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Everyday Aspects of Load and Stress - Size

and fatigue and failure by intensity. These forces are present in every air- plane in the forms of weight and vi- bration, thrust and impact. Mechanics of Materials. 
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(Courtesy USAF Maintenance Review) A CCORDING TO the textbooks, the



/*- forces that hold a piece of material in equilibrium have two effects on the material. They deform it, and they cause other forces to act within the material itself. Let's take a square sheet of metal for illustration. It is s u b j e c t to weight, w h i c h compresses it; to stretch, which expands it; and to uneven pull or twist that shears or twists it (Fig. A).



Any of these forces, if constantly repeated, eventually will cause it to fail or "fatigue." For instance, if you take a sheet of tin and bend it back and forth a dozen times, it will break. If you take a piece of light twine and tie a lively dog to it, the first intense jerk will break it. This is what is meant by fatigue by reversal of force, and fatigue and failure by intensity. These forces are present in every airplane in the forms of weight and vibration, thrust and impact. Mechanics of Materials



Generally s p e a k i n g , all this is



known as the mechanics cf materials. It is the science which sets up the relation between the various forces applied to any material, how these forces deform the material, and the intensity or strength of the internal forces produced by the "outside" forces. Practically all areonautical design is based on the mechanics of materials. A simple illustration is the wheel of an airplane. The weight of the airplane affects the strut that attaches the airframe to the wheel, the bolts that hold the strut to the frame and to the wheel, the axle of the wheel, the wheel itself, and the tire on the wheel. This is an elementary explanation, but it shows how one force can affect many parts. The science of mechanics is applied to determine the s i z e, strength and weight of each part of the landing gear in order to make it function properly under maximum conditions of stress and strain. The size and pressure of the tire must be determined as well as the diameter of the bolts, axle, and landing gear strut. Stress Explained



If you take a common eyebolt and fasten one end of it to the hangar ceiling and hang a sandbag weighing



500 Ibs. to the other end, the total load placed on the bolt is 500 Ibs. If you use an eyebolt that was 2 by 2 in. in size, the area of the bar (4 sq. in.) divided into 500 Ibs. will give 42
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125 pounds p*r tquor*



Inch on



you a stress of 125 Ibs./sq. in. on the eyebolt (Fig. B). Total stress is usually expressed in pounds. Intensity of stress is expressed in pounds per square inch. It is general practice to refer to both total stress and unit stress as "stress", but you should know the difference



between the two. There are three kinds of stress. They all may be acting on a piece of material singly or together. These forces are tension, compression, and shear. Tension or tensile stress is the kind of stress produced when a piece of m a t e r i a l is pulled or stretched. Compression or compressive stress is the kind of stress placed on a piece of material when it is pushed or squeezed together. This force shortens the piece of material. These two kinds of stress are often called normal stresses. Every material is subject to change by stress.



The change may be extreme or it may be so slight that it can be detected only by a special machine. If you squeeze a rubber ball, it takes



only a few pounds of force to flatten it. A piece of steel has the same quality, but it takes many more pounds of force and the change will not be noticeable to the naked eye. Shearing stress can best be explained by taking two sheets of metal and bolting them together. Bolt the bottom sheet to a solid workbench and pull on the top sheet. A shearing action will result. The bottom sheet will resist the tendency of the top sheet to slide. The result will be that the bolt will fail or the hole in one or both sheets of metal will be distorted. This force is usually called "shear." Mechanical Properties



The mechanical property of a material deals with the resistance the material offers to forces applied to it. Mechanical properties include elasticity, plasticity, stiffness, strength, ductility, malleability, brittleness, and



toughness. Elasticity is that property which enables material deformed by stress



to return to its original dimensions when the stress is removed. When you press down on a rubber ball it is deformed. Rubber is elastic, and when you remove your hand the ball returns to its original shape. In this sense, steel and glass are highly elastic because they return to their original dimensions when relieved of stress. Plasticity is the opposite of elasticity. A perfectly plastic material is



one which does not recover its original dimensions when the stress is



removed. Take a piece of putty. Roll it into a ball and then flatten it with your hand. It will remain in the same shape as it was under stress. It has little or no "recovery", and is therefore plastic. No material is perfectly plastic, and no material is perfectly elastic. Steel can be stressed so greatly that some deformity will remain after the stress has been removed. When a piece of metal has been stressed beyond its elastic limit, the deformation resulting is called the permanent set. Stiffness is that property which enables a material to withstand high stress without a noticeable degree of deformation. Steel is stiff because a large unit stress produces only a small unit deformation. Stiffness is measured by the degree of deformity of a material under stress. Examples Listed



The strength of a material is the property which permits unit stress



without fracture or distortion. Brittle



materials actually break into pieces when the load on them becomes too heavy. Ductile materials may distort under loads or stress and lose their usefulness without actually breaking. A copper gasket that has been squeezed under heavy torquing is a



good example. The gasket remains flat and is of no further use because



it has lost its original thickness.



The most common types of strength are elastic strength, yield strength, ultimate strength, fatigue strength,



and creep strength. These terms will be discussed later in relation to tensile, c o m p r e s s i v e and shear strengths. Ductility is the property which permits a material to undergo plastic deformation under tensile stress. A ductile material is one which can be



drawn out to lengths like platinum



wire.



Malleability is the property which enables a material to undergo plastic change under compressive stress. An example is sheet gold which can be



beaten paper-thin to make gold leaf.



Brittleness is the opposite of plasticity. A brittle material is neither ductile nor malleable. It shatters under either tensile or compressive stress. Important to Aircraft Parts



Ductility and malleability are required in any material that takes a severe load. These properties are particularly important to aircraft parts that take sudden impact such as a landing gear or a flight control system. Slight flaws in the material, or accidental small changes in cross section due to an accidental tool mark or surface scratch are of small consequence, even under high stresses, if the material is ductile. Further increase in load simply causes the tiny area of overstressed material to yield plastically instead of fracturing. If the material is brittle rather than ductile, it may crack instead of "flow." The end of the crack will be a point of high stress concentration. The crack may spread until a failure of the entire member results. Again, ductility is an asset to structures that take sudden stress, such as the landing gear. Toughness is the property of a material which enables it to withstand shocks or blows. When a piece of material is struck a hard blow, some of the energy of the blow is transmitted to the entire body and is absorbed by it. When the material takes up this blow, the whole piece is affected in one way or another. This effect, or work, is the product of change and the stress during the process of deformation. Consequently, a piece of material which can be highly stressed and greatly deformed or changed, will hold up under a heavy blow, is said to be tough. The term "toughness" can be used to describe either elastic toughness or plastic toughness. Elastic toughness is measured by the amount of energy a piece of material can absorb without exceeding its elastic limits. Plastic toughness is measured by the amount of energy the piece will absorb without fracturing. The term "toughness" is taken to mean plastic toughness. Metal Fatigue



Metal fatigue has been the subject of engineering "kaffeklatches" for



well over a hundred years. The crystal ball is still clouded to some extent, to the point that there are two schools of thought . . . the reversal school and the non-reversal school. The reversal school seems to be on top at this time in the aviation



industry. This school contends that there must be a reversal of stress or force on a piece of material before fatigue sets in. And the material must be subject to repeated stress, particularly if the material is ductile. The word "fatigue" itself is rather a misnomer, but nobody has come up with a better and simpler term. "Fatigue" is a term dating back to a time when the nature of a failure was not known. It was believed in the old days that repeated stress caused a "crystallization" of the material. This has since been disproved, and the term "gradual fracture" proposed. However, man being the unchanging animal he is, the term "fatigue" is still used. Most structural p a r t s are acted upon by loads that are applied and removed a great number of times. The main landing gear strut of a C-47, of which there are several thousand still in operation, may have been subjected to thousands of load shocks in landing, taxiing, and runup. The connecting rod of an engine



is subjected to millions, even billions of loadings. A good example of stress reversal



is the bending of the piano hinge on an airplane c o n t r o l surface. The hinge material is subjected to a complete reversal of stress from fulldown to full-up position. If the hinge is moved back and forth enough times, it eventually will fail from



reversal of stress or "metal fatigue." "Fatigue Failure"



The failure of any material from many applications of stress is called "fatigue failure." The failure apparently results from the fact that even though the calculated stress in a piece is within the elastic limit, there are tiny regions or points where the stress is beyond the estimated limits. This localized stress produces a small crack. The edges of this crack also get higher than normal stress, so the



crack spreads until the cross section breaks. Throughout the failure action this area of high local stress may be



so small that it is not easily recognized without special equipment to detect it. Any force or action that changes the original form or shape of the material sets uneven strain that can



cause the material to fail. For exam-



ple, there have been several instances where a mechanic has diestamped numbers on a steel shaft. The impression of the die-stamped numbers changed the cross section stress of the shaft. An uneven strain was set up, and the shaft failed of fatigue under normal loading. (Continued on bottom of next page)
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Report On Lloyd Toll's T-18 Of Hazen, Arkansas By Jack Anderson, EAA 33149 1012 Thompson St., Jacksonville, Ark. 72076



(CHAPTER 165) AKE A PIECE of metal, saw it, file it, and polish it T until it is made to perfect dimensions, and you have described each piece of material that has gone into Lloyd



Toll's T-18. His airplane will undoubtedly have the closest tolerances of any T-18 around. Lloyd spent the war years in Los Angeles as a welder in the aircraft industry, but after seventeen years here, he is known as a successful rice and soybean farmer. Being about the best welder in this part of the country, you would guess that he would pick an all aluminum plane with very little welding. He was apprehensive on bucking his first rivets, but has found it to be the easiest job of all. The hardest? "The rudder," said Lloyd without a pause. The local area has no airplane type aluminum or steel. Lloyd went in with nine other builders and got a real deal on all of his sheet metal and tubing. The rest of the metal, most of the hardware and some tools were purchased from a company specializing in T-18 construction. He could have gotten it for two-thirds less by shopping around, but he says the convenience of having it all available was worth the extra money spent. His crop duster friends have come up with wheels, brakes and prop. The prop came from an equally bent



Lycoming engine had 350 hours SMOH, but he had an



FAA approved MOH including all accessories and has "no sweat" for many hours. The T-18 has been under construction for two years, with two interruptions a year to tend his crops, but he has the fuselage clecoed together, outer wing panels finished, along with the gas tank, tail, gear, and engine mount. A lot of desire, pride and patience is in this bird, and it shows everywhere. When asked how much and where he will fly it when it's finished, Lloyd said, "I plan to fly the heck out of it and tour around and visit some of these no-name places I have always wanted to see. If the planting and harvest goes well, I can spend more time at it."



PA-18 and Lloyd had it straightened, clipped, repitched, and plated. At $60.00 it is a beauty and a bargain. The



wheels are J-3, cut down, with brakes. He got a beautiful green tinted canopy, wheel pants, spinner, cowl and wing tips at the Rockford Convention. His newly purchased TOLL'S T-13 SPECIFICATIONS: Thorp T-18 Model 171 Not Modified S/N 401



Engine . . . . . . . . . . . . . . Lycoming 0-290 D2 135 hp, 0 Time



Propeller . . . . . . . . . . . . . Sensenich M-74 Modified to 67x67



Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . King 150B with Omni



Total Cost as of Now . . . . . . . . . . . . . . . . . . . . . . . . . $3,200.00



EVERYDAY ASPECTS . . .



(Continued from page 43)



Another case of material failure was discovered when a mechanic diestamped numbers on a jet engine compressor wheel. Stamping the numbers on the edge of the wheel caused



an uneven stress, and the wheel failed



when turned at high rpm.



This cross section change is so delicate that a mark made with a heavy soft lead pencil has caused a piece of metal to fail. Here again, the cross section stress was unevenly loaded by the addition of a small



amount of graphite from the pencil. Creep



Another phenomenon of stress is



called "creep." When an elastic material such as steel is placed under stress or load at normal temperature, 44
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it is deformed in proportion to the load factor. This load may be applied for an indefinite period without apparent change to the dimensions of the material. However, if high temperatures are also applied for long periods of time, the stress causes a slow yielding of the material. This



cleaned, it should never be scraped with a sharp tool. A sharp edge can cause a scratch that changes the cross section loading of the material. This sets up an abnormal stress. The result . . . fracture! Whenever skin patching is to be done, the edges of the patch must



and high temperatures is c a l l e d creep. Creep must be considered on



holes be burr free. If a wire edge is left on the patch or if burred metal remains around the drilled holes, an abnormal stress will occur when the patch is tightened down. The result . . . undue shear stress on the patch and the rivets.



slow yielding under a steady load



materials and structures required to



resist high temperatures for long periods of time. The higher the temperature, the higher the rate of creep; and the greater the stress, the greater the rate of creep. A Few Don'ts for Metal Men



Fatigue cracks are often caused by careless handling and ignorance of stress principles. When a strut is



be trimmed smooth and all drilled



Never bend rod or tubing unless



a proper bender or brake is used. Improper bending may b u i l d up stresses that will result in a ruptured line on an airplane some day in the future. ®
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