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A Study Of Structural Methods And Concepts For Light Aircraft (Text of presentation at the Experimental Aircraft Association Convention in Rockford, 111, on August 4, 1967, by L. Pazmany). INTRODUCTION



r i ' H E AMATEUR builder by necessity is in the unique J. position where he has to cover all facets of light airplane design, construction and flying. Very few professional aeronautical engineers share this situation, and if they do, it is almost certain that they are members of the EAA. We are fortunate also to count among our members, scientists and university professors who are working on advanced ideas in light aviation. A very successful two-place light airplane in production by Swedish and German firms was designed by one of our members in California. Another group of EAA members designed, obtained the FAA certification, and is now manufacturing "all fiberglas" light airplane floats at a lower cost than the conventional aluminum, and eliminating the old problem of corrosion. Amateurs designed and built "all fiberglas" gliders which are perhaps the first successful application of glass reinforced plastic in the construction of a flying vehicle. These are a few of the achievements by EAA members which come to my mind. We know of them through aeronautical publications or personal contact. Their experience could be shared by other amateurs as well as by the industry. In this presentation, I hope to make our members aware of the work which NASA is doing for the advancement of light aviation and also open the door for ideas which could be useful to this program. The general aviation market has been increasing steadily in the past few years. How this market expands in relation to the total transportation system of the next 15 to 20 years may well depend upon the extent to which light aircraft can compete with other forms of transportation such as the automobile. For such aircraft to perform a competitive transportation function their utility and safety must be improved and costs reduced. The NASA, through in-house and contractual studies, is attempting to identify critical areas in aerodynamics, propulsion systems, structural materials and concepts, etc., where additional research may increase the safety, utility, and economy of light aircraft. The Mission Analysis Division is currently engaged in analytical studies of light aircraft with the primary objective of defining the approaches having the most potential for future light aircraft of high utility. In performing these studies it is apparent that structural materials and concepts will have a
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strong impact on utility, safety and economy, and decisions on structure cannot be made solely on a design basis. Pure structural design considerations do not completely define the merit of a particular structural material or concept. Factors such as maintenance, manufacturing technique and production quantities have significant effects on structural decisions. Various investigations, performed by industry and others, have indicated that the use of fiberglas reinforced plastic and aluminum honeycomb are two promising approaches to reducing airframe cost. However, such investigations have been mainly of an "ad hoc" nature and therefore do not provide the design and cost information required for the broad parametric type of studies being performed by the Mission Analysis Division. A few weeks ago, NASA awarded a contract to San Diego Aircraft Engineering, Inc., in San Diego, Calif., a company engaged in all aspects of aircraft engineering, where I am chief design engineer. This contract is to make a comparative evaluation, at two levels of technology, of a wide variety of structural materials and concepts applicable to light aircraft on the basis of general design and cost information; and to apply the more promising structural materials and concepts to the conceptual design of light aircraft, and to identify key problem areas where additional research may increase the potential of promising materials or concepts. This will be a nine month study of the utilization of a variety of materials and structural concepts for two levels of technology, "near term" and "potential" state of the art, for application to light aircraft. "Near term", i.e., five years from now, would require a relatively small research and development effort in contrast to "potential" which might be 15 years in the future. The term light aircraft is intended to include both fixed and rotary wing types. The study will be conducted in two phases. Phase I, conducted during the first four months, will require the investigation of the use of the widest possible variety of structural materials and concepts in the construction of light aircraft. The materials and concepts will be classified into the two levels of the state of the art, and evalu(Continued on next page)
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Aircraft Construction Material, Maintenance Supplies and Parts



4130 Chromoly Tubing, Round, Square and Streamline, 4130 Chromoly Sheet and Rod, Steel and Brass Bushing Stock, Mahogany and Birch Plywood, Nails and Glue, Sitka Spruce, Aluminum Sheet, Wheels, Brakes. Tires & Tubes, Seat Belts and Shoulder Harness, Control Cables, Pulleys, Turnbuckles, Instruments, Batteries and Boxes, Lights, Tail Wheels, Fire Extinguishers, Shock Cords, Prop Spinners, Refinishing and Covering Supplies. WRITE FOR FREE ILLUSTRATED CATALOG



STITS AIRCRAFT CORPORATION Box 3084 S — (Located at Flabob Airport)



Riverside, California 92509 Phone 714



WOODY PUSHER (THE
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Detailed drawings of a two-place open pusher, use 60 to 85 hp engine.



PLANS FOR ALL-WOOD AND STEEL TUBE FUSELAGE. Cruise 85. Plans Available 538,00. 3-view and specs S2.00.
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3. Minimum rate of climb at sea level not less than 1,000 fpm.



STUDY OF STRUCTURAL MATERIALS . . .



(Continued from page 43)



ated with respect to design procedures, manufacturing, maintenance and cost. At the conclusion of Phase I, a report will be prepared presenting the materials and concepts studied with general design and cost data which will be applicable to future parametric studies. In Phase II, covering the remainder of the study, SAE will select the more promising materials and concepts for each time period and apply them to the conceptual design of a light airplane and a light helicopter. This Phase II will be a detailed analysis, including sensitivity studies, of the structural design, production, and maintenance of light aircraft. The initial activities of this study will be directed toward investigating a wide variety of potential structural materials and concepts for the two time periods. SAE will identify and justify the criteria used to determine the inclusion of a material or concept. Also, SAE will evaluate and compare the various materials and concepts on the basis of design, manufacturing, maintenance, and cost. This will be a general analysis of the effects of our study which will be used in determining the applicability of the different materials and concepts; such as, stress conceptions, fatigue and vibration, machinability, formability, fastening, compatibility of different materials, ease of repair, availability, aerodynamic cleanliness, costs, etc. On the basis of the evaluation and comparison as previously described, SAE will determine the most suitable regions of application for each material and concept for both primary and secondary structural components. The goal of Phase I will be to summarize the general design and cost information of potential structural materials and concepts which can be useful in guiding future light aircraft analysis and design. It will include all materials and concepts studied in Phase I and indicate their most suitable areas of application. At the beginning of Phase II, SAE will select the more promising materials and concepts for each time period and apply them to the detailed structural design of the conceptual light aircraft meeting the following requirements: AIRPLANE



The minimum performance with a pilot and three passengers (170 Ibs. each), 200 Ibs. of baggage, and enough fuel and oil for take-off, landing, and four hours normal cruise plus 30 minutes reserve will be: 1. Maximum speed at rated rpm at sea level not less than 152 knots. 2. Normal cruise at 5.000 ft. not less than 130 knots.



4. Service ceiling not less than 14,000 ft. 5. The stall speed at sea level not greater than 48 knots. 6. The take-off distance over 50 ft. will not be greater than 1,000 ft. HELICOPTER



The minimum performance with a pilot and three passengers (170 Ibs. each), 200 Ibs. of baggage, and enough fuel and oil for take-off, landing, and three hours normal cruise plus 15 minutes reserve will be: 1. Maximum speed at rated rpm at sea level not less than 105 knots. 2. Normal cruise at sea level not less than 87 knots. 3. Minimum rate of climb at sea level not less than 1,200 fpm. 4. Service ceiling not less than 14,000 ft. 5. Hover in ground effect not less than 8,000 ft. 6. Hover out of ground effect not less than 5,000 ft. PROPULSION



1. Engines will be of the reciprocating or turbine type developing not more than 250 bhp total and weighing not more than 380 Ibs. total. 2. Propellers may be either fixed or variable pitch. DIMENSIONS AND AREAS



1. The cabin must accommodate four persons and have an internal volume (excluding baggage space) greater than 112 ft.3 with a width not less than 3.5 ft. 2. The baggage volume must not be less than 16 ft.3 and accommodate four 9 in. by 21 in. by 31 in. suitcases. MISCELLANEOUS



1. The landing gear may be either fixed or retractable tricycle type. 2. The weight of fixed equipment will be 220 Ibs. The detail design of these conceptual aircraft, will be of sufficient depth to justify confidence in the results of this study and to indicate how the information generated in Phase I is used in the design procedure. The selections made will be subject to the approval by the NASA. The influence of aircraft configuration on structural design will be indicated by varying number and location of engines, body design, wing location for fixed wing designs, rotor arrangement for rotary wing designs, etc. Weight penalties due to type of joints, cut-outs, high lift devices and cabin pressurization will be indicated. The costs associated with designing, producing and maintaining the structure of a light aircraft, made from the selected materials and concepts, will be determined including inspection and insurance costs. These costs will be defined and substantiated in detail.
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Eighty-five drawings completed now. More will tie added at about 4 per month until ALL raceknown have been drawn. Drawings are on 1 1 x 15 top quality printing paper and permanent ink printed. All racers are at constant Vi inch scale. Each sheet is a new racer or major configuration change. Concept is to give total configuration coverage of racers. Drawings include both sides, top, bottom, front and rear by cuts. Drawings are grouped by sets and sold for 50c per sheet, plus postage. Much research has resulted in heavy detailing and mode basically for historical files of museums, librarys, etc. Send self addressed stamped envelope for list and sample to:
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DECEMBER 1967



8439 DALE STREET BUENA PARK, CALIFORNIA 90620



The sensitivity of aircraft costs to production rates and structural lifetime will be shown through a unit cost breakdown. The development of the unit cost will be defined and substantiated. At the conclusion of Phase II, SAE will identify and justify critical research problems, the solution of which will lead to structural and economic improvements in light aircraft. STUDY CONSTRAINTS



The studies will be made for time periods of approximately 5 and 15 years from the present. The effects of assuming any advanced technology for either time period will be indicated. The design, materials and structural concepts will comply with the existing Federal Air Regulations applicable to the particular type of light aircraft. Any inadequacies or restrictions in these regulations which may degrade the potential of certain materials or concepts will be identified and possible modification to the regulations suggested and justified. The results of appropriate previous and current studies on materials and structural approaches should be considered in determining feasible structural concepts for light aircraft. All costs should be expressed in 1966 dollars. In the sensitivity studies, "near term" production



rates will range from 2,000 to 20,000 aircraft per year while the "potential" time period rates will be 5,000 to 100,000 aircraft per year. Lifetime of the aircraft structure will be 10,000 flight hours. The sensitivity of lifetime will be indicated by using 50 percent and 150 percent of the above value. At the completion of the study, SAE will summarize and report all of its findings, conclusions and recommendations, including representative designs of future aircraft, to NASA. This unclassified NASA report will subsequently be published by the U.S. Government printing office end will be available to U.S. industry, business and the public. This is the end of my formal presentation and I will be glad to answer your questions. In the near future, I will call on some of you personally at your company, university or basement, but please feel free to contact me any time at my work in San Diego Aircraft Engineering. EDITOR'S NOTE—EAA Designees in the U.S. are cooperating with NASA and San Diego Aircraft Engineering in gathering statistics and completing documents that will assist in furthering the development of the light plane. EAA feels honored to have been selected for this worthwhile project and owes a vote of thanks to its designees.
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With increasing frequency, Milwaukee's finer fashion houses are finding the exhibits in the EAA Air Education Museum provide a spendid stage for their models to present their various new creations. In addition to photo layouts taken at the Museum, fashion shows have also BRILLIANT COLOR PRINTS! CLASSIC AIRPLANES & AUTOS By Artist John Amendola



15%" by 18", finest cover stock ready to frame for office or den. D Gee Bee R-l '< n Stearman C-3R ;V-V



D Laird LC-RW450"



D Curtiss Gulfhawk •



D "32 Duesenberg



Q "37 Cord 812



$2.00 each, 3 for $5.00, 4 or more $1.50 each



All orders must be prepaid. GOLDEN AGE CLASSICS P. O. Box 664



Bellevue, Wash. 98004



been presented on several occasions for buyers and national fashion publications. The happy fellow with the models is Willis Chomo, EAA's maintenance supervisor.



NEW — ACCURATE — AUTHENTIC Plans of some of the great airplanes. W.W. I, The Golden Era. Thompson Racers, and W.W. II. Detail-cockpit, structure, infinite exterior details and large scales for the serious scale modelers, aircraft historian and plans collector. All aircraft drawn to 1" — 1.20 — 1%" to the foot, 3 to 5 views plus data, etc. 2 NEW SERVICES OFFERED — 1. Custom plans of aircraft of your selection to your scale for reasonable fee. 2. Plan of the month club. Plans at reduced cost, free plans. Send 25c for plan/price list and info on new services.



ACCURA' SCALE PLAN 1720 Club View Dr. NW HUNTSVILLE, ALA. 35805 SPORT AVIATION
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Structural Riveting for Aircraft 

shear strength with joint bearing strength, and minimizes the number of holes (and rivets) in a rivet pattern. Immediately, the second question is, "How many riv-.










 








Non-Structural Wing Leading Edges For Light Aircraft 

108) bonded and impregnated with polyester resin. Such leading edges are simple to make and are dur- able. They are very rigid and need not be formed to the.
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Dec 15, 2009 - within-family variation (quantitative transmission-dis- equilibrium test, or QTDT) [1,2] ... individuals with available phenotype and genotype data.
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Propellers for Light Aircraft - Size 

Propellers For Light Aircraft. By Georges Jacquemin, EAA 3618. Reprinted in part from the magazine CANADIAN AVIATION. For engines of 40 hp and up, ...










 








Covering and Finishing of Light Aircraft 

five pounds per square foot) for aircraft in the ultra-light category. Openings must be cut in the fabric for passage of control cables. They should have their edges ...










 








Cowling and Cooling of Light Aircraft Engines 

Waste heat from the combustion process is conducted through the cylinder ... Most contemporary light airplane cooling systems may be ..... required 5 in. of water pressure difference between up- ..... The kind of work coming under the industrial.










 








Landing Gears for Light Aircraft 

simplicity. It consisted of a steel tube passed through the fuselage and held to it by shock cords wound around the lower longeron and the tube. Side loads as ...
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ettringite were confirmed by Raman spectroscopic study [8]. Other .... ettringite samples, is more pronounced in the case of the dried one. The difference ...
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The labels refer to background pixels (ls = 0), vegetation pixels (ls = 1) and tree centres (ls = 2). An el- lipse is associated to each tree which represents its crown.










 








Aerodynamic Refinement of Light Aircraft 

repeated mistake is made is in the wing root and fuse- lage junction. ... also used to great advantage in the National Air Races. The light lines shown on the ...










 








23 Matrix methods of structural analvsis 

A structure such as pin-jointed truss consists of several rod elements; so to demonstrate how to form the system or ... Then from equation (23.5), the stiffness matrix for the rod element 1-2 is. (23.6) ..... F,-3 = 1.806 MN (tension). 581. Element 4










 








Landing Gears for Light Aircraft - Size 

simplicity. It consisted of a steel tube passed through the fuselage and held to it by shock cords wound around the lower longeron and the tube. Side loads as ...










 








A review of experimental methods for the elastic and ... - CiteSeerX 

view of measurement methods and difficulties faced in the estimations of the Young's .... The experimental set-up for this test is quite similar to the compression one ... from measurements at various temperatures by using the Time-Temperature ...










 








Aircraft Building:Welding Methods 

craft construction and repair: oxy- ... building or repairing. .... outfits are portable and no electrical .... 2-, 3-, 4-, 5- and 6-blade designs available up to 2000 hp.










 








Montello (1999) A comparison of methods for 

two particularly important methods, manual pointing with a dial and ... that is involved in the estimation procedure. .... The design was completely within subject ..... ment 1, subjects also estimated directions to a plant and a map, bringing the to










 








Comparative study of statistical methods for detecting ... - ScienceOpen 

Nov 29, 2011 - investigated vary according to a predefined Tmaf value (i.e., less than ..... Altshuler D, Daly MJ, Lander ES: Genetic mapping in human disease.










 








Cowling and Cooling of Light Aircraft Enginesâ€”Part Two - Size 

surfaces downstream of the exhaust nozzles. Since design data on ejector cooling systems is scarce and frequently conflicting, it seems to be advisable to.










 








Shafts In Light Aircraft 

power for what they wanted to do â€” fly with a man aboard their machine. While some early aircraft designers were able to use remote propellers with.










 








Construction Details of Light Aircraft Wings 

Types shown in Figs. 1 and 2 are used for externally braced wings, either in mono- ... 1 Two-spar wing structure, internal wire bracing. Fig. ... Adjustment of the wire tension is made by ... a report by Bob Nolinske, entitled, "EAA MEMBERS.










 








Cowling and Cooling of Light Aircraft Engines - Size 

lems. This is because cooling takes engine power that is needed for performance. The designer wants the engine in his plane to cool, but because he wants all ...










 








Construction Details of Light Aircraft Fuselages 

2. Wooden fuselage, truss type, fabric covered (Piel. "Emeraude"). 3. Welded steel tube fuselage, truss type, fabric cov- ... The box is held rigid by four main bulk-.
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