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DETERMINATION OF ELEVATOR AND RUDDER HINGE FORCES 

I 
ON THE LEARJET MODEL 55 AIRCRAFT 

Robert  R. Boroughs and Viswa Padmanabhan 
Gates L e a r j e t  Corpo ra t i on  

SUMMARY 

The empennage s t r u c t u r e  on t h e  L e a r j e t  55 a i r c r a f t  was q u i t e  s i m i l a r  t o  t h e  
empennage s t r u c t u r e  on e a r l i e r  L e a r j e t  models. However, due t o  an impor tan t  s t r u c -  
t u r a l  change i n  t h e  v e r t i c a l  f i n  a long w i t h  t h e  new loads environment on the  50 
se r ies  a i r c r a f t ,  a  s t r u c t u r a l  t e s t  was r e q u i r e d  on t h e  v e r t i c a l  f i n ,  b u t  t h e  h o r i -  
z c n t a l  t a i l  was s u b s t a n t i a t e d  by a  comparat ive a n a l y s i s  w i t h  prev ious t e s t s .  
NASTRAN a n a l y s i s  was ~ j o d  t o  i n v e s t i g a t e  empennage d e f l e c t i o n s ,  s t r e s s  l e v e l  s, and 
c o n t r o l  su r face  h inge forces .  The h i ~ g e  f o r c e  c a l c u l a t i o n s  were made w i t h  t h e  
c o n t r o l  sur faces i n  t h e  d e f l e c t e d  as w e l l  as unde f lec ted  c o n f i g u r a t i o n s .  A s k i n  
panel b u c k l i n g  a n a l y s i s  was a l s o  performed, and t h e  non- l i nea r  e f f e c t s  o f  b u c k l i n g  
were s imula ted i n  t h e  N4STRAN model t o  more a c c u r a t e l y  d e f i n e  i n t e r n a l  loads and 
s t r e s s  l e v e l s .  Comparisons were then made between t h e  Model 55 and t h e  Model 35/36 
s t resses  and i n t e r n a l  f o r c e s  t o  determine which components were q u a l i f i e d  by p r e v i -  
ous t e s t s .  Some o f  t h e  methods and techniques used i n  t h i s  a n a l y s i s  have been 
descr ibed i n  t h e  f o l l o w i n g  paragraphs. 

INTRODUCTION 

Features i n  t h e  55 empennage q e c t i o n  t h a t  were i d e n t i c a l  t o  p rev ious  L e a r j e t  
models i nc luded  t h e  h o r i z o n t a l  t a i  i ,  e l e v a t o r s ,  and t h e  upper p o r t i o n  o f  the  v e r t i -  
c a l  f i n  and rudder  (see f i g u r e  1). The most s i g n i f i c a n t  change i n  t h e  empennage 
occur red i n  t h e  lower p o r t i o n  o f  t h e  v e r t i c a l  f i n  and rudder  which were expanded 
us ing  the  same tape r  r a t i o  and a i r f o i l  con tou r  as t h e  upper p o r t i o n  so t h a t  t h e  
t o t a l  h e i g h t  o f  t h e  v e r t i c a l  f i n  and rudder  was increased by approx imate ly15 inches.  
Since t h e  v e r t i c a l  t a i l  increased i n  s i z e  and the  v e r t i c a l  f i n  spar  depths and 
spacings changed a t  t h e  i n t e r s e c t i o n  w i t h  t h e  t a i l c o n e ,  an e n t i r e l y  new t a i l c o n e  
s e c t i o n  was designed t o  support  t h e  empennage s e c t i o n .  Con t ro l  systems f o r  t he  e l e -  
v a t o r s  and rudder  were n e a r l y  t h e  same as t h e  prev ious c o n t r o l s  i n  t h i s  area w i t h  
the  except ion  o f  t h e  15 i n c h  h e i g h t  i nc rease  i n  t h e  v e r t i c a l  t a i l  and t h e  geometry 
changes i n  t h e  t a i l c o n e .  

Cons t ruc t i on  i n  t h e  v e r t i c a l  t a i l  cons i s ted  o f  f i v e  spars and e i g h t  r i b s  made 
o f  bent  up aluminum sheet  metal  covered w i t h  an alurninum s k i n .  The rudder  was 
assembled w ~ t h  one spar, e leven r i b s ,  and a  t h i n  s k i n  cover, a l l  o f  which were alum- 
inum sheet metal  f a b r i c a t i o n .  Support f o r  t he  rudder  was accomplished through 
t h r e e  h inge  po in ts .  Two o f  these hinges, t h e  t o p  and c e n t e r  attachments, connected 
the  rudder  l e a d i n g  edge t o  t h e  r e a r  spar o f  t h e  v e r t i c a l  s t a b i l i z e r  w h i l e  the  t h i r d  
h inge p o i n t ,  o r  bot tom support,  was a t tached  t o  t h e  a f t  s i d e  o f  frame 48 through a  
to rque tube and b r a c k e t  support  assembly (see f i g u r e  2 ) .  Near t h e  lower  end of 
t h i s  to rque  tube was mounted a  b e l l c r a n k  assembly which prov ided t h e  means f o r  
a c t u a t i n g  and c o n t r o l  1 i n g  t h e  rudder  su r face .  



S t r u c t u r a l  arrangement o f  t h e  h o r i z o n t a l  t a i l  i nc luded  a  fo rward  and r e a r  spar 
w i t h  t h r e e  i n te rmed ia te  s t r i n g e r s  on b o t h  t h e  upper and lower  sur faces,  seven r i b s  
pe r  side, and upper and lower  s k i n  panels.  The e l e v a t o r s  were one spar a i r f o i l  
sec t i ons  w i t h  n i n e  r i b s  per s i d e  which were covered w i t h  an aluminum s k i n .  Each 
e l e v a t o r  was a t tached  t o  t h e  h o r i z o n t a l  s t a b i l i z e r  by  t h r e e  h inge p o i n t s  a long  t h 2  
e l e v a t o r  :eading edge. The l i p  and c e n t e r  span i l inges bo th  connected d i r e c t l y  t o  
the  r e a r  spar o f  t h e  h o r i z o n t a l  s t a b i l i z e r ,  b u t  t he  inboard  h iqge  at tachment was 
very  s i m i l a r  t o  t h e  l ower  h inge on t h e  rudder .  The e l e v a t o r  inboard  h inge  c o n s i s t e d  
o f  a  to rque tube assewbl; which was supported a t  t h e  h o r i z o n t a l  s tab ' l  i z e r  r e a r  spar 
and a i r c r a f t  c e n t e r  1  i n e  by  a  b racke t  assembly. Th is  b r a c k e t  i n s t a l  l a t i o n  served 
as a  suppor t  f o r  bo+h t h e  r i g h t  hand and l e f t  hand e l e v a t o r s  a t  t he  inboard  end 
(see f i g u r e  3 ) .  A c t u a t i o n  and c o n t r o l  o f  t h e  e l e v a t o r s  \.:as achieved through i n d i -  
v i d u a l  be1:cranks on t h e  inboard  end o f  each to rque  tube. These b e l l c r a n k  asserrb- 
b l  i e s  were then connected by a  push rod  1  inkage system which extended through t h e  
v e r t i c a l  s t a b i l i z e r  t o  a  c o n t r o l  system s e c t o r  i n  the  fuse lage t a i l c o n e .  

SYMBOLS 

j A i  X, Y, and Z components o f  a  p o i n t  a t  t h e  o r i g i n  f o r  a  CORD2R card  

CI r o t a t i o n  about  t h e  x a x i s  f o r  element i n t e r n a l  forces 
!. 

i X ,  Y, and Z components o f  a p o i n t  on t h e  Z a x i s  f o r  a CORDZR ca rd  

e r o t a t i o n  about  t h e  Y a x i s  f o r  element i n t e r n a l  forces 

c i X, Y, and Z components o f  a  p o i n t  i n  t h e  X-Z  p lane f o r  a  CORDZR ca rd  

F i ~  i n t e r n a l  f o r c e  component 

Y r o t a t i o n  about  z  a x i s  f o r  element i n t e r n a l  f o rces  

H G coord ina te  values o f  a  d e f l e c t e d  c o n t r o l  su r face  t ransformed t o  t h e  
bas i c  system 

ti coord ina te  values o f  a  d e f l e c t e d  c o n t r o l  su r face  i n  a  l o c a l  system 

ilh coord ina te  values c o r r e c t e d  f o r  h inge l i n e  sweep 

He coo rd ina te  values c o r r e c t e d  f o r  c o n t r o l  su r face  r o t a  t i o n  

h h inge 1 i n e  sweep 

T r  t r ans fo rma t ion  m a t r i x  f o r  h inge 1  i n e  sweep 

,' . 
T  e t r ans fo rma t ion  m a t r i x  f o r  c o n t r o l  sur face r o t a t  i o n  

8 c o n t r c l  su r face  r o t a t i o n  

x f i r s t  coo rd ina te  o f  a  p o i n t  i n  a  l o c a l  r e c t a n g u l a r  system 

Y  second coo rd ina te  o f  a  p o i n t  i n  a  l o c a l  r e c t a n g u l a r  system 



t h i r d  coord inate o f  8 p o i n t  i n  a  l o c a l  rec tangu la r  system 

f i r s t  coord inate o f  a  p o i n t  i n  the  bas ic  rec tanpu la r  system 

second coord inate o f  a  p o i n t  i n  the bas ic  rec tangu la r  system 

t h i r d  coord inate o f  a  p o i n t  i n  the  bas ic  rec tangu la r  system 

BACKGROUND 

Since the  Model 55 empennage s t r u c t u r e  was very  s i m i l a r  t o  the Model 35/36 
empennage s t r u c t u r e  and o ther  ea r l  i e r  empennage s t ruc tu res ,  L e a r j e t  was faced w i t h  
the s i t u a t i o n  on t he  50 ser ies  developnent program o f  determining which s t r u c t u r a l  
items were q u a l i f i e d  by previous c e r t i f i c a t i o n  t e s t s  and which s t r u c t u r a l  items 
needed t o  be requal i f i e d .  ;he v e r t i c a l  t a i l  and t a i l c o n e  support  s t r uc tu re  was 
obv ious ly  one area which had t o  be q u a l i f i e d  by s t r u c t u r a l  t e s t ,  s ince the he ight  
of t h i s  component had been increased on t he  50 se r i es  a i r c r a f t .  A po r t i on  of the 
NASTRAN ana lys is  on t h d t  s t r u c t u r e  has been d e t a i l e d  i n  NASA CP-2151 (see re f .  1)  
and consequtnt ly has n o t  been addressed i n  t h i s  sext. However, a  desc r i p t i on  of 
the NASTRAN ana lys is  performed on the  rudder and rudder hinges was not  covered i n  
t h a t  document and has been incorporated i n  t he  body o f  t h i s  paper. 

A review o f  the loads f o r  t he  50 se r i es  a i r c r a f t  helped t o  f u r t he r  c l d r i f y  
some o f  these questions, bu t  f o r  some s t r u c t u r a l  components the  answer was no t  
obvious and more study was necessary. One area where t h i s  was p a r t i c u l a r l y  t r u e  
was the  hor i zon ta l  t a i l  i n s t a l l a t i o n .  Th is  s i t u a t i o n  was main ly  due t o  a  rev ised 
loads d e f i n i t i o n  f o r  t he  hor i zon ta l  t a i l  where t he  combinat ion of new loads was no t  
d i r e c t l y  comparable t o  the o l de r  load cond i t i ons .  Also, a  fas te r  method was needed 
f c r  c a l c u l a t i n g  e l eva to r  hinge forces f o r  t he  var ious load  cond i t i ons  and def lected 
e levd to r  con f igu ra t ions .  Prev ious ly ,  h inge fo rces  had been ca lcu la ted  using methods 
which were very  tedious, t ime consuming, and no t  very  adaptable t o  changes i n  
e leva to r  p o s i t i o n .  

To he lp  c l a r i f y  these quest ions a  NASTRAN ana l ys i s  was performed on the empen- 
nage s t r uc tu re  f o r  t he  var ious load cond i t i ons  and c o n t r o l  sur face pos i t i ons  so 
t h a t  a  comparison could be made between the de f l ec t i ons ,  stresses, and i n t e rna l  
loads on the  55 empennage w i t h  t he  35/36 empennage. Previous s t r u c t u r a l  t e s t s  had 
demonstrated t h a t  the  ho r i zon ta l  s t a b i l  i z e r  and e leva to rs  on the  35/36 a i r c r a f t  
had the  c a p a b i l i t y  t o  sus ta in  150% o f  u l t i m a t e  load  ( n o t  l i a i t  load)  f o r  two of 
the more c r i t i c a l  cond i t i ons  on t h a t  a i r p l ane .  The 1502 o f  u l t i m a t e  load t e s t s  
were performed t o  more accura te ly  de f i ne  t he  s t r eng th  of the hor i zon ta l  s t a b i l i z e r  
and e leva to rs  as we l l  as e s t a b l i s h  the  g rnv th  c a p a b i l i t y  o f  t h i s  s t r uc tu re .  Con- 
sequently, a  po r t i on  o f  the NASTRAN ana;ysis was spent s imu la t ing  the 35/36 load 
cond i t i ons  i n  order t o  e s t a b l i s h  a base l ine  f o r  the  50 ser ies  analys is .  Then the 
50 ser ies  loads were app l ied  t o  the NASTRAN model and a  comparison was made between 
these data and t h e  35/36 data. Using t h i s  approach L e a r j e t  was ab le  t o  more 
c l e a r l y  de f i ne  which elements were q u a l i f i e d  by previous c e r t i f i c a t i o n  t s t s  and 
which members, i f  any, need t o  be q u a l i f i e d  i n  t he  50 ser ies  subs tan t ia t ion  pro- 
gram. This data base would a lso  he lp  t o  e s t a b l i s h  what cornponeruts needed t o  be 
qua1 i f i e d  i n  f u t u r e  growth vers ions and/or modi f icat ions t o  the  e x i s t i n g  conf ig-  
u ra t ion .  



MODELING CRITERIA 

' I 
The NASTRAN model used t o  represent  t h e  empennage s e c t i o n  inc luded the  ve r -  

! t i c a l  s t a b i  1  i zer, rudder, h o r i z o n t a l  s t a b i  1  i z e r ,  e leva to rs ,  and t a  i lcone s e c t i o n  
! (see f i g u r e  1). The t a i l c o n e  was u t i l i z e d  i n  t h e  model t o  more accura te l y  des- 

c r i b e  the f l e x i b i l i t y  and s t i f f n e s s  o f  t h e  v e r t i c a l  t a i l ,  s ince  t h e  spars  fro^ the  
v e r t i c a l  t a i  I extended i n t o  and were a t tached t o  t h e  t a i l c o n e .  A s i g n i f i c a t ~ t  por- 
t i o n  o f  t h e  c o n t r o l  system connect ing the  rudder  and elevatol -s was a1 so modeled 
t o  more accura te l y  d e f i n e  the  e f f e c t  o f  c o n t r o l  system f l e x i b i l f t y  on the d e f l e c -  

L 
t i o n  o f  t h e  c ~ n t r o l  surfaces and hinge forces.  

Since t h i s  s t r u c t u r e  was g e o m e t r i c a l l y  q u i t e  complex, m u l t i p l e  l o c a l  c o o r -  
d i n a t e  systems were used t:, simp1 if) the  model ing and t o  mdke t h e  a n a l y s i s  easier. 
t o  perform f o r  t h e  d i f f e r e n t  c o n t r o l  system d e f l e c t e d  c o n f i g u r a t i o n s .  Each frame 
i n  the  t a i  lcone s e c t i o n  was modeled i n  a  l o c a l  c y l i n d r i c a l  coo rd ina t?  system w h i l e  
the v e r t i c a l  f i n  and h o r i z o n t a l  s t a b i l i z e r  were modeled i r ~  a  l o c a l  I -ectanyuldr  
coord ina te  system. The rudder  and e l e v a t o r s  were a l l  modeled i n  l o c a l  rec tangu la r  
systems w i t h  t h e  Y a x i s  o f  each coord ina te  system d e f i n e d  d1ong t!,e h inge l i n e .  
This type o f  coo rd ina te  system d e f i n i t i o n  pe rm i t ted  the  r o t a t i o n  of  each c o n t r o l  
sur face about the  hinge l i n e  by  s imply  t rans fo rm ing  t h e  C3RD2R c a r d  (see r e f .  2 )  
r a t h e r  t h a i  changing a l l  o f  t h e  g r i d  p o i n t  coord inates  i n  t h e  c o i t r o l  surface t o  
r e f l e c t  the  d e f l e c t e d  p o s i t i o n .  R o t a t i o n  o f  t h e  c o n t r o l  su r face  about the  hinge 
1  i n e  thus pe rm i t ted  the c a l c u l a t i o n  o f  h lnge fo rces  f o r  v a r i o u s  c o n t r o l  ~ u r f a c e  
movements. Th is  technique a l s o  f a c i l i t a t e d  a  s tudy o f  v e r t i c a l  f i n  and hor izon-  
t a l  s t a b i l i z e r  i n t e r n a i  fo rces  and s t resses f o r  va r ious  c o n t r o l  su r face  p o s i t i o n s .  

The model f o r  t h i s  s t r u c t u r e  was approx imate ly  5700 degrees o f  freedom i n  
s i z e  w i t h  950 nodes and 2800 elements. Local coo rd ina te  systems t o t a l e d  seveq- 
teen which cons is ted of  bo th  rec tangu la r  and c y l i n d r i c a l  re fe rence  s y s t e m .  Since 
the r e s u l t s  o f  prev ious s t a t i c  t e s t s  had i n d i c a t e d  t h a t  s k i n  panel b u c k l i n g  was 
present, a  buck l i ng  a n a l y s i s  was i rp lemented t o  i d e n t i f y  buck led s k i n  panels and 
t o  s imu la te  t h i s  non-1 i n e a r  phenomt?on i n  the  NASTRAN a n a l y s i s  (see r e f .  3 ) .  This 
b u c k l i n g  s i m u l a t i o n  was achieved by r e p l a c i n g  t h e  o r i g i n a l  s k i n  th ickness o f  t h e  
buckled panel w i t h  an e f f e c t i v e  s k i n  th ickness which represented t h e  s t i f f n e s s  of  
the  buckled con f igu ra t ion .  The b u c k l i n g  a n a l y s i s  and e f f e c t i v e  s k i n  th ickness 
c a l c u l a t i o n  were performed by a  computer program which was s e t  up t 9  r u n  as a  post  
processor t o  the NASTRAN program, Th is  process g e n e r a l l y  had t o  be repeated 
several  t imes i n  o rde r  t o  o b t a i n  a  convergent s o l u t i o n .  A  more d e t a i l e d  desc r ip -  
t i o n  of the  theory  behind t h i s  a n a l y s i s  has been presented i n  NASA TMX 3428 and 
f u r t h e r  d i scuss ion  w i l l  n o t  be covered i n  t h i s  t e x t .  

I n c o r p o r a t i ~ n  o f  t h e  t a i l c o n e  s e c t i o n  v i  t h  t h e  empennage model was dcne t o  
more accura te l y  d e f i n e  the  s t i f f n e s s  r e l a t i o n s h i p  b e t w e n  these two components. 
Representatiori  o f  t he  t a i l c o n e  s e c t i o n  inc luded  t h e  s t , - ~ c t u r e  from frame 39 t o  
frame 48 (see f i g u r e  1). The modeling o f  t h i s  s t r u c t u r e  wzs accomplished by 
d e f i n i n g  t h e  g r i d  p o i n t s  a t  each frame dnd s t r i n g e r  i n t e r s e c t i o n  i n  a  l o c a l  c y l i n -  
d r i c a l  coord inate  system i n  the  plane o f  t h e  frame us ing  CORDZC cards (see r e f .  2 )  
NASTRAN members used t o  model t h i s  s t r u c t u r e  were BAR elements f o r  the frames, 
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doublers. A bdgga~e ~lu i i i  l d ~ l  L I ~ , .  l L ~  L I l l  . iU s i u e  u t  che t d i  lcorie d i d  n i i t  nave 1 9 -  
n i f i c a n t  s t r u c t u r a l  c a r r y  through c a p a b i l i t y  and was omi t ted  t o  conserve degrees 
of freedom. The keel  beam s t r u c t u r e  t h a t  extended from frame 39 t o  41 i n  t h i s  
sect ion was modeled us ing CONROD elements for  the  caps, SHEAR elrments f o r  t hz  s ide  
webs, and QDMEME elements "or t he  ho r i zon ta l  webs. 

VERTIC~L TAIL 

Two separate l o c a l  rec tangu la r  coct-d;,cate systems were used t o  f a c i l  i t a t e  the 
d e f i n i t i o n  of g r i d  p o i n t  l o c a t i o n s  i n  t h e  v e r t i c a l  f i n  and rudder  (see f i g m e  2 ) .  
The l o c a l  rec tangu la r  coord ina te  system f ~ r  the  v e r t i c a l  f i n  was de f ined  using a 
CORD2R card w i t h  the  o r i g i n  loca ted  on the cen te r  l i n e  o f  t he  a ~ r p l a n e  a t  the i n t e r -  
sect ion o f  the  v e r t i c a l  t a i l  l ead ing  edge and the  t a i l c o n e  upper surface. The X 
ax i s  was def ined as p o 5 i t i v e  a f t ,  the  Y a x i s  was def ined as p o s i t i v e  up, and the Z 
ax f s  was def ined as p o s i t i v e  l e f t  h a ~ d  outboard. Thp l o c a l  r e c t a ~ g u l a r  coord inate 
system f o r  the rudder was de f ined  us ing a CORD2R cara w i t h  the o r i g i n  on the rudder 
hinge l i n e  a t  the lower end o f  t he  rudder torque tube. J r i e n t a t i o n  o f  the ax i s  
was p o s i t i v e  o f t  and s l i g h t l y  down ( f o r  zero degree rudder d e f l e c t i o n ) ,  the  Y a x i s  
wa; p o s i t i v e  up aloncj the  rudder hinge l i n e ,  and the  Z a x i s  was p o s i t i \ l e  l e f t  hand 
outboard . 

Gr id  po in t s  were loca ted  a t  the  i n t e r sec t i on  o f  the  spar caps and r i b  caps 
on both t h e  r i g h t  ha-id and l e f +  hard ou te r  contours of t he  v e r t i c a l  t a i l .  The 
spar caps i n  the  reg ion  o f  the  fuselage frames were mode;c? us ing BAR elements 
wh i le  the remainder o f  t he  spar caps and r i b  caps were s imulated by CONROD elements. 
Skin panels were represented by QDMEM2 members, a1 though there  were some t r iangu-  
l a r ,  TRMEM, membrane elements used t o  descr ibe i n t r i c a t e  corners.  SHEAR elements 
were used t o  represent :he spar and r i b  webs. 

Attachment o f  t he  rudder t o  the  v e r t i c a l  f i n  was accomplished through two 
hinges from the  a f t  spar o f  the  v e r t i c d i  f i n  t o  the  lead ing edge o f  t he  rudder.  
The hinge model cons is ted o f  a framework o f  e i g h t  CONRODs t h a t  connected the hinge 
po in t  t o  a rudder r i b  on the  a f t  s ide  and t o  a v e r t i c a l  f i n  r i b  on t he  forward 
side. The f i r s t  group o f  f o u r  CONRODs, o r  the a f t  hinge, connected t he  hinge p o i n t  
t o  four  po in ts  9n the adjacent rudder r i b ,  wh i l e  t he  second group o f  f o u r  LONRODS, 
o r  the forward hinge, connected the hinge p a i n t  t o  f ou r  g r i d  pc l n t s  cn the  a d j a c w t  
v e r t i c a l  f i n  r i b  (see f i gu re  2 ) .  This  method o f  modeling f a c i l i t a t e d  an eas ie r  
computation o f  hinge loads through a r e s o l u t i o n  o f  forces i n  the CONRODS i n t o  
forces i n  a predef ined coord inate system by us ing a se r ies  o f  t ransformat ion equa- 
t i ons .  The torque load i n  the  rudder was res t r a i ned  by a be1 l c rank  mounted on a 
torque tube whose a x i s  co inc ided w i t h  the  hinge 1 i n e  o f  the  rudder.  This torque 
tube was at tached t o  t he  bottom o f  t he  rudder on one end and t o  a bracket  support  
on the a f t  s ide o f  frame 48 on the  o ther  end. BAR elements were used t o  model the 
torque tubes and the be l l c rank  assembly which actuated and c o n t r o l l e d  the rudder 
r o t a t i o n  a t  the bottom of  the torque tube. Modeling of the  b racke t  support cn 
frame 48 was accomplished us ing CONiiGDs f o r  the  s t i f f e n e r s  and QDMEM2 membranes 
for  the webs. 



The hor i zon ta l  t a i l  cons is ted o f  the  ho r i zon ta l  s t a b i l i z e r  and r i g h t  hand and 
l e f t  hand e levators .  Attachment o f  the hor i zon ta l  s t a b i l i z e r  t o  t h e  v e r t i c a l  f i n  
was accomplished through a  hinge p o i n t  on the  top  o f  the  v e r t i c a l  f i n  between spars 
three and four and a  screwjack at tached t o  the  hor i zon ta l  s t a b i l i z e r  apex and spar 
two of the v e r t i c a l  f i n .  Ro ta t ion  o f  the  ho r i zon ta l  t a i l  csu ld  then be achieved 
through ac tua t ion  of t h i s  screwjack. The e leva to rs  were at tached t o  t he  r e a r  spar 
o f  the hor i zon ta l  s t a b i l i z e r  through three hinges on each s ide.  

Three separate l o c a l  rec tangu la r  coord inate systems were created us ing the  
CORD2R f a c i l i t y  i n  NASTRAN t o  model the  hor i zon ta l  t a i l  s t r uc tu re .  The;e l o c a l  
coordinate systems were used t o  descr ibe the  ho r i zon ta l  s t a b i l  i ze r ,  r i g h t  hand e le -  
vator,  and l e f t  hand e leva to r .  Layout o f  the hor i zon ta l  s t a b i l i z e r  l o c a l  rec tan-  
qu;ar coord inate systems was es tab l i shed  w i t h  the  o r i g i n  loca ted  a t  t h e  ho r i zon ta l  
s t a b i l i z e r  apex w i t h  t he  X a x i s  p o s i t i v e  a f t ,  the  Y ax i s  p o s i t i v e  l e f t  hard ou t -  
board, and t he  Z a x i s  p o s i t i v e  down. O r i en ta t i on  o f  the l e f t  hand elevatot  l o c a l  
rec tangular  coord inate system was defined w i t h  the  o r i g i n  a t  t he  i n t e r s e c t i o n  of 
the hinge l i n e  and a i r c r a f t  c:.,iter plane w i t h  t he  X a x i s  perpendicu lar  t o  the hinge 
l i n e  and p o s i t i v e  a f t ,  the Y a x i s  co inc iden t  w i t h  the  hinge l i n e  and p o s i t i v e  l e f t  
hand outboard, and the  Z a x i s  perpendicular t o  the  X - Y  plane and p o s i t i v e  down. The 
r i g h t  hand e leva to r  l o c a l  rec tangu la r  coord inate system was s i m i l a r  t o  the  l e f t  hand 
e leva to r  w i t h  some d i f fe rences  i n  p o s i t i v e  axes d i r ec t i ons .  The o r i g i n  f c r  t he  
r i g h t  hand e leva to r  c w r d i n a t e  system was the  same as the l e f t  hand e levator ;  how- 
ever, the X a x i s  was perpendicular t o  the  r i g h t  hand hinge l i n e  and p o s i t i v e  fo r -  
ward, the Y a x i s  coincided w i t h  the  r i g h t  hand hinge l i n e  and was p o s i t i v e  r i g h t  
hand outboard, and the Z ax i s  was perpendicular t o  the X-Y plane and was p o s i t i b e  
up. One impor tant  advantage o f  the  separate coord inate systems f o r  t h e  e leva to rs  
was the ease and improved f l e x i b i l i t y  o f  ana lyz ing the e leva to rs  and ho r i zon ta l  
s t a b i l i z e r  w i t h  the  e leva to rs  i n  v a r i o ~ s  de f l ec ted  pos i t i ons .  

Gr id  po in ts  i n  t he  hor i zon ta l  t a i l  were spec i f i ed  i n  r e l a t i o n  t o  the  appro- 
p r i a t e  coord inate system depending on whether the  p o i n t  h ~ s  i n  the ho r i zon ta l  
s t a b i l i z e r ,  - i g h t  hand e leva to r ,  o r  l e f t  hand e leva to r .  i o c a t i o n  o f   he g r i d  
po in ts  was def ined by t ne  i n t e r s e c t i o n  o f  the spars and s t r i n g e r s  w i t h  the  r i b s  
and hy the e x t e r i o r  contour.  As i n  the  v e r t i c a l  f i n ,  the spar caps, s t r i n g e r s  and 
r i b  caps were represented by CONRODs, the spar and r i ~  webs were SHEAR elemelits 
and the sk i n  panels were modeled us ing QDMEM2 and TRMEM members ?n  the hor i zon ta l  
s t a b i l i ~ e r  wh i le  QUAD2 and TRIA2 elements were used i n  the  e leva to rs .  BAR e le -  
ments were used t o  s imulate  the  e leva to r  t r a i l i n g  edges. 

Attachment o f  the  e leva to rs  t o  the  hor i zon td l  s t a b i l '  2 r  r ea r  spar was accom- 
p l ished by three hinges on each e leva to r .  These hinges were designated by t he  
spanwise l oca t i on  and were r e f e r r e d  t o  as the  inboard hinge, center  hinge, and t i p  
hinge (see f igu re  3 ) .  The cen te r  and t i p  hinges were modeled as a  frameb!ork o f  
e i s h t  CONRODs t h a t  connected t he  hinge p o i n t  t o  an e leva to r  r i b  and a  ho r i zon ta l  
s t a b i l i z e r  r i b .  The f i r s t  group o f  fou r  CONRODs, o r  a f t  hinge, connected the hinge 
po in t  t o  four g r i d  po in t s  on an e leva to r  r i b ,  wh i le  the  second group o f  f o u r  
CONR0?<: nr forward h i n ~ ~  cnnnected t h c  h;nsc ~ o f n t  t; :;a; gi-id p " i r ~ i j  url a 
hor izonta l  s t a b i l i z e r  r i b  (see f i g u r e  3 ) .  The torque load on the  e l eva to r  was 
reacted by a  be1 ;crank mounted on a  torque tube whose a x i s  co inc ided w i t h  the e le -  
vator  hinge 1  ine. There were two o f  these b e l l c r i n k l t o r q u e  tube assemblies, one 
f o r  each side. The torque tube at tached t o  the  e leva to r  on t he  tube 's  outboard 



end and t o  a  bracket  support mounted on the  hor i zon ta l  s t a b i l i z e r ' s  r ea r  spar on the 
a i r p l ane  cen te r  1  i n e  on the  tube 's  inboard end. Both torque tubes and be l l c ranks  
were modeled us ing BAR elements, wh i l e  t he  cen te r  1  i ne  bracket  support assembly 
was modeled us ing CONRODs. 

CONTROL SYSTEM 

A p o r t i o n  of t he  con t ro l  system connect ing the rudder and e leva to r  has a l s o  
been included i n  the modeling o f  the  empennage sec t ion  t o  more accurate ly  de f ine  
the  e f fec t  of con t ro l  system s t i f f n e s s  on t he  de f l ec t i on  o f  these c o n t r o l  surfaces 
and i n  p a r t i c u l a r  the  associated hinge forces. Rudder m o t i o l ~  on the  L e a r j e t  M55 
a i r c r a f t  was accomplished by rudder pedal movement which was t r ans fe r red  by a  
c losed loop cable  assembly which drove a  be l l c rank  mounted on the  rudder torque 
tube (see f i g u r e  4 ) .  The a f t  p o r t i o n  o f  t h i s  cab le  system was inc luded i n  the  
f i n i t e  element moacl and was represented by CONROD elements w i t h  the s ide  o f  the  
c losed loop  cable  system t h a t  was no t  i n  tens ion  removed. The CONROD elements 
represent ing the cables were extended i n t o  the t a i l c o n e  sec t ion  where the  forward 
end of t h i s  member was at tached t o  a  p u l l e y  which was res t r a i ned  aga ins t  r - t a t i d n .  

E leva to r  d e f l e c t i o n  on t h i s  a i r c r a f t  was achieved by con t ro l  column movement 
which was t r ans fe r red  through a c losed loop  cable  assembly and a  push-pul l  r od  
1  inkage system. The upper p ~ r t i o n  o f  t he  push rod  system c o ~ s i s t e d  o f  t w ~  round 
tubes which were at tached t o  the  be l l c ranks  on the  l e f t  and r i g h t  e leva to rs  respec- 
t i v e l y .  The other  end o f  these two push roas were jo ined  t o  a  down spr ing  l i nkage  
mounted on t he  a f t  s ide  o f  spar th ree  i n  the  v e r t i c a l  f i n .  A s i n g l e  round tube was 
~ s e d  i n  the  lower p o r t i o n  o f  t he  push rod  system. This sha f t  wax connected t o  t he  
down spr ing  l i nkage  on the t ~ p  end and t o  a  sector  on the  bottom end (see f i gu re  5 ) .  
The p o r t i o n  o f  the e l eva to r  c o n t r o l  system t h a t  was included i n  t he  empennage 
model cons is ted of the e leva to r  be l lc ranks,  upper push rods, down spr ing  l i r lkage, 
and lower push rod  which was const ra ined a t  t he  lowzr end f o r  t he  NASTRAN a w l y s i s .  
The g r i d  po in ts  t h a t  de f in2d  the  t op  and bottom po in t s  o f  t he  lower push rod idere 
def ined i n  separate l o c a l  c y l i nd i - i ca l  coord inate systems. This was done se t h a t  
these g r i d  po in t s  cou'ld be moved w i t h  the  e leva to r  motion by us ing a simple s e t  ?f 
t ransformat ion equations. The push-pul l  rods were modeled w i t h  SONRODs, whereas 
the be l l c ranks  and down spr ing  l i n kage  were r-epresected by an assemblage of BAR 
e l  emen t s  . 

The hor i zon ta l  s t a b i l i z e r  r o t a t i o n  about the hinge p o i n t  between spar th ree  
and f ou r  on top  of t h e  v e r t i c a l  f i n  was achieved by a  screwja-:k ac tua to r  at tached 
t o  t ne  h o r i ~ o n t a l  s t a b i l i z e r  apex. A BAR element was used t o  represent the screw- 
jack.  One end of t h i s  BAR element was at tached t o  a  f i t t i n g  on the  forward s ide  
o f  spar two i n  the  v e r t i c a l  f i n ,  and the  o ther  end was connected t o  a  f i t t i n g  
mounted on the  hor i zon ta l  s t a b i l i z e r  center  l i n e .  The f i t t i n q s  t h a t  at tached the  
screwjack actuatol-  a t  both  ends were a lso  modeled using EAR elements. 



LOADS AND CONSTRAINTS 

! 
Many d i f f e ren t  load  condi t ions were analyzed us ing the NASTRAN empennage model. 

A c o r r e l a t i o n  analys is  was performed on the h9r i zon ta l  t a i l  us ing a  p o s i t i v e  gust  
w i t h  top r o l l  moment load cond i t i on  from the 35/36 f a t i g u e  t e s t  spectrum. This load 
case was se lected b a s i c a l l y  because e a r l i e r  t es t s  d i d  n o t  have s u f f i c i e n t  i n s t r u -  
lnen ta t io~ i  t o  perform a  c o r r e l a t i o n  analysis,  and t h i s  p a r t i c u l a r  case was one of 
the h igher  load  condi t ions i n  the 35/36 f a t i g u e  t e s t  spectrum. Since the corre- 
l a t i o n  analys is  f o r  the v e r t i c a l  t a i l  was described i n  a  previous NASA paper (See 
ref .  l ) ,  the r e s u l t s  o f  t h a t  work were n o t  presented here. The ana lys is  o f  the 
Lea r j e t  55 v e r t i c a l  t a i l  described i n  t h i s  paper was d i r ec ted  main ly  a t  rudder 
hinge fo rce  ca lcu la t ions .  The load case app l ied  t o  the v e r t i c a l  t a i l  f o r  these 
rudder hinge fo rce  ca l cu la t i ons  was a  maximum s ide  bending w i t h  rudder k i c k  load 
crrndi t i on .  

NASTRAN runs were made f o r  a l l  o f  t he  35/36 hor i zon ta l  t a i l  s t a t i c  t e s t  loads. 
These condi t ions were run i n  o rder  t o  e s t a b l i s h  a  basel ine f o r  the Model 55 analy- 
s i s  so t h a t  h le tern i inat ion could be made as t o  whether any o f  the 55 hor i zon ta l  
t a i l  i n t e r n a l  loads and stresses exceeded those on the 35/36 ho r i zon ta l  t a i l .  Since 
some of the 35/36 load cases were tes ted  t o  150% u l t i m a t e  load, there  was good 
reason t o  be l ieve  t h a t  the 55 hor i zon ta l  t a i l  load cond i t ions  were covered by the 
previous 35/36 s t a t i c  t es t s .  The 35/36 loads were app l ied  t o  the hor i zon ta l  s ta-  
b i l  i r e s  and e levators  w i t h  theoelevators i n  the neu t ra l ,  o r  undeflected pos i t i on ,  
the 15 up p o s i t i o n  and the 15 down p o s i t i o n .  The loads d e f i n i t i o n  f o r  the Model 
55 hor i zon ta l  t a i l  was somewhat d i f f e r e n t  from the 35/36 hor i zon ta l  t a i l .  Thzre 
were many inore load cases f o r  the  Model 55 a i r p l ane  than f o r  t he  35/36 a i rp lane,  
and a  d i r e c t  comparison was no t  e a s i l y  achievable f o r  many o f  these condi t ions.  
Consequently, i n t e r n a l  loads and stresses were determined f o r  the  55 hor i zon ta l  t a i l  
load condi t ions w i t h  the e levators  i n  t he  undef lected and de f lec ted  pos i t i ons  usin! 
NASTRAN analys is  i n  o rder  t o  e s t a b l i s h  a  common basis f o r  comparison w i t h  the 35/36 
in te r ! la l  loads and stresse;. 

Loads were app l ied  t o  the v e r t i c a l  f i n ,  rudder, hor i zon ta l  s t a b i l i z e r  and 
e levators  us ing FORCE card images (See r e f .  2 ) .  These forces were app l ied  a t  the 
g r i d  po in ts  t o  s imulate the shear, bending and torque envelopes f o r  these a i r -  
f o i  1  surfaces. A computer program was w r i t t e n  which accepted concentrated forces 
from the t e s t  loads data as inpu t  and r e d i s t r i b u t e d  these forces p ropor t iona te ly  
t o  the f ou r  nearest g r i d  po in t s  according t o  the  d is tance from those nodes and 
generated FORCE card images as output.  

Cons t t .~ in ts  f o r  the empennage model were app l ied  a t  several loca t ions .  The 
ma jo r i t y  o f  const ra in ts  were appl ied along t he  per imeter o f  frame 39 (See f i g u r e  2) 
i n  a l l  three t r a n s l a t i o n a l  degrees o f  freedom a t  the frame and s t r i n g e r  i n t e r -  
sect ions. Other cons t ra in ts  were app l ied  t o  the  rudder con t ro l  systen! and e leva to r  
r - r l t r o l  system. The rudder con t ro l  system was constrair led by a t tach ing  the  forward 
end o f  the t a i l cone  rudder cable t o  a  frame i n  the  t a i l c o n e  sect ion.  The e ieva to r  
con t ro l  system was res t ra ined  by using SPC, s i n g l e  p o i n t  cons t ra in ts ,  (See r e f .  2) 
on the three t r a n s l a t i o n a l  degrees of freedom a t  the  bottom end o f  the  lower push 
rod  (See f i g u r e  2 ) .  



G r i d  coordinates on t h e  con t ro l  surfaces were spec i f i ed  w i t h  respect  t o  t he  
appropr ia te  rudder o r  e l e v a t o r  1 ocal  rec tangu la r  coord inate system. These l o c a l  
coord inate systems were i n i t i a l  l y  def ined f o r  the con t ro l  sur face i n  t he  undef lec ted 
pos i t i on .  However, the  con t ro l  sur face could be de f l ec ted  o r  r o t a t e d  w i thou t  
changing t he  g r i d  p o i n t  coordinates merely by r o t a t i n g  t he  l o c a l  coord inate system. 
This was accomplished by modi fy ing the  CORDZR card image i n  t h e  bu lk  data deck by 
t ransforming the o r i g i n a l  axes reference t o  a new axes reference. 

The CORDZR card image i n  the bu lk  data deck f o r  each con t ro l  sur face de f ined  
a rec tangu la r  coordinate system by re ference t o  t h ree  po in t s .  The f i r s t  p o i n t  "A" 
(A l ,  A2, A3) def ined the  o r i g i n  o f  the  l o c a l  coord inate system (See f i gu re  6 j .  The 
second p o i n t  "B" (B l ,  B2, B3) def ined t h e  d i r e c t i o n  o f  t h e  "Z"  ax is ,  and the  t h i r d  
p o i n t  "C"  (C l ,  C2, C3) def ined a p o i n t  i n  t he  X-Z plane. The bas ic  coord inate system 
was used as the reference system f o r  these po in t s  (See r e f .  2). The o r i g i n  f o r  t h e  
bas ic  system was def ined a t  fuselage s t a t i a n  (F .S . )  0.00, b u t t  l i n e  (B.L.) 0.00, 
and wa te r l i ne  (W.L.) 0.00 w i t h  the " X u  a x i s  p ~ s i t i v e  a f t ,  " Y "  a x i s  p o s i t i v e  l e f t  
hand outboard, and t he  "Z"  ax i s  p o s i t i v e  down. Components o f  A, B, and C were def ined 
on the CORD2R card image by rneans o f  a s imple se r ies  o f  t ransformat ions descr ibed by 
the f o l l o w i n g  ma t r i x  equations. 

The equat ion shown above converts coordinates i n  a swept def lec ted con t ro l  
sur face t o  coordinates i n  a swept undef lec ted con t ro l  surface. Equation ( 2 )  shown 
below transformed the coordinates i n  equat ion (1) t o  coordinates p a r a l l e l  t o  a 
fuselage reference system corrected f o r  t he  hirige l i n e  sweep angle A .  

[ H A ]  = [TJx !El] 

S u b s t i t u t i n g  equat ion (1) i n t o  equat ion ( 2 )  and then re fe renc ing  these values 
t o  the  bas ic  system w i t h  an HGO ma t r i x  r esu l t ed  i n  equat ion ( 3 ) .  

Equation ( 3 )  was used t o  ca l cu l a te  t he  components o f  po i n t s  "B"  and " C "  on the  
CORDER card which def ined the  ro ta ted  con t ro l  surface. 

HINGE LOAD CALCULATION 

As i n d i  
Since t he  h i  
forces,  the 

cated prev ious ly ,  the hinges were modeled using CONRODS and/or Bar elements. 
nge p o i n t  had t o  be i n  e q u i l i b r i u m  under t he  a c t i o n  o f  t he  i n t e r n a l  element 
r e s u l t a n t  of the forces from the elements on t he  a f t  s ide  o f  the  hinge l i n e  



must be equal and opposite t o  the resu l tan t  from the elements on the forward s ide  
o f  the hinge l i n e .  This force on the forward hinge member was defined as the hinge 
force f o r  each o f  the contro l  surface support points.  

In te rna l  forces i n  the CONRCDs and BARS were extracted from the NASTRAN output  
f o r  a given load case. The forces i n  the hinge elements were then ro ta ted  i n t o  a 
comnon coordinate system through a ser ies o f  transformations (See f igure  7) .  The 
three force components i n  the element coordinate system were then defined as F x ~ ,  F y ~ ,  
and F z ~ .  Or ien ta t ion  o f  th: element coordinate system was defined by the two end 
po in ts  o f  the member and a v vector, i f  the  element was a BAR (See ref.  2). Ele- 
ment g r i d  p o i n t  components XA, y ~ ,  z~ and x ~ ,  yg, zg (See f i g u r e  7) establ ished the 
basis f o r  transforming the element forces t o  a comnon coordinate system. This was 
accomplished by rotat ing,  o r  transforming, these forces through three angles a, B, 
and y. Upon ca lcu la t ion  o f  these three rotat ions,  the transforrr~at ion matrices were 
formed as shown i n  f i g u r e  7. The element forces Fx , F y ~ ,  and F Z ~  were then resolved 
i n  the cmnon X,  Y ,  Z direct ions,  and then the hingE fo rce  components were determined 
hv c ~ ; ~ r n i  ng the t-esol ved ind iv idua l  element forces. 

A small comp.rte7 program was w r i t t e n  t o  perform the  transformation from the 
element coordinate system t o  the comnon reference coordinate system. This program 
also accounted f o r  the  e f f e c t  o f  contro l  surface ro ta t ion .  Hinge loads were com- 
puted on both sides o f  the hinge 1 i n e  as a check on the transformation calculat ions.  
The hinge loads a t  a l l  the  hinge points  plus the loads a t  the i n te rsec t i on  o f  the 
torque tubes and bel lcranks were a lso  sumned t o  check the  equ i l ib r ium o f  these hinge 
loads w i t h  the contro l  surface appl ied loads. 

BUCKLING ANALYSIS 

A comparison o f  s k i n  cover compressive stresses w i t h  the corresponding panel 
buckl i ng  a1 lowables ind ica ted  the presence o f  sk in  panel buckl i ng  f o r  several load 
cases. Consequently, an automated buckl ing analysis was implemented t o  i d e n t i f y  
buckled sk in  panels and t o  simulate t h i s  non-l inear phenomenon i n  the NASTRAN analy- 
s is .  The buckl i ng  simulat ion was achieved by replacing the o r i g i n a l  sk in  thickness 
o f  the buckled panel w i t h  an e f fec t i ve  sk in  thickness which represented the s t i f f -  
ness o f  the buckled conf igurat ion. A d e t a i l  descr ipt ion o f  the theory f o r  t h i s  
analysis has been described i n  reference 3. The buckl i ng  analys is  and ef fect ive 
sk in  thickness ca lcu la t ion  were coded i n t o  a computer program which was se t  up 
t o  run as a post processor t o  the NASTRAN program. This NASTRAN analysis w i t h  the 
buckled e f f e c t i v e  sk in  thickness general ly  had t o  be repeated several times i n  order 
t o  ob ta in  a convergent so lut ion.  Since some o f  the loading cases on the hor izonta l  
t a i  1 were combined condit ions, the buckl i ng  analysis was performed on both the upper 
and lower surfaces simultaneously. 

ANALYTICAL RESULTS 

f, Af te r  extensive analysis and study, the appl ied loads on the Model 55 ho r i -  
i 
I 

zontal t a i l  were determined t o  be less than the maximum tested loads on the 35/36 , I 

hor izonta l  t a i l  which was i den t i ca l  t o  the 55 i n  s t ruc tu ra l  d e t a i l .  Consequently, ! 

i no s t a t i c  t e s t  was performed on t h i s  s t ruc tu re  during the 55 tes t i ng  program. 
i i 

lo: 



' 'C' '.. 

However, i n  order t o  es tab l ish  a co r re la t i on  between the hor izonta l  t a i l  por t ion  o f  
I. the NASTRAN empennage model and the s t ruc tu ra l  t e s t  data, a pos i t i ve  gust condi t ion 
: - ,  w i th  top r o l l  moment load case was used from the  Model 35/36 fa t i gue  t e s t  program 
, as was mentioned previously. The resu l t s  o f  t h i s  t e s t  along w i t h  the  NASTRAN data 
, h a v e b e e n e x h i b i t e d i n f i g u r e s 8 t h r o u g h  11. F i g u r e s 8 a n d 9 s h o w t h e c o r r e l a t i o n  
! on the horizontal s t a b i l i z e r  forward spar upper cap and lower cap respect ively 

whi le f igures 10 and 11 show the co r re la t i on  on the  rear  spar upper cap and lower 
cap respect ively. Most of the  experimental po in ts  agree w i t h  the  NASTRAN data very 
c losely w i t h  the exception of the most inboard po in t  on the rear  spar lower cap. 
This gage was very near an access door i n  the sk in  panel and appeared t o  be affected 
by the stress gradient due t o  t h i s  cutout. As mentioned e a r l i e r ,  no cor re la t ion  
was presented on the  ve r t i ca l  t a i l ,  s ince t h i s  was performed i n  an e a r l i e r  paper (See 
re f .  1). 

CONCLUDING REMARKS 

A method has been demonstrated f o r  ca lcu la t ing  contro l  surface hinge forces 
using a Lear je t  Model 55 empennase NASTRAN analysis. Hinge element i n te rna l  forces 
were extracted from the NASTRAN analysis and converted t o  a comnon coordinate system 
using a se t  o f  transformation equations t o  def ine the  ind iv idua l  hinge forces. , - - Since each contro l  surface was defined i n  a l o c a l  rectangular coordinate system, . 
ro ta t i on  o f  the control  surface could be e a s i l y  accomplished by transforming the  
components on the CORDER card. This contro l  surface r o t a t i o n  capab i l i t y  permitted 

- . .  
Lear je t  t o  invest igate the impact o f  contro l  surface movement on the hinge attach- 

, ments i n  more d e t a i l  than was previously possible. A buckl ing analysis was also 
performed t o  determinr the non-1 inear effect o f  sk in  panel buckl ing on s t r i nge r  and , . 

. . spar cap stresses. These techniques proved t o  be a valuable asset t o  Lear je t  i n  
studying the s t ruc tura l  operating charac ter is t i cs  o f  the  Model 55 empennage st ruc-  
tu re  and associated control  surfaces and f o r  substant iat ing the hor izonta l  t a i l  f 
structure by comparison w i t h  previous tests.  i 

- I .  
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FIGURE 1 - NASTRAN 55 EMPENNAGE MODEL 



ORlGlkIAL PAGE (10 
OF POOR QUALITY 

Elevator  Be1 1 crank 

o r i z o n t a l  T a i l  Screwjack Actuator 

E levator  Upper Push Rods 

- E l e v a t o r  Lower Push Rod 

Rudder T o q u e  Tube 

(Rudder Bottom) 

Frame 39- 

FIGURE 2 - VERTICAL TAIL STRUCTURE 



E l e v a t o r  Torque 

Tubes 7 

Bracket  Assembly 

FIGURE 3 - HORIZONTAL TAIL STRUCTURE 
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OF POOR QUALIW 

FIGURE 4 - RUDDER CONTROL SYSTEM 
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OF POOR QUALlfV 

FIGURE 5 - ELEVATOR CONTROL SYSTEM 
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OWGIML PAGE !q 
OF POOR QUALITY BULK DATA DECK 

Input Data Card CBRD2R Rectangular Coordinate Systun [ jef ln i  t i on  

Descri tlon: Defines a rectangular coordlnate system by r t fennce t o  the coordinates cf three iiimhli e f l r s t  point  defines the or igin.  The second point defines the d i rect ion o f  the z-axis. 
The t h i r d  point defines a vector which, with the z-axis, defines the x-z plane. The reference 
coordinate must be independently defined. 

z 

Format ar~d Example: 

3R02R C I D  R I D  A1 A2 A3 51 

CBRD2R 3 17 -2.9 1 .O 0.0 3.6 0.0 

+BC C1 C2 C3 
+25 5.2 1.0 -2.9 

Field -- Contents 

C I D  Coordinate system identt f i ca t l on  number (Integer > 0) 

RID Reference to  a coordinate system which I s  defined independently o f  new coordin- 
ate system (Integer 2 0 or  blank) 

A1 ,A2 ,A3 
B1,82,83 Coordinates o f  three points i n  coordinate system defined i n  f i e l d  3 (Real ) 
C l  ,C2,C3 

Remarks: 1. Continuation card be present. 

2. The three points (Al, A2, A3), (81, 82, B3), [ C l  , C2, C3) must be u n i q ~  and non- 
col l inear. Noncoll inear i  t y  l o  checked by the geometry processor. 

3. Coordinate system ident i  f l ca t lon  numbers on a l l  CBRDIR, CBRDIC, CbRDl S, CPRDPR, 
OWD2C. and CBR02S cards m s t  a l l  be unique. 

4. An RID o f  zero rrferences the basic coordinate systenl. 

The location o f  a g r i d  point (P i n  the sketch) i n  th i s  coordinate 
( X ,  Y ,  2 ) .  

6. The displrcemnt coordinate directions a t  P rrr shhm by (u,, uJ ,  - . I .  

FIGURE 6 - CORD2R COORDINATE SYSTEM CARD IMAGE 
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cosy -siny 

FIGURE 7 - HINGE FORCE TRANSFORMATION 



HORIZONTAL STABILIZER POSITIVE GUST WITH TOP ROLL MOMENT LOAD 

Horizontal  S tab i  1 i z e r  Fat igue Test  Stress Values . 
3 
:. 

I I Hor izonta l  Stabi  1 i z e r  NASTRAiJ Stress Values. 
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FIGURE 8 - HORIZONTAL STAB1LI;I -ORWARD SPAR UPPER CP.P STRESSES 



oRGWAL PAGE 
OF POOR Q U A L ~ ~  

'C 

HORIZONTAL STABILIZER POSITIVE GUST ti1TH TOP ROLL W E N T  LOAD 

Horizontal S t a b i l i z e r  Fatigue Test Stress Values. 

Horizontal S t a b i l i z e r  NASTRAN Stress Values. 
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STRESS 
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BUTT LINE ( IN . )  

FIGURE 9 - HORIZONTAL STABILIZER FORWARD SPAR LOWER CAP STRESSES 



Horizontal Stabil  i z e r  Fatigue Test Stress Values. 

Horizontal Stabi 1 i z e r  NASTRAN Stress Values. 

HORfZONTAL STABILIZER POSITIVE GUST WITH TOP ROLL MOMENT LOAD 

..- \ X I  AL 
'ENSION 
;TRESS 

BUTT LINE ( IN, )  

FIGURE 10 - HORIZONTAL STABILIZER REAR SPAR UPPER CAP STRESSES 



HORIZONTAL STABILIZER POSITIVE GUST WITH TOP RtjLL - YOMENT ---. LOAD 

H o r i z o n t a l  S t a b i l i z e r  Fat igue  Test Stress Values. 

Hor izonta l  S t a b i l  i z e r  NASTRAN Stress Values. 

BUTT LINE (IN.) 

FIGURE 11 - HORIZONTAL STABIiIZER HEAR 5PAR LOWER CAT STRESSES 




