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Metal Corrosion The stuﬀ that eats at you BY R.B. “DOC” HECKER



ONE OF THE MOST important inspections we do on our aircraft is to look for signs of metal corrosion. Such contamination may take place internally or on surface structures. Corrosive deterioration of the original metal may change surface smoothness, weaken the underlying structure, or damage or loosen adjacent parts. Aircraft operated in or around fresh- or saltwater environments (notably, seaplanes) are at high risk for corrosion. Not so well-appreciated is that aircraft operated within proximity to a seacoast are also at risk for saltwater vapor contamination. In addition, chemical agents can initiate corrosion by directly attacking the metal if they are improperly applied or removed, as in the case of oil, grease, or exhaust residues, caustic chemical cleaners, battery acids, or leftover ﬂux agents after structural welding or brazing. Frequent aircraft cleaning removes corrosion-promoting agents and allows for visual inspection of the metal structures to identify potential problems. There are two general classiﬁcations of corrosion: chemical attack and electrochemical attack. In both, the underlying metal is physically converted to a metallic compound such as an oxide, hydroxide, or sulfate. Aluminum and magnesium alloys will suffer surface pitting and etching, usually with a gray or white powdery deposit. Copper and copper alloys leave a greenish or bluish deposit, while with steel- or iron-containing metals, reddish or black deposits are noted. TYPES OF CORROSION



The many forms of corrosion are dependent on various factors, such as the metal involved, the metal’s size and shape, its speciﬁc function, the atmospheric condition it resides in, and which corrosion-producing agents are present. Interestingly, thicker metal sections are more corrosion-prone than thinner sections due to the change in physical characteristics after machining. The following are
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the more common forms of corrosion found in aircraft structures. SURFACE CORROSION



Surface corrosion typically appears as general roughening of the surface with pitting or etching, and it may be accompanied by a powdery deposit of corrosion byproducts. If the area of corrosion is beneath the surface coating, the ﬁrst clue may be the lifting of surface plating or paint in small blisters from the underlying pressure of the accumulating corrosion deposits. Because of the spiderweb-type pattern of surface deformity, this is sometimes known as ﬁliform corrosion. Magnesium and aluminum structures showing paint deformities should be immediately inspected for underlying corrosion. DISSIMILAR METAL CORROSION



In the presence of an electrolyte, dissimilar metals in contact with each other may initiate an electrochemical (galvanic) action that can cause severe pitting and destruction. Typically, this galvanic reaction is hidden from surface view and is found by disassembly and inspection. Review a dissimilar metal chart, typically found in aircraft mechanic handbooks, to guide you in identifying conﬂicting metal contact. Direct attachment of aluminum to steel surfaces
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will begin dissimilar metal corrosion unless protective measures are taken to adequately prepare the mating surfaces, including electroplating, metal spraying, chemical treatments, or special wrappings.



the radius of bends in cold-worked metals should be included in your corrosion check.



INTERGRANULAR CORROSION



Fretting corrosion may be particularly damaging when two surfaces normally mated together begin to undergo motion relative to each other. The mated surfaces accumulate ﬁne debris that causes further abrasion. The debris particles typically



FRETTING CORROSION



Intergranular corrosion is an insidious problem caused by an attack along metal grain boundaries, and it is commonly a result of a lack of uniformity of the metal grain in the alloy structure. Aluminum alloys and some stainless steels are prone to this form of corrosion. Very severe intergranular corrosion may cause the surface metal to exfoliate due to pressure of corrosion products within the grain boundaries that leads to delaminating of the surface metal or causing the metal to ﬂake off. STRESS CORROSION



Stress corrosion occurs because of the combined effects of sustained tensile stresses in a corrosive environment. Although stress cracking occurs in any metal system, it is especially prevalent in aluminum, copper, stainless steels, and high-strength (greater than 240,000 psi) alloy steels. This corrosion may be either transgranular or intergranular in nature and usually follows cold-working stress points. Areas of concern include aluminum alloy bell cranks with pressed-in bushings, landing gear shock struts with coarse (pipe) thread grease ﬁttings, shrink ﬁttings, and overstressed B-nut ﬁttings. Inspection of
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Stress Cracking Corrosion
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cannot escape the abrasive environment, and in the presence of water vapor, the destructive process is accelerated. Deep grooving resembling Brinell marks or pressure indentations may be noted. The so-called “smoking rivet” indicates rivet loosening with the “smoke” consisting of a metal debris trail. This smoke trail signals inadequate metal-to-metal ﬁxation with potential underlying corrosion that should



be investigated within a short (25-hour or less service time) maintenance period. Smoking rivets should always be replaced. CORROSION LIMITS



Corrosion, no matter how slight, is physical damage to metal. This damage is classiﬁed under four standard types: (1) negligible damage, (2) damage that is repairable by patching, (3) damage repaired by insertion of new materials, and (4) damage that requires part replacement. The term “negligible” does not imply that no action is necessary—the corroded surface needs to be cleaned, treated, and coated (e.g., painted) as appropriate. Negligible damage is deﬁned as a change of a metal surface that is scarred or has had the protective coating eaten away, and the metal has noticeably begun to etch. INSPECTION



Cleaning an aircraft and keeping it clean is important to detect evidence of metal corrosion. Any change in the usual color of a



Fretting Corrosion



metal, or a change in a coating or paint ﬁnish, signals that metal corrosion may be occurring. Depending on the aircraft, there may be recurring problems noted with a particular make and model that lead you to do more frequent visual inspections. Examples of these types are seaplanes, conventional gear aircraft in which moisture collects in the tail section, and Cessna 200-series aircraft with foam core elevators and trim tabs. Hard to reach structures may require mirror inspection or the use of a ﬂexible ﬁberscope. Mechanical methods such as a “coin tap” to detect a change in the “ringing” of the metal (dull report or thud) or the use of a sharp device (awl) can be helpful in detecting a change of integrity of a metal’s soundness. Non-destructive testing measures such as dye penetration methods can be used if hidden corrosion or metal damage is suspected. These advanced inspection methods are best left to use under the supervision of a qualiﬁed airframe mechanic.
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• Hand polish with a ﬁne abrasive or quality metal polish. If a surface is particularly difficult to clean, a metal cleaner and brightening compound for aluminum can be used to accelerate the process for a clean, bright ﬁnish.



Fly as a Glider Pilot or Sport Pilot!



• Treat any area with an inhibitive material such as alodine or one of the commercially available products. Wipe the area with a clean cloth.
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Corrosion removal is necessary to preserve the metal structure, and it requires that the surface covering the area of corrosion also be removed. Cleaning of the affected area to expose all of the suspected damage is necessary as extensive corrosion on any panel surface may necessitate treating the entire panel. The following ﬁve steps are essential during the removal process: (1) cleaning and stripping of the corroded area, (2) removing as much of the corrosion products as practicable, (3) neutralizing any residual materials remaining in pits and crevices, (4) restoring protective surface ﬁlms, and (5) applying the temporary or permanent coatings or paint ﬁnishes. TREATMENT



The treatment of corroded surfaces is based upon the type of metal that is being attacked. Consult an aircraft mechanic’s manual prior to treatment of ferrous metals, anodized surfaces, magnesium and titanium alloys, stressed steel components, and aircraft structures and surfaces with specialized coatings (e.g., Parco lubrizing). For the treatment of unpainted aluminum surfaces, a typical aluminum corrosion treatment is as follows:



• Treated unpainted aluminum areas should be ﬁnish-protected with a coating of a quality waterproof wax. Aluminum surfaces that are to be painted can be exposed to a more severe cleaning procedure that includes the application of a solution of phosphoric acid (etching) and chromic acid (alodining) prior to the restoration of paint coatings. CORROSION INHIBITORS



Trademarked products such as LPS 3, ACF-50, and CorrosionX are marketed as corrosion inhibitors for all reﬁned metals. These products penetrate joints, rivets, seams, and hinges and chemically neutralize the corrosion prone environment by immediately removing moisture. All of these agents are touted to have the capability to remove saltwater, but they will not loosen any rivets or secured joints. These compounds are safe on metals, plastics, paints, and seals, and they can be used to treat your metal surfaces in all types of environments. All are clean and free of toxic and greasy residues. A single treatment will neutralize (not remove) ongoing corrosion and continue to protect your affected structures for up to two years. R.B. “Doc” Hecker, EAA 789419, is an FAA senior aviation medical examiner. He is a private, instrument-rated pilot with more than 3,000 hours and



• Remove oil and surface dirt with a mild cleaner using a stiff ﬁber brush prior to abrasive cleaning. Do not use steel- or ferrous-containing bristles when cleaning aluminum surfaces as these bristles will leave dissimilar metal residue on the cleaned aluminum surface.



has restored three aircraft and built an RV-8. He is a member of EAA Chapters 35 and 92. Much of the information in this article was adapted from Chapter 6, “Aircraft Cleaning and Corrosion Control,” of the Aviation Maintenance Technician Handbook, FAA Publication FAAH-8083-30. Visit www.SportAviation.org for a direct link to the online document.
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Corrosion In Aluminum Airplanes 

made of a nonhygroscopic material such as glass fiber or mineral wool. Avoid the use of felt padding in any areas subject to moisture; it makes an excellent wick.










 








Corrosion On Aircraft 
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Corrosion On Aircraft 

when in contact with an electrolyte (conductive medium). ... line through the metal structure and manifests itself as a crack in ... Surface must be clean and free of.










 








Maintenance & Restoration: Fighting Corrosion 

sion management plan can dra- .... Computer Sciences Corporation Federal Sector ... Every paint shop knows that once the aircraft has been stripped, it's time.










 








PITTING CORROSION PROCESSES : FROM 

Critical factors in localized corrosion III (1998) ... pitting corrosion [1-3]. To study ... be performed on samples directly immersed in the test solution and ... open circuit, the level of coupling depending on the surface preparation (presence of 










 








metal legs 

As it is exposed to sunlight, wood darkens as a result ... particles. To remove more difficult stains, use a dampened soft cloth with either soapy luke warm water.










 








Acoustic Emission for Corrosion Detection 

Nov 30, 2005 - This paper describes the use of acoustic emission for corrosion detection in storage tanks, reinforced concrete structures, and process ...
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Metal Part 11 - Size 

the aluminum with a DC voltage source and immersing it into an acid bath, with a negatively charged object present in the bathâ€”often the tank itself. Soft oxides.
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