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Abstract:In today’s world, civil security is of major
importance. In protecting the public from threats such as
terrorist attacks and in successfully identifying crimes,
appropriate air support can be a decisive advantage. We
have to develop and implement versatile technology for a
more secure and a safer living. Flying radio-controlled
aircraft (often called RC aircraft) as a hobby has been
growing worldwide with the advent of more efficient
motors lighter and more powerful batteries and less
expensive radio systems. This paper mainly emphasizes on
designing a Radio Controlled Aircraft using balsa wood
and all electronic components. This Aircraft resembles the
drones use in defence sector for aerial patrolling.

Keywords: RC Aircraft;Hand-held transmitter and
receiver;

1. INTRODUCTION

Flying RC aircraft grew substantially from the 2000s
with improvements in the cost, weight, performance
and capabilities of motors and electronics. A wide
variety of models and styles is available. Scientific,
government and military organizations are also
utilizing RC aircraft for experiments, gathering
weather readings, aerodynamic modeling and testing,
and even using them as drones or spy planes.

A RC aircraft is a small flying machine that is
controlled remotely by an operator on the ground
and it is hand-held radio transmitter which is used to
fly the RC aircraft. The receiver controls the
corresponding servos that move the control surfaces
based on the position of joysticks on the transmitter,
which in turn affect the orientation of the aircraft.
We have made this RC aircraft to implement as a
security and monitoring control from the air within
the vicinity. This may help the security forces to
keep track of things and broaden their vision to help
handle situations in a wiser manner.
In this paper the design of RC aircraft using balsa
wood and assembling of electronic components  to
make it resemble like a UAV (Unmanned Aerial
Vehicle). The brushless motor used has a very high
torque and can handle thrust from 600gm-1000gm.

The frame construction of the desired model is done
using balsa wood. Different electronic components
were assembled and arranged in manual. The frame
was covered using a material which shrinks and
sticks to the frame when heated using a hot air
blower or a hobby iron. The rudder, elevators and
ailerons were stuck to the frame using the hinges for
free flow motion. The block diagram of RC aircraft
is shown in Figure 1.1.
Section-2 of this paper is explained about  RC
aircraft components i.e., transmitter, receiver, ECS,
Battery,DC Motor and Servo.  Section-3 explains
function of  primary controls, section-4 presents the
experimental results and finally in section-5
conclusions.

Figure1.1:Basic block diagram of RC aircraft

2.  RC AIRCRAFT COMPONENTS
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COMPONENTS REQUIRED:

 One 6 channel 2.4 Ghz transmitter and receiver.
 One electronic speed controller of maximum

of20Amp capacity current.
 One brushless motor which runs at 930kv.
 One Lithium Polymer battery of capacity

2200mah,3 cells and 25c discharge rate.
 Four servos of each 9grams.
 One plastic propeller.
 Camera
 FPV transmitter and receiver

2.1. TRANSMITTER
The transmitter is what you use to control your plane
with. Most modern transmitters use a 2.4 GHz
frequency. A standard RC transmitter here used is a
6channel .These channels are controlling the rudder,
elevator, ailerons, motor, Aux 1, and Aux 2. So
basically each channel controls a different motor.
The control structure of  transmitter is shown in
figure 2.1.1.

Figure 2.1.1: Control Structure of Transmitter
2.2. RECEIVER
The receiver is control the servos and motor(s).It
consists of 6 channels and a BAT slot. The receiver
connects wirelessly to the transmitter using a
2.4GHz frequency. The receiver runs off of 5v, and
sends signals to the servos to turn them. It also sends
a signal to the ESC to control it how fast to run the
motor. In this receiver FS-T6 is used and shown in
figure 2.2.1

Figure 2.2.1: Receiver FS-T6

2.3. Electric Speed Controller(ESC)
An electric speed control (ESC) is a device that
controls the amount of power/speed of the electric
RC motor.  The block diagram of ESC is shown in
figure 2.3.1.The ESC interprets the signals
transmitted from the receiver and regulates the
variation of motor speed and direction, and may also
serve as a braking mechanism. An ESC does two
things. First, it converts battery voltage down to 5V
which is needed to run receiver. The second thing
ESC does is it converts the DC power from battery
to an AC (pulses) current which is required by the
motor since Brushless motors run off from AC
current. The ESC works likes a power manager that
allows  to regulate the amount of power  want to go
to the motor giving  the throttle. The ESC is based
on Pulse Width Modulation (PWM), which means
that the motor's rpm is regulated by varying the
pulses' duty-cycle according to the transmitter's
throttle position shown in figure 2.3.2 Most ESCs
have a facility known as Battery Eliminator Circuit
(BEC). Some controllers also include a brake
function that prevents the propeller from keeping
spinning when the motor power is cut-off. Electronic
Speed Controllers are available in different sizes and
weights, which depends on their max output current
capabilities.

Figure 2.3.1: ESC Block Diagram

Figure 2.3.3: ESC Duty Cycle Waveforms

2.4. BATTERY
The first thing to talk about is the battery's voltage.
Li-Po batteries are made up of cells. Each cell is 3.7
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volts. Here we use a 3S battery, for a 3S battery
fresh off the charger it will be about 12.4 volts. The
next thing is the Amp capacity. The battery used
here is a 2200mah battery. This means the battery
can supply 2200 milliamps over a 1-hour period.
This particular battery has a 25c discharge rate. The
higher the discharge rate, the more power  will get
from  battery.25 x 2.2 = 55. This means during its
lifetime 12.6 volts down to 10.6 this battery can
constantly supply up 55 amps of current. The circuit
diagram figure 2.4.1 below shows a simple Li-
ion/Lithium-polymer charger based on National
Semiconductor LM317 low cost regulator.

Figure 2.4.11: Charging Circuit using Voltage
Regulator

Before connecting the cells to the charger the max
charging voltage has to be set by adjusting P1 (2k
potentiometer).
The max charging voltage must not exceed 4.2V per
cell e.g. 8.4V for two serial connected cells.

2.5. BRUSHLESS DC MOTOR
The motor will turn propeller at a high speed to
propel it through the air. There are two main
different motor types used in model aircraft:
brushed and brushless. The standard motor that
put in  RC plane is brushless shown in figure 2.5.1,
which means it runs off of AC current.

Figure2.5.1: Brushless Motor Parts

2.6. SERVOS
Servos are used to move control surfaces. The servos
plug into the receiver. The ailerons plug into channel
1 on the receiver and the elevator plugs into channel
2 on your receiver. Servos are the end units in a
radio control chain. They are used to move the
aircraft's control surfaces, the motor throttle and to
actuate other devices such as retractable landing
gears. A servo consists basically in a motor, gearbox,
feedback potentiometer and an electronic board
inside a plastic case. Outside are the servo arm and
the servo cable and plug.
The servo has an electronic circuit shown in figure
2.6.1 that compares the incoming control pulse with
a local generated one whose width corresponds to
the servo arm's actual position.

Figure 2.6.12: Servo Mechanism for RC aircraft

3. PRIMARY CONTROLS
RC airplane controls are, of course, the same
controls as those found on real planes and they
control the model in exactly the same way. The four
primary controls of an RC plane are throttle,
elevator, ailerons and rudder. The elevator, ailerons
and rudder are known as control surfaces and the
figure 3.1 below shows where these main controls
are located.

Figure3.1: Movable Parts of RC Plane
3.1.  ELEVATOR
The elevators are the hinged section of the tail plane,
or horizontal stabilizer, at the very rear of the
airplane and are the single most important control
surface. Elevators control the horizontal pitch
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attitude of the airplane, in other words whether the
nose of the plane points upwards or
downwards.When elevators are in the up position
(upward deflection) the nose of the airplane is forced
to point upwards, and with the elevators deflected
downwards then the nose is forced downwards. This
resulting nose up/nose down pitch attitude comes
about as the upward/downward deflection of the
elevators changes the amount of down force being
generated by the tail plane.

It's worth noting that a plane can still fly level, or
even be descending, with a very nose-up attitude but
a nose-down pitch attitude will almost always result
in the plane entering a dive. Elevators directly affect
the plane's airspeed more than the need to climb or
dive.

Figure3.1.1: Elevator Controls
Elevators should be used in conjunction with rudder
and/or ailerons when making a turn, to maintain
altitude during the turn and also to get the plane to
bank during the turn.

3.2.AILERONS
Ailerons work in pairs and are found on the trailing
(rear) edge of the wing, and they work opposite to
each other i.e. when one aileron moves up, the other
one moves down and vice versa.Ailerons work by
changing the amount of lift generation over the
wing. As an aileron moves upwards so it disrupts the
smooth airflow over the wing surface and so lift is
reduced slightly on that wing. Over on the other
wing the aileron moves downwards and increases lift
slightly. As a result, the airplane tilts and hence rolls
towards the side that's experiencing less lift.

Ailerons are used in all aerobatic maneuvers that
involve a rolling motion.

Figure 3.23: Ailerons
When up elevator is applied at the same time as
ailerons, the airplane is pulled round in to a banked
turn; the ailerons cause the plane to roll and the up
elevator causes the nose to pitch round in that
direction.

3.3 RUDDER
The rudder is the hinged section of the fin, or
vertical stabilizer, at the rear of the airplane. It's used
for directional control by changing the yaw of the
airplane and works in the correct sense i.e. moving
the rudder to the left causes the airplane to turn left
and vice versa.

Applying rudder makes the nose of the airplane point
to the left or right, but rudder alone does not make
the airplane roll like ailerons do. It's actually
the dihedral, or the upward 'V' angle of the wing
when viewed from the front, that makes the plane
roll when rudder is applied; a plane with very little
or no dihedral will have a much flatter turn when
rudder is applied. This is all to do with a natural
force called Dihedral Effect. Planes with ailerons
require less dihedral than planes that rely solely on a
rudder for turning, as the ailerons make the plane
roll.

Rudder is also very important on the ground, it's the
one control that will keep your RC airplane tracking
straight during a take-off run or landing roll, if your
plane isn't fitted with a steerable nose or tail wheel.

Figure 3.34: Rudder
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3.4 FLAPS
Flaps are located on the trailing edge of each wing,
usually between the fuselage and the ailerons, and
extend downward (and often outward) from the wing
when put into use. The purpose of the flaps is to
generate more lift at slower airspeed, which enables
the airplane to fly at a greatly reduced speed with a
lower risk of stalling. When extended further, flaps
also generate more drag which slows the airplane
down much faster than just reducing throttle.

Figure3.4: Flaps
Although the risk of stalling is always present,
generally speaking an airplane has to be
flying very slowly to stall when flaps are in use at,
for example, 10 degrees deflection. Obviously
though stall speeds and safe airspeeds vary from
airplane to airplane.

So all these factors are why and how airplanes fly.
Radio control (RC) planes can of course be simpler -
for example, just have rudder and elevator control or
perhaps just rudder and motor control. But the same
fundamental principles always apply to all airplanes,
regardless of size, shape and design.

3.5 THROTTLE
This affects the speed of the airplane. The more
throttle you apply the faster the airplane will go. This
also affects the climbing and descending speed.
Applying more or less throttle will cause the airplane
to descend or climb faster. This is important to know
because it means that the other controls are not the
only thing that affect take-off and landing.

4. EXPERIMENTAL RESULTS
 The RC Aircraft which is made up of balsa
wood containing a 2200mAH and 11.1V (3S) battery
can power the whole electronic subsystem for a
period of 15-25 minutes depending on the throttle
when in flight.

 The brushless DC motor has a rating of 1200KV
and can carry a weight of 1100grams
approximately.

 The brushless motor has an efficiency of 85%.
 The propeller connected to BLDC which is of 10

inches can rotate with a speed of 10,000rpm.
 Each servo connecting to the ailerons, rudderand

elevator can make an angle of 45 degrees.
 The roll, pitch and yaw axes movement of the

plane which is controlled by the control surfaces
also depend on the external wind speed.

 The plane can receive any command from the
transmitter within a range of 1kilometer.

 The transmitter used has an antenna length of
26mm using GFSK modulation (Gaussian
frequency shift keying).The transmitter uses a
channel bandwidth of 500KHZ with radiating
power less than 100mw (20dBm).
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3.6 CONCLUSIONS
In this paper the design and construction of the
desired model is presented using balsa wood. The
components assembled were working and the aircraft
was set to its initial position. The battery was
connected and the aircraft was flown for its flight.
The aircraft can fly at a very high speed and can gain
a constant lift after take-off. The aircraft can fly
within a radius of 1 kilometer.
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