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Craft & Technique: Composite Aircraft Antennas - Size

best approach is to get the antenna wire away from the an- tenna as quickly as possible in your routing plans. The rea- .... can be laid flat in the belly of the plane. 
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craft & technique Composite Aircraft Antennas The right foundation for success GEORGE R . WIL H E L M SE N



W



hen it comes to antennas, the biggest challenge to the average person building an airplane is less about selecting the right one and more about installing it correctly on the airplane.



Antenna Wiring Some builders think an antenna wire is the same as any other wire. That’s false. The average antenna wire actually has four different components, rather than the two or three you usually see with other wires. The four parts make it critical for the builder to assure the antenna wire is properly routed and not excessively bent. The four parts of the antenna wire include: • The center conductor, which carries the signal; • The center conductor insulator, which keeps the center conductor isolated from the shield; • The shield, which completely covers the center conductor insulator and keeps the signal from “leaking” to other systems in the aircraft; and • The outer insulation, which keeps all the various parts together and prevents damage. While this wire is robust in nature, there are some things you should not do when working with the antenna wire. First, excessive bends are not acceptable. They can damage the insulation around the center conductor, causing a leak between the center conductor and the shield that can rob your signal strength. To avoid this trap, use long sweeps when you need to change the direction of an antenna wire, to minimize bending and the issues that it causes. Another concern is pinching of antenna wires between supports or aircraft components, which can cause similar issues as excessive bends. Over time the wire will move



between the points where it is pinched and may breach the shield, causing transmission signal loss.



Antenna Wiring Routing The ﬁnal point to consider is your antenna wire routing. The antenna wire needs to exit the antenna at a 90-degree angle, and it should never run parallel to the antenna. The best approach is to get the antenna wire away from the antenna as quickly as possible in your routing plans. The reason for this approach is that while shielded, antenna wires still radiate a signal, and if this signal is too close to the antenna, it can mask the antenna output, making it ineffective. The good news is that these tips for antenna wire routing apply whether you’re working with a composite aircraft or one constructed from metal. The basics remain the same and thus apply to either type of airplane. Complications arise when antennas need to be installed in composite airplanes. This is where the remainder of this story will focus, since this process is a combination of science and art.



Antenna Basics The average aircraft antenna is a rather simple arrangement of a radiator element connected to a sturdy base. The base of the antenna is secured to the structure of the aircraft, and it serves several functions. The most obvious function is to keep the antenna in place while the plane is in ﬂight. While streamlined, there are tremendous forces exerted on the antenna, both by the propeller wash as well as the normal ﬂow of air over the fuselage. On a metal airplane, securing the antenna to the airplane also provides a ground plane that acts as a reﬂector for the signal radiated by the antenna. Lacking this ground plane, EAA Sport Aviation
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craft & technique You can see the best alignment for the comm antenna in the simulated tail of a fiberglass aircraft, which avoids bending and results in the best output.



an antenna is unlikely to work well, regardless of how well it is positioned on the fuselage or how much power is directed through it. Why this ground plane is important is simple: It is part of the design of the average antenna. The average antenna for metal planes is a quarter wave antenna and is about 19 inches long. The antenna itself makes up the ﬁrst quarter of the wave of the antenna signal, with the aircraft ground plane or “skin” making up the second quarter, creating the full half-wave for the antenna to function properly. An airplane constructed of ﬁberglass will have no ground plane for the antenna to reﬂect from. As a result, the antenna will not function, regardless of where it is installed on a composite aircraft, since it can only generate a quarter wave. Obviously, there are antennas that work in ﬁberglassconstructed aircraft. These antennas use a different design to get the signal out of the plane with the required full half-wave. The best way to describe these antennas is as a thin ﬁlm of tape, which can be laid up with your ﬁberglass plane’s structure. When properly installed, these devices will be invisible. These antennas work around the quarter wave problem by creating a half-wave antenna. Doubling the size of the antenna element from around 19 inches to about 38 inches accomplishes this. The additional length of the antenna produces the half-wave needed to be effective. Thus, if you install your antenna in the skin of your ﬁberglass aircraft, it should work well, provided you avoid the installation “don’ts” that come along with these in-skin 102
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antennas. The ﬁrst thing to avoid is routing the antenna next to or on any structural elements constructed of metal. These metal elements can destroy the effectiveness of the antenna by masking the antenna energy, which in turn robs you of output power and receiving ability. Composite planes with a metal frame need to make sure the antenna does not parallel parts of the metal structure, and when it’s necessary to cross parts of the structure, the antenna should do so at a 90-degree angle. Crossing the structure at this angle will minimize signal loss that would otherwise be encountered. The half-wave antennas are very ﬂexible, and you may think you can bend them to meet your needs. This brings us to the second installation requirement: in general, it is important that you not bend the antennas while installing them. The problem is simple: bending the antenna into a “U,” “V,” or “C” shape creates a bullhorn effect, where the signal output and receiving are directed in a single, focused direction. This would result in your transmitted and received signals being very directional, when in fact they need to be omnidirectional. Where your signal may be directed is a great challenge. For example, if your shaped antenna points toward a large mass of metal, such as an engine, your signal could be effectively masked to the point where no one could hear you. In such cases, the only way to resolve this issue would be to replace the antenna and install it properly. If the new installation location will encounter the portions of the old antenna, it will be necessary to remove the previous an-



power is directed



with the tips of the antenna pointing to the wingtips of the airplane. The tips of the antenna can be bent upwards slightly to conform to the belly of the airplane, but in many cases, can be laid ﬂat in the belly of the plane to get the right signal. While you may be tempted to install the antenna out toward a wingtip in the wing itself, this is not recommended since it results in offsets for your signals from localizers and VORs. Just as was the case with comm antennas, make sure your nav antenna stays clear of any metal structures, and if it’s necessary to cross such structures, make sure it does so at a 90-degree angle.



through it.



Other Installations



tenna because it will act as a reﬂector and could sap the signal. From this perspective, you can see where installing the antenna in the right place and right shape the ﬁrst time can be very important.



Lacking this ground plane, an antenna is unlikely to work well, regardless of how well it is positioned on the fuselage or how much



The ﬁnal point to consider is that this tape-type antenna cannot be used on planes constructed entirely of carbon ﬁber, which is a good conductor and will siphon away your antenna power. If there is a ﬁberglass structure in the plane, you could mount the antennas there, provided the antenna itself does not come in contact with any part of the carbon ﬁber structure.



If you are restoring a classic fabric plane, you can avoid adding antennas to the outside of the airplane. Antennas can be installed inside the vertical



stabilizer and glued to the inside of the skin. Nav antennas are best installed on a rib in the belly or wing structure to provide the necessary stability and avoid damaging the antenna. Antennas are available for the comm, nav, and emergency locator transmitter transceivers in the typical airplane. Installing antennas takes a signiﬁcant amount of knowledge to assure the job is done right. Make sure to read and comply with the instructions provided with these antennas so they operate as designed and as you need them to. George Wilhelmsen holds a commercial certiﬁcate, ASEL, with an instrument rating and has more than 1,000 hours of ﬂight experience. He has a bachelor’s degree in engineering technology with a background in DC, analog, and digital controls. He ﬂies a Beech Debonair.



Installation Tips for Tape-Type Antennas There are simple points you must consider when installing tape-type antennas. Comm antennas need to be mounted as close to vertical as possible. You can still get good performance with angles up to 30 degrees from vertical, but once your orientation exceeds 30 degrees from vertical, the antenna performance degrades at an exponential rate with every degree it is mounted past that limit. As such, the vertical stabilizer is the best place to mount the antenna. Nav antennas of this type need the same help to work correctly. The antenna needs to be oriented around the pitch axis of the airplane, which is typically centered in the wing of the plane. The antenna should be installed just as the wings are oriented, EAA Sport Aviation
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