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Understanding Flutter

Using heavy fiber-glass tail tips in place of light weight aluminum tips changes horizontal tail frequency. 5. Adding wing tip fuel tanks lowers both torsional. 
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UNDERSTANDING



By John W. Thorp (EAA 1212) P. O. Box 516 Sun Valley, CA 91352 and L. D. Sunder land (EAA 5477) 5 Griffin Dr. Apalachin, NY 13732



WHY BE CONCERNED?



Flutter as a cause for in-flight structural failure of airplane components continues as a major problem for airplane designers. Experience has shown that no class or speed range of aircraft is immune from flutter. It is true, as most people believe, that higher speed aircraft in the over 100 mph range generally have more problems with flutter, but it might surprise many to hear that a popular all-wood VW powered homebuilt experienced aileron flutter on the initial flight of the prototype at only 55 mph. Last fall, a well known designer lost his life when the ailerons fluttered on the test flight of a VW powered high wing two-place aircraft. A popular two place biplane recently lost all four ailerons due to flutter but got down safely using rudder control. An alarmingly high percentage of homebuilt type aircraft have experienced flutter. This paper is intended to help builders and designers of amateur built aircraft in three specific ways: 1. Explain the complexities of flutter and its causes to show builders the serious ramifications of even seemingly insignificant modification to a proven design. 2. Advise the prospective plans purchaser how to ascertain that the design he selects is safe from the standpoint of flutter susceptibility. 3. Outline a test procedure necessary to safely prove a new or modified design. Unfortunately, there is no simple rule of thumb which, if followed, will insure that a new untested air-



plane design of any speed range will not experience flutter. Freedom from flutter is an important part of the required FAA airworthiness demonstrations for standard category aircraft and should also be an important part of the designer's demonstration of airworthiness for aircraft intended for amateur construction. WHAT IS FLUTTER?



Flutter is the unstable self excited oscillation of an airfoil and its associated structure caused by a combination of aerodynamic, inertia and elastic effects. It is thus called an aeroelastic phenomonon. The affected structural component will vibrate at its natural frequency when driven by aerodynamic forces upon the component. At a particular airspeed, called the critical flutter speed, the amplitude of an oscillation caused by a disturbance will be maintained at a constant value. At higher airspeeds the amplitude will increase until structural failure occurs. The geometry of the structure's motion during flutter is known as the flutter mode. Because there can be a large number of possible means of excitation and so many vibratory forms, an airplane structure can possess an almost infinite number of flutter modes. To illustrate what is meant by different flutter modes, consider the analogy of two men sitting on the end of a very thin weak diving board. The board is just strong enough to support their combined weight but there are many different ways or modes by which the board could be made to break. One man could jump up and down with increasingly larger jumps until the board snaps. One man could sway from side to side twisting the board while the other jumps up and down, thus applying combined twisting and bending. A third mode could be with both men sitting still while gusts of wind cause the board to break. Now, consider an airplane wing in flight. Like the board, it can bend and twist, oscillating in various ways or modes when acted upon by external forces. Disturbances upon it also come in the form of air gusts and human inputs, the latter being flight control commands. SPORT AVIATION 15



A most significant parameter is the natural frequency of the oscillation in each different mode. Just as a tuning fork or diving board will vibrate at a particular frequency, so will an airplane structure. For instance, the first simple bending mode frequency of a small cantilever wing (Turner T-40B) might be 9.5 cycles per second (cps) while the wing torsional frequency is 30.5 and the aileron frequency is 68. It is important that the frequencies of various modes neither be identical nor approximately multiples of one another. The more modes which want to oscillate at the same frequency, the more likely a flutter will develop. If, in the diving board example, the board with the weight of two men has a natural frequency of one cps, it may break when both men jump synchronously once each second. But if one jumps every 1.5 seconds and the other every 2.5 seconds, the resulting oscillation will be small and the board might withstand the stresses. A second significant parameter is the extent to which one mode couples with or affects another mode. For instance, as a wing oscillates in torsion, an aileron at the trailing edge will be accelerated linearly up and down. Depending upon factors such as the location of the aileron hinges relative to the aileron center of gravity, the aileron might oscillate in a way which would dynamically increase the wing twisting oscillation, or it might do nothing to reinforce the oscillation and even move in a direction to dampen it. If, during each wing twisting oscillation, the aileron moves to twist it more than the last time and the process continues in this fashion, eventually something has to break. This is true flutter. How fast does this occur? The critical aileron flutter range is between 30 and 50 cycles per second and depending upon the nature of the instability, failure could occur in a fraction of a second. The real reason that flutter remains a problem for designers is the large number of possible flutter modes and the amount of testing required to isolate these modes. Once the flutter mode of a particular component has been successfully isolated it is usually possible to find a simple solution to a flutter problem such as by adding stiffness or changing mass distribution. FREEDOM FROM FLUTTER DETERMINATION



As can readily be seen from the foregoing discussion, flutter should be of concern to the builder using commercially available construction plans, to the aircraft designer and to a builder making any form of structural modification to a flight proven design. We shall now discuss how persons in each category can ascertain that his aircraft will truly possess freedom from flutter. For those who build an aircraft according to plans, follow these three simple steps to insure freedom from flutter: 1. Obtain a written statement from the plans seller



that the exact plans design was flight tested to



111 per cent of red line, or Vrj, design dive speed. 2. Never exceed the red line speed. 3. Do not make any structural modifications to fuselage, wings, tail, control surfaces or control linkages. If you make any modifications listed above, it puts you into the category of a designer and requires the free-from flutter process to be described later. Expressed another way, this means: Build a proven design and fly it within the specified flight envelope. Here are some examples of common modifications which can affect flutter susceptibility. 1. Increasing skin thickness of control surface changes the natural frequency and mass balance. 2. Adding to an aileron mass balance weight to 16 SEPTEMBER 1976



make the surface 100 per cent statically balanced



could lower the aileron frequency bringing it into the critical range of wing torsional frequencies actually making the system more likely to flutter than less likely. 3. Changing rib construction or material could change wing torsional frequency. 4. Using heavy fiber-glass tail tips in place of light weight aluminum tips changes horizontal tail frequency. 5. Adding wing tip fuel tanks lowers both torsional and wing bending frequencies. 6. Cutting a hole in wing leading edge for landing light lowers torsional frequency. 7. Cutting holes in a fuselage for baggage compartments, etc. will change the fuselage bending frequency which greatly affects horizontal tail and elevator flutter. 8. Changing to a long flexible tail spring can cause the tail spring bending frequency to couple into horizontal tail frequencies. In short, there is hardly any structural change which might not affect flutter susceptibility. This of course does not mean that all of the above changes are necessarily deliterious; they indeed could be beneficial to the flutter situation. The point to be remembered is that an aircraft incorporating such changes is not the same animal as one without them and the builder who makes them must assume the responsibility of demonstrating that the modified design has freedom from flutter. Designers of new models, or those who make any structural modifications to existing designs, should take the following three steps to satisfactorily demonstrate freedom from flutter: 1. Perform a paper analysis according to the procedures outlined in CAM 04 or FAA reports #43 and #45. 2. Perform ground shake tests to supply data for the analysis of step 1. 3. Perform in-flight demonstration tests to at least 111 per cent of the maximum placard speed of the aircraft. Steps 1 and 2 can be omitted with considerable added risk of inflight structural failure. FLUTTER ANALYSIS



In the early days of aviation, little was understood



about flutter. The phenomenon of flutter was not even recognized until about 1925 when airplanes entered the speed range of over 250 mph and the occurrence of wing and tail primary surface flutter began to occur rather frequently. In 1932 NACA scientists first were able to write equations for the aerodynamic forces and moments which cause flutter. Not until 1942 were engineers at Wright Field able to properly perform a rigorous analytical engineering analysis of flutter. But due to the complexities of the calculations, adequate flutter analyses were not commonly made until the advent of digital computers in the 1950's. In the 1930's, the government authorities simply ignored a demonstration of freedom from flutter for aircraft with Vrj speeds under 160 mph. Then the CAA issued CAM 04 which presented simplified criteria on flutter prevention at a time when rational methods of flutter analysis were not available. Because of the lack of available methods of analysis, various attempts were made to set up empirical formulae which, if complied with, would reasonably assure freedom from flutter. In general, the early studies indicated that for a conventional airfoil in which the airfoil section center of gravity is not too far back, wing flutter could be



prevented by designing for a certain degree of wing torsional rigidity and control surface dynamic balance. Within certain ranges, VQ was limited as a function of control surface natural frequency to the fixed surface frequency such as aileron to wing torsional frequency ratio. When rational analytical methods were later derived to permit an engineer to carry out computations to determine the flutter stability of a specific design, it was found that in almost all cases, the balance requirements specified by the simple criteria of CAM 04 were found to be too severe. In 1948, the CAA issued Airframe and Equipment Engineering Report No. 43 entitled "Outline of An Acceptable Method of Vibration and Flutter Analysis for a Conventional Airplane". The purpose of that report was to present to the inexperienced flutter analyst an acceptable analytical technique in a step-by-step tabular fashion. Although a number of airframe companies used the methods outlined in that report, others were of the opinion that the method entailed too much time and expense. Responding to a request for a simpler technique, the FAA prepared Airframe and Equipment Report No. 45 entitled "Simplified Flutter Prevention Criteria for Personal Type Aircraft". Although a rational flutter analysis is preferred in order to reduce the size of, or eliminating, structural balance weights, the application of the criteria contained in Report No. 45 is believed by the FAA to be adequate to insure freedom from flutter. All designers are thus advised to obtain a copy of this report. It is quite easily understood, but if a designer finds any portion beyond his capabilities it should not be difficult to obtain assistance in its interpretation. In brief, it sets criteria for wing torsional stiffness, free play of ailerons, elevator balance, rudder balance, tab characteristics and balance weight attachment. It outlines simple ground test methods for measuring the necessary parameters to use in all equations. For instance, it explains how to apply a twisting moment to measure the wing flexibility factor. It sets a limit on aileron free play at the aileron trailing edge, when the other aileron is clamped to the wing, of 2.5 per cent of the aileron chord aft of the hinge line. It requires that elevators be 100 per cent dynamically balanced. It also explains the difference between static and dynamic balance. Many people mistakenly believe that if a control surface is 100 per cent statically balanced, it will not flutter. It is dynamic balance that really counts. Remember, flutter is an aeroelastic phenomenon caused by a combination of aerodynamic, inertia and elastic effects and any flutter criteria must consider all three effects. Dynamic balance involves inertia forces. A surface is dynamically balanced in respect to some axis of rotation if, when it is given an angular acceleration about that axis, it will not tend to rotate about its own hinge line. The report explains how to determine when a surface is dynamically balanced. GROUND SHAKE TESTS



As an adjunct to the "paper" flutter analysis, ground shake tests should be run to determine the natural frequencies of the various aircraft components. This type of test involves the use of equipment not available to the average person, but many EAA chapters have members who can obtain and operate it. To excite vibrations, electromagnetic drivers are connected by a mechanical linkage to various points on the structure. These look like large size loudspeaker coils. A variable frequency oscillator and power amplifier drive the shaker. Accelerometers and velocity sensors are taped to selected points on the structure to sense the vibrations. Their outputs are read on an oscilloscope.



The object of the test is to vary the frequency of the driver until components on the aircraft vibrate at their natural resonant frequencies. When resonance is reached, measurements are made to determine the modes and nodes of the vibration. A more complete description with photographs of a shake test on the Turner T-40A is given in the August 1969 SPORT AVIATION. Data obtained in the T-40A tests are as follows: Mode



Frequency (cps) First wing bending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.5 Hor. tail anti-symmetric bending . . . . . . . . . . . . . . . . . 13.5 Wing torsion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30.5 Symmetrical stabilizer bending . . . . . . . . . . . . . . . . . . . 19.5 Mass balance arm/tab out of phase . . . . . . . . . . . . . . . 38.5 Mass balance arm/tab in phase . . . . . . . . . . . . . . . . . . . 50.5 Stabilator torsion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51.1 Tab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61.1 Fin bending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26.0 Fuselage vertical bending . . . . . . . . . . . . . . . . . . . . . . . . 22.0 Fuselage torsion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35.0 Fuselage side bending . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.5 Aileron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68.0 FLIGHT FLUTTER TESTING



Analytical handling of the flutter problem is possible and all aircraft companies do conduct flutter analyses. This is good insurance against unpleasant surprises during a critical phase of the flight test program. However, proof of freedom from flutter is still the instrumented flight flutter test. The flight-flutter test is intended to demonstrate that the subject airplane is free from flutter behavior within the specified operating limits of the airplane. This demonstration necessarily requires that the airplane be flown at high speed, which in itself introduces certain hazards. These hazards may be minimized when the structural part of the flight test program is conducted prior to the flight-flutter test. In order to demonstrate freedom from flutter, it is the usual practice to dive the airplane to a speed Vrj which is 11 per cent greater than the maximum indicated air speed at which the airplane need ever be flown. This "never exceed" speed Vj^g is the speed which is marked with a red line on the face of the airspeed indicator. At Vr> an effort is made to excite flutter by shaking the controls. It is obvious that if flutter does develop under these conditions, the consequence will likely be the loss of the airplane. As in structural flight testing, the secret of longevity in flight-flutter testing is to creep up on critical speeds cautiously, and to be equipped with a parachute that can be used if someone has guessed wrong. There is no point in picking a VJ^E for basis of the Vrj test which is far above any speed that the airplane may logically use. In correllary, the speed should not be so low as to seriously limit the usefulness of the airplane. For most airplanes, a VJ^E of 15 to 20 per cent above the maximum speed that the airplane will attain in level flight is adequate. Airplanes which are not aerodynamically clean and which are used for aerobatics may require a higher ratio of Vj^g to maximum level flight speed. It doesn't seem likely that the ratio would ever need to be more than 1.33, however. Flutter susceptibility is a function of true air speed. The red line is indicated air speed. Just because an airplane doesn't flutter at 111 per cent of Vjyjg at sea level is no assurance that it will not flutter at altitude at this SPORT AVIATION 17



indicated air speed. Also, there is less aerodynamic damping at altitude. These facts, plus consideration of "bail out" in the event of a flutter disintegration, point up the desirability of running the flight-flutter test at the highest feasible altitude. In conducting the flight-flutter test, it is desirable to only test one set of control surfaces at a time. Since the elevator, ailerons and rudder will each be tested up to Vf), a number of dives will be required. To minimize the risk of flutter, it is well to attempt to excite flutter first at low air speeds. A good speed for the first attempt at producing flutter is probably in level flight at normal cruise power. When steady conditions exist and the airplane is trimmed hands-off, "slap" the stick a sharp blow in the aft direction. This so that if the elevator is going to flutter, the speed is in the process of being reduced, greatly reducing the danger of a divergent flutter condition. If the stick oscillations have been heavily damped, the test may be repeated at a 2 to 5 mph higher indicated air speed. This is repeated again and again until a speed of 11 per cent over the red line (VjsjE* has been attained without any evidence of flutter. It is desirable to make at least three attempts at excitation for each condition before proceeding. The ailerons may be tested next. Again, it is well to start at cruising speed. With the airplane trimmed, pull back slightly on the stick then "bat" the ailerons a sharp blow with the open hand. A large surface displacement is not required and can be structurally dangerous at higher speeds. Displacement of surface should be at least 3 deg., however. If the ailerons are well damped, a higher speed may be selected a few miles per hour faster than the last. In every case, back pressure is exerted on the stick before exciting the ailerons. A transitory air



speed, particularly diminishing, minimizes the possibility of a divergent flutter condition developing. However, if an incipient flutter condition is encountered, a few undamped oscillations of the surface will be evidence that the "dragon's tail" has been "tickled" enough until corrective measures have been taken. After 111 per cent of VjyjE has been attained and the ailerons have demonstrated no tendency to flutter, a similar series of tests are conducted attempting to excite the rudder. In every case after a steady trim speed is attained, the stick is pulled back slightly before kicking the rudder, so that the air speed will be decreasing as the rudder is excited. All surfaces must be free from flutter up to Vp. To demonstrate freedom from flutter at VQ with a transient speed, it will be necessary to start the final check on each surface at a speed slightly above Vp. All elastic structures have critical flutter speeds. Flutter can destroy a structure in a matter of seconds. Unless measures are taken to prevent flutter, all airplanes will experience flutter in one or more components at some speed, possibly very high. If the operating speeds are low enough, the flutter prevention measures may be pretty elementary. As speeds increase, a greater degree of sophistication will be required to insure against flutter. In any case, the builder of an airplane has the obligation to demonstrate that his airplane will not flutter within the air speed limits established for the particular airplane. Since flutter is apt to be destructive, be cautious in all phases of the flight-flutter testing — you are taking your life in your hands. Good luck!



EXPERIMENTAL AIRCRAFT ASSOCIATION OF CANADA MEETING MINUTES



A meeting was held at Delta Air Park on July 15, 1976 at 8:00 p.m. In attendance were: C. R. Goguillot, President Tony Swain, Vice President Barry Kingston, Secretary Herb Cunningham, Past President Frank Stevens, Treasurer The purpose of the meeting was to hand over the necessary documents in order to continue the smooth operation of EAAC. All future communications should be directed to:



C. R. "Gogi" Goguillot



953 Kirmond Crescent Richmond, B.C., Canada V7E 1M7 Telephone 604-277-8727 Herb Cunningham handed over a cheque in the name of EAAC to the amount of $1,355.33. In future cheque signing officers will be the President, C. R. Goguillot, Vice-President Tony Swain; and Frank Stevens, Treasurer.



18 SEPTEMBER 1976



The following points were discussed:



1. How do we get news out to the Chapters? We hope to run a quarterly newsletter. 2. How do we raise revenue? 3. What do we do about annual meetings? 4. Membership? Do members of the International automatically belong to EAAC? 5. What are our responsibilities? Do we push homebuilding or all facets of aviation? 6. What is our relationship with IAC and Aerobatics Canada? 7. We hope to establish a monthly meeting. 8. We need to take a close look at the constitution. "Gogi" Goguillot made a presentation to Herb Cunningham on behalf of EAAC members in recognition of his efforts on behalf of sport aviation in Canada. The meeting adjourned at 9:45 p.m. Respectfully submitted, Barry Kingston, Secretary Experimental Aircraft Association of Canada



























des documents recommandant







[image: alt]





Aileron Flutter 
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Designing Against Flutter 
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Flight-Flutter Testing 
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Flight Flutter Testing 

The flight flutter test is intended to demonstrate that the subject airplane is free from flutter behaviors within the specified operating limits of the airplane. This.
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flutter and the aircraft craftsman 
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See What Flutter Can Do 
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EAA Technical Counselor: Fixing Flutter 

When I throttled back to speed, .... the Saw Millâ€� â€œMoney Has Wingsâ€� . . . . . . . . . . . . . . . . . . . . 21-36721 $15.99. Volume Six. â€œRustler On Wheelsâ€� â€œThe Silver Graveâ€�.










 


[image: alt]





Flight Testing for Control Flutter 
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Reducing the Risk of Flutter 
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Understanding CHT 
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UNDERSTANDING TASK ANALYSIS 
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Module 5: Understanding ADSI 
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Lecture 21: Image Understanding 

Mar 20, 2000 - representation, and from there to a higher-level analysis or decision. .... For example, let's consider a function of only one variable. ... In the case of Eq. 21.2, we can approximate it using a number of discrete points on the ...










 


[image: alt]





Understanding Physiological and Degenerative 

Jun 23, 2009 - tary roles during both development and degenerative processes. [19â€“21]. ... CT-scanner, whose pre- processing involves two fundamental steps: contrasting and .... at each step) applied over an artificial isolevel square (Figure 5), a










 


[image: alt]





Understanding Engineers - aejjr 

The second engineer replied, "Well, I was walking along yesterday, minding my own ... The frog then cried out, "If you kiss me and turn me into a princess, I'll stay ...










 


[image: alt]





UNDERSTANDING PREFERENCES FOR 

Aug 6, 2004 - takes on values {B, W} and Sex takes on values {M, F}. Then, a .... Demographic variables such as the respondent's age, sex, income bracket,.










 


[image: alt]





MODELING AND UNDERSTANDING BLEVEs 

Boiling liquid expanding vapor explosions (BLEVEs) are one of the most severe accidents .... In fact, not all the fuel initially contained in the tank is involved in this fire. ... projectiles, and zonalâ€”covering a given surfaceâ€”in the case of th










 


[image: alt]





Understanding Signals .fr 

You take full responsibility for your BASIC Stamp application, no matter how life- ... Occasionally, an Errata sheet with a list of known errors and ..... Chapter 7: Pulse Width Modulation with Infrared. .... electrical signals or waveforms. .... Imp










 


[image: alt]





Understanding PPTP and VPN's 
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