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USING "KEVLAR" FOR HOMEBUILDING AIRCRAFT By Barbara A. Wolf E. 1. Du Pont de Nemours & Co.. Inc. Marketing Communications Dept. Wilmington, DE 19898



IN THE



FIRST quarter-century of aviation history, man's dream of flight in machines heavier than air was achieved by using wood, wire and fabric. Although wood eventually gave way to aluminum, designers today are once again using "fabrics" to create higher performance, lighter weight aircraft. Replacing the early canvas cloth is a high technology fabric made from KEVLAR aramid fiber, developed by the Du Pont Company. Now well-established as a construction material for transport category jets, corporate aircraft, military and civilian helicopters, missiles, and even the Space Shuttle, reinforcement with KEVLAR aramid fiber helps aircraft builders save weight and increase mechanical strength. What Is It?



KEVLAR is an aromatic polyamide (aramid) with a very rigid molecular chain. It evolved in the mid1960s from a Du Pont research program aimed at developing polymers with new levels of physical properties. Among its early uses were advanced composites and



replacing steel in tire cord. Commercial weavers produce a variety of woven fabrics from KEVLAR fibers. These fabrics are used in body armor, reinforcement of boat hulls and other



Volker Paedelt weighs out the exact amount of resin needed for each composite part. This ensures that the optimum amount of resin is used and minimizes the weight pickup



plastic composites, as well as aerospace products. Other forms of the fiber are used in premium radial tires, ropes and cables, protective clothing, gaskets and friction products. These aramid fibers have a density which is 43 percent lower than fiberglass and 12 to 30 percent lower than more expensive carbon fibers. Despite its lower density and thus the potential for lighter weight, KEVLAR 49 — the high modulus form of the fiber — has the highest specific strength of any commercially available fiber. It is twice as strong as "E"-glass and 10 times as strong as aluminum on a specific tensile strength basis. The fiber's tensile modulus, or stiffness, which helps maintain airfoil shape under aerodynamic loads, is twice that of fiberglass. KEVLAR aramid fibers are superior to glass fibers when resistance to damage, fatigue, vibration and crack propagation is needed, and they exceed the properties of graphite in many applications. Unidirectional composites of KEVLAR display a unique metal-like ductility. In compression or bending modes, these composites are elastic at low strain and plastic at high strain. This behavior causes these composites to fail non-catastrophically unlike glass or graphite reinforced plastics. Cloth of KEVLAR, suitable for homebuilt aircraft,



is available in weights ranging from 2.2 to 6.8 ounces per square yard, or thicknesses of 4.5 to 13 mils. Builders can select various weaves for the best combination of properties such as stiffness, strength, surface conformity or appearance. KEVLAR can be used with epoxy, vinylester or polyester resin systems. Each system best develops certain characteristics such as flexural properties and shear strength (epoxies) and impact resistance (vinylesters and polyesters). Aircraft builders can reduce weight while increas-



of too much resin content. RPI generally uses 60 percent fiber, 40 percent resin. (pho(0 by Davld A McClintock, SPORT AVIATION 17



ing mechanical properties of a craft by using the aramid fiber in place of fiberglass in a laminate, or as a



skin for covering a foam core or honeycomb. Hand layup techniques can be used.



How It's Used



Dr. Paul MacCready, the "father" of human- and solar-powered flight and internationally honored scientist, inventor and aviator, used KEVLAR aramid fibers in his extraordinary aircraft. MacCready used strands, braid and cloth of KEVLAR as tension elements and as tubular reinforcement because the fiber is very light, strong and unusually tough. It has very high tensile strength and modulus for its weight, making it ideal for internal bracing. MacCready's Solar Challenger was designed as a long range, high endurance, manned solar-powered vehicle. It first flew in 1980. The Solar Challenger has a cantilevered wing with a 47 foot span. The top surface of the 245 square foot wing is covered with 16,128 solar cells. They power a three horsepower electric motor spinning an 11 foot diameter variable-pitch propeller at 300 rpm. The 195 pound craft flies at speeds up to 37 mph IAS. KEVLAR was used to reinforce tubular structural members in the Solar Challenger's pod-and-boom fuselage and tubular-spar wings. The fuselage tubing is made of a graphite fiber composite overwrapped with fabric of KEVLAR to increase the allowable buckling stress of the graphite fiber and contain any graphite splinters in case of a failure. The fabric was used to reinforce foam wing ribs and for slack cords located on each side of the rudder to check over-control. The high technology fibers were used for bracing cords and control cables, and as suspension back-up in the main landing gear. MacCready feels that use of such lightweight materials is critical to future multiday flights of solar powered aircraft. He predicts that, "An aircraft could be built which would climb during the daylight hours, storing solar energy in potential form by altitude gain, and in chemical form by charging batteries. "By careful design, this energy could be sufficient to keep the vehicle aloft at night, so that the cycle could be repeated each day," MacCready says. "The Solar Challenger's current altitude range is greater than 30,000 feet and has a glide ratio of 13.4 to 1."



are of epoxy and KEVLAR, laid up in a half-cone mold, then glued together. A powered version, RP-2, is currently under development at RPI. KEVLAR has already proved itself on lighter, more fuel efficient commercial and business jets and helicopters. With a lower density than glass or carbon fibers, it can be pound-for-pound 10 times as strong as aluminum, making the fiber ideally suited for reducing weight while maintaining strength. As homebuilders become more familiar with composite construction, KEVLAR should see increased use in this growing side of the aircraft market. For further information about KEVLAR aramid fiber and its use in homebuilt aircraft, write: Du Pont Company, KEVLAR Special Products, Room 00000, Centre Road Building, Wilmington, DE 19898.



(Photo by David A McClintock)



Resin should be put down first to ensure proper wet out of fabric.



KEVLAR In Gliders



Aeronautical researchers at Rennselaer Polytechnic Institute (RPI) in New York are using KEVLAR to build new design lightweight aircraft. RPI's program on composites for aircraft produced a student-built 116 pound glider, the RP-1. First of a planned series of gliders, the RP-1 is reported to be very



stable and responsive. It has a speed range of 28 to 65



miles per hour. The maximum lift to drag (L/D) ratio is close to 14 and the craft has a minimum sink rate of two feet per second. According to Steven J. Winckler, RPI research assistant, "The use of composite materials is what makes



the RP-1 possible. Their high modulus and low density make them ideal aircraft materials."



The RP-1 wing spar is an I-beam with poly vinyl chloride foam webs sandwiched between skins of KEVLAR and with capstrips of graphite fiber. Wing webs and skin are also sandwiches of foam covered with the aramid fiber. An open-sandwich technique, with fabric of KEVLAR on one side only, was used to construct the tail section. Nose and aft cones, creating the fuselage, 18 AUGUST 1982



(Photo by David A. McClintock)



When the laminate is complete, a thin polypropylene sheet is adhered to the vacuum frame and the vacuum nozzle installed. The part may be under vacuum for 8 to 20 hours, depending upon the resin used.
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