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An Overview of the Research on Flight Flutter

Testing

Flutter is an unintended phenomenon due to interactions between
aerodynamic forces, elasticity and inertia, which leads to unstable
structural fluctuations, often leading to structural failure. Most high
speed and/or flexible aircraft are highly sensitive to flutter. In this
research, extended methods in the last few decades in flutter flight
testing are reviewed. Smilarly, structural excitation systems,
measurement systems, digital processing of data and methods for
extracting frequency and damping parameters are considered. Also, the
practical experience in this context is mentioned and the current state
of thisresearch area is explored.

Keywords: Aeroelasticity, Flight Flutter Testing, Modal Analysis
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31. Stabilizer
32. Aerodynamic vane
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Frequency Time to sweep,
Airplane Surface Location range sec Sweep law
747 Wings External vanes at 1.5-7.0Hz 90 Exponential
wingtips
DC-10 Wings horizontal External vanes at tips of 1-20 Hz 90 Exponential
Vertical tail main surfaces and
1-10 Hz 920
L-1011 Wing stabilizer External vanes 1-18 Hz 90 Linear period
3-25Hz 30
S-3A Side of fuselage under ~ External vanes 1.5-18 Hz 90 Linear period
stabilizer 3-25Hz
C-5A Wing stabilizer External vanes on top of 5-25Hz 60 normal Exponential
surfaces near tips 30 dive only
F-14 Wing fin Aero-tab 5-50 Hz 15 Exponential
External vane
F-15 Normal control 2-16 Hz 100200 Linear
Ailerons 5-10Hz 45 frequency
Stabilator
F-111 Wing Aero-tab 35-2Hz 45 Exponential
Frequency Time to sweep.
Airplane  Surface Location Range sec Sweep law
F-14 Horizontal tail Right side stabilizer 5-50Hz 15 Exponential
only
F-111 Horizontal, vertical Inboard on stabilizer 35-2Hz 45 Exponential

tail surfaces

near side of fuselage,
top of fin
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33. Spectral analysis
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34. Pulse Code Modulation
35. Aliasing
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(100s of channels) Interactive graphics
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36. Spectral Analysis

asliliad

¥ oo [ Jg) Jbo NV s

P 5)glis

lﬁﬁlqm lAigo YA



ya

s e
lholgn (wrigo

asliliad

¥ ojlas | gl Jls /YRS s

5 (silay slainleil S92 (53950

V, AerodynamicFlutter,” 1. E. Garrick, ed., March
1969, pp. 12-15.

[5] Collar, A.R., “The First Fifty Years of
Acroelasticity,” Aerospace, Vol. 5, No. 2, 1978,
pp- 12-20.

[6] Tolve, L.A., “History of Flight Flutter Testing,”
In“Proceedings of the 1958 Flight Flutter
TestingSymposium,” NASA SP-385, 1958, pp.
159-166

[7] Garrick, LE., and Reed, W.H., IIl, “Historical
Development of Aircraft Flutter,” AIAA 81-0491,
J. Aircraft, Vol. 18, No. 11, November 1981, pp.
897-912.

[8] NACA Subcommittee on Vibration and Flutter, “A
Survey and Evaluation of Flutter Research and
Engineering,” NACA RM-56112, October 1956.

[9] French, M., Noll, T., Cooley, D., Moore, R., and
Zapata, F., “Flutter Investigations Involving a Free
Floating Aileron,” AIAA Paper No. 87-0909, April
1987.

[10] Champion, L.S., and Cabrera, E.A., “F-16C/D
Block 40 With Advanced Medium-Range Air-to-
Air Missile (AMRAAM) Flutter Flight Test
Evaluation,” AFFTCTR-92-19, December 1992.

[11] Norton, W.J., “Limit Cycle Oscillation and Flight
Flutter Testing,” Proceedings, Society of Flight
Test Engineers, 21% Annual Symposium, August
1990, pp. 3.4-1-3.4-12.

[12] Farley, H.C., Jr. and Abrams, R., “F-117A Flight
Test Program,” Proceedings of the 34th Society of
Experimental Test Pilots Symposium, September
1990, pp. 141-167.

[13] Borst, R.G., and Strome, R.W., “E-6 Flutter
Investigation and Experience,” AlAA-92-4601-CP,
AIAA  Guidance, Navigation, and Control
Conference, Hilton Head, South Carolina, August
1992.

[14] Schwartz, M.D., and Wrisley, D.L., “Final Report
on the Investigation of Flight Flutter Testing
Techniques for the Bureau of Aeronautics, U. S.
Navy,” Aeroelastic and Sructures Research
Laboratory, Massachusetts Ingtitute of Technology,
December 1950.

[15] Rosenbaum, R., “Survey of Aircraft Subcritical
Flight Flutter Testing Methods,” NASA CR-
132479, August 1974.

[16] Goldman, A., Rider, C.D. and Piperias, P.,

“FlutterInvestigations on a Transavia PL12/T-400

Aircraft,”Aeronautical Research  Laboratories,

Melbourne,  Australia,  Aircraft  Structures

Technical Memorandum 515, July 1989.

Mahaffey, P.T., “Flight Flutter Testing the B-

58Airplane,” in “Proceedings of the 1958 Flight

Flutter TestingSymposium,” NASA SP-385, 1958,

pp. 121-125.

[18] Meany, J.J., “The Evolution of Flutter Excitation
atMcDonnell Aircraft,” 14" Annual Symposium
Proceedings,” Society of Flight Test Engineers,
August1983, pp. 4.6-1-4.6-11.

[19] Hodson, C.H., Dobbs, S.K., Brosnan, M.J. and
Chen, J.B., “X-31A Flight Flutter Test Excitation
by ControlSurfaces,” AlIAA-93-1538-CP, 34N
AIAA  Sructures, Sructural Dynamics and
Materials Conference, La Jolla, California, April
1993.

[20] Stringham, R.H., Jr., and Lenk, E.J.,, “Flight
FlutterTesting Using Pulse Techniques,” in

[17

—

A6 -
A2
Damping,
g .08 Extrapolated
Actual
04— mstablllty
0

Mach number

BARABE

[V]F-16 4o loji 5 Jols ol o p25lie V¥ SO

& 25 o

Sbgp Seap I A0 Bl buy S
ool 292 ey o sl yial g StV Sialiyg ]
ConSd d youe el &S 25 0 slojlw HluLL clblug
W 55§ oy slalaglor el A5 dnlgs ojlu
Wl oy by @lie cul 385l (Vb Conlus
2 gy 5B (silgy Gtalef] Bpej y0 Sl dm a0
ool sl ST > Syt SN Ao b )
oo iale] Clias (o8 Slaptase M lgp
A gy PN g ptalef] b Comdg (ialo)]
A8l byl Slgi e Lonlen bbb sl Giagg ol
Sln slacas gll & dgei leal Glgice 35 5oyl (>
gl Canday (sl w28 Bl I iy S
e 4 G g (08035 Leanln (unl @l (p 538
e Slon S g ojgpel &5 ABL ansly 1) M Sl
cel Wlge gl gz 2 g Jed 4 ks
dlie So 20 ol a3l N (Glgp Cond Sy Cuiibge
g wodly LT 885 5 cawlio (slabgy wogd @ljupos

sl dizaj (pl )3 (B 428 3929 Yoo den

&y

[1] AltanKayran, "Flight Flutter Testing and
Aeroelastic  Stability of Aircraft", Aircraft
Engineering and Aerospace Technology, Vol.
79, No.2, 2007, pp. 150 — 162 http://dx.doi.org/
10.1108/ 00022660710732707.

[2] Von Schlippe, B., “The Question of Spontaneous
Wing Oscillations (Determination of Critical
Velocity Through Flight-Oscillation Tests),”
NACA TM-806, October 1936 (translation).

[3] Kehoe, M. W., A Historical Overview of Flight
Flutter Testing, NASA Technical Memorandum
4720, October 1995.

[4] Lancaster, F.W., Torsional Vibrations of the Tail
of anAeroplane, Reports and Memoranda, No. 276,
July 1916, in “AlAA Selected Reprint Series, Vol.



[28] Brignac, W.J., Ness, H.B., Johnson, M.K. and
Smith, L.M., “YF-16 Flight Flutter Test
Procedures,” Flutter Testing Techniques. A
Conference Held at Dryden Flight Research
Center, October 9-10, 1975, NASA SP-415,
1976, pp. 433-456.

[29] Nordwall, B.D., “Mobile Communications to
Capture Consumer Market,” Aviation Week &
Soace Technology, May 31, 1993, pp. 41-42.

[30] Baird, E.F., Sinder, R.B., and Wittman, R.B.,
“Stabilizer Flutter Investigated by Flight Test,”
Proceedings of the 1958 Flight Flutter Testing
Symposium, NASA SP-385, 1958, pp. 73-81.

[31] Laidlaw, W.R., and Beals, V.L., “The
Application of Pulse Excitation to Ground and
Flight Vibration Tests,” Proceedings of the 1958
Flight Flutter Testing Symposium, NASA SP-
385, 1958, pp. 133-142.

[32] Meyer, R.R., Jr., and Schneider, E.T., “Real-
Time Pilot Guidance System for Improved
Flight Test Maneuvers,” AlIAA-83-2747,
November 1983.

[33] Nash, D.E., Katz, H. and Moody, W.C., “F-15
Flight Flutter Testing: Aircraft Systems and Test
Operations,” AIAA Paper No. 75-1031, AlAA
1975 Aircraft Systems and Technology Meeting,
Los Angeles, California, 1975.

[34] Kehoe, M.W., “KC-135 Winglet Flight Flutter
Test Program,” AFFTC TR-81-4, Air Force
Flight Test Center, Edwards Air Force Base,
California, June 1981.

HIlo e

“Proceedings of thel958 Flight Flutter Testing
Symposium,” NASA SP-385, 1958, pp. 69-72.

[21] Meany, J.J., “The Evolution of Flutter Excitation
at McDonnell Aircraft,” 14" Annual Symposium
Proceedings, Society of Flight Test Engineers,
August1983, pp. 4.6-1-4.6-11.

[22] Dublin, M. and Peller, R., “Flight Flutter Testing of
Supersonic Interceptors,” in “Proceedings of the
1958 Flight Flutter Testing Symposium,” NASA
SP-385, 1958, pp. 111-120.

[23] Dobbs, S.K. and Hodson, C.H., “Determination
of Subcritical Frequency and Damping From B-
1 Flight Flutter Test Data,” NASA CR-3152,
June 1979.

[24] Bartley, J., “Flight Flutter Testing of Multi-Jet
Aircraft,” Proceedings of the 1958 Flight Flutter
Testing Symposium, NASA SP-385, 1958, pp.
103-110.

[25] Reed, W.H., III, “A New Flight Flutter
Excitation System,” 19" Annual Symposium
Proceedings,” Society of Flight Test Engineers,
Arlington, Texas, August 14-18, 1988, pp. V-
1.1-V-1.7.

[26] Vernon, L., “In-Flight Investigation of a Rotating
Cylinder-Based Structural Excitation System for
Flutter Testing,” NASA TM-4512, 1993.

[27] Norton, W.J., “Random Air Turbulence as a
Flutter Test Excitation Source,” “Proceedings,
Society of Flight Test Engineers, 20" Annual
Symposium,” Reno, Nevada, September 18-21,
1989.

P 5)glis

ladlgn cuaigo ¥

¥ ol /gl Jls VRS fiaus;





