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Abstract. This study aims to design and characterize the static stability of V-tail and fixed-wing 

Unmanned Aerial Vehicle (UAV) configurations purposed for UAV platform units for pilots and 

anti-drone training. Manufacturing and maintaining an easy and inexpensive airframe with quality 

that can be used for training is an advantage that needs to be considered in determining the unit that 

will be designated as a training platform. A simple design is one of the things that can simplify the 

manufacturing and maintenance process. However, it is necessary to analyze the static stability to 

ensure that the UAV has static stability and to obtain its stability characteristics. The process starts 

with determining the power and wing loading using a matching plot, determining wing tail design, 

continuing the stability analysis, and finding the effect of control surface trim on the moments act-

ing on the aircraft using XFLR-5 software. Obtained changes in yaw and pitching angles result in 

moments against the direction of change so that the design meets the static stability criteria require-

ments. 
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1 Introduction 

Unmanned Aerial Vehicles (UAVs) are aircraft operated wirelessly or autonomously, guided by 

GPS, stabilized by gyro sensors and magnetometers integrated into a flight controller. A Ground Control 

Station (GCS) can control the flight path or maneuvers, UAV is categorized as a small UAV if the total 

weight is below 25 kg including all components placed inside the aircraft [1, 2].  UAVs that are spe-

cialized for pilot training are important, in order to improve the pilot's ability to control the UAV. Con-

sidering that the Pilot in Command must have the ability to take direct control of the small UAV flight 

[2]. Therefore, need for UAV design followed by static stability characterization to give an initial over-

view of the UAV characteristics to be used.  

It's important to note that this platform is designed for advanced small UAV pilot training that is pre-

pared for UAV racing plane competition or another specific mission by simulating at higher speeds than 

typical UAVs and this configuration resembles various loitering munitions, making it suitable for both 

platform also anti-drone system testing. Some methods used for anti-drone systems are drone hijacking, 

drone spoofing, geofencing, jamming, killer drones, and drone capture [3]. One of the challenging parts 

of intercepting the UAV is the size of the UAV is too difficult to detect [4].  Therefore, it is necessary 

to improve the technology of anti-drone systems, test it with a special platform devoted to it, and also 

as an advanced training platform where the aircraft has more maneuverable characteristics than typical 

remote control training aircraft. 

In this research, the design process includes conceptual design, preliminary design, continued weight 

distribution calculation, static stability analysis, and the effect of the control surface trim. Conceptual 

design focuses on determining the Design and Requirements Objectives (DRO), establishing the initial 

UAV geometry, and estimating basic parameters. Preliminary design focused on wing and power load-

ing calculation using a matching plot or matching chart method [5, 6]. Weight and balance calculation 

by estimating locations and weight for every part that is attached inside or outside the UAV [7, 8]. 

Conceptual design that contains UAV wing, stabilizer, and control surfaces needs to be analyzed in 

purpose to obtain static stability characteristics also the effect of all control surfaces on the aircraft 

moment. 
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XFLR-5, a prevalent software tool for stability analysis, leverages the Linearized Lift Theory (LLT) 

and Vortex Lattice Method (VLM) to assess aerodynamic characteristics. One of its key advantages is 

the rapid provision of approximate results, enabling comprehensive exploration of diverse wing and tail 

parameter configurations [9]. Aircraft components, including wings, fuselage, tail, and canard, contrib-

ute significantly to an aircraft's stability and control. Control surfaces, such as elevators, rudders, and 

ailerons, play a pivotal role in aircraft maneuverability. Additionally, these control surfaces are utilized 

in trim conditions to achieve equilibrium of forces and moments, ensuring the aircraft maintains a de-

sired flight path [10]. Therefore it is necessary to obtain the effect of the control surface act on the UAV 

moment. 

  2 Research Methods 

          

        

         

     

This research employed a conceptual design approach, followed by a preliminary design. The con-

ceptual design established the specific design requirements objectives (DRO), while the preliminary 

design determined the UAV's performance parameters to meet these objectives. This phase also in-

cluded detailed sizing and computational simulations. 

  2.1 Conceptual Design 

           

             

                  

            

      

UAV objectives can fly faster than common small UAVs, using Li-po batteries, easy to build or manu-

facture, able to maneuver sharply but still controllable. For an example of a racing plane competition in 

regulation, the wing span length is limited to 1300 mm, capable of loading up to 1100 gr, and propelled 

with a pusher motor configuration [11]. For anti-drone training, common loitering munition UAVs use 

V-tail, low-wing, and tapered-wing configurations [12]. 

   2.2 Preliminary Design 

            

                   

              

        

           

       

The preliminary design contains an analysis by matching plots, wing and tail design. The purpose of 
𝑊 𝑊 

the “matching plot” phase is to obtain power loading and wing loading , wing loading and power 
𝑃 𝑆 

loading values used as requirements for wing reference area (𝑆) and propulsion power (𝑃). The results 

of this approximation are contingent upon the initial flight performance parameters. Subsequently, equa-

tions were derived for each performance requirement, incorporating power and wing loading functions 

[5, 6]. Requirements functions that are used to plot such as. 

         Stall speed. (see equation 1), The minimum required airspeed that can cause a stall. 

   
𝑊 1 

[ ] = 𝜌𝑣𝑠 
2 𝐶𝐿𝑚𝑎𝑥 (1) 

𝑆 2𝑆 

        Maximum speed. (see equation 2) The requirement for maximum aircraft speed. 

  
 

    
 

  
 

  
𝑊 𝜂𝑝 (550) 

[ ] = 2 𝐾 (2) 1 𝑊 𝑃 𝑉𝑚𝑎𝑥 0.5 𝜌 𝑣3 + [ ]𝑚𝑎𝑥 𝐶𝐷0[𝑤/𝑠] 𝜌 𝜎 𝑣𝑚𝑎𝑥 𝑠 



Take-off run. (see equation 3) The requirement for maximum take-off run. 
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𝜂𝑝
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( 550) (3) 

Rate of climb. (see equation 4) The requirement for rate of climb ability. 

 [
𝑊

𝑃
]

𝑅𝑜𝑐
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+

√
2
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𝐾
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𝑊

𝑆
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 (4) 

Ceiling. (see equation 5) The requirement for aircraft service ceiling. 
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Absolute ceiling. (see equation 6) The requirement for aircraft absolute ceiling. 
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𝑊

𝑃
]
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(See equations 1-6) Can be used to generate a corresponding chart that illustrates the relationship 

between power and wing loading. The value of S can be calculated using Equation 7, and the value of 

P can be determined using equation 8. 

 𝑆 = 𝑊𝑡𝑜/ [
𝑊

𝑆

𝑃 = 𝑊𝑡𝑜/ [
𝑊

𝑃
] (8) 

]  (7) 

 

Table 1. Typical Values for UAV initial Parameter [6]. 

Parameter Typical Values Description 

𝐶𝐷0 0.02-0.03 Zero-lift drag coefficient (retractable landing gear) 

Ar 5-20 Wing aspect ratio 

𝐶𝐿𝑐 0.2-0.5 Cruise lift coefficient 

𝐶𝐿𝑚𝑎𝑥 1.2-1.6 Lift coefficient maximum 

e 0.6-0.9 Oswald number 

𝜂𝑃 0.6-0.8 Prop efficiency 

(𝐶𝐿/𝐶𝐷)𝑚𝑎𝑥  6-10 Maximum lift-to-drag ratio (retractable landing gear) 

 

 

Where the air density as (𝜌), velocity as (𝑣), induced drag factor as (𝐾), runway friction coefficient 

as (𝜇), ground drag coefficient as 𝐶𝐷𝐺, the rotating lift coefficient as (𝐶𝐿𝑅),  gravitational acceleration 

as (𝑔), short take-off length as (𝑆𝑡𝑜), rate of climb as (𝑅𝑜𝑐), rate of climb at service ceiling as (𝑅𝑜𝑐𝑐), 

air density ratio at service ceiling as (𝜎𝐴𝑐), air density at service ceiling as (𝜌𝐴𝐶) and 𝑊𝑡𝑜 is UAV total 

weight. All typical parameter values are referenced (see Table 2) [6]. 

Weight Distribution. The center of gravity (CG) location affects the coefficient moment. CG is the 

concentration point of all aircraft weight. Equations 9 and 10 estimate CG location in X axis (𝑥𝐶𝐺) , CG 

location in Z axis (𝑍𝐶𝐺) from datum, (𝑊) is each component weight, 𝑥 or 𝑧 is an arm length from the 

datum [7, 8] . 

̅
̅

 𝑥𝐶𝐺 =  
∑ 𝑊𝑖𝑥𝑖

𝑛
𝑖=1

∑ 𝑊𝑖
𝑛
𝑖=1

  (9) ̅
̅

 𝑧𝐶𝐺 =  
∑ 𝑊𝑖𝑧𝑖

𝑛
𝑖=1

∑ 𝑊𝑖
𝑛
𝑖=1

 (10) ̅
̅

77 Preliminary Design and Static Stability Analysis 



 

2.3 Static Stability Analysis 

In the realm of flight dynamics, stability denotes a system's inherent capacity to regain equilibrium 

following a disturbance. Static stability specifically addresses the tendency of an aircraft to revert to its 

original position. For an aircraft to maintain stable flight, the net force and torque acting upon it must 

be zero. When an aircraft is in a state of equilibrium, or trim, it maintains a constant speed and direction. 

Any disruption to this balance will cause the aircraft to accelerate or rotate. Control surface trims can 

be visualized (see Fig. 1). where 𝛿𝑒 is the v-tail trim as an elevator function, 𝛿𝛼 is the aileron trim and 

𝛿𝑟 is v-tail trim as a rudder function [13]. 

 
(a)   (b)  (c) 

Fig. 1. Control surface trim. (a) aileron trim. (b) V-tail trim as an elevator function. (c) V-tail trim as a rudder 
function. 

 
(a)  (b) 

Fig. 2. V-tail forces. (a) forces acting on V-tail as elevator function. (b) forces acting on the V-tail as a rudder 

function. 

V-Tail Forces. For V-tail configuration used two main functions for yawing and pitching (see Fig.1) 

by utilizing forces that work in V-tail by deflecting the control surfaces(see Fig.2) where 𝐶𝐿𝑁 as V-tail 

resultant coefficient on booth semi-span which purposed as elevator function, 𝐶′𝐿𝑁 as V-tail resultant 

coefficient on booth semi-span which purposed as rudder function, 𝐶𝑌𝑡 as V-tail force coefficient in Y 

or horizontal axis, and 𝐶𝐿𝑡 as V-tail force coefficient in Z or horizontal axis [13]. 

Longitudinal Stability. The pitching moment curve (see Fig 3) represented by equation 12, illustrates 

the relationship between the angle of attack (𝛼) and the pitching moment coefficient (𝐶𝑚), calculated 

using equation 11. This curve is essential for assessing the longitudinal static stability of an aircraft. The 

pitching moment coefficient can be calculated using equation 11, where (𝑀) represents the moment, (𝜌) 

represents air density, (𝑣) represents relative airspeed, (𝑆) represents wing area, and (𝑐) represents the 

wing's mean aerodynamic chord. On the basis of simple analysis, negative gradient 𝐶𝑚𝛼 < 0 is require-

ment that the aircraft has longitudinal static stability [10]. 

̅

 𝐶𝑚 =  
𝑀

1
𝜌𝑣2𝑆𝐶

  (11) 
2

̅

 𝐶𝑚𝛼 =  
𝑑𝐶𝑚

𝑑𝛼
 (12) 
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Fig. 3. Longitudinal static stability. 

The elevator regulates the aircraft's pitch attitude. Although it doesn't modify the shape of the pitching 

moment curves, it can adjust their position, enabling a range of trim angles. Its effectiveness in control-

ling the pitching moment is reflected in the magnitude of its stability derivative or elevator control 

power coefficient (𝐶𝑀𝛿 )
𝑒

, with larger values indicating greater control effectiveness to control pitching 

moment [10]. Equation 13 shows derivatives of 𝐶𝑚  and elevator trim 𝛿𝑒.  

 𝐶𝑚𝛿𝑒
=  

𝑑𝐶𝑚

𝑑𝛿𝑒
 (13) 

Directional Stability. The airplane must have a tendency for yawing against the disturbance direction 

(see Fig.4). Yawing moment 𝐶𝑛 that will restore  the airplane to its equilibrium state as shown in equa-

tion 14. When the aircraft flying is disturbed from the equilibrium condition with sideslip angle 𝛽, the 

airplane should have rotational tend to its equilibrium condition. To achieve directional stability, aircraft 

must be having 𝐶𝑛𝛽 > 0 [10].   

 𝐶𝑛𝛽 =  
𝑑𝐶𝑛

𝑑𝛽
 (14) 

 

Fig. 4. Directional static stability. 

V-tail as rudder function can control the yawing moment, the effect of rudder trim on the yawing moment coeffi-

cient can be written as equation 15.  

 𝐶𝑛𝛿𝑟
=  

𝑑𝐶𝑛

𝑑𝛿𝑟
 (15) 

Lateral Stability and Roll Control. Lateral stability refers to the tendency of an airplane to level its 

wing (roll angle) during yaw. This corrective rolling moment coefficient (𝐶𝑙) (see Fig.5) can be demon-

strated to be a result of the sideslip angle (see Fig.4), in this configuration tail trim as a rudder function 

can affect the rolling moment coefficient as shown as equation 17. Lateral stability described in equation 

21 is that is  𝐶𝑙𝛽 < 0 [10].  

 𝐶𝑙𝛽 =  
𝑑𝐶𝑙

𝑑𝛽
 (16) 

 𝐶𝑙𝛿𝑟
=  

𝑑𝐶𝑙

𝑑𝛿𝑟
 (17) 
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Fig. 5. Lateral static stability. 

Roll control is achieved by deflecting the ailerons (see Fig.5). control power for an aileron written as equation 18.  

 𝐶𝑙𝛿𝑎
=  

𝑑𝐶𝑙

𝑑𝛿𝑎
 (18) 

Vortex Lattice Method. The Vortex Lattice Method (VLM) is an extension of Prandtl's lifting line 

theory, providing enhanced applicability to a broader spectrum of wing geometries, including swept and 

low aspect ratio wings. VLM enables the estimation of aerodynamic characteristics such as lift, drag, 

pitching moment, yawing moment, and rolling moment coefficients. Irrotational and incompressible 

fluid flow has a complicated flow pattern, this can be known by using vortex line flow, which converts 

incompressible and irrotational flow into vortex filaments. In infinite vortex lines where induced flows 

are perpendicular to the radius 𝑟, the flow field has a direction opposite to the radius strength (see Fig.6) 

as equations 19 and 20 with induced speed(𝑣), the strength of  vortex (𝜏), distance from (𝑃) to filament 

(𝑟), the infinite small partition of the filament (𝑑𝑙) [14]. For static analysis, XFLR-5 adopts the VLM 

method to analyze the aircraft's aerodynamics and stability characteristics.  

 

Fig. 6. Three-dimensional vortex filament strength [14]. 

2.4 XFLR-5 Simulation Setup 

XFLR-5 software is used for simulation to predict the UAV aerodynamics and static stability char-

acteristic. This simulation is contain steps such as direct foil design, xfoil direct analysis, wing and plane 

design, and analysis process. In the aircraft design reference (see Fig.7) that will be used as objectives 

in each stage of the geometry setup. The airfoils that used in this aircraft are NACA 0010 airfoil for tail 

an wing section 6, and Clark-Y airfoil for wing section 1-5.  

The direct foil design defines the airfoil and modifications to be made, in this case NACA 0010 and 

Clark-Y airfoils are used. To simulate the trim conditions on the wing and tail, the modified airfoils are 

also defined in the TE Flap (Trailing edge flap) feature which defines the trim angle on the airfoil. 

Furthermore, all airfoils defined in direct foil design are analyzed in Xfoil direct analysis, precisely in 

batch analysis. 

In the wing and plane design step, the wing and tail are defined into 6 sections. in wing sections 1-2 

and 5, the Clark Y airfoil without TE Flap modification is defined, in wing sections 3 and 4, the wing 

is defined with TE Flap variation and for wing section 6, NACA 0010 is used. The same thing is done 

on the tail, but the difference is that the tail uses NACA 0010 airfoil. Proceeded to define the fuselage 

according to the predetermined design.  
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Fig. 7. XFLR-5 Plane design. 

Step analysis is used to obtain output data such as lift coefficient, drag coefficient, moment coeffi-

cient, etc. in addition to the given UAV geometry input, there is a boundary condition input, in this case 

using ideal gas at sea level conditions. The analysis setup given is an analysis method that uses the 

Vortex Lattice Method (VLM 2), fixed lift, and the angle of  𝛼, 𝛽, and 𝜙 defined in each variation. In 

this step, each trim angle variation is defined as one design plane, so the number of planes will depend 

on how many variations are made. Please note, that this study using XFLR-5 software is an unpowered 

aircraft condition. 

3 Results and Discussion 

3.1 Conceptual Design  

Conceptual design is based on the common loitering munition and some regulations of racing plane 

competition. Some configurations were selected as conceptual designs such as a brushless pusher single 

motor, lower wing, tapered wing, V-tail, and capable of loading two segmented payloads with a total 

weight of 1100 gr but still considering the location of CG. The design requirements and objectives (see 

Table 3) represent the paramount criteria to be achieved. 

Table 3. Design requirements and objectives 

 

Parameter Description 

Wing Configuration Lower Wing 

Tail Configuration V-Tail 

Propulsion Electric pusher brushless motor 

MTOW or WTO 3000 gr 

Battery Lithium Polymer (max 270 gr) 

Max Payload 1100 gr 

Max Speed 155 fps ≈ 47.2 m/s 

Wing Span 1300 mm 

To determine wing and power loading for the matching plot, initial parameters (see Table 4) were 

utilized as variables in the calculation process to generate the corresponding graphical function (see 

Equation 1-6).  

Table 4. Matching plot initial parameter 

Parame-

ters 
Symbol Value Units  Parameters Symbol Value Units 

CD 0 lift CD0 0.025   ρ to ρ0 density ra-

tio 
σ 0.942776495  

Aspect Ra-

tio 
Ar 4.447   Rate of Climb Roc 1000 fpm 

CL cruise CLc 0.23254   Rate of Climb 

Ceiling 
Rocc 850 fpm 
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CL maxi-

mum 
 Clmax  1.5   

 

Absolute ceil-

ing altitude 
 Ca  11000  ft 

 

 

Oswald 

ef prop 

 

 

e 

ꞃ 

 

 

0.8 

0.8 

 

 

  

     

Ca air density 

ρCa to ρ ratio 

 

 

ρCa 

σ Ca 

 

 

0.00164 

0.693172975 

 

 

 [CL/CD]max 
 

[CL/CD]ma 

x 
 1.36     CL Take-off  CLto  0.778  

 

 

Cruising 

Speed 
 V  80  fps    Drag Coef To  CDto  0.079134912  

 

 

Cruising al-

titude 
 hc  2000  ft   Ground friction  μ  0  

 Stall speed  Vs  37  fps   Drag Coef Gnd  CDg  0.079134912  

  CDI Factor  K  0.08943721    Lft Coef Gnd  CLg  1.239669421  

  Max Speed  Vmax  155  fps   Take off run  Sto  52  ft 

 

 

 

Ceiling or 

hc air den-

sity 

 ρ  0.00224114 
 

Slug/ 

𝑓𝑡3 
   Take off speed  VTo  40  fps 

 

Sea-level 

air density 
 ρ0  0.00237717 

 

Slug/ 

𝑓𝑡3 
  Lift coef Rotate  CLr  0.778  

              

             

  

By using functions (see Equations 1-6) a matching plot (see Fig.8). The area of the acceptable region 
𝑊 𝑊 

serves the optional value of [ ] and [ ] . 
𝑃 𝑆 

𝑊 𝑊 
[ ] = 7.5 and [ ] = 2.1814761 choses as power and wing 

𝑃 𝑆 

loading value. 

  

        Fig. 8. Matching plot selected W/P and W/S. 

              

                 

                

Wing reference area (S) and engine power requirement (P) were obtained using equation (see Equa-

tion 7-8), 𝑆 = 3.03183244 𝑓𝑡² (0.38 𝑚²) and 𝑃 = 0.881849 𝐻𝑃 (658 𝑊), respectively. The result-

ing wing design, with a mean aerodynamic chord (MAC) or (𝐶̅) 𝑜𝑓 0.19158 𝑚𝑚 (see Fig.9). 



- -

 

Fig. 9. Wing and tail design. 

The horizontal stabilizer reference geometry (see Fig.10), where 𝑥ℎ = 0.4333447 𝑚  represents the 

horizontal tail arm length and 𝑉̅ℎ = 0.43443306 denotes the horizontal tail volume coefficient. Using 

equation 9, the projected area of the horizontal stabilizer 𝑠ℎ = 0.072774 𝑚2. Geometry of the vertical 

stabilizer with 𝑥𝑣 = 0.4333447 𝑚  m and 𝑉̅𝑣 = 0.053720332. Using equation 10, the obtained hori-

zontal stabilizer's projected area, 𝑆𝑣  is 0.061064 𝑚2. 

3.2 Weight Distribution 

The weight and location of each UAV component (see Table 5), were used to calculate the center of 

gravity (CG) location (see Fig 10). This CG data was subsequently input into the XFLR-5 aircraft inertia 

model. 

 

Fig. 10. Component and weight distribution. 

Table 5. Component and weight distribution 

No Items W (gr) x (mm) z (mm) W.x W.z 

1 Battery 2200 mAh 270 -358 33 -96660.000 8910 

2 Payload 1 550 -68 32 -37400.000 17600 

3 Fuselage 585 -21 33 -12285.000 19305 

3 Preliminary Design and Static Stability Analysis 8
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 4  Telemetry  24  0  70  0.000  1680 

 5   Power Module  20  20  20  400.000  400 

 6  GPS  32  20  90  640.000  2880 

 7 
 

  

Flight Controller 

(Pixhawk 2.4.8) 
 38  102  40 3876.000  1520 

 8   Right Aileron Servo  12  119  0 1428.000  0 

 9   Left Aileron Servo  12  119  0 1428.000  0 

 10  Wing  472  144  3 67968.000  1416 

 11   Radio Receiver  15  160  80 2400.000  1200 

 12  Buzzer  5  162  40  810.000  200 

 13   Payload 2  550  235  32  129250.000  17600 

 14  ESC  70  370  85 25900.000  5950 

 15   L Vtail Servo  12  490  80 5880.000  960 

 16   R Vtail Servo  12  499  80 5988.000  960 

 17   Stab L  80  568  135 45440.000  10800 

 18   Stab R  80  568  135 45440.000  10800 

 19 
  

  

Motor (Sunysky 

1100 kv) 
 138  730  55  100740.000  7590 

 20  Propeller 11x6  23  755  55 17365.000  1265 

  Σ  3000     102.8693  37.0120 

           
              

       

CG location obtained using equations (see Equation 9-10) CG location was found to be 𝑥̅ = 𝐶𝐺 

102.86933 𝑚𝑚, and 𝑧̅ = 37.012 𝑚𝑚. The center of gravity (CG) was located relative to the datum 𝐶𝐺 

for each Y and Z axis (see Fig.11). 

    3.3 Aerodynamics and Static Stability Analysis 

           

           

             

          

   

XFLR-5 is used for this analysis, where the aircraft geometry input is in accordance with the design 

geometry in conceptual and preliminary design. The airfoil used on the wing is Clark-Y, while the tail 

is NACA-0010 (see Fig.8). Grid independence studies using variations in the number of X panels of the 

wing, the results show that at the number of wing X panels 10 there is no significant change in the CL 

value (see Fig.11). 

 

     Fig. 11. Grid independence studies 

               

           

Lift and drag coefficient obtained from the analysis results using XFLR-5 software (see Fig.12), in 

the lift and drag coefficient analysis using fixed lift analysis. 
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(a) (b) 

Fig. 12. 𝐶𝐿𝛼 and 𝐶𝐷𝛼 (a) 𝐶𝐿 vs 𝛼 graph (b) 𝐶𝐷 vs 𝛼 graph 

        

             

   

The characteristics of longitudinal stability are determined by 𝐶𝑚𝛼 , 𝐶𝑚𝛼 considering the variability 

in 𝛿𝑒 (see Fig.13). Employing linear regression to 𝛿𝑒 = 0° the values obtained were = −0.0128.𝐶𝑚𝛼 

and 𝐶𝑚𝛿𝑒 
= −0.0162. 

 

     Fig. 13. 𝐶𝑀𝛼 at 𝛿𝑒 variation 

       

             

             

The directional stability, as quantified by the yawing moment coefficient 𝐶𝑛𝛽, was investigated 

across a range of v-tail as rudder deflections 𝛿𝑟 (see Fig.14). Linear regression analysis at 𝛿𝑟 = 0° de-

termined a 𝐶𝑛𝛽 value of 0.0013 and rudder control power 𝐶𝑛𝛿𝑟 
= −0.0019. 

 

     Fig. 14. 𝐶𝑛𝛽 at 𝛿𝑟 variation 

               

              

                 

        

The lateral stability of the aircraft, as characterized by the rolling moment coefficient 𝐶𝑙𝛽 was inves-

tigated (see Fig.15) the relationship between (𝐶𝑙) and sideslip angle (𝛽) for various aileron deflec-

tions(𝛿𝑎). Linear regression analysis at 𝛿𝑎 = 0° obtain 𝐶𝑙𝛽 value of −0.0009 . The aileron control 

power (𝐶𝑙𝛿𝑎 
) was determined to be 0.0045. 
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     Fig. 15. 𝐶𝑙𝛽 at 𝛿𝑎 variation 

             

      

The rolling moment induced by the deflection or trim of the v-tail, acting as a rudder, is defined as 

𝐶𝑙𝛿𝑟 
(see Fig.16) obtained value of 0.0009. 

 
    Fig. 16. 𝐶𝑙 at 𝛿𝑟 variation 

  4 Conclusion 

        

           

               

              

           

     

The design phase of the UAV successfully established the Design Requirements and Objectives 

(DRO) that were met during the preliminary and detailed design phases. Using a matching plot, the 

values for wing and power loading were estimated, resulting in a wing reference area of 0.38 m² and a 

power requirement of 658 W. These values were used as the basis for the wing and tail design. The 

weight distribution analysis ensured an ideal center of gravity (CG) location, with all UAV components 

placed in their designated areas. 

        

          

     

         

        

     

XFLR-5 employed to analyze the stability characteristics of the UAV met the static stability require-

ments for longitudinal, lateral, and directional stability, with values of 𝐶𝑚𝛼 = −0.0128 /𝑑𝑒𝑔, 𝐶𝑛𝛽 = 
0.0013/𝑑𝑒𝑔, 𝐶𝑙𝛽 = −0.0009/𝑑𝑒𝑔. Control surfaces significantly influence moment coefficient. With 

aileron trim affecting rolling moment at 𝐶𝑙𝛿𝑎 
= 0.0045/𝑑𝑒𝑔, v-tail as an elevator function affect the 

pitching moment at 𝐶𝑚𝛿𝑒 
= −0.0162/𝑑𝑒𝑔, v-tail as a rudder function affect the yawing moment and 

rolling moment at 𝐶𝑛𝛿𝑟 
= −0.0019/𝑑𝑒𝑔 and 𝐶𝑙𝛿𝑟 

= 0.0009/𝑑𝑒𝑔. 

                

                

                

               

             

    

In conclusion, the UAV design, CG location, and control surface geometry resulted in a UAV that 

meets the DRO, exhibits static stability, and has control surfaces that ensure the aircraft can maintain 

equilibrium and maneuver effectively. In addition, it should be noted that this research is a preliminary 

stage to determine the geometry and description of the initial characteristics of the complete aircraft 

design process. VLM has several alternative surrogate methods, such as computational fluid dynamics 

and wind tunnel testing. 
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