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Six Easy Steps To Metal Working By Luther D. Sunderland, EAA 5477 EAA Designee 60 5 Griffin Dr., Apalachin, N.Y. FTER REVIEWING the comments of other people who



A are also constructing the Thorp T-18, it becomes apparent that many more people need basic information on



working with metal than how to fashion the more complex assemblies. A typical comment is ... "this metal working business is new to me and I can't find anyone in the local EAA chapter who knows anything about it." Many do not even know how to do the simplest operations like cutting sheet metal. But this is no disgrace! I didn't know the best way to cut aluminum or even how to properly buck a rivet when I started the T-18, and I had built a "Skycoupe" previous to that. So here are a few simple steps which everyone building an all-metal aircraft must learn.



1. Layout: In order to do a good job in laying out sheet metal parts, it is essential that you have a smooth, flat work table. As a minimum, you will need a 4 ft. by 12 ft. surface because this is the size of the aluminum sheet stock. At least this is true with the T-18. For this table, build a wooden framework with six legs and place on it a 4 ft. by 12 ft. piece of % in. chipboard which costs about $10.00. Check the ends for squareness. If it is true, you will have a convenient and giant size drafting table. Lines can be drawn directly on aluminum sheet with a soft pencil. A pencil is fine until you need to mark a line accurately for cutting. Then you must use a scriber, which is a pointed instrument that can be made of any good hardenable steel. But use it with extreme care! Don't ever scribe a line unless you are sure that you want to cut along that line. Never leave a scribe mark in a finished part for it acts just like a mark from a glass cutter on a piece of glass and invites cracking. If you scribe a line in the wrong place, you may have to scrap the part unless it can be sanded and buffed clean. An absolute necessity for layout work is a decimal scale, preferably at least 18 in. long. This is marked in lOths and lOOths rather than 8ths, 16ths, etc. You should be able to work to an accuracy of 0.010 in. easily and even closer with a little care. Marking dye can be used on smaller parts to help show up the scribe marks but it isn't necessary. You will need a straight edge at least 4 ft. long. For this you can scout around a sheet metal shop and find a piece of scrap steel about 3 in. wide and preferably at least 0.060 in. thick. Perhaps the most confusing thing on plans, at least the T-18, is the dimensioning system, such as the use of WL, BL and STA instead of dimension lines and arrows. This is standard aircraft practice and has proven much superior to other means of dimensioning. To get a dimension, just subtract two numbers, so keep a pad and pencil handy. WL means water line, a vertical distance in inches from an arbitrary reference line. BL is butt line, a lateral (sideways) distance from the center line of the fuselage. STA is station, a distance measured aft of a reference point usually somewhere out ahead of the nose. Many people get upset by the fact that dimensions are given out to four places. That doesn't mean you should work that accurately, unless you have good eyes, but at least all of the numbers add up right. Just ignore what you can't read. 2.



Cutting Aluminum: Sheet aluminum of thicknesses



below 0.040 in. can readily be cut with shears. The ordinary straight tin snips work all right for straight cuts, but



you really should have a pair of right or left hand, preferably both, aircraft sheet metal shears. These are the "double-jointed" type available everywhere. It is nearly impossible to cut sheet aluminum without somewhat deforming the edge of the cut. You can minimize this by helping to curl the metal away from the jaws of the shears with the left hand and by never closing the jaws completely. I always cut to within about 0.025 in. of the scribe line and then take the excess material off with a Stanley Surform Raspplane, the small type which can be held in the palm of the hand. Pull the raspplane rather than push it to prevent chatter. This tool gets my vote for the handiest tool in the shop, costing but $1.65. It is an absolute must. If you have a table saw or a Skil-Saw, get a fine-tooth blade used for cutting plywood. I use one to make all straight cuts in aluminum plate and angle. If the SkilSaw or a sabre saw are used for cutting sheet stock, lay a thin board on the metal and slide the saw on it or you will surely get bad scratches from the chips. There is nothing quite so nice as a band saw for cutting out the heavy parts and you will likely have to find a friend who has one if you don't. Some builders have simply enrolled in a night class at the local high school and used all of the tools available there. The fun has just begun when you have cut out a part with a saw. It then must be finished down to remove all visible surface scratches. You can start with a coarse rasp or belt sander, making all tool marks parallel rather than perpendicular to the edges, then scrape out the scratches. A scraper can be made by grinding smooth an old file and then grind one edge to about a 70 deg. angle. Follow the scraping with a buffing by fine emery cloth, again rubbed along the edge . . . not across it. If you want to invest a couple of dollars in an arbor, a cloth buffing wheel and buffing compound, you can buff all parts to a mirror finish. This is very easy to do and insures that all of the scratches are gone. It really catches the attention of the spectators, too, for they will think you are the world's greatest craftsman when they see the nice shiny parts. If you have any doubt about how dangerous scratches are, it might be of interest to know that Schweizer Aircraft Corp. considered the use of an aluminum alloy for the spring gear on their 1-30 sportplane. However, it was rejected because of the possibility of getting scratches in the legs which would cause fatigue failures. Perhaps the most dangerous thing you could do in building an allmetal airplane is to fail to clean up all scratches on all parts. 3. Forming Simple Bends: The easiest and best way to make straight bends is, of course, to use a sheet metal brake. In fact, it is practically a necessity to use a brake



of some sort for certain T-18 parts. The horizontal stabilizer rear spars, wing rear spars, fin beam and aileron and flap spars should be made on a brake for best results. Other parts can be formed simply with a rubber mallet. For these few parts it seems like a lot of trouble to build yourself sheet metal brake rugged enough to be of any value. However, some builders are planning to build one. It is much easier to bend up these few parts on someone's brake if at all possible. (Continued on bottom of poge 18) SPORT AVIATION
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MAN-POWERED AIRCRAFT . . . (Continued from page 16)



able assurance but with full realization that if calculations are wrong or the usual things occur, such as the actual aircraft having more drag and weight than the design, the only way to get over it is to find a stronger man, and there isn't much scope in that. As a result of these figures, we can draw the usual power-required and poweravailable curves for flights of any reasonable duration. The aircraft then must be designed to fit one of these curves or it will be a failure. Power-required curves for three actual lightweight aircraft . . . the "Windspiel", a very light, efficient and expensive glider . . . the Haessler-Villinger man-powered aircraft . . . and the Bossi-Bonomi "Pedialante" . . . show that none could be flown for more than a few seconds by man-power. We can also cross-plot the thrust powers available against time. By this is meant the actual power output of man or men reduced by the inefficiency of propeller and drive, i.e., 80 percent propeller efficiency and 90 percent drive efficiency, giving an over-all efficiency of 72 percent. This figure is conservative, but it is best at this stage to be careful. The result is disappointment! Even the two-place aircraft does not fly very well. On the other hand, with double the weight, and more than double the power available, the power-required increase is only about 30 percent. It is the right direction and it would not take much more ingenuity to bring success. Just slightly better assumptions would show that reasonably continuous flight is possible. It is essential to do a "cut and try" design study varying the assumptions and then seeing whether the result fits the desired curve. Such a design study is full of important unknowns, such as structural weight, wing-profile drag, fuselage drag, propeller efficiency, efficiency of mechanical drives, and weight of the driving mechanism. Information on actual weights of single-seaters in the past indicates that an empty weight for a single-seater can be



METAL WORKING . . . (Continued from page 17)



Bend allowances are admittedly a little problem. If these can't be figured from the plans or instructions, you can make up some test samples of the different thickness materials. I always do this anyway, for something usually doesn't come out just right on the average brake. The problem is that the run-of-the-mill sheet metal brake does not have radius shoes. To use a brake without various radius blocks, you must bend up one or more layers of scrap metal to use as a shoe. Just experiment until you obtain the proper radius. Never allow the brake to mark the finished part or to make a sharper bend than the plans indicate. Forming straight bends with a mallet requires that the metal be clamped firmly between two blocks. A radius should be shaped on the inside block to prevent cracking. It is very important to use an adequate radius because 2024-T3 can be quite brittle. Use a hard rubber mallet to prevent denting the metal. Work the bend down slowly to minimize bowing. Since some bowing is unavoidable, it should be straightened out. 4.



Straightening: It is virtually impossible to form



a bend with a mallet without getting some bowing. This 18
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as small as about 80 lbs. (see Fig. 2). It would need a very clever designer to achieve this and it will be noted that Nonweiler's assumed empty weight for a two-place aircraft is 170 lbs., which is certainly not optimistic. The design difficulty on structural weight is essentially one of experience. To my mind, it is quite clear that such a machine should be made of wood and fabric. The trouble is that there is hardly anyone left with experience with very light wooden structures. It is easy enough to design the spar but that is not where the weight goes. The weight disappears into the ribs and frames, secondary structures and fittings, and very careful calculations would have to be made, including reproduction of complete test sections to insure not only that the strength was of the right order, but that the weight was acceptable. The wing section problem was until recently extremely difficult, but there is now some information available at the requisite Reynolds Numbers which are of the order 0.7 x 106. It is clear that what one wants to have is a wing section which has as much laminar flow as possible at this Reynolds Number and have the bottom of the laminar flow bucket at a lift coefficient of the order of 0.9. No normal airplane wing section will give this characteristic but fortunately, at least two sections give some promise of it ... NACA 65A(10)12 and the German section FX05H-126. The wing section thickness which is practical on such an aircraft may be difficult to determine. Informal discussion with the Air Registration Board indicates that an ultimate load factor of not more than 2.5 will be acceptable with very little gust loading. This means that the wing would be very flexible and that the detail design would have to be directed toward permitting it to be as flexible as possible, thereby saving weight and still avoiding flutter or control reversal at operating speeds. ® (END OF PART 1)



can be taken out of flanges (which will later be riveted) with a crimping tool which slips on the jaws of vise-grip pliers. Crimp between the rivet holes. 5. Making Holes: A Whitney punch is a must for transferring all edge holes. A hand drill is used for all other holes in sheet stock. To transfer holes from templates, use a nibless Whitney punch for edge holes and transfer punch all other holes first with a nibbed Whitney punch and hammer, deepen with a center punch and then drill. Virtually every hole in a fitting which will receive a bolt must be drilled undersize and then reamed.



6. Bending Skins: To bend all leading edge radii, simply mark the center line of the bend on the outside of the skin, fold over by hand and clamp the two trailing edges in the proper position with a board and C clamps. Lay another board near the bend and work the bend down by pressing on the board until the C clamps can be slipped on. Screw down the clamps and make proper adjustments to keep the bend in the proper position. Inside flanges in fuseJage frames can easily be bent down to almost 90 deg. without cracking. This gives a much stiffer frame than the 45 deg. bend. The corners don't need to be bent down as far as the straight portions. ®
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