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AIRCRAFT BUILDING



AIRCRAFT WOOD Conclusion BY RON ALEXANDER This article concludes our series on wood that is used in the construction and restoration of aircraft. Upon examining the problems associated with selecting wood for use in your airplane, it is apparent that you must become familiar with how to properly inspect wood prior to installation. The previous articles provide an indepth look at the types of wood you can use, the common defects found in these types of wood, and how to properly inspect the wood. Military Specification 6073 is presented and discussed as it relates to Sitka spruce. The articles suggest that you should



purchase wood from a reputable kit manufacturer or aircraft supplier — one that further inspects lumber prior to shipment. Most of these companies complete a final inspection for obvious defects before shipping the order to you — the end user. Several of them will even do testing on samples of wood. The procedure of accomplishing a simple test on wood samples used by TEAM, Inc. was outlined in the March 1999 issue. Prior to beginning our discussion, I would like to correct an error made in the December 1998 article. I stated that the famous Spruce Goose aircraft
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was constructed largely of spruce. That statement is incorrect. Mr. Dick



Wood of the Evergreen Aviation Education Center sent an article referencing the building of the Spruce Goose. This aircraft is on display at the above-mentioned center located in McMinnville, Oregon. The article states that after thorough testing of many types of wood, birch was selected as the primary wood to be used in this unique airplane. According to the article found in Howard Hughes & His Flying Boat by Charles Barton, "Birch was selected as the main structural material, not only be-



cause of the structural properties, and its good strength-weight ratio, but also because spruce of the quality desired was difficult to obtain. However, spruce, poplar, maple, and some balsa for fairings were also used. The main structural material for the flying boat was built up by bonding several plies of birch veneer with glue. The bonds were formed under both heat and pressure, but some cold setting was used in certain cases." As you can see from the referenced article, spruce was becoming difficult to obtain during the construction of the Spruce Goose in the early 1940s. As I have repeatedly mentioned, the scarcity of spruce has become much more pronounced through the years. It is very difficult for the aircraft supply companies and kit manufacturers to obtain quality spruce. I will conclude our series on aircraft wood this month by discussing plywood, glues used in aircraft wood construction, and how to properly finish wood.



should not be used in any structural component of your airplane. Why? Most common grade plywood is comprised of plies of veneer that probably have several defects. These defects result in voids or gaps between the sheets



of core veneer. These voids cause a



weak spot in the plywood itself. If moisture creeps into a void it can lead to rotting or delamination of the plywood. In addition, the glue used in common plywood may not have adequate strength or be waterproof. Aircraft grade plywood, on the other hand, must be free of all voids and the veneers used must be free of most wood defects. The glue used must also meet certain specifications. Most manufacturers use phenol-phenolic glue applied in a hot press. The glue is both waterproof and fireproof. A military specification pertaining to the manufacture of aircraft plywood was developed by the government years ago. This specification is referred to as Mil Spec 6070B. It outlines in detail the types of wood that can be used, adhesives to be used, thickness



of veneer, defects not allowed in veneer, thickness tolerances, sample testing requirements, etc. To my knowledge only one company manufactures plywood to this Mil Spec. That company is Aircraft Plywood Manufacturing, Inc. owned by Jerome Hediger. Jerome is also the manager of Wicks Aircraft in Highland, Illinois. Jerome provided information for this article. "All plywood manufactured by his company is done so in accordance with Mil Spec 6070B. This plywood is measured in fractions of an inch and can legally be used in production aircraft. The veneer used is either mahogany or birch with a core material between the sheets of veneer. This core material is usually poplar. Birch, basswood, or maple is also acceptable as a core material. Each ply must be 90 degrees to the adjacent ply. The outside plies of material are called faces and the inner plies are termed core and cross bands." The basic construction of a 5-ply panel consists of a center ply made of core material with 2 inner



AIRCRAFT PLYWOOD Confusion often results from the terms veneer and plywood. The term veneer is used to describe the relatively thin sheets of wood cut with special machinery from the surface of a log. The log typically revolves in a massive lathe and thin sheets are sliced or sawed from the log to form veneer. Plywood, on the other hand, refers to the combination of several sheets of veneer that is glued together. These sheets are termed plies. You will usually hear plywood referenced according to a certain number of plies, each being one layer of veneer. Plywood does have certain advantages over solid wood when used in aircraft construction. As compared with solid wood, one of the major advantages of plywood is the presence of more equal strength properties along the length and width of a specific panel. Plywood is also more resistant to checking and splitting and it has less change in dimension with corresponding changes in moisture content. These advantages are obtained by alternating the direction of grain in the plies of veneer. Plywood used in aircraft construction must be manufactured according to certain specifications. The regular plywood you find at your local lumberyard
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taken if you decide to use this type of plywood. I would not recommend using it for anything structural.



USE OF PLYWOOD Plywood is used for a number of purposes in aircraft construction. Examples are gussets for wing ribs, reinforcement plates for wing spars, instrument panel construction, floorboards, skins for entire wing panels, leading edges of wings, etc.



REPAIRING AND STORAGE OF PLYWOOD



Two-part Resorcinol glue



plies whose grain will be oriented at a 90 degree angle to the 2 face plies. Birch plywood is stronger than mahogany but is also heavier. Some builders prefer mahogany because it weighs about 10-15% less than birch. The appearance of mahogany is sometimes preferred over birch. Plywood manufactured under Mil Spec 6070B must pass a boil test for 20 minutes. After the boil, the plywood is subjected to a peel test and the wood must fail before the glue line fails. This plywood is often referred to as fractional plywood and it is available in 4 ft. x 8 ft. panels. It is also sold both as 90 degree plywood and 45 degree plywood. The degree reference pertains to the outside or face veneer orientation. Forty-five degree plywood is more expensive and is mainly used where torsional stiffness is required.



METRIC PLYWOOD Metric plywood is manufactured according to a European standard. It is termed GL-1 or GL-2 — the GL meaning German Lloyd. GL-1 is a more strict specification than GL-2 that allows more defects. Metric plywood obviously is measured using the metric system with 1.5mm (approximately 1/16 inch) being a common thickness.



It is only available in 4 ft. x 4 ft. panels. Metric plywood is a suitable alternative to fractional plywood for experimental aircraft. It is my undergo APRIL 1999



standing that most FAA inspectors will require fractional plywood to be used in production aircraft. This is because fractional plywood is manufactured according to a military specification. You can inquire further concerning this with your local FAA office. You will find GL-2 grade metric plywood readily available for purchase. It is acceptable to use GL-2 rather than GL-1 for experimental aircraft. Also, the glue used in manufacturing metric plywood is similar to that used in fractional.



Repairs on plywood surfaces are discussed in detail in FAA Advisory Circular 43-13. This publication discusses repairing ribs, patching plywood skin, bending plywood, etc. AC 43-13 has several pages devoted to this subject and I would recommend referring to it prior to doing any wood repairs. Concerning the storage of plywood panels, you will want to ensure that you store this and any type of wood in a dry area. Remove it from the ship-



MARINE PLYWOOD Several aircraft builders use marine grade plywood in aircraft construction. It is available from aircraft supply companies. It is sold in two different grades, A-A and A-B. The A-B grade means that the A side does not allow too many defects where the B side allows for more defects. Marine plywood is usually made of Douglas fir. It is inexpensive but of poor quality. Care should be



Epoxy Adhesive



ping crate and inspect it for moisture or damage. Pieces of plywood may be stacked on top of one another. Do not



store plywood on concrete floors or in any area where moisture may present a problem. Store in a dry, well-ventilated area with all edges exposed to permit adequate ventilation.



WOOD GLUE Certainly, the type of glue used in



wood construction is of the utmost importance. Glue is the material used



almost exclusively as a means of joining wood in aircraft construction. A component part is considered joined satisfactorily if the strength of the glue joint is approximately equal to the strength of the wood itself. The Aircraft Woodwork Technical Manual states, "A strong glue joint is characterized by complete contact of glue and wood surfaces over the entire joint area, with a continuous film of glue between the wood layers, unbroken by air bubbles or foreign particles. The details of the gluing operation control the result." Wood surfaces must be clean (free of oil, grease, varnish, paint, etc.) prior to gluing. It is best not to sand the pieces prior to assembly. Sanding dust will often fill the pores of the wood resulting in a weak bond. Apply glue to both pieces that are to be joined and then place them together. After joining the wood pieces together you will want to apply pressure. The amount of clamping pressure does vary depending upon the type of glue to be used and the type of wood. Pressure is applied in order to distribute the load from the point of contact to other parts not directly under the load. Pressure can be applied using clamps or brass coated nails. As a rule of thumb, use about four nails per square inch of wood. Remember that the purpose of the nails is simply to hold the pieces



together until the glue dries. As a general rule of thumb, a lighter pressure will be used with thin glue and a corresponding higher pressure used with thicker glue. It should be noted that using epoxy adhesives requires minimal clamping pressure. Application of too much pressure will starve the glue joint through excessive squeezing out of the glue itself. If you are unsure about how much pressure to apply you should make up test samples. After allowing the glue to



properly dry in the sample pieces,



holding up inside your airplane. Again,



fail prior to the glue joint. Once you



ing wood gluing.



place the piece in a vise and try to break the wood. The wood itself should



have made this determination you can then use the same gluing techniques on your structural pieces. It is also advisable to glue together two or three sample pieces. You can present one sample to the FAA inspector and keep another sample for several years (1020) to test again at that time. That will



help you determine how the glue is



The plane



AC 43-13 has detailed information on the proper application of pressure dur-



TYPES OF GLUE Now we enter the world of controversy. There are as many opinions concerning what type of wood glue to use as there are builders. Basically, the types of glue can be broken down into the following categories: Casein glues,
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CASEIN GLUES



•NoOU



Casein glue was used in aircraft during the early 1900s. It remained in use until about 1940. It was difficult to mix and slow to dry. It was not waterproof and could not withstand higher temperatures. Do not use casein glue on your aircraft. The new AC43-13 states, "Casein adhesives should be considered obsolete for all repairs."



PLASTIC RESIN GLUES Plastic resin glue has been used in



45° birch plywood — note Mil Spec stamp



plastic resin glues, Resorcinol glues, epoxy glues, and polyurethane glues. One very important note regarding your choice of adhesives, use the type of glue recommended by the kit manufacturer if you arc building a kit



aircraft. Be sure to use any type of glue strictly in accordance with the instructions of the glue manufacturer. (An in-depth discussion of aircraft adhesives can be found in the July 1996 edition of the EAA Experimenter.)
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aircraft for many years. It is powdered glue that is mixed with water prior to use. It uses urea-formaldehyde to promote a chemical reaction. This type of glue is not waterproof but does have much better water resistance than casein glue. However, plastic resin glue has been shown to deteriorate in hot, moist environments. It is a fact that on a hot day an airplane parked on an asphalt ramp can experience temperatures in the inside of a wing that exceed 200 degrees F. It has been determined that at temperatures of 120 degrees F, urca-formaldchydc glues begin to deteriorate. Prolonged exposure to heat has a cumulative effect on the glue. AC 43-13 now contains a warning concerning the use of plastic resin glues. It basically states that you should consider this type of glue obsolete for aircraft wood repairs and any proposed use should be discussed with the appropriate FAA office prior to use on a certificated aircraft.



RESORCINPL GLUES
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At approximately the same time plastic resin glues were introduced Resorcinol glue was manufactured. These glues consist of a two-part mixture that is very thick and also is a dark purple color. The glue consists of a resin and a hardener. Because of its color it is easily recognized after being applied on aircraft structures. Proper mixing and recommended clamping pressure are both critical to achieving



proper bonding strength. Aircraft



and water resistance appears to be good. The second is called Timber Tix and was developed for boat builders. It too of years. Some find the dark color of requires no mixing. I am not aware of the glue objectionable. It does retain other polyurethane glues and their rethis dark color after it has dried on the spective properties. I know they exist wood. This type of glue is readily avail- but I have not investigated them comable from your aircraft supply company pletely enough for a recommendation. and can be used with success. So, what is the bottom line concerning glues? A number of builders EPOXY GLUES are using either Resorcinol glue or one of the many epoxy glues availThere are many epoxy glues on the able. T-88 and F P L - 1 6 A are two market today. A popular glue used by examples. Remember to protect your many amateur builders is called T-88 skin if you are using epoxies. Many of and it is manufactured by System the polyurethane glues are probably Three, Inc. Epoxy adhesives consist of very good. Mr. Vick with the Forest a resin and a hardener that are mixed Products Laboratory has written a retogether just prior to use. The pot life cent article in Sport Aviation regarding (working time) of cpoxies varies with glues. No matter which type of glue the type of adhesive and with the tem- you decide to use, test several samples. perature where you are working. Try to destroy the test pieces after the Generally, you will have 30 minutes or glue has cured. You should destroy the more to complete the gluing process wood prior to the glue joint failing. The before the epoxy begins to gel. Curing decision is yours unless you arc buildtime to maximum strength also varies. ing a kit aircraft. Then you should use It is very important that you mix epoxy the type of glue supplied with the kit. adhesives according to the instruc- The same applies with a plans-built airtions. Do not vary the amount of hardener to resin ratio. To do so will adversely affect the strength of the bond. Fast curing epoxies, often referred to as 5-minute epoxies, are occasionally used to hold pieces together for further bonding. Do not use these epoxies for anything structural. They do not develop the necessary strength. There exists some controversy conPinpoints Lightning cerning the use of epoxy adhesives on aircraft wood structures. There is a Digital accuracy possible problem with high temperaClear, bright display tures. I consulted Kern Hendricks of Superior situational awareness System Three, Inc. and he stated that he is not aware of any documented Shows all activity failures due to heat in any aircraft built Monitor storm progress with T-88 epoxy adhesive. He did say Real-time 360-degree view that if you arc bonding wood at tembuilders and restorers have used Resorcinol glues with success for a number



peratures below 60 degrees you should allow the bond to cure at temperatures above 70 degrees for at least 24 hours prior to use. He also said, "Like all epoxy adhesives minimal clamping



pressure should be used to avoid starving the glue joint through excessive squeeze out."



POLYRRETHANE GLUES



Wayne Ison of TEAM, Inc. mentioned two new polyurethane glues available. One is Excel, made in Belgium. It requires no mixing. Strength



plane. If a certain type glue is recommended by the designer — use it.



FINISHING WOOD Proper finishing of the wooden parts you have constructed is very important. The wood must be sealed and protected from moisture. It must also be protected from any chemicals that might permeate fabric during the covering process. The best types of varnish to use are epoxy and polyurethane varnishes. After proper curing, either of these will seal the wood and protect it from most chemicals. There are other varnishes available but they usually do not offer protection from chemicals. The added cost of an epoxy varnish or a polyurethane is insignificant compared to the protection they will offer. Both of these varnishes are two-part mixtures. Hardware store polyurethane



varnishes are usually not true



polyurethanes. The varnish must be catalyzed to be considered a true polyurethane. Polyurethane varnish is
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