero, t h i s  r e f l e c t i o i  is 
compounded; t h a t  i s ,  i t  is assumed t h a t  t h e  l i s t e d  o b j e c t  p o i n t s  are t o  
be  r e f l e c t e d  f i r s t  according t o  ISYML a t d  t h a t  t h e  r e s u l t i n g  o b j e c t  a f t e r  
t r ans fo rma t ions  are performed is  t o  be r e f l e c t e d  a g a i n  according t o  t h e  
non-zero s e t t i n g  of ISYMG. 

P o s i t i v e  r o t a t i o n s  are such t h a t ,  when loohing from a p o s i t i v e  a x i s  
toward the  o r i g i n ,  a 90' counterclockwise r o t a t i o n  w i l l  t ransform one 
p o s i t i v e  a x i s  i n t o  t h e  o t h e r ,  as i l i u s t r a r e d  i n  t h e  fol lowing ske tch .  
Therefore ,  p o s i t i v e  r o t s t i o n  f o r  

6 February 1985 



RX ( 4 )  is  from Y to Z 
RY (e)  Is from 2 to  X 
RZ ($) is from X t o  Y 

(Reference 6 ) .  

X 
9 
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CONCLU D I LVG REMARKS 

The Langley Wiref rame Geometry Standard has  been e s t a b l i s h e d  t o  s i m p l i f y  
t h e  t r a n s l a t i o n  of geometry from one format t o  another .  It is hived t h a t  
new a p p l i c a t i o n s  w i l l  use  t h e  LaWGS format f o r  geometry whenever 
poss ib l e .  For e x i s t i n g  a p p l i c a t i o n s ,  LaWGS t r a n s l a t o r s  should be 
w r i t t e n .  
geometry formats.  Guidel ines  for developing t h e s e  t r a n s l a t o r s  are g iven  i n  
Appendix C. 
h a s  a l r eady  begun, and a summary of t h e s e  t r a m l a t o r s  is presented in 
Appendix D t o  h e l p  avoid d u p l i c a t i o n  of effort. 

This  w i l l  make LaWGS t h e  common l i n k  between Langley's many 

Work on t r a n s l a t o r s  between I3WGS and v a r i o u s  e x i s t i n g  codes 
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( a )  Contour points connected 
with straight l i n e s .  

Figure 1.- Blunt body wireframe example. 

February 1985 



F i g u r e  2 .  - : ; lender body wireframe e x a m p l e .  
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APPENDIX A.- Examples of Geometries Described i n  LaWGS Forrnat 

The appendix p resen t s  f o u r  examples of c o n f i g u r a t i o n s  desc r ibed  i n  t h e  LaWGS 
f o m a t .  k a m p l e s  1 and 2 i l l u s t r a t e  two d i f f e r e n t  methods of desc r ib ing  t h e  
same o b j e c t s .  In  Example 1 t h e  o b j e c t s  are de f ined  i n  t h e  g l o b a l  coord ina te  
system, and i n  Example 2 t h e  o b j e c t s  are de f ined  i n  a l o c a l  coord ina te  system, 
and t ransformat ion  parameters are included t o  proper ly  o r i e n t  t h e  o b j e c t s  i n  
t h e  global coord ina te  system. 
s imple  a i r c r a f t  shape i n  t h e  global coord ina te  system. 
the d e s c r i p t i o n  of a complex a i r c r a f t  shape. 

Rample  3 i l l u s t r a t e s  t h e  d e s c r i p t i o n  of a 
Example 4 i l l u s t r a t e s  
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EXAMPLE 1.- Three Cylinders in Global Coordinate System 

This example listing and the one following demonstrate how the same geometry 
can be described using global and local coordinate syscems. The geometry to 
be described consists of three objects, identical light circular cylinders, 
oriented as shown in the figure. 

X 

2 

z 

Y +I- 
Z 

t 
X 

Front Side 
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EXAMPLE 1 - THREE CYLINDERS I N  GLOBAL COORDINATES 
'FIRST CYLINDER 

1 2 7 0 .ooo .ooo .ooo .ooo .ooo .ooo 1.000 1.000 1.000 1 . 000 . 000 1 .ooo .ooo .500 866 . 000 .866 . 500 .ooo 1.000 . 000 . 000 .866 - .so0 .ooo .so0 -e866 . 000 .ooo -1.000 
-5.000 .ooo 1.000 -5.000 .so0 .866 
-5.000 .866 .SO0 -5.000 1.000 . 000 
-5.000 .866 -e500 -5.000 .so0 -.866 
-5.000 .ooo -1.000 

'SECOND CYLINDER 
2 2 13 0 .OOO .OOO .OOO .OOO .Ooo .ooo 1.000 1.000 1.000 0 

-2.000 .009 -1.000 -1.866 -500 -1.000 
- 1.500 -866 -1.000 -1.000 1.000 -1.000 
- .500 .865 -1.000 -.134 .so0 -1.000 . 000 .ooo -1.000 -. 134 -.so0 -1.000 
-.so0 -.866 -1.000 -1.000 -1.000 -1.000 

-1 500 866 -1 000 -1 866 -.so0 -1.000 
-2.000 .ooo -1.000 
-2.000 .OOO -6.000 -1.866 -500 -6.000 
-1.500 .866 -6.000 -1.000 1.000 -6.000 
- .so0 .866 -6.000 -. 134 -500 -6.000 . 000 .OOO -6.000 -.134 -.500 -6.000 
- . 500 -.866 -6.000 -1.000 -1.000 -6.000 

-1.500 -.866 -6.000 -1.866 -.SO0 -6.000 
-2.000 .OOO -6.000 

'THIRD CYLINDER * 

3 2 13 0 -000 -000 -000 -000 -000 -000 1.000 1.000 1.000 0 
-6.000 1 .ooo 1.000 -6.500 1 .ooo -866 
-6.866 1.000 .SO0 -7.000 1.001) .ooo 
-6.866 1 .ooo -.500 -6.500 1 .ooo -.866 
-6.000 1.000 -1.000 -5.500 1.000 -. 866 
-5.134 1.000 -.500 -5.000 1.000 .ooo 
-5.134 1.000 -500 -5.500 1.000 866 
-6.000 1.000 1 .ooo 
-6.000 -4.000 1.000 -6.500 -4.000 .866 
-6.86t -4.000 -500 -7.000 -4-000 .ooo 
-6 -866 5.000 -.SO0 -6.500 -4.000 -. 866 
-6.000 -4.000 -1.000 -5.500 -4.000 -.866 
-5.134 -4.000 m.500 -5.000 -4.000 . 000 
-5.134 -4.000 -500 -5.500 -4.000 .866 
-6.000 -4.000 1.000 
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EXAMPLE 2.- Three Cyl inders  i n  Local Coordinate  System 

Formatting the  o b j e c t s  from example 1 us ing  l o c a l  coord ina te s  is somewhat 
s imple r  than  us ing  g l o b a l  coord ina te s  s i n c e  one can  t a k e  b e t t e r  advantage of 
t h e  s i m i l a r i t y  and symmetry of t h e  o b j e c t s .  The o b j e c t s  are i d e n t i c a l ,  t h u s  
t h e  same d e f i n i t i o n  i n  a l o c a l  axis system can  be used t o  r e p r e s e n t  each  
o b j e c t ,  and only  t h e  t ransformat ion  between t h e  l o c a l  axes  and t h e  g l o b a l  axes  
i s  d i f  I e r e n t .  

' EXAMPLE 2 - THREE CYLINDERS IN LOCAL COORDINATES' 
'FIRST CYLINDER' 
1 2  7 1 0 . 0 . 0 .  0 . 0 .  0. 1. 1. 1 . 0  
0. 0. 1. 0. .5 .866 
0 .  .866 .5 0.  1. 0. 
0. -866 -.5 0 .  .5 -.866 
0 .  0 .  -1. 
- 5 .  0. 1. -5 .  .5  .866 
- 5 .  .866 .5 -5 .  1. 0. 
-5. .866 -.5 -5. .5 - -866 
-5 .  0 .  -1 
'SECOND CYLINDER' 
2 2 7 1 0 . - 9 0 . 0 .  - 1 . 0 . - 1 . 1 . 1 . 1 . 0  
n 0. 1. 0. .5 .866 
c. .866 .5 0.  1. 0. 
0 .  .866 -.5 0.  .5 -.866 
0 .  0.  -1. 
-5 .  0. 1. - 5 .  .5 .866 
-5.  .866 .5 -5. 1. 0. 
- 5 .  .866 - . S  -5. . 5  -.866 
-5 .  0 .  -1 
'THIRD CYLINDER' 
3 2 7 1 0 . 0 . 9 0 . - 6 . 1 . 0 . 1 . 1 . 1 . O  
0. 0. 1. 0 .  .5 .866 
0 .  .866 . 5  0 .  1 .  0 .  
0 .  .866 - . 5  0 .  .5 -.866 
0 .  0 .  -1. 
- 5 .  0. 1. -5.  .a r. .866 
-5 .  .866 .5 -5. 1. 0. 
- 5 .  -866 -.5 -5 .5 -.866 
-5 .  9. -1 
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EXAMPLE 3.- Simple Aircraft Shape 

Following is a picture of a simple aircraft and a listing of the geometry data 
in IaWGS form used to describe the aircraft. The listing is annotated and the 
illustrations of the individual components are givea to provide a detailed 
explanation of the format of the geometry. 

The illustrations of the individual components are lot to the same scale. 
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EXAMPLE 4.- Complex Aircraft Shape 

Following is a l i s t i n g  of the geometry data in LaWGS form used t o  describe 
a complex asymmetrical aircraft (Figure 3 ) .  

'NONSYMMETRICAL TWIN BODY GEOMETRY SAMPLE' 
'WING 1 ' 

1 5 21 0 .o .o .o 
25.5310 3.5000 .OOOO 
21.6600 3.5000 -.1510 
18.3410 3.5000 -.1510 
15.0230 3.5000 -.0320 
16.1290 3.5000 .0850 
19.4470 3.5000 .1640 
22.7660 3.5000 .1240 
25.5310 4.6056 .0030 
22.2710 4.8679 -.1288 
19.6508 5.0787 -.1305 
17.1784 5.2776 -.0280 
17.9869 5.2125 .0740 
20.5069 5.0098 .1411 
23.1791 4.7948 .lo53 
25.5310 5.7609 .OOOO 
22.8591 6.1846 -.lo67 
20.8347 6.5056 -.1104 
19.0169 6.7939 -.0241 
19.6019 6.7011 .0634 
21.4847 6.4026 .1186 
23.5858 6.0694 .0865 
2:. 5310 I ,  9069 .OOOO 
23.7097 8.0890 -.0914 
22.2680 8.2332 -.0938 
20.9249 8.3675 -.0204 
21.3623 8.3238 .OS37 
22.7370 8.1863 .lo10 
24.2140 8.0386 .lo74 
25.5310 10.0000 .OOOO 
24.5633 10.0000 -.0755 
23.7338 10.0000 -.0755 
22.9043 10.0000 -.0160 
23.1808 10.0000 .0425 
24.0103 10.0000 .0820 
24.8398 10.0000 .0620 

.ooo .oop .ooo 1.000 1.000 1.000 1 
23.8720 3.5000 
20.5540 3.5000 
17.2350 3.5000 
14.4700 3.5000 
17.2350 3.5000 
20.5540 3.5000 
23.8720 3.5000 
24.1056 4.7202 
21.3807 4.9395 
18.8109 5.1462 
16.7797 5.3097 
18.8109 5.1462 
21.3807 4.9395 
24.1056 4.7202 
24.3409 5.9497 
22.1594 6.2956 
20.2074 6.6051 
18.7317 6.8391 
20.2074 6.6051 
22.1554 6.2956 
24.3409 5.9497 
24.7309 7.9869 
23.2176 8.1382 
21.8098 8.2790 
20.7099 8.3890 
21.8098 8.2790 
23.2176 8.1382 
24.7309 7.9869 
25.1163 10.0000 
24.2868 10.0000 
23.4573 10.0000 
22.7660 10.0000 
23.4573 10.0000 
24.2868 10.0000 
25.1163 10.0000 

-.OB50 -. 1640 -. 1240 
.oooo 
.1240 
.1640 
.OB50 

-.0718 
- -1405 -. 1076 

.oooo 

.lo76 

.1405 

.0718 

-.1173 
-.0916 . 0000 
.09 16 
.1173 
.0585 -. 0505 -. 1002 

-.0777 
.oooo 
.0777 
.lo02 
.0505 

-.0043 -. 0820 
- .0620 

.oooo 

.0620 

.0820 

.0425 

-.os85 

22.7660 3.5000 
19.4470 3.5000 
16.1290 3.5000 
15.0230 3.5000 
18.3410 3.5000 
21.6600 3.5000 

23.1791 4.7948 
20.5069 5.0098 
17.9869 5.2125 
17.1784 5.2776 
19.6508 5.0787 
22.2710 4.8679 
25.5310 4.6056 
23.5858 6.0694 
21.4847 6.4026 
19.6019 6.7011 
19.0169 6.7939 
20.8347 6.5056 
22.8591 6.1846 
25.5310 5.7609 
24.2140 8.0386 
22.7370 8.1863 
21.3623 8.3238 
20.9249 8.367 5 
22.2680 8.2332 
23.7097 8.0890 
25.5310 7.9069 
24.8398 10.0000 
24.0103 10.0000 
23.1808 10.0000 
22.9043 10.0000 
23.7338 10.0000 
24.5633 10.0000 
25.5310 10.0000 

25.5310 3.5000 

-.1240 -. 1640 
-.0850 
.0320 
.1510 
.1510 
.oooo -. 1053 

-.1411 
-.0740 
.0280 
.1305 
.1288 . 0000 

-.0865 -. 1186 
-.0634 
.024 1 
.1104 
.1067 
.oooo -. 0744 -. 1010 
-.0537 
.0040 
.0938 
.0914 . 0000 

-.0620 -. 0820 
-.0425 
.0160 
,0755 
.0755 . 0000 
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‘WING 2 m 

2 2 39 0 .o .’ .o 
25.5310 .5010 .OOOO 
23.6506 -5010 -e1060 
22.2403 -5010 -.1510 
20.8300 -5010 -e1660 
19.4197 .5010 -.1510 
18.0094 .5010 -. io60 
l6.5991 .5010 -.0320 

18.4795 .5010 .1240 
19.8898 .5010 .1590 
21.3001 .5010 .1640 
22.7104 .5010 .1390 
24.1207 .SO10 .0850 
25.5310 1.5000 .OOOO 
23.3190 1.5000 -.lo60 
21.6600 1.5000 -.1510 
20.0010 1.5000 -.1660 
18.3410 1.5000 -.1510 
16.6820 1.5000 -.lo60 
15.0230 1.5000 -.0320 
15.5760 1.5000 .0600 
17.2350 1.5000 .1240 
18.8940 1.50CO .1590 
20.5540 1.500C .1640 
22.2130 1.5000 .1390 
23.8720 1.5000 .0850 

17.0692 -5010 -0600 

’FUSELAGE c 

3 14 15 0 .O .O .O 
14.4700 
14.4700 
14.4700 
14.4700 
14.4700 
15.1593 
15.1678 
15.1906 
15.2191 
15.2409 
15.5993 
15.6652 
15.7550 
15.8293 
15.8461 
16.3922 
16.5588 
16.6673 
16.6509 
16.5209 
17.1139 
17.3148 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 
.OOOO -.2027 
.1277 -.1602 
.2064 -.0466 
.1980 .0951 
.0978 .2036 
.OOOO -.3270 
.2143 -.2689 
.3580 -.0814 
.3476 .1674 
.1693 .3515 
.OOOO -.5168 
.3434 -.4312 
.5591 -.127? 
.5133 .2472 
.2357 .4893 
.OOO@ -.6268 
.3999 -.5020 

.ooo -000 .ooo 1.000 1.000 
24.5908 
23.1805 
21.7702 
20.3599 
18.9496 
17.5393 
16.1290 
17.5393 
18.9496 
20.3 599 
21.7702 
23.1805 
24.5908 
24.4250 
22.7660 
21.1079 
19.4470 
17.7880 
16.1290 
14.4700 
16.1290 
17.7880 
19.4470 
21.1070 
22.7660 
24.4250 

.5010 

.5010 

.5010 

.5010 

.5010 

.5010 

.5010 

.5010 
-5010 
.5010 
.501C 
.5010 
.5010 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 
1.5000 

- .0600 -. 1240 
-. 1640 -. 1390 
-.0850 . 0000 
.0850 
.1390 
.1640 
.1590 
,1240 
.0600 

-.0600 -. 1240 
-.1590 
-. 1640 
-.1390 - .0850 

.oooo 

.0850 

.1390 

.1640 

.1590 

.1240 

.0600 

-. I590 
24.1207 
22.7104 
2 1.3001 
19.8898 
18.4795 
17.0692 
16.5991 
18.0094 
19.4197 
20.8300 
22.2403 
23 - 6506 
25.5310 
23.8720 
22.2130 
20.5540 
18.8940 
17.2350 
15.5760 
15.0230 
16.6820 
18.3410 
20.0010 
21.6600 
23.3190 
25.5310 

.ooo .ooo .ooo 1.000 1.000 
14.4700 
14.4700 
14.4700 
14.4700 
14.4700 
15.1602 
15.1741 
15.2000 
15.2278 
15.2445 
15 -6169 
15.6940 
15.7838 
15.8430 
15.8357 
16.4488 
16.6060 
16.6769 
16.6175 
16.4648 
17.1919 
17.3537 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.oooo .oooo 

.0447 -.1980 

.1616 -.1288 

.2143 .OOOO 

.1736 .1383 

.0500 .2213 

.0734 -.3233 

.2747 -.2190 

.3743 .oaoo 

.3046 .2430 

.0860 ,3783 

.I175 -.5156 

.4388 -.3494 

.5749 .oooo 
-4406 *3508 
.1182 .5188 
.1418 -.6201 
.5025 -.4003 

14.4700 
14.4700 
14.4700 
14.4700 
14.4700 
15.1631 
15.1818 
15.2096 
15.2352 
15.2457 
15.6392 
15.7244 
15.8092 
15.8487 
15.8180 
16.5055 
16.6427 
16.6715 
16.5728 
16.4079 
17.2604 
17.3746 

1.000 1 
,5010 -.0850 
.5010 -.1390 
.5010 -.1640 
.5010 -.1590 
.5010 -.1240 
.5010 -.0600 
.5010 .0320 
.5010 .lo60 
.5010 .1510 
.5010 .1660 
.5010 .1510 
.5010 .lo60 
.5010 .OOOO 
1.5000 -.OS50 
1.5000 -.1390 
1.5000 -. 1640 
1.5000 -.1590 
1.5000 -.1240 
1.5000 -.0600 
1.5000 .0320 
’.5000 .lo60 
1.5000 .1510 
1.5000 .1660 
1.5000 .1510 
1.5000 .LO60 
1.5000 .OOOO 

1.000 1 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.oooo .oooo 
.0882 -.1837 
.1885 -.0905 
.2116 .0478 
.1396 .1752 
.OOOO .2272 
.1461 -.3936 
.3234 -.1556 
.3716 .0845 
.2439 .3057 
.OOOO .3831 
.2344 -.4864 
.5117 -.2465 
.5599 .1275 
.3452 .4334 
. O O W  .5200 
.2782 -.5774 
.5793 -.2790 
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EXAMPLE 4.- C o n t i n u e d  

17.3768 
17.2724 
17.0489 
17.8675 
17.9536 
17.8424 
17.5807 
17.2876 
18.5399 
18.4220 
18.1204 
17.7659 
17.5169 
19.1399 
19.0220 
18.7204 
18.3658 
18.1132 
19.9675 
20.0536 
19.9424 
19.6813 
19.3845 
21.4181 
21.6187 
21.6808 
21. j764 
21.3512 
22.8032 
23.0099 
23.1689 
23.2 105 
23.1164 
23. ;998 
23.9342 
24.0972 
24.2180 
24.2436 
24.3694 
24.3979 
24.4709 
24.5567 
24.61 78 
25.5300 
25.5300 
25.5300 
25.5300 
25.5300 

'POD 1 

-6273 -e1435 
,5776 .2783 
-2686 -5575 
.OOOO -.6500 
.4050 -.5080 
,6340 -.1450 
.5826 .2805 
-2784 .5779 
.OOOO -.6500 
.4050 -.SO80 
-6340 -.1450 
.5856 2818 
.2800 .5816 
.OOOO -.6500 
.4050 -.5080 
-6340 -.1450 
.5860 .2820 
.2820 .5860 
.OOOO -.6500 
-4050 -.5080 
-6340 -.1450 
.5860 .2820 
.2820 .5860 
.OOOO -.6500 
.4050 -.5080 
-6340 -.1450 
.5860 .2820 
-2820 -5860 
.OOOO -.6500 
.4050 -.5080 
.6340 -.1450 
.5860 .2820 
.2820 -5860 
.OOOO -.6500 
.4050 -a5080 
.6340 -.1450 
.5860 .2820 
.2820 .5860 
.OOOO -.6500 
.4050 -.5080 
.63';5 -. 1450 
.58bi) .2820 
.2820 .5860 
.OOOO -.6500 
.4050 -.SO80 
.6340 -.1450 
.5860 .2820 
.2820 .5860 

c 

4 18 25 0 .O .O .O 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .@OOO 

17.3595 
17.2066 
16.9679 
17.9180 
17.9377 
17.7669 
17.4800 
17.2069 
18.5266 
18.3364 
18.0000 
17.6647 
17.4776 
19.1266 
18.9364 
18.6000 
18.2636 
18.07 34 
20 .O180 
20.0377 
19.8670 
19.5797 
19.3011 
2 1.4962 
21.6576 
21.6634 
21.5105 
21.2659 
22.8721 
23.0725 
23.1978 
23.1931 
23.0608 
23.8372 
23.9889 
24.1454 
24.2384 
24.2277 
24.3726 
24.4 186 
24. 5O"O 
24.5814 
24.6274 
2 5.5300 
25.5300 
25.5300 
25.5300 
25.5300 

.6430 

.4984 
.1358 
.1450 
.5080 
.6497 
.504 1 
.1422 
.1450 
.5080 
.6 500 
. SO64 
.1439 
.1450 
.SO80 
.6500 
.SO80 
.1450 
.1450 
.5080 
.6500 
.5080 
.1450 
-1450 
.5080 
-6500 
.5080 
.1450 
-1450 
.SO80 
.6 500 
.5080 
.1450 
.1450 
.5080 
.6500 
.5080 
.1450 
.1450 
,5080 
.6 500 
.SO80 
-1450 
.1450 
.SO80 
.6500 
. sodo 
.1450 

. 0000 

.39c 9 
.59L 6 -. 6340 

-.4050 . ooc.0 
,4017 
-6213 

-.6343 
-.405d 

.oooo 

.4037 
.62%9 

-.634O 
-.4050 

.oooo 
.4050 
.6340 

-.6340 
-.4050 
. 0000 
-4050 
.6340 

-.6340 -. 4050 
. 0000 
.4050 
.6340 

-.6340 
-.4050 

.oooo 

.4050 

.6340 
-. 6340 -. 4050 

.oooo 

.4050 
,6340 

-.6340 
-.4050 . 0000 

.4050 
.6340 -. 6340 -. 4050 
.OO@O 
.4050 
.6 340 

17. d 4 2  
17.1295 
16.8909 
17.9472 
17.9002 
17.6779 
17.3802 
17.1437 
18.4868 
18.2342 
17.8796 
17.58C - 
17.4644 
19.0868 
18.8342 
18.4796 
18.1780 
18.0601 
20.0472 
20.0002 
19.7785 
19.4791 
19.2 325 
21.5641 
21.6789 
21.6281 
21.4342 
21.1819 
22.9420 
23.1265 
23.2121 
23.1612 
22.9968 
23.8826 
24.0443 
24.1865 
24.2471 
24.2002 
24.3822 
24.4433 
24.5291 
24.6021 
24.6306 
25.5300 
25.5300 
25.5300 
25.5300 
25.5300 

5.000 5.000 .ooo 1.000 1.000 

.6265 .1433 

.3914 .4915 

.OOOO .6006 
-2820 -.586C 
.5860 . ,2820 
.6322 .1.'46 
.4Qc5 . ~ 2 8  
.OOOO .6503 
.2:20 -.Sa60 
.5860 -.2t?20 

.4027 .SO54 

.OOOO .6447 
-2820 -..5860 
.5860 -.2b20 
.6340 1450 
.4050 .SO80 
.OOOO .6500 
.2820 -.5860 
.5860 -.2820 
.6340 .1450 
.4050 .SO80 
.OOOO .6500 
.2829 -.5860 
.5860 -.28;0 
.6340 .1450 
.4050 .SO80 
.OOOO .6500 
.2820 -.5860 
.5860 -.2820 
.6340 .1450 
.4050 .SO80 
.OOOO .6500 
.2820 -.5860 
.5860 -.2820 
.6340 .1450 
.4050 ,5080 
.OOOO .6500 
.2820 -.5860 
.5860 -.2820 
.6340 -1450 
.4050 .5080 
.OOOO .6500 
.2820 -.5860 
.5860 -.2820 
.6340 .1450 
.4050 ,5080 
.OOOO .6500 

-6340 -1420 

1.000 0 
-7..5000 -2.5000 .OOOO -2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO -2.5000 -2.5000 .OOOO 
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EXAMPLE 4.- Continued 

-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
- 1.2003 -2.5000 
-1.2002 -2.3273 
-1.2000 -2.2555 
-1.1998 -2.3232 
-1.1997 -2. SO00 
-1.1908 -i.6728 
-1.2000 -2.7442 
-1.2002 -2.6727 
-1.2003 -2.5000 

.3029 -2.5000 

.3029 -2.1594 

.3’i47 -2.0112 

.4307 -2.1470 
,4864 -2.5000 
.4864 -2.8585 
.4307 -2.9993 
.3547 -2.8456 
.3029 -2.5000 

1.7696 -2.5000 
1.7152 -2.0302 
1.7696 -1.8298 
1.9050 -2.0151 
2.0466 -2.5000 
2.1073 -3.0009 
2.0466 -3.2012 
1.9050 -2.9849 
1.7696 -2.5000 
3.5980 -2.5000 
3.4410 -1.9100 

3.5979 -1.9004 
3.8285 -2.5000 
3.9967 -3.1197 
3.9966 -3.3762 
3.8285 -3.1124 
3.5980 -2.5000 
5.0198 -2.5000 
4.7537 -1.8476 
4.6461 -1.5838 
4.7537 -1.8476 
5.0198 -2.5000 
5.2934 -3.1707 
5.4086 -3.1530 
5.2934 -3.1707 
5.0198 -2.5000 

3 4411 -1 6659 

. 0000 . 0000 . 0000 . 0000 . 0000 

.oooo . 0000 
-.2441 
-.1727 . 0000 
.1728 
-2442 
.i728 . a000 -. 1727 

-.2441 
-.4817 
- .3406 
.(;a00 
.3530 
.5069 
-3585 . 0000 

--3456 
-.4817 -. 6702 
- - 4698 

.oooo 

.4849 

.7012 

.so09 

.oooo 
- .4849 
-.6702 
-.8477 -. 5900 

.oooo 

.5996 

.86 58 

.6197 

.oooo 
-.6124 
-.8477 -. 9387 -. 6524 . 0000 
.6524 
.9387 
.6707 . 0000 

- .6707 -. 9387 

-2.5003 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 

-1.2003 -2.4369 
-1.2002 -2.2880 
-1.1999 -2.2641 
-1.1997 -2.3779 
-1.1997 -2.5631 
-1.1998 -2.7121 
-1.,00~ -2.7359 
-1.2003 -2.6221 

.2965 -2.3756 

.3152 -2.0814 

.3794 -2.0246 

.4538 -2.2488 

.49-5 -2.6314 
-47~8 -2.9374 
.4053 -2.9788 
.3329 -2.7429 

1.7401 -2.3275 
1.7216 -1.9244 
1.8087 -1.8487 
1.9560 -2.1545 
2.0793 -2.6825 
2.1001 -3.1123 
2.0044 -3.1725 
1.8547 -2.8399 

3.5318 -2.2819 
3.4221 -1.7797 
3.4787 -1.6918 
3.6729 -2.0733 
3.8982 -2.7254 
4.0176 -3.2593 
3.9555 -3.3433 
3.7515 -2.9300 

4.9212 -2.2583 
4.6952 -1.7043 
4.6586 -1.6145 
4.8306 -2.0363 
5.1194 -2.7441 
5.3558 -3.3237 
5.3952 -3.4202 
5.2127 -2.9729 

.oooo . 0000 . 0000 

.oooo 

.oooo 

.oooo 

-.2358 
-.1221 
.0631 
-2121 
.2ij9 
.1221 

-.0631 -. 2?20 

-.4Q. 
-.2417 
-1274 
.4351 
.4905 
.2525 -. 1283 

- .4207 

-.6439 -. 3324 
.1745 
.5983 
.6806 
.3536 -. 1803 -. 5885 

-.8127 
-.4158 
.2169 
.7392 
-8399 
.4384 -. 2263 

-. 7451 
-. 3013 - .4595 
.2375 
-8029 
.9103 
.4755 -. 2468 

-.8190 

-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 

-2 5000 -2.500” 
-2.5000 -2.5900 

-2.5000 -2.5000 

-1 -2003 -2.3779 
-1.2001 -2.2641 
-1.1998 -2.2879 
-1.1997 -2.4369 
-1.1997 -2.6291 
-1.1999 -2.7359 
-1.2002 -2.7120 
-1.2003 -* ‘G31 

-2965 -2.2596 

-4053 -2.0707 
-4728 -2.3694 
-4935 -2.7 540 
-4538 -2.9853 
.3794 -2.9262 
-3152 -2.6251 

-3329 -2.0308 

1.7216 -2.1676 
1.7401 -1.8561 
1.8547 -1.9115 
2.0044 -2.3197 
2.1001 -2.8536 
2.0793 -3.1806 
1.9560 -3.0983 
1.8087 -2.6745 

3.4787 -2.0817 
3.4220 -1.6965 
3.5319 -1.7714 
3.7514 -2.2770 
3.9555 -2.9364 
4.0177 -3.3471 
3.8981 -3.2529 
3.6730 -2.7213 

4.8306 -2.0363 

4.6952 -1.7043 

5.2127 -2.9723 
5.3952 -3.4202 
5.3558 -3.3237 
5.1194 -2.7441 

4.6586 -1.6145 

4 -9212 -2.2583 

.oooo 

.oooo . 0000 . 0000 

. OQCD 

.oooo 

-.2120 
-.0631 
.lL&- 
e2359 
"111 
.0631 

-.1221 
- -2358 
-.4163 -. 1257 
.2%79 
.4878 
.4398 
.1300 

-.2461 -. 4669 
-. 5756 
-.1725 
.3399 
.6725 
.6123 
.1825 

-.3455 
-.6513 

-. 7246 
-.2157 

.8311 

.7560 

.2273 -. 4346 
-.8245 

e4206 

-. 8029 
-.2375 
.4595 
.9013 
.8190 
2468 

-.4755 
-.9103 
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EXAMPLE 4 .- Continued 

6.4316 -2.5000 -.9872 
6.0869 -1.8083 -.6917 
5.8478 -1.5301 .OOOO 
5.8481 -1.8146 .6854 

6.4314 -3.1976 .6976 
6.6774 -3.4895 .OOOO 
6.6774 -3.1998 -.6998 
6.4316 -2.5000 -.9872 
8.8422 -2.5000 -1.0000 
8.5135 -1.7930 -.7070 
8.0486 -1.5000 .OOOO 
7.7200 -1.7930 .7070 
7.7 199 -2.5000 1.0000 
8.0487 -3.2070 .7070 
8.5135 -3.SOOO .OOOO 
8.8421 -3.2070 -.7070 
8.8422 -2.5000 -1.0000 
15.3533 -2.5000 -1.0000 
15.1690 -1.7930 -.7070 
14.7000 -1.5000 .OOOO 
14.2310 -1.7930 .7070 
14.0367 -2.5000 1.0000 
14.2310 -3.2070 .7070 
14.7000 -3.5000 .OOOO 
15.1690 -3.2070 -.7070 
15.3633 -2.5000 -1.0000 
21.8633 -2.5000 -1.0000 
21.6690 -1.7930 -.7070 
21.2000 -1.5000 .OOOO 
20.7310 -1.7930 .7070 
20.5367 -2.5000 1.0000 
20.7510 -3.2070 .7070 
21.2000 -3.5000 .OOOO 
21.6690 -3.2070 -.7070 
21.8633 -2.5000 -1.0000 
27.2801 -2.5000 -1.0000 
27.2800 -1.7930 -.7070 
26.9514 -1.5000 .OOOO 
36.4865 -1.7930 .7070 
26.1578 -2.5000 1.0000 
26.1579 -3.2070 .7070 
26.4865 -3.5000 .OOOO 
26.9513 -3.2070 -.7070 
27.2801 -2.5000 -1.0000 
28.0395 -2.5000 -.9935 
28.1914 -1.7991 -.7009 
28.0395 -1.5065 .OOOO 
27.6698 -1.7945 .7055 
27.2977 -2.5000 1.0000 
27.1436 -3.2070 .7070 
27.2977 -3.5000 .OOOO 

6.0868 -2.5000 -9789 

6.3173 -2.2448 

5.8184 -1.5545 
5.9052 -2.0143 
6.2500 -2.8566 
6.5342 -3.3560 
6.7084 -3.4565 
6.6180 -2.9944 

5.9864 -1 6556 

8.7629 -2.2410 
8.3604 -1.6340 
7.9112 -1.5340 
7.6789 -2.0000 
7.7992 -2.7590 
8.2018 -3.3660 
8.6509 -3.4660 
8.8832 -3.0000 

15.3408 -2.2410 
15.0317 -1.6340 
14.5282 -1.5340 
14.1256 -2.0000 
14.0592 -2.7590 
14.3683 -3.3660 
14.8718 -3.4660 
15.2744 -3.0000 

21.8408 -2.2410 
21.5317 -1.6340 
21.0282 -1.5340 
20.6256 -2.0000 
20.5592 -2.7590 
20.8683 -3.3660 
21.3718 -3.4660 
21.7744 -3.0000 

27.32 i2 -2 - 2410 
27.2008 -1.6340 
26.7981 -1.5340 
26.3492 -2.0000 
~6.1167 -2.7590 
26.2371 -3.3660 
26.6397 -3.4660 
27.0887 -3.0000 

28.1221 -2.2430 
28.1738 -1.6410 
27.9314 -1.5392 

27.2140 -2.7590 
27.1615 -3.3660 
27.4067 -3.4660 

27 5336 -2.0002 

-.9518 
-.4871 
.2509 
-8417 
.90$0 
.4938 

-.2565 
-e8563 

-. 9660 
- .5000 
.2590 
.8660 
.9660 - 5000 -. 2590 

-a8660 

-. 9660 
.2590 
.8660 
.9660 
.5000 -. 2590 

- -8660 

- 5000 

-. 9660 
-. 5000 
.2590 
3660 
e9660 
.5000 

-. 2590 
-a8660 

-. 9660 
- -5000 
.2590 

.9660 

.5000 -. 2590 
- - 8660 

e8660 

-. 9585 -. 4957 
.2576 
8657 
.9660 
.5000 -. 2590 

6.1998 -2.0089 
5.9052 -1.5614 
5.8184 -1.6612 
5.9864 -2.2475 
6.3172 -2.9924 
6.6180 -3.4554 
6.7084 -3.3578 
6.5342 -2.7559 

8.6508 -2.0000 
8.2019 -1.5340 
7.7992 -1.6340 
7.6788 -2.2410 
7.9113 -3.0000 
8.3603 -3.4660 
8.7629 -3.3660 
8.8833 -2.7590 

15.2744 -2.0000 
14.8718 -1.5340 
14.3683 -1.6340 
14.0592 -2.2410 
14.1256 -3.0000 
14.5282 -3.4660 
15.0317 -3.3660 
15.3408 -2.7590 

21.7744 -2 -0000 
21.3718 -1.5340 
20.8683 -1.6340 
20.5592 -2.2410 
20.6256 -3.0000 
21.0282 -3.4660 
21.5317 -3.3660 
21.8408 -2.7590 

27.3211 -2.0000 
27.0888 -1.5340 
26.6396 -1.6340 
26.2371 -2.2410 
26.1168 -3.0000 
26.3491 -3.4660 
26.7982 -3.3660 
27.2008 -2.7590 

28.1738 -2.0043 
28.12?1 -1.5415 
27.8055 -1.6372 
27.4067 -2.2410 
27.1615 -3.0000 
27.2140 -3.4660 
27.5336 -3.3657 

-.8514 
-.2517 
.484 1 
,9415 
.8537 
.2 562 

-. 4949 
-.9544 

-. 8660 
-.2590 
.5000 
.9660 
.8660 
.2 590 -. 5000 -. 9660 

-. 8660 
-.2590 
,5000 
.9660 
.8660 
.2590 
-. 5000 
- -9660 
-. 8660 
-.2590 
.5000 
.9660 
.8660 
.2590 -. 5000 -. 9660 
-. 8660 
-.2590 
.5000 
.9660 
.8660 
.2590 -. 5000 -. 9660 

-a8590 
-.2570 
-4980 
9660 

* 8660 
.2590 

-.4998 
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EXAMPLE 4.- Cont inued  

27.6698 -3.2055 
28.0395 -2.5000 
28.9802 -2.5000 
29.2586 -1.8174 
29.3725 -1.5384 
29.2586 -1.8174 
28.9802 -2.5000 
28.6961 -3.1965 
28.5779 -3.4862 
28.6961 -3.1965 
28.9802 -2.5000 

31.5009 -1.9065 
31.6561 -1.6744 
31.6562 -1.9160 
3 1.5009 -2.5000 
31.2724 -3.1076 
31.1054 -3.3699 
31.1054 -3.1152 
31.2724 -2.5000 
32.7488 -2.5000 
32.8950 -1.9993 
33.0348 -1.8079 
33.0910 -2.0148 
33.0348 -2.5000 
32.8950 -3.0007 
32.7488 -3.2241 
32.6861 -3.0173 
32.7488 -2.5000 
3 3.4886 -2.5000 
33.5590 -2.0519 
33.6556 -1.8774 
33.7220 -2.0648 
33.7219 -2.5000 
33.6556 -2.9405 
33.5590 -3.1334 
33.4886 -2.9537 
33.4886 -2.5000 
35.9996 -2.5000 
35.9997 -2.3042 
36.0000 -2.2232 
36.0003 -2.3042 
36.0004 -2.5000 
36.0003 -2.6958 
36.0000 -2.7?58 
35.9997 -2.5958 
35.9996 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
3 7.5000 -2.5000 
37.5000 -2.5000 

31.2724 -2.5000 

37 5000 -2 5000 

-. 7055 
-.9935 
-.9763 -. 6826 . 0000 

.6826 

.9763 

.6965 

.oooo 
- .6965 
-.9763 
- -8590 
-.5935 

.oooo 

.5840 

.8391 

.6076 

.oooo 
-.6152 
-.8590 
-.7241 
- - 5007 

.oooo 

.48 52 

.692 1 

.SO07 

.oooo 
-.5173 
-.7241 
-.6413 
- -4481 

.oooo 

.4352 

.6151 

.4405 

.oooo 
-.L537 
-.6413 
-.2769 
-.1958 

.oooo 

.1958 

.2767 

.1958 

.oooo -. 1958 
-.2769 

.oooo 

.oooo . 0000 

.oooo 

.oooo 

27.8055 -2.9980 -. 8628 27.9314 -2.7576 -.9608 

29.0829 -2.2482 
29.3205 -1.6657 
29.3592 -1.5709 
29.1777 -2.0159 
28.8767 -2.7538 
28.6317 -3.3542 
28.5915 -3.4529 
28.7?97 -2.9915 

-.9390 
-.4815 

.2452 

.8390 
-9464 
.4923 

-.2555 
- .852O 

29.1777 -2.0159 
29.3592 -1.5709 
29.3205 -1.6657 
29.0829 -2.2482 
28.7797 -2.9915 
28.5915 -3.4529 
28.6317 -3.3542 
28.8767 -2.7538 

-. 8390 -. 2492 
.4815 
.9390 
.8520 

-.4928 -. 9464 

-2555 

31.3490 -2.2792 
31.5662 -1.7788 
31.6750 -1.7047 
31.6190 -2.0859 
31.4266 -2.7190 

31.0845 -3.3409 
31.1463 -2.9332 

31.2032 -3.2475 

-.8227 
-.4163 

.2135 

.7173 

-4315 
-.2256 
-.7506 

-8162 

31.4267 -2.0776 
31.6189 -1.7000 
31.6750 -1.7870 
31.5663 -2.2841 

31.1463 -3.3372 
31.0846 -3.2539 
31.2031 -2.7237 

31.3489 -2.9257 

-.7317 
-.2147 

.4116 

.8044 
.7376 
.2247 -. 4352 

-.8338 

32.7924 -2.3137 
32.9469 -1.8923 
33.0653 -1.8351 
33.0844 -2.1567 
32.9945 -2.6804 
32.8423 -3.1179 
32.7150 -3.2028 
32.6936 -2.8652 

-. 6944 
-.3510 

.1783 
-5944 
.6726 
.3568 -. 1886 

-.6323 

32.8423 -2.1432 
32.9945 -1.8274 
33.0844 -1.9056 
33.0653 -2.3217 
32.9469 -2.8510 
32.7924 -3.1944 
32.6936 -3.1323 
32.7150 -2.6886 

-.6179 -. 1804 
.3433 
.6649 
.6077 
.1863 -. 3652 -. 7028 

-.6174 
-.3149 

.1600 

.5319 
.5957 
.3130 -. 1645 -. 5562 

33.5298 -2.1817 
33.6242 -1.8954 
33.7061 -1.9657 
33.7300 -2.3414 
33.6835 -2.8097 
33.5911 -3.1082 
33.5058 -3.0536 
33.4798 -2.6660 

33.5058 -2.3348 
33.5912 -1.9546 
33.6834 -1.9018 
33.73bl -2.1929 
33.7061 -2.6593 
33.6241 -3.0422 
33.5299 -3.1148 
33.4797 -2.8211 

-.!is13 
-.1617 

.3085 

.5364 

.1627 -. 3197 -. 6202 

5932 

35.9996 -2.4284 
35.9998 -2.2598 
36.0001 -2.2326 
36.0003 -2.3616 
36.0004 -2.5716 
36 .OOO? -2.7402 
35.9999 -2.7674 
35.9997 -2.6384 

-.2675 
-.1384 

.0716 

.2402 
.2673 
.1384 

-.0716 -. 2402 

35.9997 -2.3616 
35.9999 -2.2326 
36.0002 -2.2598 
36.0004 -2.4284 
36.0003 -2.6384 
36.0001 -2.7674 
35.9998 -2.7402 
35.9596 -2.5716 

-. 2402 
-.0716 

.1384 

.2673 

.2W2 

.0716 -. 1384 
-.2675 

37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5009 -2.5000 

.ooor) . 0000 

.oooo 

.oooo 

.oooo 

37.5000 -2.5009 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 

.oooo 

.oooo . 0000 

.oooo . 0000 
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EXPMLJLE 4.- Continued 

37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .C300 

’POD 2 c 

5 18 25 0 .O .O .O 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-2.5000 -2.5000 .OOOO 
-1.2003 -2.5000 -.2441 
-1.2002 -2.3273 -.172’ 
-1.2000 -2.2558 .OOOO 
-1.1998 -2.7272 -1728 
-1.1997 -2.5000 .2442 
-1.1998 -2.6728 .1728 
-1.2000 -2.7442 .OOOO 
-1.2C -2.6727 -.1727 
-1.2Od3 -2.5000 -.2441 

-3029 -2.5000 -.4817 
,3029 -2.1q34 -.3406 
.3547 -2.0112 .!loo0 
.4307 -2.1470 .3530 
.4864 -2.5000 .5069 
.4864 -2.8585 -3585 
.4307 -2.9993 .OOOO 
.3547 -2.8456 -.3456 
.3029 -2.5000 -.4817 

1.7696 -2.5000 -.6702 
1.7152 -2.0302 -.4698 
1.7696 -1.8298 .OOOO 
1.9050 -2.0151 .4849 
2.0466 -2.5000 .7012 
2.1073 -3.0009 .5009 
2.0466 -3.2012 .OOOO 
1.9050 -2.9849 - .4849 
1.7696 -2.5000 -.6702 
3.5980 -2.5000 -.8477 
3.4410 -1.9100 -.5900 
3.4411 -1.6659 .OOOO 
3.5979 -1.9004 -5996 
3.8285 -2.5000 .8658 
3.9967 -3.1197 -6197 
3.9966 -3.3762 .OCOO 
3.8285 -3.1124 -.6124 
3.5980 -2.5000 -.8477 
5.0198 -2.5000 -.9387 

37.5000 -2.5000 .OOOO 37 5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOGO 37.5000 -2.5000 .OOOO 
37.5000 -2.5000 .OOGO 37.5000 -2.5000 -3000 

.ooo .ooo .ooo 1.000 1.000 1.000 0 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 

-1.2003 -2.4369 
-1.2002 -2.2880 
-1.1999 -2.2641 
-1.1997 -2.3779 
-1.1997 -2.5631 
-1.1998 -2.7121 
-1.2001 -2.7359 
-1.2003 -2.6221 

-2965 -2.3756 
-3152 -2.0814 
.7794 -2.0246 
-4538 -2.2488 
-4935 -2.6315 
-4728 -2.9374 
.4053 -2.9788 
-3329 -2.7429 

1.7401 -2.3275 
1.7216 -1.9244 
1.8087 -1.8487 

2.0793 -2.6825 
2.1001 -3.1123 
2.0044 -3.1725 
1.8547 -2.8399 

i.9560 -2.1545 

3.5318 -2.2819 
3.4221 -1.7797 
3.4787 -1.6918 
3.6729 -2.0733 
3.8982 -2.7254 
4.0176 -3.2593 
3.9555 -3.3433 
3.7515 -2.9300 

,000 3 
.0003 
.0003 . 0000 
.oooo 
.oooo 
.oooo 
.oooo 

-.2358 
-.1221 
.0631 
.2121 
.2359 
.1221 

-.0631 
-.2120 

-. 4644 
-.2417 
.1274 
.4351 
.4905 
-2525 
.1283 -. 4207 

-. 6439 -. 3324 
.1745 
.5983 
.6806 
,3536 -. 1803 

-.5885 

-.8127 
-.4158 
.2169 
,7392 
.8399 
.4384 

-.2263 
-.7451 

4.9212 -2.2583 -.9013 

-2.5000 -2.5000 
-2.5000 -2.5000 
-2.5000 -2.5000 
-2 5000 -2.5000 
-2.5000 -2.5030 
-2.5000 -2.5000 
-2.5000 -2.5G00 
-2.5300 -2.5000 

-1.2003 -2.3779 
-1.2001 -2.2641 
-1.1998 -2.2879 
-1.1997 -2.4369 
-1.1997 -2.6221 
-1.1999 -2.7359 
-1.2002 -2.7120 
-1.2003 -2.5631 

-2965 -2.2596 
.3329 -2.0308 
.4053 -2.0707 
-4728 -2.3694 
-4935 -2.7540 
-4538 -2.9853 
.3794 -2.9262 
-3152 -2.6251 

1.7216 -2.1676 

1.8547 -1.9115 
2.0044 -2.3197 
2.1001 -2.8536 
2.0793 -3.1806 
1.9560 -3.0983 
1.8087 -2.6745 

1 e7401 -1.8561 

3.4787 -2.0817 
3.4220 -1.6965 
3.5319 -1.7714 
3.7514 -2.2770 
3.9555 -2.9364 
4.0177 -3.3471 
3.8981 -3.2529 
3.6730 -2.7213 

.oooo . 0000 

.oooo . 0000 . 0000 . 0000 

.oooo 

.oooo 

-.2L20 
-.0631 
.1221 
.2359 
.2121 
-0631 -. 1221 -. 2358 

-.4163 
-.1257 
.2479 
-4878 

.1300 -. 2461 
-. 4669 

-4398 

-. 5756 -. 1725 
.3399 
-6725 
.6123 
.1825 -. 3455 

-.6513 

-.7246 
-.2157 
.4206 
.8311 
.7560 
.2273 -. 4346 

-.8245 

4.8306 -2.3363 -.8029 
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E m E ’ L E  4.- Continued 

4.7537 -1.8476 
4.6461 -1.5838 
4.7537 -1.8476 
5.0198 -2.5000 
5.2934 -3.1707 
5.4086 -3.4530 
5.2934 -3.1707 
5.0198 -2.5000 
6.4316 -2.5000 
6.0869 -1.8083 
5.8478 -1.5301 
5.8481 -1.8146 
6.0868 -2.5000 
6.4314 -3.1976 
6.6774 -3.4895 
6.6774 -3.1998 
6.4316 -2.5000 
8.8422 -2.5000 
8.5135 -1.7930 
8.0486 -:.5000 
7.7200 -1.7930 
7.7199 -2.5000 
8.0487 -3.2070 
8.5135 -3.5000 
8.8421 -3.2070 
8.8422 -2.5000 

15.3633 -2.5000 
15.1690 -1.7930 
14.7000 -1.5000 
14.2310 -1.7930 
14.0367 -2.5000 
14.2310 -3.2070 
14.7000 -3.5000 
15.1690 -3.2070 
15.3633 -2.5000 
21.8633 -2.5000 
21.6690 -1.7930 
21.2000 -1.5000 
20.7310 -1.7930 
20.5367 -2.5000 
20.7310 -3.2070 
21.2000 -3.5000 
21.6690 -3.2070 
21.8633 -2.5000 
27.2801 -2.5000 
27.2800 -1.7930 
26.9514 -1.5000 
26.4865 -1.7930 
26.1578 -2.5000 
26.1579 -3.5070 
26.4865 -3.5000 
f.6.9513 -3.2070 

-.6524 
. 0000 
.6524 
.9387 
.6707 . 0000 -. 6707 -. 9387 -. 3872 

-.6917 
.oooo 
.6854 
.9789 
.6976 
.oooo 

- -6998 
-.9872 
-1.0000 -. 7070 

.oooo 

.7070 
1.0000 
.7070 
.oooo -. 7070 

-1.0000 
-1.0000 -. 7070 . 0000 

.7070 
1.0000 
.7070 . 0000 -. 7070 

-1.0000 
-1.0000 
-.7070 . 0000 
.7070 

1.0000 
.7070 
.oooo -. 7070 

-1.0000 
-1.0000 
- -7070 

.oooo 

.7070 
1.0000 
.7070 
.oooo -. 7070 

4.6952 -1.7043 
4.6586 -1.6145 
4.8306 -2.0363 
5.1194 -2.7441 
5.3558 -3.3237 
5.3952 -3 -4202 
5.2127 -2.9729 

6.3173 -2.2448 
5.9864 -1.6556 
5.8184 -1.5645 
5.9052 -2.0143 
6.2500 -2.8566 
6.5342 -3.3560 
6.7084 -3.4565 
6.6180 -2.9944 

8.7629 -2.2410 
8.3604 -1.6340 
7.9112 -1.5340 
7.6789 -2.0000 
7.7992 -2.7590 
8.2018 -3.3660 
8.6509 -3.4660 
8.8832 -3.0000 

15.3408 -2.2410 
15.0317 -1.6340 
14.5282 -1.5340 
14.1256 -2.0000 
14.0592 -2.7590 
14.3683 -3.3660 
14.8718 -3.4660 
15.2744 -3.0000 

21.8408 -2.2410 
21.5317 -1.6340 
21.0282 -1.5340 
20.6256 -2.0000 
20.5592 -2.7590 
20.8683 -3.3660 
21.3718 -3.4660 
21.7744 -3.0000 

27.3212 -2.2410 
27.2308 -1.6340 
26.7981 -1.5340 
26.3492 -2.0000 
26.1167 -2.7590 
26.2371 -3.3660 
26.63 I’ -3.4660 
27.0887 -3.0000 

-. 4595 
.2375 
.8029 
9103 
.4755 -. 2468 

-.8190 

-.9518 
-.4871 

,2509 
.8417 
.9090 
.4938 -. 2565 

-.8568 

-. 9660 
-. 5000 
.2 590 
.8660 
.9660 
.5000 

-.2590 
- .8660 

-.9660 -. 5000 
.2 590 
.8660 
.9660 

-. 2590 
- .8660 
5000 

-. 9660 
- -5000 
.2590 
.8660 
.9660 
.5000 -. 2590 

- ,8660 

-. 9660 
- ,5000 
.2590 
.8660 
.9660 
.5000 

-.2590 -. 8660 

4.6586 -1.6145 
4.6952 -1.7043 
4.9212 -2.2583 
5.2127 -2.9729 
5.3952 -3.4202 
5.3558 -3.3237 
5.1194 -2.7441 

6.1998 -2.0089 
5.9052 -1.5614 
5.8184 -1.6612 
5.9864 -2.2475 
6.3172 -2.9924 
6.6180 -3.4554 
6.7084 -3.3578 
6.5342 -2.7559 

8.6508 -2.0000 
8.2019 -1.5340 
7.7992 -1.6340 
7.6788 -2.2410 
7.9113 -3.0000 
8.3603 -3.4660 
8.7629 -3.3660 
8.8833 -2.7590 

15.2744 -2.0000 
14.8718 -1.5340 
14.3683 -1.6340 
14.0592 -2.2410 
14.1256 -3.0000 
14.5282 -3.4660 
15.0317 -3.3660 
15.3408 -2.7590 

21.7744 -2.0000 
21.3718 -1.5340 
20.8683 -1.6340 
20.5592 -2.2410 
20.6256 -3.0000 
21.0282 -3.4660 
21.5317 -3.3660 
21.8408 -2.7590 

27.3211 -2.0000 
27.0888 -1.5340 
26.6396 -1.6340 
26.2371 -2.2410 
26.1168 -3.0000 
26.3491 -3.4660 
26.7982 -3.3660 
27.2008 -2.7590 

-.2375 
.4595 
.9013 
.a190 
.2468 

-.4755 
-.9103 

-.8514 
-.2517 
.484 1 
.9415 
.8537 
.2562 -. 4949 -. 9544 

-. 8660 -. 2590 
.5000 
.9660 
.8660 
.2590 -. 5000 -. 9660 

-. 8660 
-.2590 
.5000 
.9660 
.8660 
.2590 -. 5000 

-.9660 

-.8660 
-.2590 

.5000 

.9660 

.8660 
,2590 -. 5000 -. 9660 

-. 8660 
-.2590 
.5000 
.9660 
.8660 
.2 590 -. 5000 

-.9660 
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27.2801 -2.5000 
28.0395 -2.500C 
28.1914 -1.7991 
28.0395 -1.5065 
27.6698 -1.7945 
27.2977 -2.5000 
27.1436 -3.2070 
27.2977 -3.5000 
27.6698 -3.2055 

28.9802 -2.5000 
29.2586 -1.8174 
29.3725 -1.5384 
29.2586 -1.8174 
28.9802 -2.5000 
28.6961 -3.15b5 
28.5779 -3.4862 
28.6961 -3.1965 
28.9802 -2.5000 
3 1.2724 -2.5000 
31.5009 -1.9065 
31.6561 -1.6744 
31.6562 -1.9160 
31.5009 -2.5000 
31.2724 -3.1076 
31.1054 -3.3699 
31.1054 -3.1152 
31.2724 -2.5000 
32.748s -2.5000 
32.8950 -1.9993 
33.0348 -1.8079 
33.0910 -2.3148 
33.0348 -2.5000 
32.8950 -3.0007 
32.7488 -3.2241 
32.6861 -3.0173 
32.7488 -2.5000 
33.4886 -2.5000 
33.5590 -2.0519 
33.6556 -1.8774 
33.7220 -2.0648 
33.7219 -2.5000 
33.6556 -2.9405 
33.5590 -3.1334 
33.4886 -2.9537 
33.4886 -2.5000 
35.9996 -2.5000 
35.9997 -2.3042 
36.0000 -2.2232 
36.0003 -2.3042 
36.0004 -2.5000 
36.0003 -2.6958 

28.0395 -2.5000 

-1.0000 
-.9935 -. 7009 . 0000 

.7055 
1.0000 

.7070 

.oooo -. 7055 
-.9935 
-.9763 
- .6826 

.oooo 

.6826 

.9763 

.6965 

.oooo 
-.6965 -. 9763 -. 8590 -. 5935 

.oooo 
.5840 
.8391 
.6076 
.oooo 

-.6152 -. 8590 
-.7241 -. 5007 

.oooo 

.4852 

.6921 
.5007 . 0000 

-.5173 
-.7241 
-.6413 
-.4481 

.oooo 

.4352 

.6151 

.4405 . 0000 
- .4537 
-.6413 
-.2769 -. 1958 

.oooo 

.1958 

.2767 

.1958 

28.1221 -2.2430 
28.1738 -1.6410 
27.9314 -1.5392 
27.5336 -2.0002 
27.2140 -2.7590 

27.4067 -3.4660 
27.8055 -2.9980 

27.1615 -3.3660 

29.0829 -2.2482 
29.3205 -1.6657 
29.3592 -1.5709 
29.1777 -2.0159 
28.8767 -2.7538 
28.6317 -3.3542 
28.5915 -3.4529 
28.7797 -2.9915 

31.3490 -2.2792 
31.5662 -1.7788 
31.6750 -1.7047 
31.6190 -2.0859 
31.4266 -2.7190 
31.2032 -3.2475 
31.0845 -3.3409 
31.1463 -2.9332 

32.7924 -2.3137 
32.9469 -1.8923 
33.0653 -1.8351 
33.0844 -2.1567 
32.9945 -2.6 804 
32.8423 -3.1179 
32.71 50 -3.2028 
32.6936 -2.8652 

33.5058 -2.3348 
33.5912 -1.9546 
33.6834 -1.9018 
33.7301 -2.1929 
33.7061 -2.6593 
33.6241 -3.0422 
33.5299 -3.1148 
33.4797 -2.8211 

35.9996 -2.4284 
35.9998 -2.2598 
36.0001 -2.2326 
36.0003 -2.3616 
36.0004 -2.57 16 
36 -0002 -2.7402 

-.9585 
-.4957 

.2576 

.8657 

.96t0 

-.2593 -. 3628 

5000 

-.9390 
-.4815 

.2492 

.8393 

.9464 
-4928 

-.2555 -. 8520 

-.8227 
-.4163 

.2135 

.7173 

.8162 
.4315 

-.2256 
-.7506 

-.6944 
-.3510 

.1783 

.5944 
67 26 

.3568 -. 1886 
-.6323 

-.6174 
-.3149 

.1600 
,5319 
.5957 
.3130 -. 1645 -. 5562 

-.2675 

.0716 

.2402 

.2673 

.1384 

1384 

28.1738 -2.0043 
28.1221 -1.5415 
27.8055 -1.6372 
27.4067 -2.2410 
27.1615 -3.0000 
27.2140 -3.4660 
27.5336 -3.3657 
27.9314 -2.7576 

29.1777 -2.0159 
29.3592 -1.5709 
i9.3205 -1.6657 
29 -0829 -2.2482 
28.7797 -2.9915 
28.5915 -3.4529 
28.6317 -3.3542 
28.8767 -2.7538 

31.4267 -2.0776 

31.6750 -1.7870 
31.5663 -2.2841 
31.3489 -2.9257 
31.1463 -3.3372 
31.0846 -3.2539 
31.2031 -2.7237 

31.6189 -1.7000 

32.8423 -2.1432 
32.9945 -1.8274 
33 0844 -1.9056 

32.9469 -2.8510 

32.6936 -3.1323 
32.7150 -2.6886 

33 0653 -2.32 17 

32.7924 -3.1944 

33.5298 -2.1817 
33.6242 -1.8954 
33.7061 -1.9657 

33.6835 -2.8097 

33.5058 -3.0536 
33.4798 -2.6660 

33.7300 -2.3414 

33.5911 -3.1082 

35.9907 -2.3616 

36.0002 -2.2598 
36.0004 -2.4284 
36.0003 -2.6384 
36.0001 -2.7674 

35.9993 -2.2326 

-. 8590 
- -2570 

.4980 

.9660 

.8660 

.2590 -. 4998 
- .9608 

-. 8?90 -. 2492 
.4815 
.9390 
.8520 
.2555 -. 4928 -. 9464 

-. 7317 
-.2147 

.4116 

.8044 

.7376 

.2247 
-a4352 
-.8338 

-.6179 -. 1804 
.3433 
.6649 
.607 7 
.1863 -. 3652 

-.7028 

-.5513 -. 1617 
.3085 
.5932 
.5364 
.1627 -. 3197 -. 6202 

-. 2402 
-.0716 

.2673 

.2402 
.0716 

1384 

33 February 1985 



Z W L E  4.- Concluded 

36.0000 -2.7768 
35.9997 -2.6958 
35.9996 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 

'RIGHT CANARD 

.oooo -. 1958 
-.2769 

.oooo 

.oooo . 0000 . 0000 

.oooo . 0000 

.oooo 

.oooo 

.oooo 
c 

35.9999 -2.7674 -.0716 
35.9997 -2.6384 -.2402 

37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2 5000 
37.5000 -2.5000 
37.5000 -2.5000 

.OO@O . ooco 

.oooo 

.oooo 
.oooo 
.0003 
.oooo . 0000 

35.9998 -2.7402 -.1384 
35.9996 -2.5716 -.2675 

37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 
37.5000 -2.5000 

6 5 5 0 .O .O .O 2.500 .OOO .ooo 1.000 1.000 1.000 
3.7500 3.1120 .OOOO 3.7500 3.1120 .OOOO 3.7500 3.1120 
3.7500 3.1120 .OOOO 3.7500 3.1120 .OOOO 

4.5000 3.5000 .0250 4.5000 3.2000 .O>OO 
5.0000 3.2260 -.lo00 5.0000 3.7500 -e0500 5.0000 4.4000 
5.0000 3.7500 .0500 5.0000 3.2260 .lo00 

5.8000 4.1500 .0250 5.8000 3.3000 .0500 
6.2500 3.3610 .OOOO 6.2500 4.4000 .OOOO 6.2500 5.6100 
6.2500 4.4000 .OOOO 6.2500 3.3610 .OOOO 

4.5000 3.2000 -.0500 4.5000 3.5000 -e0250 4.5000 3.8800 

5.8000 3.3000 -.0500 5.8000 4.1500 -e0250 5.8000 5.1800 

'LEFT CANARD c 

7 5 5 0 -0 -0 .O -2.500 -5.000 -000 1.000 1.000 1.000 
3.7500 1.8880 .OOOO 3.7500 1.8880 .OOOO 3.7500 1.8880 

4.5000 1.8000 .0500 4.50GO 1.5000 ,0250 4.5000 1.1200 
4.5000 1.5000 -.0250 4.5000 1.8000 -.0500 
5.0000 1.7740 .lo00 5.0000 1.2500 .0500 5.0000 .6000 
5.0000 1.2500 -.0500 5.0000 1.7740 -.lo00 
5.8000 1.7000 .0500 5.8000 -8500 .025n 5.8000 -.1800 
5.8000 -8500 -.0250 5.8000 1.7000 -.0500 
6.2500 1.6390 .OOOO 6.2500 ,6000 .OOOO 6.2500 -.6100 
6.2500 .6000 .OOOO 6.2500 1.6390 .OOOO 

3.7500 i.888n .oooo 3.7500 1.8880 .oooo 

'BRACE # 

8 4 7 0 .O .O .O . 000 .ooo .ooo 1.000 1.000 1.000 
28.7500 -1.5490 a2590 28.7500 -1.5150 .OOOO 28.7500 -1.5490 
28.7500 1.5340 -.2590 28.7500 1.5000 .OOOO 28.7500 1.5340 
28.7500 -1.5490 .2590 
29.1000 -1.5600 -2590 29.1000 -1.5400 .OOOO 29.1000 -1.5600 
29 - 1000 1.5340 -. 2590 29 1000 1 5000 .OOOO 29 1000 1.5340 
29.1000 -1.5600 .2590 
29.5000 -1.5800 -2590 29.5000 -1.5500 .OOOO 29.5000 -1.5800 
29.5000 1.5340 -e2590 29.5000 1.5000 .OOOO 29.5000 1.5340 
29.5000 -1.5800 -2590 
30.0000 -1.5900 -2590 30.0000 -1.6000 .OOOO 30.0000 -1.5900 

30.0000 -1.5900 .2590 
30.0000 1.5340 -.2590 30.0000 1.5000 .OOOO 30.0000 1.5340 

. 0000 

.oooo . 0000 

.oooo . 300 . woo0 

.oooo 

.oooo 

0 
.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

0 
.oooo 

.oooo 

. 0000 

. 0000 

.oooo 

0 
- -2590 
.2590 

-.2590 
.2590 

-.2590 
.2590 

-.2590 
.2590 
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APPENDIX B.- Applicat ion of LaWGS t o  ALrcraf t  Shapes 

This appendix d e s c r i b e s  how t o  i n p u t  a t y p i c a l  a i r c r a f t  c o n f i g u r a t i o n .  There 
are babLcally two types  of i n p u t  modes, fu s i fo rm or planar .  Fusiform o b j e c t s  
are u s u a l l y  t a p e r i n g  toward each end with prominently curved s u r f a c e s  and 
i n c l u d e  f u s e l a g e  and eng ine  n a c e l l e s .  
o r  f l a t  s u r f a c e s  and i n c l u d e  wings, f i n s ,  cana rds ,  h o r i z o n t a l  t a i l s ,  etc. 

P lana r  o b j e c t s  u s u a l l y  have g e n t l y  curved 

To s i m p l i f y  t r a n s l a t i o n  ( o r  ed i t i r l g )  p r . x e d u r e s ,  t he  fo l lowing  g u i d e l i n e s  f o r  
o r d e r  of d e s c r i p t i o n s  are recommended. 

Fusiform Objects .  
around t h e  body, t h e  l i n e s  s t a r t i n g  a t  t h e  nose ( p o i n t  AI i n  t h e  fol lowing 
s k e t c h )  and ending a t  t h e  base. 
a t  t h e  bottom ( lowest  2) (poirrt A) and be g i v e n  i n  a clockwise d i r e c t i o n  
f ac ing  t h e  i n c r e a s i n g  X d i r e c t i o n .  E i t h e r  h a l f ,  i f  t h e  body i s  symmetrical 
wi th  r e s p e c t  t o  t h e  XZ p lane ,  o r  t h e  e n t i r e  body may be desc r ibed .  

Fusiform type  o b j e c t s  should be  d e s c r i b e d  by contour  l i n e s  

The p o i n t s  on t h e  c.ontour l i n e s  should s t a r t  

B 
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Planar  Objects .  The contour  l i n e s  for p l ana r  type  o b j e c t s ,  t h a t  have t l t e i r  
g r e a t e s t  l eng th  extending i n  t h e  Y d i r e c t i o n  such a s  wings and h o r i z o n t a l  
ta i ls ,  should be desc r ibed  i n  t h e  inc reas ing  Y d i r e c i i o n .  The coord ina te s  f o r  
t hese  o b j e c t s  should s tar t  a t  t h e  t r a i l i n g  edge (po in t  A i n  t h e  fo l iowlng  
ske tch )  and con t inue  i n  a clockwise d i r e c t i o n  f ac ing  t h e  i n c r e a s i n g  Y 
d i r e c t i o n  a long  t h e  lower s u r f a c e  t o  t h e  l ead ing  edge and then  along t h e  tipper 
su r face .  I f  i t  is d e s i r a b l e  t o  d e s c r i b e  a wing ty: s u r f a c e  wi th  se?arate 
o b j e c t s  o r  segments,  t h e  contour  l i n e  coord ina te s  should start  a t  po in t  A f o r  
t h e  lower s u r f a c e  and p o i n t  B f o r  t h e  upper su r face .  

X 

B 

A 1 z 
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The contour  l j n e s  f o r  p l ana r  t y p e  o b j e c t s ,  t h c t  have t h e i r  g r e a t e s t  l eng th  
ex tending  in t>e 2 d i r e c t i o n  such as v e r t i c a l  ta i ls  and ventral f i n s ,  should  
s ta r t  a t  t h e  lowest po in t  on t h e  t r a i l i n g  edge ( p o i n t  A i n  t h e  fol!.<rwing 
s k e t c h )  and cont inue  i n  t h e  p o e i t i v e  Z d i t e c t i o n .  
coo d i n a t e s  ShoUh! start  a t  the  t r a i l i n g  edge ( p o i n t  A) and con t inue  i n  a 
clockwise d i r e c t i o n  f a c i n g  t h e  p o s i t i v e  2 d i r e c t i o n .  I f  i t  is d e s i r a b l e  t o  
d e s c r i b e  only h a l f  of a f i n ,  start a t  p o i n t  A and end e t  p o i n t  B. 

For a complete f i n ,  t h e  

-x 
8 A t 

Y 

February 1985 37 



APPENDIX C.- Considerat ions f o r  Developing LaWGS Trans la to r s  

R a n s l a t o r s  between the  Langley Wireframe Geometry Standard and any 
app l i ca t ions  program w i l l  be l a r g e l y  dependent on t h e  geometry format used by 
the  a p p l k a t i o n s  program. Some ideas  are presented i n  t h i s  appendix that may 
help  with the  process of developing LaWGS t r a n s l a t o r s .  

Dimensions. 
o b j e c t s ,  l i n e s  o r  po in ts  allowed i n  a f i l e .  
too l a rge ,  i t  is  recommended t h a t  t h e  t r a n s l a t o r s  be dimenstoned t o  a l low 30 
ob jec t s ,  50 l i n e s  p e r  ob jec t ,  and 50 poin ts  per  l i n e .  

The LaWGS does not conta in  any r e s t r i c t i o n  on the  number of 
To prekent f i l e s  from becoming 

Transformations. The following equat ions represent  t h e  r o t a t i o n s ,  
t r a n s l a t i o n s  and scale f a c t o r s ,  e3pl ied  i n  t h e  propcr order ,  t h a t  are - eded 
t o  go from the  local coordinate  sys tem t o  t h e  g loba l  coord ina te  s y s t e r  
(Reference 6 ) .  The equat ions necessary t o  go from the local coord ina te  
systems t o  the  g loba l  coord ina te  system are: 

x = i [x  (cos COSY) + y (-siny cos0 + si& cosy s in@)  

= { [x (case s iny )  + y l ( c o s ~  cos0 + s i n e  s i n r  sin41 

g 

yt3 

zl(s inv s in4  t sine cosy cos4)l  + TX) SCALE 

'+ zl(rosY s inQ + s i n 9  sinY  COS^)] + 'N) YSCALE 

A subrout ine (LRCCNV) has been placed i n  t h e  LaRC U t i l i t y  Library (UTIL) t o  
convert  a LaWGS f i l e  with t ransformation parameters t o  a LaWGS f i l e  i n  t h e  
g loba l  coordinate  s,-tem. In t h e  g loba l  system, t h e r e  are no l o c a l  
symmetries, r o t a t i o n s ,  t r a n s l a t i o n s ,  or scale f a c t o r s ,  bu t  t h e r e  are g l o b a l  
s p m e t r i e s .  
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Connect iv i ty  of po in ts .  
terms of s u r f a c e s  r a t h e r  than  s imple wireframes. 

Many a p p l i c a t i o n s  r e q u i r e  o b j e c t s  t o  be desc r ibed  i n  
When desc r ib ing  s u r f a c e s ,  i t  

is important  t o  be c o n s i s t e n t  i n  t h e  way p o i n t s  are connected i n  o r d e r  t o  
i n s u r e  that s u r f a c e  normals are o r i e n t e d  c o r r e c t l y .  
g i v e s  a g e n e r a l  r u l e  f o r  connect ing p o i n t s  i n  a c o n 3 i s t e n t  manner. 

The fo l lowing  paragraph 

An o b j e c t  can be thought of as an  a r b i t r a r y  polyhed'ton which is modeled by 
d e f i n i n g  i t s  f a c e s  ( o r  panels) .  
s i d e  i n v i s i b l e  because i t  f a c e s  t h e  i n t e r i o r  of t h e  o b j e c t  and t h e  o t h e r  s i d e  
v i s i b l e  because i t  faces outward. 
convent ion can be used t o  d i s t i n g u i s h  between t h e  two s i d e s :  t h e  v e r t i c e s  of 
each panel  should be l i s t e d  i n  counterclockwise o rda r  when t h e  pane l  is  viewed 
from o u t s i d e  t h e  o b j e c t .  
d i r e c t e d  outward from t h e  o b j e c t  (Reference 7). 

Each f a c e  is a two-sided polygon wi th  one * 

When modeling a panel ,  the fo l lowing  

This i n s u r e s  t h a t  t h e  s u r f a c e  normal v e c t o r  is 
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APPENDIX Do- 8 & t r y  I n t e r f a c e  Programs 

Program Operating F0r-t e s p o n s  i b l e  
name System From To Person S t  atus* 

CQLRC 

CBSZLRC 

G W  LRC 

GEOM 

GEOM 

LRC2ANV 

LRCZBYU 

LRC2CDS 

LRCZGEM 

LRC2HES 

WAV2LRC 

LRC2ARC 

ARCZLRC 

NOS 

Primos 

Frimos ,NOS 

NOS 

NOS 

P r h o s  

Primos 

Pr imos 

Primos ,Nos 

Pr Fmos 

cc 
CDS 

GEMPAK 

LaWGS 

PAN A I R  

LaWGS 

LaWGS 

LaWGS 

LaUGS 

LaWGS 

NOS Harris Wave Drag 

NOS LaWGS 

NOS Ames Standard 

LaWGS C. B. Craidon 

I d G S  V. S. Johnson 

LaUGS S. H. Stack 

PAN A I R  D. Miller 

LaWGS D. Miller 

ANVIL 4000/ C. 8. Craidon 
PATBAN G/ 

IGES 

MOVIE. BYU ???  

CDS V. S. Johnson 

G W A K  S. H. Stack 

Hess ? ? ?  

LaWGS C. B. Craidon 

Ames Standard ??'! 

LaWGS ? ? ?  

C 

C 

UD 

UD 

UD 

uc 

uc 
uc 

UD 

uc 

C 

uc 
uc 

*UC - Under Consideration 
UD - Under Development 
C - Complete 
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