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Under noCircumstances May you Trespass on LANDFILL PROPER$#&e your Instructor.

I. Introduction to R/C Flying.

In this day and agef sophisticate@lectronic devices found in most homes in the USA, there is
hardly a person who canread and witeoi sn 6t f ami | i ar O0Wiatdhihetpdresthet hi ngs c al
magical devices that can send aackive wavesf electromagnetic energlirough spacéo allow us to
send voice, images or electrosiammands fronone point to another without needing targ) wires or

cables betweethe two points.

Many young boys and girls have dreamed of oneod@ing an airplane and being edgbe of
flying it through theair 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
(andsome, not so smalinodelof an airgane that is controlled completely by radio commands from the
would-be pilot. And this form of flying is available to anyowéh nomore monetarjnvestment thamvhat
would be needed for a decent bicydknnisoutfit, cheap set of golf clubs or numasother hobby

paraphernalia.

RC (RadioControlled modelairplanes are not toys, and, indeed, speaking as a licensed
commercial pilot, they require more skill and memtalrity thanmany tasks required for flying the real
(knownas O6Fabl ) Scalrplanes. For exampl e, when flying
6Bankd ) is always done to your o6righto. A Left t
model. In flying an RC plane away from you, a left tugna your left and a right turn is to your righg

you look at the plane But, if that plane is coming toward you
is a 6Leftd turn as you see it happeshgoinggway Thi nk abo
from you and then turned around coming at you. The

such as these must be considerear these and many other complicated reasons, flying an RC model

requires great skill and concertioa.

But, donét be discouraged as |l earning these skil!/l
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. Indeedny clubs have a designated gaptvhose job it is, is to
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teach you how to check your airplane before each flight and to teach you howtff talkesome basic

maneuvers and 6éLandd your plane safeleyrueseatchr e t han o
club follows to insure that all flyers can have an enjoyable outing without infringing on the rights,

enjoyment and safety of other¥our instructor can also advise you where you may obtain free use of RC

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

I n order to master these skills, youdre going to
( specialized words and phrases found in aviation ) and terminology along with a smattering of the
princpl es of aerodynamics; or, Owhat makes a plane flyéb
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 (boenessary fo expand this
investment into tbusands of dollars. People with p@v) 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 smdlthpde or

four foot span) can offer just as much | earning exp

Once you have been introduced to the joys of RC flying, you will probably want to obtain some of
the ancillary equipment that easesiyo ef f orts at the field to 6Fuel d your

transport your plane. A s Thase chyowwhdhave bieady agcquited c an 6 gi
your model and necessary field equipment may wish to continue readingh begigy wi t h secti on ||,
and Field Procedureso which gives directions to the
the model field. Ot hers, who are 6Brand Newb and |
section Il , AAircraft Nomencl ature and Ter minol ogyo.

Enjoy your new hobby / sport.

Il. Safety and Field Procedures.

This is where it all comes together. I'tds a gr ec
the flying site with all your eqpment 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 deguse) play that has as little wind as
possi bl e. Eventually, you will have to fly in &6Wi nd
easy on your first few flightsAlcoholic drinks do not belong and are prohibited at any flying field

and ful scale pilots studiously avoid mixing alcoholic drinks with their flying.
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The LMAC operates the field under the Auspices of the Lexington Urban Fayette County

Government, OParks and Recreation6 andsbdbs édanstchbned
we enjoy the umbrella of Liability insurance provide
safety rules of that organization. Both the O0Parks

considerable time and money to improve andntaé the site. Ignoring the established safety rules and
all owing irresponsible activities at the site could

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

It helps, earlyon in your flying career, to make a list of items you must take with you to the flying
site. Ités no exaggeration that many pilots have sh
Fuel or batteries ( not all at the same time ) ; just adoything you can name has been forgotten. Many
flyers have battery operated O6startersodé6 (highly reco

A field Kit is an easy to carry assemblage of most of the tools and spare items which you may
need for a dayés outing and may include:
1. Atwelve volt starting battery for the electric starter.
2. A O6starterd and the insert rubber o6éconesd use
3. A 6Power paneild who rcme aitbih ®mwpudgdmeédorta gl | p
allow energizing the Gi®lug. This can be replaced by a small,-setftained Battery /GHlug
energizer.
4. A selection of hand tools for replacement of propspiilgs, tightening of wheel collars, servo
arm connectors, etc.
5. Spare propellers, prop reamers, prop balance checkers.
6. Spare Glgplugs.
7.Glof uel , gasoline or batteries and their o6field c
8 . 6Chickené stick or heavy | eather Glove for har
9. Cleaner fluid (409 ) and papeels for clearup.
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
weather:

1. Atight fitting Jacket if ités cool or windy ( |

2. Sunglasses$ 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 getigat in prop arcs). Alternatively, Baseball caps witheyea di ng oO0Bi | | s 6.
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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 yoiotbatfriend ).

6. A camerais 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 repellaiita must on many days and at many fields.

Dondét f or g etioned previousha tMost flyingesites will provide the convenience of a

OPoPatat y0 and you may wish to carry along some ti ssu:¢

donét forget your fuselage, wi n@sngyowiradigmasuglifut s, and
you are not sure how to program ( if ités a computer
flight batteries on charge the night before. Donét
turn it of.

To reach the LMAC flying site follow the enclosed map. From Lexington, proceed Eastward on |
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 firdfioavable turn to the right (about a 100 yards past the
interstate) which is Rockwell Drive. Proceed EastveardRockwell drive aboud mile until you see a
sign pointing to your left indicating he o&6Landf i Il |l 6; this i srladeaddyer Lane.
proceed about two or three miles until you pass the
another 100@eet to the LMAC field at 4208ledger Lane on your right.

The field is secured by a locked double farm gate and all memdvegskbys 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 circeilapjpéackrea used

for OGlciome rfollyi ngé.

The LMAC flying field is equipped with a very large black topped runway that is approximately
600 feet |l ong by about 50 feet wide with overruns an
is slightly shorter and has a sedagrass 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 presentlyumddoy others.
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LMAC Flying Field
E Compost

Hedger|| Lane

To drive
Lexington

To
/ | - 64 Winchester

LMAC Flying Field is approximately 8 miles
East of Lexington on |-64. Located at 4200
Hedger Lane, adjacent to the ‘Landfill’.

N,

Exit
87
Blue Grass Station

Fig.#23, Directions to the Field

At The Field.

Dondét turn your transmitter O6ONOG. ( not so import
your transmitter in the 6 i mpotumed 6a papnrdo pprliaactee yhoaulrd inmec
the i mpound board. I f your frequency is already ta
are on your frequency, you may wish to go meet them
withthemThey wi | | appreciate it. I f youbre not a member
his card.

Find an unused O6test standdé or flight stand or F
model and equipment placing it at thab sp . I f youdre brand new to the cl

have already made arrangements to meet with an instructor and he will assist you in getting ready. The
overriding point here is to be congenial and respectful of the rights and pravidégeur fellow flyers.
Some of them may be in the same boat as yourself.
The 6ready areadé for the field may be any spot av
under one of the metal roofs provided at the field. It is poor taste and ydaewhlastised, 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 tabl es. The bird drop
are no garbage ba or cans at the field. You are responsible for your own waste.
s g Downwind Leg s s
AN
Crosswind \G»\ Base \’
A A" .. Fina |
% Leg |
[ Grass Runway N\
\4 . Main Runway = /
Ramps N N
N . %
. N
Metal Shelters Fit e NN
' Main | , A
Fence Line | Shelter 1]

Parking Area

Right - Hand Traffic
Pattern shown for
Take-Offs to the Left.

Control Line
Area

To Gate /

The LMAC Flying Site.

Fig.24, Traffic Pattern

As you stand in the O PRtoptruhwag, it ere frdmyaukléfthoggouro ut t o t h e
right. To your Il eft us rbBbhghtbysbdgwwbhhyl bGpantl 6o vy

I'n |l ooking at the airport sketch, the conventional
form of a ORace track6 oval wi t Hegoftheovahdescribedt inway r un
youbre taking off in the right to |l eft direction ( s
altitude.

When you have turned right to a heading approximately at 90 degrees to the runway ( as shown )
youa e said to be on the 6Cross windbé |l eg of the patt

again, as shown, you are said to enter the O6down wi
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into the O6Base Lego goft tohnec ep artotreer mp.ut sT urhnei ppd ane on t
As you may have surmised, this is called a ORight ha
throughout the world.

Conversely; using an identical racetrack analogy, bingadf in the Left to Right direction, as

you c¢limb out, you wil!/l turn 6leftd to enter the Cro
|l eft once more to enter the Base | eg of the pattern.
Naturally this is called a 6Left Handd pattern. At

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

Shelter House and Pit aredso intentionalor deliberate flying over the Pit area is allowé&lis is for the

safety of all concerned. In actuality, the ORace tr
keep planes flying at a safe distance from the spectators and othempilotsh e 6 Pi t 6 area. Natur
landings and takeffs, the take off leg and Final leg will beline with the runway.

Any airport or flying field in the United States can have both Right and Left hand patterns
regardless which runway heading isdisé&or 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 notriiete 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 ar estayfaidyeclosetothed do not h

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 notdause 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 O6Chop6é the thr ot t lomentunhvéllmprodaklyrcariyib gelli nt o a r
into the ramp area. The reason for this is that you never know when a spurious problem will cause it to

accelerate.

I f you know that an active pilot is a édnewcomer 6,
startihg 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 attempgtenlanding and any distractions can aggravate this problem.

Remain alert while in the 6Pitdé ar ea.
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rth

LMALC Flying Site. Thisis a large facility with a shelter structure and four smaller ‘Car-port’ type structuresto
provide shade and shelter from ndement weather. The four ‘ramps’ and the main unway hawve been recently re-
surfaced and the feld is kept in excellent condition for flyng either from the hard surfaced runways or fom the
grasseyareas. Picnictables, test-stands and a Porta-Potty are provided for use by members and their guests.
Generous parking space is also provided.

II1. Aircraft Nomenclature and Terminology.
A. Aircraft Classification and Category.
For those among you, who have an academic bent andonighultra specific regarding how
aircraft are classified, please referto FAart6landPart 91 Regul ati ons. I't isné

every designationro speci fi cat i onnordérto get dui psints adrdss. i lfqipdineipr i mer 6

model ed after a real l'ive ( full s claitlisone hafthe p| ane, t h
size, then it is 50% scale or ohalfd scale. I f it i
can bt ®csalbed which means it is oO6mostlyb scal e, but

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 maxirflying ability.

We can classify airplanes according to their numtk
0 t-ernigi roeulii-enginéd Ai rplanes, are designagyodands O0fi xed wi
helicopters which fly on diffemt principles and have their own set of specialized terAigplanes are

di fferent fromADADr Bl psebnandhdéelbtrely on dédbuoyancyb

Some newer designs empl oy 0dir e-offseldesaatheu st & pr i nc
VTOL (vertical takeoff and landing) designsA si ngl e engine pl ardpeopican be a 07
front) type air pl/aoparear) Asinglédnging hirplané maly alse begdesigreated as
a O6tail dr adlmtA ,( adese fkingpumne as a O Aiplanesearet i onal gea
also classifiedasa o6t r i cycl e @ shawn @ dgire #part B. pHe difference betaveémese
|l ast two designati ons Grasitydt h  I|kommavni @ars d fhneinlkbeC GBHC € n tr eerl
landing gear.
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A), Taildragger
( Conventional Gear )

B ), Tricycle Geared

Figure #1. Placing the Center of Gravity behind the main gear causes many
problems in maintaining directional control when taking Off, landing or taxiing

the airplane.

As shown in figure #2, an airplane with one wing
with two wingsPlian 8dhsbhowmherare otleer désijnations such as aplane
designed to land and take off from watdrichi s cal | ed a 6 Se awhiclaaairglabe or OFI| oat
designed to do so from either | and or water is know
engine plane with wheelsisreferrecd as a 6Landdé pl ane. Airplanes can
6Low Wingb6, 6HIi gh Wingd or O6Mid Wingb6 ( such as som
has a single wing mounted on Cabane (Bah i n 6 ) s t r u the plangisrefgrgddoras as ) above

6Parasol 6 type airplane.

10
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A. ), Monoplane - one wing.

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 0

| wi ngsodo ) . Aircraft ar

! Upper wing designatedby their engine power

Cabane
Struts

d

B.), Bi-Plane
Two wings

plantssuchad Pi st on Power edd,
60Jengined anddoturbine e
Supporting designations also include,
6Compl ex 0 which might i
Lower wing such additions as a controllable

pitch propeller,retractable landing

gear and other modifications.
f Fig. # 2, Designation by number of wings on an airplane.

So, an airplane such as the

Cessna 172, may be called a rommplex, single engine, tractor , high wing, tricycle geared, piston
powered, general aviation , Land monoplane. The above paragraphs/areant 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 designatidinere is no hard and fast rulet specifies that all the

descriptionsnust be applied when talking about a specific airplane.
B. CG and Stability.

Aircraft terminology can go on 6ad nauseumb. We
other as the O6wing spand of t hodack (aft) ofethe winglishtee di st ance
6chordb6 of the wing. I f the chord remains the same
fuselage ) to the wing tip, then it is said to be a
greaterchord at the wing root than at the wing tip. If you were above the plane looking down on the wing,
you would be | ooking at the 6Plan Formdéb of the wing.
to elliptical (eg, Spitfire) and anything in teeen. 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 word§the®@ a 120 fixed cl

between three antbur inches back from the leading edge of the wing.

11
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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 thewlosel moves backward ( typically ) when the wheel
is retracted. If the plane uses rearward retracting) gear ( as in the Corsair of4P0 6 s )G, the C
definitely moves rearward with the gearthe retracted position. Fuel beoff can also severely affect the

movement of the CG as the flight progresses.

\ —— //\\
1 v e A(—__ o ] R i o _,j In figure #3, a lateral
Cine’ ——\'_ - 0 7 o ”j/ view ( profile view) ofa typical
| Sl T el Fiight plane is shown. A line down
B) the center of the fuselage, as
| Thrust line pitched 'Up' RS showhn in part 6ad, i s
‘ ‘(\Z*_\* i —~ 6l ongitudinal axisod o
Horzotal N\ e )
Lire “"\T;\ e - I n part O0bd6, the plane
e e e 6pitchedd nose upward.
6cdé, the plane is pitc

down. The stabilityr

tendencyof an airplane to fly

Horizontal
| Line
\

without being pitched nose up

or nose down is known as the

6l ongitudinal stabil it
Fig. # 3, Concept of Longitudinal Stability. plane. It has been shown in
many designs that the
longitudinal stability of a plane
increasegbecomes bettergs the CG is movedfr war d of i tds nominal position r
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 aadigds r

where the plane becomes O6unstable as regards | ongitu

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 alngoaranteed to be forward of
itds nominal position. As the flight progresses an
the plane may beme noticeably unstablét is important to check for the proper CG with the plane

empty of fuel ad with the gear in the retracted ( if applicable ) position.

12
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Lift Lift Looking at the
| plane from the front, as in
ab) c (;O%— - figure #3D, we see the
AN A— - wing being exactly

straight across as

Vertical Component )
of Lift \ Vertical Component

of Lift . . . .

# e imaginary horizontal line.
i

1

1

1

referenced to an

We say this plane has no
60 Di h gie-Hoel €606
droll). Both the right and

Vert. Comp. P Force Diagrams are the left wing develop the
of Lift \\ ! exaggerated for Vert. Comp.

3E,)

effect. of Lift sameamountob | i ft 6 and

hold the plane in position

in the air as shown by the

— arrows above each wing.

3E ) If one wing develops more
lift than the other, it tends
Fig.3,D-E-F. Lateral Stability. Awing is given a dihedral angle to introduce .
lateral stability by allowing the lower angled wing to generate a larger vertical to roll the fuselage in the
component of Lift. In straight and level flight, the vertical force components

tend to prevent one wing from rising above the other. corresponding direction.

This balancd amount of

lift produce Lat eral 6 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 rihés a largevertical compoent 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
l i ne devel ops a greater vertical compomgsmorice of | i ft
more produce equal amounts of vertical lift and thus stabilize the plane latevéillgin 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 caect 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 ofa@mplane. The airplane is shown such as it
might appear in flying a Northerheading. If you are seated inside the airplane, the wing on your right is

the 6righté wing and the wing on your Isafacesof s consi d

the plane are called the OEmpennaged or |l oosely ref

13
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that is ( on

most designs
ishingedonthée r ai | i ng edge of t
Spinner
Engine cowling
; Windshield
R in: SO
Left Wing ~ Right Wing |
CG /

Left Aileron
Left Flap |
|

|
|
|

Tail'Cong' —— 1

]
Horizontal Stakilizer \/* i
Elevators ( both sides) ——j«—__r" )

Rudder

Fig. #4, Aircraft Nomenclature.

pl ane is said to be

correct line.

Nose wheel
retrack Aft

Right Aileron

Airplane Nomenclature for Tricyde
Geared, LowWifing, Monoplane
with retractable Gear and Flaps.

6Yawi ngbot,

14
fixed in ités plane,

Hor i Stabild.

zont al zer

The fixed vertical surface on
the tail i s
Stabil

referred
izerd, while
vertical surface hinged onto the aft
edge of the Vertical Stabilizer is

the O6Rudder d
similar purpose as the rudder on a

ship. You do

using rudder only ( at least not

knowna s

not O6Turnod
normally). The sole function of the

rudder is to keep the tail of the plane

from moving out of line with the

directionthe 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

and it i s the

functi

Horizontal Stabilizer

14
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and

i s

o

m(

S

an

on

€
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Some speci al designs of airplanes omit the vertic
the horizontal stabilizer sharply upward on each side of the fuselage to serve the combined function of
both Vertical stabilizerand Horz ont al st abili zer. In such a design, t
vatorsd and serve to cont r Sihce thioigd arcompromisg designd then a | OPi tc
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 whi ch ar earkrelabvelylargesurfac@sht axmersd@ownward ko ensrease
the effective cambe( curvature of the wingad, t h u s , increase OLiftéo. Anyti me
airfoil, youd s o i ncr ecanseationalisdbg)d Deflecting the flaps downward from the trailing

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

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

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

increments or continuouslhariable degrees from zero to as much as tfivgyto forty degreesSome

pilots considerflap t o be abrfaokrens 6o fanédaisrti Il others ( for the t

they i mprove the 6Washout 6 effect of the wing.

Rubber tiresanging out from the airplane develop a large amount of drag which causes the plane
to fly at reduced airspeeds. To reduce this drag, m
attach to the gear struts and allow a slight increase ireaildput complicate landings and taiés 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 sholntice especially in a tail
draggerthattherecan bea significantly differenan gl e of 6éBited on the blade tip
upwards or downwards in their arc as relating to the groundvh en t he O6noseb6 of the pla
upward) The normaprop rotationn as vi ewed f r o masthdésisinsidelthepldne per spect i
appears to be in a clockwise rotation such that the blade moving downward on the right side of the plane
has a much greater Obited oontheléftsidefithe plane. afheanglee bl ade
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 gr eraheeght siflchan that which i6 gxertedliodtlet scle f or c e
of the prop center. Thissoa | |-fe @ c tilBtause the plane to be pulldd the left on the takeff
roll and this force must be countectedby t he pil ot i nputtineffrellome &éri ght r

Evenontricyclegeaa i r cr aft, once the nose of the plane i's ail

15
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Angle of 'Bite' an
| ¢ blade moving up
Ty e/ onleft side.
e I_n' 5'5'

¢ _ PropBlade Left side
-

i Horizontal Thrust

’l

‘1""“* Prop blade Rt side

“Angle of 'Bite' on
I hlade moving down on
Fight side of plane.

Motice reduced 'Bite' on left side blade |

Motice increased

! angle of 'hite* onblade
/ mav ing down on Right
side.

Figure #4. Concept of 'P' Factaor torgque problem See Text.

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 tiastte 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.l ndeed, Bernoul |l i ds pr i nc,buytheee aie some smplenttadietiond does c o1
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
Bernoullids principle and, f odertheffalowimg aesctiptiohsami | i ar wi
Two air molecules, 6abd and 0bd, are disturbed by th
travel past the wing and meet again at the trailing edge ( else a vacuum would be created if one of them
di dndéttmake Obviously, molecul e 6adbd has a greater

them to meet at positions occuphed abad(mbds) tamaadel (

16



RC Flight Primer 17

than O6bd6 as t heyBemul érsipracsitp It eh es awi sr-igtréasingthe basi cal | y,

velocity of airflow over a surface decreases the pressure on the siffiace Decreasing the pre
above the wing would thus tend to O0suwotkave.t he wing u
——r G
el '\\ 2
a/ - m‘ -
./"'/,a" ey i - St T .—‘
i 7
- g ————— g - i e
A

A_), Concept of Bernoulli Principle. See Text for descnption.
Flat bottomwing airfoil depicted.

B. ), Symmetrical wing Airfoil.

Fig. # 6, Bermoulli's Principle. See Text for description of principle.

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

|l ift created os a&ahe oédkeisutitngfBo®Rad Aird pressure act

which isangled slightha bove the | ine of flight ( called the O6ang
greatly on oO6Lifting Bodyo prdesigeodfthd estemdytargobt ain | i ft
fuselages.

IV. Principles of Flight.
A. Forces acting on an aircratft.

Remember, this is not a text for Aeronautical Engineering, but a simple RC flight primer. As
such, we will introduce the four basic forces agtipon a plane in flight. We initially assume the plane is

in a stable, straight flight path at a steady airspeed and altifulee p | an e ieguililsriamd t o be i n
As shown in figure #7, the pr opel bydheaegdynammicat es f or wa

17
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6Dragé of the airframe. I f these forces were not b

speed over the ground or would be losing speed.

Lift
L o
(" /
Thrust 5 e 7‘———“—“,_ sl Drag
B A — ,,,_,_q(:_ ..4-,-_{7/.___ . S e ——————

CTG .,w.._ﬁw-“”
\N&"f’ »

Gravity

Fig 7. Simplified Force Diagram of Forces acting on a Plane in steady Flight

Al so acting on the airfradedé@ravihegdbal Agaiend, fiof c
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 a
overthe ground4s wind) at another speed or direction and, thus, the speed of the airplane over the ground

may be different from ités airspeed.

The air flowing pastthe planeisef erred to as the ORel ative Wi ndbé6
drawn fromthe 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 fig@#¢ #The angle of attack (when held within limits ) is
generally agreed to be the major factor decidimgLift generated by a wing. If the angle of attack is
increased beyond some critical point, the airflow o
Thisisnotagoodthingisnce a O6stall edd wing pconditionaseariseeery | ittl e
when the relative wind has insufficient speed to produce enough lift to support the weight of the plane

against the force of gravity.

18
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ff-_“\
Angle of Attack P e I !
\ i ""“‘H-\/ '
'—Tﬂ___ R —,»F_(I‘_,:— e
T e
Relative Wind e T
Lpwiard Force companert Effective CenterLine
caused by Ramair on of Wing Air Faoil
hattorm of wing. _
o N
Hi | |
- ‘:?*Ji/—a
AMAN . Simplified Force
b Diagram
“"«{_ ™~ Wi ing
Rarm Airdeflected
Dronarrna

Fin.g. Relathe Wind. WWhenthe wing is held at 3 stmall andle as it is pulled through the
air, the impact of Ram Al pressure on the bottomof thewing causes an upward fome
component to be developed. The effect can he simulated by holding one's hand out &
maving carsind o and angling the palim of the hand against the impinging airstream.
The angle of attack employed in most designs is usuall not mare than a couple of
degrees.

B. Control surfaces.

As detailed in the prior paragraphs, there are control surftteebed 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 héat the pi

manipulates these surfaceshese 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 oppositgsaand 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 o6diffe

equal movements. See figure #9.
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'End Viewl
S
Crmar) § ]
—— PR I L aerato
o . . '—r/"”"\;}— .
K__ ? Fight wing aileron
Leftwing aileran _ _ deflected Llpeeard
deflected dowrinsrd. Rear Wiew of Alrcraft

F hting awey from wiewer,

Fig. 9, Aileron Action. Aircraft depicted i initiating a'Right Bark' and is viewse d from the rear. The right
wing aikron defleckE upard [ exaggerated for effect) into the Ram Airstream and creates 3 dowmrward
push onthe rightwing. Simulta neoushy, the Lef # Wing Aileron deflect dowmvard into the Ram Air
stream and receives anupward push to exert on the left wing.

The combined effect of the two surfaces is to'roll the plane to s right. When the desired angle of bark
iz reached, the ailerors are’' neutralzed' to stop the rolling action. At that point, the elevator is used o lif t
the nose ofthe plane (which has dropped since the wings are now angled to the horizontal and
producing less lift). Byrakingthe nose, the plane i being pulled around in a turning ' barked attitude.
ihen the turn has been comp leted tothe point desired, the ailerons are now deflected in anopposite
manner to rall the plane badk into a "lewel attitude .

20

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

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

ai

ailerons, acting together, dJdatananaircraft, thehe aircr aft

| erons are used tleddldt ttihtteudeé rapndantehemtwsea tOlhanel

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

movedownward the same amount while simultaneously allowing the normal aileron movements to be

retained. I n this manner, the ailerons act as O6FIl ap

this

manner, they arFkorailemiisd¢orbe esdd ahdprograsnmed Folopepate m this s 6 .

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

Mor e

rolling action of the airplane and make it very difficult to control.

explanations of this method are dChewalsed

The action of the OFl apsd has been previously

On some designs, the flaps may extend

upward t o act budthatiénottypital oSnpost ddsigne subh, there are several different

F I

ap

designs; thus, the novice will hear

them descr

They all serve the same purpose; that is, to provide more lifhvaeéskpeeds 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 aircratft.

20
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In figure #10, the function of thdawator 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 elevatofone attached to the Left side and one attached it sideof the Horizontal
Stabilizer )will always be firmly connected together so that they function as a Geiterally speaking,
the pitch control of the aircraft is very sensitive to the deflection of the elevator. As the flight progresses
andfu¢ i s burned, the el evator may exhibit more sensi
speed of the aircraft changes, the sensitivity of the elevator control will also change, being much more

sensitive at the higher speeds.

Lewel T = Ajr Flowy
e e e e gt
LN D ——
—>
i,
{ \a
— —_——— ::J__'._;__
e el i i N
= a_, . St Ciretlnd
£ g

Air Flovw against hottom
af Elevator Pushes Tail
of plane upward.

Lo e FEC—;—:_}RHE ..... _4\ BT,
AT e - |

— . I
I TERAL

— T e

Air Flow against top of Elew atar
pushes Tail' dowrward.

Fig. 10, Pitch Cortrol using Elevator, Ram Air pushing against the
Elevator surfaces exerts force onthe tail of the plane causing it to pivot
longitudinally abouwt the C.G The long distance 'D° muktiplies the
effect of the force onthe elevators to increase the control action.

And, findly, the Rudder. As mentioned before, the rudder serves a purpose similar to the function
of a rudder on a boat. Wedbve already described the
It is started through the use of the ailerons. Butiamge 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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Letds do a right turn. F o r to aright bagkhThisis ur n, we st &
accomplished by moving the controls such that the right aileron is deflected upward into the airstream. This
produces ramir pressure which pushdewnward 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 directideferts
downward and rarair 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
6Dragb. Not hing comes free. So, even while rolling
actually causing the lefaggwydg amdstuldendYaw@&comee mo
(slightly) of the desired flight | ine. This is know
pl ay. Whil e banking the plane to the rimght,tot is n
offset the induced drag of the left wing and overcome the Yawing motion of the airplane. When the rudder
is properly wused in this manner, we are said to be

course opposite) occurs when tugniio the left Now, you know more than most

C. Wing Loading.

In the simplest statement redang wing loading, it is justhe weight of the aircraft (in ounces
pounds) divided by the square inches square feedf lifting 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 160z. = 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.

Cal culation of the wing | oading is generally base
given in the kit specifications. The purist will want to know ifthatincdes t he area 61 ost & wh
crosses the fuselage, but most just allowliftieg effect of the fuselage to offset tharea lost to the wing.

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

anyhing other than a fixed chord.

A lightly 6wing | oalledydldeatlowar airspeedd than atieadvily wingn or mal | y
loaded plane and will be much more susceptible to effects of wind dugid.also, normally have a
mu c h b e trtaetr hes@iglitleiraticeis definegisthe distanceraveledforward (in feet) for every
foot of altitude lost. Typical glide ratios can range from 7 or 8 ( favihewing loaded planes ) to 12 or
16for lightly wing loaded planesGlideratiosara | so severely affected by how 06A

the plane is. For example, aflane has (normally ) big heavy landing gear hanging into the wind, has
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lots of struts between the wings and betwdmnupper wing and the fuselage and often havedoigd
engines up front, plus the frontal area of two thick wings.

Additional representative pictures of previously discussed aircraft types.

Parasol Model.

Scale Parasol Type Airplane

Non Scale, 06Stick Ty
model.

Sport Scale, BPlane,
Tail-dragger.

Note the O6rearward
sweep of the Top
Wing.

Sport Scale, BiPlane, TailDragger
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V. Basic Rigging and PrElight Checks.

A. Introduction to parV.
In this section of the Flight Pri mer, webre goi
model ready for flight.Forthose 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 AlmostReady toFly ) 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 Kkits, require you to install the engine and Radio components, but ginesiggt
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 sizeype than that which is specified in the kit instruction manual.

For beginnindRC flyers (even accomplisheflll scale pilots ) it is highly recommended that the
first RC model be a high wing, single engine, tricygsared, tractor type airplaméth lots of Dihedral.
( We know what all that means if we read the opening paragraphs of this prithesg are typically
referred to as O0Trainersd and there are several exc

nor mal kist s or ARF©O

I f you are st ar tdoinagl Iwd tki ta, tyou cvaill |6 Yporuobabl y be
an expeienced modeler via your local hobbyore or local model club. These kits are normally very
i ncompl ete and vyou ifyoudolnot db&in soimeshelpful adecBgagardiesspysu afe

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 famm beautifully and these will be mentioned occasionally.

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

n

e

Some obvious first steps are in ordemrdybe I'f you n

in troubl e. Most O6Trainersd with about a five or f
pounds (empty weighitn o f uel ) . I s the wing O60straighto or does
viewed along the front or readge of the wing. As viewed from the front, does the wing dihedral appear

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

hinged surfaces to see if they are securely 06gluedd

24



RC Flight Primer 25

Do the moveable surfaces have O0playd? Are all v
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 diiew the engine is started. Most Propellers will be
equi pped with a éspinneré to allow easy use of an el
itds edges do not 6écutd into the pr oppterlsplirgered. Check t

Balancing the plane is critical. Know where the CG is supposed(tmbsult your manuabn
your plane. Many builders mark the location for ready reference. With no fuel, make sure the plane
balances very closely to the CG iretfiont 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 theayertibp 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

6 Tr a ioesaat llavedetractable gear.

Regardless what covering materialcoveringmethod 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 ipnoves 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

iThe t i me saidée Warudinetalk of many things, i . (fromA|l i c).eAnd
now, we begin a discussion which is truly new territory to most RC novibkemy people tend to jump
right into something and often become ensnared in or confused by intricacies and finefgoints
technol ogy that i snehradwmddyouhavBé@ m. i s Afa&vhaeér ghambi guous .

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 modédl &iivaedfwing 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) aneduency refers to the number of vibrations completed in a period of time.
Also, Hertz (named for an early scientigt)a unit of measure of frequency where one Hertz equals one
complete vibration per second. Thus, one Megetz (Mhz) equals one miith cycles per second
vibration frequency. Therefore, a 72 Mhz band would be a band of frequencies in the 72 million

vibrations per secondrangd. t ypi cal channel in this range coul d be
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72.630 Mhz. So,ifsomeoses ks you, fA&®hwouchhypyney aaldbe?0, t he

answe

AChannel #42. 0, and your radio transmitter shoul d

indicates this channel number.

If you are operating on channgl?2 and in the aof flying your plane and someone else at the
same site (within a mile or two) should turn on their radicctvis also on channel #42, thgour radio
receiver inside the model plane would begin receiving confusing and mixed radio control sigrthls and
modelwould 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&rfar high
frequency band (2.4 thousaMegahertor 2.4 Ggahert. This new band of frequencieslWie discussed

againlater 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 modelery citical and becomes much shorter for the 2.4
Ghz systems. Both frequency bands are currently legal for use by modklerextremely 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 Pimr, 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 lai®nat so critical that you do this on the 2.4 Ghz
band.

Returning to the arhiaginred! r@ue ot idon ,y ofu Whate 70 mi g |
iHow many channels of contr ol do you have?0. This r
will control on the model. Radios vary widely in the way they work and their use of various forms of
modul ations ( using the radio waves) . Wedbre going

exactly how the radios are used to contrdiedént 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 typicaleries 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 themwidé voltage plse(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 expileing what happens.
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| |
}“——5ms.*——>}4— 3 >r€— 3 < 3-»-:
| | | !
: I [ | '

— -
Master Channel Channel Channel Channel
Pulse #1 #2 #3 #4

14 ms.

Fig. #11, Radio Pulses. Pulses shown represent a four channel radio. The pulses
shown are in their ‘neutral’ position. Moving a transmitter control element ( joystick ) will
change the corresponding pulse position as much as one half millisecond either
earlier or later depending on the direction of movement of the transmitter control. Many
transmitters allow reversing this action to allow reversing the direction in which a servo
will respond to the control input. The pulse train can be re-broadcast , in this case,
every 15 milliseconds See also, Fig.# 12.

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 dhe 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 clockivis®ans that

a signal which the servo circuit generates is exaetigrited 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 ités motor
voltage mtentiometer ( 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 tcaah a new balance point, the output servo arm is being driven in a
corresponding dir ect i,dhnsalscamoving theaitacised doritrdl surfaceoon t r o |

control link.
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/ #2 #3 #4
Aileron pulze postion far
maximum right aileron

deflection. Chan. #1 . Channel #1, Neutral

Fulse position

Cne Half ms.
2 imum deviation

Fin.12. Aileron deflection. The aileron joystick is moved to maximom right position an
the transmitter and the pulse movesto it's maximum position ahead of t's neutral
position. This causesthe servo to move accordingly to generate the balancing pulse to
null the errar signal ge nerated by moving the Joystick.

Each channel pulse position is governed by a control eleméhé omansmitter. 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 transmittedeupulasded #1 wo
position. Moving the aileron control joystick to the rightmost position, would cause the #1 pulse to move a

full 0.5 millisecond ( a millisecond isoiehousandt h of a second) ahead of i
servo would imouve hor malbsexmbant in order to produce a
this position, the right aileron is deflected maximum upward and the left aileron is deflected maximum
downwardWhen t he ail eron controlpgsoiytsitamnc,k tihse r#l ugwlesde tr
neutral position and causes the servo to drive back

A similar action can be made to occur on each channel of control when each or any of the
following channelpulses are displaced frotheir normal neutral positions. This type of modulation is
known as OPul se Position Modul ati onoAmplitude abbr evi at ed
M odulation (AM),FrequencyM odulation (FM), and specidPulse Code M odulation (PCM). Erther

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 oree tindusand dollars. Generally

speaking, the power output of any of these radios wi
far as the eye can see the model. Along that line, it will become very clear to the begi@npilgpt that
there is a practical range of three or four hundred
of the model, it becomes almost impossible to discern which way the model is heading, or turning or even
whetheritisgoingupordown. Oncet hi s range is reached, the aircraft
Now, we promised to return to the 2.4 Ghz. Radios and their use. The higher frequency band
uses advanced concepts to include a codethese their ou
speci al codes using manufacturerés procedures expl ai
receiver is bonded to a particular transmitter, it will reject all other transmitter signals. There are even
radio systems which will change thearticular 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 anofiere is still golace 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 arkallesihat are much smaller and much
|l arger . They can be cl assi fmetlbushirggs an theiroltputestaft or 6 di gi

or ball bearings and can be desigtedotate their output armperhaps 45 degrees either side of their

neural 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 ggify 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

6i mumcesd to define their 6torquedé ratings.

A typical servo specifiation mayshow hat it weighsl.3 ounces, requires 4.8 volts (DC) , has 44
ounceinches 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 tellsened is. A servo is a
motor which has an electrical or electronic circuit designed to work with it in the following maAser.
the motor runs in one direction ( clockwise, for example), it operates a voltage sensor. This can be a
rheostat, a volige 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 ti mes. Thentke eledronic artult serdbabtiredeedbdriasmghabis w
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equal to another signal that is useddomparison, the motor stops. ©®oard a Naval warship, a servo can
enable a Gunner to rotate a 15 ton Gun turret with no more effort than requiradadcadio dial.

| o K BRI by =1

‘Red isthe Positive
\dltage wire

Il Ao
"

-

a is the Neg ative
“blitage wire ( common)

Fig. 13, Typical 'Standard’ size servo. The package with it contains allthe
screws and mounting hardware nommally required ©orvibration proof

o
.

i vd‘:‘

Fig. 13 A Servo Anms.
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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 servosifanodels are designed to operate onwl8battery packs or 6.Qolt 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 advisedfiyneed to use something other than a
standard servo.

The plastic (normally) pieces which attach to t
a r m¥vbhen you purchase a servo, it will come complete with different size, shapes and coofiguwtti
out put ar ms. Di fferent manufacturerds output arms a
connector s. I't is important to follow the manufactu
receivers to insure the servosaremgpat i bl e wi t h t he nneaoedtripssearevery The recei
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 Iopgdlidjint. Most
manufacturers recommend that their receivers be wrapped in poly foam or foam rubber to isolate them
from engine vibrations. Still others recommend placingtheirew er wi t h sindidé @&plastionnect i on
bag in case of fuel leakaget o t he r ec ei v eot possibie averdontEhe new servois t 6 s

also supplied with the necessary rubber mounting pads and small screws with which to fasten it.

Servo plugs into the output connector o ;

fomthetester. This allows any servo
satting fom maximum Clockwise to
M ximum, CCu.

|- St
%

‘A'iTesher plugs into
nonmal flite pack
for power.

Fig. 14, Servo Tester. Adevice is awailable at 3 weryreasonable price to allow operatingthe s2nwo through it's
complete range oftrawel. Thisis extremely helpfulin adjusting s2rvo ‘Throws' during initial "set-up’.
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To facilitate -upmé& (€ atslkee oif n i@ wdsitiodinyjdevisetsucle ast s ) a
shown in figure #14 is recommended. This device costs about $20 and if you intermd ttuseport 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 connercof the device. Acalibrated knolis marked off in tenths of a
millisecond allowng settings of from 1.0 millisecond to 2.0 millisecond with the center of the range at 1.5
milliseconds. Thus, using this devicéoals you to set the servos at neutral or at either extreme of travel
for adjustment purposes. The 1.5 neutral setting may be slightfyouff the neutral defined by your radio

transmitter but will be close enough to save you a lot efiggime.

Of course, a servo is pretty useless unless there is a way to couple the rotation or linear motion of
itds output shaft to a control surface on the airpla
be what is known as #26 hardware. Th#2 r ef er s t o the diameter, approxin
shafts and the 56 referstttenumber of threads per inch ( the pitch) on the threaded rod. These are shown
in Figure #15. In addition to the threaded rods are additional §ttisgd 6 work with these metal parts.
One such fitting is the 6CI evi sddorthteadedron). The® ont o t he
threaded rods also are designed to thread into the e

ci p6 is designed to snap onto a grooved portion of tI

coming loose from the control horn.

L < Al

Nylon control rod inside 256 Threaded rod is approx. 0.083" and comes in many
diameter is suitable for different kengths with threads on one or both ends.
accepting 3 2-56 threaded

rod and holds the rod
rigidly with a drop of CAon
the threads.

GQeel Fittings

e

Clevises are available in both 2-56 and
440 szesin metal and plastic.

Fig. 15., #2-56 Control fttings.

Fig. #15, #256 Control Hardware.

32



RC Flight Primer 33

The #256 hardware hamore than adequagtrength for most sprt models but for the larger, or
Giant Scale models or for many high performance aerobatic models it may be desirable tgl0se #4
har dwar e. See figure #16. #4 refers to the diamet
04006 rfaetytereads peér mch on the threaded rod. Be careful that you purchase the size needed for
your plane.

AR ...r'.rr' --r‘ 2
GERERE

4 - 40 steel rod available in different
lengths and eitherin ‘all-thread’, single
end threaded or both ends threaded.

Spring retainer clipto snap onto
groowe in clevis pin as shown.

Threaded 4-40 Hax Nuts

\>=

.
f -

han vy different types of 440 connectors and hardware

are aw@ilable through model supply shops. :

Fig.#16. #440 Control Hardware.

Now that we have the servos mounted and know what control links or fittings are available, what
do we dowith them ? We have not mentioned it prior to this point, but it is important to nGnesa to
metah | oose fittings if at all possible. When t wo met
gener at e 6 Radi o F e owpower bubitiissalscdvery n€dr to the receivers
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 bodservo armsNote that
there is no problem having two metal pieces joined togétightlyG i t 6s t he | oose fitting |j
cause the problem@ote; loose fitting metal components do not generate high enough frequency noise to
affect operatin of 2.4 Ghz radio receivers.)

In figure #17, webOve shown an array of parts that

surfaces on a wing. This can be typical for many controlled surfaces. This arrangement allows easy
adjustment at the flyingdld if such is necessary.
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‘j The servo am extends upward through the
 slotted opening ofthe wing, s2no hatch cowver.
e . S I .
~ Aftercontrol hom is fixed in position, attach clevis on
/\‘i threaded rod (centerit onthe threads) and measure
~ rod to be cut off at comect point in the couplerwhen
~ both senw and aileron are in neutral position .

A 2-56 steel clevis is fastened tothe
‘serw am and athreaded, Brass solder
‘coupler isthreaded into it to it's mid-range .

When threading a coupler

|\ Mourting holes in aileron for Nylon into 3 clevis, centerit onthe
\r control hom. (Use epoxyin holes) hreads to allow room for

adjustment either direction.

Fig. # 17, Control Link installation.

Fig.# 18. When the rod & cut to the corredt length, the end i deaned with sandpaper or crocus doth and soldered
with 3 200 W'att ( or more) soldering gun using the proper Fhux for goodbonding. The completed control link i
shown in position with both the servo arm and the aileron in their neutral position The threaded rod can be adjusted
in either direction at either end for correct aileron positioning. Once the correct adjustment is obtained, asmall
amount of thin CAts applied to the threaded parts to 'Lock’ them in position. Small flexdble silicon rubber ‘retainers’
are shown on the clevises to keepthem from spreading and coming loose. These retainers are called 'Keepers'.

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

deflection of the aileron by the servdhat 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 upwactiateflean downward
defl ection. They believe that this gives |l ess O6Adver

-

Fig. 19 Mouwnting the Servo, In this ilusiration, the servo foreach aieron s mounted closs to the aileron surface it
wil control by attaching it to a plywood 'Hatch' cover which is located in each wing panel The servo is fastened to
hardwood blocks which are eposed (and screwed) to the plywoed cover Asuitable length ext=nsion is provided
durng wing construction to allow the servoto be connected after coveringis corpleted.  Since a servo is required
for eachwing panel, the extension leads are spliced at the center of the wing and one connector 1s ussd & the
center 1o connedt to the radio receiver. In this manner, both servos recev e the same signal to keep them operating
in synchronism. It should be neted that the servo arms face outboard n each wing panel and this resulsin one
s2vo pushing ‘out’ onthe aikron while the opposte servo puls i’ on the aileron, Remember, the alerons wark
opposte o each other. The servo connection is laped wath maskng tape Lo insure againgt coming loose. The halch
covers are mounted wth small wood screwswhich allow access to the servos for maintenance

With the control surfaces properly adjusted, (ailerons, in this example) the surface deflections
(normally measured at theratling edges ) should be very close to the same amount. In most sport
models that are properly balanced and have no wing twists, one half idefheation should be more than

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

-

Deflecton Above the 'Wing Defiection Below The Wing

Fig. #20, Equal Deflection. The final measure of how well your control set-up is adjusted comes from seeing that
equal angulartravelsof the ssrvo arm give equal deflection of the control surfaces ( usuallly messured at the
trailng edge of the control surface).  In mast instances, one half inch of travel is more than adequate for
excellent control of the model.

Ift he controlled surface should reach the mechanic

reaches ités own | imit, then it is possible to 6stal
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still wants to move the surface further and theaxigfcan 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
ampereiscalledamith mper e) . I f the servo i s opastymaved ng agai nst
wing surface, for example), the current drain on the battery may be a few hundred milliamps ( one

hundred milliamps = 0.1 ampered).f t here is a | ot of O6bindingdé on the
pushes against the controlled surfadth 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 O0stall sd, upldhofampenes angd may cadusedien may e X C €
battery pack to be quickly exhausted. Additionalligen a stalled condition occusme servos may
develop sufficient power to break the teeth of the gears used withinrtloedsive systems.When this
happensit 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 operatiegransmitter to cause deflection of that surface.
Broken teeth will be rather easily detected by erratic action as you hold the servé ywor.modé uses

four or five ser v aanpresert quiteta madan thedatterese nt 6dr ai n b

Some radi o manufact uSefresd hacovier d wnittrso dwicterdi n 6tfhad il r
Depending on these designs, the throttle may return
detected as below a safe operating level. hiatte 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 altitede the
circuit detects an unsafe level. Even if the model is too low to allow returnihg field, the reduced
throttle allows the pilot to maintain a 6normal 6 fI
manner , if the transmitter circuitry detecdars a | ow |

6 f | and BDY light emitting diodeyvhich tells the pilot to land as quickly as possible.

Battery packs for both receivers and transmitters are rated in both voltage output and their
6Gcurrethmedratnngo. For ex aiprate ast.8VDCie7O®mad er batt ery
(mah = milliampere hour). This means that the allowable current drain may be as much as 700
milliamperes for a period of one hour . I f the Omah
that the battericould supply 100 milliamger a period of 7 hours. Not necessarily so, but a useful
6guided to useable battery I|ife all the same. Batte

charging apparatus for appérnyi od off i 22 dt chh5 gh ogrog .

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

on how to mounthem to obtain vibration isolation.
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1/16 th. inch holes in servo arm. ———\
N\

o Y < Plastic Servo

Arm

Screws supplied
with Servo v Splined Servo Split Rubber
1~ Output Shaft Grommet

Rubber
Grommet

/ | - |
\
Servo mounliné Shel i : L w goeor;:len servo
Typically 1/8th // : ‘ b\
Inch wood. | ' \
/ Servo openingin

T P mounting shelf.
Servo Cable "‘ 1+ 916" BEEat

Typical Servo Dimensions. In addition to dimensions shown, the typical
standard servos measure approximately 3/4 * thick, The connecting cables
are approximately 12" long. Difficult to see are 'steel’ ferrules inserted
through the rubber grommets to prevent 'Crushing' the rubber grommets.
Drawing 1s ‘Mot to Scale’.

Screws supplied with
Seno

Drawing No tto Scale

Top half of mounting
.~ Grormmet

Bottom Half of
Rubber Grommet

. Metal Ferrule

F \ \\ N3 \' “\ v
\\\\ A %) \\
\ SN N\ Wooden Mounting
\\\\g\\\\ X Shelf
t)

Typica Servo Mountng Scheme. The servo mounting flange is captured hetween
the top and bottom rubber grormmets (identical) and the metal ferrule is inserted
fromthe bottorn The steel ferrule is supported by the surface of the mounting shelf
and the supplied screwis inserted down through the mountng holes into the wooden
support shelf. Many rmodelers use a small dab of wood glue with the screws to
prevent loosening.  The metal ferrule acts as a 'stop'to prevernt crushing the ubber
mount and thus losing the cushioning effect of the mount.
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Hinoges securely

mMoveable surface shown :
plued into bioth

deflected in two directions

38

Semo mounted to
fixed surface with Arm

from  neutral surfaces. in r\\J‘eutraI Paosition.
et | o e
; y oS ORI y
____——-.—.____:..;_'i.._'h -r:- _N.:‘.{““___-El
ity 'f“% Y 5
: _,‘,__?____'__..:'ﬁ:::"'fij'f_ L B | I;"ILPH{_J L%
S T i
# 4 \ '

Control Horn Clevis uf |
haoles are in vertical Va |
alignrme it with !

finge: ceriterling: Ore 'Clewis'Jshnuld he

adiustable onthe
connecting Link.

Connecting Li'nk can be
cut off and soldered to
Clevis at one end.

Semo Connecting Links. Whatever connecting Linkage is used to allow
cortrolling & surface, one end should be easil adjustable andthe sero
arm mov erment should be rmatched to the movement of the cortrol horn, By
careful positioning of the control horn onthe moveable surface, it is
possikle to obtain equal deflection in both directions of the moving surface.
[f contral links pass through 'guide tubes' (Mylon tubes) there should be no
tight 'hindi ng" whichwill require additional electrical surrent for the servo

rratar,

There are many other ways to mount servos and make ¢imgnkacks to them. All of these are
acceptable. Whatever control linkages are used, it is important to prevent loose fittings,dridding

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 systentyy offering more and better features without a measurable increase in price. Itis

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 dividgs and you will not make many trips to the flying

field until you hear someone mentighk,x ponent i al
now taught in AFifth Grade

exponential functions

Control 6. No reason
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When youdre flying your air pl an esuddeniweerdoathmi ng i n f
rightt f or example, and you quickly 6jogbdb the stick to
60t oo quickd r es ponckencouyse ar alittlé pegondknbat yolnveantgrd)sayole b a
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 withoutsomu¢ er ki nes s 6.
But then, we get another model and have to | earn itéo
over. Areally experienced RC Pilot can fly most airplanes very smoothly after the first few moments
with them.

That 6bawphats with our original, typical Radi o coc
response. In the following illustration, we see a graph that depicts such a Linear control response.

Right Rudder
Deflecton

e Linear - Proportional
A Response Curve

I
o e e I
142 Left Stick__ - // |
B . / I e e
Full LeftStick . __ | Right Stck
™y k / ! Movement
Left Stick ~—€T—r=F 1 4 e e
Wioi ement i i | i ‘L Full Right Stick
l | / : M " Deflection
| /_ S P S ?,-—..H\"'““ 112 Right Stick
| ) Tz 112 Eéefle&:ti:un
1 Left Rudder
I T S R — _-ﬂ

.
b
/ |

K Y

Full Deflection
Lafl Rudder

A ——

Left Rudder Deflection

‘Linear” - Proportional Radio Control. This graph represents a straight Line
or ‘Linear’ response curve wherg, in this exampls, moving the stick half it's
travel results in half deflection. Moving the stick it's full travel results in full

deflection of the rudder. See Text for more details.

Moving the rudder stick one fourth of the way in eitheration will deflect the control surface to one
fourth of 1 tds maxi mum travel. Moving +4wdye stick hal

point and so forth until we reach the full deflection of the stick. A given deflection of the stittsria 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

surfa@s. When the contr ol st

ck is moved

near ¢t he

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

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

graph which is entitled, AExponenti al Control
Right Rudder
Def lection
{
/
Full Travel o+
o
102 ,f‘f
+ 1;/4’/
Left Rudder, | 102 - Ful . Right Rudder
¥ k L [ | R I B [,
Stick' Travel - o oA 12 Bic k Travel
104
Exponertial I 112
Response .
cuve T/ r
i + 204
f, 4+ Full Travel
¥
Left Rudder
Def lection

Exponerntial Control Response. A small moverment of the contral "Stic k'
either side of center vields very little movement of the controlled surface,
bt asthe 'Stick'travel cortinues, the response becarmes much greater.
This allows '"Gentle' cantrol near Medtral, but very authoritative contral

wehen needed. See text for further explanation.

6Neutr a

Respon

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

the operator to OCr amk i

T® nmo ro ¢

.0r Thess aé¢ xpovsen th e

Pi

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 resultiseytoall their

functions O6Positived or

6Negatived

exponenti al

contr

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

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

I f you really need information about wusing your r
of batteries, etc., the Owner 6s nftmationaMosttsystanis c a me wi t
ask you to charge the batteries overnight before fir
substitute ordinary 6Dry Cel |l 6 badtade oriNekeMetabr t he Ni C
Hydride } batteries They are not interchangeabl e. Getting a |i
voltages and have different internal i mpedances. Yo
except that they can cause real problems if used in the wppiligations. 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
foll owing O0Transmi tégeiyg kdibagr amarsrr Bmgetdwi n what i s k
l i ke mi spr onoun c e dstigk Gam betrmeved is o directionskethe lsamg ttme (try it).
I f your conpgd odss @wer 60%%% of t hates, you wilhhavmihd léftgey s i n t he
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. Thstjoly on your righthand side will
control theailerons 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 chanopb Bostestgnaenhed i Whehecoade
the transmitter is said to be operating in 6Mode 206.
6right stické you will then be operatistpthen Mode 1 a

mechanics of the joystick gimbals.

When set up in Mode 2 (the default and nor mal schem
the throttle position where ver you r el ease the throttle cmntrol. Al
|l oadedd to force the stick to return to itédés O6center

model plane. Your instructor will go over this-sgt with you and show you a comfortable way to hold the
transmitter while flyingthemodel You <can al s o a dticks osuityoarbandsize ngt hdé of t
Your instructor will insure that your transmitter and the training transmitter which he uses;gve set

identically as far as servo directions and Mode.
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i nst

e Telescoping
—~— Antenna
TRAINER
SWITCH Thrott e
Tﬂm Elevator Trim
THROTTLE
HIGH Hi DOWN
¢ |
FEE,E’ ER(«—@— H «%—» RIGH
5 l:ﬂlErR
Rudder |
Trim [ _
[
' / OFF

COMPUTER DISPLAY
PANEL

=1

Aileron Trim

Power Switch

Typical Mode 2, Radio Transmitter Panel. Trim switches are ‘slide’ operated
switches that allow ‘Fine’ adjustments to servo settings to allow easier flight
control. Some full scale air[planes have similar controls. The throttle Joy-Stick
has a detent mechanism that keeps the throttle setting when released. The
‘Trainer’ switch is a ‘spring loaded’ toggle switch that the instructor uses to give
control to the student when it is pressed. Releasing the switch returns control

to the instructor.

Ther e iesctaorédc oonnn t he r ear of

ructorodés transmitter let

your

transmi

42

tter ( i

iinss tirmpd rotr dmeegartishea t6 cyoanypra t

to these connectors which are used for a training cord. elnthg training cable connected between the

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

uses
t he

nal transmi

t he

or i
hol

gi
ding

6your b

per son

tter

6secondo

Wh e n

transmi

dorg@roltbe pr esses

tter As | on

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

This saves many airghes 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 intiate some approaches for landings. Eventually, the student controls the plane through all phases of

takeoffs and landings. When the student shows he is making consistent flight decisions and reasonably

smooth approaches for landings, he is givdircntrol throughout takeff and landing and is said to
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havesoloeh Many ¢l ubs will award a small | apel pin consis

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

The first thing may students want to knowif,How expensive a radio should

answer is, fABuy the most expensive radio you can
radio, one that may, for example, control four functions and@s &®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 goodomarket f

used radios in good condition.

G. Trim FIlights and OTri mmingo your mod el

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

aff

itds Gairworthinessbo, someomé frmuisghtt.ak eTHits tihg owlgehr ¢

models end their life, but not necessarilysof t he pl ane is judged to be O6airw

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

design® t he pl ane and itbés control surfaces. Some

some wing designs, it is difficult to see slight

by an experienced RC pilot.

Before@ t u al flight, the 6étrackingd of the tail
tests and adjusted ifnecessabyur i ng t he mai den f | i ghocontrélstee pi | ot
obtan straight and level flight. If the model requigs 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 wheneaithadfjustments

have been o6neutralizedo.

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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I EeiT—————wW T W

Once the girplane has been flown by an experienced RC Pilot and has been timmed fr straight and lewvel fight, it
should be taken to a place convenient to make the 'Neutralizing’ adjustments to the control surfaces invohed. b this
illustration, 3 paper clip has been apedto the surface ofthe right-hand elevator of a model that has just been
‘Maidened’ and timmed as necessary. A 'Dnll Press vice holds an upright metal ruler that is adjusted inthe vice so
hat a digit on the scale is aligned with with the extended paperclip. As s2enona llowing image, the TRnsmitter
graphics display shows that the ek ator tim has been set at minus 48 which is what it took to achiewe level flight.
The elevatortim is now setto +£- 0 without disturbing any o fthe ‘set-up’.

With 00 trim, the eleator now reads § 1/4on the scale showing that the plane was mechanicallytimmed for
climbing fight initially. Now the mechanical adjustment atthe servo amis reset so that the original reading of 5.0
on the scale is regained. Now the plane istrimmed forle el flight with the radio tim indicatng 0.0.

The same procadure can be used to adjust ( neutralize ) the
im s=ttings on other control settings. The trim can be minutely
affected bythe amount of fuel inthe tank, or the mannerin
which the wing is attached or how wing struts are connected,
but there should be no "Wild' gyations on the next ake-offs.

I f your radibi ©imlsayb 6 Gpampdli,csit will show the metri c:
required to achieve level flight ( for Elevator adjustment).
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