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SHEET METAL



HAND TOOLS BY RON COVELL



for working with this material, perhaps giving many aircraft owners enough confidence to try their hand at working with sheet metal. In this article we'll take a close look at some of the basic hand tools used for sheet metal work. We'll look at hand shears, punches, shrinkers, hammers, slappers, dollies, mallets, and sandbags. A few words about the author. Ron Covell has been a professional metalworker for over 35 years, operating a business named Covell Creative Metalworking (106 Airport Blvd., Ste. 201, Freedom, CA 95019-2752,1800/747-4631, Fax 831/768-0706). Along with teaching a nationwide series of metalworking workshops, he offers a line of tools, books, and videos



geared toward metalworking of all kinds. Ron has built a long series of award-winning custom-bodied automobiles for individuals who wanted something a little different from the norm. His introduction to the aircraft world was jump-started when he accepted an invitation from Steve Nessc, Secretary of the Antique and Classic Division of the EAA, to demonstrate metalworking techniques at the AirVenture Oshkosh fly-in last year. Ron was stimulated, dazzled, and delighted to see the fantastic metalwork done on some of the aircraft there, and to meet



Several different types of cutting tools are displayed here. Starting from the 12:00 position, a hand nibbler. Moving clockwise, a ribbon shear, tinsnips, lefthand aircraft shears, right-hand aircraft shears.



T



his is the first in a series of articles about working with sheet metal, which will continue bimonthly over the next year. Sheet metal is a material very commonly used in aircraft construction, for both structural and non-structural components. There has been a great mystique
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about working with sheet metal — in particular for parts requiring compound curves. Many people who are adept at working with wood and fabric, and even some people who build airframes from steel tubing, are intimidated by sheet metal. Our goal with this series of articles is to demystify the tools and techniques used



several very talented metalmen who were also demonstrating. In turn, dozens of participants were able to try their hand at metal shaping under Ron's direction in the Antique/Classic tent during the run of the show. Since that time, he has undertaken several metal shaping and repair jobs for widely diverse aircraft. Some of these projects will be seen in future articles. While many metals are used in aircraft construction, from titanium to chromoly steel to magnesium, we will be talking mostly about the different alloys of aluminum in this series, because aluminum is by far the most widely used metal for aircraft construction. It wouldn't hurt to review the basic types of aluminum alloys, along with a brief discussion of temper, and a listing of some common thicknesses used for aircraft applications.



Aluminum is graded by a 4 digit numbering system, with the first digit indicating the principal alloying element, and the last two digits indicating the amount ol'alloying material present. The second digit, (usually 0) is a measure of the limits for impurities. Taking the series in numeric order: • 1000 — This series, starting with the numeral 1, is commercially pure aluminum. Nothing is intentionally added to this material, and it is as pure as the normal refining process leaves it. This is the softest, most malleable, and most corrosion-resistant form of a l u m i n u m available, but it is not widely used. 1100 is the most common alloy in this • 2000 The initial numeral 2 designates copper as the principal alloying element used for this series. Copper tremendously increases the tensile strength of aluminum, and makes it heat treatable. Unfortunately, it also makes it much more prone to corrosion, although this can be mitigated by coating the sheet with a thin layer of pure aluminum, creating a special material known as Alclad. This material is commonly



Tinsnips are great for making straight cuts, and can cut through the middle of a sheet in thin material.



ALCLAD • • QQ-A-250/1



used for fuselage and wing coverings,



and for structural shapes. Welding is not recommended for most alloys in



this series. Some common alloys are 2024 and 2018?



• 3000 — The numeral 3 designates manganese as the primary alloying element. Manganese adds some tensile strength, and improves the welding properties of this alloy. It is still one of the softest and most malleable aluminum alloys available, and is widely used for non-structural parts like wheel pants, nose bowls, and propeller spinners. 3003 is the most common alloy in this series. • 5000 —This is a magnesium-alloyed scries. The addition of magnesium imparts significant strength to aluminum, at the expense of noticeably decreasing its workability and increasing its tendency to work harden. Fuel tanks that do not need compound curves are a perfect example of where this alloy might be used. 5052 is probably the most common alloy in this group. This series has good corrosion resistance, but is not heat treatable.



Aircraft shears are ideal for trimming edges, and for making curved cuts. Notice the waste piece was trimmed off first, so the finish cut is removing a strip about 1/4" wide. This technique gives the most accurate finish cut.



[Right] This is a small hand punch, made by Roper Whitney, which comes with a set of dies up to 9/32" diameter. SPORT AVIATION 47



• 6000 — This material is alloyed with magnesium and silicon, and is perhaps the most commonly found alloy for all uses of aluminum worldwide. It is weldable, and very strong. It is



quite malleable in the 0 condition, but



it work hardens rather quickly. In the T6 condition, it has very limited work-



ability. It has good corrosion resistance, and is heat treatable.



• 7000 — This series is alloyed with zinc. It is a true aerospace material- exotic, expensive, very difficult



to shape, and not weldable. It is used



primarily as sheet, bar, and tube for riveted or bonded construction, or as stock from which machined components are produced. It is heat treatable, but has poor corrosion resistance un-



less purchased as Alclad. 7075 is the most common alloy.



Qa-A-250/!



This somewhat larger Whitney punch can make holes up to 15/32"



In addition to the various alloys, we should discuss the temper of these



metals. All are available in the annealed or fully softened condition, designated by the digit '0'. For the non-heat treatable alloys, there is a suffix to the alloy which starts with the



letter 'H', followed by two or 3 digits



(such as 3003 HI4). The first digit indicates the particular method used to temper the metal. The second digit indicates the hardness of the alloy; 2 for 1/4 hard, 4 for 1/2 hard, 6 for 3/4 hard, and 8 for full hard. If there is a third



digit, it indicates any modification to the normal processing of the alloy.



For the heat treatable alloys, the temper is designated by a suffix starting with 'T', and 1, 2, or 3 digits can follow it. These digits indicate the degree of hardness, and how the hardness is achieved. For example, 2024 T351 is solution heat treated, stress-relieved, and cold worked. Aluminum sheet comes in a wide range of thicknesses for aircraft construction. Fuselage and wing coverings can be as thin as .016" in some cases. Other available thicknesses are .020", .025", .032", .040", .050", .063", .071", .080", and .090". When aluminum ex-



[Right] To use a Greenley punch, a small hole is made in the sheet, the draw bolt is placed through the hole, a wrench is used to pull the male and female dies together, and the punch cleanly removes a slug, leaving a distortion-free hole. 48 APRIL 1999



Greenley punches are a real time saver for making both large and small holes in sheet metal.



This is a selection of hammers manufactured by Martin Tool. Note the differing weights, face diameters, and shapes of the heads.. cccds .125" (1/8") thickness, it is generally referred to as plate, not sheet metal, and as such is beyond the scope of what we will cover in these articles. Now that we have a working vocabulary of the different alloys, tempers, and thicknesses aluminum is available in, let's take a look at some of the common tools used for working with it. Metal shears of different styles are used for cutting sheet metal. Tinsnips are perhaps the most commonly used shears for making straight cuts. They will do a good job of cutting through the middle of a sheet of material up to about .032" thickness. Thicker material can be cut with this tool, but the sheet is often left distorted by the cutting action of the snips, which causes the
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Red Gold from Mattituck



Now It's the Standard in Quality Engines: Virtually Better Than New.



metal to spread over and under the cen-



ter pivot of the tool. Their smooth jaws leave the metal fairly unblemished, although the sharpness of the edges they leave should be deburred for safety. Tin snips are difficult to use for cutting curves unless they are a very large radius. Their lack of compound leverage makes them impractical for cutting material .050" or thicker, particularly in



the tougher alloys. Compound leverage shears (commonly called aircraft shears) are ideal for making straight or curved cuts in



After 50 years of proud, handcrafted tradition, Mattituck now introduces Red Gold. It's the ultimate standard of engine worth-better than new in technical refinement, value and warranty. New Red Gold-the new standard in quality engines is virtually better than new.



Each Red Gold engine features: • More new parts.



• Parts reworked to tighter tolerances.



• • • • •



Plan Your Delivery Schedule Now. For information, call 1-800-624-6680 Phone 516-298-8330



Static and dynamic balancing. Fax 516-298-8412 RED • GOLD Thrust load dynamometer testing. FAA Repair Station Extended parts and labor warranty. QX2R125L Certificated and sports aircraft configurations. Mattituck Airbase Inc. Surprisingly affordable price. ' P-0. Box 1432 / 41 o Airway Drive, Mattituck, NY M 952 For information, use SPORT AVIATION'S Reader Service Card
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A 16 and 12" leather sandbag, two styles of wooden mallets, a black polyurethane plastic mallet, and a white Delrin plastic mallet. sheet metal up to .071" or .080". The



compound leverage greatly decreases the amount of force required hy your hand for cutting, and with a little prac-



tice, you can cut to within about .010"



of a line marked on the metal! The shears come in right-hand and left-



hand versions. These don't refer to which hand you hold them with, but



rather to the direction in which they



can make curved cuts. You can cut with



the greatest accuracy if you make a roughing cut about 1/4" wide of your trim line, then come back for a finish pass removing only a narrow band of



metal. These shears are not designed



for cutting through the center of a



panel. Their serrated blades leave small



marks on the cut edge of the metal that will need to be dressed in critical applications to prevent stress risers. Punches are an invaluable tool for



making holes quickly and cleanly in sheet metal. Hand punches generally come with a set of interchangeable



dies. The small punch sets usually go



up to 9/32", and the medium sets generally go up to 15/32". For larger holes,



a Greenlcy punch set is ideal. This is a two-piece male and female die set which is pulled together by a bolt. This tool makes it very easy to make holes up to 2" diameter or larger in sheet metal, and square holes can be made



with special square punches.



Next, we'll look at hammers and dollies. Hammers are some of the old-



est tools known to mankind, and they



Three different styles of slappers are shown here. Rear — leather over wood. Middle — heat-treated chromoly steel. Front — spring steel. 50 APRIL 1999



provide an ama/ing degree of utility for many sheet metal operations. Many styles are available, but it is the size and crown of the face which is of greatest importance. An experienced metalworker will want hammers with a very low crown face, a moderate crown face, and a high crown face to round out his or her collection. The low crown faces leave the smoothest mark on the metal, but sometimes they will not fit into certain concave areas. If only the edges of the hammer face contact the metal, they will leave harsh marks that can only be filed or sanded out. Another use for hammers with
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A selection of highly polished tool steel dollies made by Martin Tool. Polished dollies are preferred for working on aluminum, since any nick or texture in the dolly will be transferred onto the surface of the aluminum sheet.



w



Cleveland Wheels & Brakes, you get more than the most



respected name in aviation braking. iatched System • Each of our braking systems is



precisely engineered and fully tested to meet the specific needs of your aircraft. Linings and discs are carefully designed and matched to work together, providing optimal service life and maximum reliability. Approved Compr "-»All our components are FAA ISO



qualified as part of the total system through a series of rigorous tests, including rejected takeoff (RTO) procedures. Product Support • In addition to the performance and peace of



mind offered by Cleveland Wheels & Brakes, we offer unmatched product support that includes: • Toll-free technical hotline



Shaping a piece of sheet aluminum with a mallet and sandbag.



Field maintenance seminars Complete service manuals and tech guides. Add a proven warranty and over 60 years of experience, and you'll agree — only Cleveland replacement parts can main-



tain the integrity of your aircraft wheel and brake system.
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Parker Hannifin Corporation Aircraft Wheel & Brake 1160 Center Road • Avon, Ohio 44011 (216) 937-1261 • Fax (216) 937-5409



Using a hand shrinker to put a tight radius bend in an aluminum angle. A stretching machine is made which is the complement to the shrinker.



E-mail: [email protected] © 1997 Parker Hannifin Corporation
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Aerospace



medium and high crown faces is the rare situation where you need to do a lot of stretching of the metal by hammering. Hammers are usually lifetime tools if you purchase high quality ones to start with, so be sure to select them from a reputable manufacturer. Slappers work much like a hammer, but they have a larger, lower crown face. They are an ideal finishing tools, used for removing the last



few low spots and d e v i a t i o n s in a panel which is being fabricated or repaired. They are also used for moving wide flanges smoothly over a form block. They arc available in wood, wood covered with leather, and metal. Dollies are used in conjunction with a hammer. In general, you hammer on one side of the metal, and use the dolly on the back side to counteract the hammering force. They are



used both for shaping metal and for straightening damaged metal. In gen-



eral, you choose a dolly that has contours closely matching the panel you are working on, so it's very nice to have a broad selection to choose from. Top quality dollies are made from drop-forged tool steel, and the inferior ones are made from cast iron, which dents easily. You get what you pay for! Mallets are generally used for



metal shaping. They arc available in a



ROBINSON



variety of sizes and weights, with differently shaped heads. Mallets are a basic tool for creating compound curves in sheet metal, and it is good to have a variety of mallets, each with a uniquely contoured face. They are



available in wood and plastic.



Sandbags are another age-old tool,



but they are worth their weight in



World's Most Reliable Helicopters NTSB statistics confirm that R22 and R44 helicopters have far fewer accidents due to aircraft or engine failure than other light helicopters.



Why Are Robinson Helicopters More Reliable? 4 Simple two-bladed rotor does not require troublesome lag hinges, blade dampeners, or hydraulic landing gear oleos. 4 Complete 2000 hour overhaul replaces critical parts without waiting for them to fail "on condition". 4 Less required maintenance, less chance for human error during routine servicing. * Lycoming piston engines, when derated and operated at moderate RPMs, are even more reliable than small turbines.



Do Robinson helkopters really require less maintename?... Ask the mechanics who maintain them. FOR MORE INFORMATION, CONTACT:



Robinson Helicopter Company 23O1 Airport Drive • Torrance, California 9O5O5 U.S.A. Telephone 131 Ol 539-OSOB • Fax [31 Ol 539-5198 For information, use SPORT AVIATION'S Reader Service Card
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gold for manual metal shaping. Another way sandbags can be useful is simply for weighting down work pieces on your bench to keep them from moving as you're working on them. Some metalworkers prefer bags filled with lead shot, but steel shot should be avoided because of its tendency to rust if any moisture is present. Leather bags are the best, and usually last a lifetime, but even heavy-duty canvas will do in a pinch. Stretchers and shrinkers are real workhorses for metal fabricators. It's possible to stretch metal by compressing it with hammer blows directed against a dolly block, but it's exceedingly difficult to cause metal to shrink by simply hammering on it.



That's where these machines really shine. The inexpensive machines



have only about a 1" throat depth, but



as you'll see in future articles, that's enough to do some amazing work on metal panels. Of course there are many more hand tools available, but even the basic tools listed will enable you to do a surprising range of work. As you'll see in the ensuing articles, the skill of the craftsperson is much more important than having fancy tools, and you'll see some pretty ambitious work accomplished with just the tools we've listed here. Skill development only comes through practice, and our hope is that these articles will inspire many of you



to try your hand at sheet metal work, and to become more proficient with each new project. +
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wanted the brake for was to bend small brackets. The brake could be enlarged to suit individual needs by lengthening or widening the dimen- sions to suit the ...










 








bending sheet metal 

Mar 18, 1984 - 34,? 128. 471 .073. ae/. //S'. /S'? ns'. W. 155'. 309. 330. 352. 37*. 4/7. 481 no t?/ 26.7. 27? 3V1*. 467. 43? 4S/. 473. S'/t? 538 ./2S. /si fff. 227. 23'}.










 








Fasteners for Sheet Metal 
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Sheet Metal Contouring... The Easy Way 
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hand made 
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