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BY Ell.- E Angle and Reginald R. Lundetram 

Since the first mode bending frequency of t h e  1- scale wing panels 
. corrected t o  full scale is 13  percent below t h e   d - s c a l e - a i r p l a n e  bend- 

ing frequency and the  torsi& frequency percent above the full- 
scale-airplane  torsional frequency, the possibil i ty of the occurrence of 
f lexure-aileron  f lutter on the actual amlane ie believed to esdst. 
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.the Douglas D-558-2 ressarch airplane. The origFnal purpose of the tests 
was to  investigate the  possibility of the exiertence of singlfl-degree-of- 
freedcan ailerm flutter known more c0mmnJ.y a8 aileron "buzz or aileron 
compressibility  flutter. The $-scale Panels of the outer 55 Percent 
of semispan, cmnplete -At& ailercim, were b u i l t  by Douglas Aircraft Can- 
pany, Inca Two of these wing panel8 were mounted on each of two low- 
acceleration rocket-propelled test  vehicles and provided the stabilizing 
surface  about t he  pitch axts. Provision vas mads for  installing a mirg 
mechanism in each of the wing panels eo  that a predetermined munt of 
damping could be  added to the ailercm system. By wing different amounta 
of dimping, it was believed possible to determine- how much was n0ceersarg 
to minimize or  eUmhate aileron buzz 

Becauee a violent vibration developed  at low speed, the program was 
expanded to include wind-tunnel  teats in the Lapgley 7- by 10-foot high- 
speed tunnel f o r  an additional  investigation below a Mach number of 0.9. 
The w i n g  panel was mounted frc8.n the tunnel CeilFng and the dam;ping w a ~  
varied 8 s  in free-flight tests. 

h 

VC 

v 
M 

P 

t 

6, 

f 

A 

gemetric altitude,  feet 

speed  of 80- at altitude h, feet per eecond 

velocity of b e t  vehicle, feet  per secand 

Mach nlzmber 

air density, slugs per culic  foot 

time  after  take-off  of teat  vehicle, secande 

aileron  deflectim, degrees 

frequency at which damper piston  is oscillated, cycles  per 
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amplitude  of  oecillaticm of' dampr piaton, feet 
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C damping coefficient  .of damper mechanism  about  aileron 
hinge line, foot-pounds per radian per second 

Test  Vehicle 

The test  vehicle was of *e m-1 configuration  (reference 1) 
with minor modifications to facilitate a satisfactory  mounting of wfng 
aileron paneh. Figure 1 shm the physical m n e i o n s  of t he  test 
vehicle and its  physical  characteristics are listed in table I. Two views 
of t h e  test  vehicle on its Launching  rack are shown in figure 2. The wing- 
ailerm panels w e r e  mounted as the etabilizjng surfaces in pitch. 

UmAileran Panels 

The original  test w i n g  panels  sent by Douglas Aircraft Ccnapany were 
of sol id  cast magnesium. It was necesearg to reduce -the weight  of these 
panels to  move t he  center  of  gravity of t he  test vehicle forward  and to 
increase the speed. These wing ganels were l-male models of the 
outer 55 percent e e m i s ~ ,  station 67 to station 150 of the --scale 
x-. A sketch of me modified  test model showing c w i s c m  w i t h  complete 
wing plan form is shown in figure 3 and same of its physical  characteristics, 
static and dynamic, are l i s ted  In table II, together w i t h  sane of the vibra- 
tion p r a m e t e r s  of fhe airplane wing. Figure 4 shorn a three-dhemimal 
cutaway of part of wing and aileron. 
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Design  conditions for the aileron -re establish3d  to give results 
correspondhg to airplaie operation at an alt i tude of 20,000 feet while 
test ing t he  model at sea level and while flying the model through the  
same Mach  nmiber range in which  the  airplane is designed to operate. Ths 
mass distribution  of the model is like  that  of t he  full-scale 'ailercm in 
a chordwise il4mAT1Aian and, whereas no attempt w88 made to distribute the 
~ B B B  spanwise 88 in the full-scale  aileron, it is of necessity q u i t e  
similar. 

The  hydraulic dampers used in -ese teste were designed, camtructed, 
and calibrated by t h e  Douglas Aircraft Cagqy" The orifice ueed in these 

I 
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dampers wae made in a removable plug so that t h e  amouzlt of damping desired 
could  be chosen  by insert- a plug with an orif ice  size correeponding to 
the desired  value of damping- The  dampers were calibrated cm a t ea t  setup 
which could osci l la te  the damper piston a t  various frequencies and ampli- 
tudes. The force required to m v e  the piston was measured by a strain- 
gage link and wa8 presented on the Y-axie of a cathode-ray oecilloscope. 
The displacement was measured with a elide-wire  pickup and presented on 
the X - a x i s  of the oecillosc0pe. The reeulting pattern cm the oecilloscope 
screen w a ~  an approx3mate el l ipse whose area was a ma8ure of the work 
absorbed  per  cycle by the damper. &owing the work absorbed per cycle and 
the frequency and amplitude a t  which .the dRmper piston is driven. I t  waa 

EaoKing the distance frm the aileron hinge to the pivot t o  be 0.75 inch, 
the  coefficient C' may be converted t o  the  coefficient C. The lntenal 
conetructim of the damper is shown In figure 5 and i t a   ins ta l la t ion  in 
the w i n g  panel is shown in figure 6(a) In testa where no external damping 
was desired, a dunmy damper wa8 w e d  which was merely a piece of steel rod 
rigidly  attached  to . the aileron  rod and free to move Fn a brass &de. 
Installation of the dumqy damper is shown in figure 6(b) . 

Ins t rmsntat lon 

Aileron  deflections were meaeured by control-position  indicators 
mounted a t  the opposite end of the damper piston  rod frm the aileron. 
This is shown in figure 6. A three-channel  telemeter In the nose section 
of each tes t   vehicle   t ranmit ted signale of both aileron  deflections and 
of longitudinal acceleration from which the  velocity of the teat vehicle 
was obtained. A8 a check on velocitq, a continuous-wave  Doppler radar 
w a ~  used. The launching f a c i l i t i e s  and c w r a a  were identical  t b  thoee 
described in reference 1. A-&noepheric conditione  prevailing at the time 
of flight and the trajectory 9f teet vehicle were ob-ed by a radio- 
sonde and tracking radar, respectively. 

Wind Tunnel 

The values of damping and method of recortklng aileron  deflectlone 
were similar to those used in the  free-fl ight tests. Figure 7 ahms 
the wing mounted frm the tunnel c e i l h g  and ahm the fore and aft 
wing-tip restraints that were w e d  on same of the teete  la rge ly  t o  
eliminate wing twist and f l e F e  ._ Strain gages mounted imide the wing 
s t r u c t u r e  were used t o  give an hdica t lon  of the magnitude of t h e  wlng 



oscil lations.  Care  was taken in bdth free-flight and tunnel tests to 
mount the wings rigidly BO that there could be no movement between the 
w j n g  and its mounting. 
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Free-Flight Tests 

Iche aileron of the l e f t  wing in‘the init+al free-f l ight  test was 
undampd except f o r  the Friction of the d m  damper, and the dampr 
of the r igh t  aileron was equipped with the proper or i f ice  plug t o  give 
C = 0.083 foot-pounda per radian per second. It can be seen from the 
upper s e t  of curves in fi- 8 that ro vibration of the aileron occurred 
up to a Mach n&er of 1 .O3, which w88 the maximum attaFned fn the test. 

S i n c e  no aileron buzz developed, the test waa repeated to  confirm 
t h e   r e s u l b  of the f-t test. The seccmd test x88 conducted with a 
dmmy *per attached  to the right a i l e m  and a *per adjusted t o  give , 
0.016 foot-pound8 per radian per eecond on the left aileron. During the 
f l i gh t  a vibration of 50 cycles per secmd developed cm the r ight  aileran 
a t  a Mach number of 0.58 and cont3nued to a k h  nlmiber of 0 -73 Between 
a Mach nMiber of 0.73 and a Mach nuuiber of 0.9 a 67-cycle-per-second 
vibration graw became superimposed upon t h i s  50-cycle-per-s&cmd 
vibration, becoming a pure 67-cycle-per-seccmd vibration at  a Mach nuuiber 
of 0.9. This gradually increased in frequency t o  70 cycles  per second a t  
a Mach nuniber of  0.96. Between 9 -1 eeconds (M = 0 -39) and 9.4 seconds 
(M = 1.00) the right  ai leron t r ace  shm a violent  oscillation that ends 
abruptly at  9 -4 sec’onda as shown in the lower curves of figure 8 Inspec- 
t ion  of the deflection si@ on the tekmeter  record after 9.4 seccmh 
indicates  the  possibilltg of e i ther  a st ructural   fa i lure  of the aileron o r  
a f a i l m e  of the control-position  indicator. The l e f t  aileron developed 
a vibration a t  M = 0 -59 having t h e  s a m  frequency variation as the right 
aileron w i t h  increase in  spee&. After the floating angle. changed (M = 0.96), 
the frequency changed t o  85 cycles per second and ad- increased 

is 10,500,000) During the  decelerated  flight the frequency agafn Gad- - decreased to 83 cycles  per second until the float- w e  again 
changed a t  a Mach number of 0 46. The vibration momentarily ceased as 
the floating angle changed b d  s t m t e d  again a t  70 cycles  per second, 
gradually decreming to 67 cycles per second. A t  a Mach  number of approxi- 
mately 0.73, t;hie hbra t ion  mmnAlltarilg ceased and a 50-cycle-per-becmd 
vibration started and cq t iqued   fo r  the remainder of the f l igh t .  

t o  108 cycles per second at a Mach nuuiber  of 1-01 T Reynolds number 

Altitude of t h e  missile as  obtnFned frcm the tracking radar is 
sham in figure 9. A i r  density and velocity of sound 88 obtaFned from 
the radiosonde are also shorn in f i w e  9. 
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Ths results of the wind-tunnel investigation are l i s t e d  in table 
111. Large w i n g -  t i p  deflectiane were .obeerved along with the  aileron 
vibration  that  occurred in the initial t e e t  (M = 0 . 9  to M = 0.70) 
and indicated the possibil i ty  of.f lexure-aileron  f lutter.  The aileron 
hinge was cracked and E C I ? ~ W E I  holding the wfng skh t o  the ving flramework 
were found to be loose when the tunnel was shut down. This might account 
f o r  the low-vibration  frequency a t  a Mach number of 0.70. 

The second run waa made w i t h  the w i n g  t i p  restrained, thereby 
increasing the rigidity of the w i n g  s o  88 to  isolate  poesible  aileran 
buzz Stmin gages were mounted ineide the uing EO that wing vibra- 
t ion would be noted. T e s t s  were run with a damper adjueted for 0 .Os3 
foot-pounds per radian per second and also with a d m  damper. HO 
vibratiane occurred i n  either test ug to a Mach  nuuiber of 0.85 which 
was the maximum that could be attained. 

W i t h  the rest raints  removed and the damper adjwted t o  give 0.016 
foot-pound8 per radian per second, a vibration developed 8imiLar to  the 

aileron hinge again failed and the aileron waa destropd. 
’ f i r e t  run but a t  a higher Mach nuuiber and a mailer amglitude The 

Three Ty-pes of Aileron  Vibration 

The aileron  vibratiam which occurred  during the secmd  f l ight  test  
seem t o  have th ree  phat3es: 

(1) The 50-cycle-persecond vibraticm (M = 0.9 to M = 0.73) 
which -0- changed by having another frequency superrmposed upon i.t o r  
by aatlrping out and restarting ,at a different frequency It might be 
.noted that this i 8  approximately the first bending frequsncy of the w i n g .  

(2) The vibratian (M = 0.73 to M = 0.96) which Fncreamd in  fre- 
quency from 67 cycles per second to 70 cycles per aecand. Th i s  oecil- 
l a t ion  mmntarily ceased on the right aileron during accelerated  flight 
but the vibratian of the l e f t  aileron cantFnued on through the kim 
angle change with a mmentary decrease in amplitude. 

(3) The high-frequency vibration (M = 0 -96 t o  M = 1.01) which 
varied frm about 85 cycles per second at  M = 0.96 t o  108 cycles  per 
second a t  the highest Mach number attained in the  tes t  .(M = 1.01) . 
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These t h r e e  phases appear : i n  B o t h  accelerated and decelerated flight 
and the i r   t r ami t ion  points occur at approximately the same Mach nuniber. 
-Only the first of these  vibration phases wks able t o  be  checked in  wind- 
tunnel tests and it is apparently  flexme-aileran  flutter. 

All that can be said about the second phase which occurred at  approxi- 
mately M = 0 -73 to M = 0.96 is t&at wind-tunnel tests w i t h  the wing 
t i9   res t ra ined  fa i led t o  show any aileron f l u t t e r  up t o  the highest Mach 
nrmiber of the test (M = 0.85) so It probably is not  single-degree-of-fedom 
ai leron  f lut ter  

The change in   f loa t ing  angle of the ailerons occurs at a p p r o r t t e l y  the 
same Mach numter as the sharp drop in cantrol  effectiveness and increase 
in drag coefficient  emrienced by tests of this  same wing. (See 
reference 2.) Calculations show that the c r i t i c a l  Mach  nlrmber of the 
w i n g  is about 0 -94. All . these  factors  indicate that the Mach n&er w88 
greater  than the c r i t i c a l  Mach nmiber throughout the range of the high- 
frequency vibratian (M = 0.96 to highest attained M = 1.01) . Because 
the th i rd  type of vibratian is dlffarent f roaa the other two and because 
it occurs a t  a Mach ntmiber above the c r i t i c a l  Mach number of the wing, it 
is possible that this vibration is aileron buzz. Although the aileron is 
s ta t ica l ly  mass-bdanced at  zero deflectim, it is not  mass-balanced when 
deflected  bscause it is h-d to the lower surface of the wing. (See 
f ig .  4.) This m i &  be a cmtributing  factor toward developuent of the 
vibration  obtained. 

Vibration Amplitudes 

As may be seen i n  figur& 8, the  amplitude of the aileran vibrations 
during t he  law-speed  phase (M = 0.9 t o  M = 0 -73) and the  high-speed 
phase (M = 0 46 to M = 1-01) increased wfth increasing &ch nuuiber. 
The amplitude of the second-phase vibratian during decelerating flight 
was approximately  canatant,  but during accelerated flight this phase 
was of such short deation ana BO near the floating-angle change thaz no 
amplitude variation  could be detennbed. 

Figure 8 a l ~ o  givea an fndication of the effect  of damping on the 
amplitude of the  vlbration. DurFng the low-speed m e ,  which  wind- 
tunnel  tests showed t o  be flexure aileran f lu t te r ,  the vibration ampli- 
tude of the undamped aileron w a s  about  twice that of the damged ailercm. 
The data that  were obtained from the undmqed ailerci  during the high- 
speed phase (M = 0.96 to M = 1-01) indicate that the amplitude was 
approxjmately  twice that of tue *ped aileron. 



8 

Critical-Vibration  Characteriatica 

The discu~lsian so far has mentioned  nothing  about the inltial 
flight  during  which no aileron  vibrations  occurred. The difference in 
aileron-vibration  characteristics  encountered for similar models lndi- 
cates  that t he  suscwptibilitg  to  flutter of free control surfaces 
(damped or undamped)  is  critical;  that  is,   mall variatiana in static 
and m c  condltiona may cawe large variations Fn the free-flight 
characteristics. 

It is important  to  note that the first mode bend- frequency of 
the  scale panel corrected to Rzll scale is 13 percent  below  the full- E- 
scale-airplane  bending  frequency.  The torejoaal frequency is 22 percent 
above  the  full-scale-airplane torsional frequency. Shce these parame*m 
are  of t h e  same order of ma&tude  and, if the model may be  cansidered 
representative of the full-scale wing, the possibility of the occurrence 
of flexure-aileron flutter m the full-scale airplane does exist. It 
is therefore  recommended  that a further inveeti~~tiOn,,of these flutter 
phenomena - flexure-aileron  flutter  and  ailer'an buzz - be con- 
ducted on the D-559-2 wing - 
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A flight and wind-tunnel  investigation waf l  made  to  determine the 

aileron-vibration  characteristics of Lecale ulng pane- of the 

Doqlas D-558-2 research a i r p l a n e .  In  t h e  fimt flight tes t  no ailerm 
vibrations  occurred  up to the mA.x.lmm Mach a&er attained in the teHt 
(M = 1.03). In t h e  second  flight  test th ree  types of vibration  occurred? 
(1) A vibration of 50 cycles per second at a Mach number of 0.58 to a 
Mach nuniber of approx3matel.y 0 -73 which  later wind-tunnel testa 8howecL to 
be  flexure-aileron  flutter, (2) a vibration of 67 to 70 cycles  per second 
at a Mach nmber of 0.73 tm a Mach  .number of 0 -96 which  could  not be 
duplicated  in t h e  w i n d  tunnel at a Mach  ntmiber of 0 -85 with wing-tip 
restraints in place, and (3) a high-frequency  vibration  at 85 to lm 
cycles  per  second  ocpurril;f@;  above a Mach  number of 0.96 which  could 
possibly  be  aileron b u z z .  

4 
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reconmended  that  further  investigation of these flutter phenomena 
(flexure-aileron  flutter and aileron buzz) be cmducted to elimFnate 
the possible  critical-flutter  condition of the full-8cale wings. 

Langley Aermautical Laboratory 
National  Advisary  Comaittee f o r  Aeronautics 

Langley Field,  Va. 

1. Angle, Ell- E. : Initial F l i g h t  Test of the NACA FR-1-A, a 
Low-Acceleration  Rocket-Propelled  Vehicle for Transcolic 
Flutter Research. W A  RM No. L7J08, 1948. 

2 Sasdahl, Carl A -  : Free-Flight  Investigation at -anic and 
Supersonic speeds of a Wing-Ailerm  Configuratim Simulating 
the D-59-2 Airplane. I?ACA RM No. BE8, l.948- 
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Fueelage : Length,Fn.......... . . . . . . . . . . . . . . . . . .  95 
Marlrmnn diameter, in. . . . . . . . . . . . . . . . . . . . . .  10.625 

Vertical. f l na  : 
m e e d  mea ( t o t a l ) ,  sq f t  . . . . . . . . . . . . . . . . . .  2.22 
Span, F t . . . . . .  . . . . . . . . . . . . . . . . . . . . .  2.55 

Sweepback angle, deg . . . . . . . . . . . . . . . . . . . . . .  &I 
Taper  ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  1:1 

Airfo i l  eectian normal to leading edge . . . . . . . . .  RACA 6-009 . 
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J"ca1e wing: 
4 Weight (each), l b  -. . . . . . . . . . . . . . .  . . . . . . . . .  17.5 

Moment of inertia of w i n g  "with -per  installed" abut 
35-percent-chord  line, slug-ft2 . . . . . . . . . . . . . . . .  0 .X24 

Center of gravity,  percent of chord.back from leading edge . . 44.9 
Center of gravity,  percent of span out from root  chord . . 51. 
Fkposed mea (each), sq ft . . . . . . . . . . . . . . . . . .  2.66 
Tip  airfoil  eection ( n o m  to 30 percent chord) . . .  EACA 63-012 
Torsional stiffness (couple  applied normal to leadm 

e Q e  and 24 in. &Long leading edge 
700% chord,  ft-lb  per b g  . - . - - - - - 6-7 X lo6 

Bending  frequency, f fret  mode (found by vfbrating w i n g ) ,  cps . . 51 
Torsional  frequency,  first mode (found by vibrating wing), cps . 225 

Aileron: 
Center-of-gravity position at 00 aileron deflection . At h3nge line 
Moment of hertia about  hinge lFne, Ib-fn.2 . . . . . . . . . .  0.59 
Spring  constant of flexure hinge, in.-lb per radian . . . . . .  10.4 
Natural frequency  of aileron flexural hinge systean 

(found by vibrating w h g )  , cps . . . . . . . . . . . . . . .  14 
Weight of aileron, lb . . . . . . . . . . . . . . . . . . . .  1.47 

Full- scale w l n g  : 
Bending  frequency,  first mode, cps . . . . . . . . . . . . . . .  15 
Torsional  frequency, first mode, cps . . . . . . . . . . . . . .  41.5 
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Flgure 1.- Flutter teat vehicle and test wing panels. 
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Figure 4.- Aileron details, --scale aileron .buzz” models of hou@;las D-558-2 research airplane, 
1 
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Figure 5.- Hydraulic damper, &-scale aileron gbuzzn models of Douglas 1)-558-2 research airplane. 
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(a) Eydraulic damper with control-position recorder. 

(b) Dummy damper with control-position recorder. 

Figure 6.- Dampers and  pickoffs assembled in wing panel. - 
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Figure 7. - Test wing-aileron panel with tip restraints mounted on tunnel wall. 
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