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   Under no Circumstances May you Trespass on LANDFILL  PROPERTY ï  see your Instructor. 

 

 

I.  Introduction to R/C  Flying. 

 

 In this day and age of sophisticated electronic devices found in most homes in the USA, there is 

hardly a person who can read and write who isnôt familiar with the things called óRadioô.   They are the 

magical devices that can send and receive waves of electromagnetic energy through space to allow us to 

send voice, images or electronic commands from one point to another without needing to string wires or 

cables between the two points.  

 

 Many young boys and girls have dreamed of one day owning an airplane and being capable of 

flying it through the air from state to state or even across oceans.   Unfortunately, that dream requires a lot 

more wealth than most of us will ever be able to acquire.   But, there is an alternative to actually being 

inside the plane and flying it.   Many people are able to execute any possible aerial maneuver using a small 

(and some, not so small) model of an airplane that is controlled completely by radio commands from the 

would-be pilot. And this form of flying is available to anyone with no more monetary investment than what 

would be needed for a decent bicycle, tennis outfit, cheap set of golf clubs or numerous other hobby 

paraphernalia.  

 

 RC (Radio Controlled) model airplanes are not toys, and, indeed, speaking as a licensed 

commercial pilot, they require more skill and mental alacrity than many   tasks required for flying the real 

(known as óFull Scaleô )  airplanes.   For example,  when flying  inside a real airplane , a right turn ( or 

óBankô )  is always done to your órightô.   A Left turn is always to your óLeftô.   Not so when flying an RC 

model. In flying an RC plane  away from you, a left turn is to your left and a right turn is to your right as 

you look at the plane.   But, if  that plane is coming toward you, a right turn from the airplaneôs perspective 

is a óLeftô turn as you see it happening.  Think about it using your hand as an airplane; first going away 

from you and then turned around coming at you.   There are numerous situations where óControl Reversalsô 

such as these must be considered .   For these and many other complicated reasons, flying an RC model 

requires great skill and concentration. 

 

 But, donôt be discouraged as learning these skills are a large part of the joy of flying RC.  Many 

people approach a local club or RC pilot and obtain help in learning the basics of RC flight. This  saves 

many  models from an early grave.  Indeed, many clubs have a designated pilot(s) whose job it is, is to 
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teach you how to check your airplane before each flight and to teach you how to take-off, do some basic 

maneuvers and óLandô your plane safely ( more than once ).   He will also teach you the safety rules each 

club follows to insure that all flyers can have an enjoyable outing without infringing on the rights, 

enjoyment and safety of others.  Your instructor can also advise you where you may obtain free use of RC 

Simulators ( Computer based ) to allow you to obtain some familiarity with RC flight. 

 

 In order to master these skills, youôre going to have to learn some basic airplane nomenclature 

( specialized words and phrases found in aviation )  and terminology along with a smattering of the 

principles of aerodynamics; or, ówhat makes a plane flyô.  Ignore, the smart óAlecsô who say that time , 

effort and Money are what makes an airplane fly.  This is mostly true only for those people who refuse to 

learn the fundamental principles involved.   

 

 For  most people, it is possible to enter the sport with a modest investment of from  two to four 

hundred dollars.  Of course, like any sport or hobby, it is possible (but not necessary ) to expand this 

investment into thousands of dollars.   People with  poor(er)  eyesight might find  it advantageous to buy a 

larger model   (four to six foot wingspan)  so that they can easily visualize their model when it is a couple 

hundred yards away.   For persons with decent eyesight ( or corrected eyesight) , a small  plane ( three or 

four foot span)  can offer just as much learning experience and enjoyment as one of the óGiantô models.   

 

 Once you have been introduced to the joys of RC flying, you will probably want to obtain some of 

the ancillary equipment that eases your efforts at the field to óFuelô your plane or óstartô your plane, or 

transport your plane.   As in any hobby, you can ógild the Lilyô.     Those of you who have already acquired 

your model and necessary field equipment may wish to continue reading  beginning with section II, ñSafety 

and Field Proceduresò which  gives directions to the field  and tells you what to expect when you arrive at 

the model field.  Others, who are óBrand Newô  and just getting into the sport, may wish to ójump aheadô to 

section III, ñAircraft Nomenclature and Terminologyò.  

 

 Enjoy your new hobby / sport.  

 

II.    Safety  and Field  Procedures. 

 This is where it all comes together.  Itôs a great thrill to have your first plane finished and head to 

the flying site  with all your equipment  for the first flight.  Many modelers take a small lunch, water and/or 

thermos of coffee (or cola ) with them and may stay at the field for several hours.  If you are a Novice to 

the sport,  try to wait until a clear,  reasonably warm ( 60 degree plus ) day that has as little wind as 

possible.  Eventually, you will have to fly in óWindô as there are very few windless days, but try to make it 

easy on your first few flights.  Alcoholic drinks do not belong and are prohibited at any flying field  

and full scale pilots studiously avoid  mixing alcoholic drinks  with their flying.  



RC  Flight  Primer                                                                                                                                       4 

                                                                                                                                                                       4 

 

 The LMAC operates the field under the Auspices of the Lexington Urban Fayette County 

Government, óParks and Recreationô and is sanctioned by the  ñAcademy of Model  Aeronauticsò. As such 

we enjoy the umbrella of Liability insurance provided by the AMA to itôs members and must abide by the 

safety rules of that organization.   Both the óParks  & Recreationô and the LMAC have invested 

considerable time and money to improve and maintain the site. Ignoring the established safety rules and 

allowing irresponsible activities at the site could jeopardize the clubôs continuing  use of the site.  The  

applicable safety rules are posted at the main Shelter House on site.  

 

 It helps, early on in your flying career, to make a list of items you must take with you to the flying 

site. Itôs no exaggeration  that many pilots have shown up at the field without their Transmitter,  wings,   

Fuel or batteries ( not all at the same time ) ; just about anything you can name has been forgotten.  Many 

flyers have battery operated óstartersô (highly recommended) ,   and flight ókitsô  (also called  Field Kits).  

 

 A field Kit is an easy to carry assemblage of  most of the tools and spare items which you may 

need  for a dayôs outing and may include: 

 1.  A twelve volt starting battery for the electric starter. 

 2.  A óstarterô and the insert rubber óconesô used with the starter. 

 3.  A óPower panelô which allows a óplug-inô connection for a óclip-onô  Glo-plug connector to 

allow energizing the  Glo-Plug.   This can be replaced by a small, self-contained Battery /Glo-Plug 

energizer. 

 4.  A selection of hand tools for replacement of props, glo-plugs, tightening of wheel collars, servo  

arm connectors, etc.  

 5.  Spare propellers,  prop reamers, prop balance checkers. 

 6.  Spare Glo-plugs.   

 7. Glo-fuel, gasoline or batteries and their ófield chargersô if needed.  

 8. óChickenô stick or heavy leather Glove for hand starting. 

 9.  Cleaner fluid ( 409 ) and paper towels for clean-up. 

 10. A small plastic bag to carry your own garbage home with you. 

 11.  Compressor air pump if using pneumatic retracts. 

  

 And, when going to the field, to make your outing more enjoyable, donôt forget, depending on the 

weather: 

 1.  A tight fitting Jacket if itôs cool or windy ( loose clothing catches on whirling props).  

 2.  Sun-glasses ï high quality. 

 3.  Wide brim hats (straw perhaps) with  drawstrings to hold them on your head ( note, the strings 

must not be long enough to get caught in prop arcs).   Alternatively, Baseball caps with eye-shading óBillsô.  
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 4.  A decent first aid Kit  for miscellaneous nicks, cuts and bruises, including an antiseptic 

cleanser.  

 5.  A Cell phone for emergency communications ( maybe not for you but for a friend ).  

 6.  A camera is  nice for capturing  great moments at the field and often you may see vehicle 

accidents going to and from the field.  

 7.  Mosquito and Tick repellant ï a must on many days and at many fields.  

 

 Donôt forget the water mentioned previously.   Most flying sites will provide the convenience of a 

óPorta-Pottyô and you may wish to carry along some tissue paper for emergencies.  And, whatever you do, 

donôt forget your fuselage, wings, wing struts, and necessary hardware items.  Bring your radio manual if 

you are not sure how to program ( if itôs a computer radio )  your transmitter.  And, by all means, put your 

flight batteries on charge the night before.  Donôt turn on your transmitter at home to check it and forget to 

turn it off.  

 To reach the LMAC flying site follow the enclosed map. From Lexington, proceed Eastward on I-

64 to Mile Marker #87, Blue Grass Station  exit.   Turn left off the exit ramp and  cross over the interstate 

highway  continuing until you reach  the first allowable turn to the right  (about a 100 yards past the 

interstate)  which is Rockwell Drive.  Proceed Eastward on Rockwell drive about a mile until you see a 

sign pointing to your left indicating  the óLandfillô; this is Hedger Lane.  Turn left onto Hedger lane and 

proceed about two or three miles until you pass the óLandfillô sign ( on your left ) and continue about 

another 1000 feet to the LMAC field at 4200 Hedger Lane on your right.  

 

 The field is secured by a locked double farm gate and all members have keys to the locks.  On 

most nice days, members will be there and the gate will already be unlocked and open.  A narrow blacktop 

road takes you to the shelter house and parking area.   There is also a large  circular black-topped area used 

for ócontrol line flyingô.  

 

 The LMAC  flying field is equipped with a very large black topped runway that is approximately 

600 feet long by about 50 feet wide with overruns and good óshouldersô.  It has a parallel grass runway that 

is slightly shorter and has a second grass runway crossing on an angle for use with strong winds in  a 

certain direction.  A flag and a wind  vane are in prominence for determining the appropriate wind direction.  

As a courtesy, you should take off and land in  the direction presently being used by others. 
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    Fig.#23,  Directions to the Field 

  

At   The  Field.    

 

 Donôt turn your transmitter óONô. ( not so important for 2.4 Ghz, but a great habit to develop).  Put 

your transmitter in the ó impoundô and place your membership card under the appropriate holding óclipô on 

the impound board.   If your frequency is already taken, place your card under the óWaitingô clip. If others 

are on your frequency, you may wish to go meet them and let them know youôll be sharing the frequency 

with them. They will appreciate it.  If youôre not a member but have arranged for an instructor, you will use 

his card.  

 

 Find an unused ótest standô or flight stand or  a place in the grass near to a órampô and  unload your 

model and equipment placing it at that spot.   If youôre brand new  to the club or a new flyer, you probably 

have already made arrangements to meet with an instructor and he will assist you in getting ready.  The 

over-riding point here is to be congenial and respectful of the rights and privileges of your fellow flyers. 

Some of them may be in the same boat as yourself.    

 

 The óready areaô for the field may be any spot away from the runway or óPitô area and may be 

under one of the metal roofs provided at the field.   It is poor taste and you will be chastised,  if you 

assemble your model on one of the picnic tables in the main shelter house and attempt to run your engine  
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or spill oil or fuel onto the tables.  The bird droppings are bad enough without additional ósoilageô.  There 

are no garbage bags or cans at the field. You are responsible for your own waste.  

   

      The LMAC  Flying   Site. 

 

 

 As you stand in the óPitô area looking out to the black-top runway, it runs from your left to your 

right. To your left is  slightly ódownhillô and to your right is slightly óuphillô.  See the accompanying sketch.   

In looking at the airport sketch,  the conventional flight paths (called the airport óTraffic Patternô) are in the 

form of a óRace trackô oval with the main runway running parallel to one long leg of the oval described.  If 

youôre taking off in the right to left direction ( slightly downhill ) , you will turn right as you climb to 

altitude.   

 

 When you have turned  right to a heading  approximately at 90 degrees to the runway ( as shown ) 

you are said to be on  the óCross windô leg of the pattern.  Continuing in the pattern, when you turn right 

again, as shown, you are said  to enter the ódown windô leg of the pattern.   Another right turn brings you 
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into the óBase Legô of the pattern.  Turning right once more puts the plane on the ófinal legô of the pattern.  

As you may have surmised, this is called a óRight handô pattern and the names just used are in common use 

throughout the world.  

 

 Conversely;  using an identical racetrack analogy, but taking off in the Left to Right direction, as 

you climb out, you will turn óleftô to enter the Crosswind leg; turn left again to enter down wind, and turn 

left once more to enter the Base leg of the pattern. Turning left again places you on óFinalô as before.  

Naturally this is called a óLeft Handô pattern.   At the LMAC flying field, both the Right Hand and Left 

Hand patterns  (depending on prevailing wind direction ) are designed to keep you from flying over the  

Shelter House and Pit areas.  No intentional or deliberate flying over the  Pit area is allowed. This is for the 

safety of all concerned.  In actuality, the óRace trackô is displaced  about fifty feet away from the runway to 

keep planes flying at a safe distance from the spectators and other pilots in the óPitô area. Naturally, for 

landings and take-offs, the take off leg and Final leg will be in-line with the runway.    

 

 Any airport or flying field in the United States can have both Right and Left hand patterns 

regardless which runway heading is used.  For safety at the LMAC, RC field, the patterns just described on 

the far side of the runway  are used.   

 

 Pilots do not have to keep their planes in the flight pattern to fly their planes.  As long as they are 

away from populated areas and do not interfere with planes in the established patterns,  they may use any 

airspace to do maneuvers and may fly as far and as fast as they are able to see and control their planes.   

Because so many of the pilots are older and do not have óEagle eyesô, they tend to stay fairly close to the 

patterns which, again, is OK as long as they do not present a hazard to other pilots or planes.  

  

  It is common courtesy for pilots actively flying their planes, to step back about twenty feet from 

the active runway  so as not to cause other pilots to worry about them when landing or taking off.  Also, 

after landing your plane, do not taxi it into a ramp leading into the Pit area with the engine running. Always 

attempt to óChopô the throttle when turning into a ramp. The Planeôs momentum will probably carry it  well 

into the ramp area.  The reason for this is that you never know when a spurious problem will cause it to 

accelerate.  

 

 If you know that an active pilot is a ónewcomerô, you may want to wait until he lands before 

starting your engine so as not to distract him.  This is not required by Club rules, but is suggested as a 

common courtesy in view of his  possibly being easily distracted while flying his plane.  Many Novices can 

and do lose  directional control while attempting a landing and any distractions can aggravate this problem.  

Remain alert while in the óPitô area.  
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II I.  Aircraft  Nomenclature and Terminology. 

 A. Aircraft Classification and Category.   

 For those among you, who have an academic bent and wish to be ultra specific regarding  how 

aircraft are classified, please refer to FAA, Part 61 and  Part 91 Regulations.   It isnôt necessary to dwell on 

every designation or  specification  in this  óflight primerô in order to get our points across.   If an airplane is 

modeled after a real live ( full scale) airplane, then it is referred to as a óscale modelô.   If it is one half the 

size, then it is 50% scale or óhalfô scale.  If it is one fifth the size, then it is a ófifthô scale  model.  A model 

can be ósport scaleô which means it is ómostlyô  scale, but may differ in some measurements for ease of 

flying or may be missing some important details attributed to the real plane.  Many models do not look like 

any full scale airplane, and are designed just for maximum flying ability.  

 

 We can classify airplanes according to their number of engines; ie, single engine, ótwin engineô  

ótri-engineô or ómulti-engineô.  Airplanes, are designated as ófixed wingô as opposed to auto-gyros and 

helicopters which  fly on different principles and have their own set of specialized terms.   Airplanes are 

different from óAirshipsô and óHot-Airô Balloons which rely on óbuoyancyô principles.  

  

 Some newer designs employ ódirected thrustô principles for landings and take-offs. These are the 

VTOL  ( vertical take-off and landing)  designs.  A single engine plane can be a óTractorô (engine/prop  in 

front) type airplane or a óPusherô ( engine/prop in rear).  A single engine airplane may also be designated as 

a ótail draggerô  ( see figure #1, part A.) , also known as a óconventional gearedô  airplane.  Airplanes are 

also classified  as  a ótricycle gearedô  airplane,  as shown in figure #1,part B.  The difference between these 

last two designations is the location of the óCenter of Gravityô  ( known as the óCGô ) relative to the main 

landing gear.   
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 As shown in figure #2, an airplane with one wing is known as a óMonoplaneô while an airplane 

with two wings is known as a óBi-Planeô .    Not shown here are other designations such as an airplane 

designed to land and take off from water which is called a óSea Planeô or óFloat Planeô  while an airplane 

designed to do so from either land or water  is known as an óAmphibianô.   Of course, the normal single 

engine plane with wheels is referred to as a óLandô plane.  Airplanes can also be additionally described as 

óLow Wingô,  óHigh Wingô or óMid Wingô ( such as some Military Fighter aircraft).  An older design which 

has  a single wing mounted on Cabane  (Cab- Bainô )  struts  (supports)  above the plane is referred to as a 

óParasolô type airplane.   
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 An airplane designed for 

use by the general public ( single or 

twin engine) is known as a small, 

general aviation  airplane.  Many of 

these planes may have fabric 

covered wings ( called óRag-

wingsô ) .  Aircraft  are also 

designated  by their engine power-

plants such as óPiston Poweredô,  

óJet-engineô and óturbine engineô.   

Supporting designations also include, 

óComplexô  which might include 

such  additions as a controllable 

pitch propeller,  retractable landing 

gear and other modifications.  

 

 So, an airplane such as the 

Cessna 172, may be called a non-complex, single engine, tractor , high wing, tricycle geared, piston 

powered, general aviation , Land monoplane.   The above paragraphs are only meant to show how involved 

aviation terminology can become.   But, over time, all persons involved in the sport will be exposed to 

some combinations of these various designations.  There is no hard and fast rule that specifies that all the 

descriptions must be applied when talking about a specific airplane.  

 

 B.  CG and Stability.  

 

 Aircraft terminology can go on óad nauseumô.  We refer to the distance from one wing tip to  the 

other as the ówing spanô of the plane.  The distance from front (forward)  to back  (aft)  of the wing is  the 

óchordô of the wing.   If the chord remains the same from the wing root ( where the wing attaches to the 

fuselage ) to the wing tip, then it is said to be a óconstant chordô wing.  Many wing designs have a much 

greater chord at the wing root than at the wing tip.   If you were above the plane looking down on the wing, 

you would be looking at the óPlan Formô of the wing.  Plan forms can be fixed chord to truncated triangles 

to elliptical ( eg, Spitfire) and anything in between.   In a fixed chord, wing plan form, the CG is normally 

between 25% and 33%  of the chord, aft of the leading edge. In other words, the CG of a 12ò  fixed chord is 

between  three and  four inches back from the leading edge  of the wing.   
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  If you have a model with retractable landing gear,  the CG may change as the gear retracts.  If the 

plane has retractable nose gear, the weight of the nose-wheel moves backward ( typically ) when the wheel 

is retracted.   If the plane uses rearward retracting, main gear ( as in the Corsair or P-40ôs ),  the CG 

definitely moves rearward with the gear in the retracted position.  Fuel burn-off can also severely affect the 

movement of the CG as the flight progresses.  

 

 

 In figure #3, a lateral 

view ( profile view) of a typical 

plane is shown.  A line down 

the center of the fuselage, as 

shown in part óaô, is called the 

ólongitudinal  axisô of the plane.   

In part óbô, the plane is 

ópitchedô nose upward.  In part 

ócô, the plane is pitched  nose 

down.   The stability or 

tendency  of an airplane to fly 

without being pitched nose up 

or nose down is known as the 

ólongitudinal stabilityô of the 

plane.  It has been shown in 

many designs that the 

longitudinal stability of a plane 

increases (becomes better ) as the CG is moved forward of itôs nominal position relative to the wing chord.  

As the CG moves rearward, the plane becomes much more susceptible to actions of the elevator ( to be 

described in coming paragraphs) and, consequently becomes more maneuverable until a point is reached 

where the plane becomes óunstable as regards longitudinal stabilityô.  

 

 In real life applications  pertaining to RC Model airplanes, the fuel tank is almost always mounted  

forward of the CG.   When taking off with a full fuel tank , the CG is almost guaranteed to be forward of 

itôs nominal position.   As the flight progresses and fuel is burned, the CG moves constantly rearward and 

the  plane may become noticeably  unstable.  It is important to check for the proper CG with the plane 

empty of fuel and with the gear in the retracted ( if applicable )  position.  
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 Looking at the 

plane from the front, as in 

figure #3D,   we see the 

wing  being exactly 

straight across as 

referenced to an 

imaginary horizontal line.   

We say this plane has no 

óDihedralô (Die-Heeô-

droll).  Both the right and 

the left wing develop the 

same amount of  óliftô and 

hold the plane in position 

in the air as shown by the 

arrows above each wing.  

If one wing develops more 

lift than the other, it tends 

to roll the fuselage  in the 

corresponding direction. 

This balanced amount of 

lift  produces óLateralô stability.   

 

 By angling the wings upward slightly as shown in figure #3E, the lift of each wing  is no longer at 

90 degrees to the horizontal, but  there is a large vertical component of lift in the upward direction.  If the 

plane should roll in one direction as shown in figure #3F,  the wing which is now parallel to the horizontal 

line  develops a greater vertical component of lift and tends to lift the óLowô wing  until the two wings once 

more produce equal amounts of vertical lift and thus stabilize the plane laterally.   Within limits, it can be 

said that increasing dihedral increases the Lateral stability of an airplane but reduces overall lift. The trick 

is to find just the correct amount. Dihedral angles are generally  very small. Lateral stability is aided by 

making sure that the airplane is balanced  from wing tip to wing tip.   

 

 C.  Additional Aircraft Nomenclature. 

 

 In figure #4, you are looking down on  the outline of an airplane. The airplane is shown such as it 

might appear in flying a Northern  heading.   If you are seated inside the airplane, the wing on your right is 

the órightô wing and the wing on your left is considered the óLeftô wing.  The rear (or aft ) flight surfaces of 

the plane are called the óEmpennageô or  loosely referred to as ,  the ótail feathersô .   The horizontal  surface 
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that is ( on most designs ) fixed in itôs plane, is called the óHorizontal Stabilizerô. The aft appendage which 

is hinged on the trailing edge of the Horizontal Stabilizer is called the óElevatorô.    

 

 

 The fixed vertical surface on 

the tail is referred to as the óVertical 

Stabilizerô, while the moveable 

vertical surface hinged onto the aft 

edge of the Vertical Stabilizer is 

known as the óRudderô and serves  a 

similar purpose as the rudder on a 

ship.   You do not óTurnô an airplane 

using rudder only ( at least not 

normally). The sole function of the 

rudder is to keep the tail of the plane 

from moving out of line with the  

direction the Nose or forward part of 

the plane is heading.  When the tail of 

the plane moves to one side or the 

other of the direction of flight, the 

plane is said to be óYawingô, and it is the function of the rudder to move the tail of the plane back into the 

correct line.  
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 Some special designs of airplanes omit the vertical stabilizer to reduce aerodynamic ódragô  and tilt 

the horizontal stabilizer sharply upward  on each side of the fuselage to serve the combined function of 

both Vertical stabilizer and Horizontal stabilizer.  In such a design, the elevators then are called óRudder-

vatorsô and serve to control both longitudinal óPitchô and óYawô. Since this is a compromise design,  the 

function of reducing yaw  becomes less effective than on normal designs.  

 

 Also shown in figure #4,  are appendages on the wings, inboard ( closer to the fuselage)  of the 

ailerons which are known as óFlapsô.  These are relatively large surfaces that extend downward to increase 

the effective camber  ( curvature ) of the wing and,  thus, increase óLiftô.  Anytime you increase lift of an 

airfoil, you also increase óDragô ( conventional wisdom).  Deflecting the flaps downward from the trailing 

edge of the wing ( deploying the flaps )  greatly increases lift and drag so that you may slow the airplane  

even with the nose pitched downward to enable slower airspeeds for landing and ( in many instances ) for 

take-offs.  Flaps are designed ( on full scale airplanes ) to allow deploying them in fixed  angular 

increments  or continuously variable degrees from zero to as much as thirty-five to forty degrees.  Some 

pilots consider flaps to be a form of óair-brakesô and still others ( for the technically  versed)  consider that 

they  improve the óWashoutô  effect of the wing.    

 

 Rubber tires hanging out from the airplane develop a large amount of drag which causes the plane 

to fly at reduced airspeeds.  To reduce this drag, many designs of óWheel Pantsô are available. Wheel pants 

attach to the gear struts and  allow a slight increase in airspeed but complicate landings and take-offs from 

Grass Runways.   If your flying will be done mostly from grass strips, you may be better served to consider 

models without  wheel pants.  

 

 

 In figure #5, a diagrammatic view of the propeller blades is shown.  Notice, especially in a tail 

dragger, that there can be a significantly different angle of óBiteô on the blade tips of blades moving 

upwards or downwards  in their arc as relating to the ground ( when the ónoseô of the plane is angled 

upward).  The normal prop rotation , as viewed from the pilotôs perspective as he sits inside the plane, 

appears to be in a clockwise rotation such that the blade moving downward on the right side of the plane 

has a much greater óbiteô on the air than the blade moving upward on the left side of the plane.  The angle 

of bite ( for the prop )  on the left side of the plane is actually reduced as the nose is angled upward.   This 

gives the prop a greater forward ópullô  or force on the right side than that which is exerted on the left side 

of the  prop center.   This so-called óP-factorô will cause the plane to be pulled  to the  left on the take-off 

roll and this force must be counter-acted  by the pilot inputting some óright rudderô on the take-off roll.   

Even on tricycle gear aircraft, once the nose  of the plane  is angled upward, the óPô factor is introduced.  
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 D. Airfoils. 

 

 Airfoil is a  term which is meant to encompass the design of the shape of wing cross sections. 

Several common  designs have been given names based on  the designers or labs which produced those 

designs.  Forget about Bernoulli, if you have heard that his principle is what all aircraft  wing lift is based 

on.  Indeed, Bernoulliôs principle is valid and does come into play, but there are some simple contradictions 

to the possibility that his principle is the only thing creating lift.   

 

 As shown in figure #6 A,   a flat bottom, wing airfoil does create additional lift based on 

Bernoulliôs principle and, for those not familiar with this principle; consider the following  descriptions.   

Two air molecules, óaô and óbô,  are disturbed by the wing pushing between them.  Both óaô and óbô must 

travel past the wing and meet again at the trailing edge ( else a vacuum would be created if one of them 

didnôt make it ) . Obviously, molecule  óaô  has a greater distance to travel than molecule óbô for the two of 

them to meet at positions occupied at  (aô )  and  (bô)  at the same time, thus  óaô must travel much faster 
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than óbô as they move past the wing .   Bernoulliôs principle says that , basically,  ñ---increasing the  

velocity of airflow over a surface decreases the pressure  on the surface ---ñ.   Decreasing the pressure 

above the wing would thus  tend to ósuckô the wing upward creating lift you otherwise would not have. 

  

 

 Also shown in figure #6 B, is a symmetrical wing airfoil  which is typical of many wing designs 

used for sport aerobatic  airplanes and, as well known, these planes fly exceedingly well.  The majority of 

lift created on any óLifting Bodyô  is the result of óRam Airô pressure acting on the bottom of a wing surface 

which is angled slightly  above the line of flight ( called the óangle of attackô).  Many large airplanes rely 

greatly on óLifting Bodyô principles to obtain lift from the shape and design of the extremely large 

fuselages. 

 

IV.  Principles of Flight.   

 

A. Forces acting on an aircraft.   

 

 Remember, this is not a text for  Aeronautical Engineering, but a simple RC flight primer.  As 

such, we will introduce the four basic  forces acting upon a plane in flight.  We initially assume the plane is 

in  a stable,  straight flight path at a steady airspeed and altitude.  The plane is said to be in óequilibriumô.  

As shown in figure #7, the propeller generates forward óThrustô which is balanced by the aerodynamic  



RC  Flight  Primer                                                                                                                                       18 

                                                                                                                                                                       18 

 

 

óDragô  of the airframe.  If these forces were not balanced, the airframe would either be accelerating in itôs 

speed over the ground or would be losing  speed.   

  

 

 

 Also acting on the airframe are the balanced forces of óliftô  and óGravityô.  Again, if these two 

forces were not balanced, the airplane would either be gaining or losing altitude. With the airframe in the 

condition described, it is moving through the air  at  a speed called itôs óairspeedô.  The air may be moving 

over the ground (as  wind) at another speed or direction and, thus, the speed of the airplane over the ground 

may be different from itôs airspeed.  

 

 

 The air flowing past the plane is  referred to as the óRelative Windô and the angle made by a line 

drawn from the trailing edge to the center of the front edge of the wing  and the direction of the relative 

wind is known as the angle of attack  ( see figure #8 ).  The angle of attack  (when held within limits ) is 

generally agreed to be the major factor deciding the Lift generated by a wing.   If the angle of attack is 

increased beyond some critical  point, the airflow over the wing is disrupted and the wing is said to óStallô. 

This is not a good thing  since a óstalledô wing produces very little lift.   The same condition also arises 

when the relative wind has insufficient speed to produce enough  lift to support the weight of the plane 

against the force of gravity.  
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B. Control surfaces.  

 

 As detailed in the prior paragraphs,  there are control surfaces attached to the wings, horizontal 

stabilizer and vertical stabilizer  which can affect the forces acting on the lifting and stabilizing surfaces of 

the airplane and can  disrupt the lateral or longitudinal stability  of the airplane  depending on how the pilot 

manipulates these surfaces.   These surfaces are the Ailerons, Flaps,  Elevator and the Rudder.   

 

 The ailerons, except in some special designs, are connected in such a manner that they always 

move in concert with each other.  They are on opposite wings and tend to reinforce the action of each other, 

thus, as one moves upward, the other moves downward. If the amount of movement of the ailerons upward 

and downward is equal, they are said to have balanced movement. If  the downward movement is not equal 

to the upward movement, they are said to have ódifferentialô movement.  Most sport aircraft (RC) will have 

equal movements. See figure #9.   

 

 



RC  Flight  Primer                                                                                                                                       20 

                                                                                                                                                                       20 

   

 

 The ram air pressure acting on an aileron deflected upward into the airstream tends to push that 

wing downward while the aileron deflected downward into the airstream tends to deflect that wing upward.  

The ailerons, acting together, can roll the aircraft about itôs longitudinal axis.  To turn an aircraft,  the 

ailerons are used to roll the airplane into a óbankedô attitude and then use the elevator to pull the nose 

around to a new heading, where upon the plane is rolled level once the desired heading is obtained.  

 

 There are many designs and provisions for programming many radios to allow both ailerons to 

move downward the same amount while simultaneously allowing  the normal aileron movements to be 

retained.  In this manner, the ailerons act as óFlapsô but retain their aileron function as well. When used in 

this manner, they are referred to as óFlaperonsô.   For ailerons to be  used and programmed to operate in this 

manner, they must each be operated by  separate servos which are connected into separate radio channels.  

More explanations of this method are discussed under the heading , ñBasic Rigging and Flight Checksò.   

 

 The action of the óFlapsô has been previously described.  They must act together or will cause a 

rolling action of the airplane and make it very difficult to control.   On some designs, the flaps may extend 

upward to act as óLift Spoilersô , but that is not typical of most designs.  In truth, there are several different 

Flap designs; thus, the novice will hear them described as  ó Flapsô, óSplit  Flapsô and  óFowler Flapsô.   

They all serve the same purpose; that is, to provide more lift at slower speeds for landing and/or take off.  

On full scale aircraft, flaps may be hand operated, electrically operated or hydraulically operated depending, 

generally, on the size, weight and complexity of the aircraft.   
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 In figure #10, the function of the elevator is depicted.  If the aircraft is correctly balanced,  the 

elevators  will  be able to easily control the pitch attitude of the aircraft.   Except in some very special 

designs,  the elevators ( one  attached to the Left side and one attached to the Right side of the Horizontal 

Stabilizer ) will always be firmly connected together so that they function as a unit.  Generally speaking, 

the pitch control of the aircraft is very sensitive to the deflection of the elevator. As the flight progresses 

and fuel is burned,  the elevator may exhibit more sensitive control of the aircraftôs pitch attitude.  As the 

speed of the aircraft changes, the sensitivity of the elevator control will also change, being much more 

sensitive at the higher speeds.  

  

 

 And, finally, the Rudder. As mentioned before, the rudder serves a purpose similar to the function 

of a rudder on a boat.  Weôve already described the normal method of turning  the aircraft to a new heading. 

It is started through the use of the ailerons.  But, a strange thing happens when  going into a turn.  This is 

something many people do not understand and you should try to follow the dynamics very closely in the 

following explanation. 
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 Letôs do a right turn.   For a right turn, we start by rolling the plane into a right bank. This is 

accomplished by moving the controls such that the right aileron is deflected upward into the airstream. This 

produces ram air pressure which  pushes downward on the right wing and tends to roll the plane into a right 

bank attitude.  At the same time, the left aileron ( we said they move in opposite directions )  deflects 

downward and ram air pressure pushes upward on the surface generating more lift for the left wing and 

tends to reinforce the rolling motion to the right.    

 

 But, it is an inescapable  aerodynamic fact, that to produce more lift, we have to induce more 

óDragô. Nothing comes free.   So, even while rolling the plane to the right to enter the right bank, we are 

actually causing the left wing to suddenly become more óDraggyô  and thus óYawô  the nose to the left 

(slightly) of the desired flight line.  This is known as óAdverse Yawô.  Here is where the rudder comes into 

play.  While banking the plane to the right, it is necessary to include a small amount of  óright rudderô  to 

offset the induced drag of the left wing and  overcome the Yawing motion of the airplane.  When the rudder 

is properly used in this manner, we  are said to be making a óCoordinated Turnô.  The same action (but, of 

course opposite) occurs when turning to the left.   Now, you know more than most óSundayô flyers.  

 

C.  Wing  Loading.   

 

  In the simplest  statement regarding wing loading, it is just the weight of the aircraft ( in ounces or 

pounds )  divided  by the square inches  or square feet of lift ing surface.  If our model has 600 square 

inches  ( very typical) , that divided by 144 square inches per square foot yields  4.17 square feet. Then , if 

our model weighs six pounds ( 6 X 16oz. =  96 ounces) , we get  a wing loading of  approximately 23 oz. 

Per square foot.   This is a reasonable wing loading if not a little light.  

 

 Calculation of the wing loading is generally based just on the óstatedô area of the wing surface as 

given in the kit specifications.   The purist will want to know if that includes the area ólostô where the wing 

crosses the fuselage, but most just allow the lifting effect of the fuselage  to offset the  area lost to the wing.  

Accurate calculation  of the actual  wing area can become complicated  when the wing  planform is 

anything other than a fixed chord.  

 

 A lightly ówing loadedô  aircraft will  normally be flyable at lower airspeeds than a heavily wing 

loaded plane and will be much more susceptible  to effects of wind gusts.  It will also, normally have a 

much better óglide ratioô where glide ratio is defined as the distance traveled forward ( in feet )  for every 

foot of altitude lost.  Typical glide ratios can range from 7 or 8 ( for heavily wing loaded planes ) to 12 or 

16 for lightly wing loaded planes.  Glide ratios are also severely affected by how óAerodynamically Cleanô  

the plane is.  For example, a Bi-plane has (normally ) big heavy landing gear hanging into the wind, has 
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lots of struts between the wings and between the upper wing and the fuselage and often have big round 

engines up front, plus the frontal area of two thick wings.   

 

Additional representative pictures of previously discussed aircraft types. 

 

 

 

  

 

Parasol   Model. 

 

 

 

 

 

  

 

 

Non Scale, óStick Typeô  

model. 

 
 

 

 

 

 

 

 

 

 

 

Sport Scale, Bi-Plane, 

Tail-dragger.  

 

Note the órearward 

sweep of the Top 

Wing.  
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V.  Basic Rigging and Pre-Flight Checks. 

 

A.  Introduction to part V. 

   In this section of the Flight Primer, weôre going to show some typical methods of  getting the 

model ready for flight.  For those who are working on their very first model, please remember that there are 

many different kinds of radios, servos, control fittings, engines and all the things that go into model aircraft.  

If you are working with an ARF ( Almost Ready to Fly )  kit,  most of the items you will need are included 

in the kit.   Other kits,  may require an extensive list of additional items which are required for finishing 

construction . 

 

 Most ARF kits, require you to install the engine and Radio components, but give extensive 

instructions as to how , where and when (during construction ) the components are installed.  For these  

operations, normally, only the most basic hand tools will be needed.  Some complications may arise if you 

purchase an engine of a different size or type than that which is specified in the kit instruction manual. 

 

 For beginning RC flyers  (even accomplished, full scale pilots ) it is highly recommended  that the 

first RC model be a high wing,  single engine, tricycle-geared, tractor type airplane with lots of Dihedral. 

( We know what all that means if we read the opening paragraphs of this primer).  These are typically 

referred to as óTrainersô and there are several excellent ones available by different manufacturers as either 

normal kits or  ARFôs.    

 

 If you are starting with a typical óYou-do-it-allô kit, you will probably be well advised to contact 

an experienced modeler via your local hobby  store or local model club.  These kits are normally very 

incomplete and you will be absolutely óLostô if you do not obtain some helpful advice.  Regardless, you are 

beginning a very interesting, exciting and rewarding journey. 

 

 While this primer discusses mostly models with Gas or Glo power engines, there are many fine 

electrically powered models that perform beautifully and these will be mentioned occasionally.   

 

B.  The Basic Model ( Based on a trainer such as described in the introduction to this section ).  

 

 Some obvious first steps are in order.  If you need help óLiftingô the airplane, you may already be 

in trouble.  Most óTrainersô with about a five or five and a half foot wingspan,  will probably not exceed six 

pounds (empty weight ï no fuel).  Is the wing óstraightô or does it appear to have a óTwistô in the wing as 

viewed along the front or rear edge of the wing.  As viewed from the front, does the wing dihedral appear 

to be equal on both sides of the fuselage ?   Are the wings mounted solidly on the fuselage.?   Pull on all 

hinged surfaces to see if they are securely ógluedô into the surfaces.   
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  Do the moveable surfaces have óplayô?  Are all visible screws and fittings tight?  Are the wheels 

going to come off the axles when landing a little hard?   You better check and double check that the 

propeller is securely mounted and will not come off when the engine is started.  Most Propellers will be 

equipped with a óspinnerô to allow easy use of an electric starter. Make sure the spinner is secure and that 

itôs edges do not ócutô into the propeller.  Check the propeller to insure it is not cracked, split or splintered.  

 

 Balancing the plane is critical.  Know where the CG is supposed to be (consult your manual) on 

your plane.  Many builders mark the location for ready reference.  With no fuel, make sure the plane 

balances very closely to the CG in the front to rear direction. Get someone to help you hold the plane  to 

determine this. Also, check that the plane is balanced from wing tip to wing tip. You can check this very 

easily by placing a finger under the center of the tail and by holding the vertical , top blade of the propeller 

( not  with compression in the engine) . The plane should not fall off sharply to either side.  Balancing the 

plane laterally ( tip to tip) will eventually help when you are doing maneuvers.   It is assumed your 

óTrainerô does not have retractable gear.  

 

 Regardless what covering material or covering method is used, the covering should be intact, taut 

and without large wrinkles on the flying surfaces.   An ugly model can be a good flyer, but a smooth 

covering  helps  and improves the looks.  Just insure that applying the covering to the airframe has not 

twisted or warped any of the flying surfaces.  

 

C.  Basic Radio  Control  Concepts.  

 

 ñThe time has comeò, said the Walrus, ñTo talk of many things,  . ñ. . .  ( from Aliceé.).  And 

now, we begin a discussion which is truly new territory to most RC novices.   Many people tend to jump 

right into something and  often become ensnared in or confused by intricacies and  fine points of a 

technology that is new to them.   ñWhat channel radio do you have ?ò   is a very ambiguous and/or poorly 

worded question.  

 

 Channel may refer to the narrow band of frequencies  in the 50 megahertz (Amateur Radio), or 72 

megahertz  band of frequencies designated by the  FCC for use by  model aircraft  (fixed wing and 

helicopter)  radio control.  There are 10 channels in the Amateur Band and 50 channels in the 72 MHz band.  

Before going further, you should know that radio waves are a vibratory  form of energy ( actually 

electromagnetic energy)  and frequency refers to the number of vibrations completed in a period of time. 

Also,  Hertz (named for an early scientist)  is a unit of measure of frequency where one Hertz equals one 

complete vibration per second. Thus,  one Mega-Hertz  (Mhz)  equals one million cycles per second 

vibration frequency.   Therefore, a 72 Mhz band would be a band of frequencies in the 72 million  

vibrations per second range.  A typical channel in this range  could be óChannel #42ô which  is actually 
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72.630  Mhz.    So, if someone asks you, ñWhat channel are you flying on ?ò, the answer could be, 

ñChannel  #42.ò,  and  your radio transmitter should have a óFrequency Flagô clipped to the antenna that 

indicates this channel number.  

 

 If you are operating on channel  #42 and in the act of flying your plane and someone else at the 

same site  (within a mile or two)  should turn on their radio which is also on channel #42, then your radio 

receiver  inside the model plane would begin receiving  confusing and mixed radio control signals and  the 

model would become completely uncontrollable.  This is a scenario which happens so often that radio 

manufacturers have petitioned for and received  a new band of frequencies which are on a  far higher 

frequency band (2.4 thousand Megahertz or  2.4 Gigahertz). This new band of frequencies will be discussed  

again later in this primer.   

 

 Before dropping this subject, it should be pointed out that the antenna length for both transmitter 

(held by the pilot) and the receiver ( inside the model) is very critical and becomes much shorter for the 2.4 

Ghz  systems.  Both  frequency bands are currently legal for use by modelers.   It is extremely important 

that you NEVER  turn your transmitter ON at the flying field without first going to the frequency 

control board ( located at the flying field)  and obtaining the correct frequency  Pin or, in some 

locations, place your membership card under the proper frequency clip  so that others will know you are 

using that frequency.   For reasons to be mentioned later, it is not so critical that you do this on the 2.4  Ghz 

band.  

 

 Returning to the original question, ñ What  channel radio do you have?ò might be asking you 

ñHow many channels of control do you have?ò.  This refers to the number of functions which your radio 

will control on the model.   Radios vary widely in the way they work and their use of various forms of 

modulations ( using the radio waves) .  Weôre going to use a very basic scheme in this primer to describe 

exactly how the radios are used to control different functions on the model.  Pulse polarities, pulse widths 

and repetition frequencies and modulation techniques of your radio manufacturer  may be different  from 

those described herein, but  the concepts are valid.  

 

 In figure #11, we see a typical  series of radio waves emitted  from a  four channel radio 

transmitter. Instead of showing each individual  cycle of energy  within a pulse, the pulses are drawn as 

square voltage  pulses ( which is how the radio receiver will see them ). A  wide  voltage pulse (the Master 

Pulse)  begins the series of pulses and is followed by four  ( for a 4 channel radio)  pulses at a precise  

timing for each of the four pulses.  The times shown are not necessarily  those of a particular manufacturer 

but are good for explaining what happens.  
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 If the receiver circuits  detect the pulses exactly as shown in figure #11, the servos connected to 

the individual channel connectors ( one for each function to be controlled)  do not  turn in any direction.   

Note that each of the following smaller pulses are numbered 1,2,3 or 4; corresponding to each function to 

be controlled.  If a servo does not drive in either direction ( Clockwise or Counter clockwise) , it means that 

a signal which the servo circuit generates is exactly balanced  against the received pulse.  

 

 If now, the pulse for  channel #1 ( see fig.# 12) moves to a new position, an unbalanced  signal is 

generated by servo #1, and it drives itôs motor in a particular direction. As the motor drives, it turns a 

voltage potentiometer ( a variable resistor)  which changes a voltage in the circuit until the  signal produced 

by the servo is again exactly balancing the receiver signal.  At the point of exact balance, the servo stops.  

During the time the servo is driving to reach a new balance point, the output servo arm is being driven in a 

corresponding direction  and moves itôs control arm, thus also moving the attached control surface or 

control link.  
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Each channel pulse position is  governed by a control  element on the  transmitter.  In the example shown in 

figure #12,  for pulse position #1,  this would, in many radios be the channel used for the Aileron function.   

The original position of the transmitted pulse #1 would correspond to the ailerons being in their óNeutralô 

position.   Moving the aileron control joystick to the rightmost position, would cause the #1 pulse to move a 

full  0.5 millisecond ( a millisecond  is one-thousandth of a second)  ahead of itôs neutral position and the 

servo would move to itôs maximum normal extent in order to produce a balancing pulse in itôs circuitry.  In 

this position, the right aileron is deflected maximum upward and the left aileron is deflected maximum 

downward.  When the aileron control joystick is returned to itôs neutral position, the #1 pulse returns to itôs 

neutral position and causes the servo to drive back to itôs neutral position.   

 

 A similar action can be made to occur on each channel of control when each  or any of the  

following channel  pulses  are displaced from their normal neutral positions.   This type of modulation is 

known as óPulse Position Modulationô  or abbreviated as PPM.   Transmitters exist using  Amplitude 

Modulation (AM), Frequency Modulation (FM),  and special  Pulse  Code  Modulation (PCM).  Further 

descriptions of these forms of modulation are outside the scope of this simple primer.  
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 Radios can be obtained which operate 10 functions and more and can start ( with a number of 

servos)  at less than two hundred dollars and easily exceed  one or two  thousand dollars.  Generally 

speaking, the power output of any of these radios will control an aircraft model on a óline of sightô basis as 

far as the eye can see the model.  Along that line,  it will become very clear to the beginning  RC pilot  that  

there is a practical range of three or four hundred yards that, based on an individualôs eyesight  and the size 

of the model,  it becomes almost impossible to discern which way the model is heading, or turning or even 

whether it is going up or down.   Once, this range is reached, the aircraft is virtually ólostô.   

 

 Now, we promised to return to  the 2.4 Ghz. Radios and their use.   The higher frequency band 

uses advanced concepts to include a code in their output radio beams. The receivers are óBondedô to these 

special codes using manufacturerôs procedures explained with the new receivers.   When a particular 

receiver is bonded to a particular  transmitter, it will reject all other transmitter signals.   There are even 

radio systems which will change their  particular frequency in the higher band  as often as every one 

thousandth  of a second.  There are reported contest sites where as many as 80 transmitters were operated 

simultaneously without causing any  interference with one another.  There is still a place on most frequency 

control boards ( at flying sites)  where you can post your membership card to indicate you are flying on the 

2.4 Ghz. Frequency.  

 

D.  Servo  Connections and Adjustments.  

 

 Figure #13 shows a typical  modern servo.  Servos are available that are much smaller and much 

larger.  They can be classified as óanalogô or ódigitalô. They can have metal bushings on their output shaft 

or ball bearings  and can be designed to rotate their output arms  perhaps 45 degrees either side of their 

neutral point or may be designed to travel from one point to another point that is 180 degrees removed  

(retract servos for gear, for example).  There is a wide range of servo designs available.  Typical catalogs  

will include the specifications which will specify the voltage required,  the type connector fittings, the 

speed of travel of the output arm and the strength of the servo.   Servo strengths are normally specified in 

óinch-ouncesô  to define their ótorqueô ratings. 

 

 A typical servo specification may show that it  weighs 1.3 ounces, requires 4.8 volts (DC) ,  has 44 

ounce-inches of torque and travels 60 degrees in one fourth of a second. It may also give the physical size 

dimensions of the servo.  We keep talking about servos; maybe we should tell what a servo is.   A servo is a 

motor which has  an electrical or electronic circuit designed to work with it in the following manner.   As 

the motor runs in one direction ( clockwise, for example), it operates a voltage sensor. This can be a 

rheostat, a voltage potentiometer , a simple slide wire, or a strain gauge type device.  The key idea is that as 

the motor turns an output shaft,  a signal is developed that tells the electronic circuit where the output shaft 

is at all times. This is called óFeedbackô.   When the electronic circuit senses that the feedback signal is 
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equal to another signal that is used for comparison, the motor stops.  On board a Naval warship, a servo can 

enable a Gunner to rotate a 15 ton  Gun turret with no more effort than required to turn a radio dial.  
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 Servos can be very  powerful and very fast.  Their power; however, is limited by the amount of 

power or energy available in the electrical source; in our case, the flight pack battery inside the  model 

airplane.  Most servos for models are designed to operate on 4.8 volt battery packs or 6.0 volt battery packs.  

The higher voltage affords greater current flow through the servo motor windings and offers more power 

and speed.   Your kit manufacturer will recommend  and advise if you  need to use something other than a 

standard servo.  

 

 The  plastic  (normally) pieces which attach to the output shafts of your servo are called óservo 

armsô.  When you purchase a servo, it will come complete with different size, shapes and configurations of 

output arms.  Different manufacturerôs output arms are not necessarily interchangeable; nor are their servo 

connectors.  It is important to follow the manufacturerôs instructions when connecting  servos to radio 

receivers to insure the servos are compatible with the receiver.  The receiverôs connector strips are very 

tiny , relatively delicate and easily damaged.  Also, when connecting a servo, make sure the connector is 

fully seated as the engine vibration could cause the connection to come loose during flight.  Most 

manufacturers recommend that their receivers be wrapped in poly foam or foam rubber to isolate them 

from engine vibrations.  Still others recommend placing the receiver with itôs connections inside a plastic 

bag in case of fuel leakage into the receiver compartment.   Itôs not  possible to overdo it.  The new servo is 

also supplied with the necessary rubber mounting pads and small screws with which to fasten it.  
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 To facilitate the ease of servo óset-upô ( the initial adjustments)  a servo positioning device such as 

shown in figure #14  is recommended. This device costs about $20 and if you intend to be in this sport for 

awhile, it will pay for itself in convenience many times over.  It requires a flight pack battery and the servo 

is simply plugged into the output connector of the device.  A calibrated knob is marked off in tenths of a 

millisecond allowing settings of  from 1.0 millisecond  to 2.0 millisecond with the center of the range at 1.5 

milliseconds.  Thus, using this device allows you to set the servos at neutral or at either extreme of travel 

for adjustment purposes.  The 1.5 neutral setting may be slightly off  from the neutral defined by your radio 

transmitter but will be close enough to save you a lot of set-up time.   

 

 Of course, a servo is pretty useless unless there is a way to couple the rotation or linear motion of 

itôs output shaft to a control surface on the airplane.   Most connecting links or fittings for this purpose will 

be what is known as #2-56 hardware.   The #2 refers to the diameter, approximately  0.083ò, of the rods or 

shafts and the 56 refers to the number of threads per inch  ( the pitch) on the threaded rod.  These are shown 

in Figure #15.   In addition to the threaded rods are additional fittings used to work with these metal  parts.  

One such fitting is the óClevisô which fits onto the end of a rod ( either soldered or threaded on ) . The 2-56 

threaded rods also are designed to thread into the ends of certain Nylon control rods.  A very small óspring 

clipô is designed to snap onto a grooved portion of the Clevis pin to prevent the clevis from óspreadingô and 

coming loose from the control horn.   

  

  

    Fig. #15,  #2-56 Control  Hardware. 
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 The #2-56 hardware has more than adequate strength  for most sport models, but for the larger, or 

Giant Scale models or for many high performance aerobatic models it may be desirable to use  #4-40 

hardware.  See figure #16.   #4 refers to the diameter of the rods which is approximately 0.110ò  while the 

ó40ô refers to forty threads per inch on the threaded rod.  Be careful that you purchase the size needed for 

your plane.  

 

  

    Fig.#16. #4-40 Control Hardware. 

 

 Now that we have the servos mounted and know what control links or fittings are available, what 

do we do with them ?   We have not mentioned it prior to this point, but it is important to not use ómetal to 

metalô, loose fittings if at all possible.  When two metal parts contact each other, itôs possible for them to 

generate  óRadio Frequency Noiseô. This noise is very low power but it is also very near to the receiver 

antenna and could induce a disturbance in the radio control signals.  There is no point in  taking chances, so 

virtually all manufacturers use some form of plastic for moveable control horns and servo arms. Note that 

there is no problem having two metal pieces joined together ótightlyô;  itôs the loose fitting joints that may 

cause the problems. (Note;  loose fitting metal  components do not generate high enough frequency noise to 

affect  operation of 2.4 Ghz radio receivers.)  

 

 In figure #17, weôve shown an array of parts that will be used to operate the aileron control 

surfaces  on a wing.  This can be typical for many controlled surfaces.  This arrangement allows easy 

adjustment at the flying field if such is necessary.  
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In figure #18, both the aileron  and the servo arm are in their neutral position when  the adjustment of the 

control link is done.  It is important that the óHolesô in the control horn be directly over the hinge center 

line as shown in figure # 18.  If the holes ( the clevis pin pivot point )  are moved to either side of the hinge 

center line,  before drilling the holes for mounting the control horn, it will result in a ódifferentialô 

deflection of the aileron by the servo.  That is, depending on how the control horn  is mounted either the 
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aileron will give greater upward deflection for a given servo arm deflection or more downward deflection. 

Some modelers deliberately mount the control horn to obtain greater  upward deflection than downward 

deflection. They believe that this gives less óAdverse Yawô as discussed in earlier paragraphs.        

 

 

 With the control surfaces properly adjusted, (ailerons, in this example)  the surface deflections 

( normally measured  at their trailing edges ) should be very close to the same amount.  In most sport 

models that are properly balanced and have no wing twists, one half inch of deflection should be more than 

adequate for  excellent control of the model.   See figure # 20.  

 

 

  

 

  If the controlled surface should reach the mechanical limit of itôs travel before the  servo arm 

reaches itôs own limit, then it is possible to óstallô the servo drive motor. This happens  because the servo 



RC  Flight  Primer                                                                                                                                       36 

                                                                                                                                                                       36 

still wants to move the surface further and the surface can not respond.  In a balanced condition, the servo 

motor draws only a few thousandths of an ampere of current from the battery pack ( a thousandth of an 

ampere is called a milli-ampere).  If the servo is operating against  a very ólightô load  ( an easily moved 

wing surface, for example),   the current drain on the battery may be  a few hundred milliamps ( one 

hundred milliamps = 0.1 amperes).  If there is a lot of óbindingô on the control linkages, or the Ram Air 

pushes against the controlled surface with a strong force, the current drain may easily  exceed one ampere. 

This current drain affects the time  that the battery voltage may be adequate for proper operation of the  

radio components.  

 

  When a servo óstallsô, the current drain may exceed a couple of amperes and  may  cause the 

battery pack to be quickly  exhausted.  Additionally, when a stalled condition occurs. some servos may 

develop sufficient power to break the teeth of the gears used within the servo drive systems.   When this 

happens, it can cause complete failure of the drive to that particular surface, an erratic drive action or 

simply create a higher than normal current drain on the battery pack.  Servos can be tested  by holding 

opposition to the movement of the servo while  operating the transmitter to cause deflection of that surface.  

Broken teeth will be rather easily detected by erratic action as you hold the servo arm.  If your model uses 

four or five servos, the total current ódrainô can present quite a load on the batteries.  

 

  Some radio manufacturers have introduced  ófail-Safeô  circuits within their radio designs.  

Depending on these designs,  the throttle may return to a preset, óLowô  setting  when  the battery voltage is 

detected as below a safe operating  level.   The throttle  is returned to a low level that, in effect, yields a 

high glide ratio allowing safe return to the field if the model is at a reasonable flight altitude when  the 

circuit detects an unsafe level.   Even if the model is too low to allow returning to the field, the reduced 

throttle allows the pilot to maintain  a ónormalô flight attitude as the model contacts the ground.  In similar 

manner, if the transmitter circuitry detects a low level transmitter battery, it will emit a óbeepingô sound  or 

óflashô an LED ( light emitting diode) which tells the pilot to land as quickly as possible.  

 

 Battery packs for both receivers and transmitters are rated  in both voltage output and  their  

ócurrent drain-time ratingô.   For example, a receiver battery pack may be rated as ó4.8 VDC ï 700 mahô. 

( mah  =  milliampere hour).  This means that the allowable current drain may be as much as 700 

milliamperes for a period of  one hour.  If the ómahô rating were a truly linear description, it would imply 

that the batteries could supply 100 milliamps for a period of 7 hours.  Not necessarily so, but a useful 

óguideô to useable battery life all the same.  Batteries should be fully charged using the manufacturerôs 

charging apparatus for a period of 12 to 15 hours.  (doesnôt apply to ófield chargingô). 

 

 Additional illustrations follow to show the approximate sizes of typical servos and more specifics 

on how to mount them to obtain  vibration isolation. 
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 There are many other ways to mount servos and make connecting links to them. All of these are 

acceptable.  Whatever control  linkages are used, it is important to prevent  loose fittings, binding and 

grossly different travels either side of neutral.  Easily made adjustments to the connecting links  are 

essential.   

 

E.  Exponential  Control. 

 

 The RC systems discussed to this point are an amazingly good , efficient, reliable and reasonably 

priced assemblage of components.   But, as always happens,  there are some geniuses who come along and 

complicate the systems by offering more and better features without  a measurable increase in price.  It is 

truly amazing what electronic engineers can do with a few layers of impure Silicon when their little brains 

shift into high gear.   In this case, it certainly pays dividends and you will not make many trips to the flying 

field  until you hear someone mention, óExponential Controlô.   No reason to fear; however, since 

exponential functions are now taught in ñFifth Grade Math, 101ò.  So, letôs get through it here and now.  
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 When youôre flying your airplane and coming in for a landing, the plane may  suddenly veer to the 

right, for example, and you quickly  ójogô the stick to correct the attitude.  But, in your zeal and  perhaps, 

ótoo quickô response, you  ójerkô the plane back on course or a little beyond what you wanted, so you 

immediately input another correction to correct the last one. No problem; it happens to all of us. In Time 

and with enough flying experience, we develop a feel for controlling the plane without so much ójerkinessô.    

But then, we get another model and have to learn itôs control responses as well and we begin the process all 

over.  A really experienced  RC Pilot can fly most airplanes very smoothly  after the first few moments 

with them.  

 

 Thatôs what happens  with our original, typical Radio controls that have ( or had ) óLinearô control 

response. In the following illustration, we see a graph that depicts such a Linear control response. 

  

  Moving the rudder stick one fourth of the way in either direction will deflect the control surface  to one 

fourth of itôs maximum travel.  Moving the stick half way causes the surface to deflect to itôs half-way 

point and so forth until we reach the full deflection of the stick.   A given deflection of the stick results in a 
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proportional deflection of the control surface.  Drawing a graph of the control response results in a (more or 

less ) straight line graph.   

 

 So, the Radio Engineers decided to improve the way in which we exercise control of the moveable 

surfaces.  When the control stick is moved near the óNeutralô point,  there is a very small output movement  

of the controlled surface.  But, as the stick movement  continues, the control response becomes 

significantly greater. It is said to vary according to some exponential function as shown in the following 

graph which is entitled, ñExponential Control Responseò.   

  

 The exponential response  can be changed  in many computerized radios  (transmitters) to allow 

the operator to óCrank inô more or less exponential  control.  This allows the Pilot to have very ósmoothô 

control of the flight surfaces near the neutral point but a large amount of control when such is truly needed.  

Please be advised, that  different radio manufacturers can mean different results when they call their 

functions óPositiveô or óNegativeô exponential control.  Your instructor can help you with the programming 

if your radio has this feature ( bring your Radio Manual).  The proper amount of exponential control  can 

make a novice Pilot look pretty good in many instances.   
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F.   The Radio transmitter Controls & You. 

 

 If you really need information about using your radio and want  to know about ócare and feedingô 

of batteries, etc., the Ownerôs Manual that came with it is your best source of information.  Most systems 

ask you to charge the batteries overnight before first use and that is good advice.  Donôt ever try to 

substitute ordinary óDry Cellô batteries for the NiCads  { nie (rhymes with óeyeô) ï cads,  or Nickel-Metal-

Hydride } batteries. They are not interchangeable.  Getting a little ótechnicalô, they develop different output 

voltages and have different internal impedances.  You donôt need to know about óinternal impedancesô 

except  that they can cause real problems if used in the wrong applications. Use the batteries that came with 

the system and see your Hobby Shop owner for replacements when needed.  

 

 All of the most popular radio transmitter brands  use a similar panel layout as shown in the  

following óTransmitterô diagram.. The two ôjoy-sticksô are arranged in what is known as óGimbalsô ( sounds 

like mispronounced óGumballsô ).  Each joy-stick can be moved in  two directions at the same time ( try it ).  

If your controls are óset-upô as over 95% of the transmitters in the United States, you will have the left joy-

stick controlling the Rudder as you move the stick from left to right and controlling the Throttle  as you 

move the stick toward the top or bottom of the transmitter.  The joy-stick on your right-hand side  will 

control the ailerons as you move the stick from left to right and will control the elevator as you move the 

stick toward the bottom or top of the transmitter.  For this to occur, you must plug the proper servo 

connector into the channel so designated in the radio óset-upô instructions.  When connected in this manner, 

the transmitter is said to be operating in óMode 2ô.   If the  throttle control is deliberately moved to the 

óright stickô you will then be operating in Mode 1 and it will be necessary to make some changes to the 

mechanics of the joystick gimbals. 

 

When set up in Mode 2 (the default and  normal scheme) you will notice that a ódetentô mechanism holds 

the throttle position where-ever you release the throttle control.  All other motions of the sticks are  óspring 

loadedô to force the stick to return to itôs ócenterô position. This greatly improves the ease of flying your 

model plane.  Your instructor will go over this set-up with you and show you a comfortable way to hold the 

transmitter while flying the model. You can also adjust the óLengthô of the sticks to suit your hand size.  

Your instructor will insure that your transmitter and the training transmitter which he uses, are set-up 

identically as far as servo directions and Mode.  
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 There is a óconnectorô on the rear of your transmitter ( in most cases) and on the rear of the 

instructorôs transmitter. It is important that your transmitter and the instructorôs are ócompatibleô in regards 

to these  connectors which are used for a training cord.   In use,  the training cable connected between the 

two transmitters, allows the instructor to take full control of the signals transmitted to the model  while he 

uses óyourô original transmitter. When he depresses a spring loaded  ótrainerô switch, it gives full control to 

the person holding the ósecondô transmitter.  As long as the instructor holds the trainer switch activated, the 

student may fly the model. The instant, the instructor releases the switch, control reverts to the instructor. 

This saves many airplanes  from an untimely, and expensive, end.  

 

 As the student begins to feel more and more comfortable with flying the model and recognizing 

different flight attitudes, the instructor will begin to talk the student through some basic maneuvers and 

even initiate some approaches for landings. Eventually, the student controls the plane through all  phases of 

take-offs and landings.   When the student shows he is making consistent flight decisions and reasonably  

smooth  approaches for landings,  he is given full control throughout take-off and landing and is said to 
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have ósoloedô.  Many clubs will award a small lapel pin consisting of Pilotôs Wings to designate the student 

has soloed.  This is usually done after three or more successful solo flights.  

 

 The first thing many students want to know is, ñHow expensive a radio should I buy?ò.   The 

answer is, ñBuy the most expensive radio you can afford.ò  The reason is that if you buy a stripped down 

radio, one that may, for example, control four functions and as soon as you solo, you go out and buy a more 

advanced model, perhaps one with flaps and retract gear; then you have to go buy a new radio.  If you buy 

a six channel (function)  radio to begin with, then decide to get out of the hobby, there is a good market for 

used radios in good condition.  

 

G.  Trim  Flights  and óTrimmingô  your  model.  

 

 After you have built your plane and have had it checked out by an experienced Pilot to determine 

itôs óairworthinessô,  someone must take it through itôs first or óMaidenô flight.  This is where a lot of 

models end their life, but not necessarily so.  If the plane is judged to be óairworthyô and the engine is 

adjusted properly, there should be a good chance for a successful first flight.  The problem rests in the 

design of the plane  and itôs control surfaces.  Some designs are just more óresponsiveô than others.  And, in 

some wing designs, it is difficult to see slight ótwistsô in the wing itself.  The first flight is  normally done 

by an experienced RC pilot.  

 

 Before actual flight, the ótrackingô of the tail or nose wheel with the rudder is determined by Taxi 

tests and adjusted if necessary.  During the maiden flight, the pilot adjusts the radio óTrimô controls to 

obtain straight and level flight.    If the model requires more trim than the radio can provide, the pilot will 

land it and allow the builder to make the required adjustments to the pertinent control surfaces.  This 

process will be repeated until it is seen that the model flies straight and level when all the servo adjustments 

have been óneutralizedô.  

 

  

 

 Since the servo adjustments can be very  sensitive and are critical to pleasant flight characteristics, 

the suggestions shown in the following Trim photos may be helpful. 
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If your radio has a óGraphics Displayô  panel, it will show the metrics of how much trim your system 

required to achieve  level flight ( for Elevator adjustment).  

 

 


