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Five years ago you couldn't find a half dozen people in the country who had even heard of an English Wheel and today we're up to our hips in them. One of the ... 
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ALUMINUM FORMING Introduction to the English Wheel BY BUDD DAVISSON



F



ive years ago you couldn't find a half dozen people in the country who had even heard of an English Wheel and today we're up to our hips in them. One of the reasons we're seeing an explosive growth in the English Wheel population is that more and more people are realizing that (a) forming compound curves in aluminum is a skill they can learn with a little practice and (b) the English Wheel, or some variation of it, makes aluminum forming move along much faster. In reality, the Wheel is not an absolute necessity in compound forming aluminum. As we pointed out in one of our earlier articles on forming aluminum, the shotbag and hammer can form just about anything you could need on an airplane. However, as the pieces get either bigger or flatter, it becomes increasingly difficult to either move enough metal or to get it smooth. If you are trying to hammer out a large piece, like a radial engine cowling skirt or a large, fairly flat fuselage side panel, getting the right amount of stretching with a hand h a m m e r and keeping the panel smooth is dill'icult because imperfections are more easily seen. The smaller the part and the tighter the curve, the less obvious imperfections and waves become. Also, remember that we're working with fairly heavy aluminum, .040" and up, The lower roller does all the shaping and the top acts as an anvil. A spoked wheel at the bottom of the vertical shaft is turned to increase the pressure against the aluminum. The rollers and their supports are the only parts of the English Wheel requiring machine work for fabrication. SPORT AVIATION 105



For special applications, Younkin has made up rollers out of 2024 T-6 which is



hard enough to work the soft aluminum usually used for compound parts.



The more curve a roller has the more metal it moves because its force is concentrated in a narrower area. Drawings for all of the major parts of the Wheel are available from various sources along with pre-machined kits.



This nose bowl for a radial cowling was rough hammered on the shotbag which did almost all of the stretching required in only a few seconds. Then the English Wheel was used to iron out all the bumps and do the final stretching to get it shaped exactly right. 106 FEBRUARY 1996



so some imperfections can be sanded out. Of course, the goal is to hammer it all smooth so nothing needs to be sanded. First, some aluminum forming philosophy, then we'll get into the English Wheel. One of the most difficult things we newcomers to aluminum forming have to overcome is separating our past knowledge of body working from our new knowledge of aluminum forming. They are two different concepts, although a little body working is used in forming aluminum. In automotive style body work, every effort is made to keep from stretching the metal, it is hammered back and forth but not stretched because you are trying to restore a previous surface, not create a new one. Just the opposite is true in forming aluminum. In aluminum work everything is aimed at stretching the metal in specific ways. In using a shotbag, just pounding the aluminum down into the soft bag causes hammer-dimples in which the metal has been stretched. Hammering it against a steel anvil or dolly with a



steel hammer causes the metal to flow between the two and it stretches in the local area. The same thing happens when it is rolled between two steel rollers as on the English Wheel When the metal stretches, that means there is a larger dimension of metal right where it was hit so the metal rises above the surface around the point of impact. This is an important fact so we'll repeat it because it is the basis for all aluminum forming and is extremely important to keep in mind when trying to get something smooth with either a wheel or a hammer. Wherever the metal is struck or rolled, additional distance is added to the metal because it is stretched which makes that area increase in si/e slightly and rise above the surrounding surface. The reason we are beating this particular horse to death is because we've all been exposed to automotive body work and when we start t r y i n g to smooth out compound aluminum work we have to forget what we know. We don't smooth it by hammering lows up



and bumping highs down. Instead we look at the valleys as areas which need metal added to them to bring them up even with the surrounding area. To do this, we go directly against our instincts and hammer or roll the low areas. This stretches the metal and brings them up. Like we said, it goes against our previous instincts.



The E n g l i s h Wheel uses a lower



roller which can be adjusted up to put the desired pressure against the upper roller which acts as an anvil. Both the shape of the bottom roller and the pressure it is p u t t i n g on the a l u m i n u m determine how much stretching is be-



ing done. A fairly curved roller



contacts the metal in a much narrower



area so the local pressure is much higher. It's like using a continuous ballpeen hammer, if you will. A flatter roller spreads the load and evens out the high and low spots a little more because it bridges them. It doesn't do nearly as much stretching. When we traveled to Historic Aviation in Springdale, Arkansas to have
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It took about 20 minutes to go from the previous photo to this nearly finished shape.



From this point on the low spots are worked out by concentrating the rolling on them.



The dull marks indicate where the rollers have stretched the metal. Each of the marks is slightly higher than the surrounding area and eventually they will all overlap. In this



part it is essential the edges not be stretched because they represent a true shape



that can't be disturbed while all the stretching goes on between them.



Jim Younkin introduce us to the English



Wheel, he was quick to point out he



doesn't feel as though he has nearly all of the answers. "I'm self taught and there are lots of other guys out there doing great work." That may be the case, but it was Jim who volunteered his time to show us what the last several decades have shown him about aluminum. Another viewpoint on the same subject is available from John Glover through Motorsports (904/259-4427). In watching Jim work, it became quickly apparent the Wheel actually has two uses in compound forming 108 FEBRUARY 1996



aluminum: It can be used for stretching or it can be used for smoothing out aluminum which has been rough formed with a hammer and shotbag where the initial stretching was done. Stretching done by the Wheel is fairly subtle and it can take a lot of pushing and pulling to get much metal moved. On the other hand, taking a ball-peen hammer to a piece of aluminum over a shotbag can move some serious metal almost instantly. It is this phase Jim continually refers to as "making scrap" because finesse isn't necessary. A dozen swats with the knob of a ball-peen ham-



mer into the bag stretches the metal more than you can imagine. From that rough stage it is entirely possible to use nothing but hammers to smooth it out and form the final surface, but the wheel does it much faster. When smoothing, as opposed to stretching, the metal is first rolled back and forth between the rollers with only minimal pressure applied by the lower adjusting screw. The rollers start out just skipping across the highs and lows. As the pressure is increased by tightening the rollers together, the hammer marks begin to disappear and the surface takes on a uniform, stretched appearance. On something two to three feet long, like part of a wing fairing, that has spent 15 seconds on the shotbag being attacked by a savage ball-peen, it takes about five minutes to smooth out the lumps and make the stretch uniform throughout the length. As the hammer marks disappear and the wheel pressure is increased, the wheel begins to do more and more of the s t r e t c h i n g itself until it is constantly stretching the metal. The hammer stage could be skipped entirely and all of the stretching done on the wheel but, unless the amount of stretching to be done is fairly small, it takes much longer on the wheel. In pushing and pulling the metal back and forth between the rollers it helps to visualize what is happening at the point of contact of the two rollers. The roller is squeezing the metal against the top roller and driving aluminum out to the left and right. As the metal moves, that stretched area takes on the form of a raised line, almost like a welt where bare skin has been whipped. The goal is to eventually have enough of those lines overlapping so they form one continuous curve. However, a lot of things happen in the process. If all the rolling is done in one direction, the metal winds up curving downward and the more rolling that is done the tighter the curve becomes. That is combated by turning the sheet and rolling 90° to the previous direction. This still stretches the metal but is crossways to the original paths and pulls part of the curve out. None of this is happening very quickly so you have plenty of time to correct problems as they develop. However, if a piece gets totally screwed up, don't bother trying to save it. It will take more time to straighten it out than
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(Above) The hand action is primarily just a lot of rapid pushing and pulling while running the rollers back and forth over the areas which need to be stretched. Repeated stretching in the lengthwise direction will cause the part to curl.
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Alternating lengthwise



with crosswise passes continues the stretching but helps maintain the exact radius needed. The part is continually checked against the airplane or a pattern to be sure the radii stay true while the stretching takes place.
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to start over. You won't have very much time tied up in it at that point so it shouldn't bother you to start over. When Younkin turned us loose on the wheel to make a fourth of the cowl skirt for one of the Mullicoupes, we had it roughed out to the point that it was fitting the cowl pattern and ready for final smoothing in about 20 minutes and we didn't have the foggiest idea what we were doing. Incidentally, there's an interesting problem in guiding the metal that surfaces when you are first introduced to the wheel. We had a terrible time trying to keep the metal on the wheel at first because we kept trying to guide it as if it were a piece of plywood on a bandsaw. It actually works just the opposite! It took a few minutes to visualize the top wheel as if it were rolling across the metal and guide the metal accordingly. It was very embarrassing there for awhile! English Wheels are available in both finished and kit form from a number of sources. Younkin built his, as have a bunch of other folks. Other than the ma-



These rollers are those which are used the most. The curvature is only slightly different but the effect on the aluminum is significantly different. The one in his left hand



will move more metal much more quickly than the one in his right.



chining of the rollers and bearings, most of the work is basic bridge type construction. Also, all of the rollers don't have to be made of steel, just the ones that will be used the most. A box under Younkin's Wheel held a dozen or more different rollers for specific applications



and they were all made of 2024 T-6 aluminum. This is plenty hard enough since



they arc used on soft aluminum. Again, the English Wheel is not a necessity for forming aluminum, but it sure does make things go a lot smoother (pun intended). ^



This is what the operator sees and it's confusing at first be-



This is what the aluminum sees. The bottom roller has a lever



wheel acts as if it is rolling on the surface and the aluminum has to be guided accordingly.



pressure on the roller so the aluminum can be repositioned or put between the rollers more easily.



cause the sheet isn't guided as if it were on a bandsaw. The
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operated cam which allows the operator to immediately relieve
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