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Building Basics: Fatigue

HTP lets you get precise, professional results on any critical aircraft weld. America Inc. EAA03. HTP is your source for Migs, TIGs, Auto-Darkening. Helmets and ... 

















 Télécharger le PDF 






 479KB taille
 1 téléchargements
 483 vues






 commentaire





 Report
























nuts & bolts



building basics



Fatigue The silent enemy Jack Dueck, EAA Homebuilt Aircraft Council
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created without benefit of a fatigue analysis. To understand fatigue, we need to understand how a component is loaded or stressed. When a force is applied to a component, it will be carried by the material’s cross-sectional area, and this resistance is called stress. Stress is expressed as force per unit area (psi or pascals). If this applied force is constant over time, it is static, and we refer to the



sample as statically loaded. If, however, the applied force varies, our sample is cyclically loaded. Furthermore, this cyclic loading can be either tensile or compressive or both, and if this cyclic loading extends into the tensile range, we have the conditions required for fatigue failure of the component. Another important consideration is the origin of the load. In simplest terms, we think of the
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atigue is the most common cause of failure in many engineered aircraft components, and experts cite it as the cause of roughly 90 percent of all structural failures. Metal fatigue is a fact of life, and researchers have invested a great deal of effort in understanding what causes it. Design tools (mostly empirical) are available to designers and builders, but a surprising number of components are
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force as it’s applied to the part externally. In reality, additional internal forces are present, thereby causing additional stresses. These include bending stresses—if the force is not applied through the geometric center of our sample— shear stresses, residual stresses from welding heat inputs or milling procedures, and stress concentrations from notches, holes, or defects. These additional stresses are important since they all combine to furnish the overall stress to the component. You can see from this that even if the principal force is purely compressive in cyclic loading, the combined forces could introduce some ten-



A basic understanding of fatigue will enhance your ability to build a better airplane. sile loadings. For fatigue to occur, a small crack or defect must exist or be initiated. With each cycle of tensile loading, this crack or defect will widen until it reaches a critical size. Fatigue growth to failure depends on two parameters: the stress range (maximum peak stress—minimum peak stress) and the number of cycles that occur. There are three stages to fatigue failure: initiation, crack growth, and final failure. To design against fatigue failure, we can concentrate on either the prevention of crack Sport Aviation
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Welds That’ll Fly By Any Inspection HTP lets you get precise, professional results on any critical aircraft weld.



Our Invertig 200 AC/DC TIG welder puts 200 amps of power in an affordable, compact, package, yet pulls only 25 amps so you don’t have to re-wire your shop. It’s also produces 10% more welding current while using 60% less electricity. • A standard pulser makes welding thin aluminum and steel easier • Adjustable AC frequency means greater control over the arc • AC balance adjusts from 10% to 90%, allowing greater penetration or cleaning
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building basics initiation, or the arrest or deceleration of crack growth. For simplicity, the crack growth stage can be lengthened by choice of ductile over brittle material. Crack initiation can be partially controlled by addressing those issues that help prevent its occurrence. In welded components, there are always imperfections and defects that can initiate cracks. Existing standards consider this to be a fact of life, and fatigue life therefore ignores the “initiation stage” and is measured only by the “crack growth” stage. Machined components can be polished to eliminate any notches or defects, and by careful treatment and/or attention to eliminate defects, we can do much to prevent or retard crack initiation. The table below, reprinted from CSA W59 and CAN/CSA-S16.1, shows allowable stress ranges for different categories of welded steel structures. It should be noted that these categories refer specifically to welded components, but the illustration is not lost on other applications. Category A represents a plain specimen with no welding. Categories B through F represent



different welds, profiles, and procedures. Category W represents shear loadings across the throat of fillet welds. You will note that as the weld category is lowered, the allowable stress range for a given number of cycles decreases dramatically. The designer is left with the requirement to ensure that the number of life cycles anticipated by the component under its expected stress range will outlast the useful life of the component’s assembly. It’s interesting to note that some welded components can be reclassified from one category to one higher by addressing the weld in such a manner as to remove crack initiating defects. This underlines the importance of avoiding stress concentrations that would provide crack initiation. In summary, I have experienced fatigue crack initiation and growth in my exhaust pipe headers on a Continental C-85, on the rudder skin to spar/stiffeners, and on the air-filter box on my RV-4, all within a short time of operation. Understanding the concept of fatigue is crucial in keeping me alert to this phenomena, and rigorous inspection procedures and checklists help keep my aircraft safe for flight.



Allowable Range of Stress (Mpa) Category



For 100,000 Cycles



For 500,000 Cycles



For 2,000,000 Cycles



Over 2,000,000 Cycles



A



415



250



165



165



B



310



190



125



100



C



220



130



90



70



D



185



110



70



48



E



145



85



55



32



F



110



65



40



18



W



115



85



65



48
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Building Basics: Riveting Techniques 
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Building basics: Pushrod Secrets 

then mount the plugs in each end with six high-strength blind rivets spaced evenly around the circumfer- ence of the tube. Here's potential trouble. It's tough.










 


[image: alt]





Building Basics: Cable Corral 
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that it can't fall off the plane in flight. Several different methods are used to secure aircraft hardware: safety wire, cotter pins, self-locking nuts, and lock washers.










 


[image: alt]





Building Basics: Aircraft Fabric 

TAPE IS CUT. â€” -/ON 45"ANGLE ... FINISHING TAPE CUT. EL 10 SELVASE EPGE .... Finishing Tapeâ€”A strip of fabric cut normally with a pinked (serrated) ...










 


[image: alt]





Building Basics: Gauging Aluminum 

RESISTANT SANDWICH. A VERY THIN COATING OF CORROSION. RESISTANT .... money can buy. It doesn't cost any more than old-fashioned methods and it ...










 


[image: alt]





Building Basics: Fundamental Security 
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