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Vem Bt-ach. FL 32960 Editor's Note — This article is the text of Fred Weick's forum at Oshkosh '82. A pioneer aerodynamacist with NACA in the 20s and 30s. the designer of the Ercoupe, father of the modern ag plane and Piper's Cherokee family of lightplanes. Fred is emminently qualified



to comment on almost anything aeronautical. LOW DO WE control airspeed? When taxiing on the ground it is the same as with a car — to go faster you add power by opening the throttle. After take-off, up in the air at full throttle and substantially constant power, the airspeed is controlled by the longitudinal control, usually the elevator. And the elevator controls the angle of attack of the wing. To go faster, the control is moved forward, the angle of attack is reduced and the airspeed is increased. The



flight path also changes. After take-off, as the angle of attack is gradually reduced and the airspeed increased, the climb also increases. After a bit the maximum angle of climb, the steepest climb, is reached. As the airspeed is increased further the climb is less steep but



the rate of climb continues to increase until the maximum rate is reached. As the airspeed is increased beyond the maximum rate point, the climb gradually lessens until it becomes zero at the maximum levelflight airspeed. Beyond this point it becomes a power dive. In a glide without power the airspeed is also a function of angle of attack and is controlled by the elevator. As the angle of attack is gradually increased in small steps from a low value, the flight path changes along with it from a steep gliding dive to the flattest possible glide, and then back again to steeper glides at lower speeds and finally the stall. So therefore if the power is constant, whether at maximum power, zero power, or any value in between, the airspeed is controlled by the elevator. In level flight a change in airspeed requires changes in both power and angle of attack. Most of the critical conditions leading to accidents involve either full power or no power, and under these conditions the airspeed is controlled by the elevator. Now what would be the ideal control? It seems to me that basically both the pitching attitude and the flight path should always go in the direction called for: that is, If the control is pushed forward, both nose and flight path go down. If the control is pulled back, both nose and flight path go up. Actually, they work this way only at medium and high speeds — not at low speeds. Suppose that the pilot is flying level at full power and maximum speed. If he pulls back on the longitudinal control a slight amount and holds it in the new position, the nose will pitch up some, the angle of attack will be increased some, the flight path will go up a fair amount momentarily and after a slight oscillation or two the flight path will steady down at a certain small angle of climb but at a slightly lower airspeed. This appears to be natural and as it should be. If he pulls back a trifle more and holds it the same thing will be repeated and both the angle and the rate of climb will be increased a little more at a further reduced airspeed. After a certain number of small steps the maximum rate of climb will be attained. Then if the control is held back a trifle further the nose will still go up and the whole operation w i l l repeat even to the increased angle of



the flight path (angle of climb), but the rate of climb will be somewhat lower. A few more such steps and



the m a x i m u m angle of climb is reached. Up to this point the results are acceptable, but what about the next step? Holding the control back the next step will pitch the nose up and w i l l increase the angle of attack and decrease the airspeed further just as it did in the previous steps, but the angle of climb as well as



the rate of climb will be reduced instead of increased as the control called for. This is the opposite of what one would desire in a control. And with most heavily loaded airplanes if the rearward control steps are continued the climb will decrease through zero and become a descent even while the wing is flying unstalled. If the longitudinal control is sufficient to stall the wing thoroughly the nose will point down and the rate of descent can be quite fast. Thus with full power on, at angles of attack higher (and airspeeds slower) than that for the maximum angle of climb the longitudinal control does not give the results naturally desired, except possibly for a momentary flare. In this range the pilot must train himself to use the controls in what seems to be the wrong or opposite sense in order to obtain the result desired. As a second example let the pilot start off in a power-off glide at cruising speed. When he brings the longitudinal control back a trifle and holds it. the same sequence of events will occur as with the power on and he will end up in steady flight at a higher angle of attack and lower airspeed, and at a flatter angle of glide and a lower rate of descent. This also appears to be natural and as it should be. After a number of small additional steps such as this, the flattest possible glide will be reached. This will occur at the angle of attack and airspeed giving the lowest drag. It will also be at the maximum lift drag ratio, for the weight of the airplane is constant. In addition it will be very close to the point which also gives the highest rate of climb at sea level. Now a number of additional small rearward control steps will result in reaching the minimum rate of descent in the glide, although the angle of glide will be substantially steeper than the flattest. Therefore if he wants to stretch his glide to the utmost by pulling the control wheel back and raising the nose as seems natural, this will work only up to the angle of attack for the flattest glide. Pulling back farther and raising the nose and the angle of attack more will result in a steeper glide, the opposite of what he wants. So he has to train himself to take care of this seemingly unnatural and contradictory control response also. Now let's consider the phases of flight in which



exact airspeed control is extremely important



The climbout following take-off ordinarily gives no difficulty with modern airplanes but if the conditions are marginal with a small excess of power avail-



able for climb, exact airspeed control is essential in order to get the maximum performance available, for the maximum may be just barely enough. Many of the light planes available before the late 1930's were underpowered according to present standards and had maximum rates of climb of about 300 feet per minute or less, at sea level. These planes were operating under marginal conditions most of the time and the accident rate was very high. It improved substantially when engines of higher power were used in the 1940's. Most modern light planes also operate under marginal conditions when flying from high altitude fields, particularly with high air temperature, and heavily loaded. Under these conditions the climb is greatly reduced and the best that can be done may result in an increase in altitude in a mile of travel of only a couple of hundred feet or SPORT AVIATION 53



so, which is hardly detectable in a mountainous or hilly area without a level horizon. And in gusty, turbulent air, possibly with some downdraft, all of this gain or more might be lost. Many accidents continue to occur while taking off under marginal conditions from short fields or fields at high altitudes and high temperatures. A recent one comes to mind in which a number of light planes of the same type were flying from a 4000 foot long paved strip with a density altitude of about 5000 feet and with the terrain gradually rising to a hill beyond the end of



the runway. There were also electric wires to be cleared



some distance beyond the end of the runway. The conditions were marginal but all pilots except one operated satisfactorily. In one case, with a heavily loaded plane and a 120 hour pilot, the plane in good condition was observed to take-off with an unusually high noseup attitude and to mush along. It cleared the wires but then with full power on it hit the ground beyond. This was at a height about 200 feet above that of the runway. Accurate control of airspeed might have prevented the loss of two lives and an airplane. For most light twin-engined planes operating with one engine dead, the climb-out is very marginal even at low altitudes and moderate temperatures. And in these cases the pilot has a number of duties besides holding the exact airspeed, such as taking care of the propeller feathering, the flaps and the landing gear. In all of the marginal cases it is extremely important to hold the exact correct airspeed. In some cases deviating from the airspeed for maximum rate of climb by only 10 mph will result in no climb at all. It is interesting that for all practical purposes the same angle of attack will give the steepest climb (maxi-



mum angle of climb) for a given airplane for any alti-



tude up to the ceiling, and for any loading from light to heavy. Also, for any given loading the indicated airspeed will read the same at a constant angle of attack, at all altitudes. In other words, the angle of attack and the indicated airspeed that give the maxi-



mum angle of climb will be the same from sea level



up to 10,000 feet and clear up to the ceiling of the airplane, for a given loading. If the gross weight is changed the angle of attack will still be the same but the indicated airspeed will be different; but for the



steepest climb it will still be constant for all altitudes.



At sea level the airspeed giving the maximum rate of climb is likely to be say 10 mph faster than that giv-



ing the steepest or maximum angle of climb. At the



absolute ceiling, however, they are obviously the same, for the airplane will fly there at only one speed. As the altitude is increased from sea level both the angle of attack and the indicated airspeed for maximum rate of climb decrease gradually, whereas those for the steepest climb remain the same all the way up. Fortunately the airspeed in a climb-out below which



the pilot should never get — the indicated airspeed for the maximum angle of climb — is the same at all altitudes.This should make it easy for the pilot to remember. As shown by the accident record, however, it



is extremely difficult for a pilot in a marginal climbout, when the ground does not seem to be getting noticeably father away, to watch his airspeed indicator instead of the ground, and to maintain his necessary airspeed instead of following the natural tendency to hold the plane up by easing back on the longitudinal



in the pattern in connection with take-ofTs and landings. The difficulty is that in turns the stall speed goes up and with steep turns it goes up very substantially, 41 percent for a sustained 60°-bank. The airspeeds flown in the pattern are often as low as the accepted 1.3 times the stall speed. This pattern airspeed is the same as the stall speed in a sustained turn with a 40° bank. And if power is not added in a medium to steep turn the plane will lose altitude, and there will be the tendency to keep the nose up by coming back further on the control. Obviously it is easy to stall the airplane by starting a turn from a low speed, particularly if one tightens it a bit, say while turning from base to final approach to avoid going past the extended centerline of the runway. And the likelihood of stalling is greatly enhanced by strong, gusty winds, by a tail wind on base tending to carry one past the runway, or by a downwind turn while watching the ground. Obviously one way of minimizing the problem of stalling in turns near the ground is never to exceed



moderate bank angles. At any rate it is apparent that accurate control of airspeed is necessary in the pattern and in the turns, an area where it may be



difficult because the pilot is busy directing his attention toward a number of other items, some outside the plane. The final approach to a landing, according to information obtained from Leighton Collins' new book, is the phase of flying in which more than one-third of the fatal and serious injury accidents occur in an average year. Many of the accidents involve undershooting. This may be associated with getting the airspeed too low, below the speed for maximum angle of climb, or the region in which pulling back on the longitudinal control results in a lowering of the flight path. The airspeed (and the corresponding angle of attack) which



gives the maximum angle of climb is essentially the



same as the airspeed (and its angle of attack) at which minimum power is required to maintain the airplane in level flight. If the airspeed is reduced beyond this point more power rather than less is required if level flight is to be maintained. On this account the region is often referred to as "the back side of the power curve". It is also referred to as the "region of reverse command". Once the airplane is on the back side of the power curve, holding the control back farther will result in a momentary slight flare-up but an ultimate sinking action. And moving the control back far enough results in a stall. There are many ways in which pilots get into trouble in the final approach as described by Collins in his book. In the usual approach it appears desirable to maintain a constant airspeed down to the final flareout of the flight path to contact with the ground. The



airspeed should of course be high enough so that the



flare-out can be made comfortably. This is usually



possible with the often recommended value of 1.3 times



the stall speed in ordinary relatively smooth air. With high winds, turbulence or down drafts, it is advisable to approach at a somewhat higher airspeed, but a constant speed is still desirable. Precise control of



the airspeed is obviously desirable throughout the



entire approach for ordinary landings, and particularly so for landings under marginal conditions such as a



control. Which, as we all know, is often fatal.



twin coming in with one engine out.



not usually thought of as a dangerous part of flying.



However, according to a study made by Leighton Collins



precisely can be divided into two different kinds: 1) Instruments that furnish information to the pilot.



fatal accidents "occurred from loss of control in turning flight at low altitude". And most of these occurred



Considering first the instruments, the only one in general present use is the airspeed indicator. Control-



Turns made in the pattern around an airport are



and the C.A.A. and reported in his recent book entitled "Take-offs and Landings", two-thirds of all the 54 SEPTEMBER 1982



Means enabling the pilot to control the airspeed



2) Improvements in the airplane's flying characteristics.



ling the airspeed is a matter of cutting and trying, adjusting the longitudinal control back and forth until the indicator needle rests on the speed desired, and then readjusting as needed to hold it there. The longitudinal trim can be adjusted to eliminate any control force required to hold the wheel or stick in position, and this is a help in cruising flight or if the untrimmed forces are uncomfortably large. The trim is not sufficient to hold the speed desired in the climbout, or in the pattern, or in the approach to a landing, particularly if the air is not perfectly smooth. Highly trained proficient pilots can do a meticulous job of keeping the airspeed just where it should be for best performance even while accomplishing many other duties requiring attention both inside and outside the cockpit. To do this they must know and remember the particular airspeeds for optimum performance for various loadings and altitudes. As shown by the accident records, however, many pilots are not that proficient. This is understandable considering that, as reported by Collins, half of all the flying in single-engine airplanes is done by renter pilots, many of whom have probably not read the airplane manual to find what the critical airspeeds and performances are. Also, half of today's flying (not all the same half, no doubt) "is done by pilots who fly no more than 50 hours a year. Some of them need help in a tight situation, but many do not want it. One instrument that can help significantly is an angle of attack indicator. This is more basic, in more ways than one, than the airspeed indicator. The stall



occurs at different airspeeds with light and heavy



loadings and in accelerated flight such as turns and pull-ups from higher speeds, but the stall occurs at the same angle of attack reading in all of these cases. One angle of attack should never be exceeded in ordinary flight (except for immediately after leaving the ground in take-off, for flaring off the flight path in landing, and for aerobatic maneuvers). This is the angle of attack that gives the steepest climb, the maximum angle of climb. It is the highest angle of attack before getting into the back side of the power curve (the region of reverse command). Fortunately this angle of attack is the same for all altitudes of flight and for all loadings for a given airplane. A single mark on the angle of attack indicator will do for all the different conditions. Another single mark can be put on the angle of attack instrument for the flattest glide under all conditions, and this would also serve for the maximum rate of climb at sea level, and for ordinary approach and climbout speeds. It would seem that an instrument such as this would be highly desirable, but angle of attack indicators have been available for years without ever getting into general use. Obviously pilots have not wanted them enough to have them, at any rate in the forms available. One type of instrument depending on angle of attack is in general use — the leading edge vane type of stall warning indicator with a light and in most cases a horn also to warn to approaching stall. This has no doubt prevented many stall accidents. The warning comes after the plane is well into the region of reverse command on the back side of the power curve, however, and in marginal conditions the warning may be too late to prevent a crash. At any rate, "failure to maintain flying speed" is still listed as the reason for a' goodly portion of the crashes. The Safe Flight Instrument Corporation which has produced the stall warners has also put out an angle of attack indicator which had a needle that pointed straight up when the plane was flying at its maximum lift/drag ratio, which was also, of course, the angle of attack for the maximum rate of climb at sea level. Leighton Collins had one on his Cessna 180



for several years and was very well impressed by it. He found that in climb-outs with the needle straight up he always got the maximum climb performance but that the airspeed readings were quite different with different loadings and different atmospheric conditions. It was particularly helpful in turbulent air where the airspeed vaned and the average reading might be quite different from the value in still air. Leighton used one for several years and thought highly of it but there seem to be an insignificant number of them in use now. An airspeed indicator with an additional hand showing the stall speed both in straight flight and in turns has been suggested by Leighton Collins. Incidentally, his book on take-offs and landings, which covers the subject very comprehensively, came out just as I was starting preparation of this paper and fortunately provided me with a quantity of background material, as is apparent. In his own words his suggestion is for "an airspeed indicator with a built-in accelerometer, which will operate a second hand on the standard airspeed indicator face through a concentric shaft. This second hand, painted red and labeled G-STALL in stabilized flight conditions, that is, in a normal climb or glide, will point to the advertised stall speed of the airplane. In a turn, or pull up, or pull out from a dive, the G-STALL needle will move toward the indicated airspeed needle and point to the stall speed, with proper calibration for each aircraft, under the G-load conditions existing in the turn, pull-up, or pull-out. In those situations the pilot will be able to tell from the distance between the two needles how much margin he has before the angels start singing, and will be taught how easily he can increase the separation of the needles under G-load conditions simply by a slight forward movement of the elevator control." It seems to me that Leighton's arrangement would work well and would prevent some stalls, giving the signal well before that of the presently used stall



warners If the pilot were watching the airspeed in-



dicator. The stall speed would of course vary with the airplane loading, but a conservative practice would be to use the published stall speed for maximum weight as suggested. Of the various instruments that would be helpful in controlling the airspeed and angle of attack to obtain the best possible performance in crucial situations and also to avoid stalling, the one that appeals to me most is the complete angle of attack indicator. It would have highly visible markings for 11 the angle of attack for the stall, 2) the maximum angle of climb, and 3) the maximum rate of climb at sea level. The same stall angle of attack would serve for all altitudes, turns, pull-ups, pull-outs and loadings for a given airplane. The mark for the maximum angle of climb would serve for all altitudes and for all airplane loadings. It marks not only the steepest climb but also the condition where minimum power is required and the start of the region back of the power curve where performance is lost and reverse command exists. This is the region to stay out of in all ordinary flight away from the ground. The mark for the maximum rate of climb at sea level would also serve for the flattest glide without power, and for the usual climb-out after take-off, and also for the usual approach to a landing. All three would be good for all altitudes and temperatures, and for all loadings for a given airplane. The angle of attack for the maximum rate of climb varies — with density altitude, however, reaching the same value as that for the maximum angle of climb at the ceiling. Obtaining the maximum rate of climb at intermediate altitudes could be done by interpolation. For example, if flying at an altitude half as high as the SPORT AVIATION 55



ceiling the maximum rate of climb would be obtained with the angle of attack needle half way between the mark for the maximum rate of climb at sea level and



the mark for the maximum angle of climb which is good for all altitudes. Let's now consider ways in which the airplane's flight and handling characteristics can be molded so as to have it go naturally to and to hold the airspeed and the angle of attack desired, particularly under conditions in which precise control is essential to safe performance. One of the earliest moves in this direction was made about 1946 by Al Mooney with his Culver V. The airplane had very firm longitudinal stability with a large stabilizer and an unusually small elevator. The main speed control was a powerful trim system with settings for take-off and climb, cruise, and approach. The airplane would tend to stay rather firmly at the speed set for. As I remember it, the small elevator was to be used only to overcome variations due to gusts, and for rotation in take-off and for flaring out the flight path in landing. To me this was a step headed in a desirable direction but it appears that pilots generally did not take to it. Another entirely different move in this direction was made about 1965 by Tactair, Inc., and was mentioned in Air Facts magazine. A Cessna 172 was fitted with an arrangement that caused it to maintain any airspeed to which it was trimmed within very close limits, one or two miles per hour. It did this by running the dynamic and static pressure lines for the airspeed indicator in to a device that sensed the rate of change of airspeed, and then operated bellows which controlled the elevators. The pilot would trim the airplane to get the airspeed reading that he desired on the airspeed indicator, and then that airspeed would be maintained accurately whether flaps were up or down or whether power was on or off. This certainly seems to be a very desirable arrangement. In a crucially marginal climb-out with high density altitude the pilot can set the trim for the precise airspeed that will give the optimum performance and then give his attention to his other duties knowing that the airspeed will stay there if he puts no pressure on the control. Of course he can set the precise airspeed only if he knows exactly what it is for the performance desired with the airplane loading and the density altitude existing. The arrangement would similarly help and relieve pilot workload in the other areas of flight such as the pattern and the approach to a landing in which the pilot has many duties to perform, and even in cruising. Unfortunately the project was dropped because no market was found for it. One disadvantage of this system, to my mind at any rate, is that it requires an extra power source to furnish air pressure for the bellows, and this is an added complication which would cause occasional failure of the system. Mooney's Simplifly system on the Culver V was free from this disadvantage. Immediately after World War II, at the same time that Mooney was working on the Culver V, I started experimenting with an arrangement on the Ercoupe with the same general purpose in mind. It was a firm trim arrangement which became the primary speed control for the plane. When the trim was set for a certain speed and the corresponding angle of attack, the control wheel and the elevator were held in the proper position and it would require a definite small force to move the wheel backward or forward from the trimmed position. The natural longitudinal stability of the airplane, which was enhanced by the fixed elevator, was relied on to maintain the angle of attack and the airspeed trimmed for. The break-out force required to move the wheel from the trimmed-for position was to 56 SEPTEMBER 1982



be as small as possible but large enough so that the



pilot would not move it without knowing that he had done so. The full range of control movement was available and so no control effectiveness was lost. Before starting the take-off run I would set the trim for the climb-out airspeed, and after rotation would let the wheel ease forward to the trim position and the plane would continue to climb at the airspeed trimmed for without further attention. It would also hold the approach speed very well down to the flare-out, and in cruising it would not only maintain



the airspeed trimmed for but would ordinarily maintain altitude very well also under the usual air condi-



tions. I flew it quite a bit, including a trip from Maryland to California and return, and was pleased with the preliminary results, but the project ended when the manufacture of the Ercoupe was discontinued. In 1974 I was able to start on the firm-trim project again using a Cherokee 140, under the sponsorship of



the University of Michigan and with the support of



NASA. As in the case of the Ercoupe, the Cherokee's regular longitudinal trim control was connected to the main longitudinal control linkage in such a manner that the main control wheel was held in the correct position to give the speed called for by the regular trim wheel. This was the same position of the main longitudinal control that it would assume naturally if left free with no force on the wheel. For all ordinary flying away from the ground the airspeed was controlled completely by the trim wheel. The main control wheel was held definitely in the correct trimmed position by the firm trim control and the airplane maintained the angle of attack and airspeed called for. A large and clearly marked trim indicator on the instrument panel showed the airspeed called for as set by the pilot. In steady flight the regular airspeed indicator showed substantially the same



value of indicated airspeed, unconnected for altitude or



air temperature, as set in the trim indicator. The trim indicator on the instrument panel included



not only a scale of airspeeds covering the range to be used, but also marks for the maximum rate of climb, the maximum angle of climb, and the flattest possible glide. The mark for the maximum rate of climb



could ordinarily be used for the ordinary climb-out and



the ordinary approach. For ordinary flying the lowest airspeed that need be available by the trim control is that for the steepest angle of climb. Thus in ordinary flying away from the ground the region of reverse command on the back side of the power curve is not entered into, and the angle of attack is always at a safe margin from the stall. For unsticking in the take-off and for flaring off the flight path in landing, the control wheel was pulled back through the breakout force. At first this force was set at about 10 pounds, but after trials with many pilots it was reduced in stages to 5 pounds. The arrangement was given a thorough flight trial of about 5 hours each by several instrument rated instructor pilots at the University of Michigan; a quantitative analysis and a cross-country instrument flight trial by Col.R. L. Jones, an Air Force instructor for tests pilots; and trials by 10 other experienced pilots in various parts of the country. The consensus was, as concluded by Col. Jones, that the "system tested was found to be a significant pilot aid and it reduced pilot work load considerably for both IFR and VFR flight in calm air or relatively light turbulence. Under these conditions with control wheel fixed, the trim wheel could be used as the primary longitudinal control for enroute and instrument maneuvering". In turbulent air, however, the natural longitudinal stability of the airplane, even enhanced by the fixed longitudinal control, was not sufficient to hold the alti-



tude within required limits in instrument flight, or to hold the airspeed within reasonable limits in turbulent climb-outs or approaches. Most of the pilots objected to the 10 pound breakout force used in the first trials. Some did not like the idea of any breakout force at all, and the 5 pound value, even though acceptable to some, would no doubt take a lot of getting used to by most present pilots not trained to it to start with. The consensus appeared to be that while the arrangement was not satisfactory for use in its form as



tested, the general idea of a firm trim control was promising and deserved further development.



The main improvement needed was something that would hold the airspeed that was trimmed for to a reasonably constant value even in gusty air. The amount of breakout force holding the control in the trimmed for condition, if any, could be adjusted to whatever the majority of pilots desired. Since it is the airspeed that we want to keep constant, this leads to the thought that the source of the control might well be the airspeed itself, which leads us right back to the Tactair arrangement. From my point of view the Tactair control was a step in the right direction, but I wanted two additional features. First, I wanted it to be free from an extra power supply which would no doubt have an occasional failure. Second, I wanted to be able to set the trim indicator directly to the airspeed desired and have the plane go



right to the airspeed and stay there. With the Tactair device the pilot controlled and trimmed the airspeed until the desired reading occurred on the airspeed indicator and then the speed would be held there. This would require a bit of unnecessary time and attention. The usual airspeed indicator consists of a form of bellows into which the dynamic pressure due to the forward motion of the airplane is fed, with the displacement resisted by a spring. The amount of displacement, linked to a hand on the dial, indicates the airspeed. My next thought was to use in effect an extra large airspeed indicator with a diaphragm or bellows powerful enough to operate a narrow trim



tab on an elevator. Instead of the spring deflection showing a measure of the airspeed, however, the trim control would be made by adjusting the spring tension to that required for the airspeed desired. Any deviation of the airspeed by as little as hopefully one mile per hour was to have provided enough pressure difference to move the tab so as to bring the airspeed back to the original value.



To avoid having an immense diaphragm the force required to operate the tab should be very small. To obtain this I redesigned the horizontal tail surfaces for the Cherokee 140, using the main portion of the



stabilator as a stabilizer, and replacing the original stabilator tab by a new elevator. The elevator was fitted with a very narrow tab extending over the entire



span. Both the tab and the elevator were completely mass balanced and were aerodynamically balanced also to reduce the hinge moments as much as feasible. Both computations and aerodynamic tests were made and



it appeared that a diaphragm area of one square foot



would provide the power required to operate the tab. The unit was large and would have had to be put in the empty space in the fuselage back of the baggage



compartment, where it would have been hard to service.



The forces required to adjust the spring at the high speeds were too large to make a practical trim control, however, and I decided to follow a different course. Considering the very light force required to operate the narrow balanced tab on the elevator, it occurred to me that an angle of attack vane of reasonable size could possibly operate the tab directly with



suitable linkage. Computations showed this to be pos-



sible.The vane could be placed near the top of the vertical fin of the Cherokee to be largely out of the slipstream and the wing weak, and it could be connected to the tab below with very simple linkage. The trim control could be effected by merely changing the length of a vertical rod connecting the two, possibly with a turnbuckle-like arrangement. For any given angle of the tab with respect to 'that of the vane, the airplane would fly at a certain angle of attack and at the corresponding indicated airspeed.



This arrangement would have the inherent advantages of the angle of attack instrument mentioned previously in that a single setting for the maximum angle of climb would be suitable for all airplane loadings, and also for all density altitudes up to the ceiling. By making this the lowest setting for which the plane could be trimmed it would help to avoid the region of reverse command on the back side of the power curve. Another single mark on the trim indicator would do for the maximum rate of climb at sea level for all loadings of the airplane, and that mark could also be used for the usual climb-out and the usual approach, and for the flattest glide for all loadings and altitudes. Thus the maximum performance could be obtained without the pilot having to remember all of the different airspeeds required for the various density altitudes and airplane loadings. Of course the angle of attack vane arrangement suggested may be too simple to hold the airplane angle of attack and airspeed as close as desired without adding complications such as rate of change sensors and/or extra power input, but I would like to see something developed that would provide flight characteristics such as these for the general run of light airplanes. I believe that flight characteristics such as these would help significantly to reduce the number of serious accidents under the listing, "failed to maintain flying speed", and also those in which the maximum available performance is not obtained because of incorrect airspeed in critical marginal conditions such as climbouts at high density altitudes. My enthusiasm for working on such development has been dimmed lately, however, by the realization that most pilots do not seem to want to be helped by such means. They take pride in their piloting and want to feel responsible for flying in a safe and sound manner as a result of their own competence. As Leighton Collins writes . . . "pilots do not like to be overprotected". And from Langewiesche, author of Stick and Rudder, "He wants to prove he is good". All this is probably good and as it should be. As the editors of Flying Magazine said in "America's Flying Book" in 1972, piloting involves a "special aura" which "is like the great traditions of old craftsmen; a touchstone for inner growth, a blessing for which one must make oneself worthy . . .". If a pilot is really competent enough he can do well with present equipment, but for the occasional pilots, which comprise the majority, I would like to see at least instrumentation used which is based on angle of attack. This they might be willing to accept if they recognized it as being worthwhile, as it would not encroach upon a task that they felt that they should handle by themselves. An airplane that would hold firmly to the airspeed for which it was trimmed would relieve the pilot of some of his present duties but he need lose none of his full control. It seems to me that a specification for ideal flying characteristics would call for that feature, and I hope that such an arrangement will be developed that will also give the pilot a control feel that he is happy with. Flying safely is in the hands of the pilot, but it is surely worthwhile to mold the airplane flying and handling characteristics so as to facilitate achieving the best possible performance. SPORT AVIATION 57
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