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Wing Static Test

due to the lack of a stress analysis, a wing structural test up to the limit load was advisable. Following are the calculations on which the test was based: Airplane ... 
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Wing Static Test By Ladislao Pazmany, EAA 2431 2874 Burgener Blvd., San Diego 9, Calif. The "Crosswind", an all-metal airplane designed by Gary Stevenson, is based largely on the Wittman "Tailwind" design.



HE HOMEBUILDER, after completing his project, is usually pretty anxious to fly his new creation, but first he should check the structural integrity of his new design. When a stress analysis is not within his capabilities, a simple static test will provide the answer. The purpose of this article is to explain to the homebuilders a simple method of making a wing static test. Gary Stevenson, EAA 2714 of 570 Elm St. in Imperial Beach, Calif., a member of the San Diego, Calif. Chapter 14, designed and built the "Crosswind", an allmetal airplane based on the Wittman "Tailwind" design. Due to the fundamental structural changes involved, and due to the lack of a stress analysis, a wing structural test up to the limit load was advisable. Following are the calculations on which the test was based: Airplane gross weight .... 1,260 Ibs. Weight of the two wing panels 120 Ibs.



T



Net load on wing 1,140 Ibs. Limit load factor: n=4.4 (CAR 3 Utility) Limit load on wing: 1,140 Ibs. x 4.4=5,016 lbs. = 5,COO Ibs. In flight, this load is applied over the entire wing, including the fuselage, as shown in Fig. 1. But in order to simplify the calculations, the load was applied to the wing panels only, as shown in Fig. 2. This, of course, is a conservative assumption, and if the airplane is capable of withstanding this load, it has an extra margin of safety.



To simulate the air load distribution shown in Fig. 2, a system of "whiffle trees" and hydraulic jacks was used. This device has great advantages as compared with the sand bag method, inasmuch as it is cleaner, faster, cheaper and safer. If something should go wrong, the pressure could be released instantaneously, while in a sand bagging operation, removal of the weight would take a much longer time. Also, because of the property of liquids under pressure, the relief in case of a break is automatic, even if the emergency relief valve is not operated. At a small displacment of the hydraulic piston, the pressure will drop instantaneously. As calculated before, the total load was 5,000 Ibs. . . . that is, 2,500 Ibs. on each side. To apply this load, the hydraulic jack must be anchored, either to a foundation or, as in this case, to the test jig. This arrangement provides for the equilibrium of forces within the jig itself. For the "Crosswind", this was convenient due to the very short span, but for a larger span airplane, it would be simpler to anchor the jacks to a concrete foundation. The airplane was mounted upside-down on the jig, as shown in Fig. 3. Extra length bolts at the front spar at(Continued on next page!
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The helping hands, all fellow Chapter 14 members, were (left to right): Frank Hernandez, Ladislao Pazmany, Douglas Hoff, Gary Stevenson, Al Toth and Bob Bromps.



FIG. 2 SPORT AVIATION
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Douglas Hoff connects whiffle tree to the hydraulic jack.



The chordwise beams rest over wood blocks at the rear spar, main spar and leading edge.



WING STATIC TEST . . . (Continued from preceding page)



tachments transmitted the main load to "saddle" fittings. The airplane "rested" over foam rubber pads at the rear spar. In order to simulate "high angle of attack" in order to have some chordwise load components, the airplane was tilted 12 deg. "nose down." Next, the chordwise wood beams were installed. These beams rest over spanwise wood blocks, padded with foam rubber. The lift force was applied at approximately 30 per-



cent of the chord. The loads were bridged around the wing structure with rod links at the leading edge, and behind the rear spar. Each chordwise beam was connected to the spanwise beams of the whiffle tree by means of threaded iron rods.



The hydraulic jacks were connected by flexible hoses



to a hand pump. A reservoir, pressure gauge and a hand-



operated relief valve completed the system.



A "loading schedule" was prepared, as shown in Table 1. The loads were applied in 20, 10, and finally 5 percent increments, as seen in the first column. After each load was applied, deflections were measured at six points along the span, as shown in Fig. 3, and then the pressure was slowly released until the 20 percent load
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The tension mounts, for the wing, as well as for Gary Stevenson, as he keeps pumping in the pressure bit bv bit.



was reached again. At this "basic" load, deflections were measured again. The deflections were measured with extensometers, consisting of a cord taped to the wing skin, with a knot



for a reference point, and a weight to keep the cord in tension. A wood stick standing on the ground, with a



The



extensometer



consists



of



the



weighted string, and a stick with graph paper attached for graduations.



The airplane is mounted so that the load is applied to the wing at 12 deg. angle of attack.



strip of graph paper, provided the scale. The deflections measured are shown in Table 1. During the application of the load, buckling of the bottom skin was observed. However, these deflections are normal in sheet metal structures, and disappeared completely after the load was removed.



And there she is ...



Gary Stevenson



holds the "100 percent load" card, and the "Crosswind" has successfully passed the wing static test.



The airplane was removed from the jig, and the wing panels were unbolted and inspected. No deformations or hole ovalizations were found; therefore, the wing-fuselage structure was considered satisfactory. (Continued on next page)



The tension was also easily detected in the face of



Gary, as he wondered if he or the wing would give first. After reaching the load limit, the pressure was released completely, and a very small permanent set could be measured. This was considered perfectly safe, since it is due to the accommodation of the structure . . . rivets, bolts, etc., and some deformation of the test jig should also be included in this reading. The reading at point "C" was .04 in., and at point "D", it read .05 in. Therefore, the wing tip permanent set with respect to the wing root was as follows: Total deformation at point "A" . 0.15 in. Total deformation at point "C" ... 0.04 in. Net deformation at point "A" . . . . . . 0.11 in. After reaching the limit load, Gary produced a big smile and held the 100 percent tag for the photographer.



The metal skin begins to buckle as the compression load is increased.



Extra length bolts at the front spar attachments carry the main load to the "saddle" fittings.



The



"Crosswind" is mounted in the test rig in



inverted position, ready for the start of the test. SPORT



AVIATION
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TABLE 1 % of Limit Load
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Total Load on PresLoad Ea. Side sure (Lbs.) (Lbs.) (Psi)



0 1000 500 97 20CO 1000 194 500 97 1000 3000 1500 291 10CO 500 97 0
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(Continued from preceding poge)
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The construction of the test jig required 50 hrs. of labor, and the cost of materials at surplus prices was $10.00. The hydraulic equipment was loaned for the weekend test by a San Diego aircraft manufacturer. The installation of the airplane in the jig, and the test equipment set-up was accomplished in 3 hrs., while the actual test was completed in less than 1 hr.



NOTE: The area of the hydraulic jack is 5.16 sq. in. • • • • • For those who are interested in making this kind of structural test, I would recommend checking the surplus stores for the hydraulic equipment, which can be had at relatively low prices. An 8mm film made during the test will eventually be added to the EAA film library. A



Frank Hernandez checks the extensometer for deflection readings.



WING STATIC TEST . . .
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Helpful Hints For The



By Rollin C. Caler, EAA 11984 1113 New Mexico St., Boulder City, Nev.



T)ROTECTION OF the cockpit of my Corben "Baby _L Ace" from being a source of spare parts for adults, and a playground for children, has very successfully been provided by the use of a simple cockpit cover. This



semi-rigid cover goes on quickly, fitting over the windshield and back between the struts, dropping readily into



place with very little fore and aft movement. The ma-



terial is inexpensive .021 in. galvanized iron, obtainable at any builder's supply or hardware store. The edges are wrapped with any kind of cloth tape that has its own adhesive material on it. A Vs in. stranded cable is threaded through Vs in.



holes in the cover, dropping around the fuselage and brought up from underneath to meet at the solder-spliced eyes, where a padlock can be inserted to seal the cover. The cable used was the clothesline cable that I already 30
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had on hand, but extra theft protection would be provided by the use of hard aircraft cable. While this is not a cover to take cross-country, it has the advantages of being inexpensive, durable, easy to put on and remove, and easy to make . . . a cardboard template was formed and used as a pattern for cutting the cover from the sheet metal. Besides keeping the children and adults out more effectively than cloth covers, it offers another bonus . . . the cover is locked to my tie-down ring when the airplane is gone, thereby helping to dis-



courage other aircraft owners from parking their airplanes in my spot. Q
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Wing Design 
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