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YOUR situation may be much like my 
own. 

I already have an alternator for my 
Lycoming 0-320 engines. It is a small 
Toyota unit rated at 35 amperes. Natur
ally, I would prefer to use it in my RV-6 
rather than buy another alternator . . . 
provided it can handle all the: electrical 
equipment I plan to install. 

The battery I intend to buy (at the very 
last minute) is a 30 Ampere Gell Cell 
because it is to be located inside the 
cockpit by my feet. 

Before getting into any other electri
cal details my first objective was to de
termine if I will have an electric capacity 
problem with that combination of alter
nator and battery. In other words, will 
my equipment be using more amperes 
in flight than I will have available? 

Consider this situation. If my electri
cal load (ampere use) in flight is 45 am
peres and my alternator is rated (cur
rent controlled) at 35 amperes, the al
ternator will , nevertheless, only be ca
pable of supplying up to 35 amperes. 
Right? 

Any current utilization over 35 am
peres (in this example, 10 amperes) 
will, therefore, have to be drawn from 
the battery until the electric load is re
duced, or until the battery is drained. 

Now, consider this. If my current utili
zation is only 25 amperes, the alternator 
will happily supply the entire 25 ampere 
load and will , in addition, charge the 
battery at up to 10 amperes or less, de
pending on the state of charge in the 
battery . .. and that's just fine, isn't it? 

Well, what about a generator? 
Wouldn't it do the same? 

THERE'S THIS THING 
ABOUT GENERATORS ... 

In flight a generator would perform as 
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well as an alternator, of course. How
ever, besides being a heavier, low ca
pacity unit, it has another undesirable 
characteristic. 

If you plan to use a generator instead 
of an alternator, your battery will , most 
likely, have to supply all of the electrical 
utilization loads during the landing and 
taxi phases of each flight. This is so be
cause a generator ordinarily cuts out 
any time the engine rpm falls below 
1,000 to 1,200. An aircraft so equipped 
- especially one that is typically flown 
for only short flights - will soon have a 
completely drained (dead) battery on 
board. 

This handicap, generally, is not a 
problem when you are equipped with 
an alternator because it is capable of 

providing power at very low engine rpm. 
Well, let's see how I will fare with my 

small 35 amp alternator installation. 

A SAMPLE UT/LIZA TION 
LOAD ANALYSIS 

With the help of the data in Table 1, 
I worked out an abbreviated UTILIZA
TION LOAD ANALYSIS (that means I 
simply totaled the numbers). Going 
through all that work did convince me 
that my arbitrarily selected alternator/ 
battery combination will, indeed, 
adequately handle all of the electrical 
loads I will normally impose on the sys
tem . .. and do it without requiring bat
tery recharging between flights. 

Notice, however, the very heavy cur-

I hope you don't learn later that some of the major electrical equipment and acces
sories you so eagerly (bur prematurely) installed on the firewall - and elsewhere -
are now obviously somewhat less than ideally located. 
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TABLE 1 
ELECTRICAL EQUIPMENT UTILIZATION LOADS 

EQUIPMENT STARTING CRUISE 

STARTER 150 

AUX FUEL PUMP 3.0 

BATTERY CONTACTOR .41 .41 

COMPASSLGT 

CHT .05 .05 

FUEL GAGES .40 .40 

INSTRUMENT LGTS 

LANDING/TAXI LGT 

NAVLGTS 

POSTLGTS 

STROBES 7.5 

TURN/BANK .2 

AVIONICS 

COM RADIO (Transmitting) 3.0 

NAVRADIO 1.1 

LORAN 1.09 

TRANSPONDER 1.8 

BLIND ENCODER . 
TOTALS 153.86 15.55 

rent draw that will take place, for ap
proximately half a minute, during every 
engine start . . . no wonder a battery 
needs to be in good condition. 

I used the rated current requirements 
(loads) for most of the electrical units I 
have, but was forced to rely on a few 
estimated figures from industry sources 
for some of the other electrical gadgets 
installed. 

This very elementary ampere utiliza
tion study could have been, needlessly, 
complicated by delving deeper into the 
nature of the continuous and intermit
tent ampere utilization loads and the 
analysis of various assumptions con
cerning the aircraft's operating condi
tions. (Wow, did I say that?) 

Such an expanded study would have 
entailed breaking the figures down to 
amperes used per minute during taxi
ing, take-off and climb, cruise, and land
ing . . . including estimates of battery 
capacity and discharge rates for differ
ent temperature and operational condi
tions. 

While all that would make an interest
ing cold weather project, such detailed 
utilization load information would be a 
waste of time for any homebuilder who 
merely needs to know if his alternator/ 
battery installation will be adequate for 
his kind of flying. 

When making your own utilization 
load evaluation, use the manufacturer's 
current requirement data for each of the 
electrical units you will be using. 

But even if you don't have that infor
mation, you can still get a fairly good 
grasp on your anticipated power con-
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DAY NIGHT 
NIGHT CRUISE LANDING/TAXIING LANDING/TAXIING 

3.0 3.0 

.41 .41 .41 

.04 .04 

.05 .05 .05 

.40 .40 .40 

1.84 1.84 

3.0 

5.6 5.6 

.76 .76 

7.5 7.5 7.5 

.2 .2 .2 

3.0 3.0 3.0 

1.1 1.1 1.1 

1.09 1.09 1.09 

1.8 1.8 1.8 

180MA 

23.79 18.55 29.79 

sumption by using the average esti
mates assembled in Table 2. 

Keep in mind the fact that many of 
the older radios may have a higher cur
rent draw than the newer models. If ap
plicable, adjust your estimates accord
ingly. 

After your alternator/battery selection 
has been resolved, you probably are 
wondering where to begin with the wir
ing job ahead. 

If you allow your thoughts to dwell on 
the complicated maze of wiring and the 
countless electrical connections that 
you will have to make, it is understand
able that you may become a little ap
prehensive. 

However, there is really no need for 
such concern because the complexity 
is more visual than real. The appear
ance of complexity is due to the disor
ganized appearance of the many wires 
which seemingly run in all directions. 

Admittedly, before the wires are all 
gathered, tied, bundled and otherwise 
subdued, the scene does look more like 
the aftermath of a spaghetti factory ex
plosion than it does a good aircraft elec
trical installation. 

This typical array of electrical compo
nents and connections seems all the 
more hopeless because most of the wir
ing has to be concentrated within the 
close confines of the space behind the 
instrument panel. 

DIVIDE AND CONQUER 

Here's a sensible way to begin de-

veloping your electrical system. Con
centrate your initial attention on one 
electrical unit, such as a light, horn, 
motor or whatever, and complete its 
connections and installation BEFORE 
concerning yourself with other circuits . 
.. in other words, divide and conquer. 

After that, get started on another in
stallation, and then another. By com
pleting the wiring of all the other circuits 
one by one, you too will have created 
an impressive maze of wiring that, be
lieve it or not, is your completed aircraft 
electrical system. 

THE TYPICAL CIRCUIT 

You might liken the typical aircraft 
electrical circuit to a race track. The 
electrical starting gate is the bus bar 
which serves as the power source for 
each piece of electrical equipment you 
install. And like the race track's finish 
line, the electrical current, after it races 
through the circuit, terminates at a com
mon aircraft ground return. 

If we were to break a typical circuit 
down into its basic elements, you would 
find that just about every one of them 
will be made up of the following: 

1. A circuit breaker, or fuse, one 
side of which is connected directly to 
the bus bar. The breaker's (or fuse's) 
function is to protect the wire from over
heating or catching fire in the event of 
a short circuit or other faulty condition. 

2. A switch is next in line. Its pur
pose, of course, is to control the opera
tion of the electrical unit (light or motor) 
served by the circuit by turning it ON or 
OFF. 

3. From the switch, the circuit wire 
will continue "downstream" to the elec
trical unit (light, motor, horn, etc.) to be 
operated. 

4. Finally, the wirir,g terminates at the 
aircraft ground terminal. 

Incidentally, some electrical acces
sories (lights, horns, relays, etc.) are 
automatically grounded through their 
metal cases when attached to a metal 
aircraft's structure. 

Other units, such as motors, will usu
ally have a separate ground wire which 
must be attached to the aircraft ground 
in order to complete the circuit. 

In other instances, instruments and 
lights will have a separate ground termi
nal to which a suitable wire must be at
tached and routed to the nearest aircraft 
common ground return (ground termi
nal). 

In a metal airplane this grounding can 
be accomplished by connecting a short 
wire from the electrical unit to any adja
cent part of the metal structure. 

However, wood and composite air
craft may require a much longer wire 
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FIGURE 1. 

During the early stages, before all the wires are gathered, bundled and otherwise 
subdued, your project will look very much the same as seen here. 

which has to be strung to the nearest 
ground terminal. 

IT TAKES TWO TO TANGO 

As most of you know, two separate 
electrical systems are installed in most 
homebuilts. 

One is the engine's magneto system 
and the other is the aircraft's electrical 
system. 

Each system is completely independ
ent of the other. 

Once the engine is started, the mag
neto system takes over the engine op
eration duties and needs no help from 
the aircraft electrical system. 

The magneto system will keep the 
engine running and happy regardless 
of what calamity may befall the aircraft 
electrical system in flight. 

As for the aircraft's electrical installa
tion, think of it as having two very impor
tant functional elements. One is the al
ternator (or generator), and the other is 
the battery. 

NO HELP FROM YOUR PLANS? 

Because only a very few aircraft 
plans include a designer recommended 
electrical installation, the chances are 
that you will have to pinch hit as the 
designer as well as the fabricator of 
your own electrical system. 

What this means is that it will be up 
to you to decide what electrical equip
ment you will need (or want to install), 
determine how much electrical capacity 
will be adequate for all operating condi
tions, select the correct wire sizes, ter
minal connectors, breakers (or fuses) , 
and switches . . . and, finally, decide 
where to locate all that stuff. 

Since there is no single "best way" to 
develop and install an original electrical 
system in a homebuilt, there is no use 
looking for one. 

You could, for example, begin by 
hooking up the various pieces of equip
ment you have, such as the strobe 
power pack, wing lights, antennas, etc. 
But sooner or later you will have to de
cide where and how to install the heart 
of any aircraft electrical system . .. the 
BUS BAR. It is the power source and 
starting point for all circuits. 

Maybe a better way to undertake the 
development of a good electrical sys
tem would be by doing little reading, 
thinking and planning first. You could 
then follow those preliminaries with a 
few schematic sketches of your own to 
help you better visualize and under
stand how your electrical system will 
work. 

The general idea is to make your 
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changes and mistakes on paper. After 
all , electrical terminals and wiring - to 
say nothing of the equipment you may 
be risking - can add up to big bucks if 
you have to keep reworking the wiring 
and replacing parts. 

SCHEMA TIC WIRING DIAGRAMS 

The time proven way to work out an 
electrical system is with the help of a 
few free hand schematic sketches of 
the various circuits. These will enable 
you to get a better grasp on how the 
system will work, and what connects to 
what and where. 

Begin with a simple schematic dia
gram of the Alternator/Battery System. 
The drawing need not be elaborate but 
it should include all the electrical units 
and the essential wiring connecting 
them. Include whatever notations you 
think will be useful (see Figure 1 ). 

This basic Alternator/Battery System 
schematic should include the heart of 
the typical aircraft electrical system, the 
bus bar. 

After you are satisfied that the alter
nator and battery system is functional, 
start at the bus bar and develop a com
plete circuit for each piece of electrical 
equipment to be installed. 

I suggest that you sketch each circuit 
on a separate sheet of 8-1 /2" x 11 " 
paper. Later you will be able to add ad
ditional information and notations as 
your ideas develop and changes are 
made. 

For example, you can add the termi
nal sizes, wire gages, cable lengths, 
and any other notes which will be very 
useful for maintenance and trouble 
shooting. 

Assemble these separate circuit 
drawings in a loose leaf notebook and 
they will always be handy as a ready 
reference. 

SOME INSTALLATION 
CONSiDERA TTONS 

Unfortunately, the electrical installa
tion in a homebuilt is seldom pre
planned and must, therefore, be fitted 
into an airframe structure that has al
ready been completed. 

What this generally means is that pro
tected holes and openings necessary 
for routing the wires and antennae ca
bles through parts of the structure may 
not have been provided during con
struction. 

And, perhaps, a few of the major ac
cessories you so eagerly installed are 
now found to be poorly located. 

You may also find that some of the 
wires will have to be strung through, or 
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ELECTRICAL EQUIPMENT LOADS 
(Estimated Current Required In Amperes) 

Auto Pilot 
Aux. Fuel Pump 
Battery Relay (Contactor) 
Compass Light 
Cylinder Head Temp 
Flap Motor 
Flashing Beacon 
Fuel Gages 
Instrument Lights 
Landing/Taxi Light 
Navigation Lights 
Pitot Heat 
Post Lights 
Stall Warning Horn 
Strobes 
Turn/Bank Indicator 
Turn Coordinator 

AVIONICS 

ADF 
Blind Encoder 
Com (Transmitting) 
DME 
Encoding Altimeter 
Glide Slope 
Loran 
Marker Beacon 
Nav/Com 
Nav Radio 
Transponder 

NOTE: Use equipment manufacturer's 
data when available 

TABLE 2 

2.00 - 2.5 
3.00 

.41 - 0.6 

.08 - 0.1 

.04- 0.2 
8.50 - 15.0 
4.00 - 7.0 

.11 - 0.4 
1.30 - 2.3 
3.00 - 15.0 
5.60 
6.50 

.76 - 2.0 

.25 - 0.28 
4.00 - 7.5 

.20 - 0.28 

.30 - 0.8 

1.60 - 2.0 

2.25 - 3.0 
1 .40 - 3.0 

.06 - 0.07 

. 45 - 0.5 
1.09 

. 02 
4.60 
1.10 - 1.5 
1.80 - 2.0 

* (180 MA) 

located in, areas that are no longer 
readi ly accessible. From a future 
maintenance point of view, this could 
be considered a serious deficiency. 

Before you begin any wiring, give 
careful attention to finding the most 
favorable locations for the following 
major pieces of electrical equipment: 

Battery 
Bus bar(s) 
Battery contactor 
Starter contactor 
Voltage regulator 
Over voltage regulator (optional) 
Auxiliary fuel pump 
Strobe light power supply 
Intercom 
Radio mike and phone jacks 
Try to visualize how the cables and 

wires will have to run to and from those 
components so as to eliminate exces
sive crisscrossing of wires. 

More next month when we get into 
wiring details, tips and other specifics. 

If you wish to contact the author 
of this column, Sportplane Builder, 
for additional information, please 
write to Tony Bingelis, 8509 Green
flint Lane, Austin , TX 78759. 

BOOKS BY TONY 

The following books by Tony Bingelis are 
available from the EAA Aviation Foundation, 
EAA Aviation Center, Oshkosh, WI 54903-
3086, 1-800/843-3612, in WI 1-800/236-
4800. Major credit cards accepted . 

- Sportplane Builder (Aircraft Construc
tion Methods, 320 pages) - $17.95 . 

- Firewall Forward (Engine Installation 
Methods, 304 pages) - $19.95. 

- Sportplane Construction Techniques 
(A Builder's Handbook, 350 pages) - $20.95. 

Add $2.40 postage and handling for each 
publication ordered . . . or order all three for 
$52.97 plus $6.95 postage and handling. 
Wisconsin residents add 5% sales tax. 
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