
---------------------------- Ben Owen 

ELECTRICAL SYSTEMS . .. 
DOLLARS AND POUNDS 

We have endeavored to put together a basic electrical system using various catalogs and 
advertisers information. 

BASIC SYSTEM 
ITEM 

B&C Starter with Solenoid 
Alternator - Nippondenso (Honda) kit 
Adjustable Voltage Regulator 
Over Voltage Relay 
24 Amp B&C Battery, including shipping 
Battery Case 
Bus Bar from the Electric Store 
Ammeter 
Alternator Field Switch 
Master Switch 
Master Relay 
Circuit Breakers (7 (u $7.00) 
Wires, Tie Wraps, Etc. 

TOTAL 

ITEM 
BASIC VFR RADIOS 

Bendix 14 Volt KY 97 A, 760 Channel 
AT 150 Transponder 
ModeCbyACK 
VHF Broadband Antenna 
Transponder Antennae 
Cords, Connectors 
Headsets - Hush A Com x 2 

a. Power Cord 
b. 2 Push-to-Talk Switches (<L $29 

ELT EBC-10A 

TOTAL 

WEIGHT 
1 O lbs., 3 oz. 
8 lbs. 
1 lbs. 
1 lbs. 

18 lbs., 8 oz. 
3 lbs. 
1 lbs. 
1 lbs. 
Olbs. , 1 oz. 
o lbs., 1 oz. 
1 lbs. 
o lbs., 7 oz. 
5 lbs. 

50 lbs. I 4 oz. 

WEIGHT 
2 lbs., 15 oz. 
2 lbs. 
O lbs. , 8 oz. 
O lbs., 7 oz. 
O lbs., 2 oz. 
O lbs., 1 O oz. 
3 lbs. 
O lbs., 2 oz. 
O lbs. , 4 oz. 
1 lbs. 

11 lbs. 

VFR CROSS COUNTRY ADD-ONS 
ITEM 

Add Nav Potential to Communications 
Loran 
2 Circuit Breakers @ $8.95 

TOTAL 

WEIGHT 
2 lbs., 2 oz. 
4 lbs. 
o lbs., 2 oz. 

6 lbs., 4 oz. 

BASIC NIGHT FL YING ADD-ONS 
ITEM 

Wing Tip Lights x 2 
Red and White Strobe Light 
Tail Light 
Instrument Post Light 
Wiring, etc. 

TOTAL 

WEIGHT 
O lbs., 6 oz. 
1 lbs. 
o lbs., 3 oz. 
o lbs., 4 oz. 
o lbs., 8 oz. 

2 lbs., 5 oz. 

ELECTRICAL BASIC ITEMS TOTALS 
ITEM 

Basic Electrical System 
Radios 
Navigation and Cross Country Add-Ons 
Night Lights 

TOTAL 

WEIGHT 
50 lbs., 4 oz. 
11 lbs. 
6 lbs. 4 oz. 
2 lbs., 5 oz. 

69 lbs., 13 oz. 

COST 
$ 550.00 

260.00 
40.00 
60.00 
92.00 
69.50 

5.00 
6.25 
6.95 
6.95 

16.60 
49.00 
40.00 

$1 ,202.25 

COST 
$1 ,090.00 

694.50 
299.00 

53.50 
27.50 
35.00 

339.00 
12.00 
38.00 

299.50 

$2,888.00 

COST 
$ 650.00 

659.00 
17.90 

$1 ,326.90 

COST 
$ 105.00 

109.00 
25.75 
99.50 
15.00 

$ 354.25 

COST 
$1 ,202.25 

2,888.00 
1,326.90 

354.25 

$5,771 .40 

The basic electrical system uses many 
lightweight items - some that might be some-

·. what more expensive than slightly heavier 
items. It is the builders decision at this point 
whether he wants to pay more or weigh 
more. The S&C alternator is of low output, 
but so far has been quite successful in air­
craft such as the Long-EZ without excessive 
demands on its 12 amp system. A typical 
Long-EZ installation includes a Navcom, a 
loran and a transponder without Mode C . 
Use of an ultralight weight alternator may re­
quire electrical management and turning off 
some of the items when using others. What 
type of alternator to buy is totally up to the 
bu ilder, who should sit down and figure out 
his amperage requirements and determine if 
he can, in fact, turn some items off while 
others are being used. The small and light­
weight S&C alternator has been very accept­
able to many aerobatic pilots also. So far, 
none of the B&C users have required the 
13.8 volt charger, but it is a must use if either 
of B&C's batteries, the 24 or 32 amp, are 
ground charged, because U. S. chargers 
won't work on those batteries. Other bat­
teries are somewhat heavier. A linear vol­
tage regulator is a new item from S&C that 
helps eliminate loran noise. 

Most amateur builders use the 12 volt over 
the 24 volt system, as it is the cheapest, most 
available and lightest. The Bosch and so 
called "Honda" alternators are also excellent 
lightweight choices. 

Maximum continuous amperage is 80% of 
alternator output. The simplistic design ap­
proach is to leave all electrical items on to 
determine the amperage, and select an alter­
nator using 80% of the alternator output as 
the criteria. One excellent suggestion is to 
use switches capable of DC output in the 
range you need. DC switches are considera­
bly stouter. It may also be possible to elimi­
nate the master relay if the master switch is 
indeed capable of taking the entire bus bar 
amperage. 

Tony Bingelis has written some excellent 
articles on electrical systems for SPORT 
AVIATION. The following may be issues in 
your library, or you may be interested in pur­
chasing them from EAA: 

Wire Installation (fuses), 7 /84, p. 42. 
Useful Electric Wiring Details, 9/84, p. 27. 
Landing and Taxi Lights, 10/84, p. 29. 
Switches, Part 1, 10/85, p. 23. 
Switches, Part 11 , 11 /85, p . 54. 
Switches, Part 111, 12/85, p. 57. 
Minimizing Battery Problems, 1 /87, p. 35. 
Wiring Practices (fuses, wires, etc.), 7/86, 
p. 27. 
EAA does not specifically recommend any 

manufacturer or supplier over another. 
Please use the foregoing as an example 
only. 
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ELLS 

Where You At? 
In the event of an unplanned inadvertent off-airport landing -THE ODDS ARE VERY SMALL that you or any other EAA member will 
ever need to be found and rescued following what can politely be 
called an unplanned inadvertent off-airport landing (UIOAL) . 

Very small indeed. Reports from the National Oceanic and 
Atmospheric Administration (NOAA) show that emergency locator 
transmitter (ELT) sig11als picked up by the Search and Rescue 
Satellite Aided Tracking (SARSAT) system resulted in the rescue of 
240 people in 2014 and 135 people so far in 2015. The majority of 
these are rescues at sea and hikers; only 15 in 2014 and 12 so far in 
2015 are cited as aviation rescues. Small numbers, but you can bet 
big money that those rescued were overjoyed when help arrived. 

NOAA statistics also reveal that adoption of the modern 406 
MHz EL T is not as widespread as was hoped, and that the incidence 
of false alarms is still alarmingly high. 

As of June 2015 the total number of aviation 406 MHz EL Ts reg­
istered totaled 81,721. The 2014 General Aviation Statistical Data book 
published by the General Aviation Manufacturers Association 
(GAMA) estimated there are more than 199,000 active GA aircraft in 
the United States. 

So it appears only four out of every 10 registered aircraft are 
equipped with a modern 406 MHz ELT. I'm sure everyone is aware 
that the old 121.5 MHz ELT sig11als are no longer detected by the 
SARSAT system. Even though the SARSAT constellation no longer is 
tuned to receive the 121.5 MHz signals from older EL Ts, all 406 
MHz ELTs also broadcast a 121.5 MHz signal used by searchers to 
pinpoint crash locations. 

A 406 MHz data burst signal is picked up instantly; location defi­
nition depends on the equipment. The SARSAT system can locate a 
406 MHz ELT data burst without GPS location coordinates to a 

radius of 2.3 miles by using Doppler shift 
procedures that depend on a sequence of 
satellite passes. The process takes at least an 
hour. If the 406 MHz ELT signal is paired 
with GPS-derived coordinates, the eras~ 
location is centered on a 100-meter radius 
signal and wi ll be relayed to SAR headquar­
ters within 10 minutes. 

406 MHz EL Ts are vastly superior to 
121.5 MHz EL Ts in every way. Broadcast 
power is many times greater, and ELT loca­
tion detection is much more definitive. In 
spite of its superiority, there's no legal man­
date to install one. It's perfectly legal to fly 
along with a 121.5 MHz ELT. 

The 406 MHz false alarm frequency is 
not as bad as the 121.5 MHz EL Ts, but it's 
still pretty dismal. Data requested from SAR 
headquarters showed that 6,372 alerts were 
detected in 2014; only 89 were actual dis­
tress alerts. The rest, 6,283 or 98.6 percent, 
were false reports. Fifty-seven percent of the 
fa lse reports were due to improper testing 
(do you know how to test and how often to 
test your 406 MHz ELT?) and poor mainte­
nance practices. 

All 406 MHz devices must be registered 
to maximize SAR capabi lities. Registration 
is required by law and must be updated 
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ever)' two yea11 s. Registr·atio11 fo1·1ns 
identify the owne1· and include a11 
add1·ess, tl1e type of au·c1·aft (si11gle­
e11gi11e, 1nultie11gi11e), size of aircraft 
a11d 1nake, model, a11d color· of ai1·­
c11aft, as well as a list of perso11al and 
bt1siness contacts. 

Up-to-date pe1·sonal and bt1siness 
co11tact pl1one 11t11nbe1·s aid SAR 
tearns in glear1ing additional i11for111a­
tion and detecting false ala1·1ns p1·io1· 
to launcl1ing a SAR 1nission. SAR 
tea1ns include federal a11d state 01·ga­
nizations. He1·e in Sa11 Luis Obispo 
County, Califo1·11ia, SAR teams ar·e 
staffed b)' vol11nteer·s ur1de1· the sl1er­
iff's office. 011e \\rell-know111·esou1·ce 
consists of tl1e :flyi11g a11d g1"'01111d­
based staff ar1d volt1ntee1·s of tl1e Civil 
Ai1· Patr·ol (CAP). 011e SAR com1nand 
·center· cites CAP as its 11umbe1· 011e 
1·esot1rce, altl1ougl1 the 111ilita1·yr ma)' 
assist i11 SAR 1nissio11s if its pri1na1·y 
1nission is 11ot co111p1·omised. 

Given that tl1e n1ajority of pe1·sonal 
aviation flie1·s l1ave 11ot yet i11stalled 
406 MHz ELTs, ai·e these flier·s si1npl)' 
out of luck in the eve11t of a UIOAL? 
Nope. The least expensive and often 
ove1·lool<ed locato1· is the cellpl1one. 

MOBILE PHONE LOCATION SERVICES 

With tl1e prolife1·ation of cellphone 
cove1·age, ther·e a1·en't rnany places 
left in the U11ited States with ze1·0 
cellular· cover·age. Both t l1e Apple 
iOS a11d Andr·oid stor·es show 11u111e1·­
ous of pl1one-locati11g apps. 111 
addition, a quicl< Ir1te1·11et search 
revealed dozens of tl1i1·d-pa1·ty 
phone finde1· ai1d pl1one t1·acke1· apps 
s11ch as Prey, Lool<out, Avast, a11d 
ZoeMob that advertise the ab.ility to 
t1--ack and locate cellpho11es. Add 
cellphor1e cha1·ging to )'Ou1· preflight 
checklist and 1nake sure someone 011 
you1· co11tacts list kno\\rs your· cell ­
phone n11mbe1·. 

FLIGHT FOLLOWING 

IFR flights can be tr·acl<ed in near· 
1·eal ti111e 011 t l1e FlightAware 
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website. Sometimes the flight tracks of 
VFR flights receiving flight-following ser­
vices are also displayed but not always. 
I've been told the sure way to ensure every 
leg of a VFR flight is displayed is to file an 
IFR flight plan-which gets the airplane N 
number into the ATC system-and ask 
for flight following without opening the 
flight plan. 

PORTABLE LOCATION DEVICES 

Non-aviation portable devices are relatively 
inexpensive and readily available. The 
devices, which transmit emergency loca­
tion signals to satellite networks, fall into 
two categories: personal locator beacons 
(PLBs) and satellite messengers. Both 
derive location information from the 
SARSAT networks and send messages and 
tracking information through the Iridium 
or Globalstar satellite networks. 

THE 406 MHZ ELT RESPONSE 

When an SOS signal from a 406 MHz ELT is 
detected, its location is transmitted to a net­
work of ground stations before being relayed 
on to the U.S. Mission Control Center 
(USMCC) in Suitland, Maryland. The 
USM CC processes the distress signal and 
coordinates with the Air Force Rescue 
Coordination Center (AFRCC) before alert­
ing seru-ch and rescue authorities. When the 
owner of a PLB or a satellite messenger 
pushes the SOS button, different networks 
jump to respond. 

GEOS ALLIANCE RESPONSE 

When a PLB or satellite messenger user 
pushes his or her SOS button, a signal is 
relayed to the GEOS Alliance International 
Emergency Response Coordination Center 
(IERCC) near Houston, Texas. The IERCC 
first attempts to contact the owner of the 
device by cellphone to gather details about 
the emergency. Second, the phone num­
bers the owner previously entered on the 
device registration are called to gather 
additional information to help determine 
if the SOS is a true emergency. If IERCC 
determines help is needed, it contacts 
the emergency response team nearest 
the location of the radiated signal with 
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the information needed to start an emer­
gency response. 

The GEOS alliance also offers addi­
tional prepaid membership plans. These 
include the SAR50, which provides 
$100,000 ($50,000 per incident) per year 
to fund the cost of SAR efforts almost any­
where around the world. The new SARlO0 
plan provides $100,000 of coverage for a 
single incident. These plans are surpris­
ingly affordable and provide funds to hire 
additional SAR providers in the event the 
local providers are unable to mount a 
timely search effort. They are especially 
valuable when flying in countries with 
spotty SAR resources. 

PLBS 

The most common PLBs ru·e small, light, and 
weather resistant ru1d are manufactured by 
ACR Electronics. These include the 
ResQLink, the ResQLink+, the AquaLink, 
and the AquaLink View models. These range 
in price from around $260 to $400 depend­
ing on the model. 

One important caveat when using a PLB: 
It must have a clear view of the sky to send 
that SOS signal. 

SATELLITE MESSENGERS 

Satellite messengers get their location data 
from the SARSAT network. The messaging 
capabilities depend on other satellite arrays. 
Units by DeLorme use the Iridium satellite 
network for messaging, while SPOT messen­
gers use the Globalstru· satellite netv,rork. 
Both Iridium and Globalstar are capable sat­
ellite networks providing neru·-worldwide 
coverage. For more detailed coverage infor­
mation check each company's website. 

Both devices require users to purchase a 
service account for access to its system. 
DeLorme has a number of accounts to fit a 
wide range of users. 

One of the best features of the DeLorme 
units for aviators is the Automatic Flight 
Following and Ping-Me Locating service. 
The DeLorme SE and the DeLorme 
Explorer can also be used to send and 
receive 160 character text and e-mail mes­
sages, track movement progress, and send 
messages and updates to social media such 

as Facebook and Twitter. During initial 
setup, message recipients' addresses ru1d 
short pre-selected messages such as "Just 
took off" or "Just landed" can be added to a 
message database. 

for what it's worth, the DeLorme web­
site claims the most common text message 
sent from its portable messengers is "I 
love you." 

The SPOT 3 is the latest iteration of 
Globalstar's messenger. SPOT messaging is 
limited to sending (via e-mail and text) pre­
written messages or "check-in" messages to 
a maximum of 10 contacts. There's also ru1 
"Assist" message that is sent when non­
emergency help is needed. 

Launched in 2007, the company website 
claims SPOT devices have already affected 
more than 3,000 rescues. Like all the 
devices mentioned in this article, SPOT 
must have an unobstructed view of the sky 
for reliable results. 

The initial cost of the SPOT 3 unit is very 
reasonable (less thru1 $100). Annual sub­
scriptions (there's only one size) run about 
$150 a year. This fee includes SOS notifica­
tions, messaging, and Basic SPOT Tracking, 
which sends position updates to Google 
Maps every 10 minutes. Unlimited and 
Extreme Tracking programs add more 
options to tracking such as position report­
ing at selected intervals (every 2-1/ 2, 5, 10, 
30, or 60 minutes). 

Spidertracks also makes a satellite mes­
senger, but it's designed to be an aircraft 
tracking device for fleet operators tracking 
airplane movements and times. If a disrup­
tion of normal operations is detected, it 
automatically sends a location message to 
contact list addresses. 

Today there is a large selection of flight 
tracking and emergency alerting tools that 
can be used in the unlikely event of a 
UIOAL. Few pilots believe it will happen to 
them, but it can, and if it does, the pilot wh< 
carries a fully charged cellphone, PLB, or 
satellite messenger has taken steps to up 
the odds of getting rescued sooner. EAA 

Steven Ells, EAA 883967, is an A&P mechanic, 

commercial pilot, and freelance writer. He fl ies a Piper 

Comanche and lives in Paso Robles, Cal iforn ia. 
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SPONSORED BY• AIRCRAFT SPRUCE & SPECIALTY• FLUKE • SNAP-ON TOOLS 

By ED WISCHMEYER 
EAA 18879 

602 W. Remington Dr. 
Sunnyvale, CA 94087 

After my friendly neighborhood 
mechanic stuck a jack through the 
wing of my newly purchased RV-4, I 
decided to redo the instrument panel 
while the plane was apart, so that I 
could practice ILSes without having 
to rent a spam can. This meant that 
the RV-4 panel was going to be 
stuffed to the gills, and it would be a 
real challenge to design a functional, 
pleasing panel. 

Since I work for Apple Computer, 
it seemed appropriate to see if I could 
find a simple, inexpensive way to lay 
out the panel on my Macintosh, es­
pecially if I could do it with standard, 
inexpensive software, rather than a 
fancy CAD/CAM package. I wanted 
to explore different panel designs 
and choose which instruments to buy 
(a 2" or 3" G-meter? 2" or 3" mani­
-fold pressure?}, and to print out a 

Circuit Breakers: 
Starter/lighter . 
Panel Lights/EngGauges 
Map Lights/Tum Coard 
Avionics 1 
Avionics 2 
Avionics 3 

Map Light Oinvner 0 
X 2.S x 2.5 X 

+ 
Clocl( 

X 

™ 
+ + + 

+ + + + + 
+ + 
+ + 

+ + + 

Post Light Dimmer o 
X 

X 

3.5" radius circles 
3.375 vert. 3.375 

horiz spacing 

X 

G Meter 

transponder 

avionics 

Switches: Battery, Alternator field, avionics master, 
belly strobe, tip strobe, fuel pump; 
pitot heat, nav lights, landing light 
Top 2 rows nonnally all on for t/o & landing. 

final, full size copy· with all holes 
marked for centerpunching. I used 
inexpensive MacDraw II from Claris 
Corporation, but there are alterna­
tives on the Macintosh and on those 
other machines. 

The first step is to make templates 
for each size of instrument. Mac­
Draw lets you use a grid, so that 
everything you draw is constrained to 
the grid. With the grid set to 1 /8", lay 
out the hole patterns for a 3-1/8" in­
strument, putting in a little cross for 
each hole. Since the hole spacings 
are in nice round numbers from the 
center of the instrument, it's a lot 
easier to lay out the hole pattern ver­
tical I y (Figure 1 }, select all of the 
crosses together, group them into 
one element, and then rotate the 
group 45 degrees to the standard ori­
entation (Figure 2). Next, draw a 
circle 3-1 /8" in diameter, and then 
draw a box 3-1 /2" on a size, or what­
ever size you choose. This box will 
reserve blank space around the in­
strument hole for the instrument itself 

and for the space required between 
the instrument. Command the box, 
circle, and hole pattern to align them­
selves, left/right and top/bottom and 
group them together (Figure 3). 

Voila! You now have a standard 
size instrument template which you 
can duplicate for each instrument. 
On each copy, put the name of the 
instrument and group the name with 
that template. You can include the 
screw sizes for all of the holes, and 
for those instruments which only re­
quire 3 mounting screws instead of 4, 
you can make that be part of the in­
strument template. 

Do the same for 2-1 /4" instru­
ments, for avionics, circuit breakers, 
switches, a jack for tape recording 
your conversations with ATC (for pro­
tection against FAA enforcement 
excesses, which hopefully are behind 
us now}, ignition switches, and every­
th in g else that seems to want to 
reside on your panel (Figure 4). On 
your templates, you can also draw 
the space required behind the panel 

X 
X 3.5' radius citcles 

X 
3.5" radius circles 3.5" radius circles 

3.5 Vert, 3.375 horiz 
spacing 

X 

Airspeed 

X 
3.s • radius cirdes 

3.5 vert, 3.375 horiz 
spacing 

X 

Tum Coordinator 

3.5 vert. 3.625 horiz 
spacing 

X 

Attitude Indicator 

3.5' radius citcles 
3.5 vert, 3.625 horiz 

spacing 

X 

Directional Gyro 

3.5" radius citcles 
3.5 vert. 3.625 horiz 

spacing 

X 

VOR/ILS 

2.5• line 

X 

X 

3.5 vert, 3.375 horiz 
spacing 

X 

Altimeter 

3.5' radius circles 
3.5 vert. 3.375 horiz 

spacing 

X 

Rate of Climb 

3.5" raaJUS circles 
3.5 vert, 3.375 horiz 

spacing 
X 

Tachometer 

X 

X 

X 

X 

X 

2.5 X 2.5 

+ 
Compass 

2.5 X 2.5 

+ 
Man Press 

(light) 

l6 $Crews 
2.5 X 2.5 

X 

X 

X 

-1;. .w ... 

X 

X X X 

X X X 
16 saews 

2.5 X 2.5 

+ 
Fuel 

16 screws 
2.S X 2.5 

+ 
OP/OT 

2.S X 2.S 

+ 
EGT 

(light) 

X 

X 

X 

X 

X 
t6 SCt'UW'S 

2.5 X 2.5 

+ 
Amps 

X 

Ignition 

0 

Lighter (power plug) 
"-!phone/mike 

Jacks 

SPORT AVIATION 103 



+ 

+ + + 

+ 

Figure 1. Instrument mounting 
holes, rotated 45°. 

by each item, so that you don't lay 
out something where it won't fit. For 
example, the ignition switch has a 
small panel requirement, but requires 
a lot of space behind the panel. You 
can also draw in aircraft structural 
pieces that will obstruct space be­
hind the panel. (I didn't leave enough 
room between circuit breakers for 
wiring, although I thought I did , so 
don't count on the computer to do 
your thinking for you!) 

You can also write down the screw 
sizes for all of the holes, and for those 
instruments wh ich only require 3 
mounting screws instead of 4, you 
can make that be part of the instru­
ment template. 

Once you have a collection of out-
1 i nes, you can try many different 
configurations of panel layout very 
quickly to find one that works best for 
you. By using the grid feature, the in­
strument layouts will align themselves 
to the nearest 1 /8" (or whatever incre­
ment you select), and snap into place. 
This means that you don't have to do 
any tedious tweaking, fiddling, or fine 
alignment of your layout. The com­
puter is a lot faster, easier and more 
precise than cardboard. 

With the computer, you can also 
try various switch layout and combi­
nations. For example, on my panel 
all of the switches accessed in flight 
are on the left, except for instrument 
knobs like EGT cylinder select and al­
ti meter setting. (The ignition switch 
is on the right so I can keep my left 
hand on t he throttle when starting.) 
The top two rows of toggle switches 
are normally on for takeoff and land­
ing. Or you might prefer to place 
switches in a Cessna standard ar­
rangement. · 

I probably tried 30 layouts to get 
one that I could live with, yet all of 
these trial layouts were done very 
quickly with every precise spacing. 

Wh en time comes to print out 
your panel, beg, borrow or steal a 
LaserWriter. You probably know 

X X 

X 

X X 

Figure 2. Instrument mounting 
holes, normal orientation. 

2.5 X 2.5 

+ 
Clock 

el 

-

X 

X 

X 

+ 

+ 

Figure 4. Templates, ready to go. 

3.5" radius circles 
3.375 vert, 3.375 

horiz spacing 
X 

G Meter 

X 

Figure 3. Completed 
Instrument template. 

3.5" radius circles 
3.375 vert, 3.375 

horiz spacing 
X 

G Meter 

transponder 

X 

X 



somebody who can let you use 
theirs at work after hours. You can 
print out full-sized layouts on multi­
ple 8-1 /2" x 11" sheets, or print at 
reduced size to see the whole panel 
on one sheet. 

There are a few tricks to printing 
out full sized sheets, however. Laser­
Write rs, like most electrostatic 
printing technologies, have minor er­
rors in the final drawing size, but this 
is easy to measure. Make a sample 

- - - ,,_...__ ,.---., .... " ' 

drawing with two lines 1 O" apart, 
print it, and measure how far apart 
the lines really are. The LaserWriter I 
used was off by 1/3%, and the small­
est adjustment I could make was 1 %. 
For my purposes, I could live with the 
error. Another trick is in aligning the 
pieces of your layout across page 
breaks. I found that some added 45 
degree lines, drawn to go across the 
page breaks, made al ignment of the 
sheets much easier _when I printed 

out the full sized layout, or you can 
break the layout into smaller pieces, 

• 

each of which fits entirely onto a 
single sheet, and print those in­
djvidually. 

If you want a copy of my RV-4 
panel layout and templates, mail me 
an initial ized Macintosh disk, and en­
c I o~e a return mailing label and 
stamps for return postage. I'm not 
on any electronic bulletin boards, but 
feel free to post the panel layout. 

' 

nrNJ 
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The power of simplicity 
BY VIC SYRACUSE 

ONE NIGHT BACK WH EN I was building time for my 
commercial certificate, I decided to take a night 
fligh~ in the Aero Club's C-172. I was stationed at 
Davis-Mon than Air Force Base, and night flights 
were a whole lot more comfortable in the heat of 
the Arizona summers. Unfortunately, the battery 
was too dead to scan the engine. With the help of 
one of the instructors. \,e jump-started it. After 

startup, I tried contacting ground cono-ol multiple times for a taxi 
clearance and never got a response. Hmm, must be something 
blocking the antenna. I started to mo\·e the aircraft to get a direct 
line of sight to the tower. Immediatel~· I noticed that the cockpit 

Alternator belt tension 
It is important to have the alternator belt-properly tensioned. Otherwise, it will slip, espe-
cially under high electrical loads. Due to the loud cockpit environment, you won't hear the 
belt squeal that you can hear in your car when the belt is slipping. The c1acked belt on the left 
should be replaced soon. 

lights got much brighter when I increased 
the rpm. Pardon the pun, but another light 
bulb went off in my head. So, I increased 
the rpm and finally was able to communi­
cate with the tower. Later, while doing 
touch-and-goes, I had to maintain higher­
than-normal power settings on final and 
rollout to hear the tower controller's 
instructions. I also realized that this air­
plane had a generator, not an alternator, 
and generators are not nearly as efficient at 
producing power, especially at low rpm. I 
decided I didn't like generators! 

No doubt that experience had an impact 
on me in my early flying days, as I caught a 
couple of in-flight electrical systerrrfailures 
before they caused serious trouble. It also 
caused me to focus on building robust elec­
trical systems in the 11 aircraft I 've built. It 
has paid off - I have ne,·er had an electrical 
failure of any kind in them and only had to 
jump the battery a couple of times due to 
having left the master 5',itch on. 

However, I can't sa1· the same robustness 
is there in many of the electrical systems I 
see in the amateur-built aircraft world. It's 
really no surprise because the majority of 
the kits leave the electrical system details up 
to the builder. Quite honestly, even the certi­
fied airplanes I 've "V(Orked on over the years 
have some convoluted electrical systems in 
them due to all of the changes over their SO 
years of life by A&P mechanics who clearly 
didn't understand elecuic.:al systems either. 

I am a firm belie,·er in simplicity when it 
comes to electrical S)-stems in airplanes. I 
know that will go agaifu-r rhe thinking of 
those who feel a need to have multiple batter­
ies and multiple buses \,i th diodes separating 
them. Perhaps there \,·as a time for each of 
those in the past, when for some reason all of 
the engine instruments TI·ere usually installed 
on the far side of the cocl."Pit out of the nor­
mal vision of the pilot. Thar kind of 
instrument layout TI,ould cause the best of 
pilots to miss that the ammeter had gone 
from a slight positive charge to a negative 
charge, with recognition coming as the radios 
slowly got quiet as the battery no longer had 
enough enerro· left in it to allow the radios to 
receive, let alone transmit. With today's glass 
cockpits, and all of the available warning 
annunciators, I think there is a need for 
redundancy in only a couple of areas, and that 
is based upon experience. 

PHOTOGRAPHY COURTESY OF VIC SYRACUSE 
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EXPERIMENTER 
CHECKPOINTS 

• 

Poor crimps {top), 
frayed mnnection {middle), 
low-reliability wiring {bottom) 
Even the best alternators and batteries cannot 
overcome poor connections and low-reliability 
wiring. It is important to use the proper tool, 
especially on the large wires, or the crimps will 
work loose over time. High current wires with 
improper crimps will loosen and arc over time, 
causing corrosion and a path of high resistance. 
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I think the majority of builders out 
there have had the same experience with 
a dead battery that I did, and now, with all 
of the electronic gizmos in the cockpit, 
there is a real fear of the battery going 
dead at the worst possible time. I under­
stand that line of thinking, especially for · 
those of us in my age bracket. We still 
remember our childhood days and how all 
of the flashlights' batteries or bulbs were 
dead every time we went to use them. If 
they did light up, it seemed as though they 
had about 2 candlepower of lumens! Does 
anyone remember flashlight tag? Most 
everyone carried jumper cables in their 
cars, too. 

My how things have changed. Now, we 
carry a flashlight in our pocket that uses a 
single AAA battery instead of two D cells. 
Some even seem bright enough to light up 
the mpon on a dark night! Yep, battery 
technology and reliability have improved 
drastically during the last generation, and 
these improvements have found their way 
into aircraft as well. Most of the batteries 
installed in our airplanes today are no lon­
ger the messy lead-acid batteries of 
yesteryear but are absorbent glass mat or 
even lithium, both of ,,,hich are 
maintenance-free and can provide many 
years of trouble-free service. Some can sit 
for up to a year and still start the engine 
without a jump-start. 

So, that begs the question: Why should 
I carry two of them if they are so reliable? 
In a vehicle where " 'eight is everything, 
carrying two 20-pound batteries is really 
detrimental. (In the case of dual electronic 
ignition that may require a power source, 
the second battery can be substantially 
smaller of course.) 

But, if you decide to install two batter­
ies, have you made certain the)' are 
installed in such a wa)7 as to properly 
charge? Are the aircraft switches clearly 
labeled as to how to use them? In one 
example in an aircraft with n,·o batteries 
and two master solenoids, they used the 
second full-sized battef)~ to help with hot 
starts through the use of t\\7 0 master 
switches. Once that second master switch 
was deactivated, the second battery was 
disconnected from the aircraft's charging 
system and, over time, it slowly died due to 
incomplete charges. 

The reality is 
that a battery 
rarely fails any­
more, especially 
if it is properly 
taken care of, 

• • • mearung 1t 1s 
properly con­
nected to the 
charging source 
in the aircraft 
and is not mis­
treated by being 
constantly left on 
a nonapproved 
battery tender/ 
charger between 
flights. If your 
battery seems to 
be weak after a 
couple of weeks 
of not flying, I 
would bet you 

Switch jungle 
This one probably speaks for itself. Yes, this 
was discovered on a flying airplane during a 
prebuy inspection! 

have something in your aircraft that is wired 
to the hot side of the battery and is slowly 
draining it. I have seen it multiple times, with 

. the repeat offender being the 406 EL Ts that 
require a 12-volt connection. 

Alternators these days are also reliable, 
much more so than the generators of yester­
year. So, why not lose that second battery and 
use that extra available weight for a second 
backup alternator? You'll still have weight 
savings, and the second alternator won't limit 
your flight time should the main alternator 
fail. I've had one on many of m}· airplanes 
and installed them on many customer air­
planes. I have needed it only once, due to a 
regulator failure, and it got me through eight 
hours of flying with five stops. For IFR flying, 
I think it is one of the best investments you 
can make to increase the electrical system 
reliability. As an added plus, if your main 
alternator ever fails at some out-of-the-way 
airport on a Sunday evening or similar sce­
nario, the backup alternator ,vill get you all 
the way back home where you can address 
the problem on your time. Modem backup 
alternators are capable of 30-40 amps, which 
is a comfortable buffer for even the best-out­
fitted glass panels. During the installation, 
the backup alternator can be wired so that·it 
comes online automatically in case of a main 
alternator failure, with a warning light 
informing you it has been activated. 

• 
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Proper charging voltage 
If you aren't seeing 14 or more volts while 
in flight, you should carefully check over 
your charging system. 

Bclc:la•p alternator 
Boer..:;!; :2rr!ators make use of the 
voa.. :i!lmp drive and are capable 
a/XJ-J[;o- as, which is more than 
aa~~:;:?i.Dpowereven the 
o&-ec-~ ;oed gloss cockpits. 

Another area that causes problems is not understanding how 
critical it is to properly size the \,ires. The largest wire in the 
system will be from the main battery all the \vay through the 
solenoids to the starter. This is USiiall~· a .. 0" or "00" gauge wire. 
It is super important that the ground "ire from the battery to 
the airframe and from the ait·ftamp ro the engine is of the same 
size. I see way too many installations ,,-here the ground wire is 
the same size as the alternator ,,i.-e. which is horribly wrong. A 
starter can draw 200-300 amps ·hen energized, hence the need 
for a very large wire. Most altern3rors are 40-60 amps, which 
only require a 6 or 8 A WG wire. ,,-hich is substantially different 
than 00. ince a 6 or 8 AWG can ·r Cll11- 200-300 amps, guess 
"'·here all of the rest of the current flows? It goes through every 
other metal or wire connection ro the engine, such as engine 
con.ro! cables, shields on shielded wires. etc. Undersized 
g1ocnds make for slow-turning starters, \Vhich everybody ini­
tiaii:- thinks is a battery problem. Don't get fooled. 

I also believe it is important to use high-quality aircraft 
alternators, good Tefzel aircraft "'ires, and the proper crimping 
tools for the connections for increased reliability. 

In a nutshell, consider losing the second battery, add a 
backup alternator, and check those grounds. It will keep the fun 
factor alive. I assure you it is no fun to come back to the airplane 
"ith the family on the last day of that vacation trip and hear 
dead silence when the key is turned. £AA 
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