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Large general purpose f in i t e  element programs require users t o  develop large 
quantities of input data, General purpose pre-processors are used t o  decrease the 
effort  required t o  develop struct.ura1 models. Further reduction of effort  can be 
achieved by specific application pre-procesjors. Automatic Dynamic Aircraft Modeler 
(ADAM) is one such application specific pre-processor. 

INTRODUCTION 

General purpose preprocessors use points, lines and surfaces to  describe 
geometric shapes. Specifying that ADAM is used only for aircraft  structures allows 
generic structural sections, wing boxes and bodies, t o  be pre-defined. Hence w i t h  
only gross dimensions, thicknesses, material properties and pre-defined boundary 
conditions a complete model of an aircraft  can be created. 

NASTRAN models generated by ADAM include the executive, case control and the 
bulk data se t s  for normal modes analysis. The bulk data cards generated by ADAM 
are: GRID, CQDMEM2, CSHEAR, CROD, PQDMEH2, PSHEAR, PROD, WT1, WT2, CONH2, SPC1, 
ASET1, EIGR and PARAH (REFI). Additionally, the case control deck is setup t o  plot 
the f i r s t  ten eigenvectors. 

WING BOXES 

Geometric Modeling 

Geometric modeling is completed by using simple quadrilateral surfaces. 
Surfaces are easily defined, meshed and connected t o  other surfaces. The upper wing 
surface coordinates must be deflned, then the lower surface coordinates may be 
defined or automatically generated. The surfaces use CQDMEM2 elements t o  represent 
the aircraft  skin. Once the upper and lower surfaces are defined, they are 
automatically connected by CSHEAR and CROD elements. CSHEAR elements represent 
spars and ribs, while CROD elements represent spar and r ib  caps, Figure 1 shows the 
type cf data required for each quadrilateral surface. 

The software's logic allows multiple quadrilateral wing s:ctions to  be created 
separately and then la ter  connected to  generate a complete wing. When multiple wing 
sections are connected, the duplicate grid points are deleted and the element 
connectivity list along w i t h  the grid identification ( G I D )  for constraints and 
active degrees of freedom (DOF) are altered accordingly, Grid points which are 
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w i t h i n  ERROR d i s t a n c e  a p a r t  a r e  t r e a t e d  as d u p l i c a t e  g r i d  p o i n t s .  The ERROR 
d i s t a n c e  is a u s e r  i n p u t  value.  

S u r f a c e  e lement  t h i c k n e s s  is a u t o m a t i c a l l y  t a p e r e d  inboard  (maximum t h i c k n e s s )  
t o  outboard (minimum t h i c k n e s s ) ,  w h i l e  e lement  t h i c k n e s s  from t h e  l e a d i n g  edge t o  
t h e  t r a i l i n g  edge remains  c o n s t a n t .  F i g u r e  2 shows how t h e  a c t u a l  s t r u c t u r e  v a r i e s  
from t i l e  f i n i t e  e lement  model. The s k i n  t a p e r i n g  r o u t i n e  is a v a i l a b l e  f o r  
homogenous and composi te  m a t e r i a l s .  In-plane composi te  m a t e r i a l s  a r e  s i m u l a t e d  by 
s t a c k i n g  elements .  Each l a y e r  h a s  its own f i b e r  o r i e n t a t i o n  d e s c r i p t i o n  which is  
def ined  from a r e f e r e n c e  o r i e n t a t i o n .  

Mass Modeling 

S t r u c t u r a l  and n o n s t r u c t u r a l  mass (NSM) modeling is a v a i l a b l e  i n  ADAM. 
S t r u c t u r a l  mass i n c l u d e s  s k i n ,  s p a r s ,  r i b s .  s p a r  and r i b  caps .  N o n s t r u c t u r a l  mass 
i n c l u d e s  f u e l ,  a v i o n i c s ,  crew and a l l  o ther* n o a s t r u c t u r a l  m a t e r i a l s .  ADAM'S 
s t r u c t u r a l  mass modeling o n l y  r e q u i r e s  t h e  m a t e r i a l  d e n s i t y ,  t h e n  NASTRAN 
d i s t r i b u t e s  t h e  mass t o  g r i d  p o i n t s  by u s i n g  t h e  e lement  t h i c k n e s s  and a r e a  

Mass = Thickness  x Area x Densi ty .  

N o n s t r u c t u r a l  mass is a p p l i e d  t o  t h e  e lement  a rea .  NASTRAN r e q u i r e s  t h e  u s e r  t o  
i n p u t  t h e  NSM a s  

NSH = NSM Thickness  x Densi ty .  

NASTRAN d i s t r i b u t e s  t h e  mass t o  g r i d  p o i n t s  by u s i n g  t h e  e lement  a r e a  

Mass = NSM x Area. 

C a l c u l a t i o n  o f  NSM t h i c k n e s s  f o r  each  element  i n  t h e  wing box is  a t e d i u s  job. 
Hence ADAM c a l c u l a t e s  t h e  NSY t h i c k n e s s  o f  t h e  wing by u s i n g  t h e  c o r n e r  p o i n t s  of 
each  element  

2 t h i c k  = a~ upper  - 2 lclwer) 
0 ..I 

Y t h i c k  = =Y upper  - Y lower)  
8 

Thickness  = s i n  (wing d i h e r a l )  x Y t h i c k  + cos (wing d i h e r s l )  x 2 t h i c k .  

Half  o f  t h e  t h i c k n e s s ,  hence t h e  NSM is a p p l i e d  t o  t h e  upper  e lement  and t h e  oLher 
h a l f  o f  t h e  NSH is a p p l i e d  t o  t h e  lower element.  S i n c e  ADAM c a l c u l a t e s  t h e  
t h i c k n e s s ,  t h e  u s e r  is o n l y  r e q u i r e d  t o  i n p u t  n o n s t r u c t u  .~1 mass d e n s i t y .  
T y p i c a l l y ,  n o n s t r u c t u r a l  mass d e n s i t y  f o r  a wing s e c t i o n  is n o t  known, t h u s  t h i s  
v a l u e  is changed u n t i l  t h e  g r o s s  weight  is c o r r e c t .  

Boundary Condi t ions  

ADAM h a s  s i x  wing s e c t i o n s  w i t h  d e f a u l t  boiindary c o n d i t i o n s :  v e r t i c a l  wing 
w i t h  f r e e  boundary c o n d i t i o n s ,  h o r i z o n t a l  wing w i t h  free bou~idary  c o n d i t i o n s ,  
h o r i z o n t a l  wing c a r r y  through,  v e r t i c a l  c e n t e r l i n e  wing c a r r y  th rough ,  v e r t i c a l  
c e n t e r l i n e  wing w i t h  symmetric boundary c o n d i t i o n s  and v e r t i c a l  c e n t e r l i n e  wing r i t h  
anti-symmetric boundary c o n d i t i o n s .  F i g u r e  3 shows t h e  c r o s s  s e c t i o n a l  view o f  t h e  
above wing s e c t i o n s .  
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H o r i z o n t a l  and v e r t i c a l  wing c a r r y  th rough  s e c t i o n s  a r e  des igned  for uncoupled 
w i n g - M y  no t ion ,  x i t h  t h e  i n b o a r d  p a r t  o f  t h e  wing f ixed .  However, coupled 
wing-body motion can  be c o r r e c t l y  modeled by manual ly  changing t h e  i n b o a r d  
c o n s t r a i n t s .  Geometric modeling f o r  w i n g - k y  c o u p l i n g  is more d i f f i c u l t ,  hence  is 
n o t  used uless s t r o n g  c o u p l i n g  is expected.  

C e n t e r l i n e  wing s e c t i o n s  o n l y  model h a l f  of t h e  s t r u c t u r e  and t h e  s k i n  o n  t h e  
c e n t e r l i n e  is n o t  generated.  Gr id  p o i n t s  on t h e  c e n t e r l i n e  are c o n s t r a i n e d  for 
symmetric or anti-symmetric a n a l y s i s .  Symmetric boundary c o n d i t i o n s  a l l o w  l o t i o n  i n  
t h e  Z d i r e c t i o n  a l o n g  t h e  c e n t e r l i r e  

SPC 1 

w h i l e  a n t i - s y m e t r i c  boundary c o n d i t i o n s  a l l o w  motion i n  t h e  Y d i r e c t i o n  a l o n g  t h e  
c e n t e r l i n e  

SPC 1 GID 

A c t i v e  Degrees o f  breedom 

ASETl c a r d s  are a u t o m a t i c a l l y  g e n e r a t e d  for e a c h  wing s u r f a c e .  An o p t i o n a l  
s w i t c h  g e n e r a t e s  ASETl c a r d s  for upper  and lower s u r f a c e s  o r  for t h e  upper  sbrface 
only. L i t t l e  error i s  i n t r o d u c e d  by u s i n g  ASET1 c a r d s  on t h e  upper  s u r f a c e  o n l y  and 
t h e  a c t i v e  d e g r e e s  of freedom a r e  c u t  i n  h a l f .  Another o p t i o n  a l l o w s  t h e  u s e r  t o  
s p a t i a l l y  d i s t r i b u t e  t h e  ASETl c a r d s  i n  t h e  chord and span  d i r e c t i o n s .  T h i s  o p t i o n  
g i v e s  t h e  u s e r  an au tomat ic  method o f  a s s i g n i n g  GET1 c a r d s  t o  s e l e c t e d  g r i d  p o i n t s  
f o r  each wing s u r f a c e .  

Reducing s i x  d e g r e e s  o f  freedom t o  one  for eacn g r i d  p o i n t  can  i n t r o d u c e  l a r g e  
error. However, by a s s i g n i n g  t h e  a c t i v e  d e g r e e  o f  freedom i n  t h e  dominant d i r e c t i o n  
o f  motion t h e  e r r o r  can be reduced t o  t h e  e n g i n e e r i n g  accuracy  of t h e  o r i g i n a l  
model. Once t h e  d e s i r e d  accuracy  h a s  been reached,  f u r t h e r  r e d u c t i o n  o f  t h e  
a n a l y s i s  set can be acheived by s e l e c t i n g  a s m a l l e r  set of g r i d  p o t n t s  w i t h  t h e  same 
a c t i v e  degrees  o f  freedom. S i n c e  each  wing s e c t i o n  is uniform i n  terms o f  mass and 
s t i f f n e s s ,  s p a t i c a l  d i s t r i b u t i o n  of ASET1 c a r d  c a u s e s  no  loss of accuracy. However, 
h igh  frequency modes may be l o s t  i f  t o o  many g r i d  p o i n t s  a r e  skipped.  A convenien t  
r u l e  o f  thumb t o  de te rmine  t h e  maximum number o f  modes t h a t  a r e  c a l c u l a t e d  for a 
g iven  d i r e c t i o n  is 

number o f  modes = number ASETl c a r d s  - 1 

A d d i t i o n a l  c a r e  must b e  used when l a r g e  concen t raced  masses a r e  used. The lser must 
e n s u r e  t h a t  each g r i d  p o i n t  w i t h  l a r g e  mass h a s  t h e  a p p r o p r i a t e  a c t i v e  degree  of 
freedom s i n c e  ADAH o n l y  d i s t r i b u t e s  ASET1 c a r d s  s p a t i a l l y .  

BODIES 

Geometric Modeling 

Geometric modeling is completed by d e f i n i n g  an  X s t a t i o n  w i t h  s e v e r a l  r a d i a l  
v e c t o r s ,  a n g l e s  and magnitudes. The o u t e r  r a d i u s  d e f i n e s  t h e  s k i n  l o c a t i u n .  CQDMEH2 
e lements  r e p r e s e n t  t h e  sk in .  The i n n e r  and o u t e r  r a d i i  d e f i n e  t h e  h e i g h t  o f  t h e  



frames and l o r ~ e r o n s .  C S W  e l a e n t s  r e p r e s e n t s  fr-s and lcagerons,  uhile C R O  
*laments r ep resen t  f r m  and longeron caps. F igu re  4 show Ihe %ype of data 
requl red  f c r  each body, 

Colplex body Shapes can e a s i l y  be crea ted ,  hence the  v o l r r e  o f  inpeat d a t a  is 
l a r g e  when c w r e d  t o  t h e  wing i n p u t  data, G e a e t r i c  m d e l i n g  of bodies does n o t  
support  s k i n  t a p e r i n g  and corposite materials, bovtver  automatic  renumbering for 
d u p l i c a t e  g r i d  p i n t s  is avai lab le .  

S t r u c t u r a l  and nonstruct ;ual  mass -ling it a v a i l a b l e  tor bodies, Thls 
s e c t i o n  is xden t i ca l  t o  t h e  u ing  mass modeling except  for tbe t h i c k m s  c a l c u l ~ t i o n .  
A9AN c a l c u l a t e s  t h e  cross s e c t i o n a l  t h i ckness  of t h e  body far each element 

r t r i  c k n t s s  = UP inner - Y ou te r )  
2 

The la?rs is only appl ied  t o  t h e  g r i d  p o i n t s  defined by t h e  o u t e r  r ad ius ,  

Boundary Condit ions 

ADAH h a s  fou r  body s e c t i o n s  wi th  d e f a u l t  boundary condit ions:  u s e r  defined 
a c t i v e  degree of freedom, a l l  p o i n t s  f i xed ,  c e n t e r l i n e  body wi th  symetric boundary 
cond i t ions  and c e n t e r l i n e  body wi th  a n t i - s y m e t r i c  boundary condi t ions .  F iga re  5 
shows t h e  above body sec t ions .  

Only h a l f  o f  t h e  s t r u c t u r e  is modeled i f  t h e  c e n t e r l i n e  body op t ion  is chosen. 
Grid po in t s  on t h e  c e n t e r l i n e  are cons t ra ined  f o r  symetric or a n t i - s y m e t r i c  
ana lys is .  Symetric boundary cond i t ions  allow motion i n  t h e  Z d i r e c t i o n  a long t h e  
c e n t e r l i n e  

SPC 1 G I D  12456, 

whi le  anti-syaaeLric boundary cond i t ions  allow motion i n  t h e  Y d i r e c t i o n  a long t h e  
c e n t e r l i n e  

GID 

Active Degree o f  Freud.a 

ASETl c a r d s  a r e  au tomat ica l ly  generated f o r  each body sec t ion .  T h i s  s e c t i o n  is  
i d e n t i c a l  t o  wing modeling except  t h a t  ASETl c a r d s  a r e  only  assigned t o  g r i d  p o i n t s  
def ined  by t h z  o u t e r  radius.  

S t r u c t u r a l  and nons t ruc tu ra l  mass can automat.ically be d i s t r i b u t e d  f o r  wings 
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.sd bodies. Add&ti&ly, -8tcd - W -1C8lly b kw to the 
-st gr id  point. ADAH drkrdoe8 the -t gr id  point thca c8lcul .k~ tbc 
offtrt d i w .  'Ibis routioe requires n l 8 t i v e l y  brge m t  of caput# time, 
bcacc is k r r d  off  ratil me f l n 8 l  S t n r t v l l  model is completed, 

I n  additioa to the USTRAM -1, AM!I 8lao gemerates 8 table. The 
t ab l e  is aainly the ioput at8 dth appropriate labels, Other labels denote 

vhich iaput  v8luea u e  used for wit, coastnint, m%erial .ad ass .odtlig. 
fb+# labels prowide coarcaieat guidelines whca dewgglw W ' s  3- &ta. me 

wie is ~ ~ t k a  r - i y  m~ tk iqput d.ta is nd, bcacc the a- on 
the -y t8b le  is camrnaieutly i n  the art order. 

C o o r d i ~ t e s  of Ute comer gr id  points of e8cb ulw sect ion are cllculatcd fra 
tk input 8ogle data, Ttc coonlirutts rad the GID's for the ooract poi- of each 
wing section are wittar on the -y table after a l X  dupl lc r te  g r id  points have 
been deleted. This &?a .ids the user u k n  r u l t i p l e  wing sections are k i n g  
coaoected. 

Warming mesaages are u r i t k n  oa the m r y  tab le  &en and 
el-+& hove tbru or less usiqut grid points. Typic8lly. the rantiac vhich 
deletes duplicate gr id  points t r i gge r s  t h i s  warning mesage and cra be corrected by 
decreasing t h  ERUQR distance. 

The logic b u i l t  i n t o  ADAM reduces t h e  effort .ad browledge required to build 
c a p l e x  aircraft s t ruc tura l  mdels.  ADAN'S pr-fincd wing boxes and bodies gives 
even novice HASTEAN users  advaoced modeling skills. Advaoced NASTEU wers w i l l  
f iod that the  Z e d i u  of data generation fo r  parametric and desigo s t u d i t s  is grea t ly  
reduced. In geacral, wpne who builds s t ruc tu ra l  models with AMP4 w i l l  be -re 
productive aad t6sptablc to  desiga changes, 



apex -,,I \ I 
'Fr t  \ I 

1 <.+at* 0- r i b  

rpar (NSP )II/ I -\ 

Top view of wing planform. If p t . 1  i r  rotatad ruch that  pt.1 equal8 pt .2 ,  
the quadrilateral* degenerate into triangle.. 

FIGURE 1 WZNG GEOMETRtC DEFINITZONS 
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FIGURE 2 SKIN TAPERING 
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FIGURE 4 BODY GEOMETRIC DEFINITIONS 
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