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Flight t e s t s  of three rocket--powered models colcrtainfng --scale 

Douglas &55& wings as horizontal   f ins having  scaled  structural par- 
e t e r s   t o  encompass the stiffness of the full-scale airplane have been 
conducted t o  determine  whether the possibil i ty of wing f l u t t e r  due t o  
torsion and  bending e x i s t s   i n  the full-scale  airplane at transonic  speeds. 
A maximum Mach rider of approximtely 1.54 was at ta ined  in   the  f l ights .  
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No wing f l u t t e r  appesred t o  be present in the models tested. However, 
a pitching  oscillation of the  entire model developed as the model passed 
through the tramonic  range. 

The Langley Laboratory has conducted a series of flight t e s t s  on 
rocket--powered models containing L-scale 3b5584 wings as horizontal   f ins 

i n  order t o  determine whether v ing  flexure-torsion  f lutter might be expected 
t o  occur in transonic flight of the D-55& airplane. The models ware 
designed and constructed by the E l  Segundo plant  of Douglas Aircraft Company, 
Inc., and the wings were bui l t  t o  have scaled stiffness parameters t o  
encapass the structural  design of the wing panels of the  full-scale airplane. 

10 

Models having wings with scaled  elastfc .stiffness and weight distribution 
t o  yield  design  f lutter speeds  lower  than, equal to,  and higher than the 
design' f l u t t e r  speeds of the full-ecale.  airplane have been tested and are 
reported here in. 
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APPARATUS 

Model 

NACA RM No. ~ 9 ~ 0 6  

The 

a F i n c h  
fuselage 

f l u t t e r  model with l a c a l e  DouglrtE 1~558 wing panels is essentially 

cordite  rocket motor t o   W c h  821 instrumented nose, a metallic 
faifing, -+cab  D-55& w i n g  -1s in  the  horizontal  plane, and 
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simplified  vertlcal  stabilizing fins were attached. In  addition  to-  being 
representative of scaled  versions of -the Dj5& airplane wing panels, the  
horizontal wings mr6 so located as to insure etabil ization of the model i n  
pitch. These wing panels on the first model, designated "low sped," were 
designed t o  be structurally weaker than  the stiffnsss requirements  obtained 
by  adding a scale correction  to the Dj5& wing panels. The second model 
had wing panels designated "true speed" which were designed equal t o  the 
scaled stiffness, and the th i rd  model, desigmted "Mgh speed," was designed 
t o  haw w2ng panels that were materially stiffer than those of the other 
models. 

A sketch of the models containing "low speed" or "true speed" wing 
panels and inetruTnented t o  obtain wing frequencies is shown in  f igure 1. 
The "high speed" model imtrumented t o  record  the normal acceleration and 
angle of attack of the  ent i re  model is sketched in  figure 2. 

Inetnunsntation 

The models w e r 6  equipped with t w w h a p n e l  telemeters. I n  the "low 
speed" and "true speed" modele, the wing  f?requencies w e r e  obtained by 
using tho inductancbype frequency  pickups that had been b u i l t  into  the 
w i n g  panels. . .  . . . . . . . . . . . . .  

(a) m e  of .  at tack ( ~ . 6 ' )  

(b)  Normal acceleration (a.2g) 

I n  order to maintain  the symmstry of the model, a dummy canopy was added 
t o  the underside of the model. 

In   f l i gh t ,  the models mre tracked by continuous-wave Doppler radar to 
obtain.the  velocity.  Telemtered data were recorded on film at two radio 
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Launching 

The models  were launched from a short-length, two-rail launching  rack 
at a 60' launching angle. Photographs of the modds on the  launching  rack 
are  sham in  f.igures 3 and 4. 

RESULTS AND DISCUSSION 

Pr ior  t o  the flight-testing of the. models, the natural frequencies in 
torsion and bending of the wing panels were checbd by the Langley Physical 
Research  Division. Table I is a l i s t i n g  of the  frequencies  obtained at the 
Langley Laboratory, as compared with  those  given in  reference 1. As the base 
attachment f i t t i n g  was permanently fastened t o  the wings, the  radius of gyratic 
and the  location of the  center of gravity of the wing panels could  not be 
determined  experimentally and, f o r  this reason,   the   cr i t ical   f lut ter  speed 
(that is, the speed at which  wing flutter  occurs)  could  not be estimated. 
However, from data listed in   t ab l e  I and in reference 1, it appears tha t  the 
wing panels tes ted encompass, wlth ~ c d a r  corrections,  the  structural  design 
of the  full-scale  airplane. 

F r the tests conducted, the Reynolds number varied from a proximately 
3 X 10 8 at a Mach  number of 0.64 t o  a maxFmum value of 6.7 X 10 8 at a Mach 
number  of 1.54. 

I n   t h e   i n i t i a l   t e s t  ("low sped" winged model) intermittent  telemeter 
operation  did  not  permit the m d u a t i o n  of the wing vibrations, although it 
gave assurance that no  wing failure occurred.  Reduction of the radar data 
showed that the model attained a maxim Mach  number of 1.54, which was 
s l igh t ly  higher than the es$imated  value.  VelocityAim  plots of the 
flights of the models reduced from the radar data are shown in  f igure 5. 

f i o m  the model containing  the  "true speed" wings ,  sa t i s fac tory   t e lemter  
and velocity  records were obtained. The data were reduced and figure 6 is  
a time history of the flight. A s  no calibration was made of forces required 
t o  deflect  the wing pickups, the  amplitude of the oscillations  recorded 
could  not be evaluated and consequently  the magnitude shown on the plot is 
proportional t o  that recorded and no units a r e  given. From the record, a 
low-frequency asci-tion of approximately 8 cycles  per second was recorded 
when the model reached a f l igh t  Mach number  of approximately 0.9 during 
accelerated flight. This o s c f l h t i o n  damped out as the model velocity 
increased  but  reappeared  during  the  coasting  portion o f . f l i g h t  when the 
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model decelerated t o  a Mach number of 0.92. A high-frequency oscil lation 
of the order of 120 cycles  per second was superimposed on the low--frequency 
oscillation. Although the  instrumentation m a  designed t o  record  frequency 
and waa not cal ibrated  to  measure the mgnitude  of-the  oscillation,  the 
high-frequency oecil lation seemed t o  be of amplitude, while the low- 
frequency osci l la t ion appeared t o  be of appreciable magnitude. A s  the  high- 
frequency osci l la t ion of 120 cycles  per second was l m r  than the natural 
wing bending fYequency, and of negligible amplitude, its exietence can be 
at t r ibuted to scrm condition i n  the model other  than  the  f lutter phenomenon. 

On the basis of the results .of the first two flight tests, it was 
concluded that no flexure4orsion wing flutter would occur  throughout the 
speed range tested. It Bhould not, however, be assumd that the f l u t t e r  
problem can be dismissed, as tests conducted  and reported in reference 2 
indicate that the possibil i ty of flexure-kileron flutter s t i l l  exists.  

A s  no addi t ional   f lut ter  tests appeared t o  be necessary, the t h i r d  
model, containing "high speed" wing panels f o r  mxirmun wing rigidity,  was 
flown t o  inveetigate the low-frequency oacil lation that appeared t o  be 
present. "he data reduced from the recorda  obtained from the flight of the 
model are shown in figure 7 aa  plots of the normal-force coefficient, angle 
of attack, and.Mach nmber  variation  with  flight time. In  the flight, the 
usual short--period oscil lation of the airfrashe at take-off  appears t o  be 
damping out when this  pitching  oscillation is  w i n  excited as the model 
approache8.a Mach nmber of 0.85. The naaxirmun normal acceleration  during 
that portion of flight was kl.758 where "gff is  the acceleration due t o  

gravity (that is, 32.2 ft/sec2). During decelemted flight the maximum 
normal acceleration was f2g. In figure 7 the plot of the variation of the 
normal-force coefficient CIJ with time, e v d w t e d  f'romthe normal 

, accelerations recorded, is based on the  exposed wing area. fiom Information 
reported i n  reference 3 and from unpublished results of rocket-powered 
flight test's of a O.l3+cale model of the I)+*, Ft appears that the pitch- 
oscillation  occurs near the force break of the model. In accelerated flight 
the normal acceleration and angle-ofrtttack.osciUationEl are i n  phase but- 
the magnitude of the normal acceleration appeaxs t o  bear l i t t l e  re la t ion   to  
the amplitude of- the pitching  oscillation. During deceleration a similar 
condition  occurred  but  superbposed on this 'j'-oycle-psr-eecond oscil lation 
of the angle of attack asd normal acceleration was a 2-cycle"pe~econd 
angle-of-attack  oscillation that did not appear t o  have any effect  on the 
normal acceleration. 

. 

. -  

The 7 - c y c l e " ~ ~ e c o n d   o s c i l h t i o n  is believed t o  be the usual  short- 
period  oscillation of the airframe. The came of the 2-cycle-pe~eecond 
oscil lation of, the angle of a t t ack ' i s  unlozarn. 
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CONCLUSIONS 

5 

No flexure-torsion wing flutter  appeared  to  be present i n  the  models 
flight-tested to a maximum  Mach  number of 1.54. However, a pitching 
oscillation of the  entire  model  developed as the  model  passed  through the 
transonic  range. 
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Mode 

Full-scale wing: 
1st bending 

TorEli011 

NACA RM No, LgAO6 

Low speed True speed 

19.5 
15.8 

36.5 
42 .O 

13 07 
15.8 

40.4 
42 .O 

157 
170 

I-" 

"1- 

472 
590 

15.7 
17.0 

47.2 
59.0 
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Figure 4.- Photograph of flutter model w i t h  "high speed" -- Scale I 
10 

-55- w i n g  panels. - 
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