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Abstract: The design phases and performance evaluation process of an electro-propelled, remote controlled small UAV is 

describe here. This leads to further studies about small sized UAVs and the approaches for improving its performance to cater 

to the various challenges. The design of the UAV needed to ensure features such as high payload carrying capability with 

higher stability, short take off and capability of landing at a rough surface. The aim of the research was to develop a small UAV 

having a gross weight of 4-10 kg with a high payload carrying capability to operate in adverse environment. Payload capability 

of our UAV is 0-6 kg and lift gradient of 0.1. 

Keywords: Unmanned aerial vehicles (UAV), Lift Coefficient , Drag Coefficient, Power, Payload, Cruise speed, Stall speed, 

Angle of attack. 

I.  INTRODUCTION  

Recent improvements in convex optimization make it potential to solve certain classes of constrained optimization 

problems unfailingly and competently. These methods offer substantial benefits over general nonlinear optimization means [1]. 

UAVs might illustrate submissions in meteorology with hordes of small robot planes taking up the hazardous task of storm 

chasing as well as the ability to measure in situations where using conventionally piloted aircraft is not viable [2]. A man-size 

glider was build and flown in 1809 which is considered the 1
st
 unmanned aircraft [3]. Now-a-days small unmanned aerial 

vehicles are widely used in commercial aerial work.  

Main concern while determining the design was the stability and control with adequate strength to bear the aerodynamic 

loads by studying different models. With many different kinds of comparison and modulation we finally came up with an option 

which gives us a perfectly balanced CG, provides a high payload capacity and stability. Payload is decided to be kept inside the 

fuselage at the CG. These features give the aircraft high payload capacity with optimized speed. Great focus is kept on reducing 

aircraft weight. Combination of balsa wood with carbon fiber sticks and aluminum spar was used to gain strength, keeping the 

weight light. 

In conceptual design phase different concepts were evaluated, searching for the best one that meets the mission 

requirements. By iteration process and thorough analysis of the performance parameters the best configuration for the UAV is 

selected.  

In Preliminary design phase, an optimum design point is obtained from the acceptable region. From the design point, 

necessary power required to complete the missions, wing area of the UAV is determined. In detail design phase, the performance 

of the UAV is evaluated with the help of V-n diagram. The center of gravity of every single component of the aircraft is also 

determined in this phase to ensure proper balancing. Then moment theory is applied to calculate the center of gravity of the whole 
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aircraft, both with and without payload. Finally manufacturing of the aircraft is done to demonstrate the actual flight 

performance.  

 

II. CONCEPTUAL DESIGN 

 

The initial phase of the UAV design is the conceptual design phase. System engineering approach was employed in this 

phase, where each components were evaluated basing on the mission criteria. A few configurations were selected and compared 

with simple figure of merit (FOM). The factors that were considered for the FOM were weight, L/D ratio, Manufacturability & 

Reparability and stability & control. For better L/D ratio with easier manufacturability, a conventional monoplane was selected 

as wing section. Besides its weight will be less than other configuration with a high payload capability and a greater stability. 

Several analyses on maximum thrust and survey on market availability were done before selecting motor configuration. Twin 

tractor was selected after all comparison because they need smaller propellers to create greater thrust. Power with full throttle 

will provide short takeoff run. Conventional tail provides the aircraft with better controllability, light weight and simple 

manufacturability. 

For the conceptual design of the landing gear it has to be ensured that the CG remains at the same place at any flying 

condition. It allows equal load distribution while landing with heavy payloads at high speed. Keeping all this in consideration 

tricycle landing gear configuration was selected. It provides more directional stability because the CG is forward of the main 

landing gear. The forward CG keeps the huge aircraft to move forward rather than ground looping. 

TABLE I. TRANSLATTING MISSION REQUIREMENTS INTO DESIGN REQUIREMENTS 

Mission Main Factor Design Requirements 

Mission 1 (without 

payload) 

Speed 1. High static thrust. 

2. Low stall speed. 

3. Sufficient thrust at high airspeed.  

Mission 2 (with 

payload) 

Flying with high 

payload 

1. Large payload components. 

2. High lift to drag ratio. 

3. Low wing loading. 

4. Efficient propulsion system. 

 

III. PRELIMINARY DESIGN 

The configurations select in Conceptual design was used to develop sizing results in MATLAB. Team did an analysis on 

power loading and wing loading. This helped to decide a point or area that could satisfy the all missions. Different calculations, 

simulations and last year’s team performance sizing helped to decide sizing results. The wing area was calculated from the 

amount of load it had to carry. Wing span was decided from different iterations on thrust effect. Airfoil was chosen from 

comparison and requirements of missions. After aerodynamic selection and other calculations, team estimated the propulsion 

systems. Stability of the aircrafts were checked especially during the turns and landing. 

A. Design Optimization 

For various values of (�/�) we will determine various values of (�/P). Acceptable region is selected by comparing 

parameters and using the stall speed, maximum speed, rate of climb, maximum take-off run, ceiling equations [4]. The lower 
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(�/P) will consume more power throughout the mission [5]. Thus helps aircraft’s take-off gross weight to perform the design 

mission [5]. From wing loading we determine the design lift coefficient and impacts drag. So, wing loading and power loading 

needed to be optimized.  

 

 

 

 

 

 

 

 

Fig. 1: Design optimization graph 

B. Airfoil Selection 

EPPLER 37, NACA 4412, EPPLER 210, MH114 airfoil was selected on the basis of having high lift coefficient, low 

drag coefficient, low pitching moment coefficient, maximum lift to drag ratio and our mission criteria.  

 

 

 

 

 

 

 

 

 

(a)                                                (b) 

 

 

 

 

 

 

 

 

 

(c)                                                (d) 

Fig. 2: Comparison of high lifting airfoils (a) CL Vs α (b) CD Vs α (c) Cm Vs α (d) CL/ CD Vs α 
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     Comparing above graphs, EPPLER210 is selected for wing design. 

 

 

 

 

 

 

 

 

 

Fig. 3: .Flow Simulation over wing 

 

C. Aerodynamic Characteristics 

On the basis of the selected trades the total aircraft as designed using SolidWorks and was simulated in SolidWorks flow 

simulation. Wing area was decided 1027 inch2 considering the load it had to carry. Span and chord of the wing was chosen of 

moderate aspect ratio which can fulfill our desired performance. This ratio was choosing by analyzing the effect of span and 

chord on lift. Aspect ratio was 6.007:1 with wing span 79 inch. Fuselage was designed such that it can carry the payloads. Main 

focus was to keep the CG under the wing. The aerodynamic characteristics are shown below in the table. 

 

TABLE II. CALCULATED AERODYNAMIC CHARACTERISTICS 

Parameter  Airfoil Airplane 

M1 

Airplane 

M2 

Maximum lift coefficient,  

  

1.4765 2.6 2.6 

Maximum angle of attack 

  

10.5 13 13 

Minimum drag 

coefficient,  

  

0.0113 0.048 0.063 

Maximum lift to drag 

ratio,  

  

78.69 8.6 7.54 

Aerodynamic center  

AC (%)  

25 25 25 
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Fig. 4: Drag Polar for mission1 and 2 

D. Stability and Control 

For operating an aircraft, stability and control is a sensitive part. To have a smooth flight aircraft needs to be statically 

and dynamically stable. We calculated the CG position and evaluated it through number of test flights for the aircraft. The 

moment curve for wing’s static longitudinal stability is = 0.1>0 that is the wing effect is destabilizing [6]. The horizontal 

tail effect on static longitudinal stability is 0.1935. Tail volume of the horizontal tail, = (0.066×0.7)/(0.398×0.23)=0.6 

Now the moment curve for horizontal tail, 

= -0.01<0. 

Here mathematical analysis indicates that the horizontal tail effect for the aircraft is stabilizing. 

 

 

 

 

 

 

 

 

 

Fig. 5: Stability Characteristics of Aircraft 

E. Propulsion System Selection 

For high and nonstop thrust we need to maximizing available power and consequently maximizing the batteries' stored energy [7].  

motocalc Software was used to determine the performance of the Propulsion system. There were bounds on using LiPo batteries 

because of the safety issues. After doing all the surveys and analysis on the batteries NiMH was decided to use. The battery detail 

that used for the Aircraft is shown in the table. 

 

TABLE III. SELECTED BATTERY  

Batte ry model Cell 

Number  

Nominal 

Voltage/cell 

Capacity 

(mAH) 

Discharge 

rate 

Supply Current 

Elite 5000 AA   6 1.2 5000 

mAh 

10C/15C 

Burst 

37.38 amp 
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     Motor was selected depending on the power and efficiency. There was weight limitation while choosing the motors. 

Predicted Uncertainties from mission model kept in mind. Between two types of motors i.e. Brushless and Brushed motors, 

Brushless motors are preferred for better efficiency, long life and more torque. The facts that were focused while choosing motor 

was less voltage requirements for less battery cells (less weight), Power/weight ratio, Minimum Internal resistance, Available 

thrust, Motor KV, Efficiency. Considering all important factors, the team decided to go for the EMax GT2820/07 850 KV motor. 

As this motor has comparatively least internal resistance and gives required thrust at lowest power consumption. The Motor 

details are shown in the table below. From the selected battery and motor the propeller was chosen accordingly. Wooden 

propellers are too heavy and carbon propellers are too stiff so APC E 12X6 was used to get desired thrust. The motor 

manufacturer manuals showed that the motors give best performance with 12 X 6 propellers. 

 

TABLE IV. SELECTED MOTOR DETAILS 

Battery 

model 

Cell Number  Nominal 

Voltage/cell 

Capacity (mAH) Discharge 

rate 

Supply 

Current 

Elite 5000 

AA 

  6 1.2 5000 mAh 10C/15C 

Burst 

37.38 amp 

 

The maximum voltage of the 12 cell NiMH pack was calculated as 16.43V giving average 1.37V/cell. NiMH battery cells have a 

nominal voltage of 1.2V. At 100% throttle position, the 10C discharge rate allowed the battery pack to supply optimum current to 

the motors of the Aircraft. Propulsion temperature was monitored after each flight after failure of first flight. There were some 

problems with battery team so it was covered with heat absorbing coverings.  The motor propeller combination was input in 

motocalc software and the theoretical values were compared with the wind tunnel test and motor static tests. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Volt/cell Vs time 
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Fig. 7: Thrust Vs Airspeed 

      

The working procedure of total Propulsion system after integration with the aircraft is shown in the block diagram. 

 

Fig. 8: Block Diagram of Propulsion system 

 

       From the transmitter the signal passed to the receiver of the aircraft. The receiver controls the power supply to the 

propeller according to the received signal. The servo deflections of the control surfaces are also controlled by the receiver. The 

deflection angles are moved according to the received signal.  

IV. DETAIL DESIGN 

A. V-n Diagram 

          V-n diagram is highly important because it provides the maximum load factor that is a reference number of aircraft 

structural design. If the maximum load factor is not calculated, the aircraft cannot withstand flight load safety. For the positive 

and negative load factor two individual curves will appear from which the maximum load factor should calculated. Negative load 

factor is 0.4 times of positive load factor. 
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Fig. 9: V-n diagram 

 B. Weight & Balance 

The main objective of weight and balance was to measure the aircraft’s center of gravity (C.G.) with or without payload. 

Arms are measured from datum line (For this UAV, 17.02 inches front from the wing’s leading edge). Length of wing cord is 13 

inches. 

 

TABLE V. DETERMINATION OF CENTER OF GRAVITY 

Component 
Weight 

(lb) 
Arm(in) Moment(lb-in) 

Nose Cone 0.016 1.5 0.024 

Horizontal Tail 0.209 58.5 12.2265 

Vertical Tail 0.077 57 4.389 

Fuselage 2.33 27 62.91 

Wing 2.25 22 49.5 

Nose Gear 0.099 4 0.396 

Main Landing Gear 0.221 23 5.083 

Motor Assembly 0.97 13.5 13.095 

Propeller 0.066 12 0.792 

Main Battery 4.6 16 73.6 

Speed Controller 0.308 15.5 4.774 

Receiver 0.033 4 0.132 

Servo (in wing) 0.175 23.5 4.1125 

Servo (in tail) 0.175 53 9.275 

Receiver Battery 0.265 5.5 1.4575 

Payload 2.997 22 65.934 

Total Weight with 

payload 
14.791  307.7005 
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Total Weight without 

payload 
11.794  241.7665 

Center of gravity with 

payload (in) 
20.8 

Center of Gravity 

without payload (in) 
20.41 

Center of gravity  with 

payload  (%of chord) 
26% 

Center of gravity 

without payload (%of 

Chord) 

29% 

 

C. Estimated Performance Parameter 

Estimated Mission performance was documented to compare with the final result in wind condition. The estimated 

performance is given below: 

 

TABLE VI. ESTIMATED PERFORMANCE PARAMETER 

Performance Parameter Mission 1 Mission 2 

 

2.6 2.6 

 

0.6 0.6 

 

0.048 0.063 

(L/D)max 8.6 7.54 

T/W 0.9 0.6 

Take off speed (m/s) 8 10 

Climb Speed (m/s) 9.2 11.5 

Cruise Speed (m/s) 12.76 16.64 

Stall speed (m/s) 6.11 7.5 

Maximum speed (m/s) 16.5 21.63 

Load factor, n 4.32 4.9 

Minimum gliding angle (°) 9.41 10 

Turn rate (deg/sec)  132.2 115 

 

     The detailed view and the 3D view of the aircraft is attached below. The aircraft was simulated in the Solidworks Built in 

Simulation program. 
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Fig. 10: Top view of the Aircraft with sizing parameters 

 

 

 

 

 

Fig. 11: 3D view of Aircraft 

 

V. MANUFACTURE PROCESS 

The manufacturing process comprised of construction of several prototypes of aircraft. The manufacturing plan was 

made for the airframe to be lightweight and strong as much as possible at the same time. The overall manufacturing process was 

focused on fuselage, wing, empennage and landing gear. 
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Fig. 12 .Airframe of Aircraft 

 

TABLE VII. MANUFACTURE PROCESS MATERIALS 

Components Materials Components Materials 

Airframe and 

strengthening  

Balsawood, Plywood 

Control Surfaces  Balsawood 

Skinning  Monokote 

Parts Cutting procedure  Hand cutting tools , Grinder 

machine 

Adhesive  Fiber tape, Epoxy, Hot glue 

 

 

VI. FLIGHT TESTING PERFORMANCE PARAMETER 

 

Team total build 5 prototypes and recorded the parameters of flight. Aircraft went through flight test to know the 

performance in wind conditions. Time records were taken using stopwatch. Takeoff weight was taken at the spot after all the 

assemblies were done. Performance results were compared with the expected result. The stability and control performances were 

taken from the pilot and it was better than estimated. 

 

 

 

 

 

 

 

 

 

Fig. 13: A Small Prototype Test in Wind Tunnel 
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Fig. 14: Flight Test of the Aircraft 

 

 

TABLE VIII. FLIGHT PERFORMANCE PARAMETER 

Mission Performance 

Parameters  

 

Expected 

result 

Obtained 

result 

Aircraft without 

payload 

Take-off weight (lb) 11.24 11.79 

Maximum speed (m/s) 16.5 14.3 

Thrust(oz) 124 120.6 

Aircraft 

With payload 

Take-off weight (lb) 14.5 14.79 

Maximum speed (m/s) 21.63 16 

Thrust(oz) 121 119.9 

  

The team used GPS tracking device and android based tracking app to track the aircrafts flight trajectory. 

 

Fig. 15: Flight path of Aircraft 

 

VII. CONCLUSION AND FUTURE SCOPE 

By nonlinear optimization method, we optimize our UAV for further research. Our UAV might in hazardous place. By 

using autopilot, camera, GPS navigation& sensor that alloys to fly autonomously and landed in desire place. 
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If we use lithium polymer battery instead of NiMH, then it reduces the weight and increase the performance of the aircraft. But 

lithium Polymer are risky to use. For safety purpose we use NiMH. 

If we use low density and high strength materials (like-composite materials) then it reduces weight of the aircraft and fulfills the 

modern needs.  
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