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Happy April, everybody!  You all know that right after the Easter Bunny arrives, so does bbq
weather.  Your friendly cook will regale you with brats, burgers, and sauzitza to ring in the
Spring.  See you all at the ARC on Sunday, April 23 at 1:00 pm (bbq), and/or 2:00 pm
(meeting)

Remember Rick Galati's friend Darla?  Well, here she is,
all polished and shiny, and reflecting her surroundings.
Once Rick gets her nose, wing tips, and other plastic parts
painted, she will be dressed to the nines and ready for a
good time!
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EAA Chapter 32 Meeting Minutes
March 26, 2006

Numerous members took advantage of the fine weather
and flew in to the meeting.  Karsten and his kids
supplied KFC and soda; various other individuals
brought side dishes and desserts.  A fine feast was had
by all (for as long as the food held out).

The meeting began
at 2:00 pm with the
Pledge of Alle-
giance, then guests
and visitors were
introduced and
recognized.

Old business:

President Karsten
proposed a solution
to our water quality
problem.  For
approximately
$200.00, we can
install two filters
that will remove all
the impurities
causing the stains in
the bathroom
fixtures.  This
solution will NOT
make the water potable, however.  A motion to accept
the proposal was made, voted on, and passed.

Gale Derosier is off the hook with regards to the legal
harrasment caused by Hager Hinge.  A motion to pay
the final legal bill of $175.00 was made and passed.
Unfortunately, we have no way of knowing when and if
Hager Hinge or any other duck hunters will continue
harassing the chapter by legal means, or otherwise.

New business:

Jim Hann presented the treasurer's report to the
membership.  He said in addition to a monthly verbal
report, his binder (containing all account activity) will
be available for scrutiny at each meeting he can attend.
A motion was made to accept the report, and was

passed.

Bob Jude demonstrated the new comm radio he built up
from a standard panel-mount VHF radio.  The elegant
cabinet contains the radio, a battery, speaker, head-
phone jacks, a PTT switch, and antenna.  In addition, a

roof-mount
antenna is
available for long-
range use.  This
radio will be useful
during Young
Eagle rallys.

George
Stephenson and
Dave Deweese
presented the
Young Eagle
schedule.  We
have a rather
ambitious series of
rallys this year,
and George made a
general appeal for
pilots and ground
crew to help out.

The B-17 is
coming.  Several Daves are running the show: Deweese,
Domeier, McGoogan, and Dougherty.  Volunteers are
requested to help out with crowd control, souvenier
sales, and other jobs.  Please see one of the Daves for a
sign-up sheet.  The chapter voted to purchase one ride
ticket for $360.00.  We plan to raffle off the ride for
about $1.00 per ticket.  This has proven to be a good
money-maker in the past.

Rick Galati made a motion for the chapter to purchase a
flaring tool. Everybody who builds an airplane needs
such a tool for making 37 degree flares in fuel, brake,
vent, and pitot/static lines.  The tool in question would
cost the chapter about $80.00.  The main idea is
although such a tool is vital, it's fairly expensive to
own, given the relative sparse usage each builder will
put it to.  A shared tool will make much more sense, as
long as everybody plays nice.  This means it should be
signed out (so people know who has  it) and returned
as soon as possible so somebody else can use it.  The
proposal was enthusiastically seconded and approved.

The meeting was adjourned at 3:00 for a general
discussion and observation of Jim Hann's RC models.
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It was a beautiful day to fly in, and these guys will
vouch for it!  Just ask Dave Domeier (top) and
Curt Smith (bottom) how they liked aviating on
such a fine day.
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Wiring your custom built aircraft is not an overwhelm-
ing task. It is a part of the building process
that may appear to be staggering but when
analyzed it is actually fairly simple.

The problem encountered by several
builders is the lack of information presented in
many kit assembly manuals. Usually the
basics are presented in the manuals but details are
often omitted due to the varying requirements of each
builder. Many individuals want to have a very simple
electrical system with minimum equipment while others
desire sophisticated avionics, electrical gear and flaps,
etc. Because of this diversity, many kit manufacturers
do not spend much time outlining the electrical system.

This article follows an earlier discussion in last month’s
issue on the basic knowledge you will need to wire
your aircraft. This month I will detail the actual steps
involved in installing your electrical system. Remember,
all you are going to do is install the equipment you
want in the desired location and then connect each
component part to a power source. This narrows the
installation process down to a very simple concept.
You can make the wiring task as complicated as you like
or you can keep it very basic and understandable.

The basic steps involved in wiring your amateur-built
airplane are as follows:

• Determine what electrical equipment you are going to
install

• Locate the equipment in the aircraft

• Locate the battery, bus bars, and circuit breaker/fuse
panels on the airframe

• Calculate wire size and circuit breaker/fuse require-
ments

• Connect the electrical equipment to a power source

• Ground and bond properly

• Install proper instrumentation to monitor the system

• Complete a detailed schematic drawing of the system

Electrical Systems Simplified - Part 2

Sport Aviation – 09/98  By Ron Alexander

Determining Equipment Requirements
You may want a very simple electrical system with only
a starter and alternator. On the other hand, you may be
building an aircraft that requires a somewhat sophisti-
cated system for maximum utilization of the aircraft
design. The first step is to decide what electrical
equipment you want to install on your aircraft and then
calculate the current draw in amps each piece will
require. Your aircraft may have electrical gear and flaps.
You may want strobe lights, a starter, landing lights,
cooling fans, electric elevator trim, etc. Decide now
what to install then calculate the current draw of each
item.

The current draw is often listed on the electrical
component or it is available from the manufacturer. You
will need to know the current draw in amps. This can be
determined by using Ohm’s law or, more commonly, the
wattage will be given and you can then use the power
formula expressed as  Power = Voltage X Current .
Using this formula we can then find the current draw in
amps by dividing the watts by the voltage. This
number will be needed later to determine the size of
wire needed for the piece of equipment.

You should also decide if you are going to install a 14-
volt system or a 28-volt system. The majority of
custom-built aircraft will use a 14-volt electrical system.
Of course, you want to ensure proper alternator output
to power your electrical equipment. Additionally, begin
to develop your schematic diagram at this point.
Beginning a basic diagram at this time will make it easy
to build on as you install the system.

Locate The Equipment
It is very important to plan where you will place your
electrical items. If you are planning to install strobes,
landing lights, navigation lights, etc. you will want to
route the wiring needed for both power and ground. In
many aircraft designs, this must be completed during
the early phase of assembly. Otherwise, you may find
that you will be unable to route electrical wire or
certainly find it to be a very difficult task. After locating
equipment, route the necessary wiring being sure to
identify each wire. You can identify each wire by using
tape that is folded over and marked. The size of wire
will be discussed in a later step. Use black wire for
grounding of equipment so it is easily identified.
Continue your schematic as you locate equipment.
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Locate The Battery, Bus Bars and Circuit Breaker
Panels

Locate the battery as close to the engine starter as
possible. This is desirable due to the high electrical
draw the starter requires. The battery also must be
protected from high temperatures and located in an
accessible area for ease of servicing. Weight and
balance will also be a consideration. Often a battery will
be located in the aft portion of a fuselage to balance the
aircraft. Be sure to properly vent the battery.

Recalling from the previous article on electrical systems
- a bus bar is a central point where wires from electrical
equipment are grouped together on a piece of metal
(usually copper) and the metal bar is then connected to
a power source. You may also have a grounding bus
bar to locate in your aircraft. Several builders are using
a central grounding point for all equipment rather than
grounding to the fuselage frame. Composite and wood
aircraft often use this type of grounding. Bus bars are
usually located near the instrument panel for ease of
installation. You will want them to be
somewhat accessible but not exposed where
they could cause injury.

Circuit breaker/fuse panels are
usually located in the cockpit
area where they can be
reached by the pilot during flight. This will normally be
under an instrument panel or as a part of the instrument
panel. Circuit breaker panels are also mounted on side
panels. Often a bus bar will be used to connect circuit
breakers together. This will allow the circuit breaker
installation to serve as a bus bar. Circuit breakers can
be grouped in a power bus by tapping holes in a copper
strip and securing with small screws. Either terminal of
the circuit breaker can be used to connect to the bus
bar but you will probably find it more convenient to
attach to the top terminal. The bus bar attaching the
circuit breakers is then attached to a power source
eliminating the need for a separate bus bar. You will
probably want to fabricate more than one circuit
breaker panel. These panels will then be located in
different areas.

Aircraft builders often use fuse panels. A fuse bus bar
is constructed using a heavy piece of copper wire and
soldering the wire to the terminal of each fuse. This will
also create a power bus. Most fuses require the use of
soldered connections. Fuse panel installations will be
cheaper than circuit breakers but you will have more
difficulty changing a fuse in flight versus resetting a
circuit breaker.

Calculate Wire Size and Circuit Breaker Size
Calculation of wire size will be necessary during the
initial building phase. As discussed earlier, you will
want to route electrical wires prior to completing the
construction of the wings and fuselage. Proper wire
size is critical to a safe electrical system. The match
between the wire size and circuit breaker/fuse size is
also critical. To determine the size of wire you will need,
refer to FAA Advisory Circular 43-13. Two charts are
presented; one displaying continuous flow and
the other intermittent flow.
What is the differ-
ence? Most
aircraft
electricians
agree that
any piece of
equipment
that operates more
than 2-3 minutes at
a time is considered
continuous flow. That encompasses most items on an
airframe. Intermittent flow then would obviously
involve items that operate momentarily.

An example of intermittent flow items is a landing gear
or flaps. With that in mind, the builder enters the
appropriate chart (intermittent or continuous) with the
current draw of the equipment being connected to
determine the proper wire size. The wire size is based
upon the amount of current the wire will carry and the
length of the wire.

Again, we are going to use Tefzel wire that is sold
under military specification MIL-W-22759/16 for
unshielded wire and MIL-C-27500 for unshielded wire.
Resist the temptation to go to your local electronic
store and purchase wire. Most of your installation will
be completed using unshielded wire. Be sure to use
good quality wire cutters and strippers to cut and
prepare the wire. The same applies to the crimping tool
you will need.

Connect Equipment To Power Source
Care should be taken to properly connect all equipment
to the power source. Most electrical problems encoun-
tered during the initial installation phase can be traced
to a poor connection.

Crimp on connectors must be carefully installed on a
wire that has been properly cut. Cut about 3/16-inch of
insulation away from the wire. Use a good quality
crimping tool. The correct size connector should be
used. The connectors are color-coded red for 18-22
gauge wire, blue for 14-16 gauge, and yellow for 10-12
gauge wire.
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Taking
your time
as you
crimp each
connector
will save
you hours
of trouble-
shooting

when you power up your system for the first time.
Check the connection physically by pulling on the wire
and connector. Protect the connection with the use of
heat shrinkable tubing. This tubing will insulate the
connection protecting it from electrical faults. Check
each connection electrically using an ohmmeter.
Equally as important are solder connections. Proper
soldering techniques must be used. Practice your
soldering before you attempt it on your aircraft.

Routing of wires is also very important. After marking
the wires you can group them into bundles. This is
often very convenient when running several wires from
one area to the bus bars. Several acceptable practices
for routing of wire follows:

• Support wires and bundles of wires using MS21929
cushioned clamps.

• Do not allow bundles to have too much slack. Using
normal hand pressure you should not be able to
deflect the bundle more than one-half inch.

• Separate wires and bundles from flammable fluid
lines. If this is not practical, always run the fluid
lines below the wire bundle and separate the two by
6 inches or more.

• Protect wires in high temperature areas by using
insulating sleeves.

• When running bundles or wires through cutout areas
such as bulkheads, protect from chafing by using a
rubber grommet.

• Splicing of wire is permitted but should only be used
if necessary.

• No more than one splice per connection is recom-
mended.

• The splice should not be within 12 inches of a
terminal end.

• Be sure wires are at least 3 inches from control
cables. If not possible, use a guard to prevent
contact.

Proper routing of cables is necessary to prevent the
wires from coming in contact with other parts of the
airplane. This can easily occur as a result of movement
or vibration. A wire can obstruct movement of a control

or it can be damaged causing a short. A shorted wire
can be very difficult to locate. This is one other reason
to be very careful during the entire installation process.

Grounding and Bonding
Grounding is defined as the electrical connection of a
conducting object to the primary structure to provide a
return path for the electrical current. Bonding is the
electrical connecting of two or more conducting objects
not otherwise connected. The difference between the
two can be confusing. A simple explanation is that
bonding may not always result in a ground. It may only
connect objects. Metal aircraft have a built in ground -
the airframe. The main frame of a metal aircraft can be
used as a ground. Many builders will use a grounding
strap and connect the piece of equipment to be
grounded to the frame itself. Another method of
grounding is to use a common grounding bus bar. This
bar can be located under the instrument panel and used
to connect all ground wires from equipment throughout
the aircraft. This is referred to as a central grounding
point. The grounding bus bar is grounded to the engine
of the aircraft. In this case two wires must be run to
each piece of equipment - the power wire and the
ground wire. This type of grounding is more common in
composite and wood aircraft. Both of these aircraft
require some form of ground other than their airframe.
Wood and composite material do not conduct electric-
ity.

Many wood and composite aircraft builders will use a
bonding network that interconnects all grounds and
then terminates at the engine providing a ground. It is a
metallic network installed specifically to provide a
ground. This helps explain the difference between
bonding and grounding. The bonding network must be
grounded.

The wire used for grounding must be adequate to carry
the electrical load. A braided grounding strap is often
used. You should also check each grounding connec-
tion with an ohmmeter. To be sure you have a good
connection between two metal parts the surfaces must
be completely clean. Any protective coating should be
removed. This can be accomplished by sanding the
surface. After the bonding connection is completed, the
area can be protected using a varnish. For an excellent
discussion on grounding and bonding refer to the
AeroElectric Connection written by Bob Nuckolls.

Install Instruments To Monitor The System

You want to know the status of your electrical system
as you operate your aircraft. Proper instrumentation
can alert you of actual or potential problems. The
battery ammeter is a necessary instrument. You want to
know the state of your battery at all times. The ammeter
indicates the amount of current flowing into or out of
your battery. The instrument you install should show
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both charging and discharging current. You can then
interpret the condition of your battery and its charging
system with this instrument. After 1 hour of flying a
typical battery should reach a fully charged state. The
indication of this would be a slight indication on the
positive side of the ammeter. The ammeter may be used
to detect a number of problems. Be sure to install this
instrument.

Another
instrument you
may want is a
voltmeter. This

instrument will
monitor the electrical system voltage. In a 14-volt
electrical system, a reading of 13-15 volts would be
normal. Readings less than 12 volts are usually
indicative of a problem. For instance, a very low
reading could mean that the battery is failing.

A warning light may also be installed as an added
method of monitoring the electrical system. This can be
in the form of a light used to monitor an overvoltage or
under voltage condition. This could be very helpful in
detecting a high voltage condition that might require
shutdown of the electrical system or warn of alternator
failure. An overvoltage light or a higher than normal
load could also be the first warning of an impending
electrical fire. The light may allow you to detect the
problem before it becomes too serious.

The importance of monitoring the electrical system
becomes even more critical if you are going to be flying
at night or IFR. You will want to know the status of
your battery, in particular. If you lose your primary
source of electrical power, the alternator, you want to
know that you can depend upon your battery to supply
power to the essential items necessary for an immediate
landing.

Complete A Schematic Diagram
Your schematic diagram is nothing more than a road
map of the electrical system. The symbols used in
electrical diagrams vary from one manufacturer to
another. Some of the symbols are fairly universal but

you still may find differences. These symbols are
actually a language of electrical components and are
sometimes difficult to understand. I would not be too
concerned about the symbols. More importantly, you
want to map out your system very simply so you can
understand it. Mapping it out allows you to trouble
shoot electrical problems during installation and at a
later time when you may encounter a problem. Use as
many common symbols as possible so that when
another person tries to find a problem at a later date
they will be successful. You can indicate the length of
wires along with the size on the schematic. Define each
piece of electrical equipment along with part numbers if
you desire. Show where bus bars and circuit breakers
are in relation to the system and physically in the
airplane. Several common symbols are found in Figure
2. Anything you can do to map out your system will be
most helpful at a later date. Build your schematic
diagram as you build your electrical system. This will
be much more effective than trying to remember
everything after it is installed. Build it to suit your
needs but build it so that it can be understood by
someone else who may be helping you with a problem
or a new owner.

Hopefully, the articles presented this month and last
will take some of the mystery out of electrical systems
as they apply to amateur-built aircraft builders. You can
certainly dig in much deeper than I have in these two
articles. There are several books available that will
explain in depth electricity and the installation of an
electrical system. I have chosen purposely to keep this
as simple as possible. I do not think you have to
understand all of the intricacies of electricity to
properly design and install your electrical system. Only
a very basic understanding is necessary along with
proper planning of the system. Planning, as always, is
key during this phase of construction. Plan your
electrical system early in the building process. Talk to
other builders of similar type aircraft to see how they
have overcome electrical problems. Attend the EAA/
SportAir workshop on Electrical Wiring and Avionics.
You will be given an opportunity to understand and

actually practice the tech-
niques needed for your
installation at this workshop.
Most of all, keep it as simple
as possible. Outline your
system, determine wiring and
circuit breaker requirements,
connect everything properly,
and install instruments to
monitor the system. Be sure to
detail a schematic diagram for
future reference and problem
solving.
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Learning As We Go
"1,200 hours and 12,000 HOURS"

mr.bill

Where does the time go? Those words are often stated
by those empty nesters as the former crumb crushers
leave the house for college. With airlines running more
efficient work schedules during these high oil cost
times employees are working more hours. Pilot's
schedules have them flying up to seven and a half
hours a day. Gone are the "good ole days" of flying
seven to fifteen hours a month on reserve. A reserve
pilot is called to fly when the line pilot (a pilot who had
a scheduled line of flight time for that month) was sick
or running late and the reserve pilot just filled in for a
portion of the flight until the tardy one showed up. If
the line guy was sick the reserve pilot would fly the
whole trip.

The questions asked of pilots over the
years are strange but they must be answered. How do
you put six days of clothes in that suitcase? Actually
it's just three days. We turn the stuff inside out for the
last three days. Then the last day we go commando!
How do you get the clothes not to wrinkle? Roll them
up. Why don't you live in Chicago? St. Louis is cheaper
and has better weather.

Well, just like the odometer on a car (and back in the
day the airlines tracked the miles pilots flew) we need to
know how long we have been flying. To the average
Joe we tell them we have been flying since 1989. To the
trained professional I say I have 1,200 hours in the
Embraer jet with a total time of 12,000 hours.

Where did all the time go? In a Master Pilots logbook,
although Master pilot has nothing to do with it, the
logbook has bigger columns to add up your flight times
in. A brief highlight of my trip is left in the space after

my co-pilot's name and city where he or she lives. (It is
always nice to remember something about the ones we
fly with. It shows that you care.) Some highlights have
been fantastic late night views of the Northern Lights,
strange events at the Chicago O'Hare airport, and cool
layovers events. Skiing, boating, or playing golf. The
other night a bored air traffic control tower operator
flashed light gun signals at us!!!

My 12,000th hour (and 8,602 landing) occurred on April
03 while fly to and landing in Champaign-Urbana,
Illinois. How fitting it was
Champaign, Illinois where I did

my commercial pilot flight training and undergraduate
work. I was even flying with another University of
Illinois graduate as my co-pilot for my historic flight
this night.

With 12,000 hours in 30 years of flying (not working,
although these days with the delays and the weather it
is taking its toll) I would not swap it for any job.
Looking down on the world on a super clear day or
night is just incredible. In the winter time to fly above
the overcast skies and sit in the warm sunlight for
hours is heart warming. One must remember though
that those ground dwellers may not have seen the sun
for many days. They do not know why you are so
happy and so tanned!

With 10 percent of my flying accomplished in the last
two years the future looks busy and bright. So bright
on top of this overcast that I have to wear shades.
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Editor's Corner
Due to the volume of submittals to last month's
newsletter, I never got the chance to talk about an
opportunity for you to save the chapter some money.
We spend about $60.00 per month to have the newslet-
ter printed and mailed to all recipients.  If you log on to
the website and look at the newsletter online, you will
be helping in a small but tangible way.  Give it a
thought, and if it works for you, let me know
(jimbower@hotmail.com, or 314-869-8971).

Occasionally, the Post Office mangles somebody's
newsletter.  Lots of other businesses take people's
money upfront for a future service, but the USPS is the
only one who won't refund their money when they fail
to deliver.  In fact, they will shred your newsletter, then
send you the pitiful remains in a plastic bag with a
smarmy apology.  Wow.  No wonder they need a
monopoly on 1st class mail!

Anyhow, if you fall victim to this occurence, or never
get a newsletter at all, please let me know.  I am not
psychic, so I won't be able to divine the fact you
haven't been getting a newsletter all year unless you
say something.  Thanks!

You keep logs and pictures of your project, don’t you?
Would you like to be able to share your work experi-
ence with others? I’m looking for anyone interested in
learning how to create a simple web page to post their
builder’s log, pictures, ideas, etc. The
sky’s the limit (pun intended). The
workshop would probably be held in late
May around the 20th or 27th at the ARC.
We would cover: finding an ISP, domain
names, creating pages, creating links,
inserting pictures and all sort of fun stuff
that goes into web page design.

This would be a hands-on class so we would have to
make arrangements for lap tops or for people to bring
their own. My goal is to send you out of the workshop
with the beginnings of a web page in hand.

Contact me if you are interested especially if you
have a laptop you can bring or donate for the

day.  Everything is still in the planning
stages, so give me your ideas, questions
or comments so that I can plan this around
what you want.

Laura Million

618-288-7099

Hey Builders!

Engine for Sale
Subaru EJ22 normally aspirated. Two boxes of components. Engine computer and harness. About 1997 model. First
owner said it had 60000 miles on it.

$500.00   James King   636-724-1864
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INFORMATION HOTLINE
314-286-9932

CALL THIS NUMBER FOR INFORMATION ABOUT
UPCOMING EVENTS

TO:

Check out our fantastic Web Pages at

WWW.EAA32.ORG
Laura Million, Web Designer

While you're there, take time to join the
Yahoo Groups to help you stay abreast of

Chapter happenings!
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