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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, with ... 
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building basics Wiring Protection, Part II Circuit breakers and fuses R I C H A R D KO E H L E R , E A A 1 6 1 4 2 7
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ast month you learned how to determine the correct wire size to use for various electrical systems in your homebuilt. We also discussed how to connect the wire to the various systems with crimped-on ring connectors. This month we will look at the circuit breakers (including fuses). Fuses and circuit breakers aren’t installed in your aircraft to protect the various systems and components, but to protect the wire. The size (rating) of the circuit protection device is determined by the size of the wire. The best place to get this information is in a table printed in Chapter 11, Section 4 of Federal Aviation Administration (FAA) Advisory Circular 43.13-1B. I won’t list the whole table here, but for circuit breakers: • A 5 amp breaker protects 22 gauge wire, • A 10 amp breaker protects 18 gauge, • A 20 amp breaker protects 14 gauge. When fuses are used: • A 5 amp fuse protects 22 gauge wire, • A 10 amp fuse protects 18 gauge, • A 15 amp fuse protects 14 gauge. The wire size to circuit breaker or fuse rating is different because they have different blow characteristics.



Circuit Breakers or Fuses? Let’s review the pros and cons of circuit breakers and fuses. Circuit breakers are modern, resettable, and neat in installation, but they are significantly more expensive than fuses. Circuit breaker prices range from $80 to $100 for the Klixon 7271 series to $15 to $20 for the Klixon 78
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7277 series to $25 to $30 for the Potter and Brumfield W23 series. These are all capable of manual tripping by pulling out on the circuit breaker stem. Less expensive versions are available without this function for as little as $5. There are also combination switch/circuit breakers that cost about $25, and rocker type circuit breakers that run $25 to $40. On the other hand, you can buy fuse holders for $1.85 and most any fuse you need for less than 50 cents each. So you probably can get by with fuses at something like half to one-tenth the price of circuit breakers.



I strongly recommend you put in some sort of high/low voltage warning system and put the warning light directly in your field of vision.



However, Federal Aviation Regulation (FAR) Part 23.1357, Airworthiness Standards, says that if you have fuses, you must carry one spare for each rating or 50 percent spare fuses of each rating, whichever is greater, and the spare fuses must be readily accessible in flight (more about this later). I have found that the easiest way to provide these extra fuses is to mount additional fuse holders in the group with the required fuses and label them as “spare” with the amperage rating of the correct spare that should be inside. This is neater than just having a bag full of spare fuses in the glove box. No matter what you choose, most circuit breakers and fuses neck mount through a hole in the instrument panel.



This hole is most easily cut with a “step” drill or Unibit. Do not try to drill the final hole with a twist drill. Invariably the hole will become a three-sided oblate. However, step drills are notoriously bad at starting precisely (they drift off center), so either cut the holes on a rigid drill press or do a pilot hole with a #30 drill to get everything centered and aligned before reaming with the step drill. One last issue on circuit breakers is that different brands and even different models within the same brand will have different dimensions behind the panel. The neatest installation will have everything the same, and all the terminals will align, allowing the electrical power to the breakers to be distributed with a buss bar, which will interconnect all the breakers in a row. For neatness we typically align all the fuses or circuit breakers in a row or series of rows. A buss bar allows us to feed all the breakers in a row with one neat metal bar with cross-sectional dimensions roughly the same as the cross-sectional area of the wire feeding the buss from the alternator. You can buy pre-made brass bars from Aircraft Spruce & Specialty, or you can make your own out of brass, copper, or, with proper sizing, aluminum. Traditionally, both the battery and the alternator/generator outputs connect to the electrical system at the buss bar. The alternative is to interconnect the breakers/fuses with many little loops of the right size wire with crimped-on ring connectors. This tends to be messy and a bit tedious. From the breaker/fuse the wiring goes to a switch, if needed, and then on to the component.



This chart, from AC 43.13-1B, shows how the size (rating) of the circuit protection device is determined by the size of the wire.



How Many Spare Fuses Do You Need? What are the rules for cockpit accessibility of fuses and circuit breakers? Earlier I referenced FAR Part 23.1357, which says that you must carry spare fuses. First off, as a homebuilder you do not have to follow most things in Part 23, but you do run a slight risk of the FAA inspector deeming your plane unsafe if you deviate significantly from the practices in Part 23. That said, if you choose to follow Part 23, then what it really says is that if the ability to reset the circuit breaker or replace a fuse is essential to safety in flight, that circuit breaker or fuse must be located and identified so that it can be readily reset or replaced in flight. It goes on to say that for fuses there must be one spare for each rating or 50 percent spare fuses of each rating, whichever is greater, and the spare fuses must be readily accessible in flight. Now you, as the builder, must determine which circuit protection devices are “essential to safety in flight” and ensure those fuses/circuit breakers are accessible and spare fuses are available and also accessible. Again, this is if you choose to follow Part 23.1357. There is, however, another FAR, Part 91.205 (c)(6), that says if you want to fly at night, you must have one spare set of fuses or three spare fuses of each kind required that



The neatest installation involves a buss bar interconnecting all the breakers in a row, allowing for even electrical distribution.



A view of the switch/circuit breakers from the front of the panel. EAA Sport Aviation
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are accessible to the pilot in flight (not just those that are “essential to flight” as noted in 23.1357). Note that later in 91.205 it says that if you want to fly under instrument flight rules (IFR), you must meet all the requirements of day and night visual flight rules (VFR) also. So, if you are only going to fly day VFR, you don’t need to carry spare fuses, but for night or IFR, you must have them. By the way, the night and IFR criteria in 91.205 will be invoked via the airworthiness limitations that are attached to your special airworthiness certificate. There is another option here. You can design your electrical system with enough backups by using a tiered system of prioritized busses so that in the event of a failure of some portion of the electrical system, you can switch to another buss feed that contains the essential-to-flight items. This is common on larger commercial and military aircraft, which have normal busses, crosstie busses, essential busses, and/ or battery busses and the pilots are able to shed nonessential equipment and maintain power to those items essential to flight. That said, almost everything I have ever flown had pilot access to all the fuses and/or circuit breakers. On the other hand, one can make the argument that in an emergency you will want a simple



fix to maintain essential systems, so that you can concentrate on flying the plane. This is particularly important if you have an all-electric plane (no vacuum systems) and electronic ignition. If you have a complete electrical failure, it gets very quiet. In such a plane you will certainly want to have a backup system for the electronic ignition and probably for your flight gyros. Often the easiest way to do this is with a second power generation system. There are a couple of options, such as a small alternator that fits on the vacuum pump drive for a second electrical system for a single-engine plane. This second system can be set up to pick up the essential-to-flight load with the flip of a single switch. It can be argued that such a redundant system would obviate the need for accessible circuit breakers or fuses. If you are interested in pursuing such a design, and in particular if you have an allelectric cockpit or electronic ignition, I strongly recommend you go to Bob Nuckolls’ website (www.AeroElectric. com) and get access to the information he provides on this subject. Bob has designs for redundant circuit systems that minimize the need to have to reset circuit breakers or replace fuses in flight. One last thought on this is that in the 3,000 hours or so of my general



The front side of a fuse panel with the cover removed.



The rear side of the fuse panel.



If the ability to reset the circuit breaker or replace a fuse is essential to safety in flight, then the circuit breaker or fuse must be located and identified so that it can be readily reset or replaced in flight as pictured above.



aviation flying, my electrical failures that involved a blown circuit breaker or fuse have been in the power generation circuit, caused by the generator or voltage regulator. Each of the failures, if left undetected, would have resulted in a total loss of electrical power. I strongly recommend you put in some sort of high/low voltage warning system and put the warning light directly in your field of vision. This type of failure, if detected early when the battery is not depleted, is usually very survivable, but if the first indication of a problem is when air traffic control loses your transponder, the electric gyros start to tilt, and you can no longer transmit, you have an emergency.



Richard Koehler is an active airframe and powerplant mechanic with inspection authorization, a commercial pilot with instrument and multi-engine ratings, and EAA technical counselor and flight advisor. EAA Sport Aviation
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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: 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 flawl
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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 ...










 


[image: alt]





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 ...










 


[image: alt]





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 ...










 


[image: alt]





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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