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What You Should Know About...



Load Factors By Robert Whittier TUDIES MADE by federal aviation authorities of civil Srecords, aircraft airworthiness requirements, and of accident indicate there is a persistent tendency among pilots to use small airplanes for acrobatic maneuvers for which the planes were not originally designed. While the current airworthiness requirements (see FAA manuals CAM 3) afford some protection against widespread structural failure accidents, it is still essential that designers,



builders and pilots of all kinds of airplanes be well informed on the strength limitations of their aircraft. The government therefore prepared a report containing a simple explanation of the basis on which airplane strength requirements are determined, which shows how flight



maneuvers should be limited to avoid structural failure. The text of this report follows: How strong should an airplane be? This question confronts every airplane designer and is one of the most diffi-



cult of all engineering problems. Because of its importance from a safety standpoint, the question is actually answered by the government which sets up minimum strength standards for all commercial airplanes. The FAA insures that every certificated airplane meets the mini-



mum strength requirements. Some commercial airplanes exceed the required strength, but in general the requirements are followed quite closely. Every pilot should be



interested in knowing something about the manner in which the strength of an airplane is determined and what can be expected of the structure in flight. Since FAA is interested in the promotion and development of aviation, as well as in safety regulation, the airworthiness requirements must be carefully worked out so as to result in efficient as well as safe airplanes. This is an extremely difficult technical problem as an efficient airplane must be light, while a safe airplane must be strong. Extra strength means extra weight, which means reduced payloads. An airplane, unlike a bridge or building, cannot afford to have any excess structural weight beyond that which is essential for safety. In writing the airworthiness requirements which determine the airplane's strength, the FAA must therefore make every effort to determine, in advance, the worst loads likely to be put on the airplane during its lifetime. Here we run into a difficult problem, because the worst possible loads are much too high to use for efficient design. Any pilot can make a very hard landing or an extremely abrupt pull-up from a dive, resulting in loads that might be called abnormal. For that matter, he might even fly the airplane into a brick wall. These abnormal loads must be ignored entirely if we are to build airplanes that will take off quickly, land slowly, and carry a good pay load. But we still have to decide where to draw the line between normal and abnormal loads. And, having decided, we must try to see that pilots are aware of the fact that abnormal loads are not provided for in the design of most commercial airplanes. The purpose of this report is therefore to help pilots understand where the line is



drawn between these so-called normal and abnormal loads,



and to connect this up with actual flight maneuvers as much as possible. How are design loads determined? Any pilot knows



that an extremely hard landing may break the landing gear. It is not so generally appreciated, however, that a hard landing may produce hidden damage in the landing gear or in members which serve to carry flight loads. Hidden damage from hard landings may result in the subsequent failure of some part carrying flight loads, even though the airplane is flown gently. (This has been repeatedly borne out by accident reports). In view of this it should be regarded as imperative that the airplane landing gear and all connecting and carry through structure, particularly wing truss structure directly affected by land-



ing loads, should be subjected to a rigid inspection after any abnormally hard landing. With these words of caution in regard to landing



loads we can now devote our entire attention to the loads produced in flight. These are mainly applied to the wing, as it is the wing that supports the weight of the airplane against the pull of gravity. In level flight the net result of all the air pressures acting on the wing is an upward load just about equal to the entire weight of the airplane (it would be exactly equal if there were not air loads acting on fuselage or tail surfaces). Aeronautical engineers have adopted a simple method of stating the value of the air load acting on the wing. Instead of giving you this value in pounds, they use the term load factor. The load factor is simply the ratio between the total air load on the wing and the weight of the



airplane. Thus when the wing is producing a "lift" equal to twice the weight of the airplane, we say that the load



factor is 2. Load factors are also used in talking about landing conditions, in which case we deal with the load on the landing gear, instead of the wing. In a hard landing the total load acting upward on the wheels may be as much as three times the weight of the airplane. The landing load factor in this case would be 3. We will see later



what the actual values of load factors mean to the pilot, that is, how they "feel". When an airplane is in flight there is, of course, no support from the landing gear so we must deal entirely with the wing in talking about load factors. As soon as the airplane has left the ground, the weight of the entire airplane must be supported by air pressure acting on the wings. (Actually this pressure is transmitted to the ground by the air so we could truthfully say that the weight of the airplane really never leaves the ground). In level flight the total "upward" air load on the wings just equals the weight of the airplane. The load factor is therefore



one, for level flight. In a vertical dive, however, the wings no longer have to lift the airplane, so the load factor is zero, or very nearly so. We will see later what sort of conditions cause load factors greater than one. (Continued on next page) SPORT AVIATION
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Now if a designer tells you that his airplane is designed to 6 load factors, he means that the wings are de-



signed to take a load equal to 6 times the weight of the



airplane. Usually this means that the wing will break at a load factor of 6, in which case we say that 6 is the ultimate load factor. This does not mean, however, that it is



safe to put this load on the airplane in flight. A structure that breaks at 6 load factors will usually begin to take permanent set or distortion, or show other signs of distress at a considerably lower load factor. The load factor at which permanent set begins to take place is called the yield load factor, in the airworthiness requirements. This is usually about two-thirds of the ultimate load factor. In



the above case where the ultimate load factor was assumed to be 6, the yield load factor would therefore be 4. All commercial airplanes below 2,000 pounds gross weight are required to be designed to ultimate flight load factors of at least 6. (Some airplanes in this range run



as high as 7 or more). Above 2,000 pounds the load factor



may be reduced somewhat, but there are practically no United States commercial airplanes below 4,000 pounds that are designed for ultimate load factors less than 6. We can therefore use 6 as a starting point in discussing load factors for small airplanes. We have seen already that an ultimate load factor of 6 will give a yield load factor of about 4. To be perfectly



safe against any yielding of the structure we should probably allow some more margin to take care of depreciation, poor workmanship, repairs, etc. On this basis the maximum recommended operating load factor would usually be somewhat less than 4. A value of 3 would be low enough to cover almost all cases and will therefore be used as a basis for discussing the operating conditions. Physical significance of a load factor. From a strength



standpoint we have seen that a load factor simply means the ratio of one load to another, the latter load being the gross weight of the airplane. Thus the recommended operating load factor of 3 represents a flight condition in which the load on the wing is three times the weight of the airplane. We can now consider how such a condition



might be obtained in actual flight, and what it means to



the pilot.



We know that a load factor of one is required to hold the airplane up in level flight. A load factor of 3 therefore represents an excess or unbalanced load factor of 2. What does this do to the airplane and to the pilot? As far as the airplane is concerned it acts like any other body subjected to an "unbalanced" force—it accelerates in the direction of the force. This means that it picks up speed in an upward direction. But since the airplane is already traveling in a horizontal direction, the flight path appears to curve upward. In general, then, the effect of a



gravity and should not be used in talking about load



factors. The acceleration of the airplane, as we have seen, depends on the net load factor; i.e., that part of the total



load factor not being used to hold the airplane up. Another way of thinking about load factors is to consider them as measures of centrifugal force. We know that a load factor of greater than one will cause the airplane to assume a curved flight path in an upward direction. We could just as well think of the excess load factor as representing the centrifugal force required to keep the airplane in this curved path. If we tie a heavy object to a string and swing it in an arc, the string will have to pull harder than it did when the object was at rest. In aeronautics, the object is represented by the airplane and the pull of the string is replaced by the lift of the wing. Exactly the same physical laws and formulas apply in each case. Connection between load factor and flight maneuvers.



Now we can see that whenever the pilot causes the airplane to travel in a curved path he imposes an "excess" load factor on the wings. If his pull-up begins from level flight, he starts with one load factor and adds to that the extra load factors required to cause the curved flight path. But if he is diving vertically before the pull-up, the load factor he starts with is approximately zero, as the wing will no longer be lifting the airplane. Similarly, a perfectly circular loop done at constant speed would require a constant centrifugal force to hold the radius of curvature. Assume that this centrifugal force is represented by a load factor of 2. Then the pilot would have to apply a load factor of 3 at the beginning of the loop (airplane horizontal), 2 when going straight up or down on either side, and one when at the top (airplane inverted). This variation is, of course, due to the ever-present pull of gravity which acts away from the center of the circle at the bottom, tangent to the circle at the sides, and toward the center when the airplane is at the top. (See Fig. 1).



Load factors in steep turns. A banked turn is no exception to the above rule. If we "look down on top" of this maneuver we can see that the airplane is going in a circle and that there must be a "horizontal" force acting toward the center of this circle (representing the hypothetical "string"). Looking straight at the airplane (Fig. 1) we can see that this force is produced by the wing, which has been banked for this purpose. In a perfect bank the wing will have just the right slant to produce the required centrifugal force and also the vertical force required to overcome the pull of gravity, as shown in Fig. 1. In this figure it is assumed that a load factor of 2 is required



to hold the radius of the turn. The wing load factor must



load factor is to cause a curved flight path.



This is more easily seen by working in the other direction and considering what the pilot does when he makes a pull-up. While flying level, he pulls back on the stick, causing the tail to go down and the angle of the



wing to increase. This increased angle of attack of the wing produces an additional lift, which causes the airplane to accelerate upward and follow a curved flight



path. At this point, it might be well to mention that a load



factor can also be thought of as the ratio between a given load and the pull of gravity. Since the latter is actually measured by the weight of an object (in this case the airplane), we can see that there is no discrepancy in the two definitions. In fact, it is common to speak of a load



factor of 3 as 3 "g", where "g" refers to the pull of grav-



ity. Strictly speaking, "g" refers to the acceleration of 16
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—T. Hurley "Just how bad do you guys want to win this race anyhow?"



then be great enough to offset both the 2 (centrifugal) and the one (gravity). This works out to an actual load factor of 2.24 in this case, which represents an angle of bank of about 63 deg.



The load factors required to hold a given angle of bank without slipping or "squashing" are given in the following table: Anglo of Wings to Horiiontal 0 degrees 10 20
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is relatively simple. As a rough approximation we can say that the maximum safe speed for abrupt pull-ups is about twice the normal stalling spaed ("normal" meaning at design gross weight). To be perfectly safe it would probably be advisable to confine violent maneuvers to speeds even lower than this. The limiting speed for abrupt maneuvers might, for convenience, be called the MANEUVERING speed. The reason why such a speed exists is that the wing will stall



if the pilot tries to produce a high load factor at a relatively low speed. The stalling speed usually referred to is the stalling speed at a load factor of one, that is, level flight. But at higher load factors the stalling speed is also higher. The increase is proportional to the square root of



the load factor. Thus if we raise the load factor from



one to four, the stalling speed is increased by the square



root of four, which of course means that the normal stalling speed is doubled. Thus if we are flying at twice the normal stalling speed we can theoretically pull-up to a load factor of 4, but no higher. If we tried to exceed



4, the wing would stall. This is what happens if the pilot tries to make a steep turn with insufficient speed: The wing will stall before the necessary load factor can be developed. In fact it is possible to use table I to determine the minimum speed required for a given angle of bank, simply by taking the square root of the load factors given in that table. See table II.



TABLE I—Load Factors in Steep Turns



Table I reveals an interesting fact, which is that it requires an angle of bank of about 70 deg. to produce the load factor of 3 previously referred to as a safe value for any small airplane. This degree of bank is usually considered "vertical" bank and should be regarded as the upper limit for small commercial airplanes. Note that the load factor increases very rapidly as an angle of 70 deg. is exceeded. The values given in table I are based on the assumption that all the lift is derived from the wings. It is possible to make a true vertical bank without exceeding safe load-factor values if enough lift can be obtained from the fuselage and propeller pull to balance the pull of gravity. This is usually impossible with a small low-powered airplane. Pilots should therefore attempt to hold the angle of bank to less than 70 deg. in steep turns, in order to avoid any possibility of exceeding a safe load factor. Load factors in pull-ups. An abrupt pull-up at high speed is by far the most likely maneuver to cause structural trouble. At any speed much greater than about twice the stalling speed, the pilot has it within his power to pull the wings off of almost any airplane. No matter how strong the designer makes the airplane, thsre will always be some speed above which the pilot can break the wings in an abrupt pull-up. The only exceptions to this would be when the airplane was so strong that the pilot "passed out" first (as in some military types) or when the designer deliberately incorporated some special means of limiting the pull-up. The latter method has not been used to any extent and there is probably no commercial airplane in this country that could safely permit the pilot to pull up to load factors at which he would "go black". Practically all cases of structural failures in flight are caused by too abrupt pull-ups at high spe2ds and this is why some of today's fast, cross-country executive planes have broken up in the air. As soon as they enter a shallow dive, their streamlined form lets them pick up speed very quickly. It is therefore important to know two things: (1) At what speed do abrupt pull-ups become dangerous and (2) how hard a pull-up can be made with safety at speeds above this value. The answer to the first question
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TABLE II—Minimum Speed for Banked Turns



In table II a column has been added to indicate how the actual stalling speed will vary for an airplane having



a normal stalling speed of 50 miles per hour. Note that a



70 deg. bank cannot be properly made at a speed below 85 miles per hour. These examples are given to show how the load factor



is directly connected with flight maneuvers of various kinds. Going back to the pull-up, we can see that there will be no danger as long as the speed is held below the so-called MANEUVERING speed. Since this speed is actually the stalling speed corresponding to the maximum safe load factor, we can easily calculate it by taking the square root of that load factor. Thus for a load factor of 3, the MANEUVERING speed would be the square root of



3, or 1.73 times the normal stalling speed. If the latter



were 40 miles per hour, the maneuvering speed would be 40x1.73 or about 69 miles per hour. As a rough guide we can therefore say that maneuvers involving sharp pullups (such as the snap roll) should be performed at speeds below about 70 miles per hour, for the average small airplane. At higher speeds the pilot must depend on his



physical sensations to tell him what load factor he is getting. We can now discuss what load factors mean to the pilot in terms of physical sensation.



(Continued on next page) SPORT AVIATION
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It should be noted that the "feel" of a load factor will depend very much on the time of



LOAD FACTORS . . (Continued from page 17)



application. Pilots can withstand load factors



(B)



(A) LOAD FACTORS DUE



TO GRAVITY



TO LOAD FACTORS- REQUIRED OVERCOME CENTRIFUGAL FORCE



ONLY



as high as 9 or 10 if they are only briefly applied. But if the load factor is sustained for several seconds it is difficult to stand more than 4 or 5. At any rate, pilots of small commercial airplanes evidently cannot expect to pull up to the maximum load factor they can stand, if they want the wings to stay on. Unless a special airplane is used (such as a military or acrobatic type) the pilot will have to try to stay below a load factor of about 3, or 4 at the most, when making pull-ups. It may be of interest to realize that a load factor of 3 can be obtained in any type of swing or pendulum device, simply by starting from a horizontal position. In this case the factor of 3 acts only at the very bottom of the swing. If the start is made from the "top" (as in the thrill rides often found at amusement parks) a load factor of 5 is developed at the bottom of the circle. Flight maneuvers. Practically any flight



maneuver can be accomplished by a skillful pilot without exceeding a load factor of 3. The only rule necessary to remember is to make



(C) LOAD FACTORS THAT MUST BE PRODUCED BY WING (CASE B MINUS CASE A )



Fig. 1.



Load factors in "perfect" loop at constant speed.



Measuring load factors. Load factors can be measured



by an instrument or estimated from their effect on the



body. The instrument used is an accelerometer, which indicates load factor directly. This instrument sometimes has a maximum-



reading needle, which will tell the pilot what maximum load factor he produced in a maneuver. Accelerometers are not in common



use



on



small



commercial airplanes, but they are valuable as a means of familiarizing pilots with load factors of Accelerometer various magnitude, accelerometer is used to a considerable extent during the training peri-



pull-ups gradually. If a sharp pull-up is desired, as in a snap roll, the speed should first be reduced to not more than approximately 70 miles per hour depending on the airplane in question. A snap roll from high speed or a steep dive is almost sure to cause excessive load factors, as the maneuver necessitates stalling the wing, which in turn requires a high load factor at high speeds. Normal loops are not dangerous if properly performed. Here again the rule to make pull-ups gradually will avoid undue loads on the structure. Low-powered airplanes are likely to be subjected to higher load factors in loops, due to the necessity of diving to a high speed and then performing the maneuver rapidly. Likewise, the student pilot often has a tendency to pull out of the loop too rapidly after its completion. It should be noted here that no commercial airplane is designed for inverted loops. This maneuver should therefore never be executed in commercial aircraft. (It would require design load factors of the same order as those used for pursuit airplanes if we were to provide for this maneuver and still maintain an adequate factor of safety). Tail slides often result from incompleted loops or



whip stalls and can cause considerable damage to the



structure. Airplanes are not designed to be flown backwards and damage of ribs or rear lift bracing is almost



sure to result from a tail slide of 100 feet or more. Proper



od, the pilot will tend to develop an



instinctive feeling for load factors. In fact, the accelerometer can even be used as an aid in flight training, if the pilot understands the true significance of load factors. Racing pilots, for instance, have found the instrument useful in maintaining a constant radius of turn around a pylon. If no accelerometer is available, the pilot must rely on his own good



2 (CENTRIFUGAL)



L



judgment and physical sensations, when making pull-ups at speeds greater than the MANEUVERING SPEED.
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Load factors in speed turn.



The Numbers Racket By EAA No. 977 N100-JB? 80K?



N100J? N80J? ABC 987654321 XYZ?



T of assigning registration numbers to aircraft. It used to be that you could get any two-digit-and-a-letter low HERE HAVE been some changes made in the matter



number that was available merely by asking for it and



paying a special $10.00 service charge for the file checking and time involved. No more.



It seems that the low two-and-one registrations are now "Reserved" for aircraft that are too small to take the standard registrations of four or more digits. Two and three digits alone are reserved for FAA and other government aircraft. In order to get a short number for a homebuilt now, it is necessary to submit an affidavit from your local



inspector certifying that your plane's fuselage is too small to accommodate a larger number. Yes, it's numbers on the fuselage (or other vertical surface) only from the end of this year on. Ships with the older application on wings and vertical tail can retain them until repaint/recover or January, 1966, whichever comes first. The size of the registration figures, consisting of the letter "N" followed by the suitable number of digits and/
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instruction should eliminate the possibility of a bad tail slide, as the airplane can easily be righted before gaining any appreciable speed. Spins are not dangerous structurally, but proper precautions should be taken against abrupt pull-ups in recovering from a spin, as the speed is likely to be above the safe "maneuvering" speed. Dives should not be made to excessive speeds, as this increases the danger of making too severe a pull-out. At very high diving speeds there is also more danger of flutter. The "NEVER EXCEED" speed on the placard of



every certificated airplane represents the absolute upper



limit for which the airplane has been analyzed and tested. Although the airplane may be good for higher speeds, its



or suffice numbers, must be a minimum of 12 inches high. For Horten-type Flying Wings and other unconventional designs, request will have to be made for special



applications. Since most conventional fuselages can accommodate more than the N and three digits, an affidavit to the effect that a particular ship needs a smaller



registration is apt to be fiction that local FAA inspectors won't care to write. Because of this, one well-known



homebuilt that had flown with a two-digit-one-letter registration had it revoked because the owner wouldn't submit the affidavit that was requested at the time the small number was reserved for him. This after a couple of brand-new Grumman Gulfstream transports had left the factory carrying N80J and 80K quite a while after this particular requirement became effective. Ships that were issued short registrations prior to this requirement will be allowed to keep them. It may be news to some that the second letter of a registration with a suffix doesn't count. FAA carries N100JB on the books as plain N100J. Three digits and a letter can still be had without the affidavit according to latest correspondence with FAA Examination and Records Division, 621 North Robinson, Oklahoma City, Okla., where the special numbers come from. A



factors at reduced weight. All of the foregoing rules are based on the assumption that the airplane is loaded to the



maximum gross weight. If overloaded, the allowable load



factors will be reduced accordingly and the pilot is likely to damage the structure in maneuvers that would normally be quite safe. On the other hand, if the weight can be reduced 25



percent, for example, the allowable load factors are correspondingly increased. The maximum recommended value of 3 would then become 4 (although the "maneuvering speed" would remain about the same). Two rules can



be derived from this fact:



(1) Never overload the airplane.



(2) Always fly as light as possible when performing



acrobatics.



mum placard speed is therefore to be considered as a



The second rule may explain why many light airplanes seem to be capable of withstanding very severe maneuvers. When lightly loaded, the pilot can "get away" with a lot of stunts that would be decidedly dangerous



in this region, in fact, the pilot will have to be extremely



your airplane, with a full gas load, some baggage in the



airworthiness at such speeds has not been established



and is therefore highly questionable. Exceeding the maxiviolation of the principles of safe operation. At any speed



careful, as it is an easy matter to produce a dangerous load factor by a slight movement of the elevator control. Gusts. All certificated airplanes are designed to take the loads imposed by gusts of considerable intensity. Gust



load factors increase with increasing air speed and the



value used in design usually corresponds to the high speed in level flight. In extremely rough air the safest procedure is to reduce the speed to the "maneuvering"



speed, as it is then impossible for gusts to produce dangerous load factors. Several accidents have occurred due



to diving to high speeds in rough air. As a general rule, the rougher the weather, the slower the airplane should be flown. Weight. Any airplane designed for a certain load factor at gross weight can safely withstand higher load



with a full load. Therefore, don't load your friends in compartment, and parachutes all around, and proceed to



put the airplane through its paces. If you do, the parachutes will probably be necessary!



Summary, (a) Become familiar with load factors, (b)



Don't make abrupt pull-ups at high speeds, (c) Keep the speed below 70 miles per hour for snap rolls and abrupt



pull-ups, (d) Don't let the airplane make "tail slides". (e) Slow down in rough air. (f) Fly light when doing acrobatics, (g) Don't make banks over 70 deg. (h) Never attempt inverted loops. The FAA will be glad to answer any questions that concern the airworthiness of United States commercial airplanes. Just ask your local Safety Agent and he will see that you get the information you want. SPORT AVIATION
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Should Employment Authorities Worry About ... - Hussonet 

investment strategy, capital structure choices (Modigliani-Miller ... sheet will not overly adversely affect its cost of capital, and the acquisition becomes profitable.
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