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S U f (K AISY 

A c o m p i l a t i o n  of t k e  e q e r i m e n t s l l y  d e t e r m i n e d  moments 
o f  i n e r t i a  of 32  a i r p l a ; - e s  i s  p r e s e n t e d .  The measurements  
were o b t a i n e d  a t  t h e  l r - o o r a t o r i e s  o f  t h s  KACB by mezns of  
a pelldulum method. Tho a i r p l a n e s  t e s t e d  a r e  r e p r e s e n t a t i v e  
o f  s e v e r a l  t y p e s  o f  a i r c r a f t  of  ~ r o s s  we igh t  l e s s  t h a n  
10,000 pounds.  

The r e s u l t s  a r e  p r e s e n t e d  i n  c o e f f i c i e n t  as y e l l  as 
i n  d i m e n s i o n a l  form. An e l e K e n t a r r  a n a l y s i s  o f  t h e  d a t a  
d i s c l o s e d  t h e  p o s s i b i l f t 3 -  o f  S roup inq  t h e  r e s u i t s  a c c o r d -  
in&; t o  wing t y p e  of  t h e  a i r p l - a n e ,  as low-wing monoplanes ,  
p a r a s o l  and  high-wing monoplanes,  a n d  b i p l a n e s .  The d a t a  
a r e  s h o w r ,  t o  p r o v i c e  a c o n v e c i e n t  x e a n s  o f  r a p i d l y  e s t i -  
m a t i n g  t b e  riioaents of i n e r t i a  o f  o t h e r  a i r p l a n e s .  A t h r e e -  
view d r a v i n g  o f  ezcl: o f  t k e  32 a i r p l s n e s  i s  i n c l u d e d .  

T h i s  n o t e  s u p e r s e d e s  NACA Techr,ic,zi Yote No. ,775. 

II!TF,ODUCT 1013 

The d e t e r m i n a t i o n  o f  t h e  moments of i n e r t i a  o f  a i r -  
p l a n e s  by mears  o f  a 9endu lun  method 3 a s  been  d e s c r i b e d  i n  
d e t a i l  i n  r e f e r e a c e  1. The p r e c i s i o n  o f  t h e  r e s u l t s  03- 
t a i n e d  by CJhis rnethod i s  m i t h i n  k2 .5  p e r c e n t ,  A1.3 p e r -  
c e n t ,  arid k0-8 p e r c e n t ,  f o r  t h e  X ,  t h e  P, a n d  t h e  Z 
a x e s ,  r e s p e c t i v e l y ;  w3ereas ,  t h e  p r e c i s i o n  o f  e s 5 i m a t e s  
computed on t h e  b a s i s  af a mei<.l?t schec?ule  h a s  been shown 
t o  be abou t  10 p e r c e n t  ( r e f e r e n c e  2 ) :  The penduium meth- 
o d  h a s  been i n  u s e  a t  ? h e  1 3 , b o r a t o r i e s  of  t h e  N S C A  f o r  t h e  
p a s t  1 2  y e a r s ,  d u r i n q  n h i c h  t i m e  measarements  have b3en 
o % t a i n e &  on s e v e r a l  t y p e s  o f  a i r p l a n e  of  g r o s s  :?eight  l e s s  
t h a n  10,30G p o a n d s .  3 e c a u s e  t h e s e  msasurements  r e p r e s e n t  
t h e  T o s t  a c c u r a t c  d a t a  r v a i l n b l e ,  i t  a p p e a r e d  d e s i r a b l e  t o  
compi l e  and  p b l i s h  a i l  t 3 e  d a t a  acc’urnulated up  t o  t h e  
T r e s a n t  t i m e .  



T3e r e s u l t s  o f  t h e  t e s t s  o f  a few or" t h e  a i r p l a n e s  
have a l r e a d y  been  p u b l i s h e d  i n  a n  appen? ix  o f  r e f e r e n c e  1 
bu t  a r e  i r - c l a d e d  h e r e i n  f o r  c o m p l e t e n e s s .  T3ese sarne d a t a  
had  a l s o  bees n u b l i s h e d  e a r l i e r  i n  r e f e r e c c e  3 but  were 
s l i g h t l r r  i n  e r r o r  3 e c a u s e  t h e  re th0d .s  o f  c o r r e c t i n g  f o r  
t h e  a d d i t i o n a l - r a s a  e f f e c t  had  n o t  been deve loped  a t  t h a t  
t i m e .  A s  t h e  c o r r e c t e d  v a l u e s  of  r e f e r e x c e  1 a r e  ? r e s e n t -  
ed  h e r e i n ,  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  p r e s e n t  p a p e r  
s h o u l d  3 e  cons idered .  as  s u p e r s e d i n q  t h a t  of r e f e r c n c s  7. 
S i n c e  t h e  p u b l i c a t i o n  o f  r e f e r e n c e  7 t h e  p r a c t i c e  o f  d e t e r -  
min ing  the an5l.e betmeen t h e  p r i n c i p a l  a n d  tho r e f e r e n c e  
a x e s  h a s  beon abandoned ,  t h i s  a n g l e  h a 7 i c q  b.lon f o u n d  t o  
be l e s s  t h a n  Z 0  f o r  c o n v c n t i o n a l  a l r n l a n e ? .  

id3:ilEOD AXD APFARATUS 

The n e a s u r e m e n t s  r e ? o r t e d  h e r e i n  were  obta inec?  by t h e  
method d e s c r i b e d  i n  r e f e r e n c e  1. Accord-ir-e; 5 0  t h i s  p ro -  
c e d u r e ,  t h e  nornents of i n e r t t a  a r e  d e t q r r i n e s  a b o u t  t h r e e  
r e f e r e n c e  a x e s ,  t l?e o r i g i r ,  o f  r h i c h  i s  t h e  c e - t e r  o f  SrRv-  
i t y  o f  t'ne a i r F l a n e .  T b e s e  axes  a r e :  t h e  X a x i s ,  p a r -  
allel t o  t h e  t h r u s t  l i n e  i n  t h e  p l a n e  o f  syzmet ry ;  t h e  Y 
a x i s ,  p o r p o n d i c u l z r  t o  t h e  Tl- tne of  symne t ry ;  and  t h e  Z 
z x i - s ,  p e r p e n d i c u l a r  t o  t k e  t h r u s t  l i n e  i n  t h c  p l a n e  o f  
synno  t r y  . 

The nomects  o f  i n e r t i a  abou t  t h e  X and  Y a x e s  a r e  
f o a n d  2.7 swing ing  :he a l r _ n l a n e  as a conyou.nd pendulurn, 
whereas  t h e  nonen t  c f  i n e r t i a  abgu t  t h e  Z a x i s  i s  d e t e r -  
n i n e d  by o s c i l l a t i n 5  t h e  ?,irp;ane as a b i f i l a r - t o r s i o n a l  
pen 'u lun .  13 e a c h  C R S ~  t h e  t r u e  i o l i e n t s  o f  i n e r t i s   re de- 
t s r r i n q d  by c o r r e c t i r , s  t h e  n e a s u r e d  nonezlts o f  i n e r t i a  f o r  
(1) t h e  buoyancy o f  t h e  s t r u c t u r e ,  ( 2 :  t h e  a i r  en t rap-ned  
w i t h i n  t h e  s t r u c t u r e ,  ant?. ( 3 )  t h e  add i t iona l -mas ' s  e f f e c t .  
T h e  a n p a r e n t  a d d i 5 i o n a l  c o ~ e n t  o f  i n e r t z a  about  e a c h  a x i s  
i s  e v a l u a t e d  on  a S a s i s  o f  (l} t h e  s i z e  and  t h e  shape  of  
t 3 e  a i r p l a n e  norma!. t o  t h e  ciIre'cti,or, o f  r o t ' i o n  and ( 2 )  t h e  
r e s u l t s  of t e n t s  o f  t h e  a d d i t i o n a l - n a s s  e f f e c t  o f  f l a t  
p l a t e s  ( r e f e r e n c e  I ) .  

The a i r p l a n e s  t e s t e ?  a r e  l i s t e d  i n  t a b l e  I .  F Ios t  o f  
t h e  a i r p l a n e s  a r e  r e p r e s e n t a t i v e  n f  s e 7 e r s l  t y p e s  o f  m i l i -  
t a r y  a i r c r a f t ,  b o t 5  Army- a n d  Xavy. A . f e r  conicerci?-1 and 
e x p e r i n e n t a l  t y p e s  are a l s o  included. T i t h  t h e  e x c e p t i o n  
o f  t h e  tiyin-ene;ine @ A - 4 6 ,  a l l  o f  t 'ne a i rg la i les  t e q t e d  were G 

o f  t h e  s i n 5 l e - e n g i n e  t y p e  a-nd, e-ucer>t f o r  %he Ectmor-d Y - 1 ,  



I -  

i 

t h e  a i r 2 l e n e s  p e r 9  2.11 of  t h e  t r a c t o r  t ;-pe.  A l l  o f  t h e  F i r -  

? l z , n e s  . excec t  t h e  arzpnl'oian 08-48 r e r e  l a n d p l a r e s .  

I n  q e n e r a l ,  the a l r y , l a n e s  were t e s t e d  f o r  t h e  normzl  
f u l l - l o a C  c o n d i t i o n .  I:: a l l  c a s e s  t h e  qas a n 6  t k e  o i l  
t a n k s  were f i l l e d .  A s  a r u l e .  t h a  p i l o t  and  eacL p a s s e n -  
g e r  o f  t h e  a i r p l a n e  w a s  r e p r e s e n t e d  by 175 t o  200 pounds 
of  b a l l t t s t .  I n  somc casc ' s ,  however ,  only t h e  p i l o t  vas c o  
r e p r e s e n t e d  and, i n  o t k e r  c a s e s ,  no  b a l l a s s t  a t  a11 mas 
a d d e 4 . .  F o r  t h i s  r e a s o n  b o t h  t 3 e  meie;ht o f  t b e  a i r p l a n e  a,s 
t e s t e d  arid t h e  n c i s h t  of t h e  airplane n i n u s  t h e  3a l l2s t  
f o r  t h e  7 : i l o t  and t h e  ~ ~ e s s e n q e r s  n i l 1  'oe n o t e d .  

Thc a i r l j l a n e s  w i t h  f txed.  l a n d i n s  q c a r  -,Tcre u s u a l l y  
t e s t e d  : 4 t h  t h e  l a n d i n g  q e n r  i n  f l y i n s  : - ? o s i + i o n ,  t h a t  i s ,  
n i t h  t 3 e  o l e o  e x t e n d e d .  F o r  an a i r p l c s e  With E r e t r s c t a -  
b l e  l a n d i n g  < c a r ,  t e s t s  v e r e  conduc ted  v i t h  t h o  l a n d i n :  
q e n r  e i t h c r  r e t r a c t e d  o r  e x t e n d e d  ( w i t h  t h e  o l e o  e x t e n d e 8 ) .  
I n  some f e n  i n s t a n c e s ,  t h e  v h e e l s   ore f i x e d  i n  t h e  t s x y -  
in*; c o n d i t i o n ,  t h a t  i s ,  m i t h  t h e  0100 c o n p r e s s e d .  

The r e s u l t s  o f  t ' l e  t e s t s  o n  C,hc v n r i o u s  a i r n i a c e s  a r e  
summarized I n  t a b i e  I .  The 6 a t a  2rese : i ted  i n c l u d e  t h e  
t r u e  moments c f  i n e r t i a  o f  t h e  a i r p l a n e  a n d  t h e  a d d i t i o n a l  
moments o f  i n e r t i a  a b o a t  t h e  r e f e r e n c e  a x e s .  The t r u e  m o -  
mer-ts of i n e r t i a  a r e  based  on t h o  x e i g h t  o f  the a i r p l a n e  
as  t e s t e d .  

The d a t a  a r e  a l s o  ? r e s e n t e d  2,s r a d i i  o f  q y r a t i o n  a n d  
i n  c o e f f i c i e n t  form.  T h e  radii o i  g y r n t i o n  a r e  computed 
f r o m  t h e  t r u e  moments of  i n e r t i a  f r o n  t S e  e x p r e s s i o n s :  

kZ - - /-;Ti 
where 

kX, 1.. thy, kZ r a d i i  o f  g y r a t i o n  c'oout X ,  Y ,  a n d  Z 
a x e s ,  r e s p e c t i v e l y  
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A ,  B ,  C t h c  t r i i o  monent’s o f  i n d r t i a  <?bout t h e  
X ,  Y, 2 n d  Z a x e s ,  r o s p e c t i v e l y  

V v c i g h t  o f  t h p  a i r p l a n e  as  t p s t e d  
. .  

Nondirnensional  c o e f i i c i e n t s  , u n e f u l  f o r  c o s p a r i n g  t h e  mo- 
n e n t s  o f  i n e r t i a  of n i rp l r znes  7.vhcse s i z e  ar,d !?eight v a r y  
c o n s i d e r a b l y ,  a r e  e x y r e s s e d  i n  t e r m s  <jf tht; wing s p a n ,  
b ,  nnd  a r e  c a l c u l a t e d  f r o n  t h e  c x p r e c c ’  ,,ions : 

kX cx r --- b 

mhere Cx, Cy, and Cz a r e  t h e  c o e f f i c i e n t s  f o r  t h e  mo- 
ments  o f  i n e r t i a  a b o u t  t h e  X, t h e  E’, a rd  t h e  2, a x e s ,  
r e s p e c t i v e l y .  F o r  c o n v s n i e n c e  a l l  t h e  c o e f f i c i e n t s  a r e  
e x F r e s s e 3  i n  t e r m s  o f  t h e  r i n g  span oven tLough the o v e r -  
a l l  l e n g t h  o f  t h e  a i r r l a l l e  may ‘Le thc! p o r e  r a t i o n a l  p z r a x -  
e t e r  f o r  Cy. 

I n  orc?.er t o  f s c i l i t a t e  t h e  compar ison  o f  dctta fi-om 
s i m i l a r  a i r p l a n e s ,  t k e  r e s u l t s  I n  t a b l e  I a r e  a r r a n g e d  i n  
t h r e e  D;ro’ips a c c o r d i z g  t o  minq t y p e ,  n 3 m e l y ,  low-ving 
mono27lanes , F a r a s 0 1  ard Iii~;h-”rinq monoplanes , and b i p l a n e s .  
This g r o u p i n g  p e r m i t s  a g r a p h i c a l  p r e s e n t a t i o n  of  c e r t a i n  
p o r t i o r i s  of t h e  ciatn.  T h l i s ,  l o r  any one of t h e  g r o u p s ,  
t 3 e  r a d i i  of g y r a t i o n  abou t  t h e  X ar,d t h e  Z a x e s  may 
be p l o t t e d  as  f u n c t i o n s  o f  t h e  \wing s p a n ,  and t h e  r a d i i  of 
g y r a t i o n -  cbou t  t h e  2- a-cis  mxy be p l o t t e d  a g a i n s t  t h e  
o v o r - a l l  l e n g t h  o f  t h c  a i r p l a n e .  S h s r t s  of t h i s  tg’e a r e  
g i v e n  f o r  t h e  lorn-vins monoplanc and  t h e  S i p l a n o  g r o u p s  
( f i q s .  1 t o  4 ,  i n c l u - i v e ) .  No c h a r t s  a r c  rhotvn f o r  t h e  
hiSh-ain:  monoplans qroiin becausc  t? ie  a v a i l a b l e  d a t a  mere 
i n s u f f i c i e n t  t o  der”iize t ; l e  C Q I V C S .  I t  s h o u l d  be n o t e d  
t h 3 t  t h e  c u r v e s  s ’ i o : - ~  i n  : ? . p r e s  1 t o  4 mere d e r i v e d  f r o m  

cornpr- ra t ive lg  r e c c n t  d e s i g n .  TLe d a t a  f o r  commcrcizl  a n d  
exGer imentn1  z i r p l z n c s  o 3 v i o u s l y  do n r t  2.uply t o  t h e s e  
c u r v e s .  The S i p l a n e  d a t a  S i v e n  i n  reference 1 r - re  o m i t t e d  
from f i g u r e s  3 and  4 hec.n*use t h e  a i r p l a n o s  v e r e  q e n e r c l l y  

. da t ,  o f  s imilar  F.irl31a:iey. f iane ly ,  m i l i t a r y  a i r p l a n e s  o f  
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Y 
o f  o l d e r  d e s i g n  a n d  i3pcaiise t h e  m o r e  r e c a n t  a i r p l a n e s  were 
t e s t e d  n i t h  im:lroved a p p a r z t u s .  

In o r d e r  t o  g i v e  some i n d i c a t i o n  of  t h e  mass d i s t r i -  
b u t i o n  a’sout t h e  v a r i o u s  axes, a throe-vfem diagram of  
e a c h  z i r _ n l a n e  t e s t e d  i s  i n c l u d e d .  (See  f i g s .  5 t o  3 6 . )  

DI S GUS S I Of: 

The i n f o r m a t i o n  p r e s e n t e d  p r o v i d e s  a c o n v e n i e n t  meth- 
o d  o f  r a p i d l y  a p p r o x i r a t i n g  t h e  moments o f  i n e r t i a  of s i r -  
p l a n e s  s i m i l a r  t o  t h o s e  f o r  which neasu remeEts  a r e  g i v e n .  
The method i n v o l v e s  s imply  t h e  s e l e c t i o n  f r o m  t a b l e  I o f  
an  a i r p l a n o  m’lich i s  s u f f i c i e n t l y  l i k e  t h e  a i r p l a n e  con* 
s i d e r e d  t h a t  t h e  r a d i i  of  q y r a t i o n  o r  c o e f z i c i e n t s  o f  t h e  
a i r p l a n e  i n  t a b l e  I can be u s e d  t o  conpu tc  t h e  nomcnts  o f  
i n e r t i a  o f  t h e  a i r p l a x e  u n d e r  c o n s i d e r a t i o n .  Tho conven- 
i e n c e  cf t h e  n e t h o d  i s  o b v i o u s ,  hecausc  t:ic o n l y  n u T c r i c s l  
datrz r e q u i r e d  f o r  i t s  o p - p l i c a t i o n  a r c  t i l e  veit?;lit a n d  t h e  
ove r -a11  d imens ions  of  t h o  p.irpl:inc c o n s i d e r e d .  The n e t h o d  
can b e  a p p l i e d  *:?hen t’nc a i r c l a n e s  a r e  s i m i l s r  as r e g A r d s  
g c n e r n l  t y p o ,  shr.pe, wid  s t r u c t u r c l  c h a r a c t e r i s t i c s  jut a r c  
d i f f e r e n t  ir. s i z o  m d  vci3;b.t. That  t h c  r c s u l t s  f rom one 
a i r p l a n e  can bc app l i ec?  t o  P s i n i l a r  n i r y l p n e  of d i f f e r e n t  
s i z e  ray bc  set?l: f r o ?  t h e  f a c t  t k a t  t h e  data.  o f  s i n i l u r  
n i r p l z n e s  v a r y  u - n i f o r n l F  w i t h  t h c  o v e r - a l l  d i n e z s i o n s  
(fi<r,. 1 t o  4 ) .  ~n r c r e r e n c o  t o  t h o s e  fi6:ures i t  i s  i n -  
t e r e s t i n s  t o  n o t o  t!int, f o r  k o t h  lon-win? ncnop lFnes  cnd  
b i p l n n e  T r o u p s ,  t h e  ciLrves o f  a r d  kZ n r c  p a r s l l e l  
a n d  t h t  tl:e c u r v e  c\f ky 
a n d  ?-Dove t h e  ky c u r v e  fGr t h e  loa-vrint: n o n c p l n n e s .  

I t  shou ld  be q , p p r o c i ~ , t e d  t h a t  t h e  i n d i s c r i m i n a t e  

f o r  b i p l a n e s  3 s  p a r a l l - e l  t o  

p l i c a t i o n  c f  t h e  r -e thod  S i v e n  nay l e a d  t o  v e r y  erroneous 
r e s u l t s .  I n  n r d e r  t o  e r p h a s i z e  t h i s  g o i n t ,  t h e  d a t a  o f  
t h e  P-35 m i d  t h e  IiF-1, trvo v e r y  s i o i l a r  a i r p l a n e s ,  m i l l  
be c 3 n s i d c r e d .  I n  s y i t e  nf t h o  c l o s e  n i n i l t ? r i t y  as r e -  
gards s i z e ,  shaac, a n d  s t r u c t u r : i l  d e s i q n ,  t h e  n o r e n t s  o f  
i n e r t i a  of t h e  NF-1 n i r p l - t n e  a r e  c o n s i d e r a b l y  h i s h e r  t h a n  
t h o s e  o f  t h e  P-35 ,  p z r t i c u l n r l y  nbout  t h e  X and t h o  Z 
c x e s 6  These d i f f c r e n c c s  arc r e a d i l y  nccouizted f o r  b;: t h e  
f a c t  t h a t  t 3 e  Y i ’ - 1  was t e s t e d  w i t h  n 100-:3ound %or:b under 
ench  win=. 3educt i : lg  t h c  r:orrents of  i n e r t i a  of  t h e  bonbs  
r e d u c e s  t’nc V S ~ ~ C S  o f  A ,  3, m d ’ C  t o  265.7,  4 5 2 0 ,  m d  5795 
s l u q - f e e t 2  f o r  t h c  c n s c  w i t h  t h e  l a n d i o g  q c a r  ex tended .  
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The v a l u e s  for t h e  tvio a i r T 1 a n e s  3,re t h u s  shown t o  >e i n  
b e t t e r  .-L”;eenert t h a n  tnc? d s t z  i n  ‘ ,able  I i r , d i c a t c .  The 
r a d i i  o f  g y r a t i o n  o f  t h e  XF-1  lotted i n  f i s u r e s  1 and  2 
were c a l c u l a t e d  f r o m  t h e s e  c o r r e c t e d  v a l c e s .  f?one of  t h e  
o t h e r  a i r p l a n e s  c a r r i e d  bombs o r  o t h e r  c o n c e n t r a t e d  l o a d s  
n o t  i n c l u d e d  i n  t h e  normal l o a d  c o n d i t i o n  o f  t h e  a i r p l a n e .  

The p r e c i s i o n  o f  t h e  n o a e n t  s o f  i n e r t i a  a p p r o x i m a t e d  
by t h e  method j u s t  d e s c r i b e d  i s  d i f f i c u l t  t o  e s t i n a t e  be- 
c a u s e  i t  depends  on t h e  d e g r e e  o f  s i m i l a r i t y  between t h e  
t m o  a i r p l a n e s  c o n s i d e r e 6  and on t k e  e x z c t n e s s  w i t h  which 
any  d i s s i m ‘ i l a r i t i e s  can be a c c o u n t e d  f o r .  I f  t h e  n e t h o d  

- i s  u s e d  ~ 7 i t h  due recard t o  i t s  l i n i t e t i o n e ,  i t  i s  b e l i e v e d  
t h a t  t h e  p r e c i s i o n  o b t a i n e d  a i l 1  i n  nany c a s e s  a p p r o a c h  
t h a t  o b t a i n e d  by c o c p u t n t i o n  methods.  

Langley b ienor i a 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  C o n c i t 5 e c  f o r  A e r o c a u t i c s ,  

L a a g l e y  Fjeld, Va., S e p t e n b e r  13, 1940. 
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So-11.6, B n r t l e y  A . ,  z n d  X i i l e r ,  U a r v e l  P.: The Exper-  
i r r e n t a l  D e t e r m i n a t i o n  o f  t h e  Monent s o f  I n e r t i a  
o f  A i r p l a n e s .  9 e n .  :To. 4 6 7 ,  B A Z A ,  19%. 

Kirschbaum,  3 .  V.: E s t i n a t i o n  o f  lioments o f  I n e r t i a  
o f  A t r p l a n e s  from Des ign  3 n t a .  T a x .  iT0. 57’5,  
K A C S ,  1936. 

M i l l e r ,  E?arvel P . ,  and S o u l Q ,  E a r t l e y  A . :  Xonen t s  o f  
I n e r t i a  o f  S e v e r a l  A i r n l s n e s .  C.lS.  Bo .  3 7 5 ,  :JA3A,  
1931. 
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