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Abstract– Unmanned Aerial Vehicle (UAV) Modeling is very 

important part in designing an Autopilot to control the vehicle 

during its flight and predict its motion according to certain 

guidance law, the overall model consists of 5 important models 

which are atmospheric model, actuation model, geometric model, 

aerodynamic model and finally the propulsion model which is the 

case study of the paper. JAVAPROP is a simple tool for the design 

and the analysis of propellers, we analysis the propeller to calculate 

thrust generated by the propeller and to determine the coefficients 

needed in calculations of thrust force, two steps are needed in order 

to perform the analysis: determination of the geometric properties 

of the propeller, and choosing a working area for the propeller. 
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I.  INTRODUCTION  

Nowadays Unmanned Aerial Vehicles (UAVs) have 

become one of the most interests in the world. It has many 

applications either in military or in the civilian. The first step 

in developing navigation, guidance, and control strategies for 

UAVs is to develop appropriate dynamic models. Deriving the 

nonlinear equations of motion for a UAV we linearize the 

equations of motion to create transfer-function and state-space 

models appropriate for control design. It is necessary to make 

a model for the UAV to predict its motion. There are two 

methods of Modeling:  

1-Physical Modeling: 

     A-Model each sub-system alone. 

     B-Integrate all models to get overall model. 

2-System Identification.  

       To ensure high performance of the Autopilot, this model 

should be accurate. 

 
                  Fig.1. UAV Overall Model. 

 

       The paper contains the following: Section II presents the 

propulsion system model of the UAV. Section III discusses the 

results of simulation. Finally, the conclusions of this paper are 

given in Section IV. 

II. PROPULSION SYSTEM MODEL 

     In this model we are analysis the propeller of the vehicle in 

order to calculate the generated thrust and torque forces using 

JAVAPROP tool which is a simple tool for the design and the 

analysis of propellers, this section contains a model of 

propeller. The model is derived using an implementation of the 

Glauret’s Blade Element Theory (BET) to determine the thrust 

and torque at a given V∞ and angular velocity of the propeller. 

It is chosen to use JAVAPROP tool, which is a ready-made 

implementation of BET. 

A. Blade Element Theory (BET) 

   The Blade Element Theory calculates thrust and torque 

forces for a propeller by summing up forces and torques for 

small sections of the blade, see fig 2. 

 
                  Fig.2. A blade on the propeller divided in sections with the propeller radius RP. 
 

Two components: Vair and Vw determine the velocity of 

the airflow coursed by the rotation of the blade VP, 

 

      VP = Vair + Vw.                                                   (1) 

 
        When the propeller is rotating two aerodynamic forces 

are generated. Lift is perpendicular to the chord line of the 

airfoil, and drag is parallel to the chord line, in order to 

perform the analysis: determination of the geometric properties 

of the propeller, and choosing a working area for of the 

propeller. 
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B. Propeller Scanner 

 This small program tries to reconstruct the blade shape of 

a two bladed propeller from bitmap (bmp) images. It takes a 

side view and a front view and traces the blade shape. The 

results are the chord and twist distribution along the radius. 

Both blades are taken into account and the average of both 

sides is presented as the nominal propeller geometry.  

 

 
                       Fig.3. Propeller Front View. 

 
                       Fig.4. Propeller Side View. 

 

Inserting the front and side views of the propeller 8060 

which is adjusted by Adobe Photoshop, the propeller RPM is 

1400(1/min), the flight speed is zero, the diameter of propeller 

is 0.152 m and the white threshold is 65. The results of 

propeller scanner program are spreadsheet table which is used 

as input geometry data for JAVAPROP tool. 

 

 

 
 

      Fig.5. Spreadsheet table of an 8060 propeller. 

 

 The used motor is A2212/10T,1400kV. 

C. JAVAPROP tool 

The Analysis of the propeller over its complete useable 

operating range, the output consists of the propeller data like 

thrust, power or efficiency versus advance speed. 

 

 
          Fig.6. JAVAPROP program window. 

 

    Insert the data of used propeller and motor as shown in 

fig 6, we can use geometry card to get the spreadsheet data 

then analysis the propeller to get the thrust and torque. 

III. THE RESULTS OF SIMULATION 

 

FIG.7. THRUST O/P OVER V. 

 

FIG.8. TORQUE O/P OVER V. 
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IV. CONCLUSION 

    The paper discusses Modelling propulsion system of a small 

fixed-wing UAV, determining thrust and torque forces using 

JAVAPROP program. This program is a simple tool and not 

very precise because the simplifications and assumptions 

behind, so have to check the results by experiment the 

generated thrust. In this experiment we get thrust at Arduino 

spreadsheet and the Arduino plot the resultant thrust to be a 

reference and starts to compare. 
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