EVERYTHING YOU WANTED TO KNOW ABOUT ELECTRIC POWERED FLIGHT
An E-Book by Ed Anderson

PREFACE

A number of people have suggested | write a bootheriopic of electric flight. | would, but | finthe
electric field is changing too fast. Paper baseakb@o out of date too quickly. Instead | am gdimg
create a thread that is my version of an e-boothersubject of electric powered flight. This e-fatm
allows me to provide updates and to answer questtbings | can't do in paper form.

Whether you are a new flyer, a wet fuel pilot, alider pilot who wants to add an electric motogtmr
glider, 1 hope you find value here. Of course, Il faiil to live up to the title as you can't knowezything,
but I will try to hit the essentials. | am also ggito provide an index for your convenience.

The principals of weigt, lift, drag, stall and #ike other things we know about flying apply the sam
regardless of what motor or engine the plane mag.Hehe power systems may differ, and each has its
unique benefits and quirks, but the principleslight remain the same.

For new pilotswho have no background, just relax, breath deeply and read. | have tréeplut it all in
one place for you. Don't expect to know it all meareading. After you take your early flights, cobsek
and read again as you will now have some reakhfgerience to compare to what is contained here.
If you are starting with an RTF electric airplane, you really don't need to know all this stuff. Howeev
be sure to look at the articles on RTFs and theK8iys to Success for New Pilots. | think you wild
them helpful.

For wet fuel pilots coming into electric, the first problem is terms and their meanings. flitsé two
articles are specifically focused on this need.

| want to change your question from "What is thec#ic equivalent of a .40 glow engine?” to "What
electric power system would be right for a 40 gjlav plane?" The first question is VERY hard toaes
the second is not. | am going to ask you to puteagihat you know of wet fuel systems and look etteic
power with a fresh mind.

Electric motor systems are both simpler and morepex than wet fuel systems. It is just a matter of
looking at them in terms that make sense for eteptrwer and not trying to make them fit the wedlfu
framework.

What about batteries? How do | choose between NWiMh, Lipo, and others? We will cover that.
Battery chargers are a mystery too, yet they atiategral part of electric flight. We will coverdke.

What about tools to tell what is going on in yolaotric power system? Yes, we will cover that also.

I will be adding new chapters and topics, so agiin, you might see a new topic that interests pod
don't hesitate to suggest topics that need to bered.

| invite others who have experience in this areadd their knowledge and become co-authors ofethis
book. If you have an area of expertise, shareth ws. If you come across a good discussion ofeaenece
source somewhere, post a link to it and tell us wiy found it helpful.

You will find my articles and posts rich in links dbther resources. Be sure to take a look.

If you have a question, by all means ask as otherswill have the same question.

I hope you find this helpful. | hope you will coittute your knowledge as well.
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As the book progresses, | have expanded the rdrthe discussion beyond stricly electric topics but
have tried to stay within those topics that | faed are relevent to electric flyers. For exampéedtectric
"parkflyer” class of planes has a large numbeudtier/elevator/throttle planes. Sometimes people ge
confused as to were the rudder should reside oratlie. The article on page 65 addresses this ignest

Looking back, | would have organized the chaptetislas in a different order, but | am not goingitash
the thread to do it, so | hope you will not finddb confusing as it appers here.



AMPSvs. VOLTSvs. C
By Ed Anderson
aeajr on theforums

This brief discussion is intended to clear up a fiesmns and concepts
around electricity as it applies to electric ainga.

Think of electricity like water. Volts = pressurerfys = flow
Volts is like pounds per square inch, psi. Saysingtabout how much
water is flowing, just how hard it is being push&du can have 100 psi

with zero water flow.

Amps is flow, like gallons per hour. You can halenf at low pressure and
you can have flow at high pressure.

Amp hours is how much flow can be sustained for hmvg. It is used as a
way of measuring how much electricity is in thetéat. Like how many
gallons of gas in your tank. It is a capacity numiSays nothing about
flow or pressure, it is about capacity.

Amps and mili amps? We are just moving the decipodaht around.

1 amp (short for ampere) = 1000 miliamps (mili meafL000 amps)
Examples

So a 7 cell NIMH or NICD pack provides 8.4V (pressu

The motor will draw electricity from the pack atertain flow rate, or
amps.

If you have a have a 650 mili amp hour pack, it daliver a flow of .650
amps (650 miliamps) for one hour. If you draw it @aster, it

doesn't last as long. So your motor might pulld@ps for 1/10 of an

hour, or about 6 minutes.

A 1100 mah pack has double the capacity of ther6a& pack, so it should
last "about" twice as long.

What is C in relation to batteries?

C ratings are simply a way of talking about chaagd discharge rates for
batteries.

1C, = 1 time the rated mah capacity of the bati8oyif you charge your
650 mah pack at 1C, you charge it a 650 miliamps580 amps.

1C on a 1100 pack would be 1.1 amps.
2 C on your 1100 pack would be 2.2 amps
Motor batteries are often rated in Discharge Caratge C.

So a 1100 mah pack (1.1 amp hour) might be ratetidf@ discharge, so you



can pull 11 amps ( flow ) without damaging the batt

Then it might be rated at 2C charge rate (flow)yso charge it at 2.2
amps (2200 mah)

How did | do? Things clearing up?

If you have a 500 mah pack - any kind - and igied at 16C that means it
can deliver 8 amps.

If you have a 1000 mah pack - any kind - and itited at 8C that means it
can deliver 8 amps.

If you have a 1000 mah pack - any kind - and ited at 12C that means
it can deliver 12 amps

If you have a 1500 mah pack - any kind - and iiate at 8C that means it
can deliver 12 amps

If you have a 1500 mah pack - any kind - and iated at 20 C that means
it can deliver 30 amps.

If you have a 3000 mah pack - any kind - and iated at 10 C that means
it can deliver 30 amps.

So, if you need 12 amps you can use a pack witghehC rating or a pack
with a higher mah rating to get to needed amp dglilevel.

One last point. Motor batteries vs. receiver bater
Some batteries can sustain high discharge ratesr©tan not.

Those used as transmitter/receiver packs typieatiymade for low flow/amp
rates while those made for motor packs can subtgher rates.

Having a 600 mah pack does not tell you if it im@tor pack that can put
out 6 amps, or if it is a transmitter/receiver ptkt would be damaged if
you tried to pull power at 6 amps. It is enouglsay that they are
different.

Clearly a motor pack could be used for a transniideeiver job, but a
transmitter/receiver pack should not generally $&duas a motor pack.

It is best to size your battery packs so they amewhat below their
maximum C rating. You will stress them less ang/thvél last longer. For
example, if your motor needs a pack that can deliGeamps, getting a 1000
mah pack that is rated for 10C ( 10 amps ) will ntke spec, but it is
running at its limit. A 15 C rated 1000 mah packuigbbe better, or

perhaps a 1300 mah 10 C pack. In either of thesescéhe pack will be

less stressed and should handle the load muchr begethe long term.

Other Resources

Basics:
http://www.modelaircraft.org/mag/FTGU/Part8/indexuh




Lithium Batteries
http://www.rchobbies.org/lithium_battery breakthgbuhtm

Lithium Balancers and Balancing Chargers
http://www.rcgroups.com/forums/showthread.php?t=2830

New Electric Flyer FAQs
http://www.ezonemag.com/pages/fag/al05.shtml

A series of posts on electric power system basics
http://www.wattflyer.com/forums/showthread.php?t339
http://www.rcgroups.com/forums/showthread.php?t-8687

MotoCalc

MotoCalc will tell you everything you need to knotmps, Volts, Watts, RPM,
Thrust, Rate of Climb, and much more! It is a paptibol for predicting

the proper motor, prop, battery pack for electtanps.
http://www.motocalc.com/

The Great Electric Motor Test
http://www.flyingmodels.org/motortest/index_e.htm

Electric Motors Described
http://adamone.rchomepage.com/quide5.htm

SIZING POWER SYSTEMSFOR ELECTRIC AIRPLANES
by Ed Anderson

aeajr on theforums

Revised 9/8/07

This may get a little technical but I will try te&p it as simple as |

can. | will draw parallels to cars and bicyclesriany places as most
people can relate to these and know at leastadittout how they work.

I will use round numbers where | can and will usme high level examples.
If you are an engineer you will see that | am tgksome liberties here for
the sake of simplicity. | will go through the padfthe power system,

then, toward the end, | will show you how we tiegd all together to come
up with a complete power system.

POWER = WATTS

I will be using the terms Volts, Amps and Wattsotighout this discussion.
Let me define them.

Volts = the pressure at which the electric enesgysing delivered - like
pounds per square inch or PSI in a fuel systematemfrom a garden hose.
Volts is about pressure, it says nothing about figau will see volts
abbreviated as V.

Amps = the quantity or flow of electricity beinglidered, like gallons per
minute in a fuel system or that same garden hosgsAs about flow, it
says nothing about pressure. You will see ampseaidied as A.



Watts = V X A. This is a measure of the energy @wver being delivered.
This is how we measure the ability of that eledtyito do work, in our

case the work of turning a propeller to move oygplane through the air.
Watts is about both pressure and flow. This settvesame purpose as

the horsepower rating of your car's engine. In 7d& watts = 1
horsepower. So if you had an electric car, thengtieof its motor could

be reported in either watts or horsepower. You sékk watts abbreviated as
W.

If you want more depth on this, visit this thread.
http://www.wattflyer.com/forums/showthread.php?t339

MOTOR EFFICIENCY - Brushed vs. Brushless

Whether brushed or brushless, the motor's job t®twert electricity into
mechanical motion to turn the propeller to move Bfficiency is how we
measure how much of the power, the watts, thabatiery delivers to the
motor is actually turned into useful work and howah is wasted as heat.
A higher efficiency motor delivers more energyle prop, and wastes
less.

A typical brushed motor, say a speed 400, is onbua40-50% efficient.
Only about half the watts delivered to the motdualty end up as useful
work turning the propeller. The rest is wasted. dstthat have a "speed"”
designation, like speed 400, are brushed motorsteTare other names for
brushed motors but the "speed" term is a commonTimey are inexpensive
and they work. For example, you can buy a speedwtifr and electronic
speed control, ESC, for $30. A comparable brushiester/ESC combination
would

typically cost 2 to 4 times that much.

Brushless motors tend to be more efficient. Theycslly deliver 70-90%

of that input power to the propeller, Thus you lpetter performance per
watt with brushless motors. Seen a different whayou use a brushless
motor, then, for the same flying performance yoll use less energy which
means your battery will last longer. Or you can asémilar size and
weight brushless motor.battery combo to get conipanaerformance
because the motor turns more of the watts fronbéttery into useful work
of turning the propeller.

As with many decisions we make, this is a cost fiedecision. Am |
willing to pay more to get more? That is up to you.

THE BATTERY IS MORE THAN JUST THE FUEL TANK

Think of the battery as the fuel tank plus the fug@np and a supercharger
all rolled into one. It feeds/pushes energy torttidor. So you have to
look at the battery and the motor as one unit wieanare sizing power
systems for electric planes. In many cases we\sttirtthe battery when
we size our systems because the motor can't défiegrower to the prop if
the battery can't deliver the power to the motor.

The higher the voltage rating of the battery, tlgghér the pressure, like



a supercharger on a car engine. More pressuresdelinore air/fuel
mixture to the engine which allows the engine todoice more power to turn
the wheels of the car.

Higher voltage pushes more electricity into theandéd produce more power,
IF AND ONLY IF, the battery has the ability to dedr more electricity.
Again using the car analogy, if you put a big matoa car and put a tiny
fuel line and a weak fuel pump, the motor will negevelop full power. In
fact the motor might starve and stall once youpgst idle. Such is the

same with batteries. We need voltage, we need itaphot we also need to
know how many amps the battery is capable of detigeat peak.

If we compare an 8 cell AAA battery pack to an 8 €ebattery pack we get
9.6 V for both packs. However the AAA pack may obéyable to deliver 6
amps. After that the cells will heat up and eitherdamaged or the

voltage will start to drop fast. The C pack, alsé 9, might be able to
deliver 60 amps without damage. So we have torgiz@nly by voltage, but
by the ability to deliver amps to the motor. Againink of the fuel line

and the fuel pump as your image of what | am trymgxplain. If the

motor needs 12 ounces per minute to run but thdifigecan only deliver

8, the engine will starve and die.

Using our electric motors, a given motor may taReatnps ( the quantity of
electricity flowing ) at 8.4 volts ( the pressuteadnich the electricity

is being delivered) to spin a certain propeller. Wérild say that the

battery is delivering, or that the motor is drawB®ywatts, i.e.: 8.4V x

10A. If you bump up the voltage to 9.6 volts, tlatery can ram in more
amps into the motor, more energy to the motor, kil produce more power
to the propeller. In this example, if we move fram8.4V battery pack to a
9.6V battery pack the motor may now take 12 ampss Will typically spin

the motor faster with any given propeller or allbwo turn a larger

propeller at the same speed.

However, if you bump up the pressure too much,garubreak something.
Putting a big supercharger on an engine that islesigned for it will

break parts of the engine. Too much voltage can peeer your electric
motor and damage it. So there is a balance thaibhaes struck.

Different motors can take different amounts of pgweatts, volts X amps,
without damage. For example, a speed 400 motortrbigfine taking 10 amps
at 9.6 volts or 96 watts. However bump it up tovbts and ram 15 amps
down its throat and you will likely burn it out.

Our goal is a balanced power system. If you matelright battery with
the right motor, you get good performance withcaindge to the motor. In
many cases airplane designers will design plarmsdra specific
motor/battery combination so that they match te and weight of the
plane to the power system for good

performance.

PROPELLERS
Propellers are sized by diameter and pitch.

The diameter of the propeller determines the volofrer the propeller
will move, producing thrust, or pushing force. Rblygspeaking the



diameter of the propeller will have the biggest atipon the size and
weight of the plane that we can fly. Larger, heapianes will typically
fly better with larger diameter propellers.

Pitch refers to the angle of the propeller blade reafers to the distance
the propeller would move forward if there were fipgage in the air. So a
7 inch pitch propeller would move forward 7 inclpes rotation, if there
were no slippage in the air. If we combine pitclivthe rotational speed
of the propeller we can calculate the pitch "speddhe propeller. So,

at 10000 revolutions per minute, that prop wouldrenforward

70,000 inches per minute. If we do the math, tbates out to a little

over 66 miles per hour.

By changing the diameter and the pitch of the pltepee can have a
similar effect to changing the gears in your caa tuicycle. It will be
harder for your motor to turn a 9X7 propeller tlEan8X7 propeller. And

it would be harder to turn a 9X7 propeller thanx® ®ropeller. The

larger or steeper pitched propellers will requirerenenergy, more watts,
more horsepower, to turn them. Therefore we nedihlimnce the diameter
and pitch with the power or wattage of the motatdyg system.
Fortunately we don't actually have to do this asommanufacturers will
often publish suggested

propellers to use with a given motor/battery corabon. We can use these
as our starting point. If we want we can try digfietr propellers that are
near these specifications to see how they work auithairplane.

GEARBOXES

While unusual on glow or gas planes, gearboxes@renon on electric
planes. Their primary function is similar to thartsmission on a car. The
greater the gear ratio, the higher the numericlaleydahe slower the
propeller will turn but the larger the propeller wen turn. So you can
use a gearbox to help provide more thrust so yaudlgdarger planes with
a given motor. However you will be turning the petler slower so the
plane will not go as fast.

With direct drive, that is when the propeller iseditly attached to the
motor shaft, we are running in high gear ( no geduction). Like pulling
your car away from the light in high gear. Assumihg motor doesn't stall,
acceleration will be slow, but over time you wiit & high top end!
Typically direct drive propellers on a given motail have a smaller
diameter.

With the geared motor, it would be like pulling amfeom the green light in
first gear - tons of low end power and lots of dexion, but your top
speed is reduced.

So, by matching up the right gear ratios made upepropeller and,
optionally, a gearbox we can adjust the kind ofgrenance we can get out
of a given battery/motor combination. How this and is beyond the scope
of this article.

NOW WE CAN START TO MATCH UP THE PIECES!



The simplest approach | have seen to figuring p@ystems in electrics is
input watts per pound of "all up" airplane weighte following guidelines
were developed before brushless motors were confombit seems to hold
pretty well so we will use it regardless of whatdiof motor is being
used.

50 watts per pound = Casual/scale flying

75 watts per pound = Sport flying and sport aelicbat

100 watts per pound = aggressive aerobatics amdpgmild 3D
150 watts per pound = all out performance.

Remember that Watts = Volts X Amps. This is a pomeasurement.
In case you were wondering, 746 watts equals lejponser.

AN EXAMPLE!

This should be fun. Let's see where these formalas us! We will use a
24 ounce, 1.5 pound plane as our example. If we hasic flight you will
need 50 watts per pound or about 75 watts inpybtw motor for this 1.5
pound plane. That is, 50 watts per pound X 1.5 deun75 watts needed
for basic flying performance. If you want a littieore spirited plane, we
could use 75 watts X 1.5 pounds which is about3 @tts.

Lets use 100 watts as the total target, just tsifnple, shall we? | am
going to use a lot of round numbers here. | hopecan follow.

The Battery:

If we use an 8 cell NiMh battery pack at 9.6 V illlwave to deliver 10.4
amps to hit our 100 watts input target ( 100/98)41amps) If my
battery pack cells are NiMh cells that are ratetiCsf then | need an 8
cell pack rated at 1100 mah to be able to delitearhps. Sounds about
right.

Now | select a motor that can handle 100 wattshoua10.4 amps at 9.6
Volts. From experience we know this could be a dpE¥, a speed 480 or
some kind of a brushless motor.

We now need a propeller that will cause the maiairaw about 100 watts. |
don't know off the top of my head what that wouéd bwould go to some mfg
chart as a starting point. GWS has good charts!
http://www.gwsus.com/english/product/powersystepdd.htm

| see that if | use a direct drive speed 400 wiiXd4.3 prop at 9.6V then
the motor will draw about 12.4 amps or about 118&svd his would be a
good candidate motor/prop for the plane using & @#&ck that can put out
12.4 or more amps. This would be a set-up for afiame as that motor
will spin that small prop very fast.

However maybe | don't want such a fast plane batwith a really good
climb and lots of low end pull to help out a newnpivho is in training or
to do more low speed aerobatics



| can also use a speed 400 with a 2.38 gearboxuamitl at 9.6V spinning a
9X7 prop and run at about 12.8 amps for 120 watts.
http://www.gwsus.com/english/product/powersystersd§ic.htm

The larger prop will give this plane a strong clirblot since the prop
speed has been reduced by 2.38 times, it won's s Spinning a
bigger prop gives me more thrust but a lower togesptypically. This is a
common strategy for 3D planes.

Back to battery packs and motors

So if | shop for a 9.6V pack to be able to handllews 15-20 amps, | should

do just fine and not over stress the batteriedlilih that would probably

be a 2/3 or 4/5 A pack of about 1000 -1300 mah daps5ome examples here:
http://www.cheapbatterypacks.com/mai...ells&chen¥NI

We view the battery and motor as a linked unit waittarget power profile,
in this case about 100 watts. We use the prop aathgx, if any, to
produce the manner in which we want to deliver gfmater to the air to
pull/push the plane.

If this is a pusher, | may not have clearance to 8@t big prop so |
may have to go for the smaller but faster prop acmmb

If this is a puller, then | can choose my prop byund clearance or some
other criteria and match a gear box to it.

See, that was easy, right? ( well sorta but ....)

But we are not done! Oh no!

| could try to do it with a 2 cell lithium pack et 7.4V. To get 100 watts

I now need a pack that can deliver 13.5 amps andtar/prop combination
that will draw that much. So if | have 10 C rat@ghilims, then the pack
better be at least 1350 mah. Probably use a 158(oaek to be safe.

Well, when | look at the chart for the geared spé@@d | see that,
regardless of prop, at 7.4V | am not going to haveugh voltage (
pressure) to push 13 amps into this motor. So el 2ithium won't meet
my performance goal of 100 watts+ per pound udingydear box.

If I go back to the charts and look at a differgaear boxes. | can't hit my
power goals using 7.4V. Maybe we go back to dideiste.
http://www.gwsus.com/english/product...tem/edp468.h

We see that the best | can get this speed 400 imaltotal of 70 watts

at 7.2V ( close enough ) so | can't hit my powealgaising a speed 400 at
this voltage. but 70 watts would be about 48 watspound so | could have
a flyable plane, but not an aerobatic plane udigttvo cell pack.

REALITY CHECK!

Now, in fact that is NOT how | would do this. | widwlecide on the watt

10



target, go to the chart, find a combo that meetgjoals, then select a
battery that will meet the demand and see if mygiecomes up at the
target | set. A little tuning and | come up withivarkable combo.

| often use the MaxxProd combos for referenceolf yead the details on each
package they have wonderful information. And, thet fs that | generally go
with brushelss motors these days. Costs are relalgomad their higher
efficency

gives me more performance and longer flight times.
http://www.maxxprod.com/mpi/mpi-264.html

Following the example above, the combo 10 on thgepvould be an excellent
fit for my 1.5 pound plane for sport flying.

The Combo 049 might be a good fit for a slow fly€ither way the package
has all | need.

If | wanted the plane to have all out performaribe,15A or 19A package would
be my pick. Note that these would need either high#tage or higher amperage
battery packs. The flyers/PDF for the packages magemmendations.

For those who like to be even more analytical alitpthere are packages

like MotoCalc that will allow me to play with albsts of combinations and
make suggestions on what | should use. Thereigk ddr MotoCalc below.

SUMMARY

So, in these few paragraphs you have taken inia kaswledge of how electric
power systems are sized, the factors that are deresl an how to predict
the outcome. Simple, right?

Of course there is a lot more to know and time exuerience will teach
you plenty, but with this basic understanding yosilzetter prepared to
begin playing with the power systems you put inryolanes.

Here are some additional resources that may béduhelp

Good luck e-pilot!

Clear Skies and Safe Flying!

Ed Anderson

Brushed Motors
http://www.hobby-lobby.com/elecmot.htm

Brushless Motors
http://www.hobby-lobby.com/brushless-motors.htm

Brushless outrunners explained
http://www.diynetwork.com/diy/rc_planes_aircraftiale/0,2033,DIY 14224 4320834 02,00.html

Battery Packs - NIMH
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http://www.cheapbatterypacks.com/main.asp?pgid=pfpki=AIR&sid=445976&ctype=
http://www.hobby-lobby.com/hydride.htm

Battery Packs - LiPo
http://www.cheapbatterypacks.com/main.asp?sid=4@8pd@id=tp&sort=PL
http://www.hobby-lobby.com/lithium-polymer.htm

Lithium Balancers and Balancing Chargers
http://www.rcgroups.com/forums/showthread.php?t=2830

Gearboxes - Speed 400 & 480 examples
http://www.hobby-lobby.com/gear400.htm
http://www.hobby-lobby.com/gear480.htm

A series of posts on electric power system basics
http://www.wattflyer.com/forums/showthread.php?t339
http://www.rcgroups.com/forums/showthread.php?t-8687

Maxx Products has a pretty good tip sheet on comjng
with a glow to electric power comparison. You camfit here:
http://www.maxxprod.com/mpi/tips3.html

This reader says Keith Shaw originated the wattppand rule
http://www.rcgroups.com/forums/showpost.php?p=6 DB&Hostcount=39

MotoCalc

This program will tell you everything you need taokv: Amps, Volts, Watts, RPM,
Thrust, Rate of Climb, and much more! It is a paptibol for predicting

the proper motor, prop, battery pack for electtanps.

http://www.motocalc.com/

This club has some interesting links on their hgrage that may be helpful
in planning props and power systems.
http://www.srcmc.co.uk/

Drive Calculator Version 2.21

Based around a Microsoft Excel spreadsheet Thiades a propeller thrust
and power database, in a similar form to MotorXImeator database, and
tools for predicting home made motor performancéh\these tools it is
possible to predict the performance of motor arpmombinations - even
with custom motors!

http://www.badcock.net/motorcalc/

The Great Electric Motor Test
http://www.flyingmodels.org/motortest/index_e.htm
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PROP vs. AMPS

Your electric motor draws a certain amount of epaogdo its job, which is to turn the propeller.ttWno
prop attached it draws very little energy. If yaut p big prop on the motor it draws a lot of energy

This is similar to pulling a boat trailer behinduyaar. The car might get 20 mpg normally, butgbbat
on a trailer behind the car and mileage will dréft@ perhaps 15 mpg because the motor is using mor
energy just to maintain the same speed and trageddame distance. However as long as the boataitet t
are not too heavy, no real damage occurs, yowgesimore gas.

If you put too big a trailer behind your car, sohieg will break. The motor may fail, the transmissimay

fail or something else. That is because you armggke drive train to produce more work, use more
energy then it was built to handle. Fuel mileagesgway down and then something breaks. You have ove
stressed things.

Back to your plane.

Your electric motor needs to "draw" a certain amafrenergy in order to turn a given propeller given
speed. Let's use a speed 400 motor as an exantpletarsay you have a 6X5 prop on it. That mehes t
propeller is 6" across and has a pitch of 5" peolgion. Pitch indicates how far the prop wouldvao
forward through the air if there was no slippage.efther of these numbers go up, the motor is askdd
more work.

Now let's apply some numbers. These are made upensnfor illustration only. Don't assume that these
are accurate for your motor in your plane turniogryprop.

Let's say that, to turn that 6X5 prop your speed #dtor draws 6 amps of electricity using a battaat
delivers 10 volts, just to make the math simpleatfMould be 60 watts of energy that the motor coresi
to turn that prop. (6 amps X 10 Volts)

If we go to a larger prop, say 7 inches and keepttch the same 5 inches, the draw might go @dmps
at 10 volts or 80 watts.

Likewise if we went to a 7X6 prop, the draw would gp again, say to 9 amps or 90 watts.

In each case we are increasing the amount of vierkniotor has to do to turn the prop. The hardeoiks
the more electricity it draws. This is also placargincreasing amount of stress on the motor cglisto
generate heat and placing more pressure on thimpsalf we push it too far, the motor will be uhako
turn the prop fast enough to be useful in flying gtane and/or it will fail from stress, just likee car
example above with the trailer that is too big.

What we are try to do is to get the best balanqaapbeller and amp draw so that the motor operates
efficiently without being over stressed.

Likewise if you have that same speed 400 motorkaeg the prop at 6X5 but increase the electric
pressure, volts, to 12 volts it will force more anipto the motor. This would be like putting a sugbarger
on your car's motor which forces more fuel/air mnito the car's engine. It will produce more poweits
can do more work. However if we exceed the amotipbwer it was designed to handle, it will fail. It
might not fail right away, but over a very shonhd it will start to degrade, perform badly and pgh
suddenly fail all together.

If we push the voltage up too high or the amp di@avhigh, we will over stress the motor and damiage

The goal is get a good balance of propeller andepalraw.
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OTHER RESOURCES

A comparison of Glow vs. Electric power
http://www.maxxprod.com/mpi/tips3.html

Electric Motors Described
http://adamone.rchomepage.com/quide5.htm

MotoCalc

MotoCalc will tell you everything you need to knotmps, Volts, Watts, RPM, Thrust, Rate of Climb,
and much more! It is a popular tool for predictthg proper motor, prop, battery pack for electtanps.
http://www.motocalc.com/

The Great Electric Motor Test
http://www.flyingmodels.org/motortest/index _e.htm

Under standing the Electronic Speed Control
By Ed Anderson

When we look at model airplanes that have eleatiotors as opposed to liquid fuels, the things wiicao
first are the quiet electric motor and the battétgwever there is a component that sits betweem the
called the electronic speed control that is reddéymaster control point for all power in the planée are
going to look at its make-up and how it does its jo

On the surface we can see that the electronic spm#dl, the ESC, takes over the function of tivettle
servo that would operate the carburetor in a glogas powerd plane. Just as the throttle servaaisrthe
speed of these wet fuel motors, the ESC contrelspieed of the electric motor. But there is morié ttean
that.

The first thing that we want to recognize is thre are two different kinds of ESCs that are djoetci the
type of motor they control. There are brushed n®mtsuch as the speed series or the Mabuchi matuas,
then there are the brushless motors. Each typetidrmeeds a different electronic speed control.

Understanding the Wires

When you look at an electronic speed control, yolice that you have three sets of wires. Typically
sets of thick wires and one set that looks likera® wire.

Two of the thick wires, typically black and red noeect to the battery. The ESC will usually be mdrie
tell you which are the battery wires. They wouldhect to the battery as red to red and black tokbla

A second set of wires, typically thinner than tladtéry connection wires, has a plug on the endldiuddis
like a servo plug. This will be connected to theeiger and will serve two purposes as it sends poeve
the receiver and gets signals from the receiver.

If we look at the wires on this plug they usualiyfrom a dark or black wire on one side to a light
white wire on the other side. | am going to useklaed and white for this discussion. Yours maylagk
brown, orange, yellow or something similar.

The black and red wires feed power to the receisech in turn distributes power out to the servod a
other accessories that are plugged into the receilae that the red wire is in the center. Thithis power
wire. Since it is in the center you can insertphey into the receiver either way and nothing batl w
happen. You won't get any response from the seifwasu put it in wrong, but you won't damage
anything. Note that, on some older systems, pdatiuAirtronics radio systems, the red wire wasta
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end. If you plugged it in the wrong way it couldnazge the receiver and possibly the servos. Howéeer
center red design has been fairly universal forymasars.

The third wire, the white wire is the signal witet sends commands from the receiver to the ES€ll o
how to control the motor. As you move the throtibetrol on your transmitter, the receiver gets the
command and passes it up the white wire to the &SiICknows how much speed you want from the
motor.

There is a third set of wires that go to the moidre ESC is usually marked to show which wiresthee
motor wires. If this is a brushed motor ESC thear¢hwill be two wires, typically red and black.

On a brushed motor ESC, if we connect red to rethemmotor, and black to black, the motor will timn
the expected direction. If we reverse them the math spin in the opposite direction.

On a brushless ESC, you match color to color ak elwever if the colors don’t match then you néed
observe the direction of the motor. If it is spimpiin the wrong direction, reversing any two wiveh
correct this.

Note that on some older brushless motors there adu#ional wires that attached to a sensor imibéor.
However, unless you have an old motor and ESC awattibn you won't see that on any of the current
designs.

Some ESCs have an integrated switch. In most ¢hsewill allow or prevent the motor from runningd
pass or block power to the receiver. However itdgily does not stop the flow of current from thegtlery
to the ESC. In fact, even if there is no switchréhis always current flowing to the ESC which wiithin
the battery.

It is for this reason that you should never leagerybattery connected when you store your plan& Th
small current drain will take your battery to zetwrge over time. If you are using NiCd or NiMhe th
damage may be minor. If you are using Lithium bi#te you lithium battery pack will likely be ruide
So, don't leave your battery connected unless yepeeparing to fly.

Connectors

The connector/plug that goes to the receiver isdstadized. It is the same wire scheme and plug agps
used for the servos. Today all makers, except Riiade the universal plug.

On the Futaba J plug you have the same wiring setimmthere is an extra tab on the plug that irsstire
connector is inserted properly into the receivieyol have a receiver that accepts this slotted flwill
also accept universal plugs. However if you havecaiver that expects the universal plug, thenwitlu
need to trim off this tab with a hobby knife or yoan sand it off. Once trimmed, the plug will wdirke.

Battery and motor connectors are not as simple.

There is an emerging standard for motor/ESC cororeoh brushless motors. The connectors are round
and are called bullet connectors. Most brushlesemieSC makers seem to be using these now, so on
brushless motors this connector standard seemes égthblished. However, for brushed motor connestio
there is no standard.

On the motor side we have the option of not usingranector as we can solder the motor and ESC wires
together. This works fine if you don’t plan to reweahe motor or the ESC and it gives the best attiore
However if you do have to remove one of them fovise, you will need the soldering iron in ordertae
the connection apart.

On the battery side we always use a connectorasom can remove the battery for charging and geora
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When flying electric planes it is common to haveesal battery packs so the connector allows us to
remove one pack and insert a fresh one while thei§i charging.

Whatever batter or motor connector you use, makethat is has a current, amp, rating that is lattgzn
what the motor is likely to pull. The reason theesifor these links are thicker is that the battery to
deliver high current to the motor as opposed ta¢fegively small current that goes to the receilfethe
connector can’t handle the flow, it will heat uplgyotentially be damaged. Likewise, if the connecam’t
handle the current the motor will never develop folwer. Too light a connector can also cause iaer
voltage drop.

This lack of standards leads to situations wherebygy a motor that has one connector, your battasya
different connector and your ESC has a third tgpre.as seems to becoming more common, none of them
have connectors and you have to add your own.

My suggestion is to standardize connectors. Oraredstrdized, any motor or battery connection that
doesn’t have your standard connector gets a commezgilacement. It takes time and soldering buth wit
one standard, all of your batteries will work irygriane for which they are appropriate and yourcane
motors and ESC around as you desire.

This will also simplify your battery to charger a@ttions. One or two adapters for your charger will
handle all of your batteries. Just make sure tmmeoctor you use can handle the current.

| have three standards. For brushlesss motorg, thasbullet connectors. For brushed motors arte g
in very small light planes where the current wjppically be under 5 amps, | use the red BEC commect
These are sometimes called GWS connectors as teepmmon on GWS motors, batteries and ESC.
They are small and light and are well suited foaktight planes.

For my high current applications | use the Dearsalionnectors. They can handle up very high ctsren
are easy to solder and can be easily removed aisddeHowever there are many other high current
connector that are equally as good. As long aarittandle the current flow, it will be fine.

Sizing an ESC

Electronic Speed Controls are sized according W tmany amps they can control and the voltage tiet t
can handle. So you may see an ESC marked as 20aamips10 NiXXcells or 2-3 cell Lipo. That says it
can handle a 20 amp flow using a battery packrdrages between 7.4V and 12 volts. If you use ih it
motor/battery system that is outside this rangslitlikely fail. When it fails it may simply notun the
motor or it may also cut power to the receiver,ahhwill lead to a crash.

You size your ESC according to the motor and thieebayou are using. | won't go into how we detemmi
what the motor and battery will need. That is cedein another article. It is enough to say thagpifir
motor is going to draw 20 amps you will need an ES4l is rated for at least 20 amps. There is no
problem having an ESC that is rated for more arhas you need, but and ESC that is rated below the
expected current load will likely lead to a fallE&C.

The same goes for the voltage. Use your ESC outls&leoltage it is designed for and you can exjidot
fail.

Your ESC will likely have an integrated batteryngiiation circuit, a BEC. This is the part that defis the
power to the receiver. Always check the specsHerBEC. While the ESC might be able to handle 14.4
volts, the instructions may say that for uses alddvéV you may have to disable the BEC. There is a
complete article on the BEC, so | won't go intbidére. Let's just say you need to check this.

| recommend that you always have at least a 20%imaetween the amp requirements of your motor and
the rating of your ESC. This way you will know yuaull not be overloading the ESC. A bigger margin is
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also fine.

How the ESC controls the Motor

Motors are rated by Kv, which means the numbeewélations the motor will turn when you apply 1tvol
of electricity. So a 1200 Kv motor will spin at 020 rpm if you apply 10 volts.

From this you might imply that the ESC changesuiiéage to the motor in order to change the spéed o
the motor, but that is not the case. If you lookhatspecifications for your ESC you will probabkbe a
frequency number. This might range from 2 KHz taKt2z or higher. This is related to how fast the ESC
can pulse power to the motor. You see your ES®@ti@ivariable resistor that adjusts the voltagih¢o
motor, it is a fast switch that pulses power tortiwtor.

You can think of this as a duty cycle control. Himng will the ESC leave the power on till it tureff?
Then, how long will it be off before it turns it tlaon? There is no need for you to know this cyiche,
only that on every on cycle your motor is gettihg full voltage of your battery.

| take the time to explain this because peopleakésily believe that if they run their motor at pert
throttle they are sending reduced voltage to theomdf the motor is not supposed to get more than
volts and you put in an 11.1V battery, running thhator at Y2 throttle does not reduce the voltagheo
motor. It is getting 11.1V hits every time the ES@tches on. On a brushed motor that is receiving t
much voltage, this will typically produce arcing ishh will burn up the brushes on the motor. In aiddito
this arcing on brushed motors, this higher elegrassure may push too much current that will osarh
the motor.

If you have had a motor “burn up” even thought wsually ran it at a partial throttle setting, thiay be
the reason. Understanding how the ESC controls ymior will help you diagnose problems.

Note also that, since the ESC is switching powearmh off it is also producing electromagnetic ps)s¥
radio waves. The electronics in the ESC will tyfliche designed to reduce or shield some of thdéora
wave noise, but it can’t block it all. This is winae recommend keeping the ESC and the receiver as fa
apart as possible as this ESC noise can interfeehethre receiver. If you are getting “glitching” odd
pulses to your servos, these may be coming from 8€& bothering the receiver. Try moving things
around.

Other Components in the ESC

| am going to address these in later articlesthere are typically two other components that ategrated
into your ESC. We already mentioned the BEC. Theois the LVC, the low voltage cutoff. These apé n
directly involved in controlling the speed of yauotor, but as you will see in the articles thatfamised
on these that they are very valuable parts of R that you will want to understand.

Summary

The electronics speed control is the power systamiraller for your airplane. Its various components

distribute power to the receiver and control theespof the motor. Understanding how it works willeg
you the ability to properly size and install the@®8&nd to diagnose problems in the system.
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The Low Voltage Cutoff Feature of your ESC
By Ed Anderson
aeajr on theforums

Many electronic speed controls include a featutedahe low voltage cutoff
circuit, the LVC. The LVC watches the voltage tisabeing delivered by the
battery. When it gets below a certain level, it wilt power to the motor to
preserve power for the radio system. This willallyou to keep control of the
plane and land it in a glide.

Power draw by your receiver and servos is a tiagtfon of what the typical
electric motor draws. As the battery drains it wihibit a voltage drop. You
may feel this in the way the plane flies. The plar®y become sluggish or it
may not be able to climb under full power. Thisislear indication that the
pack is getting low.

A battery that can't sustain voltage when the miston, can still provide
plenty of power for the flight electronics and nmzgyable to do so for quite a
while, but don't test it. If your motor cuts, enjthe glide, but set up to

land as soon as possible. | always teach new pitoisto glide their planes
so, if the LVC cuts the motor, they don't panic.

If you practice flying your plane with the motoifathen an LVC cut will be no
big deal. You might even find you enjoy gliding, iefhcan extend your flying
time. | often glide and thermal my electric plapest for fun.

LITHIUM BATTERIES CHANGE THE ROLE OF THE LVC

If you drain NiCd or NiMh packs too low, usuallyette is little damage. Just
bring them back to charge a little slower than redtrif you drain a lithium
cell below 2.5V resting voltage, typically the ceill be damaged. So, in
this case the LVC is protecting your plane and ymattery packs.

Most lithium friendly ESC will cut the motor off the pack voltage drops below
2.7 to 3.0V per cell under load. At this level #hés very little useful
charge left in the pack and the voltage will conéirto drop fast.

Note that when you cut the load of the motor thikage will likely pop back to
3.1, 3.2 or even 3.3 V per cell. If you check ybatteries after you land,

you may think that LVC has malfunctioned, but ishmeot. The battery may be
3.3 V/cell resting but it can't sustain it with thtor running.

One thing you might want to be aware of is thatvbkage sag will be less at
lower throttle settings. If the LVC cuts the pove¢ra particularly bad time,
you may be able to get a short burst of motor derat a reduced throttle
setting. A short run at half or quarter throttleyntee all you need to get you
over that fence, past that tree or properly aligmét runway. But don't push
it by trying to extend your flight with lots of shtdoursts. However if it

will help you avoid a crash, or two short runsséwe the plane, are worth the
risk to the battery pack.

CONCLUSION
The LVC was put there to protect the radio, bybifi are using Lithium

batteries the LVC can protect them too. It is bedte sure your ESC/LVC is
lithium friendly. That means either that it candst manually, or that it
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senses how many lithium cells you have and setsvatically. Even if it is
not designed for Lithium cells, if you can set the-off at something above
2.75V per lithium cell, then you should be OK.

Understanding how the LVC works will make it youehd.
WHO NEEDSA WATT METER?
A personal experiencerevealstheir value.

| enjoy electric planes. They are quiet, conveniean be fast or
slow and are fairly inexpensive to fly.

A few months back | picked up a Watts-up wattmeter.
http://www?2.towerhobbies.com/cgi-bin/wti0001p?&I=LKIVO&P=ML

| thought it would be a good investment as | waimglonore in the area of
mixing and matching motors, props, and the likés Bmall and simple to
use so | put it in my field box. It wasn't long bed it started to show

its value.

We were flying one afternoon when one of the clumbers felt he was not
getting

good performance from a new plane he had builat he wattmeter on the
plane and determined he was pulling about 9 ampsiell out the pack he
was using really was not up to the load and thtagel was dropping off
excessively. As a result he was not getting the RRMOf the prop that he
expected. Problem discovered and cause identifiedié@w seconds. He
needed stronger battery packs.

A few weeks later we did the same thing with anofiiane. There was a
concern that the LiPo being used might be gettivey avorked. However the
Wattmeter showed that it was working well withis iated capacity. Flying
went on with confidence.

| recently purchased an Easy Glider Electric fravather club member. He
had upgraded the motor from the stock speed 4@tashless, a 27 amp ESC
and was using 2 cell 2100 MAh LIPOs. | bought thele package.

The plane flies very nicely on the 2 cell packg, Itwad a 3 cell pack

that | thought | might add to the rotation and REALboost the power. The
ESC could handle 3 cell LiPo so | did not see dlam. | assumed the
system was probably running at about 18 amps whiahwithin the rating of
this pack. Should be a good fit.

Fortunately before | tried it in the plane | pué tivatt meter on the
system. | was surprised to see that the systemuwmaing at 26 amps on
the 2 cell lipo packs. That was much higher thaad expected. It turned
out that the 2 cell packs were an excellent matctihe motor and speed
control. The amp load was well within the specthef2 cell packs being
used and the plane flew very nicely on this combo.

If I had blindly put a 3 cell pack in there | woutdve pushed well past
the ESC's 27 amp rating and probably burned ousjieed controller. Or,
in the case of my 3 cell pack, it would probably&éaushed over 30 amps
into the system due to the higher voltage, butis wot rated for that
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high of an amperage and would probably have hdwe kfe working at that
level. | would have thought it was just a crummitéxy pack but in fact |
would have been over working it.

Operating in the blind | would have ruined the ESCthe pack, or both. A
very expensive mistake. Certainly more than thé abthe watt meter. It
had just paid for itself.

A few days ago | pulled out my old Electrajet tejpare to sell it. | had
purchased it almost 3 years ago, but had nevdy teadn happy with the
plane and my interests have turned more towaregiend slow flyers
rather than a pusher jet. When | purchased itd atsight some cells and
made up some 8 cell packs. However it really diseetm to have the zip |
thought it should. | just attributed it to the spe)0 motor and the

plane being too heavy.

| put the watt meter on the motor/battery combae Wiotor sounded about as
| had recalled. When | checked the meter, low agfibld, those 8 cell

packs were duds! They were 9.6V 8 cell 1000 MAhksaated for 10C. At
rest, fresh off the charger they were reading Iisybut when | hooked

them up they were both dropping to 7 volts whiléwgeing 9 amps. That is
way too much drop! The problem was not the plang@mweight of the plane
but the quality of the cells | had used.

| tried one of my 15C Lipo packs and that held gé well, delivering 13
amps. The motor screamed! Now that was more likatWwhad expected.
Hummm, maybe | won't sell it after all. | just needput better battery
packs in it.

| also tried a 1000 MAh 2 cell lithium pack thatré&ed at 10 C. The
voltage sagged to 6.6 volts almost immediately. o¢or ran but | was
clearly over stressing the pack. This pack woulkHzeen ruined in very
few flights if | had used it to fly the plane regdl.

| share this story only to help you understand, twithout a watt meter,
or the use of a multi meter with knowledge andlskié are working in the
blind. We really don't know what is happening im power systems.

WHO NEEDS A WATT METER?

While the watt meter is a nice to have, some pedpfet need one. If you
are buying RTF planes, or ARF or kit planes andusing the manufacturer's
supplied motor and battery packs, | would say ya lze pretty confident
that all is well.

However, if you start mixing and matching motorsagboxes, props,
controllers, battery packs and the like, you aedlyevorking in the blind
if you are not measuring the energy flow in thetsys In my case, |
started making my own battery packs but | was neasaring their
performance. Now | know the true results.

There are a variety of watt meters out there. dhisis easy to use and

fits nicely in my field box, but there are otherogioones. If you are

going to upgrade your power systems or make up gour packs, you need a
watt meter. You can perform many of the same tggtsa millimeter if you
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know how to work with shunts and the like, butdfuywant a simple to use
tool that does exactly what you need it to do, iisard to beat. It has
other uses too, so read the instructions, butiisruse alone it paid for
itself pretty quickly.

WHY CONSIDER A GEARBOX?
by Ed Anderson

We are going to discuss why we would consider agldigearbox to a brushed
electric motor.

| am going to get real loose with the words "gesio' for a moment, but try
to follow me. Think of gear and gear ratio as tteywe adjust the load on the
motor. | can adjust the "gear ratio" on my motasfller set-up in one of two
ways:

1) change the propeller
2) add a gear box and change the propeller

The goal is to get the motor spinning, at full povat its optimum watt range
so that we do not over burden it, but so that wettgepower to the propeller
efficiently. We are trying to get the best balabeéween pitch speed, thrust
and current draw.

If I increase the diameter of the propeller whitdding the pitch constant |

put a greater load on the motor. A 10X6 prop puiseater load on the motor
than a 9X6 prop. It will cause the motor to drawrenpower, more amps. At the
same time, it may load it enough that it causés slow down. Its peak RPM
may will be less. This is similar to changing gestios on your bicycle.

You can feel the effect in your legs.

If | deepen the pitch on the propeller while hofglthe diameter constant, |

also increase the load on the motor. A 9X6 going 8X7 going to a 9X8. In

this case | am increasing the "pitch speed". Addis,is similar to changing

the gear ratio. As | go to a deeper pitch the acrdeaw will increase, the

watts increase and we may again load the motorgintiudecrease its top rpms.

If | go too wide, or too deep, | can overload theton and burn it out.

So, on a direct drive set-up, no gearbox, | tungpnapeller between pitch and
diameter to get the motor to the power range | wagain, this is EXACTLY the
same as changing gear ratios, in practical apicat

To some extent | can trade pitch for diameter dod versa. So you will see
motors listed as accepting a range of propelleypichlly as diameter goes

up, pitch goes down.

oxX7

10X6

11X5

For this sample motor, each of these props wilbphty produce a similar watt
output but they do it with different results.

The wider prop will provide more thrust but the Ewpitch will produce less
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speed. So | can tune for the application. Sail@agpically want more

thrust for steeper climb but are not as concerhediaspeed. Pylon racers
are less concerned about climb or acceleratiohegsdre about top speed.
Hopefully you get the idea. | am tuning the "gestia" by changing the prop.

If you are not with me up till now, then ask be@uwhat comes next depends on
your understanding what is above.

ADD A GEARBOX

Now, suppose | have a given motor, say a brush8dd&t my prop choices don't
give me the thrust | want to take my 2 meter sailplup at a steep enough
angle to make me happy. It takes too long to gebtring height. Or,

suppose | want to fly a larger, heavier plane whithmotor | have. My prop
choices don't give me enough thrust to handle gawibr plane. What do | do?

| can put in a gear box. The gearbox will have &ffects. It will reduce the

top speed to the prop, but it will increase thejteravailable to turn the
propeller. This allows me to go to a wider propeliat my top speed will be
reduced. Now | can get an steeper climb, or perhapn fly a larger or heavier
plane. | am going to stay with the sailplane fa tast of the discussion, but it
applies equally to any kind of aircraft. We aréitad) gear ratios.

Again, using the bicycle example, you shift to &éo gear to go up the hill.
You can get up the hill in first but if you weredo to third you might not have
enough power in your legs to turn the pedals. Sotyae the gear ratio to
match the available power.

A typical prop on a 550 motor in a sailplane, l&&oldberg Electra would be
an 8X4 prop. That is the widest prop, the highlesidt prop that this motor

can comfortably turn and provide enough speedytth# glider. The motor will
likely pull about 18 amps on an 8.4V pack. It iyl the plane but the climb
angle might only be about 25 degrees. So it migke tme 2 minutes to fly up the
height | want to reach. This plane isn't really mé&af speed, so going to a

7X6 prop, trying to get more speed, won't help.

But if | put a gear box on, say a 3:1 ratio, | ganto an 11X8 or a 12X7 prop.
Now | get a lot more thrust and the plane will diat a 50 degree angle. Now
| get to height in less than a minute and the motigtht only be pulling 16
amps. | climb in less time AND | may be drawing &watts to do it.

That is why we go to a gear box. Usually it is lowa us to swing a wider
prop at a slower speed in order to get more tlautte sacrifice of speed.
WHAT ABOUT BRUSHLESS INRUNNER VS OUTRUNNER?

Because we have two motor types in the brushlesislwae add flexibility and
complexity. More choices means more to decide.

The gearbox discussion with a brushless inrunnexastly the same as for the
brushed motor above, so | won't repeat it.

However if we look at outrunners vs. inrunners we that outrunners tend to

spin slower/volt with more torque. This has a siméffect to having a
gearbox on an inrunner. So how do you decide?
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1) Personal Preference
2) Mounting restrictions
3) Available motor choices

Some people don't like gearboxes. It is anotheigthd maintain and another
thing to break. Also gearboxes tend to make naisksame people don't like
that. However there is nothing spinning arounddaghe plane with a gearbox.
So you can mount the motor/gearbox without regarddarance as long as you
have adequate air flow. You can just clamp a geditmunner to the frame of
the plane and you are done. | have seen motor/geasheft loose in the nose
of the plane. The Multiplex Easy Glider is set-hfstway. No mount at all,

it just sits there.

Outrunners need space. You have a spinning camthsttbe protected from
contacting another surface, lose parts, wires,@&tass, string, stuff can

get caught on that spinning can. In some casesathis! be a problem, so a
gearbox might be preferred.

| have read that brushless inrunners are typicatiye efficient than
outrunners. Even with the gearbox losses | have ttest inrunners are still
more efficient at turning those bigger props. $that is true, and if that
matters, it could shape your decisions.

Summary

We can tune our power system by adjusting the "gea”. This can be done by
changing props to some degree. After that we ggeswbox systems to tune our
power systems to give us the performance we want.

EXTENDING FLIGHT TIMESWHILE MAINTAINING BALANCE
by Ed Anderson
aeajr on theforums

Changing the type or capacity of your battery padigpically done for one
of three reasons:

* You want longer flights
* You want to reduce weight.
* You want to do both

Here are some points to consider to get the mdstfahis change.

If you are currently flying NiCd packs, you cantgoNiMh very easily. You
will gain about 40% in battery capacity at the sameéght. The packs are
about the same size and shape so they fit eagllglaould not throw off
the plane's balance. NiMh and NiCd packs, NiXXdbort, therefore can
typically be interchanged easily. | have eliminat@tually all my NiCd
motor packs and replaced them with NiMh packs.

If you go to lithium batteries you can either makeir plane lighter or you

can maintain its weight but double, tripple or qugode your battery

capacity. Lithium batteries have about 4 timescdygacity per ounce as
compared to NiCd packs. Here are some steps tadasrBEFORE you buy the
new pack:
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Where is you battery pack located?

If your battery is forward of the CG, the balan@énp, then its weight is
helping to balance the plane. If you go to a pdck different weight,

you MUST rebalance the plane or it won't fly w&lar example, a lighter
pack will shift the CG toward the rear which maykaahe plane difficult or
impossible to fly. You must keep the plane in baaso that the CG,
center of gravity, the balance point, is in thétiglace.

This also applies to going to heavier packs as #ibghift the CG

forward. A slight shift forward might not be a ptein if you are adding
voltage as the more powerful pack will drive thetondaster which may mask
a slight change in balance and a more forward GGhake the plane more
stable. For Example | shift between 6 and 7 cdiliNpacks in my Aerobird.
The CG moves a little forward with the 7 cell pdek not enough to
seriously effect the way the plane handles. Buihmgdty you want to keep

the CG in the same, the best location.

From here on | am going to assume you are going XX packs to lithium
packs, as this is what many are doing and thelmatadkes the most
planning.

Before you buy that new pack:

* Weigh your current battery pack. A food scaleagrostal scale is fine.
Many post offices in the US have self service scaBreat for weighing
stuff. Get it to the nearest .1 ounces. Write it pack so you won't
forget it.

* Now look at the space in the plane. Can the naekmo in the same or
almost the same place as your current pack? Yoacaount for a location
shift by changing the amount of weight you adchihew pack.

Now decide on your goals based on what you cam daois plane and how much
money you want to spend.

1) Keep the weight the same and spend more moGey a pack that fits in
the current space and weighs the same as yountyaek - Now you can use
the new pack and your current packs interchange@&@ugd deal! However
lithium packs are different sizes and shapes thxiXpacks so this might

be hard to do. If it is close, you might be ablenodify the battery

space to allow the new pack to fit. A 600 MAh Nidck weighs about the
same as a 2000 to 2400 MAh Lipoly pack, but theolyifnay cost more.
Prices are dropping all the time and 4 times tighfitime is definitely

cool!

2) Keep the weight the same and spend a bit &gt a pack that is

lighter than your current pack and will fit in teeme or close to the same
location, perhaps with minor mods to the plane. bMayou go from a 600 MAh
NiXX pack to a 1300 MAh lithium pack rather tha2400 MAh pack. This will
probably have a better chance of fitting where ydiXX pack fits. Great!

Add weight to the pack so it weighs the same as )X pack. You can

still use both without serious modification to fflane. Good deal!

3) Make the plane lighter - If you can move stufffard in your plane so t
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hat a lighter battery can balance the plane, youesaid the need to add
weight. Now you have a higher capacity battery paslo your plane is
lighter. Lighter planes generally fly better. Thayoproblem with this
approach is that your current "heavy packs" maybecdble to be used
anymore unless you can leave space to adjustgbsition rearward.

If it won't fit, can you modify the space to makéit?

If you remove foam, consider reinforcing the spaith tape or glue and
light plywood as you have removed some of the aiirecof the plane. Can
you cut a hole in a former so the pack fits undeMake sure you
reinforce to account for any cut away structure tfyway, tape, glue,
bals or plywood add weight so you so take theseantount. Cut a little,
set some reinforcing in place but don't glue itsiBon the pack and test
the balance of the plane; adjust accordingly. Be gou pad the pack in
balsa or plastic planes so that a crash will ketlyi damage the pack.
Lithiums can not take the physical abuse that th&M\packs tolerate.

If modifying the plane to move the pack forward Va@et it done, then see
if you can move other things in the plane to dhiéir weight forward.
Some people have the receiver under the wings. Mdaewvard and it will
help to balance the plane and you won't have tcaadduch weight to the
lithium pack. Also see if you can move the ESC fardv Move any excess
wire that you have bundled to the forward area.eMas weight.

If you have any components, like the receiver #litdbehind the CG, moving
them forward will make a huge difference.

If you can move your electronics forward enough foa can balance the
plane without the battery pack, then you can sebtttery directly over
the CG. Now it doesn't matter which battery pack yse as the weight of
the pack will not shift the balance of the planeuYtan interchange packs
all you like.

When | rebuilt one of my sailplanes after a cragigsitioned my servos,
receiver and battery to more forward locations ttenstock
recommendation. As a result | made the plane ab2it lighter with no
other modifications. That made a HUGE differenclom if flew.

| then made a removable motor for it and positiomhea a pod that sat
right over the CG so | could put it on or takefitwithout changing the
balance of the plane. Likewise | placed the battigfyt over the CG.

With the motor and battery mounted, the plane wasmheavier, but it

stayed in perfect balance whether they were orffdhe pIane.@

There are other considerations related to lithiattdsies. You need a

special charger and charging procedures. You MU®Tept them from damage
as they can not take the same abuse as NIXX pBckshese are covered in
other threads. This one is just about maintainiaigrice.

Clear Skies and Safe Flying!

* See if you can buy a lithium pack that is the saneight as your current
battery pack. If you can, and you can afford it yoe all set and have

two to four times the flight capacity for Iongeigﬂlts.@
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BATTERY BASICS
by Ed Anderson

aeajr on theforums
Revised January 2007

All RC planes use battery packs to operate thettednics. On planes
that don't have electric motors we call these regiacks as they power
the receiver and the receiver then distributegptheer to the servos and
other electronics in the plane. However for elegttanes, we also use
the batteries to power the motor. They are the atedrfuel tanks and
fuel pumps that store and deliver the energy weadg.

These battery packs are made up of cells whichsachemical storehouse
for electrical energy. When multiple cells are gdrtogether we call this

a

battery or battery pack. There are a variety ofdogttypes. Each has
advantages and disadvantages that we will discuss.

Battery Types

At the time of this writing, there are three comiyamsed rechargeable
types of cells. They vary by the chemical mix tisatsed to
hold and deliver the electricity.

Nickel Cadmium, NiCd, have been in around the l@hge
Nickel Metal Hydride, NiMH came in to use later s very popular today.

Lithium cells are typically lithium polymer, LiPolgr LiPo, and the less
commonly used Lithium lon. These are the newestd# chemical cells.

NiCd packs have the lowest power to weight rattaafTis to say that, for
a given electrical capacity they will weigh the mofkthe three types.
However they have the ability to be charged fas$tan the other two and
will give up their power fast. While still in commause, the are dropping
in popularity as the other two types are improwvamgl gaining on NiCd's
advantage of quick charge and quick discharge. B&#CH cell is rated at
1.2 volts.

Nickel Metal Hydride, NIMH, packs hold about 40-6G%re capacity per ounce
than NiCds. So, for example, a 800 mah NiCd padahiniveigh 6 ounces while
an equivalent capacity NIMH pack might be 4 ounéesept for very high
performance, NIMH packs can't quite match NiCdshiow fast they can

deliver their electricity or how fast we can chatlgem, but they are

catching up. There used to be a big

gap, but the gap is closing fast. NIMH are far moopular today then they

were just a few years ago, and probably have pdssgdiin usage. Each

NIMH cell is rated at 1.2 volts, the same as Ni@tsc

In many ways NiCd and NiMh cells are very similaitheir application. So,
as a shorthand, | am going to start to refer to Nidhd NiCd as NiXX when
what | am saying applies to both. | hope this dugdead to confusion on
the reader's part.

Lithium packs are the lightest for their capacithey typically hold 4 or
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more times as much electricity per ounce as condpar&liCd packs. For
example a 6 cell, 7.2V 2100 MAh NiCd pack might gieil2 ounces while a 2
cell 7.4V Lithium pack of the same capacity will dleout 4 ounces.

Because much of our RC electronics have been lmasdeb cell NiXX packs
they are tuned for 4.8-6V receiver packs. Howevthillm packs are 3.7V so
one cell is a bit low and two cells at 7.4V is atigh. So Lithiums have

not been in common use for receiver packs usetidarg or glow powered
planes. Some micro plane electronics systems hese teesigned for 1 cell
lithium packs and the newer generation of elect®for the rest of the
market are being retuned to accept 1-2 cell Lipeirer packs.

As a result, Lithiums have been used primarily asompacks. Up until
recently, Lithium packs have been slower to chamyk slower to deliver
their power. The newest generation Lipos can ndwetehigh currents but
still need to be charged at 1/3 the rate of NiCd/8rthe rate of NiMH
motor packs. However over time they are improvifigey are growing in
popularity as the charge/discharge rates improdettaa prices come down.
Each Lithium cell is rated at 3.7 volts.

Pack Configuration

Unless stated otherwise, we join the cells intdpdxy joining them in
series. In series we add the voltage of each cdhia a 6 cell NiXX

pack will be rated at 6 X 1.2 volts or 7.2 voltsithMithium packs, which

are rated at 3.7 volts per cell, it would take tedls to create a

comparable 7.4 volt pack. When you hear peopleabdut 4 cell, 6 cell,
however many cells today, they are usually tallkibgut NiCd or NIMH cells.
However, with the rise of Lithiums, you should @slbe certain that they
are not talking about lithium cells.

Clearly if your instructions say that your motonasse a 7 cell pack, it
would be important to know if that is 7 NiXX celts 7 Lithium

cells as the voltages would be very different. éefl NIMH or NiCd
pack would be 8.4 volts. A 7 cell Lithium pack wdude 24.9 volts.

While it is unusual to combine NiCd or NIMH packsparallel to increase
capacity, it is quite common with Lithium packs.i§has spawned the xSyP
designation, were x is how many Lithium cells amarected in series and y
is how many groups of these cells are connectediallel. So a

3S2P pack would have two groups of 3 cells. THmnd us to deliver

higher amperages at the same voltage, or to pronate capacity for

longer flights at the same voltage. The xSxP dedign is most commonly
used with Lithium packs. | don't recall ever sedinig used with NiXX
packs.

Battery Chargers

When charging your battery packs you MUST use itjie kind of charger or
you will damage the cells. Using the wrong chargspecially with lithium
cells, can actually lead to a fire or an explosi®a.be sure that you

have the right charger for the kind of cells yoe eharging. Some

chargers are specific to one kind of cell while sazan charge two kinds
and
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some can charge all three. Make CERTAIN you knofetgeyou charge or
you could put your model, your car, your home aurypersonal safety at
risk.

I hope this has been helpful. Below are some aufditiresources for
further reading.

Excellent overview and safety information on LitimiBatteries
http://www.rchobbies.org/lithium_battery breakthgtuhtm
http://www.rcgroups.com/forums/showthread.php?t=1810

Lithium Battery Balancers and Chargers
http://www.rcgroups.com/forums/showthread.php?t==80

More on Batteries
http://www.modelaircraft.org/mag/FT GU/Part8/indexuh

A123 CELLS - This is an emerging cell for large
electric plane use.
http://www.rcgroups.com/forums/showthread.php?t=118post6636651

The Battery Clinic
http://www.rcbatteryclinic.com/

LITHIUM BATTERY CHARGERS -
Balance char gersvs. external balancers

Lithiums are great, but they benefit from a ligtbetra care. We have seen that packs
with two or more cells can get out of balance. Trhatins that one cell tends to
rundown lower or tends to charge higher. Sincegihgrthrough the power port

that connects to the ESC only reads the total palttkge the charger will charge

the pack to the expected voltage. For Lipoly pabks would be 4.2V per cell.
Therefore, when charging through the power pod darger will take a 3 cell Lipo to
12.6V, regardless of the individual cell voltagest if one cell is low and one is

high, that could result in one cell perhaps beingrged to 4.3V or one being charged to
4.1V, for example.

Over many cycles this difference will build up. Timest benign outcome is a loss of
pack performance. A more serious outcome couldhaethe low cell will drop below
the critical 2.5V level on discharge and be damagmuidly degrading the pack.

The more serious issue could be that one cellsgtsusly over charged getting

well above the desired 4.2V top charge. This canltén pack failure or can cause the
over charged cell to "vent with flame". This is oogl. :-O

Balancers

So, for the past 18-24 months we have seen a 8bpdck balancers that will bring the
packs into balance to maintain an even charge aelbsells. To use these balancers you
need a compatible balance plug on the pack. Asgugtn have this arrangement,

a balancer can help prevent the above situatiomufare happy with your charger and
don't feel the need for a new one, a balancegisod investment. They run from $20 to $50
with a variety of features.

The balancing benefit is significant but it need Ipe critical to every charge cycle. Packs
don't go out of balance THAT fast. It might happeer 10 cycles or 20 cycles and it builds
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up over time. So using a regular charger that dsatigrough the power plug is fine. If you
balance every few charges, that would be adeqidias¢ be sure to do it and you have to
have a way of being sure you are doing it acrdsgoal packs.

Note that a balancer can only drain power so isdeduce the overall charge level of the pack,
it does not bring up the low cells. But | don'irtkithat is a big deal.

Balancing Chargers
There are two features being discussed here, citpagid balancing.

Some are chargers combined with balancers. Thagelihe pack to the desired

level, then the built in balancer bleeds down tig feell and charging can continue.
This is a good combination. It saves you from hguimdo this with a separate device.
This type of charger provides the very significaalue of keeping your packs in balance
automatically. This leads to longer life, and begterformance. And it has some safety
benefits in that it prevents one cell from beingioeharged.

Balanced Chargers

Then there are balancing chargers that chargeagdiaindividually during the charge

cycle. The CellPro 4S, for example, charges ealttinckvidually during the charge cycle.

If one cell is a little slower than the others therger compensates so higher rates can be
tolerated, or so the charger companies claim. Tdher &ellPro 4S that | have has a safe

charge cycle that charges at up to 1.4C. Thisidebenefit of the balanced charge process.
The newer Cell Pro 4S charges at up to 3C. If dhgrgour packs faster,

safely, is important to you, then these types ddit@ing chargers are a good value. CellPro is not
the only one but it is a good example. So, fronh tegpect, certain chargers, let's call

them balanced chargers, bring more benefits thstrbplancing.

Practical use

I have 5 lipo packs with CellPro balance taps. Mdghe time | charge them on my CellPro
charger but | also charge them on my Triton chaageron an AC wall wart Lipo charger.
Only the CellPro balances, but the packs get ematy few cycles so they will be balanced
on the next charge cycle. And only the CellPro gharat the higher rate. The others are
limited to 1C and | will not push them.

Cold Weather Cycle

| don't know if this is a common feature but thdl@® 4S also has a cold weather cycle.

It actually detects the temperature of the surrgumdir. If it is below a certain level, it only
charges the cells to about 95% of full charge. Hlais very little impact in practical use but
it provides a safety effect. If you were to chasg@o pack at the field, say at 30 degrees,
then not use it and take it home, as it warmedtéiievoltage would rise, potentially taking it
over the desired 4.2V level. | can not say howosesria concern this may be, but it seems
to make sense that it could present an unrecogpimdzem. This charger accounts for it
automatically. | am sure there must be othersdbat as well.

| do feel the balancing chargers are better thdembars, BUT not enough that it should be a

big concern if you don't feel you want a secondgéaor the higher charge rates that some
of the newer ones can offer. But understandind#refits of balancing IS important.

29



Other Reference Sources

CellPro discussion
http://www.rcgroups.com/forums/showthread.php?tIf8&page=2#post8863342
Notes on Lithium Batteries

http://www.rchobbies.org/lithium_battery breakthgbuhtm

safety warning on Lithium Batteries
http://www.modelaircraft.org/safetycom.asp

The Battery Clinic

http://www.rcbatteryclinic.com/

This is not totally unique to electric flight, bsince many new electric pilots are trying to selfrt, it sorta
fits.

SIX KEYSTO SUCCESS
by Ed Anderson
aeajr on theforums

Whether you have a coach or you are trying to léafty on your own, you
will need to be mindful of these six areas if yoa going to become a
successful RC pilot. After years of working withwélyers at our club,

and coaching flyers on the forums, there are atlféngs | have seen as the
key areas to stress for new pilots. Some getlitt igvay and some have to
work at it. They are in no particular order becatimsy all have to be
learned to be successful.

WIND
Orientation
Speed

Altitude

Over Control
Preflight Check

1) Wind - The single biggest cause of crasheslthate observed has been
the insistence upon flying in too much wind. If yare under an instructor's
control or on a buddy box, then follow their adyibet if you are starting
out and tying to learn on your own, regardlesshefrodel, | recommend
dead calm to 3 MPH for the slow stick and tiger Imiype planes. Under 5
MPH for all others. That includes gusts. An expecid pilot can handle
more. It is the pilot, more than the plane, thaedeines how much wind
can be handled.

The wind was around 10 mph steady with gusts torbat was strong enough
that some of the experienced pilots flying threé four channel small

electric planes chose not to launch their electiitss new flyer

insisted that he wanted to try his two and thresnclel parkflyers. Crash,
Crash, Crash - Three planes in pieces. He justdvoat listen. Sometimes
you just have to let them crash. There is no otf@rto get them to
understand.

Many parkflyers can be flown in higher winds by AXPERIENCED PILOT. |

have flown my Aerobird in 18 mph wind (clocked sgebut it is quite
exciting trying to land it.
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Always keep the plane up wind from you. There ig@ason for a new flyer
to have the plane downwind EVER!

2) Orientation - Knowing the orientation of youapk is a real challenge,
even for experienced pilots. You just have to watrk and some adults
have a real problem with left and right regardiefsshich way the plane is
going. Licensed pilots have a lot of trouble witistone as they are
accustomed to being in the plane.

Here are two suggestions on how to work on ori@riavhen you are not
flying.

Use a flight simulator on your PC. Pick a slowiilyimodel and fly it a
lot. Forget the jets and fast planes. Pick a sloe: &ocus on left and
right coming at you. Keep the plane in front of ydon't let it fly over
your head.

FMS is a free flight simulator. It is not the béigght sim, but the
price is right and it works. There are also otlee fand commercial
simulators.

FMS Flight simulator Home Page
Free download
http://n.ethz.ch/student/mmoeller/fms/index_e.html

Parkflyers for FMS
http://gunnerson.homestead.com/files/fms_models.htm

Getting Started with FMS
http://www.wattflyer.com/forums/showthread.php?t938

The links below take you to sites that provide ealthat work with FMS.
If your radio has a trainer port, these cablesaalfou to use the trainer
port on your radio to "fly" the simulator. Thisas excellent training
approach.

http://www.allthingsrc.com/webshop/
http://www.simblaster.com/
http://www.customelectronics.co.uk/

An alternative is to try an RC car that has prapogl steering. You
don't have to worry about lift, stall and wind. Geinething with left and
right steering and speed control. Set up an easgsedhat goes toward
and away from you with lots of turns. Do it vergwly at first until you
can make the turns easily. Then build speed ore.tivou'll get it! If

it has sticks rather than a steering wheel evetedtut not required.
Oh, and little cars are fun too.

3) Too much speed - Speed it the enemy of the rlewiut if you fly

too slowly the wings can't generate enough lifttrere is a compromise
here. The key message is that you don't have tat fiyll throttle all the
time. Most small electrics fly very nicely at 2ki&dttle and some do quite
well at 1/2. That is a much better training spdehtfull power. Launch

at full power and climb to a good height, say 16étfas a minimum, so you
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have time to recover from a mistake. At 100 febtud double the height
of the trees where | live, go to half throttle ae# how the plane
handles. If it holds altitude on a straight lin@stis a good speed.

Now work on slow

and easy turns, work on left and right, flying ted/gou and maintaining
altitude. Add a little throttle if the plane cahtild altitude.

4) Not enough altitude - New flyers are often afraf altitude. They
feel safer close to the ground. Nothing could beewarong.

Altitude is your friend. Altitude is your safety mgan. It gives you a
chance to fix a mistake. If you are flying low ayml make a mistake ....
CRUNCH!

As stated above | consider 100 feet, about doub&eheight where | live,

as a good flying height and | usually fly much hégithan this. | advise

my new flyers that fifty feet, is minimum flying lght. Below that you better
be lining up for landing.

5) Over control - Most of the time the plane doesneed input from you.
Once you get to height, a properly trimmed plagag in calm air will
maintain its height and direction with no help frgou. In fact anything
you do will interfere with the plane.

When teaching new pilots | often do a demo flightheir plane. | get the
plane to 100 feet, then bring the throttle back tice cruising speed. |
get it going straight, with plenty of space in frari it, then take my
hand off the sticks and hold the radio out to g#fewith my arms spread
wide to emphasize that | am doing nothing. | let pthane go wherever it
wants to go, as long as it is holding altitudeyistg upwind and has
enough room. If you are flying a high wing traimed you can't do this,
your plane is out of trim.

Even in a mild breeze with some gusts, once yochrélging height, you
should be able to take your hand off the stick tii@hplane will move
around and the breeze might push it into a turhijttalnould continue to
fly with no help from you.

Along this same line of thinking, don't hold yourns for more than a
couple of seconds after the plane starts to tumlestand that the plane
turns by banking or tilting its wings. If you haddturn too long you will force
the plane to deepen this bank and it will evenyuake lift and go into a
spiral dive and crash. Give your inputs slowly gedtly and watch the
plane. Start your turn then let off then turn sarm@e and let off. Start

your turns long before you need to and you worédne make sharp turns.

| just watch these guys hold the turn, hold thettold the turn, crash.
Of course they are flying in 10 mph wind, near gheund, coming toward
themselves at full throttle.

6) Preflight check - Before every flight it is théot's responsibility to

confirm that the plane, the controls and the camalét are correct and
acceptable for flight.
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Plane - Batteries at proper power
Surfaces properly aligned

No damage or breakage on the plane
Everything secure

Radio - Frequency control has been met before youdn the radio
A full range check before the first flight of thayd

All trims and switches in the proper position fhistplane

Battery condition is good

Antenna fully extended

For computer radios - proper model is displayed

All surfaces move in the proper direction

Conditions - No one on the field or in any wayiakifrom your fight
You are launching into the wind

Wind strength is acceptable ( see wind above )

Sunglasses and a hat to protect your eyes

All other area conditions are acceptable.

Then and only then can you consider yourself, yadane, radio and the
conditions right for flight. Based on your planeuy radio and local
conditions you may need to add or change sometieng, but this is the
bare minimum. It only takes a couple of minutethatbeginning of the
flying day and only a few seconds to perform befeseh flight.

If this all seems like too much to remember, do tydrafessional pilots do,
take along a preflight check list. Before everglili they go down

the check list, perform the tests, in sequence canfirm that all is right.

If you want your flying experience to be a positorge, you should do the
same. After a short time, it all becomes autometit just a natural part
of a fun and rewarding day.

I hope some of this is useful in learning to flyuy@lane.

Other resources you may find useful:

Books on RC Planes and RC Flying

http://www.stevensaero.com/shop/product.php?pradiet6645&cat=262&page=1

http://www.amazon.com/gp/product/B00071VIGC/sr=8id£1140260256/ref=pd_bbs 1/103-2556298-
8424625?%5Fencoding=UTF8

http://www.amazon.com/gp/product/BO006PBE2M/sr=8i##1140260256/ref=sr 1 8/103-2556298-
8424625?%5Fencoding=UTF8
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THINGSTO CHECK ON AN RTF
by Ed Anderson
aeajr on theforums

| think ready-to-fly airplane packages are gredisTs how | started flying.

If I had been required to build a kit to begin nhyirfg experience | would
never have gotten into the air. Now, after thousasfdlights and almost
years of flying, | have expanded to 20+ planes tiplel radios and all kinds of
tools and things. | am having a ball. But therethiegs | know today that
would have helped me with my first plane. Let megpan some tips.

Regardless of the plane, RTF or not, it is thetjgil@sponsibility to insure
that the plane is flight ready. If you put a plamé¢he air without checking
it, without following the instructions, any problerthat follow, any damage
that is caused is your fault and responsibilitgldes not matter if the

plane is defective, if you did not check it, anyr#aye that occurred is your
fault. | can't make it any clearer. No full scalpwould takeoff without
checking everything. You should do the same.

READ THE INSTRUCTIONS!

There is a manual or instruction sheet that com#syeur plane, read it! |
read the manual several times on anything | gébok the manufacturer time
and money to create it. | contains important infation. Some instruction
sets are poorly done and some are very good.Haereiase, READ! If there
is a video included, watch it. It was put therdédp you. Take advantage

of that help.

If they have a web site about the plane or progoatpurchased, visit the

site. Sometimes there is an FAQ, frequently askes$tipns page. Sometimes
there are additions to the instructions that haasntadded since yours was
packaged and shipped. And sometimes there are nsupospecials for owners.
Go, look and see, and benefit from the manufactuivezb site.

RTFM

| often post this in my notes on the forums, "RTEN put it politely, it
means, " Read The Friendly Manual".

| have read so many trouble reports by new flyEhey crash, they have
problems and are angry and upset. Why was thisdmpg to them? Often, the
answers were all in the instructions.

We had one club member who used to buy RTF plahesy up at the field and ask
me how to get them set-up and flying. | would aishk for the instructions.

"Oh, | left those home." So | sent him home tothem. No matter how
experienced | might be, unless | have this plambekk the instructions.

He brought a computer radio to a meeting and asietb show him how to use it.
"Sure, where are the instructions?" He left themméol could not help him as
| had never seen that radio before.

Needless to say, he crashed and crashed and aebtioggs. Fortunately for

him he had the money to do this. But he occasigra#iated a safety situation
and we had to "advise" him to change his ways. &eylet to become a
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successful flyer. He is still a nice guy and | hepene day he will be
successful, but he needs to follow instructions.

THINGS TO NOTE WHEN YOU READ THE MANUAL

1) Does the plane need to be balanced, or dodsathace need to be checked?

2) Are there linkages to be connected? Do they teéeé adjusted? How do you
adjust them?

3) Is there tape or glue to be added. Is thereramyenaterial to be removed?
4) Do the batteries need to be charged?

5) Do they recommend some kind of "break-in" prace@

6) What is the proper range check procedure fordd® system?

7) What is the working range of your radio system?

8) How do you adjust the surfaces to get the ptarily correctly? Are they
moving in the correct direction?

9) What is the proper placement of the batterylamad is it moved to adjust
balance?

10) Is there a maximum recommended voltage thabeasafely accepted by the
ESC?

11) What wind speeds are recommended for new flyers
12) How much space is recommended to fly this flane

13) Who do you call if there is a problem? Do yall the hobby shop or the
manufacturer? Is there a web site?

14) Are there repair tips? What kind of glue can yse? Where can you get
replacement parts?

15) What channel is your plane using and how doaxmid channel conflict?

ASSEMBLY TIPS

Often, in order to meet a packaging goal or to kbepshipping weight down,

the manufacturer will expect you to do somethingoasdd something. These are
usually common household items like tape or glnesdme cases the plane's
balance has to be checked and/or adjusted. Theyrnolagle weights, or you

may need to buy weights, but coins work too. A dimabout .1 ounces and a
quarter is about .2 ounces. Coins can actuallyhbamer than buying weights.

It is common to have to mount the tail and the wituge there alignment marks
or procedures that you are to follow? Do you haveetnove covering material
so the glue will hold properly? How many rubber éaare needed to hold the
wing properly? Don't use less than the recommendeaber of rubber bands.
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My Great Planes Spirit 2M glider came RTF, inclydthe radio system. This was
my second plane after my Aerobird. The Aerobird mlid need to be balanced,
the Spirit did. If | had tried to fly it without bencing it first | would

likely have broken it badly on the first flight.tliok four ounces of weight

in the nose to get to balance properly.

A friend's RTF was brought to the field so we coladdp him. Following the
instructions we did a range check and found thexg avproblem with the radio
system. No problem! He packed it up, took it to iebby shop and they
exchanged it immediately. He was back at the fielan hour. It was clear it
had not been flown so there was no question ditfli@mage. If he had flown
and crashed it, they could have easily refuseéptace it, and they would
have been right, as crash damage is not coverest watranty. It was the
pilot's job to make sure the plane was flight ready

FLYING TIPS

Often RTFs come with flight instructions and tipme of the most important to
follow is related to wind. Many planes, especialiy channel planes, do not
handle wind very well, especially in the hands mfrsexperienced pilot. If

you don't know this, you could loose your planeworse, you could hit someone
or cause damage. What wind speeds are recommezgjetially for new pilots?

Sometimes the plane will "porpoise” or tend to,rotlwant to dive. Is it you
or is it the plane? The instructions may tell you.

Once the pilot has become comfortable with thegl#imere may be adjustments
that can be made to make the plane more respor&iveetimes it is that switch
on the radio, or a button you need to push, thas d@m mild to wild. Or

maybe you have to turn something on the linkagenave the linkage to a
different hole. Go back and read the manual foptioger procedures to make
those adjustments.

SUMMARY

Just because the plane says ready to fly, do®tttek literally. Compared

to a box of sticks and a tube of glue, it is retafty. However there are
often set-up procedures, or assembly steps thdsriede done. It is best

to read the instructions to see how to do themectisr. You will have a much
better flying experience and your plane will lagtder.

Clear skies and safe flying!
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THE ROLE OF THE BEC IN YOUR ELECTRIC PLANE
by Ed Anderson
aeajr on theforums

In the world of electric motors the electronic sppeentrol, ESC, takes the
place of the throttle used on fuel powered platieggulates the speed of the
motor by pulsing the power to the motor to achitheedesired motor speed.
However most ESCs also have two other functiores|- #hC and the BEC.

The LVC, low-voltage-cutoff circuit, will cut poweo the motor and preserve
power to the radio system so you can land youreptaiely when the motor
battery is getting too low. In the case of lithibatteries, the LVC, can also
save your battery packs by preventing them frortirgetoo low. If you started
with NiXX packs and have switched to lithium packs,sure your LVC is set
properly or you could damage your lithium packs.

The BEC, the battery elimination circuit suppliesyer to the receiver and the
servos. It is the BEC that will be the main foctishis discussion.

The name, battery elimination circuit, comes frdwa tact that, in the "old
days" of electric planes, you had a battery pagtotwer the motor and another
one to power the receiver. In order to save weitjet BEC was introduced to
eliminate the need for that receiver battery pack.

In most of our radio systems, the receiver is desigo operate between 4 and
6 volts. To match this, the typical BEC suppliesvpoto the receiver at about

5 volts by stepping down the motor battery voltadewever the higher the
voltage of the motor battery, the harder the BE€thavork to get the voltage
down to 5 volts. In doing this work the BEC genesalieat. The greater the
voltage reduction, the more heat the BEC generAtea. result most BECs have
to be disabled if the motor battery pack is oveedain voltage. ESCs that

are designed specifically for high voltage userofte not have an integrated
BEC.

BECs are also rated by how many amps they canestdtivthe receiver. The
greater the number of servos installed the greheeamperage the BEC must
deliver and the more heat it generates in the goddowever, with most
integrated BECs, the higher the voltage of the mbédtery pack the lower the
amperage the BEC can deliver. This is often whesblpms occur. It is this
heat load that leads to the need for a compronsige how many servos an
integrated BEC can support.

For example, if the motor pack is 8.4V, then a giB&EC might be able to
support 4 servos. If the motor battery voltageigdhér, say 11 volts, then

the same BEC may need to be derated to handle3ssdyvos. Since more heat
will be generated by the larger step down from altsvto 5 volts, the amp load
has to be reduced or the BEC will overheat.

Note that the voltage rating for the ESC may béediht than the voltage

rating for the BEC. Your ESC may be rated for IvbBs but the BEC may have
to be disabled over 12 volts and you will have aaver the receiver separately.
If you don't take note of this and pop in a foull-tipo, your ESC may be fine
but your BEC may be heading for a failure, resglima crash.

According to Dimension Engineering, a maker of BEG4any people don't realize
that their ESC's BEC rating is misleading. With tihear BEC built into most
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speed controls, the current rating decreases &svpétage increases. For
example, several popular 25A ESCs with "3A" BEGs @mly capable of supplying
0.5A when running from a 3s pack".

If you are flying an RTF or "receiver ready" modikre may not be ESC/BEC
documentation included. As an example, the manufacof the plane may
designate that the plane takes an 8.4V pack. Awtiltage the included BEC
may be fine. However, if you decide to pop in aéhcell lipo, a problem may
only be a launch away. The BEC may do fine for apt® of flights, or maybe 5
minutes or may fail 100 feet out, and down you go.

We also have the variable of which servos are besegl. Different servos draw
different amounts of current. If the current dragtsgtoo high, the BEC will

get too hot causing a thermal shutdown of the BHs protects the BEC and
prevents a fire, but cuts the voltage to the remeivhe net effect is that

you lose all power to the radio system and you tas#rol of the plane.

In the case of an overheated BEC, if there is en@ogling air going through
the plane, the BEC may come back quickly as it&obhis could look like a
radio glitch, but it could be the BEC operatingtba edge of total failure.

If your ESC is very hot when you land, the causddde the BEC operating at
the edge of its capacity. When we see these gtitakie often think the

problem is the radio system, but in fact the causéd be the BEC.

A CASE STUDY

This pilot was flying a new Spektrum 2.4 GHz systéihwas fine till the plane
suddenly went dead and crashed. All sorts of sp&ounl were offered about what
the cause could be and much of it was focused@Bplektrum 2.4 GHz system.
After the plane was recovered, everything seemeebtlt OK so it must have been
a radio hit, right? However, due to the diligentriwof the pilot, it was

determined that the BEC had failed due to overl¢adi can read the actual
account at this link in posts 2986 to 3006.
http://www.rcgroups.com/forums/showthread.php?t-8504&page=200

This is not the only account of this type that baen reported, but this was
one that was worked out over a short time withrg ekear outcome. Note also
that the pilot had to run his test for several rtesibefore the failure
appeared. Thus, everything seemed fine at firseéimed that the BEC was
handling the load. But over several minutes' hedt bp in the BEC. Combine
this with the heat from the motor and the batteny, aerhaps not enough
cooling airflow and the BEC shut down.

BE COOL FOOL!

With good airflow a BEC overload may be avoidedg&eéless of what radio
system you are using, make sure you have enoudimg@ir going through your
electric plane. This is especially true of foamngls as the foam acts as an
insulator. You may have a cooling air vent in trenf somewhere, but the heat
can't get out unless there is an exit air holedangough to allow good

airflow. If you are pushing the limit on any pafty@ur power or radio system,
not enough cooling air can cause damage or faituy@ur motor, ESC, BEC or
battery packs. The receiver could overheat or ymidccook your servos.

How you fly your plane can also cause heat buildrgr example, an Easy
Glider that is flown for 1 minute to get to altimidnight have enough airflow
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to eliminate the built up heat. But if you fly ibestantly for 10 minutes,
the heat build up could be enough to cook your BEQy battery pack, or some
other part of the plane.

Be cool fool, and make sure you have enough airftoyour plane. If your
battery is very hot, or if your ESC is very hotuymay need more cooling.

OTHER CAUSES OF BEC PROBLEMS

You could be configured properly. Your BEC may hted to handle your servo
count and you could have plenty of cooling air $tilt have problems. If you
have a servo push rod that is dragging or is otiserplacing a high load on

the servo, this can increase the amp draw of #rabslf that servo gets

stuck, the amp draw will go way up!

Servo loads are expected to be variable. A serlloneive, put a load on the
BEC then come back to neutral and the current dvéivdrop. In between loads,
the BEC has a chance to cool. However a jammea seitiydraw a lot of power
and that draw will be constant. You can see wiy viery important that your
servos move freely, without binding. Check thosetia rods for kinks,
obstructions or things that could get in the way.

ENTER THE COMPUTER RADIO

In the past it was common to have 2 ailerons rfiefoéne servo, so three
servos were typical of a 4-channel electric pladéh more and more people
using computer radios, there is a tendency to @&r2os on the ailerons
meaning more load on the BEC.

Also, with a computer radio it is easy to add #elitileron to rudder mixing,
moving 3 servos at once. Now add a little up elewvat the turns and all four
servos are pulling power. Go to a full house eiledailplane, with flaps

following ailerons, rudder mixed in and a little ef@vator in the turn and you
now have 6 servos, all moving at once. We begsetmhow the BEC can become
challenged to keep up.

WHAT IF YOU NEED MORE?

If you need more power than the integrated BECGoiar\eSC can supply, or if
your motor battery voltage is higher than the BEE@ bandle, you will need to
disable the integrated BEC and put in a separatsver pack or a separate
BEC. Many companies make after market BECs thaheaudle these higher
voltages or higher servo loads.

Note that there are different kinds of circuitstthee used to create the BEC
function. There are linear BECs, which seem totmarily what is found
integrated in with the ESC. These seem to be |t loot are more affected by
the voltage of the motor pack. Then there are $witode BECs that seem to
tolerate these higher pack voltages better thafinbar BECs. It appears
many of the after market BECs are of this type.

Regardless of what type you have, follow the irttams carefully or risk
losing your plane. And be sure to provide plentgadling air.

Listed below are some examples of after market BECs
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The Ultimate BEC
http://www.hobby-lobby.com/ubec.htm

Novak 3 amp BEC
http://www2.towerhobbies.com/cqgi-bin/wti0001p?&I=SGC1&P=7

For very large servo counts - 6 amps
http://www.horizonhobby.com/Products/Default.aspd2PD=SQBDBEC008V

Dimension Engineering has several BECs
http://www.dimensionengineering.com

The SMART BEC - Combines BEC and LVC that is Litiaware
http://www.dimensionengineering.com/SmartBEC.htm

SUMMARY

The ESC is the heart of your electric power sysfene BEC is the part of the
ESC that powers your radio system. Keep it coolraa#le sure you read the
instructions so you don't overload it. Forget thigse and you may be

picking up pieces of your plane, wondering whatsealithat crash.

| received several requests for an article abauttiaracteristics of a good first plane. As many ne
electric pilots are also self trainers, they dbate the benefit of an instructor. Hopefully thiil \ve
helpful.

Ed Anderson

The Mythical Best First Plane
by Ed Anderson
aeajr on the forums

If you run a search on any of the RC forums you fivil many posts that ask
for advice on the best first plane for them to déte purpose of this
discussion is to show that there is no perfect fitane. But there are

things that can be taken into account to help som@ick an appropriate
plane.

Be advised that this discussion will be based orpergonal experiences, my
bias, my prejudice, my research , what | have ofeskrand what | have been
told. That is exactly the basis that every one wgen they give you their
advice. So take this and mix it in with other aévjou trust, as no one
person has the answer, only opinions based onrawlkdge set.

Go and read, so you can build on what you read Adren make an informed
decision and go with it. And when you are greetgedhle first all knowing

guy who tells you that you made a mistake, you éllable to explain your
reasons, the considerations and the goals uporhwhbig purchased that plane.
And if he doesn't agree? That's OK, we are altledtio our opinions.

First Consideration - How are you going to learn?

An Instructor - The best, but not the only patistocess
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If you plan to learn to fly under the close guidarmnd an instructor, then do
NOT go and buy a plane. Go to your instructor asidwhat they suggest.
Learning under an instructor is the best way tonléa fly. That
knowledgeable guide is going to take you througinpéd steps that will
impart skill and knowledge. So the best first plathe one that allows
that instructor to do that. Your best first plaaéhie one s/he is most
comfortable using.

No one else's opinion matters as you have placedsgt in their hands and
should follow their lead. Otherwise why are you king with an instructor?

This opinion comes from a guy who has never workeder the close guidance of
a flight instructor but received much coaching frbatpful and willing members
of the club | joined. But any journey of learnirsghbest started with a
knowledgeable guide, and when you engage a guadefoflow them. Nuff said
about that!

A Coach - Much better than going it alone

A coach is an experience friend or club member ishailling to give you some
time, provide some assistance and point you imighe direction from time

to time. However they are not going to take ondlose training

responsibility of an instructor. They will help, hgou will be doing a lot

of the learning on your own. This is how | learned.

To be a coach, | feel the person has to spend somewith you on the field.
Perhaps they preflight your plane. Maybe they itikp for the first flight

to make sure it is OK. They may or may not useddigibox. But the key is
that they will give you some help. Having a coaxh wonderful thing.

Things that are a mystery to you can be made olemmoment by that helpful
coach.

The key is that you take on a lot of responsibgisyyou will be on your own
much of the time and there is probably no formalgpam that is being
followed. If you can't find an instructor, try tmél a coach.

An Advisor

| and many of the people who post on these forumsrging to take on the

role of advisor. We can't be there with you butose explain a few things,

and point you to good sources. We can tell you Waatworked for us. A
coach is much better but you can have coachesduisbas and you can benefit
from the multiple sources of information. If youMesan instructor, you can

ask for clarification from advisors but you shoaldvays take your lead from
your instructor. Whether a paid or not, they hawgena commitment to you.
You have to do the same.

On Your Own

Here | mean that you bought something, read theuictions and tried to fly
it. Can you be successful? Sure! But the chansaiafess goes up as you
add levels of help. Find advisors, seek coacheganhdn instructor if you
can. You are more likely to progress faster and ydanes are more likely
to survive your progress. Flying is not a simplebvious thing. It took
intelligent people thousands of years to learn tmdo it. There is no
disgrace in you taking advantage of some of thewipus experience and
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knowledge. Get some help if you can.

Now to the Plane -
WING DESIGNS
High, Mid or Low

Broadly speaking, airplanes have one of three \angtions. They are
either high wing, mid wing or low wing. This doestiinclude things
like flying wings or delta wings. These don't havfuselage in a
conventional sense. And, while there are people ladm to fly on
these designs, | don't consider them the firstaghtor
beginner/trainer planes.

Most people will agree that the better choice fegihner/trainer
planes are high wing designs. The reason is simgplk,the wing high
and the fuselage hanging below, the plane tenlie toore stable and
self righting. This can help keep a new pilot outrouble.

Mid wing and low wing planes are typically lesshdtaas the weight of

the fuselage is mounted around or above the wihgs@& planes are
typically more agile and aerobatic than the highgyplanes. That P51
Mustang you saw at the hobby store is a good exarttpiay be a cool
looking plane but it isn't really the best choioe & first plane.

That is why the fighter pilots who flew it in contlbstarted on

something else when they were learning to fly.ijhhbe a good idea

if you did the same. They make good second or filsdes once you have
mastered the basics of flight.

Dihedral

You will notice that some planes have wings thatlzasically straight.
That is, they come straight out from the fuselddfhers have an
upward angle where the end of the wing is highanfttne root, the part
that attaches to the plane. This is called dihe@alsome planes

the upward sweep goes through two or three upwagtks. In this case
we say the wing is polyhedral, or having many diaédngles.

Wings with some dihedral tend be more stable atidighting than flat
wings. Wings with flat designs tend to be more oesive and will tend
to go where you put them, but also tend to stasethEhis means that
if you bank the plane to make a turn, you betterember to bank it
back to level or it will stay that way. A bankedngiwill tend to lose
altitude if not managed properly. A plane with dired in the wing will
tend to return to level flight if you release thielss.

In fact, when | am helping new flyers, if their ptahas a fair amount

of dihedral, | will often advise them to releasecenter the stick if

they get into trouble. While not always the righihg to do, most of

the time the plane will right itself if it has erglualtitude and

enough dihedral in the wing. It sounds funny buhstimes the planes
know better than we do when it comes to flying. kiéee to teach people
to let the plane fly.
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Whether you are flying glow, gas, glider or elegthaving some
dihedral in the wing of your trainer will help @ stay stable and
level during your early flights. To some extentetinal will tend to
"fight" roll based aerobatics like inverted fligknife edges and the
like. However, when you are trying to master takiedanding and
straight level fight, this is less of a concern.

ENGINE LOCATIONS

Many people expect the motor and propeller to btherfront of the
plane. However there are many places where theepeogan be
located. It can be a pull or push design. It camieont or in

back. And while pure sailplanes don't have motergliders use a
motor as a launching system to get into positiolodd for lift.

There is much to be said for a pusher design anstgplane. On
take-off and during flight, the engine location nrat matter on that
first plane. However when you come in for a landingving the engine
and propeller high and out of the way can be vetpfual. You are less
likely to hit the prop and, if you do come in hamd the nose, your
repairs are more likely to be restricted to fixingelage damage and
less likely to involve fixing or replacing the motand/or propeller.

| don't have a problem with front motor designsteey are clearly the
most common. However | think that the pusher debagsome advantages
for new flyers.

POWER SOURCE

Today RC aircraft are powered in a variety of waach having its
advantage. While there are good first/trainer @anesach category it
is worth a moment to explore the different waypdaver your RC plane.

Gliders

Pure gliders or sailplanes have no motors. Theieaelflight through
some sort of launching system. Once in the air thay simply glide
down or they may be designed for the pilot to lémknatural sources
of lift such as thermals or slope lift. Clearly ybave no fuel cost
and your battery needs are extremely modest. Scosteof fuel,
chargers, motor packs and the like just don't shpw

If this is a thermal glider, you will typically ndesome kind of
launcher. It might be a good arm toss for a handdhed/discus
launched glider or it might be a hi-start, an étasystem that
typically costs under $100 an lasts for yearshi ts a slope

glider, then your fuel comes from natural air fldwt you have to find
the right location.

First gliders tend to be in the 1.5 to 2 meterjr@éh to 80 inch range and
weight between 8 and 38 ounces. They typicallydlyly slowly.

This slow flight gives the pilot the advantage af/img more time to
think and react to the plane.
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The one down side of gliders is that they don'tehédne instant power
nature of powered planes. But their silent flightl dow operating
costs can make them very attractive to new flyers.

Electrics

For electric powered aircraft, including e-glideysu use a
combination of an electric motor and battery systemet your plane
into the air. Electric power has become very popasabattery and
motor technology has advanced. Today's sophisticgtetric planes
can rival the performance of traditional fuel poaeplanes.

Electrics are quiet, clean and very dependableth®mther hand you have the
up front cost of battery packs, and battery chagérou allocate the cost
of these items over their useful life, electrigfit is quite economical.

Electric power also lends itself to small planed ardoor use. Today you can
buy kits, ARFs or RTF electric planes that weighuhce or less. The broader
"parkflyer" weighs from 8 ounces to about 32 ouand can be flown in areas
the size of baseball, football or soccer fieldhe&ds$ require more room.

Some electrics can fly very slowly which allowsrhéo be flown
indoors. Many of these "slow flyers" make excellérst or trainer
planes, even outdoors if you wait for calm weather.

Since you don't have the vibration inherent inrimé& combustion power
system, electric planes tend to be build lightexvéver once you add

the battery system back in, an electric plane témdb® similar in weight to
comparable fuel planes, especially if they have enodbrushless motors and
lithium batteries.

It should also be noted that over the duratiorhefftight, the available

power will start to drop off as the battery packswown. So maneuvers that
can be done

in the beginning of the flight might be difficulear the end of the flight.

This drop off will probably always exist but todsiattery technology is
making this less and less of an issue as flights$iextend from the 5 minute
flights of a couple of years ago to the more comm@+20 minute flights of
today.

One last point on electric power. Because it iamtland quite,

electric planes can sometimes be flown in locatwhere fuel powered
planes might be denied. This factor alone has fnighizeen a key
contributor to the rise of electric power for R@pdénes.

CONSTRUCTION

Today you can select kits, ARFs and RTFs made &osriety of
materials. Which you choose is a matter of perstasé and your
desire to work with that material during a kit losudr repairing crash
damage.

Balsa wood and light plywood construction is thedrand true material
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for traditional kits. You can make very light stgpstructures that

fly extremely well. Add heat shrink polyester fikovering materials,
silk or other covering materials you can constalotost anything using
simple tools and techniques.

First plane/trainers constructed in this way amdyfaesilient, but
hard hits can result in breaks that will need tdden to the work
bench to repair. A hard crash can produce seripustsral failures.

A variety of foams have become popular. EPS, expamalystyrene is
used in cups and packing materials. Major strustare often molded
from solid foam. It is light and fairly rigid. Itan take a pretty

good hit and when it does break it tends to bradérige pieces. A
little 5 minute epoxy can effect repairs in thddiand get the flyer
back in the air fairly quickly.

However repeated impacts can cause permanentalehtiamage that must
be fixed. Accumulated impacts that might not bothéalsa plane can

start to degrade the integrity of the foam causimgss of shape.

Again repairs can be usually effected with piedefeam and epoxy.

There are a wide variety of kits, ARFs and RTF ptabhased on EPS foam.
Because most of the structures can be molded meshize planes can be
built very inexpensively.

Elapor is a branded product of Multiplex. EPO, eagad Polyolefin and Z foam
are similar in character. These are more damagseansthan EPS, but not as
rigid so it sometimes requires more bracing tha EFhese foams will more
likely tear than shatter as EPS does. Using the glyie, each can be fixed
quickly so that the pilot will get back into the guickly. In balance some

feel these are a better choice for models, sogtioisp is growing in

popularity. Each has its own special characteragbigeem to be a good
compromise between rigidity, weight and damagestasce. .

EPP, expanded polypropylene is another popular fibathas been around for a
while. It moves further from EPS in that it is lefgd than the rest of the

foams. In fact EPP is quite rubbery and tends tbdaier than the other

foams. As such it needs more bracing in order tmta@ a solid wing or
fuselage shape. However for damage resistance £fRP king. | have bounced
EPP planes off of hard surfaces and sustained mage at all.

Planes made of molded solid EPS parts tend to &#é@drethan balsa or
EPS structures. EPP is so resilient that it has

spawned a new class of full contact combat flylgpular with slope
glider flyers, EPP equipped pilots will intentiolyatrash into each
other to try to knock each other out of the skyc8ilittle or no
damage will result from the crash, the pilot cast jglaunch for the
next round.

Molded Polystyrene and Polyethylene are also popBlalystyrene is the

plastic typically used in plastic model kits. AndlfRethylene is the kind of
plastic used in plastic milk bottles. Like the fagrthese are inexpensive to
manufacture and can be quite resistant to damagee Ebmmonly seen in small
electric RTF planes, these are growing in popularit

Other forms of foam and plastic are also being usdigst/trainer planes.
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However the ones mentioned above cover the vasirityapf models out there.
Their advantage over wood is resistance to damagease of repair. However
wood remains popular for the light and strong gtmes it can produce. The
foams and plastics just open up more options far pieots.

WHICH FORM IS MOST POPULAR?

Which you choose is up to you. If you like the iddduilding with
wood, you will find a wealth of wood kit based fitseginner planes.

If you want to minimize the build, or minimize tbbance of extensive
repairs, the foams may be more to your liking. Almel plastics are
most typically seen in ARF or RTF packages rathantkits.

If we look at the electric plane market we see ahlmrhigher percentage
of foam and plastic planes as compared to the glotvermal

gliders. This is especially true in the RTF partred market. While

| have no statistics, | would guess that the shtea-wood

first/beginner planes probably outnumber wood starin the electric
market. That doesn't mean that the wood planegaing away just that
the market is expanding very rapidly and most efékpansion seems to
be in non-wood construction.

So, the good news is that you can have whatevemgmi to meet
whatever goals you set for yourself.

Channels of control - How many should you have?

Let's knock down some myths about channels and edraaind can not be flown
and what can and can not be used to learn to igay you can buy RC
airplanes with one channel of control and 12 orendrannels of control.

They can all be flown and anyone who says theyt awrong. Is that strong
enough?

Understand that each channel is used in some wegritwol the plane or some
function on the plane. From a flying point of viewe will be focused on
attitude control. That is pitch, roll, yaw and sgeBroadly you can think

of them as up/down, left right and fast/slow.. Tikist correct,

but for the moment it will do. You can learn thedmeaning of

pitch/roll/lyaw and speed later.

The more channels of control you have, the morérabyou have over the
plane. Dah! However the more channels of contral lyave the more
responsibility you have in applying those contrélslO channel plane has
been designed with the assumption that the pilotuenhow to use those
controls and has a sophisticated radio systemlpthem manage those
channels. Maybe it would be easier to learn if wd &a plane that didn't
need our full understanding of 10 channels of @mtr a $500-$1,500 radio
system to fly it.

So how many is enough. Let's see
One - Probably Not
Two - Yes and Maybe

Glider Yes!
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Many gliders are two channel. Based on their degmncan have very
effective control. You can even fly wild aerobatatsspeeds in excess of
100 mph. Two channel gliders can be very excitind wonderfully enjoyable.

Typically the channels will control pitch and rdllhis can be done with
elevator/rudder or elevator/aileron. With these axes of control we can

have excellent command of the plane. Of coursglidiee needs to be designed
properly for the controls it has, but that will Agiven here. We are not

trying to design planes.

There are hundreds of successful and effectivegtiesigns made for slope
soaring, thermal duration soaring, hand launclgudisgaunch and other forms
of flying. Zagi slope wings, Gentle Lady thermaidgirs, Gambler discus
launched gliders and others are examples of thi$ &f plane. They can be
exciting to fly and can really teach you aboutrilyi So, when someone tells
you that you can't control a plane with only twanhels, they are very
wrong! Go to the glider field or slope soaring dieind you will see all

the evidence you need.

It is for this reason that many people feel the pte to use to learn to

fly is a glider. They are typically simpler in dgsi lower in cost, easier

to understand and do not suffer from complicategdeasive and troublesome
power systems. You could fly for the next 20 yehesse a fleet of planes

and never need more than a two channel radio. dalegen enter national
competitions and win championships with a simp&; tost two channel radio
and a two channel plane.

So, two channel gliders are excellent planes tdasearn to fly. | often
recommend them.

Oh, you never thought of gliders? Maybe you should.

Two channel - Rudder/throttle control or differahthrust - maybe

If one channel is used to control the electric mateen we can control speed
and duration of the flight. Usually these planegehlaeen designed to climb on
power and glide down on reduced power. Rudderdd ts control direction.
Planes, like the Firebird series are of this tyeplacing the motor at the

right angle, the application of power will cause tilane to pitch up and

climb. What this kind of plane can not control egative pitch. That is, you
can't push the nose down to go into a directlyradled descent or dive. This
limits your control in windy situations or wherewoeed a more rapid descent
than gravity and glide path provide.

My personal experience with these planes are liegtfly well and are easy but
they can not be safely flown in much wind by a nelet. Since you can't dive
into the wind they are easily blown away with thietshaving little ability to

fly the plane back up-wind. If you have one, flyritcalm conditions.

An alternate design is the differential thrust medbkat have two motors.
These planes have no flight control surfaces. tlleeexample above, when you
apply full power they tend to climb and when yoduee throttle they glide
down, but you can't direct the nose down to fifjlet wind. These planes steer
left and right by changing the speed of the motors.
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My personal experience with these is that theyeasn less wind worthy than
the Rudder/Throttle planes. In dead calm condititey can be fun but
control is so limited that | can't recommend thenrainers. But they can be
a lot of laughs.

Thousands of new pilots have had their first ta$titying on these
throttle/rudder pr differential thrust planes. Ayal can do some pretty cool
things with them.

However, without the ability to control downwarddh, to dive into the wind,
these planes can be very easy to lose in any batind, especially for the
inexperienced pilot.

Three Channel - Power - Yes

We already achieved a yes for gliders with two cled® For unpowered silent
flight, two is enough. In my opinion, when we hdkieee channels to work

with we have enough control for the new power pitohave a good command of
a plane with a motor. They can control pitch, esitl speed. The plane can be
managed

but the controls are still quite simple. A plansideed around this channel
count, can be a great learning platform and cary ¢he pilot long into the

future.

In my opinion, the most important asset we gaithésability to push the

nose down so that we can penetrate into the wingu have ever seen a
glider pilot fly you know that even though he does have a motor, he has
the able to fly down wind and to come back agaimstwind. This is done
through a controlled dive where the plane pickspged so that its air speed
exceeds that of the oncoming wind and progres$eanade over the ground.

Whether it is throttle/elevator/rudder or throttiedvator/ailerons, this

plane can be controlled and therefore gives thepilthe authority to
command the plane as he wishes. In fact very excpilanes can be made with
three channel control. They can be highly aerolmtithey can be slow

flyers that can fly indoors.

So, in my opinion with three channels we have reddhe minimum channel count
for controlled powered flight. We have enough cohtyet we can use very

simple and inexpensive equipment to fly the plaksingle stick radio with a

slide, lever or switch can provide all we needtdfer proportional control

of the motor, but even with only on/off motor cantyou still have enough

control. However | always recommend proportionaitonl for the motor.

For some, this will be all the control they willevneed. They can have
slow flyers, high speed aerobats, beautiful sdailgssand never lack
positive control of the plane. This is where | sdrmy flight training and
it has taken me quickly into all kinds of wonderfiying experiences.

Four or more channels. - Yes Yes
So, if three is enough, why do we need more? Tha/@nis more channels give

us more control. While we have positive controhdhree channel power
plane, we can have more positive control with foumore. Now we can have
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throttle, pitch, roll and yaw control and apply thall at the same time or
any time of our choosing. This normally translatge throttle, rudder,
elevator and ailerons. This can provide more cdiettdandings, or make 3D
flight possible. Aerobatics can be much more sdjgaited.

While 2 channel beginner gliders are very commathtaree channel beginner
electrics are common, glow powered starter planesmaich more likely to have
four channels. Part of this is a matter of traditnd part has to do with

the nature of the plane. Glow powered starter game typically larger,

faster and more powerful than the typical startectec. While the gliders
might be larger they are normally much lighter &nagrel at much slower
speeds.

A typical glow powered starter plane might be 5mqasiand capable of 50 mph.
It represents a lot more energy than a 3 chanpeluhd electric that is

moving along at 25 mph or a 30 ounce glider flaptifong at 10 mph. When you
tell that bigger faster plane to turn, you wanirtake sure you have as much
control

as possible.

For this reason, while | do not fly glow poweredipts, when speaking with
potential new glow pilots, | normally recommendytlezjuip themselves for a
minimum of four channels. There is no question yfwat can fly a glow
powered plane on throttle/rudder/elevator but yam®find many around on
the shelves of your local hobby store. Where ydusee three channel glow
planes it is more likely to be in the flying wingad pylon racer designs.
However these are not your customary first/trapianes in the glow world.

Five Plus - what are they for?

Let's just finish up with a brief overview of whpy would ever have more
than 4 channels:

Retractable landing gear - 1 channel
Flaps - one channel
Spoilers/airbrakes - 1 channel
tow release - 1 channel

Scale features -

Bomb doors

Powered canopy

and on and on

Show features

Smoke

Glitter

just imagine

And some functions can benefit from using more thia@ channel.

It is very common to put a servo on each ailerath @sign them to individual
channels. Now you can trim them from the radio yma can set up different
up throws from down throws to tune the plane fesldrag. Using this setup
you can also double duty the ailerons as flapgoileys.

Flaps are likewise often split between two chanfaisnore flexible
control.
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Less common is the split elevator that has twoaeon two channels that can
be made to follow the ailerons to make the platigaster or perform other
stunts more effectively.

It goes on and on. It takes expensive and sopaisticradio gear to handle
some of these functions, but that cost is goingrdand the ease of set-up is
going up. Many beginners are now entering the hatitly computer radios as
their first radio, or their first upgrade from anitial 2, 3 or 4 channel
standard radio.

SPACE

How much space do you have for flying? If you htotally clear space of at least 600'X600', about 9
square acres, approx 4-6 squarefootball/socceisfighen most parkflyer class planes should be Tihese
are planes that are typically two pounds or leastgpically fly at about 40 mph or less. Thesenpkare
commonly powered by Speed 400 or 480 brushed matbesy also fly well at partial throttle so thatuyo
can fly at less than full power and have more timghink and less rush to turn.

If your space is more like 200X200, one square acine football/soccer field, then a differentrgas in
order. Now you want something more akin to a sltyerf These planes do ver well under 20 mph and
some can fly so slowly that you can almost jog wlithm. Their main challenge is their light wingdazg
and wign designs make them challenging to fly irrerthan about 5 mph winds. However, for a new flyer
with limited space, they make wonderful first plane

These are my own designations and are based onlgctive
ranking of the space a new flyer should have wkaming on

his own. An experienced fyer can fly faster plaimesmaller spaces,
but a new flyer wants to have more space so youn@tren a constant
state of panic trying to turn.

Of course you can get above the edges of the dietdexpand your space,
but if you lose control, you drop in woods, on taffkids or smash
someone's windshield. If that windshield is in aisdraveling

down a road when you hit the windshield, you caiddse an

accident or worse.

So much for space. You get the idea.

Summary

So, if you made it this far, you should get an alv&y now you should have
seen that there is no ideal best first plane. dtnsyth. Many planes can be
excellent first planes.

What we have discussed are the characteristickapnég that would be better
suited for new pilots.

So, here is my mythical best first plane:
High Wing
Significant dihedral

2 or 3 channel glider
3 or 4 channel electric
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Foam construction - EPP, Elapor, EPO, Zfoam or feR8
I love gliders and feel they make great first pEftrainers
If it is power, | think the pushers are outstanding

I hope you found some of this useful, helpful aedhaps interesting. If not,
how did you get this far?

The AMA

The AMA, the Academy of Model Aeronautics, is aristanding resource to the
new and experienced flyer. | encourage you to becarmember. Here is an
outstanding series of articles published by the Atfiat will be really useful

to new pilots. It is called, "From the Ground Up/'Bob Aberle. | highly
recommend

it.

http://www.modelaircraft.org/mag/FTGU/Partl/indexah

RC Clubs in the United States:
http://www.modelaircraft.org/clubsearch.aspx

International RC Clubs
http://www.fai.org/fai_members/addresses.asp

Good luck new pilot and welcome to RC flying!

WHAT YOU NEED TO KNOW ABOUT RECEIVERS
by Ed Anderson

aeajr on theforums

Revised February 2008

You control the plane by moving controls on thei@abut it is the

receiver that "hears" the radio and directs thasensands to the proper
servos to move them according to your wishes. $@atwo you need to know
about receivers when preparing and flying your @fan

By convention all radio systems use a transmitterareceiver. However in common
use, in the RC airplane hobby we typically refethi® thansmitter as the radio. While this
is technially incorrect, everyone knows what we mea | will speak of the radio and the
receiver. For those of you who are radio systerzswis, | hope you will forgive me

for this convenience.

FREQUENCY AND CHANNEL

Receivers are specific to a given frequency. Fangle, in North America,
NA, our planes can be flown on 27 MHz, 72 MHz, aodv 2.4 GHz. There
are others too. Your receiver has to match theufraqy of your radio

in order to be able to hear it. In NA 72 MHz is sifered the RC aircraft
hobby channel it is split into 50 sub frequencesshannels so that we

can have more than one person flying a plane agam@y time. In NA, 27
MHz is typically only seen in low end RTF planesias shared with low end
cars and boats and is limited to 6 channels.

In the last few years, 2.4 GHz has come on theesaed is growing fast. The
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main attraction to 2.4 GHz is there is no needreguency control, which we will
discuss later. Also, this system operates well alibg frequency level of most of
the "noise" that is generated by other componentise airplane so the 2.4 GHz
systems are less likely to pick this up as interfiee. However because of the
very short wavelength they re more prone to hatliregsignal blocked. More on
this later.

With non 2.4 GHz systems your receiver needs dairifsat matches the
channel of your radio. In RTF packages, this isady done, so you don't
need to worry about it. However if you are buyirmyuyown receivers, you
must match them to the frequency and channel of samio when you buy
them. Your supplier can help you with the detdllae suggestion is that
you not mix crystal brands. They may work but thisoduces a risk that
you are better off avoiding. If you get a Hitece®er, get a Hitec

crystal.

AM and FM and FM SHIFT

Just like your car radio, RC radios can use AM ldrt6 transmit their
instructions to the plane. AM is an older technglogt it is still in

use, primarily in low end 2 and 3 channel radioswdver most new radios
are FM. Both work!

In North America, 72 MHz systems are grouped byg¢hasing positive shift and
those that use negative shift. Typically we spealand Airtronics as

positive shift. Hitec and Futaba are negative shifsome cases these

brands can be made to change shift through a imctlled shift select or
reverse shift that can be set at the radio.

Shift refers to how the radio codes instructionstifie receiver. One is
not better than the other, they are just differ&hfs is only important
when you are buying a new receiver as you neeé tute that your FM
receiver and your FM radio are using the same.shift

Crystals are not specific to shift, but they mayspecific to AM vs. FM.
Be sure you get the right type of crystal for yoereiver.

FM/PPM and FM/PCM

PPM and PCM further define how the radio codes camin to the receiver. We
normally speak of PPM and PCM in the context of Edio/receiver

combinations. If you are buying an AM receiver/mdir a 2.4 GHz system you don't
need to take this into consideration.

FM receivers can be either PPM or PCM. When pesajeF-M, they typically
mean FM/PPM. If they say PCM, they mean FM/PCM.

As long as the shift is right, you can mix branfi&&l/PPM radios and
FM/PPM receivers. On the other hand, FM/PCM regsiage highly brand
specific. If you have a Futaba radio capable of P€smission and you
wish to use a PCM receiver, you must have a FUeatM receiver that is
compatible with that model radio. No mixing bramd$CM.

As far as | know, all FM radios can transmit in FN®M. Some can transmit
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in FM/PCM also. | don't know of any that are FM/P@Mly, but there may be
one out there. If PCM is listed, it is normally extra feature, not a
requirement you use PCM.

Some will say that PCM is better and more reliabt&an neither confirm

or dispute this point as | have not done testingd both and have found both reliable.

| will point you to a couple of articles that disses PCM, how it works and their opinion
of the advantages.

Futaba FAQ on Advantages of FM/PCM over FM/PPM
http://www.futabarc.com/faqg/product-fag.html#g102

Article on PCM vs. PPM
http://www.aerodesign.de/peter/2000/PCM/PCM _PPM.leng#Anker143602

PCM receivers tend to be more expensive, largehaadier. From what |

gather FM/PPM is what the overwhelming majorityflpérs use. FM/PCM seems
to be most popular in the high performance woridhgscale and

competition planes. Choose whichever you like gseeiwill fly your

plane.

RANGE

For practical purposes, range is determined byedbeiver, not the radio.

It is a function of sensitivity of the receiver aitgl ability to pick out

the radio signal and filter out noise. Many brastdge the rated range of
their receivers and some do not. | suggest yol gtith brands that state

their rated range or at lest advise of their iredmurpose. Otherwise you
could end up flying beyond the range of your reeeiv

How much range is enough? That depends on thecafiph. You can
NEVER have too much range, but you can have tde.lif the plane
gets out of range it will crash or fly away. Moege is always better.

Here are my suggestions for minimums:
Indoors

Indoor planes are usually very weight sensitiverggram counts.

To get extremely light weigh, sometimes range basetsacrificed but that
is OK indoors as long as you know what it is. |gest 200" minimum and
more is better but you may be fine with less. Mardpor flying spaces are
less than 100 feet along any span and you areaiod ¢o accidentally fly
past the walls.

Outdoor - Planes

Slowflyers, micro helis and small electric planesler 36" wing spans can
often get by with ultra light receivers with rangdsas little as 500

feet. This is adequate if you have a small moddlyan a small field of
under 500 feet in span. Many of these small mockehsbe hard to see at
ranges of more than 300 feet, approximately thgtkeof a football field.

| prefer more range, but many people do fine widl ®ot receivers. The
GWS pico 4 channel is a good example of this kihikoeiver.
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Today there are plenty of micro receivers with 1@Qyreater rated range
that are under 1/3 ounce, about 9 grams. | hasega field that is 1600
feet long so it is easy for me to get a plane eybbd 500 feet without
realizing it. While it can become hard to see ttarthat range, | don't
want to lose it because | ran out of receiver range

If you can tolerate up to 1/2 ounce, about 14 grdarsyour receiver, then
there is no reason to use a receiver with a 500réome limit, except

price. The Spektrum DX6 receivers are good exampley in size they are
a safe working range of 1500 to 2000 feet. ThedH\iliécro 05S at .3 oz,
about 8 grams, has a range of 1 mile. Berg, FMA&®iand others make tiny
receivers with over 1500' range ratings. Why liputirself with short

range receivers and take a chance of losing yolel#od

For 2M gliders, sailplanes, fast electrics or glanes with wing spans of 2
meters, about 80 inches or less, | recommend anmaimi of 2600 feet, 1/2

mile or 1 KM depending on how your receiver speaesgiven. More is ALWAYS
better.

Planes with greater than 2 Meters or 80 inchesgapécially thermal
duration sailplanes, | recommend you use a receiitera 1 mile, 1.5 KM or
5000 foot + rating. It is quite easy to get thelaes out 3/4 of a mile,
especially the larger sailplanes, and you don'tw@have signal problems
with a plane this large that is out that far. TWill give you good

signal strength for the likely distance you wilf the plane which is
probably no more than 75% of that range.

If your receiver is rated for "line of sight" thaieans that as long as you
can see the model, you should be able to contréhiése receivers will
be your longest range receivers.

SIGNAL PROCESSING - Single and Dual Conversion, 8B more

In addition to range, 72 MHz FM receivers will uByapecify if they are single
conversion, dual conversion, or that they use sotier method of signal
processing. | will leave it to the engineers tago depth here.

However, as a general rule, dual conversion iebétan single but there

are excellent single conversion receivers that liiyi¢al signal

processing and other ways of making sure they picthe right signal.

| have no hesitation to use single conversion weesiwith 2600 foot, (

1KM or .6 mile) rated ranges in my models that Ww#l flown less than 1500
feet out. Most of my electric planes can't be gdkilwn further than

that and since | am operating at less than 70%utiped range | feel comfortable
that good quality single conversion receivers sthdod fine. This includes

my 2M sailplanes.

For my larger sailplanes | use only dual conversemeivers. Here | am flying
planes, that may be over 1/2 mile out and 1000deatore in altitude. | need
every bit of signal processing | can get to induget clean control. | can't afford
even a single glitch. If my plane is on 72 MHz Inva dual conversion system.
You make decisions based on your type of flyingsTfiwhat | do.

Some receiver brands offer single conversion, doaVersion and perhaps
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other types of receivers. Be sure you get the kgitd of crystal based
on the receiver. For example, Hitec dual conversimeivers and single
conversion receivers take different types of cigstadon't know what
makes them different but you can not interchangenthilhey won't work.

CHANNELS

We spoke of channels above in terms of frequenayaldo use the word
channels to describe how many servos/devices yoeaatrol. So a 4
channel radio can control up to 4 devices. It istOKave

more channels in the receiver than your radio kaoae slots are used for
things other than channel control. For exampleigfhave a 4 channel
radio and are flying a 4 channel plane your slatghtrbe used like this:

1 per control channel = 4
1 receiver battery
1 for plane locator or battery monitor

In this case you might want a 6 channel receiveite you 6 slots. Or you
can use one or more Y cables to share slots. Hawerefer to have a
receiver with extra slots rather than use Y cablésel it will give me
greater reliability. Rather than putting money iteables | would rather
put the money into the receiver.

If you have a 3 channel electric plane, you needramum of a 3

channel receiver. You don't typically need a seeaskot for a receiver
battery as your electronic speed control normalbvaes the receiver with
battery power from your motor battery. You can as 4, 5, X channel
receiver, but it must have at least 3 channels.

You can also use a 2 or 3 channel receiver wittboamore channel radio,
but you will only have 2 or 3 channels of contrehgable. An example
might be to use a 3 channel receiver for your Riii&he but use a 4
channel radio to fly it. That works!

COMPUTER RADIO AND CHANNEL MIXES
True for all radios regardless of frequency

If you are splitting functions using mixes in a qauter radio your

receiver may need more channels. For example Lifnvave a computer
radio, you might be able to use two servos for yailarons and have each
work from its own channel. Each aileron will be trofled its own channel.
Some radios can put the second aileron on any ehand some require they
be on specific channels. Consult your manual fadance here.

Here is an example where we use more than onéoslatfunction because we
have individual servos on each surface. This iddpeut of one of my

gliders and is controlled from my Futaba 9C compta€io. | use an 8
channel receiver and 7 servos.

Ailerons - channels 1 & 7
Flaps - channels 5 & 6
Elevator - channel 2
Rudder - channel 4
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Tow hook release Channel 8

Battery - uses channel 3 slot

Plane Locator - Shares channel 8 slot with thelioad release servo
viaa Y cable

POWER TO THE RECEIVER

Note that most receivers operate at 4.8 to 6 Vohss is usually

supplied by a 4-5 cell NiCD or NiMh receiver patikplanes using glow or
gas power, or in gliders, this is a battery paek glugs into the

receiver or into a switch that goes into the reeeifhere are some new
receivers that can work on a two cell lithium pa¢k .4V, but these are
rare. There are some tiny receivers, made for inflight that can

operate one lipo cell at 3.7 V, but these are als®. Always read your
manual, but in general, never directly plug a gtpack of more than 5
cells, or 6 volts into your receiver or you willease the "magic smoke" and
the receiver will not work. You could fry the sesvtmo, so RTFM, read the
friendly manual.

If this plane has an electric motor, the receivéirmost likely get its

power from the ESC, electronic speed control. Nlo&t even though your
flight battery might be 7.2V or higher, the ESC badrcuit that steps

this down to 5 volts to power the receiver. Thigugit, called the BEC,
battery eliminator circuit, eliminates the needdcseparate receiver battery.

If you look at the manual for your ESC, it probabigicates that, if you

use more than a certain voltage for your motor pgol will need to go to

a separate receiver battery. This is because tlid3E only step the
voltage down so far. Or it may say the BEC can lang to 4 servos on the
receiver up to a 9.6V motor battery, for exampl#,you are restricted to

3 servos if you go above that. After that it habédbypassed, you need

a separate receiver pack.

Thre is an article on the BEC in this e-book. Beedo read it.

Summary

The receiver is the most critical of all the eleaics you will put in

your plane. The most expensive radio with the veldeatures is just a
paperweight without a good receiver to carry caltristructions. While
the terms can be confusing at first, you should bevprepared to choose
a receiver with confidence. Remember to always wbysur radio manual
for any specific needs of your radio system.

A key point is that it is the receiver and not thdio that really

dictates the range you can expect. | encouragéoyba very aware of the
range rating of your receivers so you don't lopéaae by exceeding your
safe range.

Your receiver has to have enough channels to acoepinands from your radio
and to accommodate the number of servos/devicebgeoel in the plane.
However the number of channels in the receiver doésave to match the
number in your radio.
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Your receiver needs to match your radio in the adahift, frequency and
channel as well as FM/PPM or FM/PCM features. RdfFPPM you can mix and
match receiver brands, but with FM/PCM you can't!

A new generation of radio systems are now comit@\vide use. These are based
on 2.4 GHz and do away with many of the issuespaiwts of consideration
discussed above. Here are a few links that mayf beerest to allow you to

get to know this technology. | have been encouraglhnew pilots to go this

way. 2.4 GHz is here, it is now, and it appeansddhe wave of the future.

http://www.rcgroups.com/forums/showthread.php?t5BEB&goto=newpost

2.4 GHz - A Broad Market Review
http://www.wattflyer.com/forums/showthread.php?tZ@

Good general article on radios by the Torrey Paaks Web Site.
http://www.torreypinesgulls.org/Radios.htm

RADIO SYSTEM BASICS
By Ed Anderson

We will discuss the parts of the radio system dnair tfunction. While the transmitter is the stathod
show, without the other parts of the system, ittodm anything for you. So, | will briefly cover ¢hother
components of the radio system first.

| can't place photos in the article. Below arefgthetos. They were uploaded in the correct order.

Some of the photos in this article have been taifeny own equipment either on the bench or mouiried
my planes to help you see how it all goes togethsould also like to take a moment to thank HIRCD
USA, Inc., for providing access to their image dityr to help us provide additional pictures that wilp
illustrate the article.

PARTS OF A RADIO SYSTEM

First we have examples of two radios. One is a shil, typical of radios with four or more chanmerhe
other is a single stick typical of two to three ohel radios.

Next is a photo of three servos. The top is a Fusthndard size servo, the middle is a Hitec nservo
and the bottom is a GWS sub micro servo. | seleittesk three to illustrate the range of servo sirethis
group, each servo is about half the size and waeifjtite one above it.

Next we see an electronic speed control, an ES@hwtould be used to control an electric motorrrea
glider. Pure sailplanes would not have an ESC.

In the next photo we see the interior of one ofpianes, a Great Planes Spirit, showing two setthes,
receiver, a switch and the battery as they are tedun the plane. Note that the battery is wrapped

Velcro, which is glued into the plane to hold ttadtery in place. Likewise the servos are mountat wi
screws and the receiver is secured with doubleddigige on the bottom.

The white control arms on the servos will be coted¢o rods that operate the rudder and elevaiou. Y
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can see one of the rods, which is yellow, on tipeatad to the left of the servos. The receiver ardemins
down the interior of the plane and exits at the seathat it is fully extended for best receptidhis is a
typical set-up for a beginner plane. Add a radamnect and adjust your surfaces, balance the plade
you are ready to fly.

Here is another installation. This one is in my iZdgpe glider. This is a flying wing. You will sée the
photo that the components are embedded into tim édahe wing. At the top is the green batteryntlyeu
see two standard size servos, one to either sidally-in the center you see the receiver.

The wires have not been finally connected in thistp. The antenna runs through a tube that is eddaed
in the right side of the wing and exits at the wiipgwhere the antenna wire hangs lose. In thid kifh
plane, the electronics are sealed in with the oeairfig tape and covering.

This photo shows the wing finished. Notice the cointods that connect from the servos to the elevon
control surfaces. Note the switch, which stickstbubugh the covering for access. The receiverthad
battery are completely buried.

Let's take a look at each component and its functio
The Receiver

The receiver captures the signal from the transmittecodes it and uses that information to corie|
other parts of the radio system. The importantghknow for now is that the receiver needs to be
matched to the transmitter for them to work toggtti®ugh in some cases they don’t have to beahes
brand. They do have to be on the same frequenclgannel. You can get more detail in the articles on
receivers, a different chapter of this e-book.

In the photo below you will see two holes in thatee of a typical 72 MHz receiver. Receivers onvitaz
require a crystal to set the sub frequency withsm2 MHz band, similar to having channels on ybur
set. This is where the crystal is installed thdt @ésignate the channel for the receiver.

Note that in RC flying we use the word channeMn tvays, which can be confusing. We use channel to
describe the sub frequency of the radio/receivettipnation. We also use channel to describe how many
devices the transmitter/receiver can control. Tém&ycompletely different and the use of the samel iar
both in unfortunate. We will discuss more aboutretes later.

You also see in the photo the pins on the rightrestiiee various components plug into the receivereH
you plug in your, servos, ESC or some other accggseces. The receiver shown is a six channelivece
so it can manage up to six devices under the direct a transmitter if the transmitter is abldr@nsmit
on 6 channels. We can still use this receiver ifrjfoansmitter that has more or less than 6 channel

Frequency Bands

Today transmitter/receiver systems are availabla wariety of frequency bands. In North America the
most common ones used to fly RC airplanes are 2Z, MR MHz and 2.4 GHz. In the case of 27 MHz and
72 MHz the transmitter and receiver must be orstivae frequency band and on the same channel within
that band. The pilot must insure that no otherrflygon the same channel or the radio systemsaritie

in conflict and the planes will crash.

While some older 27 and 72 MHz radio systems weadable using amplitude modulation, AM, which is

similar to the AM radio on your car, today most isuency modulation or FM systems which provides
cleaner signal. It is hard to find a new AM systieaay.
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Finally within the 72 MHz group there is the questdf shift. Shift relates to how the signal is eted. It
is sufficient to say that a positive shift trandmiitneeds a positive shift receiver and likewisthwiegative
shift. We usually speak of Airtronics and JR asggiositive shift systems while Futaba and Hiter ar
negative shift systems. There are many modelscefivers that can receive both positive and negativg
signals. We call these autoshift or shift selecéneers. In addition, some transmitters can chahejie shift
to match a particular receiver. The technical detie unimportant other than that the transméttet
receiver must use the same **** or they can't tedleach other.

Enter the newer 2.4 GHz radio systems. | am naigyto go into depth on any of the frequency sysfems
however | want to point out that, with 2.4 GHz adiystems we do away with the pilot needing to be
concerned about channels or shift. The radio sysaées care of this automatically and automatically
insures that there is no conflict with any othatioasystems in the area. For this reason many rlete p
are selecting their first “hobby grade” radio sysseon 2.4 GHz. Likewise many current flyers are
converting to 2.4 GHz to eliminate the concern dloxannel conflict.

Range

One important thing you need to know about recsivethat the receiver is usually the part of thdio
system that determines the effective working rahgeéll discuss receivers in more depth in anotaeticle,
but the fact that the receiver determines rangeldhghow you that you need to consider what recejva
are using in each application. If your receiversinet have enough range, then you could fly beytsnd
capabilities, resulting in a crash.

| bring this up because some receivers have wornkinges of as little as 300 feet while others hanges
in excess of a mile. Therefore you must be suregbeiver you are using is appropriate to your
application.

Servos

Servos contain motors that are used to make thmmy® in the plane. They will be connected to the
rudder, the elevator, the ailerons, the flaps ahdrahings in the plane that need to be movedakem
them operate. Servos come in a wide range of aizéstrengths. We will want to match the servdéo t
job to be sure it is strong enough, can fit ingpace available and be no heavier than necessarcass
weight on a plane is a not good.

A simple 3 channel electric plane will have twovesrthat manage the pitch and roll functions wiike
electronic speed control manages the throttle. Moreplex models may require six or more servos. We
won't get into servos to any degree here excepaijothat the servos plug into the receiver andorepo
instructions sent from the transmitter to the reeeiUnlike the receiver, virtually all servos woskth all
receivers as long as the plugs match; and mosf gou are buying new servos with universal plugs,
can readily mix and match brands with little likedod of a problem.

Batteries
Your radio system works on electricity, which igpplied from a battery pack that is made up of ¢cells
usually rechargeable cells. Nickel Cadmium, NiCakidl Metal Hydride, NIMH, and Lithium Polymner,

LiPo, are the most common rechargeable cells usedriairplanes.

NiCd have the lowest power to weight ratio whil¢hiiim cells have the highest of the ones mentioned
here. As a result Lithium and specifically LiPo ka@are growing in popularity.

Whatever cell types you use make sure you usergehtnat specifically works with that battery type
Charging with the wrong type of charger can danthgecells or lead to a fire. Make sure you have the
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right type of charger.

There will also be a set of batteries in the traittem If your radio system uses rechargeable batiethe
package will normally include a battery charget fhlags into the wall and charges the radio. Tlaeee

more sophisticated chargers available, but for rpesple these simple chargers work just fine feirth
transmitter batteries.

The Switch

Most electric planes do not have switches. You pahem on by connecting the battery. When you are
finished with that pack, you disconnect it and remi for charging. Note that if you leave the bajt
connected, there will be a constant flow of poweethie speed control. This will drain your batteack. If
the pack is NiCd or NiMh, little damage will occlifrthe battery is Lithium, this may destroy thetbay
pack.

Electronic Speed Control - ESC

As covered in an earlier article, the device thmattols the motor is called the ESC or electropiees
control. Typically there will be wires that go teet motor, wires to the battery and wires to theirar so
the ESC can distribute power to the receiver, asgand to commands from the transmitter to cotitl
speed of the motor.

multiplex speed control.jpg
Accessories

There are lots of other things that can hook ihtoreceiver and become part of the radio systeingsh
like altimeters, lost plane locators, battery morsitand the like. However they are not core toofheration
of the plane.

The Transmitter

Finally we get to the star of the show, the trart®niThis is the part of the radio system you holgiour
hands. It has those lovely sticks and switchesthingis that allow you do what you need to do tcefly
plane that is hundreds or thousands of feet awalg whu are standing there on the ground.

Transmitters come in a wide variety of prices aapabilities. Of all the investments you will make i
getting started in RC flying, your radio transmitie one of the most important. Which radio yolesel
will determine how easily you can set-up your plamav easily you can adjust and trim it and how
complex a plane you can fly.

| divide transmitters, typically called radios,artivo groups, standard and computer radios. Stdndar
radios retain the settings for the currently floglane. If you want to use that radio to fly a difet plane
you must manually make adjustments to match thepiame. With computer radios, you can store the
settings for many planes in what we call model méeso You select the plane you want to fly from a
menu and the radio resets everything to matchntioatel. There are many other features that computer
radios bring to the hobby, but for the moment trie feature adequately separates computer frordast@n
radios.

Like all areas of electronics, new models comeofign, with each having more features and usually
delivering those features at lower prices tharpife¥ious generation. Features that were only availiz
high end systems just a few years ago, like el@r@hV tail mixing, are now standard features onesoifn
the lowest cost radio systems on the market.
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Budget

For most people budget will be the determiningdaat what radio system they buy. Let me say hieag t
you can get a quality three channel radio for uigb€r that will fly any of the typical starter eldctplanes.
However, as you will see, there are many more dapabios that are worth your consideration. Thigro
convenience and higher degrees of control and aadlé more complex planes. Depending on where you
plan to go in this hobby, a larger up front invesitnmay be money well spent.

Attachments
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CHANNELS AND CHANNELS

One of the things that confused me when | firsttsthflying RC airplanes was this business of cletsin
When using radios based on 27 MHz, 72 MHz and nadngr frequencies, channels can refer to the
operating frequency of the radio. As stated abitve critical to know the channel so that the tanitter
and receiver can be placed on the same channein€haatching is usually done by inserting a cilysta
into the receiver so that the receiver matchegliamnel of the transmitter.

Likewise it is important that other flyers in theea know what channel you are using so that cdrdftia
be avoided. If two planes try to fly on the samarutel, both will most likely crash.

Channels can also refer to the number of functibagadio system can control in the plane. We spéak
three channel airplanes, four channel airplanesa@ channel airplanes. Today you can buy radiais t
can provide twelve or more channels of control. YWwar would do with all those channels dependshen t
plane, but it is enough to say that for some apfibos, twelve channels are not enough.

In the United States, radio frequencies and thedsware regulated by the Federal Communications
Commission, the FCC. The FCC has designated tiMH2band as the primary recognized frequency
range for model aviation. Please don't buy a rati@5 MHz as that is designated for ground use asch
cars and boats. The 72 MHz standard is also rezediiy Canada’s regulatory organization.

If you are interested, this link will take you teetFCC site for more detail. You don’'t need knoe th
details, but some people may find it interesting.
http://wireless.fcc.gov/services/personal/radioogfdata/bandplan.html
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The 72 MHz band is then broken down into 50 chamglich are designated as channels 11 through 60.
So, when you go to a flying field, you will heargmde asking what channel you are using. There will
usually be a channel control board where you mdr&twhannel you are using. In this way we contrel t
channels to be sure that two pilots are not tryinfly on the same 72 MHz channel.

If you look at the FCC also allows planes to bevfiausing the 27 MHz frequency range which is didide
into 6 channels. Radios on 27 MHz are usually pge#tavith low cost model airplane packages, which
include a dedicated radio that is only for use \lit model. Many 27 MHz based planes are quitaldap
flyers and these radio systems are usually adedmalbe job. However note that these channelsitfike
between the channels used by citizen band radiasyMeople are concerned that local CB use would
bring a plane down. | started my RC experienceb wi27 MHz based plane and never had a problem, but
in other areas of the country interference couldnoee prevalent.

If you are considering a package that uses a 27 MH system you must be especially alert becaidse
MHz is also used for low end cars and boats. Ththtith the RC car could be on 27 MHz and on your
channel. So keep an eye out for other RC useslaaysspeak to anyone using an RC device to be sure
they are not on your channel.

Enter 2.4 GHz radios to expand our choices. Oriheif key values is that these systems take care of
channel selection and conflict issues automatic&8lty with 2.4 GHz systems we don't talk about
frequency channels because we don’t have to wdnoytat. For this reason alone many people are ngpvi
to 2.4 GHz radio systems.

CHANNELS OF CONTROL

The second use of the word channel in relatiomdborsystems has to do with how many channels of
control they provide. A three-channel radio cantaarihree devices on the plane. A six-channeloaain
control six devices, and so on.

Some channels are proportional which means as ywe tine stick, dial or lever, the device is conéal
in a proportional fashion. Move the stick left @ldi bit, the rudder moves left a little. If you peit a lot,
the rudder moves a lot. That is proportional cdntro

Other controls have definite positions. For exantpéelanding gear switch is either up or down. €her
no half way. Some channels are controlled by sw#ckvhich might have three positions to desigrateet
conditions such three different positions of ttep#§.

If we look at the common starter electric planestmequire only three proportional channels of malnt
You need pitch and roll in order to manage the @larthe air. Add to that a throttle channel.

In general, you can fly almost any model airplarit & four channel radio. That allows you to manage
elevator, rudder, ailerons and throttle, for a padeairplane.

Radios with more than four channels provide greidgaibility. A six channel radio can add the caitof
landing gear and flaps. If you had more channelsgauld control smoke, lights, and other thinggtem
airplane.

Let me leave the topic of channels on this notes ¥an buy radios with two channels and you can buy

radios with twelve channels, and every step in betwWhat you buy will be determined by what you
need, what you plan to do, and how much money ywe o spend.

PRICES AND PACKAGING

62



Before we can talk about prices of radios we nedittaware that radio systems are typically padkage
several ways. You can buy the radio alone, or youget it with the receiver and it is very commoralso
include some number of servos. In some packages thay be a switch and a set of batteries and psrha
some servo extension wires. When you are lookirggiegs for radios be sure you know what is inctide

Some package deals may be nicely priced for whafgg, but may include components you can’t use. Fo
example the package may include standard size senayour plane may call for micro servos. If you
really don’t need those standard servos you catheuat aside for use in a future plane, or you mimght
better off buying the radio alone and getting & separately. However, if the components ard, rigis
more convenient and often more cost effective ti bil as a package.

WHICH BRAND IS BEST FOR YOU?

There are many brands of radios. The big namesaril@bby are Hitec, Futaba, Airtronics, JR and
Spektrum. However there are many other brandsdidsaand many of the smaller brands are very good.
There are also private labeled radios that arealigtmade by these major manufacturers under privat
label agreements. If you stay with these top fiwa gan be pretty confident of getting good quality
products with good service to back them. Howeveanifther brand is popular at your club and thesclub
experience is good, don't be afraid to stray frbwnlbig five. The experience of your fellow flyessa
valuable guide.

In fact, many people will tell you that the besad and model for you is the one or two that aretmo
common in your club. If you get one of these theilebe many people who can help you with their.use
The assistance of a fellow flyer at the field canelsitremely valuable so don't overlook this facfidiere
can be safety in numbers and convenience in usmgame type of radio that everyone else is using.

STANDARD VS COMPUER RADIOS

In the olden days of as little as 20 years agaethere standard radios and computer radios ancbte
differences were huge. Standard radios had 2-6ngtsuof control, trim slides and perhaps not muchen
If you needed to reverse a servo you remountedused a servo reversing adapter. If you neededape
mixes for V tail planes you had to buy devicestibip the plane to create the mix.

Features like servo reversing and end point adjgrstiwere later added to these standard radios. didey
good job, but were set-up to fly one plane. It wenmon for pilots to have one radio for each planthsy
could set it to the specifics of that plane andéeidthat way. You could reset for each planethist was
troublesome and error prone.

Along came computer radios and the ability to stordtiple model’s settings in the radio. Now ondica
could be used to fly many planes. In addition #dio could do channel mixing inside and transmntib ithe
receiver directly. You could mix channels togetttemanage V tail planes or elevons for flying wings
You could also control how far the servos wouldtwhich is a great way to get the right amounthobtv
in your control surfaces. This was heaven, butis expensive.

However if you buy a new radio today many of thesteexpensive radios will allow you to reverserase
from the radio and include V tail and elevon mixiagd some even include end point adjustmentslfo he
you set the movement of your control surfaces. & veexe features that were common to the high end
computer radios. Now they are appearing in theclraslios so every year you get more for your money.

However only the computer radios can store thénggstfor multiple airplanes. For many this is thaiost
important feature.

So let's take a look at some real radios, what thelude.
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Summary

So, that wraps up our discussion of radio basidsléMve covered a lot, there is a lot more we cdade
discussed, but my fingers grow tired from typingl 3ou need to take a break from reading. Ask your
guestions, make your statements and share you kdgel It will make this all the more fun for all as.

THE AMA PARK PILOT PROGRAM
http://www.modelaircraft.org/parkflyer.aspx

Since this e-book is focused on electric flighthdught it would be appropriate to put somethinghout
the AMA membership program developed specificalithwvelectric pilots in mind. At half the price of
regular AMA membership, it seems to offer a nicelgaae for pilots who are not interested in larger
planes, glow planes, gas planes or jets.. If yeypaimarily focused on small electrics, electritidwor
small gliders, this is something you should conside

In addition, the AMA is looking to help form Pariid® clubs and help those clubs establish Parkt Pilo
fields. These clubs would be focused on flying gfarérs and would not be open to gas, glow, jetmaye
planes. As a result they can be located in smédiiels and potentially in places where regular ANI&lds
have been rejected or cast out.

Certianly sounds interesting.

Park Flyer Definition:

Park Flyer models will weigh two pounds or less Bedncapable of reaching speeds greater than 0 mp
They must be electric or rubber powered, or of simjilar quiet means of propulsion, including glisler

Models should be remotely controlled or flown wétlzontrol line, remain within the pilot’s line afjat at
all times, and always be flown safely by the oparat

Flying Site Development:
http://www.modelaircraft.org/UserFil...iteBookletlp

The AMA is encouraging the development of new,cidlly recognized AMA Park Pilot sites in metro
areas throughout the US. As an aid in reachinggibéd, we've developed a special “How to Start &kPa
Flying Site” turnkey package so members who ar@grio secure a field won't have to start from scha
when they approach landowners or officials resgmeador regulation of public facilities. The packag
includes a DVD to show landowners and park offgiahat park flying is all about—and how differént
is from the engine-powered, radio-control flyinglwvhich they may already be familiar. There aps tin
how to approach officials and landowners, plusricdions on how to set up a field. It even includes
guide for how to quickly and efficiently organizelab, its bylaws, and field rules. And best of all
members will be able to inform landowners and ddficthat they’'d be covered by AMA site liability
coverage in the amount of $2.5 million, which sladosgrve as a great incentive. The goal is to make i
easier for official AMA recognized flying sites be developed quickly and in great numbers.

Rebates

http://www.modelaircraft.org/parkflyer/shops.aspx

Offset the cost of your new Park Pilot Membershfiien you join you will receive rebate coupons itiryo
membership package worth upto $50.00 Our partnetade: Hobbico, Ready to Fly Fun, Hobby-Lobby,
RC Micro World, and Rotory Modeler. Check out thegb sites to see all the products they offer.

Click to join
https://www.modelaircraft.org/joinrenew.aspx
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If you have been turned off by traditional AMA chjlperhaps the best thing to do is to form your olub
around the kind of flying that interests you, paréfs.

What Goes on Which Stick?

by Ed Anderson

aeajr on theforums

If you are flying an RTF electric plane, your radiod servos are already set-up for you. Howewaof
are setting up an ARF or finishing a kit, you vii# installing your own radio equipment. So, whitlffs
goes on which stick, and why?

We usually talk about what surface is controlledathat stick. However,
that is not really the right way to look at it.

First, the control axis:

Pitch - nose up/nose down - usually controlledreyelevator or elevator function of elevons

Roll - rotation of the wings around the fuselag®ntrolled by ailerons or the aileron function t&wons.
If the plane does not have ailerons or elevons thl can be controlled by the rudder or the rudde
function of a V tail rudervators, depending on dlesign of the plane. On rudder only planes theeudd

works with dihedral in the wings, the upward slafithe wings, to roll the plane.

Yaw - movement of the nose left or right - contedlby rudder or the rudder function if V tail
ruddervators.

Speed - throttle control

If you are in a different part of the world, you yrize flying mode 1, 3 or 4. | live in North Amerieéhere
Mode 2 is the standard, so the rest of this po$beireferencing mode 2 control positions.

Note that | mention Mode 2, which is marked with thbelow.

Left stick ............... Right Stick .............Mode

Pitch and Yaw ....... Speed and Roll .............. 1
Speed and Yaw*......Pitch and Roll*.............. 2*
Pitch and Roll .......... Speed and Yaw ........... 3
Speed and Roll ........ Pitch and Yaw ............. 4

For a power plane, landing gear, flaps and othen sunctions are assigned
to switches, buttons, dials, sliders or levers,dratnot defined as part of the mode definitions.

For a two stick radio, used in mode two format, stendard format in North
America, pitch and roll are on the right stick witill ALWAY'S being your
primary turning control. Yaw and speed control @nethe left stick.

Based on mode 2 it is very easy to move from a sl to a single stick radio as the right, or tméy
stick, always have has your primary fight contiblsitch and roll.

Primary Speed control
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Since this is written for electric flyers, we wassume you have an electric motor. On a two séidior the
speed control is on the left stick and is contbly the motion that goes toward you to turn theamoff
and away from you to give full throttle. For a dimgtick radio the throttle control is usually dretleft side
and will be a slide, switch or lever.

Where does the rudder go?

Confusion often exists around where to put the endDepending on the design of your plane, theeudd
can play different roles so its placement can cham a three channel electric plane without ailsythe
rudder is your primary turning surface. It providexh roll and yaw control so it goes on the rigfitk for
roll control, as the primary turning surface. Tsiigk also has pitch control provided by the elevathe
rudder will work with a feature of the wings, calldihedral or polyhedral, to roll or bank the plavieen
you want to turn.

What if there are ailerons, or elevons?

Primary flight controls of pitch and roll are alweagn the right stick, or the only stick. If thisds3 channel
plane with throttle, aileron and elevator contrady, like a flying wing that has elevon controt®fnbined
elevator aileron in one surface), now where dotltpimgs? Think of function rather than surface god
will know immediately. Which surface provides rofintrol? In this case it is the ailerons, so theyg the
right stick with the elevator which provides pitctntrol.

If this is a 4 channel plane that has aileronsanadder, the ailerons are your primary roll cohtso they
go on the right stick. The rudder moves to theheftd stick to provide yaw control, which helps the
ailerons turn the plane smoothly.

If you are flying off a runway, the rudder can lwvaluable as it helps control your path down the
runway during take-off and landing. If you havei@esable ground wheel it is usually attached to the
rudder or the rudder channel. The rudder, in thigfiguration, also plays a valuable part duringliag
when we may wish to redirect the nose of the piaitieout tipping the wings using the ailerons.

Moving from single stick to dual stick radios

Some people feel it is confusing to move from glsirstick radio to a dual stick, radio, howeverati are
flying mode 2, it really isn't confusing at all.ybu think of your radio and your controls in thisnner,
there is no confusion moving back and forth betwsiagle stick and dual stick radios or betweeneghre
channel R/E/T planes and A/E/T planes or plangsaiteeA/E/R/T.

On a single stick radio, pitch and roll are onshmgle stick, which happens to be oriented to itjlet Iside
of the radio. If this is a dual stick radio, pitehd roll are still on the right hand stick. It dogsnatter if it

is a rudder/elevator plane or an aileron/elevakanga Pitch and roll are on the right stick, or ¢imdy stick.

Think of your controls this way and there is neaetoubt what goes where or which controls to usenwh
you switch between radios and planes.

I hope this was helpful.
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