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Wired for disaster

Missing bolts, nuts, and safety wires are readily seen. Loose ... Aging electrical systems manifest their problems with a myriad of symptoms. Maybe it's an ... 
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DISASTER Current problems with aging electrical systems Robert N. Rossier Things were going fine for the pilot of a Piper PA-28-181 on a VFR flight from Nantucket, Massachusetts, to Freeway Airport in Mitchellville, Maryland, one bright afternoon in October 2002. About 27 miles southeast of Block Island (BID), cruising over the ocean at 8,500 feet, the pilot and his two passengers smelled trouble. Smoke began to fill the cockpit. With a quick call to the Boston Air Route Traffic Control Center (ARTCC), the pilot received vectors to BID for an emergency landing. No doubt the pilot was anxious, with the waves sweeping below them and the minutes ticking by as he navigated for dry land. Smoke made the visual approach to the 2,501-foot Runway 28 more difficult. The fumes burned the pilot’s eyes and nose and caused a headache and dizziness. A direct crosswind of 12 knots gusting to 16 added another challenge to the landing. The aircraft touched down fast, some 800 to 900 feet down the runway, and the pilot couldn’t stop before running off the end of the runway and into a fence. The occupants received only minor injuries, but the airplane wasn’t so lucky. The culprit? The plastic housing and associated wiring on the battery box solenoid relay had melted. As aircraft age, so do their electrical systems, of course. But the wrinkles aren’t always obvious. When a control or mechanical component fails, the problem is usually an obvious break or seizing. Missing bolts, nuts, and safety wires are readily seen. Loose control hinges and rod ends are easily detected. Discoloration and bubbling of paint are clear indications of corrosion. However, when it comes to aging electrical systems, even a thorough preflight or routine inspection can easily overlook a serious problem. Aging electrical systems manifest their problems with a myriad of symptoms. Maybe it’s an intermittent radio problem, a flickering light, noise on the radio, or fuses that burn out for no apparent reason. Sometimes the problem doesn’t reveal itself until the EAA Sport Aviation
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Note here that one terminal end is a different color than the rest, indicating in this case that the wrong size terminal was used. Aviation terminal ends are color-coded to the gauge wire they serve. situation becomes critical, and the result can be an electrical fire. To get the most out of an airplane—and certainly to avoid cataclysm—you need to find the problems, then take the steps necessary to rejuvenate the aging electrical components and restore the system to a youthful, low-resistance condition.



Electrical System Corrosion As with any metallic aircraft components, the electrical system is subject to the effects of corrosion over time. Unfortunately, the points at which that corrosion occurs are not always obvious. “Corrosion really is the big issue,” says Bill Anderson, director of maintenance for Cawley Aviation in LaGrangeville, New York. “Over time, all the terminations and contacts become corroded, and little problems begin to emerge. We’ve got an old Cessna Cardinal in here 54
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now that’s a prime example. If you leave the aircraft lighting on and then turn on the master switch, you start popping fuses. The problem is that all the terminals are corroded, which increases the resistance of the circuits. When you turn on the power, you get this sudden power surge.” Despite its protective insulation and a lack of moving parts, electrical wiring itself suffers the effects of corrosion over time. Aluminum wiring—often favored in highamperage applications such as starter cabling to minimize the weight—tends to suffer ill effects as cracked and abraded insulation allows moisture to enter and begin its destructive work. The result is an increase in resistance and a corresponding decrease in cranking power. “Terminal blocks are another great place for corrosion to occur,”



Anderson says. Here, dissimilar metals combined with moisture from the air eventually result in corroded terminals and increased resistance. “Even crimped connections will eventually corrode.” A common practice in old military airplanes was to terminate the connections in potting compound. The idea was to prevent moisture from finding its way into the connections in the first place. It seemed to work for a while, but eventually even those connections failed. “Eventually, moisture seeps into these connections, too,” Anderson says, “and the wires corrode right there in the potting compound.”



A Bundle of Frayed Nerves The electrical system is the airplane’s central nervous system, and as an aircraft ages, it can end up being nothing more than a bundle of frayed nerves. Especially where wires rub from vibration, the insulation wears away, causing bare spots that will short out systems intermit-



The insulation on these old fabric covered wires can readily deteriorate, exposing bare wires that short out and ignite fires. tently. “In lots of cases, the old insulation becomes brittle and breaks off, or simply rots away,” Anderson says. In addition to the problem of frayed and abraded insulation, brushes wear, contacts deteriorate, plastic parts become brittle, and switches wear out, all of which can cause gremlins to appear in the elec-



trical system. “Another place we see problems is with communication and navigation systems,” Anderson says. “A guy may come in here wondering why he can’t receive a VOR until he’s 4 miles from it, and he thinks it’s his radio or the antenna. But a lot of times it’s the cabling that is to blame. Especially where the connec-



tors are mounted vertically, water will eventually find its way into the coax cable. This changes the capacitive reactance of the cable, and degrades the performance of the radio. The only way to get rid of the problem is to replace the coax cable.”



Quality Matters One particular problem faced by owners of aircraft—especially those with which nonprofessionals have
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All the terminals on this old bussbar from a C-210 were loose. The gray wire is an automotive wire, and had no terminal end. The wire was simply hooked around a screw on the buss bar.



been involved—is the quality of the materials and workmanship found in the electrical system. Here again, the problems aren’t necessarily obvious to the untrained eye. “The problem is that many of the people doing their own electrical work don’t realize they’re doing a less than first-rate job,” says Terry Pearson, a 25-year veteran avionics technician at Westerly Airport in Westerly, Rhode Island. “Wiring an aircraft is almost an art, and having the right materials and tooling is essential to the outcome.” A common mistake made in amateur-built aircraft—and home-



repaired aircraft—is the use of automotive wiring and components. “We had an RV in here a while back,



and although it was a beautiful airplane, the wiring was a disaster waiting to happen,” Pearson says. “The whole thing was wired with automotive wiring and fuses.” The primary problem with automotive components is the quality of the materials. Automotive wiring and components typically have PVC insulation, and as Pearson points out, PVC is totally unsuitable for use in airplanes. When it overheats or burns, PVC emits deadly cyanide gas that will quickly overcome a pilot and passengers. Instead, most designs now specify MIL-22759 TefZel wiring, which is rated for higher temperatures (150°C), has thinner insulation to allow better cooling of the wires, and the individual wire strands are “tinned” to reduce the effects of corrosion. Even terminal ends and other automotive crimped connectors incorporate PVC insulation, and in addition, may present material compatibility issues that enhance the effects of corrosion. In addition, automotive components just aren’t up to the punishment doled out in the aviation environment. For example, automotive switches don’t stand up well to the vibration common in aircraft. The 56
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internals finally disintegrate, leaving a hazardous connection prone to sparking, arcing, and other modes of failure.



Let’s Get Wired Even when aviation-grade materials are used, the quality of the workmanship can be a major issue. Sloppy workmanship, poor grounds, and loose connections have been the downfall of electricians since the days of Edison. “The big mistake that people make is they overtighten the clamps,” Anderson says. Unfortunately, many of the problems are hidden behind panels and interior furnishings, making them difficult to detect. Pearson tells of an EMI filter in a Mooney 231 that suffered damage from a loose connection. “We found melted wire and charred connections where a 1/4-20 stud had loosened, causing serious arcing. It looks like someone just tightened it up again and kept on going.” One of the worse cases of poor workmanship Pearson has found was in a Cessna in which the power feed to the buss bar had been cut and repaired. “The two pieces of No. 6 wire had just been laid side by side, held together with safety wire, soldered with a torch, and wrapped with electrical tape,” says Pearson, shaking his head. Another surprise came when he found the wires for a strobe light had been connected with wire nuts—like those used for household wiring. “Then we had this S-35 Bonanza that suffered some burned wires due to loose connections in the instrument lighting,” Pearson says. “We had no idea there had ever been a problem until we pulled the panel out to do some other wiring work and accessed the wiring bundle.” For the homebuilder, it’s important to assess your true capability to do the job right. “You really want to have someone involved that’s an expert in aviation wiring—not automotive, residential, or marine EAA Sport Aviation
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wiring,” Pearson warns. “The best thing to do if you really aren’t a wiring expert is to ship your panel out and have it wired by an expert.” The problem of course is that even an electrical connection that looks good to the untrained eye can cause a problem. If the wrong material, the wrong size wire, or the wrong size connector is used, the potential for shorts, fires, and toxic fumes increases. “Every mistake you make is really stacking odds against



you,” says Pearson.



Upgrading the System For many older aircraft with limited generator capacity, upgrading the system eventually becomes a key consideration, and there’s more than one approach to the problem. The first is to replace high-amperage components with low-amperage devices. For example, changing from incandescent position lights and cockpit lighting to high-efficien-
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All terminals here were crimped with an improper crimping tool.



cy LED lighting systems can help reduce the load on the generator. Modern communication and navigation components use substantially less power than older systems. “While newer radios can be part of the solution,” Anderson says, “the real problem is in the power needed for transmitting, and there’s no way around that. And now with pilots adding downlink weather systems, we see them putting in power inverters to power their laptops, without even thinking about the power demands put on the electrical system.” The bottom line is that the electrical system should draw only 80 percent of the generator capacity, so in many cases, the only real solution may be to upgrade the generator to something with more capacity. Fortunately, many aftermarket upgrades are available. The one caveat is to make certain that the whole system, including the wiring, is upgraded to handle the increased capacity of the new generator. 58
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Keeping Electrical Systems Current Probably the biggest dividends can be earned by simply maintaining the electrical system on a regular basis. Make certain the system— including the wiring—is included in the aircraft’s annual inspection, and replace or repair components and wiring as necessary. Look for signs of wire abrasion, cracking insulation, and loose connections. Avoid the temptation to encapsulate electrical connections, knowing that moisture will eventually find its way virtually everywhere. As Anderson suggests, “Let it breathe, inspect it, and treat it yearly with an anticorrosion product to keep it clean.” If you find problems, determining how to repair them takes a practiced eye. Part of the restoration or general maintenance of any aging aircraft involves replacing components and wiring, but the scope of the work is often a perplexing issue. “As with any corrosion repair, the problem is deciding where to start



and where to end,” Anderson says. “If it’s just the wire ends that are corroded, you might be able to get away with cutting off the ends and reconnecting the wires. In some cases, you can splice in a new section of wire. All too often, the best approach is to completely replace the wiring.” Pearson agrees. “Problems often creep in when new things are added later in the airplane’s life. There’s always the temptation to splice into the old wiring and reuse old breakers when adding new avionics, but the trouble it can cause really isn’t worth the savings. If you’re wiring into a system that has hidden problems, you’re just complicating them. The best thing to do is take out the pruning shears, cut out all that old wiring, and make it right. “You really need to be as finicky with the electrical system as you are with the structure and mechanical systems,” Pearson says. “After all, the last thing you want is smoke in the cockpit.”
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