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Rigid Fluid Lines - Size

HANDS ON ... its fluid lines. On even the simplest planes, fuel and hydraulic fluid are transported .... for a link to Brian Carpenter's Hints for Homebuilders video. 
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H   ANDS ON HOMEBUILDER’S HANDBOOK



Rigid Fluid Lines Cutting and Bending Them m to Fit BY RICHARD KOEHLER



SOME OF THE MOST important parts of the aircraft you’re building are its ﬂuid lines. On even the simplest planes, fuel and hydraulic ﬂuid are transported in rigid lines and ﬂexible hoses. You will not only install (and possibly make) these during the building process but also maintain them for the life of the aircraft. Fluid lines in the engine compartment must meet all the requirements of lines installed in the airframe, and in addition, many of them must be protected from heat with ﬁre sleeves. Rigid ﬂuid lines are installed in aircraft where there is no relative motion between the line and the aircraft. They are normally made of aluminum or stainless steel tubing. Low pressure systems, such as fuel lines, engine oil lines, and lines that carry instrument air, may be constructed of 1100-O or 3003-O aluminum alloy. Tubing must be bent carefully to Medium-pressure systems prevent it from collapsing in the bend. may be made of 2024-O, 6061-O, or 5052-O aluminum alloy. In the past, ﬂuid lines in these installations were made of copper, but vibration can harden copper 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 hydraulic ﬂuid, and that are in an exposed location are usually made of annealed or 1/4-hard corrosion-resistant (stainless) steel. These lines are ﬁtted with either mil spec ﬂareless ﬁttings or swaged ﬁttings. If a stainless steel line is being used 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 critical, titanium lines are also used, but we usually don’t see titanium on our homebuilts.



82 Sport Aviation June 2010



Metal lines are sized according to 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 an inside diameter of 0.500 - (2 ´ 0.065) = 0.370 inch; whereas, if the wall thickness was 0.035, the inside diameter would be 0.430 inch, for 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’s much better to use a tubing cutter. This is a wheel-type 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 the handle until the cutting wheel is snug to 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
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A typical tubing cutter.



The rough edges of the cut tubing must be deburred.



Meet VP-X



The electronic circuit breaker system that integrates with your EFIS The VP-X uses proven electronic circuit breakers to simplify wiring and provide advanced electrical system capabilities. Monitor the status of individual devices and the entire electrical system right from your EFIS. Avionics, lights, trim, and ﬂaps can all be controlled using standard switches or the EFIS.



Get the most from your glass panel with the VP-X. Learn more at VerticalPower.com or call (505) 715-6172. A typical deburring tool.
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If the tubing is to be ﬂared, it should be polished.



A simple spring-style tubing bender.
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The hand bender’s radius block has degrees of bend marked around its edge.



the cutter and repeat the tightening process until the tubing is cut. Be careful not to screw in the cutting wheel 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 deburring blade on the cutter to remove any burrs or raised metal resulting from the cutting operation. If the tubing is to be ﬂared, the end should be polished with ﬁne abrasive paper or a Scotch-Brite wheel to remove any sharp edges that could cause the tubing to crack. NEXT STEP: 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. A 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 usually only two techniques used: by hand or with a hand bender. Soft aluminum and copper tubing with an outside diameter of 1/4 inch or less can usually be bent 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 be purchased at plumbing supply stores. You must choose the proper size bender for your tubing. The bender will have a slide bar and radius block that are machined with channels that
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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 (bend) 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. This should get you started in selecting the right ﬂuid lines for your homebuilt. Richard Koehler, EAA 161427, is an active airframe and powerplant mechanic with inspection authorization, a commercial pilot with instrument and multiengine ratings, and an EAA technical counselor and ﬂight advisor. To learn more, visit www.SportAviation.org for a link to Brian Carpenter’s Hints for Homebuilders video Flared Tubing-Fabrication and Assembly.
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Brake Fluid: Bleeding (Echo) 
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Visual information about rigid and nonrigid motion 
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