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By Albert L. Erickson and Robert L. Mannee 

A partial-span wing W&B tested to determine the cause of a 
flutter which had oocurred in high-speed flight. Luring the inves- 
tigation ahangee were made to the wing stiffness, the location of 
the oenter of gravity of the wing, and. the a~988 balance of the 
aileron. The fir& two changes had no apprsiable effect on the 
flutter, but the last change altered it8 frequency. It was 
concluded that this flutter was a new type requiring only one 
degree of mechanical~motion. It waft also found that restriction 
of the aileron motion, such aa w&8 obtained by the u8e of a dnmper 
in the control system, would prevent flutter to a Maoh nmiber of at 
1-t 0.830. 

-3 
lm!Elor?m~oB 

During flight testi of a jet--powered fighter airplane, a high- 
frequency, lowaplitude aileron flutter occurred. During one 
test flight at a higher Maoh number, a serious flutter oocurred, 
causing a permanent deformation of the aileron. Beoauae of the 
extreme danger involved in investigating such a phenomenon in flight, 
a partial-span wing of the airplane wa6 in8talled for investigation 
in the Ames l&foot high-speed wind tunnel. 

The flutter was believed to be closely associated with looal 
supersonio flowe and, therefore, the ordinary flutter analyms 
were not ooneidered applicable. 

The tests in the wind tunnel were terminated due to failure 
of the aileron. The results obtained are presented in this 
report. 
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SYMBOIs.A.KDDIMEXSIOE3 

'The aerodynsmic coefficients given in this report exe comguted 
on the basis of the dimensions of the mial-span wing actually in 
thewlndtmnel. The symbols and dimensions usedare as foILlowe: 
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ca 
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ba 

au 

&a 
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M 

CL 

%l 

c%.BB 

wing area in tunnel, 45 square feet 

mean aeroclymmic chord of partial span, 4.833 feet 

aileron root+neti-squsre chord, 1.18 feet 

partial span in tunnel, 9.85 feet 

aileron span, 7.5 feet 

mgle of attack, degreee (angle of attack of fuselage 
reference line =oLu - o.40°) 

ailercm deflectfon, wee8 

free-stream velocity, feet per second 

mass density, slugs per cubic foot 

dymmic pressure ($2V2), pounds per square foot 

speed of sound, feet per second 

Mach nmiber (V/a) 

lift coefficient 

4 

- 

drag coefficient uncorreoted for tare of plate at 
tunnel wall 

pilxhing+mmmt coefficient about 35 peroent mean 
aerod.yGmic chord 

lift-coefficient increment due to aileron deflection 

drag-coefficient increment am to aileron deflection I 
- 

aileron hinge moment; foot-pounds 

aileron hinge-momentcoefficient H, 
(qbaca ) -2 

l 

E 
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f% as, sa,O 
o rate of change of aileron hingycunent coefficient 

with aileron deflection at 0 aileron angle 

A~tial-spa;nwingofaje-t--p~~edairplane wasmountedin ,_ 
the Ames l&foothigh~peedwindtunnelas showninfigure 1. The - 
gas tanks were removed from the wing and two auxiliary ribs were 
placed between the main be. The aileron was m388 balanced. The 
following information on the aileron balance weight8 was obtained 
from the manufacturer: 

Balance weights 

Aileron 

Total 

. 

. 

20.18 do.07 

15.00 69.2-z 

35.18 -LO.80 

Some of the weights broke loose dUrin@I the test8 but this was 
not Fnrmsdiately discovered. Ftiuy, for rim 32, in which the wing 
tip was restrained in both bending and torsion, all the remaining 
weights were removed. The aerodynamic forces and moments were 
measured on the SiX-Ccmq?onen~Cale ByStem. Static aileronhinge 
moments were measured by means of a reSiS~Ce-type strafn gage. 

The wind-tunnel calibration was based on the tunnel-empty 
calibration corrected for constriction effects. (See reference l.,) 
No tunnel-wall corrections were applied as most of the testing was 
done near zero lift. The control systemwa8 mounted t0 keep the 
conizol<able length the 8&m~ as it was on the airplane. Figure2 
shows the mounting of the control stick, the hydraulic boost unit, 
and the control cables. The frequencies of the w5ng and aileron 
motions were measured by the u8e of Sperry displacement pickups and 
slide+xIre resistors located as Shown in figure 3. The data fram 
these units were recorded by osciIlograph8. 

. 
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Tl3STRROCEDUREARDXESTJLTS 

The investigation consisted of determining how Changes to the 
wing and the aileron affected the flutter. Aftereachchange was 

made, the Guonel speed wae increakd u&i1 flutter occurred or the 
maximum speed of the wind tunnel w&s reached. The general results 
of the investigation exe suautar ized in table I. 

l 

Successive pictures of the wing and ai.Leron during one cycle of 
flutter are shown in figure 4. These picture8 are frm a motio% 
picture record taken at 128 f-8 per second. The aileron displac+ 
ment followed a sinusoidal pattern and led the wing torsional 
displacement by about a", as shown in figure 5. Later tests showed 
that the wing motion did not contribute to the basic flutter. 

Effect of Wing Changes on Flutter 

Inorderto determine themechanicalinterrelation of thewi3g 
and aileron motion, several changes to the wing were bide during the 
investigation. 
1 

A decrease in the torsional rigidity of the wing by the removal 
of two special rib8 between the main beame (fig. 6) had no appe;rent I 
effect on the flutter (table I, run 5 - cf. run 12). 

. 

A boom was attached to the wing tip and extended forward into 
the air stmamae shown in figure 7. This boomchanged the natural 
frequency of the wing in bending from 15 to 13 cycles per second and 
in torsion fram 51 to 26 cycles per second. It also caueed a coneid- 
erable change in the location of the apparent torsional nodes. (See 
fig. 8.) TIB locations of the apparentnodeswere determlnedbythe 
intersections of straight-line elements connecting the displacements 
indicated by the pickups. The torsional nodes indicated are appox- 
irately the true nodes. The apparent bending nodes, however, are of 
value only for compmative purposes. With the boom attached and the 
aileron fixed, the wing did not flutter. With the aileron free, the 
boom did not alter the aileron flutter (table I, runs 22 =a 22A). 

The boomwas removed and the wing tip was fastened to a strut 
so that it was reStr%ined in both bending and torSio~t3. (See fig. 9.) 
Even this exkrelne change had no appreciable effect on the aileron 
flutter. The wing was not completely rigid during flutter although 
its motion was limited. (See table I, run 27.) Rune 5, 12, 22, 
2zx,andp~&~ikrlyr1~~ 26&nd27, ~tite definitely proved that a 
new type flutter had been f 0ma - a type which required only one 
degree of mechanical motion. 
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Effect of Aileron Chengee on Flutter 

. 

As-only aileron motion was involved in this new type flutter, 
the usual method of preventing flutter (elimination of mechanical 
coupling) could not be applied, It was, therefore, neoes6ary to 
prevent the flutter by some Other means. 

With tight control cables and the control stick locked, no 
flutter occurred; whereas loosening the cables allowed the aileron to 
flutter. .(See table I, runs 7 ma 1.) -8much as restraint 00 the 
aileron prevented flutter, demping was placed in the control system. 
This damping prevented flutter to the highest Mach number attained~in 
the wind tunnel (0.830). (See table I, runs 19, 20, and 21.) 

Changes made to the aileron moment of inertia end mass balance 
affected the flutter only by a slight change in the frequency. Table I t.- 
(rUn8 1, 5, 26, 27, 28, 31, =a 32) show8 the reefits. In all cases, 1 
an increase in frequency was associated with a deCr8aSe in mCrmant of 
inertia of the aileron regardless of any other changes which were made. 

In an effort to damp the flutter aerodynamically, an antiservo 
tab was installed on the aileron, as ahown in figure 10. This tab 
floated freely during slow motion of the aileron, but it worked 
against the aileron during flutter because of the damping cylinder 
in the linkage. Its effect, however, was not sufficient to prevent 
flutter. (See table I, runs 28 to 31.) 

Shock-Wave Study 

A shadmgraph method was used to study the position and motion 
of the shock waves. The test setup 18 shown schematically in 
figurell. By putting the point source of light in three different 
positiona so that a method of triangulation could be used with the 
results obtained (fig. l2), it was determined that the ahock waves 
were forward of the aileron for the condition8 of this test. The 
shock waves were fluctuating, but it was not possible to determine 
the frequency, either directly or from the motion pictures obtained.' 

Motion pictures of tufts during flutter indicated sepa;ration 
on the aileron when it was ap~oximately in it8 neutral position, 
with subseqXient recovery when the aileron reached the maximum up 
position. (See fig. 13.) 

Static Aerodynamic Coefficient8 

Static-forrce and hinge-moment data are sham in figures 14 to 
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19. The ohange in the aerodynamic chaxacteristics between &9 angle 
of attack of -Lo and 2' at the higher Msch number8, had no noticeable 
effect cm the frequency and tmcpli-bude of the flutter. FigWe 20 

revsals ConSideIXbl8 iINreBSe in the 81OPe [ -c29 h,OO 1 at 
&ch numbers above 0.74 as the fmgle of attaok was ohmged from -lo 
to 2O. The Change in Slop0 OOITeSpOndS to about 25 foOLpound per 
degree of aileron angle at the &oh nuuibers at which flutter occurred. 

Additicmal Test8 

Figure 21 shows the Mxoh nuniber at which flutter started at 
three angles of attick, indicating that the flutter was ~obably 
Mluemed by the local criticallslPch number. (%8 table I, run 5.) 

Variou8 spoilers fastenedonthexing inanattempttofizthe 
shock position gave no conolu8iv8 results because the tunnel Bpeed 
~8 limited by the extrem3lyhigh drag of the modelwith the spoilers 
in place. (See table I, rum 17, 23, 24, and 25.) 

Five ~/~inoh&iimter holes were Out in the lcrwer stmf'ac8 of 
th8Xisg jl.X8tfO3XfXC a of the aileron. These holes Y.YbiSed the Bpeedat 
whioh flutter 8tEU%3a, with the aileron floating, from 0.795 to 0.830 
Mmh number far one trial; but with the nmiber & ho188 increfM8d to 
11, the flutter occurred at 0.791 &ch nMber, approxfnately the 
hams as without holes. During this test the aileron failed, as 
shown in figure 22, and the inve8tigation was terminated. It is 
believed that the high Msch nmiber attained without flutter, with 
the five &mk holes, was not the result of the ho188 but cxf tmmn& 
ally Steady flm conditions. 

DISCXISSIOR 

The results of this investigation indicate that th8 flutter 
8nCOUnteredVas due toatim hg in the Change8 inhingeYmnE& 
relative to the aileron motion, asdwae influenced to a omsiderable 
etint by shock-induced septxmtion. The wing undement a forced 
vibration which had no appesent effect on the basic! flutter. 

As shown by the results, damping or restz?aint af the aileron 
-vented flutter of the test aileron to at least the highest test 
Mach nmber (0.830). Itwas furtherindiaatedthat there shouldbe 
no flexibility between a damper and an aileron sucsh as oablee might 
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provide. The amount of damping required to prevent flutter at any 
mch nuder was not determined, but it should be limited to a valu8 
such I&at the I[I&IEIzmr rate of contzol movemmt required for mneu- 
vering will not be limited seriously. There will be 801118 aileron 
roughness, however, even if flutter is e-ted. 

Complete restraint couldbe obtainedby the use of an 
irreversible control. This type of control would have the objet- 
tionable features of not being self+eutralizing end not providing 
control feel. Both of these characteristics, hcT<evm, could be 
provided artificially. Cables should not be used between any 
arMflutter unit and the aileron unless some positive method of 
maintaining tension at all tfmes is Irovided. In the ordinary 
system, the extremely low temperatures encountered at high altitude 
tend to loosen the steel control cables in an aluminum wing. 

There is sm reason to belleve that, if an aerodynemically 
balanced surface were used, this type of flutter might be less 
severe, due to the fact that the actuating forces could act on the 
aerodynamic balance, as well as on the control surface, and the 
balance might also act as an air damper. 

. 

The general problem of the type of flutter obtained on this 
airplane mustbe carefullyconsideredinhigh+pseddesigns. Consi& 
eration might be given to the elimination of ailerons entirely and 
to the use of other methods of lateral control, such as the spoiler, 
It is possible that similar difficulties may be encountered with 
elevators and rudders. 

Elimination of aileron flutter by restraint or damping of the 
aileron raises the question as to whether or not coupling between 
the wing motion end the separation caused by shock could cause wing 
flutter. T&I to th8 lnaximum Mach number reached during this test 
(0.830)) there was no flutter with the aileron rigidly restrained, 

although there was some roughness. There was, however, no evidence 
that the wing will not be subject to this type of flutter if a high 
enough Mach number is attained, 

An investigation of the flutter of an ail8ron on a partial- 
spawn wing model indicated the following: 

1. Flutter of the aileron could be prevented to at least 0.830 
Mach nu&er by the installation of.a. damper in the catrol system or 
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by the use of an irreversible contJ?ol. 

2. The aileron flutter apparently w&s caused by a time la@; in 
the changes of hinge moment relative to the aileron motion, 
probably being greatly influenced by the separation Caused by shosk 
waves. 

3. The results of this test show that this flutter is of a 
new ty-pe which does not dep8nd on titer-related mechanical motions 
and therefore cannot be pevented by the ordinary methods. 

h8s Aeronautical laboratory, 
National Advisory Comlttee for A8rOnaUtiCS, 

bHfett Field, Calif. 
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(a) Front view. 

(b) Rear view. 

Figure l.- The partiaLspan wing mounted in the Ames 16-foot high-speed 
wind tumle1. 
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(CL) View showing control stick. 

(b) Vierw,shouing hydraulic boost. 

Figure 2.- Arrangement of aileron control system for tests of 8 partial- 
span WFng In the Ames l&foot high-speed wind tunnel. 
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Figure 3.-Schematic drawing of the partial-spun wing showing location of Sperry 

pickw,hinwmomen? strain gage, and oileron-position indfcotors. 
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t 
Figure 4.- Flutter of the aileron shown by successive pictures taken 

from a 12ELfram*per--second motion picture. 
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A/l&?r0n 
angle 

\ / \ 
/ 
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0 .O/ .02 .03 .04 .05 
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Figure 5.- Phase re/ot/on of wing and oileron motion during fluffer 
for the purfio/-span wing with fhe oileron free. 





NACA RM NO. ~51~28 
21 

figure 6.- One of the two special ribs installed at the partial-span wing. 
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(b) Rear view. 

l?lgure 7.- Wing-tip boom mounted on the partial-span wing. 
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Figure B.- Appared nodes ln torsion and in bending of fb8 paftiaf-span whg. 
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(6) Boom attached. 

Figure 8.- Concluded. 
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Wing-fip resfrahed 

View /doking 
downsfreom 

27 

Ffgure 9.- The port/d/-span wing muunfed in fhs /6-foof 
high speed wind fume/ with tip fasfened to sfruf . 
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I Enlarged view of section A-A 

Figure IO.- Schenwfjc drovlng of ontiservo tab with hydraulic 

damper 
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Figure /I.- Sebemoitc drawing showing the location of the light source, 

screen, and camera used in toking shodowgrophs of shock waves 
on the parfiof-span wing. 
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(a) Lanrp position 1. 

(b) Lamp position 2. 

(C) h3JQ POBitiOZl 3. 

Figure 12.- Bhock-wave pictures obtained by the shadowgraph method 
during teBtB of a p&id--span m. Mach nuuiber, 0.800. 
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(CL) POBitiOn 1. (b) POBitiOn 2. 

(C) POBitiOIl 3. (a) POSitiOn 4. 

(4 position 5. (f) POBitiOIl 6. T 
A-8700 

Figure 13.- Tuft studies onthepsrtial+panwing shoving change in 
flow Beparation for six sileron positions. Pictures are from a 
motion picture of the aileron flutter taken at 16 frames per 
second. 
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0 .O/ .OP .03 
Urog coefficlenf, % 

Figure /4.- Vor/c?fion of //ff coefficienf wifh drug coefficienf 
at sever& Mach numbers for the porfiokpon wing. So, 0” 
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-/ 0 / 2 
Angie of at f uck, au, deg 

F/gfffe /5.- Vorht~on of lift coefficient with ong/e 
.of of tack ot sevtzro/ Mach numbers for /he 
ptw tit+spon wing. 80 , 0’ 

.-- 

r 

. 



mAf-2~ m NO. ~9~28 I 37 

-./5 
-4 -2 0 2 4 

Aileron angle, 8,, deg 

tuI au, -10 

Figufe /6.- Varhfion of fhe //ft-coefficient incremenf w/fh 
oi/sron angle of several Mach numbers for the parfh/- 
span wing. 
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Figure /6.- Confhued. 
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F&we l6.- Continued. 
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Figure 17.- Vafiafion of drag-co8 fficienf incremenf wifh 
or+leron ongfe at severof Mach numbers for fbe poffioi- 
span wing. 
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Ftgwe /Z - Continued. 
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Figure I?‘. - Confinued. 
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Figure / 7.- Conchded. 
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.02 

-4 -2 0 2 4 
Aileron angle, 8,, deg 

Figure /8.- Variation of pifchhg-moment coefficlenf wifh 
ffileron ung/e af sevefaf MQC~ numbers for fhe paffiul- 
span wing. 

. 
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FigUf8 /8.- Confinued. 
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Figure /8.- Continued. 
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Fi&we f8. - Concluded. 
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Figure /9.- Voriofion of uiferon hinge-moment soefficient 
Wlfh OilerOn Ungie of seVefU/ hfUCb numbers fOf fhe 
purfhl-span wing. 
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Fitpf8 /9.- Conffnued. 
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-4 -2 0 2 
AUeron angle,&, deg 

Figure /9.- Con f/nUtd 
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Figure 19. - Conchded. 
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Figure PO.- Vatiotlon of otteron hinge-moment slope with Mach number at two 
ang/es of attack for the partial-span wing. Se,00 
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Figure 2/.- Angles of attack und Much numbers at 
which flutter occurred during tests of the 
purtiol-spun wing with the ui/efon free. 
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