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nuts & bolts



building basics



Hard Line Tricks Connecting hard fluid lines requires matching materials to the task at hand D I C K KOEHL ER



S



ome of the most important parts of that aircraft you are building are the fluid lines. On even the simplest planes, fuel and hydraulic fluid are transported in rigid lines and flexible hoses. Not only do you get to install (and maybe fabricate) these during the building process, but also you get to maintain them for as long as you own your airplane. Fluid lines in the engine compartment must meet all the requirements of lines installed in the airframe, plus many of them must also be protected from heat with fire sleeves. In aircraft, rigid fluid lines are installed where there is no relative motion between the line and the airframe. They are normally made of aluminum or stainless steel tubing. Fuel lines, engine oil lines, and lines that carry instrument air may be made of half-hard 1100 or 3003 aluminum alloy. Medium pressure systems may be made of 2024-T or 5052-O aluminum alloy. In the past, fluid lines in these types of installations were made of copper, but copper has the disadvantage that vibration can harden it and cause it to crack, although most primer systems still use copper tubing. Most of the low- and medium-pressure fluid lines are fitted with flared fittings. Lines that carry high pressure, such as 3,000 psi hydraulic fluid lines, and lines that are in an exposed location where they are vulnerable to damage, such as fuel injection distribution lines, are usually made of annealed or quarter-hard corrosion-resistant (stainless)



steel. These lines are fitted with either military specification flareless fittings or swaged fittings. If you are planning to use a stainless steel line on your homebuilt in a lower-pressure application for its damage resistance properties only, a flared fitting may be used. On high-performance aircraft where weight is of particular concern, some people will use titanium lines, but most homebuilts are not that weight-critical. Metal lines are sized according to their outside diameter, which is given in increments of 16ths of an inch. For instance a -4 (pronounced dash four) line has a 4/16-inch (1/4 inch) outside diameter. These metal lines are available with various wall thicknesses. The inside diameter of a metal line is found by subtracting twice the wall thickness from the outside diameter. For example, a piece of -8 aluminum alloy tubing with a wall thickness of 0.065 inch has the following inside diameter: 0.500 - (2 × 0.065) = 0.370 inch; whereas, if the wall thickness were 0.035, the inside diameter would be 0.430 inch, giving a 35 percent increase in cross-sectional area. Keep this in mind when selecting tubing. A stronger (thicker) wall is not always better. It is important that metal tubing be cut with a square end that is free of burrs. A fine-tooth hacksaw can be used, but it is much better to use a tubing cutter. This is a wheeltype cutter that can be obtained from the plumbing section of your local hardware store. Place the tubing in the cutter and turn the knob on



Be careful not to screw the cutting wheel in too tightly, as it will deform the tubing or cause an excessive burr to form on the inside.
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the handle until the cutting wheel is up snug on the tubing at the location of the cut. Rotate the cutter around the tubing and then turn the knob to retighten the cutting wheel slightly into the tubing. Rotate the cutter and repeat the tightening process until the tubing is cut. Be careful not to screw the cutting wheel in too tightly, as it will deform the tubing or cause an excessive burr to form on the inside. After the tubing is cut, carefully use a knife or the de-burring blade on the cutter to remove any burrs or raised metal resulting from the cutting operation. If the tubing is going to be ﬂared, the end should be polished with ﬁne abrasive paper to remove any sharp edges that could cause the tubing to crack.



FOR THE PRICE OF A SPORTS CAR . . . you can own a helicopter.



35 years of proven performance.



Build it, fly it, love it!



Bent Out of Shape The next fabrication step is bending. Tubing must be bent carefully to prevent it from collapsing in the bend. The tubing is often deformed into an oval in the bend, and the bend is not satisfactory if its smaller diameter is less than 75 percent of the outside diameter of the straight tubing. There are many tricks and techniques for bending tubing, such as ﬁlling it with sugar prior to bending, but for the average homebuilder, there are two techniques that work well: by hand or with a hand bender. Soft aluminum and copper tubing with an outside diameter of ¼ inch or less can usually be bent directly by hand. An inexpensive coil of spring steel can be slipped over the tubing to preclude ﬂattening. Tubing up to 3/4 inch may be bent with hand benders that can also be purchased from plumbing supply sources. You must choose the proper
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A hand bender is available at a plumbing supply source and can handle tubes up to about 3/4 inch. EAA Sport Aviation
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building basics size bender for your tubing. The bender will have a slide bar and radius block that are machined with channels that match the outside diameter of your tubing. This size match precludes spreading and ﬂattening of the tube as it is bent. Notice that the radius block has degrees of bend marked around its edge. The slide bar has an index mark that coincides with the 0-degree position on the radius block when the tube is properly loaded and ready for a bend. To complete the bend, simply pull the



slide bar around the radius block until the index mark is aligned with the desired degrees of bend on the radius block. This action will swage the tube around the block, which will support it and preclude ﬂattening. There is a minimum bend radius for a given diameter of tubing, but the tubing bender will prevent you from too small a radius by virtue of its radius block shape. No scratches, nicks, or dents are allowed in the heel of the bend. Scratches and nicks that do not exceed 10 percent of the wall thickness are permissible in straight sections, if burnishing can repair them. Dents of up to 20 percent of the tube diameter are permitted in straight sections.



The fluid lines used in some highpressure hydraulic and pneumatic systems are so hard that they are difficult to flare without cracking.



Memorial Wall



 A Place for Remembrance and Reflection  EAA’s Memorial Wall provides a place to remember important people in a very special way. Located behind the EAA Aviation Center in Oshkosh,Wisconsin, the EAA Memorial Wall honors departed EAA members and aviation enthusiasts among park-like surroundings provided by ponds and trees and Compass Hill.



Your loved one’s inscription will be cast on a bronze plaque. New plaques are installed every year listing all honorees whose names were submitted before March 31st each year. The official ceremony and first viewing of the new installation takes place during AirVenture. Your memorial contribution of $350.00 covers engraving and installation costs, administration of biographical data for each individual, a video of the ceremony and permanent maintenance of the site. To submit your special person’s name, or to learn more about EAA’s Memorial Wall, please visit www.airventure.org/memorialwall or call EAA at 1-800-236-1025.
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Making Connections Now you are ready to put the connection system on the end of the tube. There are several methods (and ﬁtting types) used to connect rigid tubing, including hose and beads, single and double ﬂare, ﬂareless, and swaged. When sections of metal tubing are subject to vibration, they are joined with pieces of ﬂexible hose. In many older aircraft and on low-pressure systems, the ends of the metal tubing can be beaded and a section of rubber hose slipped over the ends of the tubes and secured with hose clamps. The beading is a raised ridge pressed around the circumference of the tube from the inside using a special beading tool. These tools are relatively expensive, so you may want to try to borrow one from your local FBO or an airframe and powerplant school. They work best in soft tubing for gravity fuel systems and vacuum systems. Most metal tubing is connected to other tubing or components by ﬂaring the ends and using ﬂare-type ﬁttings. When ﬂaring tubing for installation in aircraft, you must use the correct ﬂaring tool. Automobiles routinely use a 45-degree ﬂare angle, but aircraft using AN or AC ﬁttings must be ﬂared with a 37-degree angle. This ﬂare angle is the angle from the longitudinal axis of the tube to the face of the ﬂare. There are two types of



ﬂares, double and single. Soft tubing made of 5052-O and 6061-T aluminum alloy in sizes from 1/8 to 3/8 inch outside diameter should be ﬂared with a double ﬂare for strength. A double ﬂare must be done with a special tool designed for double ﬂares. Follow the instructions on the tool, but in general, the tube is inserted to a stop and a special “upsetting tool” tips the tubing in on itself. Then the tubing is ﬁnished with a normal ﬂaring cone to the correct shape. The ﬂare will be twice as thick due to the fold-over doubling of material. This extra material greatly resists the shearing effect that occurs when a ﬁtting is tightened. Single ﬂares are produced on the ends of tubing with either an impacttype ﬂaring tool or a tool in which the ﬂaring cone is forced into the end of the tubing with a hand-operated screw. Follow the instructions on the ﬂaring kit that you have. All modern AN type ﬁttings use an AN819 sleeve and an AN818 nut that are ﬁtted over the tube prior to ﬂaring. The minimum outside diameter of a properly made ﬂare should be at least as large as the inside diameter of the toe of the sleeve. The maxi-



mum outside diameter should be no larger than the outside diameter of the sleeve, or the ﬂare will hang up in the nut. The ﬂuid lines used in some highpressure hydraulic and pneumatic systems are so hard that they are difﬁcult to ﬂare without cracking, so ﬂareless ﬁttings have been developed. These ﬁttings consist of a body, a sleeve, and a nut. The actual seal is between the outside of the sleeve and the inside of the body. MS ﬂareless ﬁttings are attached to the end of the metal tubing by presetting the sleeve in the tube. Presetting puts enough pressure on the ﬁtting to deform the sleeve and cause it to cut into the outside of the tube. Presetting requires the use of a special presetting tool, which is a nutlike arrangement that is different for each size tube ﬁtting. If you have a lot to do, then it may make sense to purchase the tool, but most builders just use softer tubing and ﬂare it. Modern high-performance aircraft that have high-pressure hydraulic systems often use swaged ﬁttings on their rigid tubing. To join two tubes with a swaged ﬁtting, the ends of the tubes are cut square and the swaged



Flexible tubing is used to connect two rigid lines when the sections are subject to vibration.
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ﬁtting is slipped over them. The ﬁtting is swaged, or forced onto the tube, by hydraulic pressure acting on dies. There are portable swaging tools available, but again, the expense to the homebuilder is usually excessive versus the increased performance gain, so swaged ﬁttings are rarely seen in homebuilts. Another type of swaged ﬁtting is the cryogenic type in which the tube is dipped in liquid nitrogen and the heated ﬁtting slipped over it. When the temperature stabilizes, the ﬁtting is shrunk in place. Again, this approach is usually not usable by the average homebuilder. When installing the ﬁnished tubing in an aircraft ﬂuid system, tighten the nut on ﬂared or ﬂareless ﬁttings to ﬁnger tight and then turn it onesixth to one-third of a turn or one or two hex ﬂats with a wrench. Overtightening a ﬁtting to stop a leak will damage the ﬁtting and will probably cause it to leak even more.
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When rigid lines meet, the pressure the lines carry and the hardness of the lines themselves determine the type of fitting that is suitable.



From the Ground Up From the Ground Up is TV’s only show dedicated to the homebuilding and restoration of airplanes. The show that introduced America to the personal aircraft movement on the Discovery Wings Channel is now available on video!



F13472 $21.99 Episodes 1-3 (Tail Contstruction, Riveting, Wings) F13473 $21.99 Episodes 4-6 (Wings to Fuselage, Durface and Flaps, Interior) F13474 $21.99 Episodes 7-9 (Electronics, Firewall Forward, Plumbing and Exhaust) F13475 $21.99 Episodes 10-13 (Canopy, Landing Gear, Paint Prep, Inspection, First Flight)



COMPLETE SET! F13476 $79.99



To Order Call: 800-843-3612 Outside U.S. & Canada call (920) 426-4800



or Visit us online at www.eaa.org or Send your order by mail to:



Major credit cards accepted. • WI residents add 5% sales tax. • Shipping and handling NOT included.
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Building basics: Pushrod Secrets 

then mount the plugs in each end with six high-strength blind rivets spaced evenly around the circumfer- ence of the tube. Here's potential trouble. It's tough.
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