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maintenance & restoration Corrosion Detection and Repair You can run, but you can’t hide JEFF SIMO N, E A A 4 7 8 2 3 3
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e like to think our aircraft will live forever. A brief stroll around the local airport ramp reveals few aircraft less than 30 years old, and quite a few much older than that. To get this many cars of the same vintage in one place, you’d have to host an antique auto show. General aviation production peaked in 1978, with approximately 18,000 airplanes shipped that year. By 2006, that number slipped to only 3,167 (excluding business jets). So, it comes as no surprise that the average age of a general aviation airplane is around 35 years and getting older every year. That being said, aircraft do age well, provided they’re flown often and carefully maintained. Much of this is due to the simple nature of aircraft construction. Most of the firewall-forward items are overhauled or replaced every 2,000 hours, and other items are repaired or replaced on condition at each annual inspection. Cosmetically, most exteriors get repainted and interiors get redone every decade or so (unless you’re one of those folks waiting to see if avocado green and burnt sienna come back into style). However, the ultimate challenge to keeping aircraft “forever young” is to address the hidden threat that slowly destroys the structural integrity of the airframe itself: corrosion.



The Basics Corrosion, by definition, is the electrochemical deterioration of metal. Four conditions must exist before electrochemical corrosion can occur: • A metal subject to corrosion (anode) • A dissimilar conductive material (cathode) 94
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• Presence of a conductive material (electrolyte) • Contact between the anode and the cathode If any one of these conditions is eliminated, corrosion cannot occur. However, that is easier said than done. Aircraft are constructed from different types of metals with a vast number of fasteners and joints. So, the anodes and cathodes are built into the airframe at the factory. In addition, exposure to the elements is corrosive to most aircraft metals all by itself. There are many types of corrosion, and some types are far more serious than others. The types of corrosion familiar to most aircraft owners are dissimilar metal corrosion and surface corrosion. We’re most familiar with these types of corrosion because they are easily visible and often show up on the exterior of the aircraft. Dissimilar metal corrosion is, essentially, the creation of a tiny battery within the metal attachment point. For



Improper corrosion repair can compromise the structural integrity of the component and can even promote future corrosion issues.



example, attach an aluminum access cover to a wing using a steel screw and you have two metals in contact with very different electrical potentials. All you need to make this battery work is an electrolyte. Add some rain or condensation and the process begins. Electrons flow between the metals, and corrosion begins to form at the joint. Pure water isn’t a good electrolyte. However, add some salt air or air pollution and you’ve got a powerful electrolyte that will greatly accelerate the corrosion process. If you’ve ever
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heard the phrase “You can take the plane out of Florida, but you can’t take the Florida out of the plane,” you now know what it means. Surface corrosion is the easiest form of corrosion to spot and typically shows up as a white, powdery substance on the surface of aluminum. It can also show up as worm-like traces and bubbles under the paint of the aircraft (filiform corrosion). It’s caused by the natural tendency of metals to corrode when exposed to oxygen and other corrosive elements present in the environment. Some metals such as stainless steel, pure aluminum, chrome, and gold are naturally resistant to corrosion. Unfortunately, they’re also impractical to build an airplane out of. As luck would have it, the strong and lightweight metals, such as aluminum alloy and magnesium, are very susceptible to corrosion. The most severe forms of corrosion are intergranular and stress corrosion. These types of corrosion are especially destructive because they penetrate the surface of the metal and can weaken the metal from the inside out. The actual damage can be much more severe than it appears on a cursory surface inspection. Sub-surface corrosion can travel within the metal, severely compromising the structural integrity of the component. Aluminum castings and extrusions are especially susceptible to this and must be carefully examined at every annual inspection. If you happen to own a composite, wood, or fabric-covered aircraft, you won’t see signs of corrosion on the exterior of the aircraft. However, this does not mean that you shouldn’t be just as concerned as owners of metal aircraft. In fact, you may need to be more concerned because of the hidden nature of the damage. I’ve yet to see an aircraft that didn’t make extensive use of metal for critical components.



Corrosion Removal The repair process for corrosion is critical. Improper corrosion repair can compromise the structural integrity of



the component and can even promote future corrosion issues. If you simply remove the surface corrosion and leave the pitting corrosion, the remaining corrosion will become self-promoting, like a cancer. This is especially true when the remaining corrosion is covered with paint. If you’ve ever seen paint bubbling up from the metal, you’ve seen the results of improper metal preparation and corrosion removal. That being said, it’s important to carefully assess the extent of the damage to ensure that the part will still be structurally sound after all of the corrosion is removed. This is especially true for surface corrosion pitting and corrosion around fasteners. The “smoking rivet” is a classic example. The term “smoking rivet” refers to the trail of black oxidation that forms around a loose rivet. It’s a bit of a chickenand-egg problem as to whether the problem began with the loose rivet or with the corrosion itself. A loose joint can cause fretting corrosion, and the resulting deterioration of metal can cause joints to loosen. The one thing that we know for sure is that the problem will progress until properly repaired. The traditional but improper approach to repairing “smoking rivets” is to reset the rivet to tighten up the joint. However, this will not solve the problem in the long run. First of all, rivets workharden when initially set during construction. Resetting a rivet is not a proper repair technique and will not result in a joint with the same structural integrity as a new rivet joint. Second, the black oxidation is a sign of existing corrosion. If the corrosion is not removed, it will continue to destroy the aluminum and the rivet will, inevitably, become loose again. When dealing with corrosion, knowing how much metal can be safely removed from a critical structure is not arbitrary. Neither is the process for removing it. The FAA’s acceptable inspection and repair methods, spelled out in AC 43.13, provide detailed guidelines for the EAA Sport Aviation
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maintenance & restoration proper abrasives and techniques for corrosion removal on various materials. For example, when working on aluminum alloys it is extremely important not to use silicon carbide, steel, or copper abrasives. This is because the particles in the abrasive itself can become lodged in the aluminum and actually become the source of future corrosion. The removal of corrosion products by hand can be accomplished by use of aluminum grit abrasive cloth, pumice powder, and non-metallic abrasive mat. Steel wool, emery cloth, and steel-wire brushes are off limits. Chemical corrosion removal is another option. According to AC 43.13, the corrosion-removal compound aluminum pretreatment MIL-C-38334, an acid material, may be used to remove corrosion products from aluminum alloy materials or items (for example, skins, stringers, ribs in wings, tubing, or ducts). Keep in mind, though, that these are harsh chemicals and extreme care should be taken for safety reasons.



Other Areas to Look for Corrosion Corrosion issues are not limited to basic aluminum airframes. It’s a problem for fabric and wood aircraft, and it must be addressed within the engine compartment and even in the electrical system of the aircraft. Fabric-covered aircraft often use an inner structure
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constructed from tubular steel. This steel is very susceptible to corrosion. If not properly constructed or protected, it can corrode and compromise the structural integrity of the entire aircraft. Even wood and composite aircraft typically use aluminum and steel for critical components. Steel control cables can corrode, often from the inside out. This is one of the reasons that all control cables should be regularly inspected. To inspect a control cable, loosen the tension on the cable and gently twist the cable in the opposite direction of the winding. This will expose the inner wire strands to inspection and will reveal corrosion and broken strands in the core of the cable. In addition to control cables, aluminum is typically used in control surface pushrods, hinges, supports, and many other components. One of the most common reasons for the early demise of an aircraft engine is corrosion. This is often masked as excessive engine wear or metal production, but the root cause is often corrosion. Lycoming engines are particularly susceptible to camshaft corrosion if not flown regularly. The most commonly overlooked area of corrosion is within your aircraft’s electrical system. However, this can be the most troublesome kind of corrosion. Intermittent avionics, internal and external lighting problems, and



even battery trouble can often be traced back to corrosion within the electrical system. Unfortunately, there are a number of dissimilar metals used within the electrical system. Most main battery connections involve copper terminals attached to steel posts on the battery. As copper oxidizes and corrodes, it forms a green patina coating. While this may be a desirable feature for a copper roof, it’s bad news when it comes to conductivity. Corrosion at the terminals can easily spread up the wire. In some cases, it can travel within the wire insulation for quite some distance. If you do find a badly corroded terminal, it’s a good idea to replace the wire entirely to eliminate the corrosion in the circuit.



Corrosion Prevention A number of products exist that do an excellent job of protecting aircraft structures from corrosion. One category of products protects surfaces inside the aircraft structure by coating them in a thin, waxy film that repels water and contaminants. Boeshield and LPS 3 are examples. Another category is thin-film dielectric (TFD) coatings. TFD products such as ACF-50 (Lear Chemical Research) and CorrosionX (Corrosion Technologies Corporation) can be sprayed throughout the aircraft structure. These chemicals displace any existing water,



penetrate joints, and leave a residual coating that resists corrosion. However, they must be applied regularly as part of a comprehensive corrosion treatment program to be effective over the long run. One of the nice qualities of ACF-50 is that it is entirely non-conductive. So, it can be used throughout the aircraft’s electrical system. I know of one aircraft that was submerged in saltwater during a landing incident. All of the avionics were immediately removed and immersed in ACF-50 until they could be evaluated by the manufacturer. Had this not been done, it’s unlikely that anything would have been salvageable. Airplanes can live forever. But, you need to be proactive with regard to maintenance to protect your plane from the ravages of time. A good corrosion protection plan is one of the best things you can do to ensure that your pride and joy will be with you for years to come.



Jeff Simon is the president of Approach Aviation, a provider of educational products, tools, and supplies for aircraft owners. To learn more about aircraft ownership and maintenance, visit Approach Aviation at www. ApproachAviation.com or call, 877-564-4457.
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