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•• Wires and wiringWires and wiring
•• Batteries, types & testingBatteries, types & testing
•• Power controlPower control
•• Breakers & FusesBreakers & Fuses
•• SwitchesSwitches
•• Connectors and connectingConnectors and connecting
•• Securing cablingSecuring cabling
•• Trailer WiringTrailer Wiring
•• Antenna connections and CoaxAntenna connections and Coax
•• In flight entertainment systemsIn flight entertainment systems

To Be CoveredTo Be Covered
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•• I am a BSEE and MSCSI am a BSEE and MSCS
•• I am I am notnot an A&P, an IA or a an A&P, an IA or a 
licensed avionics technicianlicensed avionics technician

•• Know the difference between Know the difference between 
ExperimentalExperimental & & StandardStandard
airworthiness certificates airworthiness certificates (DG(DG--101 Example)101 Example)

•• Proceed at your own riskProceed at your own risk
•• Get your work inspected              Get your work inspected              
and signed off!and signed off!

DisclaimersDisclaimers
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……I donI don’’t know an electron t know an electron 
from a photon.from a photon.

……II’’ve done basic wiring.ve done basic wiring.
……II’’m pretty good at wiring.m pretty good at wiring.

What avionics skills What avionics skills 
do you have?do you have?
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•• No Ace H/W, no Radio ShackNo Ace H/W, no Radio Shack
•• Lacing vs. Nylon Cable TiesLacing vs. Nylon Cable Ties
•• Use Use sleevingsleeving at wear pointsat wear points
•• Use good quality heat shrinkUse good quality heat shrink
•• Connections Connections -- Solder vs. CrimpSolder vs. Crimp
•• Wires Wires -- Tefzel onlyTefzel only

DoDo’’s and Dons and Don’’tsts
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Tefzel WiresTefzel Wires

For many years the standard hookup wire in light aircraft has been 
MIL-W-5086A, which calls for use of tin-coated copper conductor 
rated at 600 volts and temperatures of 105°C. This basic wire is 

then coated with various insulating coatings including PVC. There 
has been much discussion during the past few years about the use

of wire with PVC in aircraft. The Air Force does not permit such
wire to be used in military aircraft due to the toxic fumes generated 
in the event of a fire which can disable the crew. Although there is 
no formal restriction on the use of MIL-W-5086A wire as of early 
1991, as our supplies of MIL-W-5086A wire are depleted we will 

now be supplying MIL-W-22759/16 wire which complies with 
current military and anticipated future FAA requirements. 

Fluorocopolymer thermoplastic material has 
excellent electrical properties, heat 

resistance, chemical resistance, toughness, 
radiation resistance, and flame resistance.
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SuggestedSuggested
Wire GaugesWire Gauges
•• 12 to 14 gauge12 to 14 gauge -- Main power lead from Main power lead from 
battery to distribution blockbattery to distribution block

•• 16 to 18 gauge16 to 18 gauge -- Power lead from Power lead from 
distribution block to individual devicesdistribution block to individual devices

•• 18 to 20 gauge18 to 20 gauge -- Speaker wiringSpeaker wiring
•• 20 to 26 gauge 20 to 26 gauge -- Control wires such as Control wires such as 
pushpush--toto--talk, air brake switch, etctalk, air brake switch, etc
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Cable LacingCable Lacing

Wax impregnatedWax impregnated
Nylon TapeNylon Tape
500 yards500 yards

$15$15
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Heat ShrinkHeat Shrink
•• Get good qualityGet good quality
•• Get several colors and Get several colors and 
sizessizes

•• High shrinkageHigh shrinkage
•• Sources: Ham radio and Sources: Ham radio and 
electronics parts web electronics parts web 
sites.sites.

•• Use a heat gun slowly to Use a heat gun slowly to 
prevent damage to wiresprevent damage to wires
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Protecting Against AbrasionProtecting Against Abrasion
Rylon Expandable Sleeving Rylon Expandable Sleeving 

FAR Part 25 flame retardant FAR Part 25 flame retardant 
aka aka ““Shark SkinShark Skin””

Meets Spec. MIL-I-63ID or MIL-I-7444B 

Vinyl TubingVinyl Tubing
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Breakers Vs. FusesBreakers Vs. Fuses
• Types of Breakers

• Old style
• Manual Trip
• Integral Switch

• Glass Fuses 
• Typically not allowed 
• Difficult to fix in flight
• Glass is fragile & dangerous
• Slow-blow don’t ever use

• Breakers 
• Must be able to pull
• Can be reset in flight
• Excessive Voltage Drop

• Debate: Do fuses protect the wire or 
do fuses protect the device?  Both?

http://www.wicksaircraft.com/catalog/product_cat.php/subid=2045/index.html
http://www.wicksaircraft.com/catalog/product_cat.php/subid=211/index.html
http://www.aircraftspruce.com/catalog/elpages/6070amp.php
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Fuses and BreakersFuses and Breakers

Old Type Old Type -- Push OnlyPush Only New Type New Type –– Push/PullPush/Pull Switch & BreakerSwitch & Breaker

•• Sharp GlassSharp Glass
•• Hard to change in Hard to change in 

flightflight
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Breakers Breakers -- Problem: Voltage dropProblem: Voltage drop

All Electronic BreakersAll Electronic Breakers
http://www.bridgingworlds.com/

0.1Vdc Voltage Drop
Protection: Over Current, 

Under & Over Voltage

0.15Vdc20
0.15Vdc15
0.15Vdc10
0.20Vdc7½
0.25Vdc5
0.30Vdc4
0.33Vdc3
0.50Vdc2½
0.70Vdc2
0.75Vdc1½
1.10Vdc1
1.45Vdc¾
2.00Vdc½

Amp Rating

Klixon Breakers 
Voltage Drop

Max. Voltage Drop
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Coax and AntennasCoax and Antennas
From the Microair M760 Instruction Manual

Coax - Use 50Ω (ohm) coaxial cable RG-
58C/U is standard.  Where the cable length 
for the coaxial cable exceeds 15m (45 feet), 

the cable should be replaced with           
RG-213/U (low loss) cable.

Antenna - May be ¼ wave whip 
(23.95”/61cm for 123.3Mhz) or ½

wavelength dipole.
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Coax ConnectorsCoax Connectors
Microair recommends using only soldered or 
crimped BNC connectors.  Solderless BNC 
connectors are NOT recommended, as their 

performance is substandard...

Ferrule Contact
Body

Crimp Ferrule Here
Crimp Here

Stripping Coax
Step 1 Step 2

Step 3

BNC = Bayonet Neill-Concelman)

Coax Crimping ToolCoax Crimping Tool
$15$15--$25$25
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Spade Lugs

Compression ConnectorsCompression Connectors

Butt Splices

Ring Lugs

Knife Disconnects

Coax Crimping Tool $5Coax Crimping Tool $5--$15$15

http://www.wicksaircraft.com/catalog/product_cat.php/subid=1159/index.html
http://www.wicksaircraft.com/catalog/product_cat.php/subid=1938/index.html
http://www.wicksaircraft.com/catalog/product_cat.php/subid=1841/index.html
http://www.aircraftspruce.com/catalog/elpages/knifedisc.php
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SwitchesSwitches

•• Sealed SwitchesSealed Switches
•• Gold ContactsGold Contacts
•• Screw terminals        Screw terminals        

Easier repair, less vibration proneEasier repair, less vibration prone

Master Switch Momentary for Push to Talk (PTT)
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Other ItemsOther Items

Silicon Boots for 
exposed terminals

No simple plastic barrier strips

Add Cannon plugs

Aviation Barrier Strip

Terminal Boots

““EuropeanEuropean”” Barrier StripBarrier Strip
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What Tools Do I Need?What Tools Do I Need?
•Voltmeter (continuity and voltage)
•Screwdrivers
•Wire Strippers (sharp)
•Diagonal cutters
•Crimpers (are bad strippers!)
•Needle Nose Pliers
•Soldering Iron and Solder
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Surviving a Power OutageSurviving a Power Outage
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•• Voltages neededVoltages needed
•• In the past systems needed multiple In the past systems needed multiple 

voltagesvoltages
•• Modern equipment needs only 12Vdc Modern equipment needs only 12Vdc 

(~11(~11--15Vdc)15Vdc)
•• Voltage X Amperage = PowerVoltage X Amperage = Power

•• Water volume versus water pressureWater volume versus water pressure
•• Voltage Drop Voltage Drop –– shorter, bigger wiresshorter, bigger wires

••Types of BatteriesTypes of Batteries……

Power and BatteriesPower and Batteries
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BatteriesBatteries
• Types

• Lead Acid Jell Cells
• Heavy, no 0Vdc, high power, voltage decay

• Nickel-Cadmium (Ni-Cd)
• Memory, no maintenance, flat voltage profile

• Nickel-Metal-Hydride (NiMH)
• No memory, no maintenance, flatter voltage 

profile
• Lithium (Ion or Polymer)

• Light weight, fire risk if shorted, expensive, 
flattest voltage profile

• Chargers – Smart type 
• Not simple brick style

• Amp hour rating
• 9AH = 9 amps of current draw for one 

hour
Frank Pascale Battery Speech?
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How Long Will How Long Will 
My Battery Last?My Battery Last?
• Current Draw of Equipment

• Radio – 1.6A (during transmit)
• Variometer – 0.2A (with audio)
• Flight Computer – 0.4A (with audio)
• PDA – 0.5A (during charging with backlight)
• Total maximum current draw = 2.7A

• Battery Capacity = 9.0Ah
• Battery Charge Life Span

• 9.0Ah ÷ 2.7A = 3.33 hours                        
(with everything running at once)

• Transponder? 
• Very heavy power draw – Transmits ident code quite often

Never
all on
at the
same
time
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Battery Load TestingBattery Load Testing
• Find a load resistor to simulate a realistic 

current draw to test capacity of battery.  
Reasonable example is ≈1 Amp.

• Steps to determine size of resistor
• Determine total maximum current draw
• Divide 12VDC by the total power draw is 

the resistor size; I=E/R                                    
Example: 12VDC/1A = 12Ω

• Need a “Power” Resistor
• Wattage of resistor = E x I = 12VDC X 1A ≈ 12W

• Therefore need a 12Ω, 12 Watt                              
“power” resistor
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Battery Load TestingBattery Load Testing
Fuse 5A

B
at
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+

-

12Ω
12 Watt
Resistor

1) Charge Battery
2) Connect Voltmeter 

Across Battery
3) Connect Resistor  

Across Battery
4) Use Stopwatch to time 

until drops to ~11.5VDC
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Sample Load TestSample Load Test
Gell Cell 12Vdc Battery 9Ah - ~1A Load

11.0
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Warning! Warning! 
HOT!!HOT!!

Power resistors can get very hotPower resistors can get very hot
when used as a battery loadwhen used as a battery load
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Trailer wiring and harness plugs are available in a variety of sizes and 
configurations. The most common and basic of designs is the color coded 4-wire
system. The "Flat-4" harness plug is found on almost all boat trailers and many 

smaller utility trailers that do not have brakes. 

Green – Right Stop/Turn
Yellow – Left Stop/turn

Brown – Tail/Marker Lights
White - Ground

Vehicle Trailer

“Flat-4” or “4-Flat” Wiring

Trailer WiringTrailer Wiring
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Marker Lights

License 
Plate 
Light

Left 
Turn/Brake/Tail

Light

Right 
Turn/Brake/Tail

Light

Trailer WiringTrailer Wiring

White – Ground – Usually connected to the metal trailer frame

Ground      Ground     Ground     Ground     Ground

Brown – Tail/Marker

Green – Right Stop/Turn

Yellow – Left Stop/turn

White – Ground
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Trailer HintsTrailer Hints
•• Use Use goodgood quality lightsquality lights

•• LED Lights are expensive but the best choiceLED Lights are expensive but the best choice
•• Crimp all connectionsCrimp all connections

•• No solder or wire nutsNo solder or wire nuts
•• Good Ground ConnectionsGood Ground Connections

•• Remove all rustRemove all rust
•• Use Dielectric GreaseUse Dielectric Grease

•• Dow Corning #4 on all connectionsDow Corning #4 on all connections
•• Use covers on the 4Use covers on the 4--Flat connectorsFlat connectors
•• Run wires inside of trailer or frame for   Run wires inside of trailer or frame for   

as much protection as possibleas much protection as possible
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Aviation Electrical Parts SourcesAviation Electrical Parts Sources

http://wingsandwheels.comhttp://wingsandwheels.com -- New YorkNew York

http://aircraftspruce.comhttp://aircraftspruce.com -- California & GeorgiaCalifornia & Georgia

http://wagaero.comhttp://wagaero.com -- WisconsinWisconsin

http://www.steinair.comhttp://www.steinair.com -- MinnesotaMinnesota

http://www.airsuppliers.comhttp://www.airsuppliers.com -- TexasTexas

http://www.wicksaircraft.comhttp://www.wicksaircraft.com -- Illinois (near St Louis)Illinois (near St Louis)

http://www.hihttp://www.hi--line.comline.com -- Texas Texas 

http://whttp://www.kleintools.comww.kleintools.com –– Illinois (near Chicago) Illinois (near Chicago) 

Hamfests
http://arrl.com
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ChicagoLand Glider CouncilChicagoLand Glider Council
2007 Spring Seminar2007 Spring Seminar

Saturday, Feb 24, 2007Saturday, Feb 24, 2007

SpeakersSpeakers
Dean CarswellDean Carswell
John CochraneJohn Cochrane

Curt LewisCurt Lewis
John GoodJohn Good

Derek PiggottDerek Piggott
Karl StriedieckKarl Striedieck

Registration Forms Available at Front of RoomRegistration Forms Available at Front of Room
See http://chicagolandglidercouncil.com for detailsSee http://chicagolandglidercouncil.com for details

Elgin Community CollegeElgin Community College
Elgin, IL (NW of Chicago)Elgin, IL (NW of Chicago)
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