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SUMMARY 

I n  t h i s  p a p e r  a r e  $ . i s c u s s e d  t h e  e f f e c t s  of t h e  geo- 
m e t r i c a l  a r r a n g e r n e n t ' o f  t r i c y c l e  l a n d i n g  g e a r s  on v a r i o ' u s  
c h a . r a c t e r i s t i c s  of a n  a i r p l a n e  equ ipped  w i t h  such  a  l a n d -  
i n g  g e a r .  The c h a r a c t e r i s t i c s  d i s c u s s e d  i n c l u d e  d i r e c -  
t i o n a l  s t a b i l i t y ,  o v e r t u r n i n g  t e n d e n c i e s ,  s t e e r i n g  and  
ground h a n d l i n g ,  shimmy, t a k e - o f f ,  and  p o r p o i s i n k :  The 
c o n c l u s i o n s  a r e  summerized i n  a  t a b l e .  

INTRODUCTIOY 

The t r i c y c l e  Landing  g e a r  h a s  r e c e n t l y  been  r e c e i v i n g  
c o n s i d e r a b l e  a t t e n t i o n  b e c a u s e  of i t s  p o s s i b i l i t i e s  f o r  
g r e a t l y  improv ing  t h e  s t a b i l i t y  and  h a n d l i n g  c h a r a c t e r i s -  
t i c s  of t h e  a i r p l a n e  on t h e  ground and  f o r  i n c r e a s i n g  t h e  
e a s e  w i t h  which l a n d i n g s  may be  made, (See  r e f e r e n c e  1.) 
T h i s  t y p e  of l a n d i n g  g e a r  h a s  t w o  f i x e d  wheels  ( u s u a l l y  
equ ipped  w i t h  b r a k e s )  b e h i n d  t h e  c e n t e r  of g r a v i t y  and a 
s t a b l e  c a s t e r i n g  wheel  c o n s i d e r a b l y  a h e a d ,  which may o r  
may n o t  be  s t e e r a b l e ,  

An a i r p l a n e  e q u i ~ p e d  m i t h  t h e  t r i c y c l e  l a n d i n g  g e a r  
w i l l  h ave  t h e  f o l l o w i n g  p r o p e r t i e s  n o t  p o s s e s s e d  by one 
w i t h  t h e  c o n v e n t i o n a l  g e a r  : 

. The a i r p l a n e  n i l 1  be d i r e c t i o n a l l y  s t a b l e  when 
g  on t h e  ground a n d  w i l l  n o t  have  a p r o p e n s i t y  t o  

l o o p i n g .  T h i s  f reedom from ground l o o p i n g  p e r m i t s  
r cross -mind  l a n d i n g s  w i t h  s i d e  d r i f t  t o  be made, and  t h e  

a i r p l a n e  becomes v e r y  maneuve rab le  on t h e  ground.  

a , 2. The b r a k e s  ma:. be  f u l l y  a p p l i e d  a t  c o n t a c t  w i t h  ,. 
t h e  ground and d u r i n g  t h e  ground r u n  w i t h o u t  d a n g e r  of 
n o s i n g  o v e r ,  which c o n s i d e r a b l y  d e c r e a s e s  t h e  l a n d i n g  d i s -  
t a n c e .  



3.  Land ing  and  t a k e - o f f  c h a r a c t e r i s t i c s  a r e  somewhat 
d i f f e r e n t  t h a n  f o r  a i r p l a n e s  m i t h  t h e  c o n v e n t i o n a l  g e a r  
b e c a u s e  t h e  a n g l e  of a t t a c k  of t h e  wing i s  small when t h e  
t h r e e  w h e e l s  of  t h e  t r i c y c l e  g e a r  a r e  a l l  on t h e  ground.  

4. Shimmy of t h e  f r o n t  mheel  i s  more l i k e l y  t o  oc- 
c u r  t h a n  f o r  t h e  c o n v e n t i o n a l  t a i l  mhee l ,  and  i t  i s  more 
d i f f i c u l t  t o  damp o u t  t h e  f r o n t  mheel  shimmy by t h e  u s u a l  
s p i n d l e  damping method b e c a u s e  of t h e  g r e a t e r  whee l  s i z e .  

T h i s  r e p o r t  c o n t a i n s  t h e o r e t i c a l  d i s c u s s i o n s  of some 
of t h e  p rob lems  r a i s e d  by t h e s e  d i f f e r e n c e s  and  i n c l u d e s  
q u a l i t a t i v e  e f f e c t s  of d i f f e r e n t  l o c a t i o n s  of t h e  c e n t e r  
o f  g r a v i t y  of t h e  a i r p l a n e  v i t h  r e s p e c t  t o  t h e  t r i c y c l e  
l a n d i n g  g e a r ,  

A s k e t c h ' o f  a t r i c y c l e  l a n d i n g  g e a r  i s  g i v e n  i n  f i g -  
u r e  1 i n  which t h e  v a r i o u s  f a c t o r s  i n v o l v e d  a r e  i n d i c a t e d .  

C a s t e r  a n g l e :  The a n g l e  be tween  t h e  c e n t e r  l i n e  of ---------- 
t h e  f r o n t  mheel spinc?.le and  a p e r y e n d i c u l a r  t o  t h e  r e f e r -  
e n c e  l i n e  of t h e  a i r p l a n e .  P o s i t i v e  when t h e  l o w e r  end of 
t h e  s p i n d l e  i s  f o r w a r d  of t h e  u p p e r  end. 

C a s t e r  l e n g t h :  The d i s t a n c e  measured p e r ~ e n d i c u l a r  ---- 
t o  t h e  spindLIe a x i s  f rom t h e  c e n t e r  o f  t h e  f r o n t  t i r e  
c o n t a c t  a r e a  t o  t h e  s p i n d l e  a x i s .  P o s i t i v e  t o  t h e  r e a r  
of t h e  s p i n d l e  a x i s .  

O f f s e t :  The d i ' s t a n c e  of t h e  f r o n t  mheel a x i s  r e l a -  --...---- 
t i v e  t o  t h e  f r o n t  whee l  sp ind - l e  a x i s .  P o s i t i v e  t o  t h e  
r e a r  of t h e  s p i n d l e  a x i s .  

1 
EQLI-J~R raa,djgs: The d i s t a n c e  f rom t h e  whee l  a x l e  t o  

t h e  g round  u n d e r  a g i v e n  l o a d i n g  c o n d i t i o n .  

L o n g i t u d i n a l  mheel b a s e :  The d i s t a n b e  measured i n  a -- ---------------- .----- 
h o r i z o n t a l  p l a n e  between t h e  f r o n t  wheel  a x l e  and  a v e r -  
t i c a l  p l a n e  c o n t a i n i n g  t h e  r e a r ' w h e e l  a x l e s ,  w i t h  n o s e  
whee l  on g round .  

L a t e r a l  wheel  b a s e :  The d i s t a n c e  betweeh c e n t e r  ---------- ----..... 
l i n e s  of t h e  r e a r  wheel  t i r e s  when u n d e r  l o a d  on t h e  
ground.  



~)n 'e  d e f i n i t i o n s  of h ,  h ,  , , 1 ,  1 ,  L, d ,  a n d r  
a r e  c l e a r  f rom f i g u r e  1. 

W ,  w e i g h t  of a i r p l a n e .  

m ,  mass of a i r p l a n e .  

k,, r a d i u s  of g y r a t i o n  a b o u t  v e r t i c a l  a x i s  t h r o u g h  
ceg*  

, c o e f f i c i e n t  of f r i c t i o n  'cetw.een t h e  t i r e s  and 
g r o u n d ,  e i t h e r  r o l l i n g  o r  s l i d i n g . .  

The a i r p l a n e  u s e d  as an example t h r o u g h o u t  t h i s  pa-  
> e r ,  t h e  w-lA, i s  d e s c r i b e d  i n  r e f e r e n c e  l. The W-1A 
we ighs  1 , 2 0 0  pound-s and  t h e  o t h e r  v a l u e s ,  i n  f e e t ,  a r e  a s  
f o l l o w s :  

k ,  = 4.75 ( e s t i m a t e d )  

The v a l u e s  of p  were  o b t a i n e d  from r e f e r e n c e  2. 

DISCUSSION OF VA9IOUS G9ARACTERISTICS OF 

THE TRICYCLE LANDING GEAR 

D i r e c t i o n a l  s t a b i 1 i t z . -  One of t h e  most d e s i r a b l e  f e a -  ----.------ ------- --- 
t u - r e s  of t h e  t r i c y c l e  l a n d i n g  g e a r  i s  i t s  d i r e c t i c n a l  s t a -  
b i l i t y ,  which  removes f rom t h e  3 i l o t  a l a r g e  amount of t h e  
s k i l l  r e q u i r e d  t o  g u i d e  t h e  a i r p l a n e  on a s t r a i g h t  e o u r s e  
m h i l e  on t h e  ground.  An e q u i ~ p e d  w i t h  a  t r i c y c l e  
l a n d i n g  g e a r  m i l l  n o t  o n l y  run  s t r a i g h t  of i t s  own a c c o r d  



b u t  w i l l  r e c o v e r  f rcm any  d i r e c t i o n a l  d i s t u r b a n c e s  t h a t  
might be s u p p l i e d  by bumps, c ros s -wind  l a n d i n g s ,  e t c .  The 
f o l l o w i n g  c a l c u l a t i o n s  i n d i c a t e  t h e  speed  of t h i s  r ecove ry .  

I t  i s  assumed t h a t  no sid.e f o r c e  i s  s u p p l i e d  by t h e  
n o s e  wheel .  T h i s  a s s u m p t i o n  i s  a p p r o x i m a t e l y  t r u e  if 
t h e r e  i s  n o t  t oo  much f r i c t i o n  i n  t h e  f r o n t  whee l  s p i n d l e ,  
i f  t h e  c a s t e r  a n g l e  i s  n o t  t o o  l a r g e ,  and  if t h e  f r o n t  
whee l  i s  f r e e  t o  c a s t e r .  

Suppose an  a i r p l a n e  t o  t o u c h  t h e  ground w i t h  a d i r e c -  
t i o n  of mo t ion  a t  an  a n g l e  \/ro ( r a d i a n s )  w i t h  t h e  d i r e c -  
t i o n  of  head ing .  A s i d e  f o r c e  Y w i l l  be a p p l i e d  t o  t h e  
r e a r  w h e e l s  ( s e e  f i g .  2 )  as  soan as  t h e y  s t r i k e  t h e  g round ,  
T h i s  s i d e  f o r c e  w i l l  g i v e  r i s e  t o  a l a t e r a l  a c c e l e r a t i o n  
i 
v = ~/m;$'and t o  a c o u p l e  Y l l  a b o u t  t h e  c ,g .  T h i s  c o u p l e  

g i v e s  r i s e  t o  a n  a a g u l n r  a c c e l e r a t i o n  5 = ~Z,/mk,~:- 
The re  a l s o  a r i s e s  a o o u p l e  ?.bout t h e  l o n g i t u d i n a l  a x i s  due 
t o  t h e  a p p l i c a t i o n  of t h e  f o r c e  Y a t  a d i s t a n c e  (h + r )  
b e l o v  t h e  c,g.  T h i s  e f f e a t  r e s u l t s  i n  an a d d i t i o n a l  f o r c e  
on t h e  i n s i d e  t i r e  and a d e c r e a s e  i n  f o r c e  on t h e  o u t s i d e  
t i r e ,  These  f o r c e  i n c r e m e n t s  j u s t  b a l a n c e  t h e  above-  
men t ioned  t o r q u e  a b o u t  t h e  l o n g i t , u d i n a l  a x i s .  L e t  t h e  
" f o r c e  i n c r e m e n t  on e a c h  wheel  be  x ,  t h e n  

o r  
x = Y h-2-2 ('per w h e e l )  

1 3 

I f  t h e  t i r e s  r o l l  w i t h  a c o e f f i c i e n t  of r o l l i n g  f r i c t i o n  
, t h e  f o r c e s  x w i l l  r e s u l t  i n  a c o u p l e  a b o u t  t h e  Z 
a x i s  

Thus,  t h e  t o t a l  a n g u l a r  a c c e l e r a t i o n  w i l l  be 

.. Y qj = ---- a [ t ,  + ( h  + r )  p]  .) . 

mkz 1 

I f  t h e  r e a r  w h e e l s  a r e  n o t  t o  s k i d  s i d e w i s e ,  t hen  t h e  
a i r p l a n e  must move i n  t h e  d i r e c t i o n  of h e a d i n g  which g i v e s  
i t  a  v e l o c i t y  -v = u,$ ~ 2 : ~ e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  



of motion,  Combining t h e s e  e q u a t i o n s  so a s  t o  e l i m i n a t e  
$' ". 

v  and  Y' 

The s o l u t i o n  of most i n t e r e s t  i s  : '.$,- c5 . 47'- 
* ?. / *, /*, - < %  

L - 

T h i s  e q u a t i o n  i n d i c a t e s  t h a t  any  d i r e c t i o n a l  d i s t u r b -  
a n c e  such a s  a bnmp o r  a  l a n d i n g  w i t h  s i d e  d r i f t  w i l l  be  

t i m e s  i t s  o r i g i n a l  magni tude  i n  a d i s -  r e d u c e d  to ---- 
2.718 

kz2 t ante --------- ---- - * f e e t ;  For  t h e  W-1A w i t h  w = 0.05 
CL1 4 ( h  + r > ~ 3  

t h i s  d i s t a n c e  i s  22.5 f e e t .  I t  i s ,  of c o u r s e ,  d e s i r a b l e  
t o  make t h e  r e s p o n s e  r a p i d  and i t  was found  t h a t  t h e  r e -  
s p o n s e  of t h i s  a , i r ~ l a . n e  3a.s s a t i s f a c t o r y .  

I t  s h o u l d  be  p o i n t e d  o u t  t h a t  t h e s e  c a l c u l a t i o n s  show 
t h a t  a  t r i c y c l e  l a n d i n g  g e a r  m i l l  alma,ys b e  s t a b l e  s i n c e  
t h e  exponen t  i n  e q u a t i o n  (1) i s  a lways  n e g a t i v e  f o r  t h e  
c.g. a h e a d  of t h e  r e a r  m h e ~ l s .  I t  h a s  been f o u n d  t h a t  a l l  
of t h e  t r i c y c l e  l a n d i n g  g e a r s  c o n s t r u c t e d  t h u s  f a r  have  
been  s t a b l e  a t  a l l  normal  t a x y i n g  s p e e d s  even i n  t h e  p r e s -  
e n c e  of s s t r o n g  c r o s s  wind. 

The a e r c d y n ~ m i c  e i ' f e c t  of t h e  f i n ,  which h a s  been 
n e g l e c t e d ,  should. o r d i n a r i l y  make t h e  a i r p l a n e  somewhat 
more s t a b l e  t h a n  i s  i n d i c a t e d  by t h e s e  c a l c u l a t i o n s .  

!verturnLng--t end en c  i e  s of .-trLcxsle-llizn_d_i11.g~~earse - 
I t  a p p e a r s  d e s i r a b l e  t o  a e v e l o p  a  c r i t e r i o n  f o r  a  t r i c y c l e  
l a n d i n g  gea,r so t h a t  i t  w i l l  s k i d  r a t h e r  t h a n  n o s e  o v e r  i n  
a l l  c o n t a c t s  w i t h  l e v e l  ground.  

C o n s i d e r  t h e  t r i a n g l e  formed by t h e  t h r e e  w h e e l s  a s  
a p e x e s ,  ( S e e  f i g ,  3 . )  L e t  t h e  r e s u l t a n t  of a l l  t h e  a c c e l -  
e r a t i o n s  a c t i n g  a t  t h e  c.g,  be  r e p r e s e n t e d  by a n  a c c e l e r -  
a t i o n  v e c t o r  e x t e n d i n g  i n  t h e  p r o p e r  d i r e c t i o n  o u t  from 
t h e  c.g. I f  t h i s  r e s u l t a n t  v e c t o r  i n t e r s e c t s  t h e  ground 
i n s i d e  t h e  t r i a n g l e ,  t h e n  t h e  a i r p l a n e  w i l l  n o t  o v e r t u r n ;  
i f  i t  i n t e r s e c t s  t h e  g r o u n d  o u t s i d e  t h e  t r i a n g l e ,  t h e n  i t  - 
w i l l  o v e r t u r n .  -+>CC 1 

-..".;4z e = p - y e p  -Xi(, , l j t7  - I/: C , /: -, ;(, . ->y " 9. 
6' '**' 



The l a r g e s t  p o s s i b l e  magni tude  of t h e  h o r i z o n t a l  ac- 
c e l e r a t i o n  v e c t o r  w i l l  be  pW; ( t h e  p r e s e n c e  o f  v e r t i c a l  
a c c e l e r a t i o n s  g r e a t e r  t h a n  g  w i l l  n o t  , a f f e c t  t h e  f i n a l  
r e s u l t )  h e n c e ,  t h e  g r e a t e s t  d i s t a n c e  of t h e  i n t e r s e c t i o n  
of t h e  r e s u l t a n t  v e c t o r  m i t h  t h e  g round  f rom t h e  c.g. w i l l  
be  p (h  + r ) .  C l e a r l y  t h i s  a c c e l e r a t i o n  w i l l  be  most 
l i k e l y  t o  n o s e  t h e  a i r p l a n e  o v e r  when i t  i s  p e r p e n d i c u l a r  
t o  one  s i d e  of t h e  t r i a n g l e ,  The c o n d i t i o n  f o r  n o s i n g  
o v e r  w i l l  b'e 

> 
II ( h  f r )  = t 2  s i n  6 &- ( s e e  f i g .  3) 

'9 

> t2 s i n  tan- '  2 /' 

*y .- d 2 7, 
:>-:/ <,>. 2,. A:..<. P,'. -.&";; ,: ,.::, ,. & . , . . ' :.;. . 

#pw-;,4.7 /$<<.J +a2<dJt. . .@$:.+? ../"2%4? .-.? :! 6 

c . 6  

Thus t h e  W - 1 ~  a i r p l a n e  m i t h  

7, = 8.46 f t . ,  1, = 9.0 f t .  

> mould n o s e  o v e r  f o r  p, = 0.8, i f  t h e  t i r e s  were  s l i p p i n g  
a t  e x a c t l y  t h e  c o r r e c t  a n g l e .  The p r o p e l l e r  t h r u s t  might  
make t h e  a i r p l a n e  somewhat more l i k e l y  t o  t i p  o v e r  b u t  
p r o b a b l y  mould n o t  be  a p p l i e d  s i m u l t a n e o u s l y  w i t h  t h e  
b r a k e s .  

An a i r p l a n e  m i t h  a t r i c y c l e - t y p e  l a n d i n g  g e a r  w i l l  
o v e r t u r n  backward when t h e  c.g. i s  b e h i n d  t h e  a x l e  cf t h e  
main whee l s .  Thus t h e  l a r g e s t  a n g l e  t o  which t h e  a i r p l a n e  
can be  t i l t e d  backward and s t i l l  r e t u r n  i s  a p p r o x i m a t e l y  
I l / h  r a d i a n s .  T h i s  a n g l e  amounted t o  a b o u t  10' f o r  t h e  
W-lA a i r p l a n e .  

S t e e r i n g  a n d  g round  h a n d l i n g . -  Seme d i f f i c u l t y  i s  en- ------- ------ ------------- 
c o u n t e r e d  i n  maneuver ing  t r i c y c l e  l a n d i n g  g e a r s  i n  s o f t  
g round  a t  low s p e e d s ,  e s p e c i a l l y  i n  t h e  p r e s e n c e  of much 
c a s t e r  a n g l e ,  i n  which c a s e  t h e  whee l  i s  u n s t a b l e  a t  v e r y  
low speeds .  I t  seems f rom t h e  i n f o r m a t i o n  a v a i l a b l e  t h a t  
t h i s  d i f f i c u l t y  c o u l d  be overcome by e i t h e r  of t h e  f a l l o m -  
i n g  methods :  

F i r s t ,  i f  t h e  f r o n t  a h e e l  S s  made s t e e r a b l e  t h r o u g h  
s m a l l  a n g l e s  a t  low s p e e d s  i t  w i l l  p r o b a b l y  shorn much more *. 

a b i l i t y  t o  g e t  o u t  of h o l e s ,  e t c , ,  and  t h e  p i l o t .  w i l l  a l-  
, 

F a y s  be  a b l e  t o  p r e v e n t  t h e  whee l  f rom as suming  a c r o s s e d  
p b s i t i o n .  S t e e r i n g ,  h o s e v e r ,  i n t r o d u c e s  d i f f i c u l t i e s *  
The wheel  i s  more l i k e l y  t o  shimmy t h a n  b e f o r e  and  i t  i s  

,- 



p r a c t i c a l l y  n e c e s s a r y  t o  have  t h e  whee l  d i s e n g a g e d  from 
t h e  s t e e r i n g  c o n t r o l  i n  l a n d i n g  and  t a k i n g  o f f  so t h a t  t h e  
d i r e c t i o n a l  s t a b i l i t y  of t h e  l a n d i n g  g e a r  m i l l  n o t  be  i m -  
p a i r e d .  

Second ,  i f  c a s t e r  a n g l e  i s  n o t  u s e d  t h e  whee l  w i l l  
n o t  t e n d  t o  t i p  ove r  s i d e w i s e  and  i t  w i l l  b e  e a s i e r  ' t o  m a -  
n e u v e r  t h e  a i r p l a n e  on t h e  ground a t  low f o r w a r d  s p e e d s .  
I t  i s  t h e r e f o r e  a d v i s a b l e  t h a t  a l l  of t h e  c a s t e r  l e n g t h  
u s e d  b e  o b t a i n e d  by f o r k  o f f s e t .  I n  any  c a s e ,  t h e r d  s h o u l d  
b e  s t o p s  on t h e  f r o n t  whee l  s g i n d l e  so t h a t  i t  c a n n o t  ro-  
t a t e  t h r o u g h  a n g l e s  g r e a t e r  t h a n  t h o s e  n e c e s s a r y  f o r  g round  
maneuvering.  

. The s t e e r i n g  mechanism must overcome tmo t o r q u e s :  one  
due  t n  s p i n d l e  f r i c t i o n ,  which may b e  u s e d  t o  combat shim- 
my; and t h e  o t h e r  due t o  t h e  n a t u r a l  s t a b i l i t y  of t h e  l a n d -  
i n g  g e a r  when i n  mot ion  ( a s suming  no c a s t e r  a n g l e ) .  An ap- 
p r o x i m a t e  c a l c u l a t i o n  of t h e  t o r q u e  i n  t h e  l a t t e r  c a s e  
m i l l  5 e  g i v e n .  Le t  B be  t h e  r a d i u s  of c u r v a t u r e  of t h e  
t u r n  u n d e r  c o n s i d e r a t i o n .  Then t h e  c e n t r i f u g a l  f o r c e  on 
t h e  a i r p l a n e  i s  m V o 2 / ~ . f l ~ h i s  l o a d  w i l l  b e  d i v i d e d  between 
t h e  f r o n t  and  r e a r  w h e e l s  i n  t h e  same may t h a t  t h e  we igh t  
i s  d i v i d e d ,  i . e . ,  t h e  s i d e  l o a d  on t h e  f r o n t  wheel  w i l l  be 
m'g2 1 1  --- * --- ,/"and t h e  s t e e r i n g  t o r q u e  t h a t  must be overcome i s  

En, t 
a p p r o x i m a t e l y  e q u a l  t o  t h i s  f o r c e  t i m e s  t h e  c a s t e r  l e n g t h  

mv" I.1 
of t h e  w h e e l ,  o r  --- . -- L. Fo r  t h e  W-lA,  w i t h  v  ,= 50 

R t 
f e e t  p e r  s e c o n d ,  s u b s t i t u t i n g  i n  t h e  f o r m u l a  

Torque =: ----- l g 7 0  foo t -pounds  
R 

Thus ,  f o r  a  r a d i u s  of t u r n  of 100  f e e t  t h e  t o r q u e  would b e  
1 9 . 7  foo t -pounds .  

Sbimmx -- of ----- f r o n t  --------- wheel . -  A t h e o r e t i c a l  a n a l y s i s  of t h e  
dynamic s t a b i l i t y  of c a s t e r i n g  w h e e l s  i s  b e i n g  made by t h e  
N.A.C.A. and  w i l l  b e  p u b l i s h e d  l a t e r .  The a n a l y s i s  h a s  
been  v e r i f i e d  e x p e r i m e n t a l l y  on small models  and  i s  s t i l l  
t o  be checked  f u l l - s c a l e .  I t  i n d i c a t e s  t h a t  i n  most c a s e s  
t h e  f o l l o w i n g  t h i n g s  s h o u l d  ke h e l p f u l  i n  a v o i d i n g  shimmy. 
The i t e m s  a r e  l i s t e d  i n  t h e  oi-der of t h e i r  e f f e c t i v e n e s s .  

1. F r i c t i o n  o r  h y d r a u l i c  damping i n  t h e  f r o n t  wheel  
s p i n d l e ,  As much f r i c t i o n  s h o u l d  be  u s e d  i n  t h e  s p i n d l e  



a s  w i l l  n o t  i n t e r f e r e  w i t h  ground m a n e u v e r a b i l f t y .  I f  
s o l i d  f r i c t i o n  i s  u s e d ,  i t  w i l l  b e  necesbaxy  t o  u s e  some 
d e v i c e  t o  h a v e  t h e  whee l  p r o p e r l y  c e n t e r e d  on c o n t a c t  w i t h  
t h e  ground.  

2. Use of h i g h - p r e s s u r e  t i r e s i  I n c r e a s e d  t i r e  
p r e s s u r e .  

3. Rea r  whee l s  l o c a t e d  c l o s e  t o  t h e  c o g .  

4. Smal l  c a s t e r  l e n g t h .  

5. R e d u c t i o n  of  any s p r i n g - r e s t o r i n g  f o r c e s  t h a t  
might  t e n d  t o  keep  t h e  wheel  s t r a i g h t  t o  t h e  amount n e c e s -  
s a r y  t o  k e e p  t h e  wheel  s t r a i g h t  when i t  i s  n o t  i n  c o n t a c t  
w i t h  t h e  ground.  

Take-off.-  Take-off  w i t h  a  t r i c y c l e  l a n d i n g  g e a r  d i f -  -------- 
f e r s  from t h a t  w i t h  a  c o n v e n t i o n a l  l a n d i n g  g e a r  i n  t h a t  
when a l l  t h e  w h e e l s  a r e  r e s t i n g  cn t h e  ground t h e  a n g l e  of 
a t t a c k  of t h e  wing i s  u s u a l l y  sma l l .  Thus i n  t h e  e a r l y  
s t a , g e s  of t h e  t a k e - o f f  run  when i t  i s  d i f f i c u l t  t o  c o n t r o l  
t h e  a n g l e  o f  a . t t a c k ,  t h e  l i f t  and t h e  i n d u c e d  d r a g  a r e  
s m a l l e r  m i t h  t h e  t r i c y c l e - t y p e  g e a r  t h a n  w i t h  t h e  conven- 
t i o n a l  g e a r .  

If  t h e  c o n d i t i o n  of t h e  f i e l d  i s  such  t h a t  i t  i s  more 
e f f i c i e n t  t o  have  t h e  weight  of t h e  a i r p l a n e  s u p p o r t e d  by 
t h e  g round  t h a n  by t h e  a i r ,  t h e n  t h i s  r e p r e s e n t s  a g a i n .  
But  lien t a k e - o f f  i s  most d i f f i c u l t ,  on a s o f t  o r  a n  un- 
even f i e l d ,  t h i s  c h a r a c t e r i s t i c  of . t r i c y c l e  l a n d i n g  g e a r s  
m i l l  make i t  s l i g h t l y  more d i f f i c u l t .  I n  t h e  l a t t e r  c a s e  
i t  would a p p e a r  a d v i s a b l e  t o  l i f t  t h e  f r o n t  whee l  a s  soon 
a s  p o s s i b l e ,  t h u s  i n c r e a s i n g  t h e  a n g l e  of a t t a c k .  

The moments which t e n d  t o  k e e p  t h e  f r o n t  whee l  down 
a r e  t h e  moment of t h e  w e i g h t  of t h e  a i r p l a n e  a b o u t  t h e  
r e a r  , ax l e  !TIl and t h e  moment of t h e  p r o p e l l e r  t h r u s t  
a b o u t  t h e  r e a r  a x l e  T ( h l  + h ) .  The moments t h a t  t e n d  t o  
l i f t  t h e  n o s e  a r e  t h e  r e a c t i o n  of t h e  a i r p l a n e  t o  f o r w a r d  
a c c e l e r a t i o n  , which h a s  a magn i tude  mch, and  t h e  mod 
men% s u p p l i e d  by t h e  ae rodynamic  d r a g  MA. The d i f f e r e n c e  
be tween  t h e s e  two g r o u p s  of moments . .  

must b e  s u p p l i e d  by t h e  e l e v a t o r .  Hence i t  w i l l  b e  s e e n  



t h a t  i n  o r d e r  t o  r e d u c e  t h e  moment r e q u i r e d  f rom t h e  e l e -  
v a t o r  and  h e n c e  r e d u c e  t h e  speed  a t  which t h e  n o s e  can be  
r a i s e d ,  i t  w i l l  b e  d e s i r a b l e  t o  r e d u c e  2 ,  t o  i p c r e  
h ,  and  e s p e c i a l l y  t o  k e e ~  t h e  t h r u s t  a x i s  lorn. !' ' 

S i n c e  t h e s e  c o n s i d e r a t i o n s  r p p l y  o n l y  a t  t h e  low 
s p e e d s  a t  which t h e r e  i s  n o t  a d e q u a t e  e l e v a t o r  c o n t r o l ,  
i. e., a t  s p e e d s  c o n s i d e r a b l y  below minimum f l y i n g  s p e e d ,  
t h e  e f f e c t  on t h e  t o t a l  t a k e - o f f  r u n  w i l l  b e  s m a l l .  

P o r n o i s i n g . -  I t  h a s  been f o u n d  i n  one c a s e  o f  an a ir-  --------- 
p l a n e  equ ipped  w i t h  a t r i c y c l e  l a n d i n g  g e a r  t h a t ,  when 
t -- - 
7, 

< 0.08 ,  a  s lom o s c i l l a t i o n  i n  p i t c h ,  c a l l e d  " p o r p o i s -  

i n g ,  'I o c c u r r e d .  T h i s  o s c i l l a t i o n  h a s  n o t  been  e n c o u n t e r e d  
w i t h  more f o r w a r d  r o s i t i o n s  of t h e  c.g. 

Des ign  l o a d s . -  Des ign  l o a d s  f o r  t r i c y c l e  l a n d i n g  g e a r s  ----- -------- 
a r e  b e i n g  i n v e s t  i g n t  e d  b o t h  e x p e r i m e n t e l l y  a n d  t h e o r e t i c a l -  
l y  by t h e  H.A.C.A. 2nd t h e  r e s u l t s  a r e  t o  % e  p u b l i s h e d  l a t e r e  
I t  a p p e a r s  t h a t ,  i f  t h e  t r i c y c l e  g e a r  i s  t o  be u s e d  i n  a 
menner s i m i l a r  t o  t h a t  of t h e  c o n v e n t i o n a l  g e a r ,  t h e n  t h e  
main v h e e l  s t r u c t u r e  n e e d  be  no s t r o n g e r  f o r  e q u a l  s a f e t y *  
However, i f  f u l l  a d v e n t a g e  i s  t o  be  t a k e n  of t h e  c a p a b i l -  
i t i e s  of t h e  t r i c y c l e  gea , r ,  t h e n  t h e  main whee l  s t r u c t u r e  
sho.uld be s t r o n g e r  i n  t h e  f o l l o w i n g  r e s p e c t s :  

(a) S i d e - d r i f t  l a n d i n g s  r e q u i r e  h i g h e r  d e s i g n  s i d e  
l o a d s .  

( b )  F u l l - b r a k e d  l a n d i n g s  w i t h  v e r t i c a l  v e l o c i t y  r e -  
q u i r e  h i g h e r  d e s i g n  b r a k i n g  l o a d s .  ' 

The f r o n t  wheel  s t r u c t u r e  a p p e a r s  t o  r e q u i r e  g r e a t e r  
s t r e n g t h  t h a n  t h e  c o n v e n t i c n a l  t a i l  wheel b e c a u s e  of l a r g e r  
v e r t i c a l  a n d ,  p o s s i b l y ,  s i d e  l o a d s .  

CONCLUSIONS 

The c o n c l u s i o n s  c f  t h i s  s t u d y  a r e  summarized i n  t h e  
t a b l e .  The e f f e c t s  of t h e  d i f f e r e n t  p a r a m e t e r s  on t h e  
v a r i o u s  c h a r a c t e r i s t i c s  a r e  g iven .  

P r o b a b l y  t h e  most i m p o r t a n t  p a r a m e t e r  i s  t h e  l o n g i t u -  
d i n a l  p o s i t i o n  of t h e  c e n t e r  of g r a v i t y  which s h o u l d  b e  



as f a r  backward  a s  w i l l  % e  p e r m i t t e d  by  t h e  c o n d i t i o n  t h a t '  
t h e  a i r p l a n e  s h a l l  n o t  t i p  o v e r  backward i n  a n y  u s e f u l  
l o a d i n g  o r  a t t i t u d e  c o n d i t i o n .  

L a n g l e y  Memoria l  A e r o n a u t i c a l  L a b o r a t o r y ,  
, N a t i o n a l  A d v i s o r y  Committee f o r  A e r o n a u t i c s ,  

L a n g l e y  F i e l d ,  Va., March 8 ,  1937.  
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SUR?MARV 09 EFFECTS OF GEOMETRICAL PARAMXTERS ON 

* 
Assumes tlie use of differential braking. 

CHARACTERISTICS OF TRICYCLE LANDING GEARS 
\ 
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, + or f + Indicates that an increase in the numerical value of the 
parameter has a beneficial, or very beneficial, effect on 
the characteristic concerned. 

0 Indicates that the parameter has no known effect on the character- 
istic. 
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