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ABSTRACT

This documentation basically explains in detail about the project’s planning,
progress and achievement throughout the two semesters project duration. The report
began with introductory and background information of the project. This section
generally explains what the project is all about. The general objective is to gain
experience in handling engineering projects from the start to the end. After that, the
scope of study involved was laid down to summarize what aspects of the project
would be tackled. Engineering projects in the real world involves numerous
engineers from different fields, each handling different parts of the project. This
project was divided into 3 parts. The one in context of this report is to design and
fabricate a wing for a remote controlied electric-powered airbore imagery
platform. Hence, corresponding with this topic, the scope of study is mainly the
aerodynamics of the wing, the fabrication process and the structural strength of the
wings. The wing should be able to generate enough lift for the aircraft to fly, and at
the same time being light and robust enough to support the aircraft during flight and
landings. The report then continued with the literature review done on the project.
In this section, various related information extracted from articles was included and
elaborated. The next section is the methodology section of the project. This section
explains the planning involved for this project, which includes process flows for
both semesters, tools used, and the detailed Gantt chart which shows the exact time-
planning of the project. Then, in the results and discussion section, important
findings and results of project activities was discussed and analyzed. Decisions and
choices that were made was discussed and analyzed to show that they are verified.
Finally the report was ended by the conclusion of the project and recommendations
for future continuation of this project and also for the UTP future final students as a

whole.
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CHAPTER 1
INTRODUCTION

1.1 Background

Basically, this project as a whole is a combination of several projects, which their finat
and general objective is to create a remote controlled, unmanned aircraft that carries an
operable imaging device. The project generally consists of 2 separate main divisions;,
the mechanical side and electrical/electronics side. The mechanical side handles
different physical aspects of the airplane; the wing, fuselage and propelier. On the other
hand, the electrical and electronics division would be responsible with all the electrical
and electronics involved in the project, including servos, battery, wiring, transmitters

and receivers, (EPC) Electronic Power Control units, and the engine (DC motor).

The mechanical side consists of 4 students, and each was assigned the responsibility of
designing and fabricating different aspects of the aircraft; fuselage, wing and propeller.
The electric and electronics side on the other hand would only be handled by one
student. Thus, his scope would not cover all the electronics side of the project. Some of

the components or system would just be picked out from the market.

The supervisor, Mr. Rahmat Iskandar had stressed to the team members that it is not
compulsory for the final product to be able to actuaily fly. Instead, the team members
need to provide sufficient engineering proof through calculations and trustworthy
resources, that the design should work and satisfy the projects objectives. However, if
the aircraft can fly, the feat would be a great bonus to the team and would be a really

great achievement.



1.2 Problem Statement

The problem statement given as the project title was:-
“Design and Fabrication of a Wing for a Remote-Controlled Electric Powered
Airborne Imagery Platform”

The most important part of an airplane is its wings. An airplane can fly even without
the propulsion given that the wing design is ‘spot on” and also with the right weather
conditions. Such aircrafts are called gliders. There’s even designs of airplanes that
looks as if it consists of only wings, which shows evidence that the wings is the most
important aspect of an aircraft. However, other sections of the aircraft should not be
undermined as they can greatly affect the capabilities of the aircraft, and may critically

determine the successfuiness of the project.

The final product of the project could be used for various applications in the real world.
One of the most suitable applications is that it could be used by the military as an
espionage craft over enemy territories. To cater to this purpose, the aircraft design
could be improved to produce less motor noise, and can be dismantled and carried in
backpacks by the soldiers to be assembled when needed. Furthermore, the aircraft
should also be able to be painted on so that camouflaging is possible.

Besides that, the aircraft could also be used by local authorities such as police and
rescue teams to assist them in doing their duties. These planes could be deployed
straight away at the scene of an incident before any other backups arrive, such as
choppers, etc. In very dangerous conditions, the aircraft could be an alternative that

would reduce unnecessary fatality risks.

The successfulness of this project will enhance the university’s name as a prestigious
engineering institute in Malaysia. In return, the university would gain the respect of the

population and be acknowledged as a very capable academic institution.



1.3 Objectives

The objectives of the project have been lined up as: -

to gain experience handling an engineering project from the start to the end

» 1o design the wing segment of the remote controlled imagery airplane

» to fabricate the wing of the remote controlled imagery airplane

¢ to insert the engineering in unmanned aircraft designing, instead of just using

experience to design the aircraft

* 1o be able to work together in a group and ensure that everything done by each

members are synchronized with each other

* the finished fabricated and assembled airplane preferably should be able to fly



1.4 Scope of Study

Basically, the scope of this project is limited to only the wing of the airplane. This
means that this project will be concentrated mostly on the acrodynamics of the airplane.
It would be most important to ensure that the wing design would be able to provide
enough lift and also provide good control characteristics to the airplane.

In the first semester of the final year, the main goal of the project team is to finally
agree with a final configuration of the plane. The layout should be so that it complies
with the target characteristics of the aircraft, which should be able to fly stably at low
speed. It is not as simple as it may sound. There are many characteristics that have to be

determined to best suite the problem. Among other things, they are: -

1.4.1 Amount of Load that the Aircraft has to carry

It is very important to know exactly how much load the aircraft has to carry.
Thus the weight of the camera, electric components and the aircraft itself needs
to be determined. With the total Ioad been determined, the team can determine
how much force and lift would be needed to fly the aircraft. From here, the team
must ensure that the motor, propeller and wing configuration used can generate

enough force and lifi to fly the aircraft.

1.4.2 Speed Range of Aircraft

The speed range of the aircraft should also be determined. This is to ensure that
with the wing configuration chosen, the wing can effectively generate enough
lift at the speed range determined. A wing configuration that is suitable for
high-speed application creates less lift and less drag, which will not fly weli at
low speed. For a low speed wing configuration, the wing generates a lot of lift
but also gives a high amount of drag, which in turn is not suitable for high speed
flying. Furthermore, the amount of surface area of the wing also contributes to
the lift generated by the particular wing. With all other aspects being equal,

more wing surface area would mean more lift, and vice versa.



1.4.3 Material Used to Make Aircraft
The material aspect of the project is also very important. In selecting the right

material, there are a few characteristics that need to be looked into, which are: -

» Method of fabrication
. Cost and availability
= Weight

s Durability

. Fase of maintenance

One more important aspect is the reinforcements that would be needed on the
final product. The team should find methods of how to help strengthen the
structure of the aircraft. The team should figure out what kinds of materials are

suitable, with the primary concern being its strength and ultimately its weight.

1.4.4 Financial Limitations

The actual budget for this project is only about RM1500. This is due to the 3
student team members who were entitled to RM500 each for the Final Year
Project. This is quite a low budget for this project. However, the supervisors,
particularly Mr. Rahmat has many associates and close friend which are
involved in this RC aircraft sport. Thus, he would try to get sponsorships and
support from suppliers or at least maybe help the team to get components at

cheaper prices compared to the real market value.

Then, in the final semester, the team concentrated on actually coming up with the final
integrated design of each section of the airplane. The designs chosen should be proven
to be effective in achieving the objectives of the project. Hence, they should be
supported and verified by sufficient engineering analysis and proof. In the final part, the
body parts would be fabricated (they may be made by professionals, but following the
team’s design) and the electrical/electronics components would be bought off the shelf.
All of these items would then be assembled together and tested for flight ability.



CHAPTER 2
LITERATURE REVIEW

2.1 Lift and Drag

2.1.1 Bernoulli’s Principle and Lift

(refer to Reference 7)

Velocity
\ /

'/Decreased X~
. Pressure Figure 2.1

To understand how lift is produced, we must examine a phenomenon discovered many

years ago by the scientist Bernoulli and later called Bernoulli's Principle: The pressure
of a fluid (liquid or gas) decreases at points where the speed of the fluid increases. In
other words, Bernoulli found that within the same fluid, in this case air, high speed flow
is associated with low pressure, and low speed flow with high pressure. This principle
was first used to explain changes in the pressure of fluid flowing within a pipe whose
cross-sectional area varied. In the wide section of the gradually narrowing pipe, the
fluid moves at low speed, producing high pressure. As the pipe narrows it must contain
the same amount of fluid. In this narrow section, the fluid moves at high speed,

producing low pressure.

An important application of this phenomenon is made in giving lift to the wing of an

airplane, an airfoil. The airfoil is designed to increase the velocity of the airflow above



its surface, thereby decreasing pressure above the airfoil. Simultaneously, the relatively
lower air velocity on the lower surface of the airfoil increases the pressure below. This

combination of pressure decrease above and increase below produces lift.

Probably you have held your flattened hand out of the window of a moving automobile.
As you inclined your hand to the wind, the force of air pushed against it forcing your
hand to rise. The airfoil {in this case, your hand) was deflecting the wind which, in turn,
created an equal and opposite dynamic pressure on the lower surface of the airfoil,
forcing it up and back. The upward component of this force is lift; the backward

component is drag.

Airflawe . e
Ficure 2.2

Pressure reduction is due to the smaller space the air has above the wing than below.

The airflow splits at the leading edge. The above-wing airflow deflects the most. The
small space the above-wing surface airflow has to pass through is because of the outer
layers of air (above-wing) pushes down on the surface (due to the deflection), thus
leaving only small space for the surface air to pass. The surface air molecules push
between the wing and outer layers of air. Due to the smaller space the airflow has to go
through, as in figure 2.1, the airflow will increase speed. According to Bernoulli's Law,
faster air has lower air pressure, and thus the high pressure beneath the wing pushes up

to cause lift.
(Refer to Reference 8 for the section below)

The lift and the drag formulas for a wing offer a valuable tool for analyzing

aerodynamic relationships.

L=%pV23CL, D=%pV3Ch

where:-
L =Lift D = Drag P = Air density V = Velocity
S = Wing area* CL = Lift coefficient =~ CD = Drag coefficient
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It should be noted that the wing area (S) and the air density (P) are constant for any
given altitude while both CL/ CD and the velocity (V }are variables. The area of a wing
is the product of the wing span and the Mean Aerodynamic Chord (MAC). The mean
acrodynamic chord is an imaginary chord line that is derived from the length of the chord line

at various locations of the wing. The air velocity is a major contributor to lift and drag
because both are proportional to square of the velocity. From the lift and drag formulas,
it follows that the velocity and the angle of attack (represented by either CL or CD) are
inversely proportional. For example, an increase in the angle of attack at constant
power will decrease the speed. Conversely, high speed at constant power will require

lower angle of attack.

2.1.2 Drag
i) Parasite Drag

The drag on the airfoil is only a part of the total drag of an airplane. Reducing drag is
essential for flight efficiency. The total drags on an airplane consist of all the drag
contributing elements. It is customary to refer to drag caused by the airplane parts
which are not lift producers as Parasite Drag. To minimize the parasite drag it is
desired to design in airfoil shape all aircraft parts such as struts, wheel fairing, etc. The
two major contributors to parasite drag are the form drag and the skin-friction drag.
The shape or form of objects being exposed to airflow determines the magnitude of
drag. The flow around round objects is smoother than around square objects and the
airflow around a symmetric airfoil is almost ideal. The form drag (fig 4.1) results from
the applied pressure on moving objects and depends largely on the generation of wake.

To reduce the parasite drag aircraft parts that come in contact with the airflow have an

airfoil design.
Maximum Form Drag Some Form Drag Form Drag Minimized

..o Stream Line Slight Stream Line With Stream Line

=

2 =3 f - n,

Large Wake Reduced Waké Small Wake
Fig 2.3) Form
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The skin smoothness of aerodynamically structures determines the resistance of the
skin to airflow. If such resistance exists, the stream line of a thin layer (also referred to
as the boundary layer) is disturbed and affects the adjacent layers. This form of drag is
known as Skin-friction Drag.

ii) Interference Drag
It is not enough to add all the form and the skin-friction drag values of parts that had
been separately tested to obtain the total parasite drag. Interference drag is obtained
from testing parts assembled rather testing them separately. As this test is conducted,
the wake of one part may affect the drag of another. This effect may be favorable as

well as unfavorable.

iii) Induced Drag
From Bernoulli's Principle we know that the pressure below an airplane wing is higher
than the pressure above it. As a result, there is a constant tendency of air to flow from
bottom to top (a). Since the airplane is constantly moving the air is forced up at the

wing tips.

Fig 2.4) The effect of pressure differential on the angle of attack

Considering an airfoil at each wing tip, as demonstrated in (b), the airflow (V) is
deflected upwards (w) resulting in airflow (Vres), thus increasing the angle of attack.
Angle of attack @ is greater than angle of attack @1 (refer to figure 2.4). As a resulit,

both lift and drag are increased at the wing tips section.

The original explanation of lift and drag assumed an ideal airflow. Induced drag results
from imperfection in the airflow caused by lift. Two theories offered here to explain the
induced drag. As explained earlier, the pressure below an airplane wing is higher than

the pressure above it. As a result, there is a constant tendency of air to flow from



bottom to top. Since the airplane is constantly moving the air i1s forced up at the wing

tips (spillage).
iv) Induced Drag Reduction

Induced drag is inversely proportional to the speed (velocity) of the air. As explained
earlier, the angle of attack (represented by CL and CD), is inversely proportional to the
air velocity. As a result, flight at higher speed requires smaller angle of attack. The
decrease in angle of attack reduces the pressure differentiais on the airplane's wing thus
reducing the air spiliage and the induced drag. It should be noted the under flight
conditions that require a reduction of speed, one can expect higher angle of attack,

larger wing tip vortices and greater induced drag.

Induced drag can also be minimized by design. This can be accomplished by high
aspect ratio or by mechanically limiting the air spillage around the wing tips.
Aspect ratio is defined as the quotient of the wing span squared and the area of the
wing. In other words, it is equal to the power of 2 of the wing span divided by the wing
area. When the wing 'is rectangular, the aspect ratio can be simplified to become the
wing span divided by the chord line. The definition can be expressed mathematically
by:

AR =12/ or AR = b/ ¢ when the wing is rectangular.

Where: AR = Aspect Ratio b= Wing Span
S=Wing Area ¢ = Wing Chord

Increasing the aspect ratio, i.e., maximizing the wing span while minimizing the wing's
chord, reduces the down wash and the effect of the air spillage around the wing tips.
Though increasing the aspect ratio decreases the induced drag, it imposes other

limitations on performance specifically at high speeds.

10



2.2 Remote Controlled Aircraft

Below are the types of remote controlled aircrafts (refer to Reference 9) currently in the

market;-

2.2.1 High Wing Trainers

Designed for easy building and flying, trainers aliow first-time pilots to learn the basics
of controlling an airplane in a relatively stable environment. The construction of flat-
bottom airfoils that provide high lift and stability, generous dihedral (the "v" shape of
the wings when viewed from front of the aircraft), wide-stance tricycle landing gear for
stable ground handling and high-wing positioning are all typically simple. All of these
features combine to produce a gentle, slow-flying craft that offer generous amounts of

reaction time and elbow room to learn from mistakes.

2.2.2 Low Wing Trainers

Often students find it easier to transition from their high wing trainer to a low wing
aircraft with more performance, but that stilt has forgiving flight characteristics. These
planes extend the students capabilities into the world of more complex aerobatics and
higher speeds, but at the same time keeping the stability in check to allow room for
mistakes, that can help the learning process of the students.

2.2.3 Biplanes

Nothing beats a biplane for classic appearance. Modern biplane models can also
recreate the high performance aircraft seen at air-shows around the country. The Pitts
Special and Ultimate are just two high performance modern designs that bring classic -
appearance with gut wrenching performance. These aircraft can do unbelievable rolls
and flips and fly at relatively high speeds. Their unchallenged acrobatic abilities are

unparalleled.

11



2.2.4 Indestructibles:

Designed for durability over everything else, these planes - crashed into trees, cars,
other planes and the ground - show a remarkable ability to survive and fly again. Of
course you sacrifice aesthetics for survivability. Typically they look like sticks with

wings, tail & an engine.
2.2.5 Warbirds

Typically this term refers to models of World War II era aircraft. High performance
fighters and behemoth bombers are favorite subjects of model aviation. Many good kits
are available of aircraft from this era including the P-51 "Mustang," the Messerschmidt
ME-109, the Focke Wulf 190, the Mitsubishi "Zero" or the P-47 "Thunderbolt.".

2.2.6 Jets

This exciting aspect of radio control allows experienced modelers to fly replicas of the
highest performance aircraft currently flying. Model jets generally have one of three
propulsion systems -- real miniature turbine engines, ducted fans with piston engines or
high performance electric motors. Jet models can fly from 30 to over 200 miles per
hour. Jets are only recommended for those pilots who have a good amount of both

flying and building experience.
2.2.7 Gliders

Enjoy the thrill and challenge of "quiet flight" -- flight without an engine. As a model
glider pilot you will learn the skill of finding lift. Full scale glider pilots must master

this skitl in order to stay aloft without an engine.

12



2.2.8) Sport

Sport airplanes are generally built either to vaguely resemble an airplane that actually
existed, or simply designed to fly well. Generally sport airplanes are where we all start
in the hobby,

2.2.9) Scale

Scale modeling is that avenue of the hobby in which builders try to recreate in reduced
size an actual aircrafi that existed or that exists. Scale modeling can be as simple as
building an aircraft that from a distance looks like an aircraft that actually existed or
that exists (stand-off scale), or as sophisticated as producing a model that in every detail
down to rivets, panel lines, retracts, gear doors, etc. is an exact duplicate of the real

aircraft,

13



2.3 Remote Control Aircrafts Basic Design

Radio controlled model
aircraft can be designed
using some basic rules of
thumb or more
appropriately, design
parameters.  (Refer to
Reference 10) These basic
design parameters can be
applied to a trainer or sport
model. There is no complex
or magic formulas to solve.
These parameters have
been proven to work by a
multitude of sport models
that have been developed
using these rules. A
modeler who has built a
few models and has gained
some knowledge of
common structures can
design a plane that suits his
individual needs. Here are
some of the rules, shown in

the diagram on the right.

After selecting the engine
size and wing area, the next

step is to determine the
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These design parameters were originally collected by Romney Bukolt ar
published in "Marcs Sparks” in about 1975. Since that time, the validity ¢
the parameters has been proven by the many different models which have

been designed using this method.

Figure 25
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wingspan and wing chord that will give this wing area and an aspect ratio between 5:1
and 6:1. The next step in determining the configuration of the wing is selecting the
airfoil according to the purpose of the model.

Flat Bottom - Slow, docile, forgiving, poor inverted flight
Semi-symmetrical - Good lift, penetration, aerobatic, and inverted flight
Symmetrical - Best acrobatic and inverted flight

The information given about the wing area needed was based on gas engines sizes that
the designer wants to use. This project will not be using such engines as propulsions,
but only electric motors. Hence, the team members must find a way to know how to
determine how much wing area is needed for a particular model that is being built
which would be electrically powered. Kindly refer to the section 4.3 Parameters and
Ruldes of Thumb s for the proper electric flyer guide.

15



2.4 General Types of Airfoils

Conventional airfoils and laminar flow airfoils are in common use in airplane design.

Laminar flow airfoils were originally
developed for the purpose of making an
airplane fly faster. (Refer to Reference 11)
The laminar flow wing is usually thinner
than the conventional airfoil, the leading
edge is more pointed and its upper and
lower surfaces are nearly symmetrical.
The major and most important difference
between the two types of airfoil is this, the
thickest part of a laminar wing occurs at
50% chord while in the conventional
design the thickest part is at 25% chord.

The effect achieved by this type of design
of a wing is to maintain the laminar flow
of air throughout a greater percentage of
the chord of the wing and to control the
transition point. Drag is therefore
constderably reduced since the laminar
airfoil takes less energy to slide through
the air. The pressure distribution on the
laminar flow wing is much more even

since the camber of the wing from the
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apctites, Thiss Are BNORT 45 COrramlicnal shilels.

LI SRR e i ST e I pimg] o AL iRy St
Hiuitobie: Sor race planes, Botders. oy, o4,

oo CarDEr = Nigh ML - v Spad — thick wing section

Dhaeg carmiane -~ Hgh 5t~ Kw $pmc) — thin wing Sectas
Sustable ay above,

-Lwha-mﬁghmmwmmmm,
Wty S0 movesmiant of camr of pragsung. Go0d Sy

Byrneiisal Famtetod 1g an batiom] wing secions,
Bamisar v abge

AW s - el 31 Ley SIructure 1o SWE Weigh!
e 00 108 CRATBCIEISEES -~ coming is snaintiiod Tartr rear.
wrt which: increases SEng capatsite v moee of e Ak antl
decroases deag.

Fig 2.6 : General shapes of airfoils

leading edge to the point of maximum camber is more gradual than on the conventional

airfoil. However, at the point of stall, the transition point moves more rapidly forward.
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2.5 Template Method

This method is for making wings using ribs and spars. This information was taken from

a discussion thread in www.ezonemag.com hosted by ‘mkb’ from Dunwoody, GA.

L.

First, an airfoil is selected. Thicker airfoils will be more stable at lower speeds but
produce more drag. Thinner airfoils will increase flight speed, but lessen control at
lower speeds. So select your airfoil based on your style of flying.

Print a paper copy of the airfoil. Here is the Selig 8035 with a 7" chord and 1.25"
thickness. As this does not include the ailerons, the effective airfoil thickness is
somewhat smatler. Then, the airfoil
template was cut out of thin plywood.
The plywood template is a convenient
tool when cutting wing ribs with an X-
Acto knife. After all the ribs have been
cut, they are lined up in a "sandwich"

and fine grit sandpaper is used in a
sanding block to smooth the edges of the ribs and to make them virtually identical
in size and shape.

To increase wing strength, balsa wood spar is used. For this wing, a piece 34" long
is selected. Note below how the rib positions are marked. Ribs should be more

closely spaced near the middte of the wing,

After that, the ribs are furth cut in half where they are the thickest. N the
general placement of the ribs along the spar.

The back portions of the ribs to the spar are glued, making sure the ribs line up
straight and true. 5 minute epoxy were used for this step. Then the front portion of
the ribs were glued to the spar. After the glue dries, the ribs and spar are solidly
Jjoined.
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10.

The wing covering is cut out, then
draw a straight line down the
center of the foam at where the
leading edge will be. This will
help to ensure the covering and
the ribs are properly aligned when
they are glued together. Then
work the foam over the edge of a

counter top to ease the bonding

and to add curvature to the foam. A piece of pipe canalso be used to carefu]ly bend
the foam so it conforms to the following shape. Be sure that the centering line is on
the inside of the resulting curve.

Then, checks are done to ensure the foam covering properly conforms to the
dimensions of the spar and ribs. Bend the covering over the spar assembly and
check to see if the length and the width of the covering mates with the ribs. If either
the length or width overhangs too far, the excess are cut off using a knife and
straight edge, but being careful not to cut too much. Remember the trailing top and
bottom edges of the wing covering will be glued to one another where they meet.

Once the parts mate properly, they are ready to be glued together. Line up the front
of the ribs with leading edge line of the covering. Then trace a glue line where the
spar and ribs will be attached to the top and bottom of the wing covering,

Once the glue line has been traced, the
glue is sparingly applied.

A thin layer of polyurethane glue is used
at joining points when gluing the wing,
Be sure the wing lays on. a flat surface

during the cure or the resulting wing

will be warped. Then, some weight id et
placed onto the assembled wing to keep the pressure on all the glue Jomts The
phone books work well as weights, since they conform to the top surface of the
wing. Also note the foam strip placed under the trailing edge that maintains

pressure on this seam as the glue cures. Wax paper is used to separate the wing
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11.

12.

13.

from the flat table surface and the weights to guard against excess glue bonding the

wing to either of these items. Polyurethane glue does expand as it cures.

Once the glue has cured, the wing
should look something like this. 2
A strapping tape is used to reinforce
the spar at the top and bottom of the
wing. This further guarantees wing
strength to handle the stress of

acrobatic flying.
Finally, all of the edges of the wing is taped with packing tape. Foam is not
particularly durable, and any exposed blue foam edges will chip quite easily.
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