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Deteriorating plywood is a more common restoration problem than defects in solid wood spars, and ply- wood delamination caused by moisture problems is,. 
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RESTORING ANTIQUE OR CLASSIC airplanes involves a lot of



Plywood & Paste



woodwork because t h i s material composes much Inspecting of t h e i r construction. Both types generally have wooden wings, and many, especially antiques, have wooden fuselage components such as stringers. In the previous two "Aircraft Building" articles we've focused on inspecting wood to determine whether it needs to he repaired or replaced. We'll continue this month by addressing the inspection and repair of plywood and by looking at the different glues used in wood construction.



Aircraft Plywood Compared to solid wood, plywood has more equal strength along the length and width because the alternating grain orientation of the different layers evenly distributes the applied stresses. Plywood is also more resistant to checking and splitting, and it doesn't shrink or swell with changing moisture content as much as solid wood. Deteriorating plywood is a more common restoration problem than defects in solid wood spars, and ply86



layered wood and discussing



wood delamination caused by moisture problems is, perhaps, the most common problem. Plywood parts are glues often used as plates on spars, and the plate's ills can affect the parts it's connected to. Prolonged exposure to high heat and/or moisture is the most common cause of plywood problems, and this damage extends to the glue t h a t bonds the wood plies and to the bond that joins different parts, and the failure of this bond calls for repair or replacement. Removing a plywood plate from a spar is a challenge that calls for extreme care to avoid damaging the spare itself. Before you can pry the plate loose, with pliers or a similar tool you must carefully remove the small nails the manufacturer used to hold that spar plate in place while the glue dried. Wing-rib gussets are another common use of plywood, and they, too, are nailed or stapled in place. Like the spar plate, you must remove the



nails or staples before you can remove the gussets and r e p a i r the wing rih. The same is true for ribs that have plywood doublers for added strength. On m a n y a n t i q u e and classicwings the leading edge is often plywood molded or shaped around the noses of the w i n g ribs. Typically these leading edges consist of a top and bottom half joined by a wooden former that runs the length of the wing. Finding damage or deterioration on a plywood leading edge is not uncommon, and you may have to remove sections of the leading edge to inspect the spar or remove wingattach hardware. Naturally, you have to replace what you remove, and FAA Advisory Circular 43-131B, Acceptable Methods, Techniques, and Practices—Aircraft Inspection and Repair, gives examples of all types of wood repairs. (If you do not have a copy of AC 43-13-113—purchase one. Whether you're building or restoring an airplane, it gives all the recommended inspection and repair procedures for all types of aircraft construction. If you have a computer with a CD-ROM drive, investigate Summit Aviation's Computerized Aviation Reference Library, at www.summitaviation.com, which contains the full text and illustrations in 850 FAA documents, including all the ACs and FARs.) When replacing or repairing plywood on n production airplane you must use wood manufactured to certain specifications. The plywood at your local lumberyard



specification for the manufacture of plywood used in its aircraft, and its current designation is MilSpec 6070B. It outlines in detail the types of wood, ply thickness, unacceptable ply defects, glues, overall thickness tolerances, and testing requirements manufacturers must use. Aircraft plywood is free of all voids, and the plies must be free of most wood defects. The glue must meet



certain specifications, and most manufacturers use waterproof and fireproof phenol-phenolic glue in combination with a hot press. Aviation supply houses sell several types of plywood, and the three common ones are fractional plywood, metric plywood, and marine grade plywood. The first two types are identified by their unit of measurement, inches (and fractions thereof) and



doesn't meet this requirement—so



don't use it. Lumberyard plywood often has defects, such as knotholes, in its d i f f e r e n t plies, and these voids cause a weak spot in the panel. If moisture creeps into a void, it can lead to rotting or delamination. In addition, the glue used to make lumberyard plywood may not have adequate strength and probably is not waterproof. Years ago the military wrote the 87



cause it weighs 10 to 15 percent less than birch and because they prefer its appearance. Both types are available in 4- by 8-foot panels, and with faces oriented at 90 or 45 degrees. More expensive, 45-degree plywood is mainly used where torsional stiffness is required. Again, AC 43-13 discusses plywood repairs, from repairing ribs to patching and bending plywood skins, in detail, and it is recommended reading before commencing any wood repairs. metric. The last should be self-explanatory. Of the three, fractional plywood is the only grade manufactured according to MilSpec 6070B, and you must use it when repairing or restoring a production airplane to keep your airplane legal. Homebuilders can use metric and marine grade plywood. Aircraft plywood is available with birch or mahogany "faces," the outside or exterior veneer. Interior plies, the "core" and "cross bands" are often poplar, but birch, basswood, or maple are other acceptable core materials, and the grain on each ply must be 90 degrees to the adjacent ply. Most aircraft plywood is a five-ply panel, a center core with cross-band and face material on each side. Birch plywood is stronger—and heavier—than mahogany plywood. Some restorers prefer mahogany be88



Wood Glue



While wood is as straightforward as its grain, there are as many opinions about wood glue as there are people who use this sticky stuff. When restoring a production airplane, you must use AC 43-13-IB as a guide in selecting the correct glue, and the recent update of this publication has definite changes regarding wood glue. There are five basic glue categories: casein, plastic resin, resorcinol, epoxy, and polyurethane. Plastic resin glue has been widely used in aircraft construction and repair for years because it's easy to mix and use. But according to AC 43-13-1 B, the FAA now considers plastic resin glue obsolete and unacceptable because there have been occurrences where it has degraded rapidly in hot, moist conditions. It's also been found to fail when exposed to multiple swell-shrink cycles.



Before it released the revised AC 43-13, the FAA did not recognize epoxy glue. Now AC 43-13-1B discusses the use of epoxy glue in certificated aircraft, saying the glue must meet the requirements of the aircraft maintenance manual, an Aerospace Material Specification, a Technical Standard Order (ISO), or a Military Specification (MilSpec). To my knowledge, no one has tested epoxy glues for compliance with any of these standards. The concern with epoxy glue is failure at high temperatures, but I know of no instances or problems related to this concern. Homebuilders often use T-88 and FPL-16A epoxy glues in wood construction, and like all epoxy glues, they require exact mixing ratios. One aircraft manufacturer uses an epoxy glue (with FAA approval on its supplemental type certificate) and has not found any instances of glue failure. Resorcinol glue is an a v i a t i o n standby, and builders and restorers have used it w i t h success for decades. The two-part mixture, a resin and hardener, is thick and dark purple, and its color makes its use easy to recognize. Readily available from aviation supply companies, you can use resorcinol glue on production aircraft. It does not have good "filling" tendencies, so joints must fit perfectly, and proper mixing, applying the recommended clamping pressure, and curing at the proper temperature (70°F or warmer) are critical to achieving proper bonding strength. Aircraft builders used casein glue from the early 1900s u n t i l about 1940. Difficult to mix and slow to dry, it's not waterproof and can't withstand higher temperatures. In other words: Do not use casein glue on your aircraft. AC 43-13 says, "Casein adhesives should be considered



obsolete for all repairs." Polyurethane glues are available, and many homebuilders use them



89



successfully, but AC 43-13-1B doesn't address them, so you can't use them to repair or restore production airplanes.



Nails •""" ' To achieve a good bond, wood must be clamped to-



gether with some force while the glue dries. The required clamping force depends on the wood, and AC 43-13-IB provides the necessary information. What size nails you use depends on the size of the members, and AC 43-13-1B gives you all the details. Nailing the pieces of wood together is one way to apply this clamping force, and you can remove the nails after the glue has thoroughly cured, if you desire. Aircraft nails resist corrosion and are coated with brass or cement. Be sure to purchase this specific type of nail from an aviation supply house to ensure corrosion resistance.



Wood Finishing A wooden structure's finish coat (usually varnish) is its last line of defense against damaging moisture and the chemicals used in the fabric-covering process, and it is the final step of repairing wood. Epoxy and polyurethane varnishes are the best, and polyurethane varnish should be a two-part mixture. Do not use a polyurethane varnish you can use out of the can without a hardener because it will not have the proper resistance to chemicals. Other varnishes are available, but they usually do not protect the wood from chemicals. If applying varnish to an old surface, remove as much of the old varnish as possible by sanding. You need not remove all of the old varnish, unless you are using polyurethane varnish, which acts like paint stripper on the old varnish. Usually, you can remove the flaking pieces, thoroughly clean the surface, and apply a coat of epoxy varnish. When varnishing new wood make sure the surfaces are free of grease, oil, and all contaminants. Remove any excess glue, fill all holes with a wood filler like SuperFil, and clean all enclosed spaces of sawdust, wood chips, and other debris. If you have used a marker other than a pencil on the wood, remove the markings. Inspecting and repairing wood structures requires a certain amount of knowledge along with the proper repair techniques. If you must make a major repair on a wing spar or other critical component, I'd recommend that you hire a mechanic familiar with wood construction to perform the repair, with your assistance. Most repairs required during restoration will be fairly straightforward and simple to accomplish. If you have any wood that is suspect and you are unsure about its condition, find a knowledgeable mechanic to inspect it. Use government bulletin ANC-19 (available from EAA Aviation Information Services) and AC 43-13-IB as a guide for both inspection and repair of wooden structures. /£&> 90
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