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SUMMARY 

Two techniques are descr ibed  which a l low t h e  de te rmina t ion  of s u b c r i t i c a l  
dampings and f r equenc ie s  dur ing  a e r o e l a s t i c  t e s t i n g  of f l i g h t  v e h i c l e s .  The 
two techniques are t h e  moving-block technique and t h e  randomdec technique.  The 
moving-block technique is  shown t o  have t h e  advantage of being a b l e  t o  provide 
damping and frequency information f o r  each mode which might be p re sen t  i n  a 
s i g n a l  t r ace ,  bu t  i t  has  t h e  disadvantage of r equ i r ing  t h a t  t h e  s t r u c t u r e  be 
exc i t ed  t r a n s i e n t l y .  The randomdec technique r e q u i r e s  on ly  random turbulence  
f o r  e x c i t a t i o n ,  bu t  t h e  randomdec s i g n a t u r e  is d i f f i c u l t  t o  ana lyze  when more 
than  one mode is  p resen t .  It i s  shown t h a t  by us ing  t h e  moving-block technique 
t o  ana lyze  t h e  randomdec s i g n a t u r e s  the  b e s t  f e a t u r e s  of both methods are gained. 
Examples are presented  i l l u s t r a t i n g  the  d i r e c t  a p p l i c a t i o n  of t he  moving-block 
method t o  model h e l i c o p t e r  r o t o r  t e s t i n g  and a p p l i c a t i o n  of t h e  combined moving- 
block/randomdec method t o  f l u t t e r  s t u d i e s  of two f ixed-wing models. 

INTRODUCTION 

Determination of s u b c r i t i c a l  damping dur ing  f l u t t e r  tests both i n  wind 
tunne l s  and i n  f l i g h t  is a s u b j e c t  which is c u r r e n t l y  r ece iv ing  widespread 
a t t e n t i o n .  S ince  f l u t t e r  is  a p o t e n t i a l l y  dangerous a e r o e l a s t i c  i n s t a b i l i t y  
which can lead  t o  c a t a s t r o p h i c  s t r u c t u r a l  f a i l u r e ,  i t  is  d e s i r a b l e  t o  o b t a i n  
t h e  f l u t t e r  boundary without  a c t u a l l y  experiencing f l u t t e r .  
wind-tunnel f l u t t e r  model tes t  procedures have been t o  treat f l u t t e r  as a n  
event  t h a t  e i t h e r  occurs  o r  does n o t  occur.  The models are a c t u a l l y  taken t o  
t h e  f l u t t e r  cond i t ion ,  and by vary ing  tunne l  parameters (Mach number and 
dynamic p res su re ) ,  s u f f i c i e n t  f l u t t e r  p o i n t s  are obtained t o  d e f i n e  t h e  f l u t t e r  
boundary. Th i s  p r a c t i c e  has  i n  t h e  p a s t  l e d  t o  t h e  t o t a l  d e s t r u c t i o n  of some 
ve ry  expensive models. Although t h e  need f o r  s u b c r i t i c a l  damping d a t a  has  long 
been recognized, ob ta in ing  t h e s e  d a t a  is  n o t  a n  easy t a s k ,  and s u b c r i t i c a l  
damping techniques have no t  been r o u t i n e l y  used i n  t h e  p a s t .  A l a r g e  p a r t  of 
t h e  d i f f i c u l t y  has  been a s soc ia t ed  wi th  t h e  i n a b i l i t y  t o  reduce, ana lyze ,  and 
d i s p l a y  model damping d a t a  i n  near  real t i m e  so t h a t  t h e  damping can  b e  continu- 
ous ly  monitored dur ing  approach t o  t h e  f l u t t e r  boundary. The i n s t a l l a t i o n  of 
t h e  computer c o n t r o l l e d  d a t a  a c q u i s i t i o n  system has now made it  p r a c t i c a l  t o  
apply s u b c r i t i c a l  damping methods t o  f l u t t e r  tests i n  t h e  Langley t r anson ic  
dynamics tunnel .  

T r a d i t i o n a l l y ,  
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This  paper desc r ibes  two techniques which are c u r r e n t l y  being used i n  
wind-tunnel a e r o e l a s t i c  model tests of bo th  h e l i c o p t e r  r o t o r s  and f i x e d  wings, 
The two techniques t o  bedescr ibed  are t h e  so-cal led moving-block technique and 
t h e  randomdec technique.  Although n e i t h e r  of t h e  techniques is  new, i t  is f e l t  
t h a t  t h e  combined a p p l i c a t i o n  of t h e  two ana lyses  i s  unique, p a r t i c u l a r l y  wi th  
r e s p e c t  t o  fixed-wing f l u t t e r  t e s t i n g .  

SYMBOLS 

A ampli tude of t r a n s i e n t  response 

F (w) Four ie r  t ransform a t  frequency w 

i imaginary number, Fl 
k a n  i n t e g e r  i n  equat ion  (14) 

N an i n t e g e r  i n  equat ion  (10);  t o t a l  number of d a t a  samples i n  
equat ion  (13) 

- 
N number of d a t a  samples i n  block used f o r  f requency opt imiza t ion  

T per iod  of boxcar func t ion  

t t i m e  

A t  

u ( t )  boxcar func t ion ,  equat ion  (2) 

time between d i s c r e t e  d a t a  samples 

Y(t)  t r a n s i e n t  response of single-degree-of-freedom system, equat ion  (1) 

c damping r a t i o  

T s ta r t  t i m e  of boxcar func t ion  

cp phase a n g l e  

w damped n a t u r a l  frequency 

undamped n a t u r a l  f requency "'n 

MOVING-BLOCK TECHNIQUE 

The moving-block technique w a s  o r i g i n a l l y  developed by t h e  Lockheed- 
C a l i f o r n i a  Company, and i ts  u s e  i n  r o t a r y  wing a e r o e l a s t i c  s t a b i l i t y  t e s t i n g  
has  been repor ted  i n  r e fe rences  1 and 2. A formula t ion  of t h i s  technique has 
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been developed a t  t h e  Langley Research Center ,  and i t  has  been implemented on 
t h e  r e c e n t l y  i n s t a l l e d  d a t a  a c q u i s i t i o n  system f o r  t h e  Langley t r anson ic  
dynamics tunnel .  

The moving-block technique is a method which a l lows  t h e  de te rmina t ion  of .  
modal dampings and f r equenc ie s  from a response  s i g n a l  of a s t r u c t u r e  which has  
been exc i t ed  t r a n s i e n t l y .  The t r a n s i e n t  e x c i t a t i o n  may c o n s i s t  of a s i n u s o i d a l  
i npu t  which h a s  been a b r u p t l y  terminated o r  i t  may be  a n  impulsive e x c i t a t i o n .  
I n  any event, i f  t h e  damping and frequency of a p a r t i c u l a r  mode are d e s i r e d ,  it 
is necessary t h a t  t h i s  mode b e  exc i t ed  by t h e  type  of e x c i t a t i o n  chosen. This  
requirement t h a t  t h e  s t r u c t u r e  b e  exc i t ed  and then b e  allowed t o  decay f r e e l y  
i s  one of t h e  disadvantages of t h e  method, b u t  f o r  many a p p l i c a t i o n s  i t  is no t  
a n  over ly  burdensome requirement .  This  is  p a r t i c u l a r l y  t r u e  i n  h e l i c o p t e r  
a p p l i c a t i o n s  where t h e  e x i s t i n g  con t ro l  system can b e  used t o  supply t h e  
necessary e x c i t a t i o n  of t h e  r o t o r  system. - 

I n  o rde r  t o  i l l u s t r a t e  how t h e  moving-block technique works, cons ider  t h e  
t r a n s i e n t  response  of a single-degree-of-freedom system which may be  w r i t t e n  as 

-<writ 
y ( t )  = A e  s in (wt  + $) 

where 

2 2  2 
w = w n ( l  - < ) 

Now compute t h e  f i n i t e  Four ie r  t ransform of t h i s  response a t  t h e  damped fre- 
quency w from t i m e  T t o  t i m e  T + T.  Th i s  i s  t h e  s a m e  as mul t ip ly ing  t h e  
response by t h e  boxcar f u n c t i o n  

u ( t )  = 1 f o r  T < t T + T 

~~ l i : + T  1 
as shown i n  f i g u r e  1 and computing t h e  i n f i n i t e  t ransform.  The s i g n i f i c a n c e  of 
t h e  s t a r t i n g  t i m e  T is  d iscussed  subsequent ly .  The f i n i t e  t ransform is g iven  
by 

d t  -iwt -<ant '+' A e  s in (wt  + $) e F(w) = I, 
This  i n t e g r a t i o n  may be performed i n  c losed  form and t h e  r e s u l t  i s  

(3)  
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After  a cons ide rab le  amount of a lgeb ra i c  manipulat ion t h e  amplitude of t h i s  
t ransform may b e  w r i t t e n  as 

I n  ob ta in ing  t h i s  expression,  i t  has  been assumed t h a t  < << 1 and thus  
an i~ w. Also, t e r m s  involv ing  c 2  have been d e l e t e d  as being s m a l l  compared 
t o  un i ty .  It is convenient t o  write t h i s  express ion  i n  t h e  form 

where 

Taking the  n a t u r a l  logar i thm of equat ion (6) y i e l d s  

+r:o,l RnlF(w)l = - <WT + Rn ($-) + $ Rn 

The last  t e r m  i n  equat ion (8) may be expanded i n  a Maclaurin series to y i e l d  

RnlF(w) 1 = - <UT + Rn ($-) 

2 w T  + s i n  ~ ( W T  + $) - 3 s i n  2[w(-r 4- T) + 
wT + s i n  ~ ( O T  + $) - s i n  2 [ w ( ~  + T) + $1 - 2 UT (9) 

From t h i s  express ion  it can be seen  t h a t  i f  a p l o t  of RnlF(w) I ver sus  T 
is made, t h e  r e s u l t i n g  curve w i l l  be t h e  supe rpos i t i on  of a s t r a i g h t  l i n e  wi th  
s l o p e  -<w and a n  o s c i l l a t o r y  component which o s c i l l a t e s  about t h e  s t r a i g h t  
l i n e  wi th  a frequency of 2w. This  f a c t  can be  more e a s i l y  seen i f  i t  is 
assumed t h a t  T is  an i n t e g r a l  m u l t i p l e  of t h e  bas i c  per iod of o s c i l l a t i o n .  
That is ,  

(N = 1, 2, 3 ,  . . .) (10) 
2~rN T = -  

w 

With t h i s  assumption, equat ion  (9) becomes 
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1 RnlF(w)l = - <UT + - 5 s i n  2 ( w T  + I$) + C 2 

where C is a cons t an t  g iven  by 

Thus i f  t h e  boxcar shown i n  f i g u r e  1 i s  s t a r t e d  a t  T = 0 and success ive  
d i s c r e t e  t ransforms a t  frequency w are performed f o r  i nc reas ing  va lues  of T ,  
a p l o t  can b e  made from which t h e  damping can be  determined. 
t h i s  process  which i s  used i n  t h e  moving-block a n a l y s i s .  

It i s  p r e c i s e l y  

This  a n a l y t i c a l  background has ,  f o r  s i m p l i c i t y ,  d e a l t  w i th  t h e  response  of 
a single-degree-of-freedom system. The b a s i c  s t rong  p o i n t  of t he  moving-block 
method is, however, i ts  a b i l i t y  t o  provide frequency and damping informat ion  
f o r  each of t h e  modes i n  a multimode response s i g n a l .  I f  a multimode response 
is  thought of i n  t e r m s  of a Four i e r  series rep resen ta t ion ,  then  t h e  response is  
simply a summation of s e v e r a l  single-degree-of-freedom responses ,  and t h e  
Four ie r  t ransform e f f e c t i v e l y  provides  t h e  means f o r  i s o l a t i n g  t h e  v a r i o u s  
components of t h e  response.  

IMPLEMENTATION OF MOVING-BLOCK TECHNIQUE 

The moving-block technique descr ibed  previous ly  has  been implemented on 
t h e  d a t a  a c q u i s i t i o n  system of t h e  Langley t r anson ic  dynamics tunnel .  The d a t a  
system c o n s i s t s  of a Xerox Sigma 5 d i g i t a l  computer coupled wi th  a 60-channel 
analog f r o n t  end. The system is equipped w i t h  a graphics  d i s p l a y  u n i t  which 
a l lows  d a t a  r educ t ion  t o  b e  accomplished wi th  as much i n t e r a c t i o n  by t h e  engi- 
neer  as d e s i r e d .  A more d e t a i l e d  d e s c r i p t i o n  of t h e  d a t a  system i s  presented  
i n  r e fe rence  3 .  

The moving-block technique is set up as a completely i n t e r a c t i v e  program. 
The sequence of events  which are incorporated i n  t h e  a n a l y s i s  is  dep ic t ed  i n  
f i g u r e  2.  The f i r s t  s t e p  i n  t h e  process  is  t o  o b t a i n  t h e  s i g n a l  t o  b e  analyzed. 
This  s i g n a l  may be  d i g i t i z e d  d i r e c t l y  from t h e  d a t a  stream coming from t h e  model 
which has  been t r a n s i e n t l y  e x c i t e d ,  o r  t h e  s i g n a l  may be  a randomdec s i g n a t u r e  
which is  passed from t h e  randomdec a n a l y s i s  t o  be  descr ibed  subsequent ly  i n  t h i s  
paper. 

Once t h e  s i g n a l  t o  be analyzed is ob ta ined ,  a f a s t  Four ie r  t ransform (FFT) 
of t h e  s i g n a l  i s  computed. Th i s  t ransform i s  s o l e l y  f o r  t h e  purpose of provid- 
ing  t h e  a n a l y s t  w i t h  informat ion  relative t o  t h e  frequency content  of t h e  s ig-  
n a l .  The t ransform a l s o  a l lows  t h e  a n a l y s t  t o  determine whether o r  n o t  t h e  
mode of i n t e r e s t  has  been exc i t ed .  From t h e  FFT r e s u l t s  t h e  a n a l y s t  selects 
t h e  frequency f o r  t h e  mode t o  be analyzed. The peak i n  t h e  FFT r e s u l t s  may not  
correspond t o  t h e  a c t u a l  f requency i n  t h e  s i g n a l  because of t h e  f a c t  t h a t  t h e  
frequency r e s o l u t i o n  a v a i l a b l e  from t h e  FFT i s  dependent upon both d i g i t a l  
sampling rate and number of p o i n t s  i n  t h e  sample as g iven  by 
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(13) 
1 Af = - N A t  

Thus a scheme t o  opt imize t h e  s e l e c t e d  frequency has b 
ana lys i s .  I n  accomplishing t h i s  op t imiza t ion  a segment, o r  block, of  t h e  inpu t  
t r a n s i e n t  response s i g n a l  is  f i r s t  s e l ec t ed .  General ly ,  t h e  block l e n g t h  is 
chosen t o  be one-half t h e  t o t a l  number of p o i n t s  i n  t h e  d a t a  sample, L e t  the  
number of samples i n  t h e  b lock  be  denoted by 
ana lyses  f o r  determining t h e  f requencies  a t  which t h e  t ransform is  computed is  

included i n  t h e  

6. The a lgor i thm used by FFT 

(k = 0, 1, 2, e . .) k f = -  

fi A t  

By us ing  the  frequency s e l e c t e d  from t h e  o r i g i n a l  FFT r e s u l t s ,  t h e  sampling 
rate, and fi, a v a l u e  f o r  k can be c a l c u l a t e d .  Then, i f  k is  he ld  cons tan t  
and fi 
occurs .  The opt imiza t ion  then  proceeds as fo l lows .  Compute t h e  d i s c r e t e  t rans-  
form a t  t h e  fo l lowing  t h r e e  f requencies :  

is changed by one d a t a  p o i n t ,  a s m a l l  change i n  t h e  computed frequency 

k f -  I 
N- 1 (G  - 1 )  A t  

k f = 
fi+l (5 f 1) A t  J 

Note t h a t  t h e  b lock  s i z e  is d i f f e r e n t  f o r  each computation. By observing t h e  
ampli tude of t h e  t ransform from t h e s e  t h r e e  c a l c u l a t i o n s ,  one can determine how 
t o  cont inue changing t h e  b lock  s i z e  t o  cause  t h e  magnitude of t h e  t ransform t o  
reach  a peak. When t h i s  peak is  reached, t h e  frequency corresponding t o  t h a t  
peak is  t h e  optimized frequency a t  which t h e  damping c a l c u l a t i o n s  are made. 

The damping c a l c u l a t i o n  is made by us ing  t h e  optimized frequency and t h e  
b lock  s i z e  which r e s u l t e d  i n  t h i s  frequency and by computing success ive  d i s c r e t e  
Four i e r  t ransforms as t h e  b lock  is moved down t h e  d a t a  record .  The b lock  is 
f i r s t  pos i t ioned  a t  t h e  beginning of t h e  r eco rd ,  t h e  t ransform is  computed, and 
t h e  logari thm of t h e  t ransform amplitude i s  p l o t t e d .  The b lock  is  then  moved 
down t h e  d a t a  record  one d a t a  sample and t h i s  process  repea ted .  When t h e  b lock  
reaches  the  end of t he  d a t a  record a p l o t  equiva len t  t o  a p l o t  of equat ion  (9) 
has  been made. The damping i n  t h e  mode be ing  analyzed is obtained from t h e  
s l o p e  of a l i n e a r  leas t - squares  f i t  t o  t h i s  curve.  
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HELICOPTER TRANSIENT RESPONSE APPLICATION 

The moving-block technique w a s  o r i g i n a l l y  implemented a t  Lang 
tate s u b c r i t i c a l  a e r o e l a s t i c  t e s t i n g  of model h e l i c o p t e r  r o t o r s  i n  t h e  Langley 
t r anson ic  dynamics tunnel ,  An in-house model, termed t h e  genera l ized  r o t o r  
a e r o e l a s t i c  model (GRAM), is used t o  test r o t o r s  up t o  3 - 4  m (11 f t )  i n  diam- 
eter. 
Company f lex-hinge r o t o r  i n s t a l l e d .  The r i g h t  p a r t  of f i g u r e  3 shows t h e  
hydrau l i c  c o n t r o l  system of t h e  model which is used both  f o r  q u a s i - s t a t i c  con- 
t r o l  of t he  r o t o r  and f o r  t r a n s i e n t  e x c i t a t i o n  of t h e  r o t o r  f p r  s u b c r i t i c a l  
damping measurements. 

The model is  shown i n  t h e  l e f t  p a r t  of f i g u r e  3 w i t h  t h e  B e l l  Hel icopter  

I n  conducting t h e  r o t o r  tests, t h e  r o t o r  is f i r s t  trimmed t o  t h e  d e s i r e d  
ope ra t ing  cond i t ion ,  and then  t h e  e x c i t a t i o n  is s t a r t e d  e i t h e r  manually o r  
under computer c o n t r o l .  The type  of e x c i t a t i o n ,  ampli tude,  frequency, and 
number of c y c l e s  of e x c i t a t i o n  are opt ions  which are manually s e l e c t a b l e  by t h e  
engineer .  The computer is programed t o  begin  d i g i t i z i n g  d a t a  from t h e  channel 
of i n t e r e s t  two o r  t h r e e  c y c l e s  be fo re  t h e  te rmina t ion  of t h e  e x c i t a t i o n .  The 
d i g i t i z e d  d a t a  are then  p l o t t e d  on t h e  g raph ic s  d i s p l a y  u n i t  (GDU) so t h a t  t h e  
a n a l y s t  may select t h e  po in t  on t h e  s i g n a l  trace where he would l i k e  t o  start .  
t h e  damping a n a l y s i s .  It has  been found d e s i r a b l e  t o  have t h e  a n a l y s t  select 
t h e  s t a r t i n g  p o i n t  r a t h e r  than  have t h e  computer determine when t h e  e x c i t a t i o n  
te rmina tes  and then  begin d i g i t i z i n g  d a t a  because of c e r t a i n  t i m e  l a g s  inhe ren t  
i n  t h e  system. The a n a l y s t  a l s o  gene ra l ly  f e e l s  more conf ident  about t h e  d a t a  
i f  he  can see some of t h e  forced  response i n  t h e  trace j u s t  p r i o r  t o  te rmina t ion  
of t h e  e x c i t a t i o n .  

The B e l l  Hel icopter  Company f lex-hinge r o t o r  w a s  r e c e n t l y  t e s t e d  on t h e  
GRAM. One of t h e  o b j e c t i v e s  of t h i s  test w a s  t o  examine t h e  amount of in-plane 
damping a v a i l a b l e  i n  t h e  r o t o r  system. F igu re  4 i s  a t y p i c a l  GDU d i s p l a y  from 
t h i s  p a r t i c u l a r  test. The d a t a  trace i n  t h e  lower 1 e f t . q u a d r a n t  of t h i s  f i g u r e  
w a s  taken from one of t he  b l ade  chordwise bending gages. Note t h a t  t h i s  p l o t  
begins  a t  t h e  s t a r t i n g  p o i n t  prev ious ly  s e l e c t e d  by t h e  a n a l y s t .  The p l o t  i n  
t h e  upper l e f t  quadrant  of t h e  f i g u r e  i s  t h e  FFT ampli tude p l o t t e d  o u t  t o  t h e  
Nyquist frequency. 
t h e  a n a l y s t  is  provided t h e  c a p a b i l i t y  of i n t e r a c t i v e l y  changing t h e  frequency 
range  over which t h e  FFT ampli tude is  p l o t t e d ,  
quadrant of f i g u r e  4 is  a n  expanded scale v e r s i o n  of t h e  p l o t  i n  t h e  upper l e f t  
quadrant. 
t h e  FFT p l o t s  by u s e  of a l i g h t  gun, This  s e l e c t e d  frequency is  optimized 
au tomat ica l ly ,  and t h e  damping p l o t  is  d isp layed  i n  t h e  upper r i g h t  quadrant .  
Af t e r  t h e  a n a l y s t  s e l e c t s  t h e  s ta r t  and s t o p  t i m e s  f o r  t h e  leas t - squares  f i t ,  
t h e  leas t - squares  c a l c u l a t i o n s  are made, and t h e  computed frequency and damping 
are d isp layed  a t  the  bottom of t h e  GDU screen .  Options are provided f o r  chang- 
ing  t h e  block s i z e  and r epea t ing  t h e  a n a l y s i s  a t  t h e  same frequency and f o r  
s e l e c t i n g  a new frequency f o r  which t h e  modal damping i s  des i r ed .  

Since t h e  frequency of i n t e r e s t  may b e  obscured on t h i s  p l o t ,  

The p l o t  i n  t h e  lower r i g h t  

The frequency of i n t e r e s t  is  s e l e c t e d  by t h e  a n a l y s t  from e i t h e r  of 

A word of explana t ion  is i n  order  concerning t h e  damping p l o t  i n  t h e  upper 
r i g h t  quadrant  of f i g u r e  4 .  The p l o t  is seen  t o  have a por t ion  which approxi- 
m a t e s  a s t r a i g h t  l i n e  and a later por t ion  which d e v i a t e s  cons iderably  from t h e  
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s t r a i g h t  l i n e ,  This  d e v i a t i o n  from the s t r a i g h t  l i n e  occurs  when t h e  mode 
being analyzed damps ou t  r a p i d l y ,  Once t h e  mode of i n t e r e s t  damps o u t ,  t h e  
c a l c u l a t i o n s  are inf luenced by o t h e r  modes i n  t h e  s i g n a l  as w e l l  as by noise .  
T h i s  behavior of t h e  damping p l o t  i l l u s t r a t e s  t h e  d e s i r a b i l i t y  of an i n t e r a c t i v e  
formulat ion of t h i s  technique. 

RANDOMDEC TECNNIQUE 

Since a d e t a i l e d  d e s c r i p t i o n  of t h e  randomdec method is  presented  i n  
r e fe rence  4 ,  only  t h e  h i g h l i g h t s  of t h e  method are descr ibed .  Simply s t a t e d ,  
t h e  randomdec technique provides  a means f o r  ob ta in ing  damping and frequency 
information by performing a n  ensemble average of segments of a random time 
h i s t o r y  of t h e  s t r u c t u r a l  response.  The under ly ing  assumption i n  t h e  method is 
t h a t  t h e  s t r u c t u r a l  response i s  t h e  l i n e a r  supe rpos i t i on  of t h e  responses  t o  a 
s t e p  f o r c e  ( i n i t i a l  displacement) ,  a n  impulsive f o r c e  ( i n i t i a l  v e l o c i t y )  and a 
random force .  I f  t h e  segments used i n  t h e  ensemble average  are chosen so t h a t  
t h e  i n i t i a l  displacement  is  t h e  same f o r  a l l  segments and t h e  i n i t i a l  ve loc i -  
ties of a l t e r n a t i n g  segments have oppos i t e  s i g n s ,  then  t h e  r e s u l t i n g  ensemble 
average,  c a l l e d  t h e  randomdec s igna tu re ,  r e p r e s e n t s  t h e  response t o  a s t e p  
f o r c e ,  s i n c e  t h e  averages of t h e  impulse f o r c e  and random f o r c e  components 
approach zero as t h e  number of segments used i n  t h e  ensemble average inc reases .  

For a single-degree-of-freedom system t h e  damping and frequency can  be 
determined d i r e c t l y  from t h e  randomdec s i g n a t u r e .  The dampings and f requencies  
of t h e  ind iv idua l  modes of a multi-degree-of-freedom system can  be determined 
e i t h e r  by bandpass f i l t e r i n g  t h e  response s i g n a l  be fo re  determining t h e  random- 
dec  s i g n a t u r e  so  t h a t  only one mode i s  p resen t  o r  by f u r t h e r  processing of t h e  
s i g n a t u r e  t o  s e p a r a t e  i t  i n t o  i t s  ind iv idua l  frequency components. For example, 
i n  t h e  la t ter  case a curve f i t t i n g  procedure has been presented  i n  r e f e r e n c e  5 
f o r  determining t h e  ind iv idua l  frequency components of a randomdec s i g n a t u r e  
t h a t  conta ins  t h e  responses  of several modes. 

The randomdec method is ve ry  a t t ract ive f o r  u s e  i n  f l u t t e r  i n v e s t i g a t i o n s ,  
s i n c e  no d i s c r e t e  forced e x c i t a t i o n  is requ i r ed .  
wind-tunnel tu rbulence  i n  t h e  case of model tests and atmospheric tu rbulence  i n  
t h e  case of f l i g h t  tests are s u f f i c i e n t  t o  provide  t h e  needed random e x c i t a t i o n .  
Some r e s u l t s  from wind-tunnel model s t u d i e s  are presented i n  r e fe rence  6, and 
some r e s u l t s  from a f l i g h t  f l u t t e r  c learance  s tudy  are presented  i n  r e f e r e n c e  7.  

The almost  always p re sen t  

One of t h e  disadvantages of t h e  randomdec method t o  d a t e  has been t h e  
d i f f i c u l t y  i n  determining t h e  damping when more than one mode is p resen t  i n  t h e  
randomdec s igna tu re .  The g r e a t  advantage of t h e  moving-block technique is, on 
t h e  o t h e r  hand, t h e  a b i l i t y  t o  ana lyze  s i g n a l s  which may have s e v e r a l  modes 
p re sen t  and t o  a l low the  a n a l y s t  t o  determine t h e  damping p resen t  i n  each of 
t h e  modes. It seemed only n a t u r a l ,  then, t o  u s e  the  moving-block technique t o  
ana lyze  randomdec s igna tu res .  That i s ,  t h e  randomdec s i g n a t u r e  is  used as t h e  
t r a n s i e n t  response input  t o  t h e  moving-block a n a l y s i s .  Some r e s u l t s  of appl i -  
c a t i o n s  of t h e  combined moving-block/randomdec method are d iscussed  i n  t h e  
subsequent s e c t i o n .  
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MOVING-BLOCK/WDOMDEC FLUTTER APPLICATIONS 

The combined moving-block/randomdec method has been used during s e v e r a l  
wind-tunnel model s t u d i e s  i n  t h e  Langley t r a n s o n i c  dynamics tunnel .  Some 
r e s u l t s  from two of these  a p p l i c a t i o n s  are descr ibed  i n  t h e  fol lowing 
d iscuss ion .  

The f i rs t  a p p l i c a t i o n  t o  be  descr ibed  w a s  i n  t he  t e s t i n g  of a high-aspect- 
r a t i o  subsonic- t ransport  wing model. A photograph of t h i s  cantilever-mounted 
model is shown i n  f i g u r e  5. The f l u t t e r  boundary f o r  t h i s  model w a s  determined 
dur ing  t e s t i n g  and a l s o  is shown i n  f i g u r e  5. Some s u b c r i t i c a l  damping d a t a  
w e r e  obtained as t h e  f l u t t e r  boundary w a s  approached a long  t h e  pa th  ind ica t ed  
by t h e  dashed l i n e  i n  t h e  f i g u r e .  The cond i t ions  a t  which damping and frequency 
w e r e  evaluated are ind ica t ed  by t h e  c i r c l e  symbols on t h e  f i g u r e .  A t  t h e s e  s i x  
condi t ions  t h e  wind-tunnel cond i t ions  w e r e  he ld  cons tan t ,  and a randomdec s ig -  
n a t u r e  w a s  determined and then  processed through t h e  moving-block a n a l y s i s  t o  
determine t h e  damping and frequency.  One of t h e  randomdec s i g n a t u r e s  from t h i s  
test  and t h e  r e s u l t s  of applying the  moving-block a n a l y s i s  t o  t h i s  s i g n a t u r e  
are shown i n  f i g u r e  6. The r e s u l t i n g  s u b c r i t i c a l  damping r e s u l t s  are presented 
i n  f i g u r e  7 i n  t h e  form of t h e  v a r i a t i o n  of damping i n  t h e  c r i t i c a l  f l u t t e r  
mode wi th  Mach number and dynamic pressure .  It  w a s  necessary  t o  p l o t  t h e  damp- 
ing  ve r sus  bo th  of t hese  parameters  s i n c e  both w e r e  being va r i ed  as t h e  f l u t t e r  
boundary w a s  approached. The a c t u a l  f l u t t e r  p o i n t  is  ind ica t ed  by t h e  square 
symbols on t h e  f i g u r e .  Note t h a t  t h e  f l u t t e r  po in t  p red ic t ed  by ex t r apo la t ing  
t h e  s u b c r i t i c a l  damping r e s u l t s  is  very c l o s e  t o  t h e  a c t u a l  f l u t t e r  condi t ion .  

The second a p p l i c a t i o n  descr ibed  w a s  t o  a low-aspect-ratio arrow-wing 
model. A photograph of t h i s  model i s  presented  i n  f i g u r e  8. Some s u b c r i t i c a l  
damping and frequency d a t a  w e r e  obtained f o r  t h i s  model by us ing  t h e  moving- 
block/randomdec method as t h e  f l u t t e r  boundary w a s  approached i n  a manner s i m i -  
lar  t o  t h a t  descr ibed  f o r  t h e  t ranspor t - type  wing model. S u b c r i t i c a l  damping 
d a t a  f o r  t h e  arrow-wing model are presented i n  f i g u r e  9 i n  t h e  form of t h e  
v a r i a t i o n s  of damping r a t i o  w i t h  dynamic p res su re  and Mach number. The meas- 
ured f l u t t e r  cond i t ion  is  ind ica t ed  by t h e  squa re  symbols on t h e  f i g u r e .  Here 
aga in  an  e x t r a p o l a t i o n  of t h e  s u b c r i t i c a l  damping r e s u l t s  p r e d i c t s  a f l u t t e r  
cond i t ion  t h a t  i s  very  c l o s e  t o  t h a t  determined experimental ly .  

A s  t he  r e s u l t s  presented show, t h e  f l u t t e r  condi t ions  f o r  both t h e  
subsonic- t ranspor t  wing and arrow-wing models w e r e  p red ic t ed  wi th  s u f f i c i e n t  
accuracy by e x t r a p o l a t i n g  moving-block/randomdec s u b c r i t i c a l  damping d a t a .  
However, i t  should be  pointed o u t  t h a t  t h e  method is  s t i l l  i n  a developmental 
s t a g e  and has  n o t  y e t  rep laced  t h e  t r a d i t i o n a l  method of a c t u a l l y  determining 
f l u t t e r  p o i n t s  i n  de f in ing  t h e  f l u t t e r  boundary during model tests i n  t h e  
Langley t r anson ic  dynamics tunnel .  
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CONCLUDING REMARKS 

Two techniques have been d iscussed  f o r  determining damping and frequency 
information dur ing  s u b c r i t i c a l  a e r o e l a s t i c  t e s t i n g  of fixed-wing a i r c r a f t  and 
h e l i c o p t e r s .  
determine the  damping and frequency f o r  each of t h e  modes which might be  present  
i n  a response s i g n a l ,  bu t  it has  t h e  disadvantage of r e q u i r i n g  t h a t  t h e  s t r u c -  
t u r e  be exc i ted  t r a n s i e n t l y .  This  disadvantage has not  presented any p a r t i c u l a r  
d i f f i c u l t i e s  i n  t h e  h e l i c o p t e r  r o t o r  tests conducted t o  d a t e ,  however, s i n c e  the  
h e l i c o p t e r  c o n t r o l  system may b e  used t o  provide  t h e  necessary  e x c i t a t i o n .  I n  
a fixed-wing test  t h e  requirement f o r  t r a n s i e n t  e x c i t a t i o n  could be  r a t h e r  
troublesome. The randomdec technique has  t h e  d i s t i n c t  advantage of provid ing  
frequency and damping information wi th  random turbulence  being the  only  exc i ta -  
t i o n  requi red ,  The disadvantage of t h e  randomdec method is t h a t  frequency arid 
damping d a t a  f o r  a p a r t i c u l a r  mode are d i f f i c u l t  t o  o b t a i n  i f  t h e  randomdec 
s i g n a t u r e  i s  made up of more than one mode. I n  order  t o  c a p i t a l i z e  on t h e  
s t r o n g  po in t s  of .each of t h e s e  powerful methods, t h e  two techniques have been 
used i n  series. That is ,  t h e  moving-block technique has  been used t o  ana lyze  
t h e  randomdec s igna tu res .  The two examples presented t o  i l l u s t r a t e  t h e  appl i -  
c a t i o n  of t h i s  combined procedure i n d i c a t e  t h a t  t h e  procedure can, i n  f a c t ,  be  
used f o r  s u b c r i t i c a l  f l u t t e r  t e s t i n g .  The method is, however, s t i l l  i n  a 
developmental s t a g e  and it  has  n o t  y e t  rep laced  t h e  t r a d i t i o n a l  method of 
a c t u a l l y  determining f l u t t e r  p o i n t s  i n  d e f i n i n g  t h e  f l u t t e r  boundary dur ing  
model tests i n  t h e  Langley t r a n s o n i c  dynamics tunnel .  

The moving-block technique has  t h e  advantage of being a b l e  t o  
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Figure 1.- Single-degree-of-freedom response function 
and boxcar function used in finite Fourier transform. 
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Figure 2.- Moving-block schematic illustration. 
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Figure 4 . -  Typical s u b c r i t i c a l  response d a t a  from GRAM 
€lex-hinge r o t o r  tests. 
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Figure  5.- F l u t t e r  boundary and s u b c r i t i c a l  approach 
t o  f l u t t e r  boundary f o r  t h e  subsonic- t ranspor t  
wing model. 
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Figure 6.- Sample moving-block/randomdec analysis results 
for subsonic-transport wing model. 
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Figure 8.- Photograph of arrow-wing model mounted in wind tunnel. 

75 



.10 - 
.08 

DAMPING -06 - 
.04 
.02 

MEA SU RED 
FLUTTER POINT 

- 

RAT I O  - 

0 4 5 
DYNAMIC PRESSURE, kPa 

DAMP I NG 
RAT IO 

.10 

.08 

.06 

.04 

.M 

0 

FLUTTER POI NT 
MEASURED 
FLUTTER POI NT 

MACH NUMBER 
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results for arrow-wing configuration. 
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