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Building Basics: Avoiding Wiring Errors

Wiring up electrical and avionics panels typically signals the beginning ... scratch-building a plane, you'll need to do this heavy lift- ing yourself. ... a detailed design of what wires are going to ... your electrical construction project as flawless as ... 
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building basics



Avoiding Wiring Errors Patience, planning, tools, and discipline are the key G EO RGE WIL HEL MSEN



W



iring up electrical and avionics panels typically signals the beginning of the end of building or restoring an airplane. After all, the aircraft’s structure has to be nearly complete before wiring begins, the plane is typically on its landing gear, and its wings are either installed or ready to be. The engine and alternator are installed as well, if not connected. The days of taxi tests are fast approaching, with flight testing to follow. But wait! Before you race to finish your plane and avionics, take a few moments to consider how to avoid the major avionics installation errors. Whether your plane is in wiring now, or will be in the future, taking a few moments to absorb these lessons from other builders can make the difference between a fairly simple installation and one that becomes a headache or, worse yet, a nightmare.



plunge and starting the wiring process without the right knowledge has caused problems. We have seen cases where the builder ran what appeared to be the right size wire, only to have it fail because it wasn’t large enough to support itself. Then there was the builder who had radio problems after changing the panel lighting intensity. You probably already guessed the cause—the radios were powered through the panel lighting system, instead of wired to a dedicated breaker on the electrical bus as they should have been. In all of these cases, extensive rewiring was required, which took more time and money, delayed getting the plane into the air, and caused frustration for the builder. Nevertheless, we can learn from these errors.



Make Sure You Have the Right Skills



The first thing you need to do is to plan your wiring project, from start to finish. Most factory kits do a good job of this task, but if you are scratch-building a plane, you’ll need to do this heavy lifting yourself. This preplanning is critical to avoid expensive and time-consuming rework in the future when you reach the point to install the electrical system. These tasks include figuring out where the various avionics and loads will be placed in the plane, where the wires for the loads, devices, and antennas will be run, and where the electrical bus will be located. Central runs where



The important point behind all this planning is simple: thorough planning down to the loading of each wire will assure a successful project with a minimum number of costly changes, which is why you need to do it.



We’ll grant that you have the capability to make an airplane. These basic building skills include knowing how to properly rivet, how to torque bolts, how to weld alloyed tubing, how to lay up composites, how to rib stitch, and all the other intricacies of the building process. Similarly, when it comes to electrical and avionics systems, a builder needs to have the right skills and knowledge to be successful, or you can end up making some expensive and time-consuming mistakes. There are some real-life examples of where taking the
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Make Sure You Have a Plan



bundles of cables will be routed need to be identiﬁed, since they will need to be considered for how the wires are rated for loading, and where passages for them need to be provided in the aircraft structure. Putting two or more wires together in a bundle results in all wires in that bundle being derated or, to put it more clearly, qualiﬁed to carry less load than they would alone. This means you need to know which wires you are putting with other wires in each bundle, so you can install the right size wire the ﬁrst time. There is also the task of identifying mechanical interferences such as cables, controls, header tanks, pushrods, and similar items that need to be worked around or modiﬁed to allow the installation to go properly. For those building composite planes, you will need to decide where you will lay in the special antenna that is designed to be placed into the skin of the plane, or conversely, where you are going to install the support for a standard antenna. This preplanning can pay off in a major way by avoiding rework later in a project. As an example, we have seen builders modify parts or assemblies in the early stages of the build process, to allow them to install the avionics they wanted where they wanted them. However, once that part is riveted or laid up in place, the desire to have what you really want can be offset by the difﬁculty of the task to get it through the required rework. There are other points to plan for, including where the battery will be placed, how the power will be routed through the fuselage, where the various solenoids and relays will be located, and how the grounding system will be established. The important point behind all this planning is simple: thorough planning down to the loading of each wire will assure a successful project with a minimum



EAA Sport Aviation



95



building basics



number of costly changes, which is why you need to do it. With the plan for the big picture of wiring, routing, and electrical buses complete, you can now put together a detailed design of what wires are going to which location through which route. There are general tips, such as not running power supply and ground wires next to antenna wires or sensor wires such as Strikeﬁnder or Stormscope cables. The electric ﬁeld generated by these load wires can cause interference with antenna and sensor wires. In the case of lightning detection systems, you’ll end up seeing lightning when none exists, which makes the devices of little use. In either case, if it isn’t done right the ﬁrst time, you end up having to rework your installation. In general terms, the higher the load, the greater the ﬁeld, and the more interference problems running the wires together will cause.



changes if issues develop with a particular brand or wire or insulation. This is consistent with how the major aircraft manufacturers work, and if you want to keep troubleshooting costs in the future down on your plane, you need to emulate this behavior. The need for labeling wires is fairly simple: cost control. Consider this: If you happen to run a power wire to an indicator, and provide a ground path, the indicator will usually smoke when power is applied. This cost will have to be absorbed by your project, since damage caused by incorrect wiring is not covered by warranty. We have seen incorrect wiring in custombuilt planes on numerous occasions, including alternators. This means the same rigor you apply to your avionics installation needs to be extended to the rest of your electrical system. Knowing which wires will have to be run at which bundle will mean a good amount of time spent in Chapter 11 of Advisory Circular 43.13-1B, Acceptable Methods, Techniques and Practices, which details how you rate each wire, how putting wires together in bundles affects the individual wire rating, how you need to avoid putting some types of wires together, and other general hints and tips to keep your electrical construction project as ﬂawless as possible. Picking up a copy of this important reference and reviewing it in advance will give you a good idea of what the various factors are that need to be considered in your detailed plan.



Preplanning can pay off in a major way by avoiding rework later in a project.



Label All Wires While you are putting those details into the plan, take a moment to ﬁgure out how you will identify each wire. Whether this is with pre-printed wires from a vendor, or with markers, placing a unique code on each wire is one way you can avoid another problem, which is trying to ﬁgure out which of the hundreds of virtually identical wires is the one you want to run to the piece of avionics you are currently wiring. The plans with the right level of detail include discreetly numbered wires, which are shown on a wiring diagram to allow any problems to be clearly traced to their source. Plans that are of exemplary detail include the wire brand, size, and type to allow 96
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Use the Right Tools Nothing can make a mess of a good plan faster than the wrong tools or using the wrong material. For example, do you know that AC 43.13 has



speciﬁc limitations on how many strands of a wire can be nicked or removed in the stripping process? If you nick or remove too many with a non-aviation stripper, your wire will end up useless or worse yet, too short to make it to its destination. The basis for these restrictions covers two important considerations. The ﬁrst is the ability of the conductor to carry the electrical load. Nicked strands mean that less current carrying capability will be available at that connection. The second, equally
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Labeling every wire, every step of the way, and keeping in mind that neatness counts, will invariably result in a safe and secure installation.
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important consideration is the ability of the wire to carry the weight load— that is, to be able to withstand the rigors of ﬂight. While there is some conservatism in any calculation, having the right tools will avoid your having to make a judgment. Similarly the same approach needs to be applied to your wire crimper



and splices. Yes, there are fully legal, less expensive crimping tools with a non-ratcheting design. However, the peace of mind in the quality of your installation will be greater if you use a professional grade, ratcheting crimping tool. For materials, we strongly emphasize the need to use aviation-grade



wiring and connectors. This wire is designed and insulated for the rigors of aviation, and is a step above what you can buy for cars or stereos. The splice and end connectors are built to the same standards as those used at nuclear power plants. The most important part of aviation-grade wiring is if there is a wire that overheats, it won’t generate toxic gases in your cockpit to further complicate a bad situation! Considering what you have invested in the average plane construction or restoration project, the cost of proper crimping and stripping tools will more than pay for itself in reduced rework, and improved conﬁdence in the quality of your pins, connections, and splices. Better yet, once your project is done, if you don’t need the tools anymore, you can always sell them, and get back most of what you paid for them.



Before You Start, Practice If you are like many builders, when you started riveting or rib stitching or the lay-up process, you didn’t immediately start on your plane. Instead, you did some test pieces, and then looked them over, noted any problems with your mentor, and tried again until you got it right. In this manner, you got some on the task training before you went on to make connections and joints for keeps in your plane. The same approach can and should be used to improve your avionics and wiring abilities. If money is tight, you can visit local avionics shops and ask them for some of their scrap or removed wire from installations. While we understand the price of crimp connectors and pins seems to be equal to their weight in silver, it is far better to make some mistakes outside of your installation process than it is to cut 30 wires for part of your harness and have to pitch the ﬁrst ﬁve because you crimped the insulation instead of the wire, or because 98
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Answer: Yes you do!* * Question: Do I need one of these? Find out why at:



your stripping technique removed too many strands.
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To Minimize Error, Wire by Section If you do have the skills to do your own wiring, and have built the diagram and gathered the basic information to do the job, we suggest you do your wiring in sections. Laying out your panel information on a board, and setting up pegs on the board to train the various wires as you build your harness will help you build it right the ﬁrst time. Remember to bundle the wires together as described in AC 43.13-1B, which will help assure that the wires will not chafe and wear through insulation in the course of your routine ﬂights. This pegboard approach, if used properly, can help you to bundle the wires into a professional wiring harness. After you have your harness assembled and installed with connectors, the time will come to hook up equipment and try it out. We suggest connecting one piece or section of avionics at a time. As an example, if you have a GPS receiver, a transponder, and a nav/comm, make all the connections to one of the units, and power it up. If it doesn’t work right, turn off the power and check your wiring. The point behind this approach is simple: If there is a mistake in your wiring, you can catch it before it can damage multiple pieces of equipment.
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Recognize When the Task Is Beyond You Looking at the facts, there are some builders who are excellent with the mechanical portions, but get nervous with the electrical parts of the installation. Whether it is a lack of time, the money for tools, or the patience with the end of the project in sight, there are other options to provide for a quality installation for your electronics and electrical system. EAA Sport Aviation
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building basics Surprisingly, the cost of getting help from an avionics shop for some or all of your wiring is both reasonable and available. Avionics shops such as Aircraft Spruce, JA Air Center, and many others; kit manufacturers; and shops that specialize in custom panels are willing to work with your wiring diagram or even your wishes, and create the wiring harness for your avionics and even your electrical system. The cost of this work varies with the size of the project, but on small projects, the prices can be fairly reasonable. As an example, one builder had JA Air Center create the wiring harness for his avionics installation. He provided the details such as the equipment he was connecting, the distance between the various components in the avionics stack, and where the remote indicators would be located. The harness was properly sized, was professionally marked and bundled, and ﬁt the project needs perfectly. The entire cost of the wiring harness was $175, which is really reasonable when you consider a good wire connector crimper can cost more than that, not to mention the specialized pin crimper needed for the avionics connectors.



When you increase the scope of the project to include the instrument panel and ﬂight instruments, the price goes up. A fully wired panel can vary in price from $5,000 for a simple panel, to $20,000 for an average dual nav/comm panel with a transponder, encoder, and GPS system, to a lot more than that for glass panels. However, the shops work to your needs, and will be happy to provide estimates and even conceptual drawings once you have decided which direction you want to go and are ready to put down a deposit. In the end, using the right detailed plan, using the guidance in AC 43.131B, using the right tools, and marking the wires so they can be connected correctly and later troubleshot if problems arise sounds like a lot of work. To be honest, it is, but just like the project plan that guided you in the building of your plane, this same high level of technical rigor needs to be carried into your wiring project. Builders who have maintained this rigor through the process agree—it took more time, but they were successful the ﬁrst time. Thus, the time and effort you put in place now will assure the success of your avionics installation for years to come.
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To do the job correctly, use the proper tols. See Chapter 11 of Advisory Circular 43.131B, Acceptable Methods, Techniques and Practices for details.
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building basics Wiring Protection, Part II - Size 

correct wire size to use for various electrical systems ... both the battery and the alternator/generator outputs connect to the ... you are only going to fly day VFR,.
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building basics Wiring Protection, Part II 

Circular 43.13-1B. I won't list the whole table here, but for circuit breakers: â€¢ A 5 amp breaker ... fuses neck mount through a hole in the instrument panel. nuts & bolts ... Spruce & Specialty, or you can make your own out of brass, copper, or, w
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Building Basics: Electrical System Basics 

an electrical system is relatively complex, this how-to guide tackles the electrical foundation of ... tube and stall detection vane, and then ... feature dual alternators, dual voltage regulators ... George Wilhelmsen holds a commercial certificate 
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Building Basics: Roundabouts 

it's important to use the right wash- er for each job. A typical ... A field guide to aircraft washers. Greg Laslo ... even Friday-night dirt-track car-rac- ing guys use AN ...
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Building Basics: Spark Plugs 

to more than $50, and eight to 12 plugs per engine, spark plugs become ... the surface areas in the combustion chamber exceed a critical limit or if the spark plug ...
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Building Basics: Riveting Techniques 

As with all other facets of riveting, practice using this tool on scrap that is identical to the material you ulti- mately want to work on. It takes practiceâ€”and patience.
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Building Basics: Gauging Aluminum 

ist in nature as a free metal, but aluminum oxide, the raw material needed to produce .... Weight & Balance. â€¢ Inspection & Testing. NON EAA MEMBERS $389.
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Building Basics: Making Holes 

holes in wood or building materials. ... ing holes or drill larger holes in two .... Black. 3/16. Brass from drilling into an underlying structure that doesn't need a hole.
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Building Basics: Corralling Cable 

Affordable! More features, less cost. Just add a GPS/COM & transponder ... Visa/M.C., call (804) 353-1713. Fax 359-2618. SI-FOLD. DOORS! 507-426-8273.
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Building Basics: Fatigue 

HTP lets you get precise, professional results on any critical aircraft weld. America Inc. EAA03. HTP is your source for Migs, TIGs, Auto-Darkening. Helmets and ...
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Building Basics: Stress Risers 

STRUCTURAL FAILURES OF AIR- craft components are always severe and often costly both in material and life. The most common component failure is a.
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Building Basics: Wire Size 

Home Depot recently for about $35 in the aisle that has the material for installing computer and cable TV coaxial cable. With this crimping tool you can also buy a ...
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Building Basics: Tube Talk 

"Big deal," you might say. "What makes it so versatile, and why are steel tube fuselages made of the stuff?" We don't need to know about how steel is pro-.
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building basics Fasten-ating 

Tension pulls on the bolt; shear forces try ... yet in a double-shear situation, where it is supported in ... the tensile strength (measured in pounds per square inch,.
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Building basics: Pushrod Secrets 

Mark the rivet hole locations on a piece of masking tape and trim it to a butt fit. Then wrap it around the end of the tube, which has been cut with a tubing cutter to ...
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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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Building Basics: Cable Corral 

BUILDERS USE MANY FASTENers to connect the parts and pieces of their airplanes, and one of the handiest is the ubiquitous nylon tie wrap (or cable tie/strap) ...
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Building Basics: Lecture Circuits 

course along the wiring diagram to ensure every connection is ... Katie, bar the door. The system that causes the ... bell-shaped object. The former is an in-line ...
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Building Basics: Composites 

structural sand- wich. For exam- .... full benefit of its adhesive propertiesâ€”without adding unnecessary ... Cut and sand composite materials with care because ...
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Building Basics: Safety Dance 

that it can't fall off the plane in flight. Several different methods are used to secure aircraft hardware: safety wire, cotter pins, self-locking nuts, and lock washers.
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Building Basics: Aircraft Fabric 

TAPE IS CUT. â€” -/ON 45"ANGLE ... FINISHING TAPE CUT. EL 10 SELVASE EPGE .... Finishing Tapeâ€”A strip of fabric cut normally with a pinked (serrated) ...
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Building Basics: Gauging Aluminum 

RESISTANT SANDWICH. A VERY THIN COATING OF CORROSION. RESISTANT .... money can buy. It doesn't cost any more than old-fashioned methods and it ...
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Building Basics: Fundamental Security 

in a pattern, such as a square or triangle, and when you must safety parts in an electrical sys- tem where accessibility or frequent removal makes the double-twist.
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Building Basics: Riveting Equipment 

Rosie the Riveter used during. World War II. Designers have made some progress in rivet gun ergonomics and reduced the vibration in bucking bars to enhance ...
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