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SUMMARY 

Two new interact ive computer graphics postprocessors, MAGGRAF and NASTEK, 
used for displaying NASTRAN-generated resu l t s  are  described. NAGGHAF is capa- 
ble of displaying magnetic potentials or f i e ld s  c3mputed from resu l t s  gen- 
erated by a NASTRAN magnetostatic analysis. NASTEK is capable of d i s ~ l a y i n g  
NASTRAN-generated PLT2 f i l e s  on most Tektronix terminals. Examp; ,. 'he 
plot t ing capabi l i t ies  for each of tne programs d i l l  be presented ' ', 
plots  of the magnetic f ie ld  around a ferromagnetic sphere and ?' a z i  . , l o t s  
drawn w i t h  solid and dotted l ines .  

MAGGRAF 

Introduction 

MAGGRAF is an interact ive computer graphics pozfprocessor used to  display 
magnetic potentials,  t o t a l  f i e ld s ,  ar  f i e ld  components computed from resu l t s  
generated by a NASTRAN magnetostatics analysis. 14s type of analysis com- 
putes magnetic potentials about ferromagnetic bodies due t o  source magnetic 
f ie lds .  MAGGRAF computes the magnetic f i e l d s  or potentials from the prolate 
spheroidal harmonic expansion coefficients generated by NASTRAN. Magnetic 
f i e ld s  or  potenttals can be displayed outside the prolate spheroidal surface 
a t  single points, along l ines ,  or on planes in the form of X-Y graphs, two- 
dimensional (2D) ccntour pl- ts, or three-dimensimal (3D) surface plots.  

Solving for the Magnetic Potential 

The tb1eory behind the governing equations for determining the magnetic 
potential  around a ferromagnetic body is  described in reference 1. Solving 
for the magnetic potential  in  HAGGRAF requires the solution of Laplace's equa- 
t ion i n  prolilte spheroidal coordinates. The solution is given by 



where 
4 = reduced magnetic scalar potential 

6 , n,B = prolate spheroidal coordinates - o = cocrdinate of the interim prolate spheroieal zurface 
m n: 
Pn.Q, = Legendre functions of the first and second kind, respectively 

- prolate spheroidal harmonic expansion coefficients A m * & ?  - 

E in*) ! 
(2n+l) ---- 

(n+m) ! sin q n ,  el~: (n) an  
Bm 

t,(?,!-j) = distribution of potential 0 on prolate spheroidal s~rface f = f 
r, 

If the user has included in the finite element model a prolate spheroidal 
surface which encompasses all of tne ferromagneti2 materiai. then NASTRAN can 
compute the prolate spheroidal harmonic expansion coefficients and store them 
on a Fortran-readable file. IIAGGRAF accesses these coeff:cients and solves 
equation (1) for any point outside the surface. 

Input 

Several quantities must be input to %GGRAF before the program car! com- 
pute the magn 'ic potential or field including the name of the file containing 
the prolatc spheroidal t rmonic expansion coefficients, a user-defined title, 
the type of graphic output to be generated. the component of ttir? magnetic 
field strength or i~~duction to be computed, and the odtput rnits. The type of 
graphic output selected determines the input, i.e., the coordilates of the 
points which define the X,Y,Z locations at which the magnetic field or poten- 
tial is to be computed. For example, to define a set of poin:s on a line, the 
Y and Z coordinates, the beginning and endtng X coordinates, and the rum@-r of 
increments in X are input. To definc! a rectangular grid cf points on a plane, 
the Y coordinate, the bounding X and Z coordinates of the plane, and the 
number of increments in X and Z are input. Li.iear combination factors are 
also input. These factors multiply the v a l e  of the source maglletic fields 
specified in subcas,~s in the NASTRAN data deck to produce a total source mag- 
netic field from various combinations of individual sources. 

output 

All of the examples of out,pm.t generated by MAGGRAF s h ~ m  in figures 1-ri 
ar cf a component of the magnet .c field strength or induction aro~nd 3 fer- 
romagnetic sphere. An X-Y graph is shown in figure 1. A 2D ,x>ntour plot is 



stown i n  f i g u r e  2. A 3D p e r s p e c t i v e  s u r f a c e  p l o t  is shown i n  f i g u r e  3. A 30 
o--thogonal s u r f a c e  p l o t  w i t h  h i d i r o  i i i i e ~  rcz;ve? is st== i n  flgnrc a .  

To g e n e r b t e  a 2D wn';our p i o t ,  con'tour l i n e 2  a r e  drawn i n  r e c t a n g l a r  
r e g i o n s  foruied 3y f o u r  a d j a c e n t  p o i n t s  a t  which t h e  magnet ic  f i e l d  o r  poten- 
= i a l  was c a l c u l a t e d .  For each  r e c t a n g l e ,  a f i f t h  p0ir.t is i n t e r p o l a t e d  i n  che 
c e n t e r .  The f i v e  p o i n t s  d e f i n e  f o ~ r  t r i a n g u l a r  subreg ions .  Gi ren  t h e  v a l u e s  
o f  a con tour  l i n e  and of  t h e  magnet ic  f i e l d  o r  p o t e n t i a l  a t  t h e  f i v e  p o i n t s ,  
t h e  c o o r d i c a t e s  o f  tine p o i n t s  a t  which a c o n t o u r  l i n e  w i l l  c r o s s  ' h e  s i d e s  o f  
t h e  t r i a n g u l a r  s u b r e g i o n s  can  be determined.  

The e l e v a t i o n  o f  a 3D s u r f a c e  correspond? t o  t h e  v a l u e s  o f  t h e  a a g n e t i c  
f i e l d  o r  p o t e n t i a l .  To remove t h e  hiddeg l i n e s  i n  t h e  3D s u r f a c e  p l o t ,  t h e  
s u r f a c e  is r o t a t e d  such  t h a t  p o i n t s  a long  a d i a g o n a l  o f  t h e  Grid o f  p o i n t s  a t  
which t h e  magnet ic  f i e l d  o r  p o t e n t i a l  was computed h a l l  appear  a l c n g  a v e r t i -  
c a l  l i n e  on t h e  p l o t  ( r e f .  2 ) .  Then MAGGRAF can  c w p u t e  t h e  p o i n t s  t h a t  a r e  
v i s i b l e  a l o n g  any v e r t i c a l  l i n e  on t h e  p l o t .  

NASTEK 

NASZZK p l o t s  NSTBAN-generated PLT2 fi les on T e k t r o n i x  4010, 4050, 4100. 
and 4110 series t e r m i n a l s  ( r e f .  3).  Maray c p t i o n s  a r e  a v a i l a b l e  i n  NASTEK. 
Any frame i n  t h e  PLT2 f i l e  can be p l o t t e d ,  o r  t h e  e n t i r e  f i l e  cari be p l o t t e d  
a u t o m a t i c a l l y  w i t h  a hardcopy made of  each  frame. Frames can be reduced o r  
e n l a r g e d  by s e t t i n g  a s c a l e  f a c t o r .  F l o t s  can be drawn w i t h  s o l i d ,  d o t t e d ,  
dashed, o r  c o l o r e d  l i n e s  by u s i n g  t h e  P E N  o p t i o n  on t h e  PLOT c a r d .  Four 
s t y l e s  o f  d o t t e d  o r  dashed l i n e s  a r e  a v a i l a b l e .  E i g h t  d i f f e r e n t  c o l o r e d  s o l i d  
l i n e s  a r e  a v a i i a b l e  on t h e  c o l o r  Tek t ron ix  t e r m i n a l s .  

Output 

F i g u r e s  4 8  a r e  examples o f  plot- .  genera ted  by NASTEK. F i g u r e  5 is a 
p i o t  o f  d i sp lacement  cont.ours.  F i g u r e  6 is an e n l a r g e d  p l o t  o f  t h e  frequitncy 
ae format ion  o f  a s t r u c t l ~ r e .  F i g u r e  7 is an e n l a r g e d  p l o t  o f  t h e  undeformed 
shape o f  a s t r u c t u r ? .  F i g u r e  8 is an en la rged  p l o t  o f  the same s t r u c t u r e  a s  
i n  f i g u r e  7, p l o t t e d  w i t h  d i f f e r e n t  t y p e s  o f  d o t t e d  l i n e s  t o  d i f f e r e n t i a t e  
p t r t s  o f  t h e  s t r u c t u r e .  Colored l i n e s  could bave been used i n s t e a d  o f  iko 
d o t t e d  l i n e s .  

COMPUTER CODE 

Both MAGGRAF and NASTM a r e  w r i t t e n  i n  F o r t r a n  77. MACGRAF and NASTEK 
a r e  approximately  4000 and 600 l i n e s  l o n g ,  r e s p e c t i v e l y .  C u r r e n t l y ,  bo th  pro- 
grams -e w r i t t e n  w i t h  s u b r o u t i n e s  from t h e  Tek-ronix TCS and Advanced Graph- 
i n g  I1 l i b r a r y  o f  g r a p h i c s  s u b r o u t i n e s .  The f u t u r e  v e r s i o n  of MAGGRAF w i l l  b e  
r e w r i t t e n  w i t h  Metagekls  TEMPLATE g r a p l ~ i c s  s o f t w a r e  and u i l l  produce p l o t s  i n  
c o l o r .  The f u t u r e  v e r s i o n  of NASTEK w i l l  be  s o f t w a r e  independent .  
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FERROHRQNETIC SPHERE 
Z COHPOWENT OF HAONETIC FIELD IMDUCTrOM UERSUS X COORDINATE POSIT1OM 

n COORDIW1)TE (IWrTRs) 

F i g t ~ r e  1 - X-Y graph 



Figure  2 - 2D contour p l o t  





FERROnhQNETIC SPHERE 
V CORPONENT OF HAONETIC FIELD STRENGTH 
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Figure  11 - 31) surf'ace plot w i t h  hidden lines removed 
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