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Structural Testing of the Lancair 200
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Designing, building, testing and marketing a kit aircraft takes skill, talent, dedication and lots of hard work. Lance Neibauer, designer of the LANCAIR 200 certainly lacks none of these ingredients. Not only did he design one of the best kit aircraft on the market today, but he did it in a relatively short time of two years from the date of conception to completion. This is indeed a remarkable feat when one considers the amount of work involved. I first met Lance in Santa Monica in 1983 when I conducted a class on "Composite Aircraft Design". I had decided to give the class because, in my youth, I worked as a life guard at North Beach in Santa Monica and I had very fond memories of those days. A friend, Jim Miede, and I drove down, conducted the class, went swimming for 20 minutes in the Pacific Ocean and drove back home to Santa Clara . . . a trip which takes seven hours. All this for a 20 minute swim. Because of the tremendous amount of skill, work and dedication it takes to design and build one's aircraft, I know that only a small percentage of the people that attend my class ever design and build their own aircraft and I really did not expect much to happen from the group in Santa Monica. Needless to say, when Lance contacted me to perform the structural analysis on his production aircraft, I was delighted. His prototype aircraft was already flying and he had done a marvelous job in designing a high performance composite aircraft using the best config-
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uration, construction techniques and materials that are available in today's world. The entire LANCAIR structure is built out of Hexcel prepreg fiberglass cloth, film adhesives, Nomex honeycomb and Divinycell foam core and graphite spar caps. The parts are laminated in female tools, vacuum bagged and temperature cured in a large oven. This process assures excellent quality parts in which the resin content is controlled, the mechanical properties are high at room and at higher temperatures which assures good creep properties, and the mechanical properties are predictable. Since the resin content is controlled in prepreg vacuum bagged parts, they are also much lighter than parts which are wet laid up and cured at room temperature. The prepregged, vacuum bagged and oven cured parts are the best in quality but they have one disadvantage . . . they are more expensive. The LANCAIR parts are being made in Oxnard by High Tech Composites, Inc. under the supervision of Richard Trickle, who at one time worked for Task Research, Inc. Richard has built a number of his own aircraft and he is exceptionally skilled in working with composite materials. Both Lance and Richard have a proven record of getting the job done in record time and they make a good managing team. Oshkosh '85 was the first showing for the LANCAIR 200 and a lot of work had to be done to show the prototype and manage the exhibit booth. In December 1984, Lance had scheduled the wing



testing to occur immediately following the EAA Convention. We both knew that we had to test a set of wings to destruction. Composite materials, unlike aluminum, do not have a yield point. Aluminum wings are normally tested to limit loads which are the maximum inflight loads. You only need to prove that they do not yield or bend at this load. Since the ultimate strength of aluminum is usually 1.5 times the yield strength, it is assumed that they will not fail when loaded to ultimate loads which are defined as 1.5 times the limit load. The limit load test is obviously much less severe. After loading to limit loads, the weights are simply removed and it is observed that the wing returns to its original position. If they do not return to the original position, it is assumed that they have yielded and deformed permanently. Since composite structures do not yield, they must be tested to failure. In addition, a safety factor of 2.0 is used instead of 1.5. That means that the structure must take twice the maximum load which it will experience in flight. Aluminum structures are designed to a safety factor of 1.5. This may be one reason for the better record shown by composite aircraft to withstand crash loads and better crash worthiness statistics than metal aircraft. Graphite spar caps were selected for the LANCAIR 200. These caps resulted in lower wing deflections which results in lower aileron hinge forces and lower lateral control stick forces during high G maneuvers. We calculated that with the



graphite spar caps, the wing deflections would be one half that of fiberglass spar caps and we showed a weight saving of about 4 lbs. per wing. Immediately upon returning from Oshkosh, High Tech Composites began building a production wing test specimen. The wing spar for the production aircraft was sized using my spar computer program which assumes a constant air pressure over the wing. At first glance, this loading may seem a little bit conservative for design purposes and there was some concern that maybe we should use another, more exact loading distribution that would include the affects of washout and angle of attack. A computer program developed by Han Kroo, a NASA research scientist and Stanford University professor, was acquired and used to determine the more exact loading distribution. This program uses the discrete vortex method developed by Weissinger and a listing for the program is included at the end of this article. The program is set up to run on the Macintosh 512K Personal Computer with Microsoft Basic Version 2.0. Such parameters as wing sweep (Sweep), taper (Taper), aspect ratio (AR), washout (WSH), angle of attack (ALPHA), and mach number (Mach) are used to determine the spanwise lift distribution for any number of wing stations (n). The program output is the product of lift coefficient and chord (CL'C), as a function of wing station (ETA). The actual wing loading is determined by summing CL'C and multiplying the total wing load by the CL'C at the specific wing station and dividing by the sum of CL'C. The wing was tested to destruction using this load distribution. The wing was designed to a limit load of 4.4 GS and an ultimate load of 8.8 GS. Or stated in another way, the maximum in flight load is 4.4 GS and the failure load is 8.8 or 2 x 4.4. The first test wing failed at 7 GS in the upper spar cap in compression. The cap is made of unidirectional graphite. A second wing was made using a slightly thicker cap layup schedule and this wing was subsequently tested to failure at 8 GS. The results from the second test showed that extremely high test loads were being realized at the wing support. The shear web had failed at a place where it should not have. It became obvious that under actual flight, the aircraft would never realize such loads that we were subjecting it to under the test and from our analysis we know that the wing is good for substantially higher loads before failure. Figure 1 shows the second wing being loaded. The wing was also tested with the Weissinger loading schedule as shown in Figure 2. A comparison of this load schedule to the load schedule of SPAR is made and it is seen that the maximum bending load at the center of the fuselage is in close agreement with the 21



Weissinger technique and a listing of SPAR written for the Macintosh in BASIC is also included at the end of this report to help those of you who are designing wing spars. It should be pointed out that the program assumes a box beam and that the shear web thickness is the thickness of each of the two webs. So if you are designing a single web spar, multiply the web thickness by 2. During the second test the spar shear web under the wing support failed at a calculated shear stress of 8,000 psi. A review of our test procedure showed that the actual shear loads during the test at this point were 1.7 times as high as the ultimate design load of 8.8 GS or approximately 15 GS. Figure 3 shows the test set up. From Figure 3 we can easily calculate the test load. If we sum moments about the left hand attachment in Figure 3, we calculate a reaction force, P, of 5927 lbs. which is seen at the wing reaction point. ZM0 = 3924 x 145 - R x 96 = 0, There-



fore P = 5,927 lbs.



Figure 4 shows the configuration of the wing in actual flight. The pilot and passenger sit midway between the main spar and the rear spar and only 1/2 of their load is reacted at the wing to fuselage juncture. If we sum forces in the vertical direction, we have SF = n x 2 x (Gross Weight - People/2 Wing and Fuel) - 2P = 0 £F = 4.4 x 2 x (1275 -380/2 - 294) -



2P = 0



Therefore, P = 3480 lbs. For the design ultimate load, the shear stress in this web is fs - 3480/0.734 = 4,741 psi



ultimate. A good shear allowable stress is 6000 psi. Therefore, the margin of safety is M.S. = 6,000/4,741 - 1 = +0.26 ultimate. This attachment will not fail at ultimate loads. From the calculated spar failure stress of the first test, we slightly increased the upper spar cap thickness. The calculated stress for 8.8 GS in the upper spar cap at the second test failure point is 47,867 psi. The margin of safety for the upper spar cap is M.S. = 72,000/47,867- 1 = +0.50 ultimate The tensile stress in the lower spar cap is 91,850 psi. The margin of safety for the lower spar cap in tension is M. S. = 130,000/91,850 -



1 = +0.41



ultimate. For inverted flight the loads are divided in half and the following margin of safety is calculated, M.S. = 72,000/ (91,850/2) - 1 = +0.56 ultimate.
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These margins of safety are above and in addition to the safety factor of 2. Needless to say, we know that the LANCAIR 200 will not fail at ultimate loads. The wing has been tested to failure and it has been demonstrated by tests that the failure load is well above the limit load. Detailed structural analysis shows that the structure will not even fail at well above ultimate loads. I hope that the information included in this article will help you in designing your composite wing and with equal importance, help you establish a proper test procedure. As you can see, proper static load testing can be rather complex.
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