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AIRCRAFT BUILDING



AIRCRAFT WOOD Part IV BY RON ALEXANDER In the February issue of Sport Aviation, a detailed discussion was presented concerning the defects often found in aircraft wood — particularly spar material — and how to detect potential problems. Defects in wood may contribute to lowering the strength of the wood. With that in mind, care must be taken by the aircraft builder and restorer to ensure the wood used in the construction of his/her airplane is free from major defects. Again, it is imperative that you, as the builder, be familiar with inspecting wood that you are going to use in your airplane. Aircraft supply companies inspect each



piece of wood before it is shipped to you. Local lumberyards do not. Even though you do not have to use wood that meets Mil Spec 6073 in an experimental airplane, I would definitely recommend doing so. You want to build a safe airplane as economically as possible but there are areas in which to economize and areas where you should not. Wood going into the primary structure of your aircraft is a "should not" area. Of course, the availability of wood is a major problem, or should I say the lack of availability. This has been discussed in previous issues along with suitable alternatives to



Sitka spruce. As a review, the major defects you should be aware of are as follows: • Moisture content • Grain considerations — rings per inch and grain slope • Pitch pockets • Pitch streaks • Compression wood • Compression failure • Wane '. • Knots • Brashness • Black streak . • Indented Rings • Shakes, splits, and cracks



WOOD STRENGTH TESTER - FIGURE 1 SCALE: 3/16" = 1" 1. START WITH SCALE AT Oft, JACK IN CENTER 2. JACK SLOWLY, WATCHING SCALE 3. ACCEPTABLE WOOD WILL NOT YIELD BEFORE SCALE REACHES 120 LBS. WOOD (TEST) MEMBER 3/4" X 3/4" X 26" A 1/4" X 1 1/4" ALUMINUM CHANNEL 1/4" BOLT 1
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FIGURE 2 wood exactly three-quarters of an inch square and 26 inches long. The sample is then weighed. Weight is an indicator of strength even though it should not be trusted by itself. The sample piece cut from Sitka spruce should weigh between 2.8 ounces to 3.5 ounces. As a general rule, samples of spruce under 2.5 ounces may be questionable. A similar piece of Douglas fir should weigh between 4.5 ounces and 5.5 ounces. The weight is measured to within 1/10 of an ounce using a postal scale. Weight of pieces of wood of the same species will vary. The weight depends largely upon where the tree grew, size of the log from which they were cut, moisture content, etc. Wayne states that even though weight is a , TESTING WOOD good indication of the strength of a piece of wood, he has found that this Wayne Ison, of Tennessee Engi- alone should not be trusted. For further testing the following neering and Manufacturing, Inc. (TEAM), was kind enough to share the procedure is recommended. Obtain a method of testing wood his company small hydraulic jack or mechanical uses prior to manufacturing their air- jack. Any may be used, as the top load craft kits. Wayne cuts a sample of the will not exceed 250 pounds. Center All of these items were defined and discussed in the preceding two issues of Sport Aviation. I recommend you review them prior to inspecting wood that you are going to be using for structural purposes. Also, be familiar with Mil Spec 6073 and obtain a copy of ANC-19 if you are a serious wood builder. It is of the utmost importance that you become familiar with inspection techniques or find another builder or restorer who has worked with wood and can assist in the inspection process. If, after a thorough inspection, you are still in doubt as to the quality of the wood you are using, a simple test can be made on a sample of wood. That test is outlined below.
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the jack exactly between the two upright members (see Figure 1). Before inserting a test sample, adjust the scale, with the jack in place, to read zero. Mark the centerline on the piece of wood to be sampled. The sample should be three-quarters of an inch square and 26 inches long. After marking the center of the piece of wood place the sample with the grain being horizontal. At this point, Wayne recommends p u t t i n g on a pair of safety glasses since some samples of wood will literally explode when they break resulting in small splinters being thrown throughout the area. Next, slowly add pressure on the sample. Note in the case of a hydraulic jack that the act of pumping will add a few pounds to the reading. After reading about 100 pounds check each stroke on the scale. If the reading holds and does not bleed off to a lower figure, continue until the wood fails. If at some point the reading bleeds off and does not hold, this tells you that the wood is failing in compression. A careful examination of the sample at the jack point will often show a mark, or vertical line, on the sides of the sample. This indicates that the wood has failed in compression and not in tension on the topside. Wayne Ison will not use wood for spar material that does not reach a minimum of 125-130 pounds without any indication of fracture or bleed off. Samples of Sitka spruce will usually go to about 130-135 pounds. Douglas fir should not fail in this test until you reach approximately 160-175 pounds. Failure of wood samples to adequately meet this test does not imply that the wood cannot be used for a use other than spar material. Many wood aircraft components do not have to withstand the loads that are imposed upon the wing spars.



A special thanks for Wayne for providing this information. A picture of the test stand is also shown in Figure 2. It is important to understand that there are alternatives to wing spars other than a solid piece of spruce or fir. Figure 3 illustrates suitable methods of constructing a wing spar. The wing fuselage fittings, ribs, and compression struts are all attached to the spar. It is an extremely important component of the aircraft. As you can see, laminated solid spars are often used.



Rectangular solid spars and laminated spars often have reinforcing blocks glued on at the point of attachment of fittings and members. Routed I-spars, built-up I-spars, and box spars are designed to save weight. Routed spars are found in many antique aircraft where Douglas fir was the choice of wood. The routing was accomplished to effect a weight saving. The box spar consists of an upper and lower flange connected by plywood webs. Bulkheads are used for bracing the plywood webs against buckling. These bulkheads can also serve as reinforcing blocks at points where fittings and members are attached. Fitting attachment bolts are inserted through aluminum alloy bushings. These bushings provide more bearing surface on the wood and lessen the possibility of local crushing of the spar. Bushings are usually press fitted into the spar. INSPECTING AND REPAIRING OLDER WOOD



We have spent a lot of time talking about inspecting and testing new wood. What about wood that is on a completed aircraft that is currently flying? What if I am restoring an antique or classic airplane and I need to know whether or not I should replace a spar or complete a repair? Are the inspection procedures the same? Basically, you will inspect wood in completed aircraft much the same way as you do when you are examining new wood. There are, of course, some differences. Older wood will often hide defects that will be readily apparent in new wood. This is due to the discoloration of the varnish as it ages along with other wear. Cracks and compression failure are sometimes difficult to find and the wood must be very carefully inspected. Look for deterioration at the lowest points on the aircraft. If the airplane has a tailwheel, look at the aft section of the wings and fuselage. Dirt can collect in these areas and then if it gets wet it will hold moisture against the structure. This can result in the protective varnish being penetrated allowing moisture to get into the fibers of the wood. Use Advisory Circular 43-13 as a guide. The following items should be inspected with regard to structural wood: Inspect for evidence of mildew.



Mildew may result from excessive hu- nails loosening it may be evidence that midity and heat. If it is extensive it can there is adverse movement of the spar result in dry rot developing. that should be investigated. If there is Inspect glue joints — all glue joints any evidence of corrosion or water should be closely examined for evi- stains around the nailed area further dence of cracking or opening up. This inspection is necessary. These same can indicate a loss of adhesion. Also, inspection items apply to wood screws. if a glue joint is discolored it may be Wood shrinkage — particularly an indication of an adverse chemical around fittings. If the wood shrinks the reaction that could cause loss of adhe- bolts or screws holding fittings in sion. (Note: if Resorcinol glue has place may loosen. been used it will be a dark color). If Excessive moisture or wetness of you find evidence of failing glue the wood — be sure moisture is not joints, scrape away all of the varnish being trapped in the wooden structure. around the area. This will allow you to Inspect for cracks — this item is better examine the wood and, more very important. You should inspect the specifically, the glue joints. You can spar for any developing cracks. Use a also use a small knife to see if you can small magnifying glass in suspect arpenetrate the crack by a gentle pushing eas. Cracks are often difficult to see of the blade. Use a magnifying glass to with the naked eye. Cracks may deassist in your inspection of glue joints. velop anywhere on the spar but are Loosening of nails — nails in more likely to develop around fittings. wooden structures are placed there to The wing attach fittings that attach the hold component parts in position until wings to the fuselage should be thorthe glue dries. For all practical pur- oughly inspected. Also, strut attach poses they can be removed once the fittings. Excessive stress on the entire glue is dry. However, if you see any wing structure can cause cracks. Im-
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pacts that have occurred or bolts that are too tight on the wood can cause problems. Be sure to look over the entire spar for cracks. Looseness of fittings — you should shake the wings in a rapid manner from the wing tips to see if you detect any loose fittings. This would be found where the wing struts are attached to the spar. If you detect any loose bolts you should investigate further for indication of wear of the bolt or wood deterioration. 116 MARCH 1999



FIGURE 3



Inspection of reinforcement plates — most wooden spars have plywood reinforcement plates glued to their faces where wing and strut fittings are attached. These plates may also be found under a spar splice. Be sure these plates are not separating from the spar itself. If the glue is failing or other problems are developing, the plate itself may have to be removed and replaced. Loss of finish — if the varnish is be-



ing eroded from other chemicals or



simply is deteriorating, mildew or a fungus can develop within the wood fibers. Stains — be very suspicious of any stains you observe. Stains are often accompanied by rot. Fungus — you should inspect for fungus. It will usually develop under hot, moist conditions when exposed to spores released by fungus in storage areas. Dry rot — dry rot can be caused by loss of finish, mildew, fungus, excessive shrinkage and cracks. Wood that is developing dry rot can be critically weakened. Compression failure — this wood defect was discussed in detail last month. You must be aware of this problem in aircraft that are completed and have flown. If the airplane has been subjected to unusual loads or stress, the development of a compression failure is possible. It will usually appear as a small, fine line running across the grain of the spar. It is an indication that the fibers in the wood have been strained and actually ruptured. Anytime you detect wood that has evidence of a compression failure it must be replaced. If you suspect an area of wood is rotten or decaying, you can use a small knife to scrape and pick at the wood. If the wood splinters it should be good but if it is soft and can be easily cut into small chunks it is probably rotten and should be replaced. If any area is rotting or decaying it should be replaced with sound wood. When you are inspecting older wood you assume that most of the major defects presented earlier in our discussion will not be present. That is a fairly safe assumption, but you must still be on the lookout for these problems. You would hope that the person who installed the wood and finished it also inspected it for major defects. Usually that is true, but you still should



do a complete inspection. If you are restoring an airplane, you will not have the opportunity to inspect these areas for a very long period of time. The airplane will be covered with fabric and not be open again for a number of years. When the covering is off is the time to find problems.



A bigger challenge occurs during a routine annual inspection (production aircraft) or condition inspection in the



case of an experimental aircraft. Removing inspection plates to look for



Superfil epoxy filler used on wood leading edge of wing.



Built up I spar



spar defects must be accomplished during this yearly examination. Attempting to view a spar through a small opening looking into a dark area is a task. Lights and inspection mirrors are necessary to facilitate this inspection. Obviously, finding problems with wood in your aircraft is much easier when you are rebuilding or restoring the aircraft than during the annual inspection. Extreme care must be taken to ensure the yearly inspection for wood problems can be adequately accomplished. What if you do find a crack in a spar and some other indication of a major problem? Can you repair the spar or other component part? The answer is yes, usually you can effect a suitable repair. Repairs of wood are often not simple and I would suggest you do some studying of AC 43-13 and other publications prior to undertaking a major wood repair. Of course, if you are restoring a production airplane you must have an airframe mechanic do the repair or supervise you while you do it (assuming you are not an A&P mechanic). Wooden spars can be spliced according to procedures found in AC 43-13. Basically, a spar may be spliced at any point except under wing attachment fittings, strut fittings, etc. The fittings themselves must not overlap any part of a spar splice. A spar crack will often develop in the vicinity of the plywood reinforcement plates. These cracks often occur as a result of the spar shrinking when excessive drying takes place. These cracks often start under the plates themselves at the bolt hole and spread



in each direction. The presence of a crack does not mean the spar must be replaced. AC 43-13 states, "If the crack is not too long or too close to either edge and can be reinforced properly, it will probably be more economical and satisfactory to effect a repair than to install a new spar or section." This type of repair consists of the cracked area being reinforced by



gluing plates of plywood or spruce to both sides of the spar. These plates must be of sufficient thickness to develop the shear strength to both sides of the spar. The plates should also extend beyond the cracks as recommended in AC 43-13. The advisory circular details how to accomplish this repair. Again, no fittings are allowed within the cracked area.
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can legally do the repair but someone experienced in wood construction should do it. The concluding article on wood construction will appear in the next issue of Sport Aviation. I will end this series with a discussion of aircraft plywood, glues that are available, and the proper finishing of wood in aircraft structures. ^ The EAA/SportAir workshop schedule is as follows:



March 20-21,1999



Denton, TX



April 24-25,1999 Salt Lake City, UT May 1-2,1999



Greensboro, NC



June 5, 1999



Columbus, OH



June 26-27, 1999



Frederick, MD



Information on these work-



Note dark appearance of resorcinol glue in joints.



shops can be obtained by calling 800-967-5746 or by contacting



Common sense dictates that repairing a wing spar is a critical repair and should only be undertaken by experienced builders. A licensed mechanic



must accomplish these repairs on a production airplane. (The repair may also be made under their supervision.) On an experimental aircraft anyone



the website at www.sportair.com. The author may be emailed at [email protected]
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For rules and entry form contact Aircraft Spruce at (800) 824-1930
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