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hen most people build their avionics package, they mostly think about the great avionics they want to put into their aircraft. Whether it’s the latest, state-of-the-art GPS/nav/comm, or a new digital autopilot made for the homebuilt aircraft market, builders have their eyes on the toys they want in their cockpit. While there is nothing wrong with this approach, builders need also to think about how they are going to protect their avionics investment. From the standpoint of a builder-designer, or even a builder, this includes the electrical system, or more importantly, how the builder will insulate the avionics from the various factors that can have an adverse impact.



Master Control



curs when the electric motors in airplanes stop. A motor is an inductor, and when the power is cut off, either through a switch or by reaching a travel point in the case of a flap or landing-gear motor, the device releases its magnetic field in the form of a voltage spike. The size of the spike is proportional to the size of the motor, but in aircraft, these transient electrical spikes can reach several times the normal rated load and can damage delicate avionics. While avionics are hardened against these electrical assaults, each one takes a toll on the avionics if they are left on when the spikes occur. Where this will typically turn up is in reduced service life before repairs are needed. Some of the newer avionics are not field repairable, which means your avionics shop will have to send in your unit for work or exchange your radio for a factory-refurbished exchange unit. One way or the other, the “base cost” of the work typically adds up. Industrial control circuits, which typically are used on cranes, mixing equipment, variable speed fans, and other devices, have incorporated such protection into their designs through the use of diode packs. The purpose of the diode pack is simple: It dissipates the electrical spike as heat. With that said, even the diode packs wear out and have to be replaced. If these robust components, which were specifically designed to handle spikes, wear out,



The size of the electrical spike is proportional to the motor in question, but in aircraft, these transient spikes can reach several times the normal rated load and can damage delicate avionics.



One setup in the cockpit that can help master the forces of physical and electronic problems for avionics is the avionics master. The function of the avionics master is simple enough: It allows a central point to provide power to the electronics in your cockpit. The avionics master accomplishes this protective mission through either the use of a switched breaker or a relay system, either of which allow the pilot to connect or disconnect the avionics from the electrical system in a single, simple manner. This ability is important for a number of reasons. First off, your airplane contains many devices that can put some strain on your avionics in the form of an inductive kick. An inductive kick is a voltage spike that generally oc-
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technical counselor your avionics will too with the exposure to the spikes over time. Your avionics are also subject to normal wear and tear from trying to manually protect from this spike by using the power switches. If you are on a tight budget, the on-off switches of each piece of avionics can be used to avoid the spikes caused by inductive kick. However, the more you use these switches, the greater the probability they will wear out or require repair to provide for consistent operation. Another less pressing concern is cosmetic. The more the switches are used, the more physical damage will be caused to the logos from the oils in your skin, most notably on older avionics. You have probably ﬂown a plane where you can’t read the on/off position indications, which is caused by use and time. This can result in problems that are as simple as needing to clean the gear, to as costly as having to send in the gear to have the faceplate replaced or refurbished. In either case, until the condition is corrected, your plane won’t look as good inside as it might otherwise. Then there are the avionics out there that power up when you turn on the master switch. These devices, which range from lightning detection systems to engine instruments, have no way of being turned off electrically, apart from pulling their circuit breaker if they are so equipped. Unless you can isolate them from the inductive kick, they will see higher than normal voltage, and suffer reduced service life and reliability as a result.



Curing Inductive Kick As stated previously, industrial applications use a diode pack across the electric motor, transformer, or solenoid to “drain off” the inductive kick as heat. While this works and is probably in place in some form inside today’s modern avionics, the protection in your radio will have to be replaced 120
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on a periodic basis since it will wear out from the voltage spikes. There are other designs that use diodes and resistors, with the intent being that the inductive spike will be dissipated as heat. Still, the most effective way to avoid the damage of inductive kick is to install an avionics master. Before starting the engine, the pilot assures that the avionics master is shut off, which separates the more delicate avionics from the rest of the aircraft electrical system. Once the engine is running and the charging amps have returned to a reasonable level, the avionics master is turned on to power up the avionics.



The most effective way to avoid the damage of inductive kick is to install an avionics master. Similarly, before the engine is shut down, the aircraft checklist should include a step to turn off the avionics master switch to remove power from the avionics and keep them isolated from any engine-shutdown-related electrical spikes.



Two Master Options There are two ways to establish an avionics master in your airplane. The ﬁrst is the use of a switched circuit breaker, or a heavy-duty switch that’s connected to a circuit breaker that is connected to your electrical bus. This provides a simple method to power up the avionics in a plane and is the fastest and least expensive way to get the job done. The reason you would use a switched breaker or a heavy-duty switch with a breaker is to provide electrical protection for your wires, as called out in AC 43.13-1B, Acceptable Methods, Techniques and Practices. Failing this, the large gauge wire you will run from your bus to your avionics master and from the master to the EAA Sport Aviation
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avionics bus could be shorted due to any number of unanticipated causes and cause signiﬁcant damage to the electrical system of the airplane. The cleaner route to an avionics master is to use a switch that runs a ﬁrewall or cockpit-mounted relay. The relay, which needs to be designed for continuous service and rated for the maximum expected bus loading plus a margin of at least 25 percent over the maximum expected current, closes when the switch is closed and provides power to the avionics bus. This approach will take more wiring in the cockpit, since you will need to run the large gauge wires from the source to the relay and from the relay The avionics master is a central point providing power to the electronics in the cockpit, allowing the pilot to connect or disconnect the avionics from the electrical system in a simple matter.
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to the avionics bus. An additional issue is an increase in the number of components. This comes into play because the relay system requires a second circuit breaker. As you would expect, you will still need to provide protection for the wires to and from the load portion of the relay. In addition to those wires, you will also need to protect the circuit, which closes the relay with an appropriately sized circuit breaker and correctly rated switch.



When it comes to the load wires for the system, you will need to carefully select the correct gauge of wire.



When it comes to the load wires for the system, you will need to carefully select the correct gauge of wire. Your selection should be based on the electrical load tables in AC 43.13-1B. This is fairly simple to do if you have access to the manuals for your avionics, since you will need to add up all those loads. If you don’t have the current loads available, you will need to contact the manufacturer or your local avionics shop to obtain them. Alternatively, you could load test these components using a handheld amp meter. For such testing, you need to make sure you are working in the limiting conﬁguration. As an example, you wouldn’t want to measure the current ﬂow to the entire bus and go with that, since you need to have your transmitter or transmitters running to get an accurate load reading. If you are using avionics such as a DME, you will also need to have it online and working. It’s best to take discrete current readings from each component, in all their operating conﬁgurations. This will assure that your wire size and breaker ratings can be properly bounded. EAA Sport Aviation
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technical counselor Managing Margins After you calculate your loads, you may think it’s time to rush out and buy parts. Instead, you need to ﬁgure out what margin you need in your circuit. The reason for having that margin is to avoid having to completely replace your avionics master system every time you add a new piece of hardware to the cockpit, which could happen if you went with a zero-margin approach in the selection of your master wiring and breaker. Any margin that is added to one part of the system should be reﬂected in the protected component. As an example, it does little good to install a 40-amp avionics bus feed breaker to have margin for future projects, and have a supply wire rated at 30 amps. This means if you increase your margin on the avionics bus breaker, you need to make sure you connect the wire that is rated for the same or greater current carrying capacity to avoid having the wire overheat while in use. Another project you can take on at the same time is a ground avionics master. This allows you to power up a single nav/comm or comm on the ground, to pick up the ATIS or to obtain your clearance prior to starting your engine. With avgas prices hovering where they are, this option makes even more sense, as it allows you to do these things without running your engine. The correctly designed system isolates the rest of the avionics from the electrical supply that’s provided to the radio. This can be accomplished with a relay with normally open and closed contacts. The normally closed contacts are used for your normal ra-



dio power supply, which is connected to the avionics bus. The normally open contacts are connected through a fuse or circuit breaker to the battery, with the relay actuated by a switch. When you ﬂip the switch for your ground master, the radio is powered from the battery and not the avionics bus. If you forget about it, start the airplane, and turn on the avionics master, it doesn’t matter. All you have to do is turn off your ground bus switch and the relay will revert the radio to normal power in a ﬂash. Breakers, relay capacity, and the selection of wires are critical to making certain that this will work properly from the start. The components need to be rated for the duty that will be imposed. As an example, if the relay draws 1 amp, it will need a 1-amp breaker and switch. The wires should be able to handle several amps. The radio power needs to be rated for the maximum expected current draw during radio transmission, since the ground master may be used to talk with clearance delivery or ground control. Regardless of how you do it, protecting your avionics from inductive spikes will improve their life expectancy and reduce the need for expensive repairs. By taking some or all of these suggestions and incorporating them into your avionics design, you will have put the best defense into place to assure your avionics have a long and trouble-free lifespan.



The reason for having that margin is to avoid having to completely replace your avionics master system every time you add a new piece of hardware to the cockpit.
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