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Abstract 

 

Tail-sitter vertical-takeoff-and-landing concept has been introduced since the 1920s and the 

studies have been continued in form of unmanned aerial vehicle proposes. This research is 

proposed as the success of tail-sitter VTOL UAV inspired to enlarge from level of unmanned to 

manned vehicle. The purposes is to examine the control power and efficiency of the control surface 

at the trailing edge of tail-sitter VTOL called Elevon (the specific-designed control surface that can 

perform control like both elevator and aileron). This study focuses on only two significant phases of 

aircraft mission that are hovering and landing. Size of control surface or elevon in the test are 16.7%, 

33.3%, and 50% of wing chord. 3 positions of propeller vary from 10 to 30%C is investigated. The 

propeller size of 13, 15, and 17inch is powered by electric motor. The elevon could provide control 

power differently in each scenario due to the differences in thrust power, wind condition . The 

research is based on wind tunnel testing with the dedicated model to investigate the effect of each 

relevant parameters. The analysis of data collection from the test turned into the optimal or best 

configuration that provide maximum control power. The results show the sizing of propeller 15inch 

and 33.3%C control surface gives the highest pitching moment. When test with the wind coming 

from the trailing edge represent the landing phase of tail-sitter UAV, the pitching moment can be 

reduced up to 50% during landing phase.     

 

Keywords: Vertical Takeoff and Landing, VTOL, Tail-sitter, Elevon 
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 Introduction and Motivation  

 

 Now, Unmanned Air Vehicle or UAV have been developed and widely used in many 

applications. Fixed wing type platform has its advantage in terms of low energy consumption. It 

uses aerodynamic lift force generated by wing to fly therefore this type of UAV cannot stationarily 

hover over an interesting target and of course that it needs an area for take-off and landing. Rotary 

wing platform UAV creates a lift force to fly by rotating the wing or propeller (rotor), so this type of 

UAV can take-off and land vertically as well as can hover over target. However, it used a lot of 

energy to rotates the rotor to gaining enough lift force. Both fixed wing and rotary wing type have 

their limitations in particularly a complex mission or area. The vertical take-off and landing (VTOL) 

platform then becomes very attractive and very popular since it can take-off and land in a confined 

area and has an acceptable flight speed and endurance due to its low power consumption 

compared to a rotary wing UAV. It is a very hot topic for UAV developers around the world. A lot of 

research have been published [1-5]. There are several VTOL platforms existing today and it can be 

categorized as following:  

 

Combine-propulsion Type. 

 This type of VTOL is made by directly combining a set of rotors (like a multi rotor drone) to a 

fixed wing UAV, either conventional aircraft or tailless aircraft as shown in Fig. 1.  The set of rotors is 

performing during take-off and landing while a propeller of aircraft creates thrust to make the aircraft 

move forward in the air. The main drawback of this combine-propulsion type is the weight and drag 

force from the set of rotors during the forward flight phase. Nevertheless, since the propulsions of 

vertical flight and of forward flight are definitely separated, an optimized engine or motor and 

propeller for both hovering propulsions set and flying forward propulsion set can be selected.  
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Helvetis – Jabali VTOL 

https://helvetis.com/vtol-uav-isr/ 

 

  
FDG30 Mako Shark 

https://www.unmannedsystemstechnology.com/2022/04/6-hour-endurance-electric-vtol-uav-for-mapping-survey-

surveillance/ 
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Figure 1: Combine-Propulsion VTOL UAVs 

Tiltrotor and Tilt-Wing Type 

 To solve the disadvantage of a combine-propulsion type VTOL, tiltrotor and tilt-wing are 

developed. In these types of VTOL, the same propulsion set is used for both flight phases, hovering 

and forward. A servo or actuator and a tilt mechanism rotate the propulsion set. No extra drag is 

occurring anymore during the forward flight. However, there is a weight from tilt mechanism and 

actuator for tilting as well as normal fix-pitch propeller can be optimized for all flight phases. 

Because the transition between hovering and forward flight is performed by the tilt mechanism, 

another main issue is the reliability of all these parts. Some examples of tiltrotor and tilt-wing UAV 

are illustrated in Fix. 2. 

 
Bell Eagle Eye Tiltrotor UAV 

https://www.flightglobal.com/new-search-for-vtol-uavs-may-resurrect-bell-tiltrotor/119404.article 
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Aero2  

https://www.unmannedsystemstechnology.com/2023/06/dufour-reveals-final-aero2-design-for-tilt-wing-drone/ 

Figure 2: Tilt-Rotor, Tilt-Wing VTOL UAVs 

 

Tail-Sitter Type 

 To eliminate all the weak points of previous VTOL configurations, a combine-propulsion 

type, a tiltrotor type, and a tilt -wing type, a tail-sitter UAV have been investigated. In this 

configuration, there is no extra weight of mechanism and non-used part for all flight conditions, and 

there is no extra critical moving part. So, this configuration is very interesting for future development. 

The tail-sitter VTOL is one of the VTOL that can perform both limited-space airborne and fixed-wing 

forward flight in one configuration. This research focuses on the tail -sitter concept as it could 

provide greater value of power efficiency compared to the multirotor.  
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In 2007, the tail-sitter mini UAVs first demonstrated at IMAV2007 by the VertiGo (ENSAE-

SupAero) and MiniVertiGo (ENSAE-SupAero and University of Arizona, co-research granted by 

AFRL). Both UAVs are co-axial rotor tail-sitter platform control. SupAero had continued developed 

the VTOL UAV with the tandem propeller configuration and won the IMAV2009 flight competition in 

Pensacola, FL [6-8]. In 2012 Roll&Fly, the Air and Air Micro Air Vehicle which is the MAV with a 

capability of moving on the ground and climbing along the wall and ceiling, was officially patented. 

The tail-sitter concept has been interested in development by many researchers not popular as 

other configurations due to the challenge of transition control phase and the difficulty in hovering 

and landing phase. Fig.3 presents WingtraOne and Vetal UAV which is a good example of 

commercial UAV on the market.  

 

 
WingtraOne 

https://wingtra.com/mapping-drone-wingtraone/vtol-drone/ 
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Vetal VTOL UAV 

https://www.hiveground.com/vetal/ 

Figure 3: Wingtra One and Vetal Tail-Sitter UAV 
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https://www.researchgate.net/figure/Current-micro-air-vehicles-a-Mini-Vertigo-b-MAVion-and-c-Disk-wing-

aircraft_fig6_301902109 
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https://journals.sagepub.com/doi/pdf/10.1260/1756-8293.2.2.69 

Figure 4: MiniVertigo Tail-Sitter UAV 

 

How does it work; Tail-Sitter UAV 

 A tail-sitter UAV looks like a normal aircraft with a pair of motor-propellers. Unlike other VTOL 

UAVs which has at least 4 sets of propulsive system, tail-sitter UAV concept requires just 2 motor-

propellers to encounter each propeller torque while it uses benefit of flow induced by propeller 

through the control surfaces to control the aircraft as commonly used for the fixed wing aircraft. The 

propeller can be either in tandem as a Wingtra One or in co-axial arrangement as used by 

MiniVertiGo UAV shown in Fig. 4.  Flight profile of a tail-sitter VTOL UAV consists of 3 phases 

including a) horizontal forward flight, b) vertical take-off, vertical landing, and hover flight, and c) a 

transition flight from vertical to horizontal and vice versa.   
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 For forward flight, tail-sitter UAV has the same principle of normal fixed wing type aircraft to 

fly (Fig.5). Thrust from the propeller introduces forward movement of vehicle counter the drag force 

then wing generates lift force and finally the vehicle can fly. Control surfaces on the wing and/or tail 

are used for controlling the aircraft including roll, pitch, and yaw via aileron, elevator, and rudder, 

respectively. In addition, differential rotating speed of propellers can be appl ied and used for 

controlling the aircraft in certain axis as well depending on the configuration and the arrangement of 

propellers installation.  

 

 

Figure 5: Attitude Control of Tail-Sitter in Horizontal Mode (Forward Flight) 

 

In vertical mode, as illustrated in Fig. 6, tail-sitter UAV can hover by thrust or lift force 

generated by both large propellers. Due to a pair of propellers, torque of propeller has canceled 

each other, tail-sitter can stationarily fly. Aircraft can climb up by introducing more thrust and 

descent down by reducing throttle. To control a rotation of aircraft, tail-sitter uses the benefit from 
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propwash induced flow through the control surface located on the trailing edge generating 

aerodynamic force and moment.  

 

https://link.springer.com/chapter/10.1007/978-3-319-51532-8_2 

Figure 6: Tail-Sitter UAV in Vertical Mode (Hover Flight) 

 

Finally, for the transition flight, the tail-sitter changes from vertical mode to horizontal mode 

by controlling the pitch of aircraft via an elevator in propwash induced flow and proper increase 

throttle to increasing speed of vehicle. This phase is also one of the critical phases of tail sitter UAV 

too. An efficient automatic control theory must be considered and applied if, especially, the nice 

and smooth transition flight is required. The control law and system of tail-sitter platform is an 

interesting topic for researchers to make it fly smoothly. A lot of work have been done [9-13]. 
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Figure 7: Transition of Tail-Sitter UAV 

 

The challenge of Tail-Sitter UAV 

 As described above, tail-sitter used a flow behind its propeller pass through wing and 

control surface to create moment and control attitude of aircraft. Let use conventional body frame 

X,Y,Z corresponds to the axis along the fuselage or body (X), the axis through the right wing (Y), 

and the axis downward under the body (Z). For a tandem propeller tail-sitter, illustrated in Fig.8, 

nose down pitch motion, aircraft rotate about Y axis, can be performed when both left and right 

elevons deflect downward while it will be nose up when elevons deflect upward. To rotate along X 

axis, it can be done by deflecting left and right elevon in opposite direction.  In this case of tandem 

propeller, the rotation along the Z axis can be done by applying differential thrust on right and left 

motor-propeller. It is noticeable that yaw motion is directly achieved by applying different of thrusts 

while the other two motions are due to an aerodynamic force on the control surface from the flow 

behind propellers. In addition, in vertical mode, a large wing is normal to lateral wind, of course it is 
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high drag, resulting in a difficulty to control the position during landing. This is one of the most 

critical disadvantages of tail-sitter UAV.  

 

 

Figure 8: Control of Tail-Sitter in Vertical Mode 

https://www.semanticscholar.org/paper/Incremental-control-and-guidance-of-hybrid-aircraft-Smeur-

Bronz/6be6231995b902e74dd1691fbaf758f37e3f0d7b 
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 To reduce the difficulty during the vertical mode, in particular hover in windy environments, 

many researchers and designers invent few solutions.  

- An engineering team from ENAC proposed a concept and control algorithm of rotate the 

body parallel to the wind as shown in Fig. 9. This concept successfully eliminates a high 

drag force on the wing. Nevertheless, it may introduce an asymmetry of control power 

on left and right control surface as illustrated in Fig. 10. 

 

 

Figure 9:  
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Figure 10: 

- In 2019 and 2020, a student team from Kasetsart University built a tail-sitter UAV, named 

Nontri, and participated and won in METU VTOL Competition organized at Ankera, 

Turkey, and in AAVC (Autonomous Aerial Vehicle Challenge) in Thailand. To enhance 

the controllability during the vertical mode, they used thrust vectoring concept by install 

the motors with a tilt mechanism closed to concept of [14]. For a few usages and 

operates by a good knowledge, as an engineering team a competition, it results very 

well. However, after several flights the tilt mechanism and part are need more 

maintenance. Moreover, the damage on the tilting servo often occurred. And this is back 

to the disadvantage of tiltrotor and tilt-wing VTOL UAV platform.  
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Figure 11: Nontri UAV 

- Quad propeller concept is another solution which can be found both in biplane and 

monoplane wing tail-sitter UAV. The vehicle is now able to direct controlled by adjust the 

thrust of 4 rotors, can be either with or without control surface in horizontal forward flight. 

This concept performs very well and applied in the Xeva, an eVTOL with human onboard. 

By the way, it seems over design for using 4 motors in horizontal level flight phase. [15-

16] 
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Figure 12: A Quad Rotor Tail-Sitter UAV 

https://www.semanticscholar.org/paper/Design-and-implementation-of-a-quadrotor-VTOL-UAV-Lyu-

Gu/d587481492518ad331c5b622e81482abb993ad75 
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Research Objectives 

 

Although, few solutions as detailed above are available, it is still interesting and challenging 

for researcher if the most effective control of tail-sitter can be found with a good combination 

between propeller and control surface installation. Therefore, this research focuses on the finding of 

suitable control surface and propeller for hovering control of a tail-sitter UAV. The main interesting 

parameters to be observed are: 

- Size of Control Surface: Percentage of control surface size to chord length is used. 

- Size of Propeller: this parameter is conducted by non-dimension term of Propeller 

diameter-to-wingspan ratio. 

- Position of Propeller from the Wing Leading Edge: Percentage of control surface size to 

chord length is used. 

And, in addition, the effect of control surface deflection angle and different throttle level are 

investigated as well. Finally, some of the controllability in landing conditions also be observed.  
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Methodology 

 Wing-propeller interaction, especially with a low aspect ratio wing, is a complex problem. In 

2017, Chinwicharnam et al studied an aerodynamics interaction of a propeller and a clean wing 

without control surface by CFD method and compared with experiment conducted in a wind tunnel. 

Although a CFD simulation gave a good trend of aerodynamic characteristics when compare test 

result, but the value is still highly disagreed [17-18]. For this research which a deflection of control is 

added that might introduces more complexity of flow phenomenon. Therefore, experimental method 

is selected in this first step on the research plan. With the result and data of this experimental test 

result then can be used for the further next step. Only longitudinal aerodynamic characteristics is 

interested and conducted for this study, therefore a wing with a single propeller is used. Normal 

force, axial force, and pitching moment are measured. The detail of experimental and testing facility 

will be explained in next section. Table 1 and Fig.13 show the investigated parameters conducted 

in this research.  

Table 1 Test Parameter 

 Parameter Notation Value 
Size of Control Surface CS 16.67, 33.33, 50.00 (%C) 
Deflection Angle of Control Surface CA 0, 15, 30 (deg) 
Size of Propeller PS 13, 15, 17 (inch) 
Position of Propeller from Leading Edge PP 10, 20, 30 (%C) 
Wind   Wind / No Wind 
Throttle PWM 1200, 1400, … 1800 

 

To complete full experience of 5 parameters above, numerous tests must be conducted. In 

addition, several step changes of throttle should be performed and collected therefore a lot of tests 

must be investigated. To reduce the number of tests and because the interest is the parametric 

sensitivity effect, the design of experiment will be conducted by fix all other parameters while vary 
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only one interested parameter. Finally, a total of 5 sets of experiments are investigated as detail in 

this Table. 

 Table 2 Concept of Test Parameter 

 P C U D V Interested Parameter 
1 Vary Fix Fix Fix Fix Propeller to Span 
2 Fix Vary Fix Fix Fix Control Surface to Chord 
3 Fix Fix Vary Fix Fix Velocity 
4 Fix Fix Fix Vary Fix Wind Direction 

 

 

 

 

Figure 13: Schematic Diagram of Wing Parameters 
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Size of Control Surface 

 Tail-Sitter UAV primary uses the control surface to control its attitude during the vertical 

hover mode. Therefore, the first parameter focused on this research is of course the size of the 

control surface. For most tail-sitter UAV is a flying wing platform, a rectangular wing planform seems 

a good candidate for the basic understanding. For low aspect ratio wing, the aerodynamic center is 

about at 30 percentage of wing chord, then assume the center of gravity of the UAV is located at 25 

percentage of chord, to have a reasonably good longitudinal static stability margin. Consider the 

force created by deflection of control surface is at about 25 percentage of control surface measure 

from elevator hinge and the force per area is equal for each control surface size configuration. 

Hence, the pitching moment generated by the deflection of control surface can estimated by Eq.1. 

Table 2 presents the pitching moment for each case of control surface size. Due to the moment arm 

that decreases when increase the size of control surface, the desired pitching moment is not linear 

enhance with size. From this simple estimation, the control surface size of more than 50 percentage 

does not provide better pitching moment to control the aircraft. Finally, the size of control surface is 

then selected and designed by a range of 0 to 50 percentage of wing’s chord length.  

 

M = Control Surface Area x Moment Arm from CG to 25% CS                  (Eq. 1) 

Where           assume a force created from control surface (CS) is linear function of CS area 
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Table 2: Estimated Pitching Moment Generated by Varying Control Surface Size 

Control Surface's 
Size Hinge Location Distance from CG Estimated Moment 
(%C) (%C from leading edge) (%C)   

0 100 75.00 0.00 
5 95 71.25 356.25 
10 90 67.50 675.00 
15 85 63.75 956.25 
20 80 60.00 1200.00 
25 75 56.25 1406.25 
30 70 52.50 1575.00 
35 65 48.75 1706.25 
40 60 45.00 1800.00 
45 55 41.25 1856.25 
50 50 37.50 1875.00 
55 45 33.75 1856.25 
60 40 30.00 1800.00 
65 35 26.25 1706.25 

 

Deflection Angle 

 Normally, the maximum usable deflection of control surface is about +/- 20 degrees and not 

exceed +/- 30 degrees, so the range of deflect angle between 0- and 30-degrees is performed in 

this experimental test.  

 

 

 

DISTRIBUTION A: Distribution approved for public release.



25 | P a g e  
 

Size of Propeller 

 For this size of tail sitter UAV, Wingtra One, Vetal, and Nontri, the aircraft’s weight is about 3 

to 5 kg. Therefore, the size of the propeller, as well as the motor, is selected from the propeller that 

able to give a thrust of 1.5 to 2.5 kg (half wing).  

 

Propeller’s Position from Wing Leading Edge 

 Motor is one part that has significant weight ratio for the tail-sitter. If the motor propeller is 

located far from the wing leading edge, the wight or center of gravit y balance will become 

impossible. 10, 20, and 30 percentage of chord from wing leading edge for the propeller installation 

position is, then, explored in this research.  
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Experiment Set Up 

 To conduct the experiment, there are divided into 4 parts: a wing part, a longitudinal 

measurement part, a wind generator part, and a control and data collection part. A Schematic 

diagram of experimental set up is presented in Fig. 14. A wing part is vertically installed to a 

longitudinal measurement part as seen on the right and placed just in front of a wind generator part. 

A control and data collection part are used for controlling the throttle of motor mounting at wing 

leading edge and for controlling the wind speed of wind generator. All the data including axial force, 

normal force, pitching moment of the wing model, and force of motor-propeller. The detail of each 

part is explained in this section. 

 

 

 

Figure 14: Schematic Diagram of Overall Set Up 
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Wing Part 

 The size of the wing is selected by on-the-shelf available well-known tail-sitter UAV, the 

Wingtra One, which is very close to the Nontri UAV of Kasetsart University and the Vetal UAV of HG 

Robotics which has a wingspan around 120-130 cm. and wing aspect ratio around 3. A simple 

rectangular wing with NACA 2412 airfoil is designed. The chord of wing is 45 cm. Wing is first 

modelled in CAD program including control surface and motor mounting to ensure that everything is 

correct before manufacture. Fig. 15 presents the CAD model of wing design.   

 

 

Figure 15: CAD Model of Wing 

 Once the CAD design is completed, each part was fabricated by CNC machine shown in 

Fig.16a. Some available part such as a carbon fiber tube can be found on the market. Finally, wing 

model was assembled as shown in Fig.16b. A set of motor mounting with different length (10,20, 

and 30%Chord) is prepared and able to change during the testing.   
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a- Part Manufacturing 
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b- Wing Assembly 

Figure 16: Wing model 

 To well understand the interaction force from propeller on the wing, ATI Mini40 force 

transducer is placed between motor and mounting. This is to observe the force and torque of motor-

propeller and then will be subtract from the total force measure by longitudinal measurement part to 

obtain aerodynamic force and moment of wing. The final wing part which consists of wing, control 

surface, motor mounting, force transducer, and motor-propeller is presented in Fig. 17.  
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Figure 17: Wing Part (Wing, Control surface, motor mounting, transducer, and motor-propeller) 

 

Longitudinal Measurement Part 

 In-house designed 3-component force torque balance is used in this study. It combines 3 

single-point load cell installed in different location to measure axial force, normal force, and pitching 

moment of wing model as illustrated in Fig.18. This means the axial force obtained will be 

represented as the net lift force of the model equivalent to the mass of vehicle since we are 

considered and tested in vertical mode. While the pitching moment measured by this force balance 

directly represents the pitching moment around the center of gravity (CG) of aircraft because the 
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axis of wing model made by 25mm-diameter carbon tube is located at 25% of wing chord length 

which assumed to be the CG. A known mass range of 0 grams to 1.5 kilograms is used for 

calibration of each force component. All signals are then sent to the NI Compact DAQ 9237 for data 

collection. According to the structure of this force balance, the accuracy of measurement  depends 

on the stiffness of the connector plates.  

 

 

Figure 18: 3-Component Force Balance 

 

Wind Generator Part 
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 In the original plan of this project, a low-speed wind tunnel test section size of 1m x 1m x 3m 

will be used for this research (Fig.19a). It is located at Sriracha Campus which is approximately 2 

hours-drive from Bangkok. Unfortunately, the building of this wind tunnel had to be renovated all the 

building so the wind tunnel had to be shuttled down for a year (around October 2022 to August 

2023). Therefore, two alternative solutions were made available.  

- Ask for the support from a Low-Speed Wind Tunnel from Thai Royal Airforce Academy 

School (Fig.19b). Unluckily, they have a big plan to relocate the whole school from 

Bangkok to another province. So, it is not possible. 

 

 

a- Kasetsart Wind Tunnel at Sriracha Campus 
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b- Wind Tunnel of Thai Royal Airforce Academy School 

Figure 19: TRAF Wind Tunnel 

https://kinetics.co.th/projects/royal-thai-air-force-aerodynamics-research-wind-tunnel-facility/ 

 

- Design and build new Wind Generator. Nowadays, Wind Shape (Fig.20) propose a 

concept of wind generator consist of an array of small ventilator. And it is already used 

by some institutes research on the drone. The advantage of this concept is that the 

speed at each position can be adjusted, therefore it is used for testing the drone flying 

in more real situations. 
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Figure 20: WindShape  

https://windshape.com/ 

 

Finally, there are very limit of choice then the second option of build new Wind Generator is 

selected. In addition, even the wind variation is not the scope of this project, but the wind generator 

will be very useful for the next research project.  
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To reduce the swirling flow of single propeller or fan, a coaxial propeller is chosen. An 

available propeller set can be found in Thailand seem to be a motor -propeller for RC. Therefore, a 

series of brushless motor size of 2814 1300kV with the 3-blade propeller size of 10x4.5 is selected. 

The rotational speed is then controlled via 50 Amp ESC (electronic speed controller). This is 

selected from the maximum desired wind speed of at least 10m/s which calculated by propeller 

momentum theory. To flexibility in adjustment of the position of each motor-propeller, the structure is 

made with aluminum extrusion profile. A quick Finite Element Analysis is performed to unsure the 

rigidity of the structure as well as to understand a vibration which might be damaging to wind 

generator. The details of design, build, and test of wind generator are in an Annex B. After 

construction of the wind generator finished, wind speed is observed by low-cost hot wire 

anemometer and a tuft method on the net installed on a plan behind a propeller’s plan. From the tuft 

on the net, and velocity observations, the outcoming flow on the location of the wing installation is 

quite uniform and acceptable for the test. Note that this construction part and validation of wind test 

mainly done by 3 intern-students from France during May 2023.  
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Figure 21: Wind Generator 

Control and Data Collection Part 

 There are 2 subparts in Control and Data Collection Part: a) Subpart A - wing model control 

and measurement and b) Subpart B - wind generator control and measurement as shown in Fig.14. 

The control and data collection is done via NI Compact Daq and Arduino board as shown in Fig. 

22. 
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Figure 22: Data Acquisition System (NI Compact DAQ and Arduino Board) 

 

Subpart A involves with the wing model part and the longitudinal measurement part. 

Therefore, the control parameter includes the control of throttle. Although the adjustment of control 

surface deflection angle is originally designed to be control by the PWM signal, it is now adjust ed 

manually by the operator due to the high friction of hinge and for precision of deflect angle. The 

data collection for the subpart A are:  

- All 3 longitudinal aerodynamic force and moment from the longitudinal measurement 

which measure a) axial force or resultant lift force (the model in vertical mode), b) normal 

force or lateral force, and pitching moment around the CG of wing model.  
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- Thrust of motor-propeller from the ATI MINI 40 transducer.  Since only longitudinal 

characteristics is focused, only thrust force from the Z-axis of transducer is collected via 

NI USB 6220. 

- Electric power from the DC power supply. The electric voltage and the electric current 

consumed by the motor-propeller are measured. 
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Figure 23: Longitudinal Measurement Data Interface 
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Figure 24: ATI Mini 40 Data Interface 

 

 

Figure 25: High Power DC Power Supply 
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For all measurement, the average value from 1000 sample data and the standard deviation 

are collected from the measurement and then save into excel csv format. Then is used for the data 

processing and analysis of result in the next step.   

Subpart B is used for wind generator part. All the 60 motors of wind generator are desired to 

rotate at identical speed to obtaining most uniform flow. Wind speed is observed by hotwire 

anemometer in function of input command or control signal.  

 

 

Figure 26: Wind Generator Control Interface 

 

 Total number of small fan is 60 units, place into 30 positions in the plan. Then they are 

divided into 6 groups in order to control the speed in the future project. Nevertheless, all 60 fans are 

controlled to have same rotational speed in this test. 

 

DISTRIBUTION A: Distribution approved for public release.



42 | P a g e  
 

Calibration 

 As mentioned above, the loadcell is calibrated by applying a known mass for each direction 

including all three components of longitudinal measurement part an as well as the thrust component 

at ATI Mini 40 transducer. The calibration set up and the result are illustrated in Fig. 27-28.  
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Figure 27: Calibration Set-Up 
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Figure 28: Example of Calibration Result 

Repeatability of Measurement  

 To ensure the experimental set-up, the procedure, and the measurement, repeatability test 

is performed. One configuration of wing model is selected then repeat the test for 3 times, the result 

is plotted and presented in Fig.29. All three results are very good agreement each other. This can 

confirm the reliability of this experiment.  
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Figure 29: Repeatability Result of Experiment 

Parameter of Testing 

 The diagram of force and moment measured obtained from this experiment is illustrated in 

Fig.30. It consists of 3 longitudinal forces - moment of the whole wing model and thrust of motor-

propeller.  

 Where:  

Thrust is measured by ATI MINI40 Force-Torque Transducer 

  Lift is measured by the longitudinal Loadcell No. 2 

  Horizontal Force is measured by the longitudinal Loadcell No. 1 

  Pitching Moment is measured by the longitudinal Loadcell No. 3 

 Then  

  Propwash Drag can be found by Thrust and Lift 
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Figure 30: Force and Moment Diagram of Testing 
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Results and Discussion 

 There is the test without wind represent the vertical hovering condition of the tail sitter UAV 

and the test with wind coming from the trailing edge represent the tail sitter UAV during landing 

phase which is one of the most critical for tail-sitter UAV. Both investigation’s results are presented 

in this section.   

 

No Wind Condition 

 There are mainly 4 parameters investigated in this research: Control Surface Size, Deflection 

of Control Surface, Propeller Size, and Propeller Posit ion. There are 3 interval steps for each 

parameter. Total 43 configurations are investigated for no wind condition. In the experiment, the 

throttle of all tested configuration is controlled by identical PWM signal (1000 to 1800 PWM). All test 

results are plotted and shown in Fig.31. 
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Figure 31: Lift Force versus Throttle (PWM signal) 

It clears that for the same PWM input, larger propeller size gives higher lift force. Lift force of 

all configurations with the same propeller size at the given throttle (same PWM) is slightly close. 

However, the main interesting result in this research is to find the most effective in control power or 

pitching moment produced in vertical mode. Although for same propeller size, the lift force is quite 

similar and close, but it is exact identic lift, it is not right to compare the pitching moment by plotting 

with the throttle. Therefore, instead of plotting the result in function of throttle (PWM signal), the plot 
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of lift force from the load cell no.2 presents more reality in vertical hovering condition. The effects of 

elevon control power for each parameter are detailed and discussed in this section.  

Control Surface Deflection Angle 

 Figure 32 illustrated the pitching moment of wing model with the 15 -inch propeller installed 

at 30%C from the wing leading edge. As expected, pitching moment is enhanced by increasing of 

deflection angle.  

 

a) Propeller 15inch located at 30%C from wing leading edge with the elevon size of 50%C. 
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b) Propeller 15inch located at 30%C from wing leading edge with the elevon size of 33.3%C. 

Figure 32: Effect of Control Surface’s Deflection Angle on the Pitching Moment 

 

Size of Control Surface 

 Pitching moment at CG (25%C) is plotted with lift force. For most cases, either change 

propeller size, or change propeller position, it is found that the  control surface’s size of 33.3%C 

generates the highest pitching moment and the control surface’s size of 50%C has the poorest 

control power.   

 

b. Propeller 15inch located at 30%C from wing leading edge with the elevon deflect of 30deg. 
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b. Propeller 15inch located at 10%C from wing leading edge with the elevon deflect of 30deg. 

Figure 33: Effect of Control Surface’s Size on the Pitching Moment 

 The trend of result is not same as estimate in the Table 2, this may result by 2 sources; a) 

highly reducing in the moment arm as mentioned in Table.2 and b) separation of flow on the control 

surface.  

 

Position of Propeller 

 Example of the influence of propeller position on the elevon control power is illustrated in 

Fig.34. Install the propeller at 30%C ahead of wing leading edge gives the highest pitching moment 

when compared to install the propeller at 10 and 20%C.  
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a) Propeller 15inch, Control Surface 33.3%C with the elevon deflect of 30deg. 

 

b) Propeller 15inch, Control Surface 16.7%C with the elevon deflect of 30deg. 

Figure 34: Effect of Propeller Position on the Pitching Moment 
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 Fig.35a and b show the pitching moment for different propeller size from 13 to 17 inch at the 

propeller position 10%C and 30%C from wing leading edge respectively. For the close position, 

propeller at 10%C, the propeller size does not show clear significant influence to the pitching 

moment though the 15inch propeller configuration slightly best. For 30%C position, it is clear that 

the 15-inch propeller provides the most effective in term of elevon control power when compared to 

the other two wings with 13 and 17inch.  

 

a) Propeller position 10%C, Control Surface 33.3%C with the elevon deflect of 30deg. 
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b) Propeller position 30%C, Control Surface 33.3%C with the elevon deflect of 30deg. 

Figure 34: Effect of Propeller Size on the Pitching Moment 

 

Test with Wind Condition 

 The test of pitching controllability of tail sitter during the vertical landing phase is conducted 

by place the wing trailing edge pace into the wind generator. The flow speed is set up at 5 m/s 

which is the maximum landing descend speed. The test is compared to the without wind conditions 

or stationary hover phase. The comparative test is performed at Propeller position 3 (30%C from 

leading edge), Control surface size of 33.3%C, and Propeller size of 13 and 15 inch with the throttle 

of 1200PWM and 1400PWM. The result shown in Fig 35-36 is plotted by lift force and pitching 

moment generated by the elevon deflection angle of 30 degree.  
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Figure 35: Effect of Wind (hover and landing phase) 

Propeller Position 30%C, Prop Size 15 inch, Control Surface 33.3%C 

 

 

Figure 36: Effect of Wind (hover and landing phase) 

Propeller Position 30%C, Prop Size 13 inch, Control Surface 33.3%C 
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 As found in Fig.35-36, comparing with no wind condition, lift force is enhanced by the wind 

coming from the trailing edge. At the throttle of 1200PWM, lift increases from 6 Newtons to about 8.2 

Newtons for the case of propeller size of 15 inch while the pitching moment at CG of wing is 

reduced from 0.135N.m to 0.065N.m. Similar result and trend for the case of propeller size of 15 

inch at 1200 PWM, at the throttle of 1400PWM, lift increases from 10.5 Newtons to about 11.2 

Newtons while the pitching moment at CG of wing is reduced from 0.35N.m to 0.18N.m. Left 

increases when the flow coming from trailing edge or when the tail-sitter UAV descents, which is 

opposite to the real. Therefore, pilot must highly reduce the throttle in order to make the aircraft 

vertically land. And this results in significantly decreasing of elevon control pitching moment as 

illustrated in the Fig.35-36. The similar result is found also in the case of propeller size of 13 inch. 

This investigation clearly shows the effect of flow from the trailing edge or the vertical landing phase 

of the tail-sitter configuration which introduce a high difficulty in attitude control of the aircraft during 

landing phase. 
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Conclusion 

  Tail-sitter UAV is one of interesting UAV and AAM platform due to its simple and less 

part and mechanism compared to other VTOL configuration such as a tiltrotor, a tilt-wing, and a 

combine propulsive type. For tail-sitter UAV with a twin tandem propeller type, it uses benefit of 

propwash induced flow from the propeller blowing pass into the control surface on the wing’s 

trailing edge to control its attitude. However, the weak point of the tail-sitter configuration is the 

difficulty during the vertical hovering and in particular in landing phase. This research project is 

proposed to investigate and to find the optimal installation position of propeller, size of propeller, 

and size of control surface. Experimental test on the wing with propeller is set up. Control surface of 

wing model is designed to be adjustable with the size of 16.7%C, 33.3%C, and 50%C. Propeller 

diameter of 13 to 17inch is installed at 10%C, 20%C and 30%C from wing leading edge. Force and 

moment of the wing model is measured.  

 It is found that all three parameters: propeller size, propeller position, and control surface 

size, effect the elevon control power of the tail-sitter model. To compare the results, the lift and 

pitching moment are plotted. The configuration of wing with 33.3%C control surface, with the 15 

inch diameter propeller installed at 30%C from leading edge provide the highest pitching moment 

during the vertical hovering phase.  

 The test with wind is then conducted by placing the wing model in front of a wind generator. 

The blowing speed is set at 5 m/s represents the case of tail-sitter UAV is landing to the ground with 

the decent speed of 5m/s. The result shows that, at an identical PWM signal command, the lift force 

of wing model is higher than the case of no wind conditions which may resulted from 2 reasons: 

reduction of propwash-force and increasing of thrust. (Since lift of model is the thrust minus 

propwash force.) Due to in flow coming from the trailing edge is opposite direction of propwash 

flow, this result in the lower wing speed passes the elevon or control surface.  
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Problems  

 The main difficulty of doing the research in this project is finding Man and Student. It is hard 

to find an engineer and (master) student who interested in Aerospace field, since there is no 

aerospace engineering industry except a part production. Bachelor student can not fucus on the 

project as well as their knowledge and experience is not enough for doing a good research output.  

 Getting a grant, it is the first time Kasetsart University get this grant, there are a document 

and the process both from outside (from Asian Office of Aerospace Research and Development) 

and inside (Kasetsart University). Therefore, this issue results in the delay of getting the budget 

about 1 year from starting date.  

 The renovate of wind tunnel building which is initially planned to use. And the movement of 

the Department of Aerospace Engineering, the test can not be conducted during the movement 

period for about 2 months, as well as some damage of the equipment from the movement to new 

building as well.  
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Outcome: Wind Generator 

 Wind generator is built during this project for the test with wind condition, and this 

equipment can be used for future investigation and or other project. 
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Outcome: Involved Student and Engineer 

Year 1 

 4 Bachelor students, Aerospace Engineering department (10 months) 

- Support the wing model and test set up. 

- Conduct the test, Process the test result. 

- Conceptual Design and Analysis of Tail-Sitter 

 1 Master student from mechanical engineering department (6 months) 

- Write the measurement Labview Code  

 2 Engineers (10 months) 

- Design the model and select all components of wing model. 

- Prepare and select all equipment.  

Year 2 

 3 Intern students (5 months) 

- Design and select part and material for the wind generator. 

- Set up the wind generator. 

- Write the code for wind generator. 

 2 Bachelor students (2 months) 

- Conduct the test. 

- Process the test results. 

 1 Master student (2 months) 

- Test with wind. 

- Process the test results. 
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Outcome: Publications 

1. Submitted for AIAA Conference (2024)  

 
 

 

 

DISTRIBUTION A: Distribution approved for public release.



62 | P a g e  
 

2. Related work had been done and published in SAWAE2022 

 

DISTRIBUTION A: Distribution approved for public release.



63 | P a g e  
 

 

 

DISTRIBUTION A: Distribution approved for public release.



64 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



65 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



66 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



67 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



68 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



69 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



70 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



71 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



72 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



73 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



74 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



75 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



76 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



77 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



78 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



79 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



80 | P a g e  
 

 

DISTRIBUTION A: Distribution approved for public release.



81 | P a g e  
 

References 

[1] Akshat Misra et al., A Review on Vertical Take-Off and Landing (VTOL) Tilt-Rotor and Tilt Wing 

Unmanned Aerial Vehicles (UAVs), Hindawi Journal of Engineering Volume 2022, Article ID 

1803638 

[2] Sarvesh Sonkar et al., Design & Implementation of an Electric Fixed-wing Hybrid VTOL UAV for 

Asset Monitoring, https://doi.org/10.1590/jatm.v15.1297 

[3] Aurélien CABARBAYE, Design, model and control of a new type of VTOL aircraft, Doctoral 

Thesis, Institut Supérieur de l’Aéronautique et de l’Espace 

[4] Win Ko Ko Oo et al., Design Of Vertical Take-Off And Landing (VTOL) Aircraft System, 

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 6, ISSUE 04, 

APRIL 2017 

[5] Gesang Nugroho, Yoshua Dwiyanson Hutagaol and Galih Zuliardiansyah, Aerodynamic 

Performance Analysis of VTOL Arm Configurations of a VTOL Plane UAV Using a Computational 

Fluid Dynamics Simulation, Drones 2022, 6, 392. https://doi.org/10.3390/drones6120392 

[6] Jean-Marc Moschetta , A Fixed-Wing Micro Air Vehicle with Hovering Capability, EOARD SPC 

07-4010, Final Report for 06 July 2007 to 06 July 2010 

[7] B. Bataillé, J.-M. Moschetta, D. Poinsot, C. Bérard and A. Piquereau, Development of a VTOL 

mini UAV for multi-tasking missions, The Aeronautical Journal , Volume 113 , Issue 1140: The 

International Powered Lift Conference 2008: A Special issue , February 2009 , pp. 87 – 98, DOI: 

https://doi.org/10.1017/S0001924000002815 

[8] S. Shkarayev, J.-M. Moschetta, B. Bataillé, “Aerodynamic Design of Micro Air Vehicles for 

Vertical Flight”, Journal of Aircraft, vol. 45, n°5, Sept.-Oct. 2008, pp. 1715-1724. 

DISTRIBUTION A: Distribution approved for public release.

https://doi.org/10.1590/jatm.v15.1297
https://doi.org/10.3390/drones6120392
https://doi.org/10.1017/S0001924000002815


82 | P a g e  
 

[9] Hao Wang et al., The Hovering Stability of the Egretta Tail-Sitter VTOL UAV, Hindawi 

International Journal of Aerospace Engineering Volume 2022, Article ID 9534180, 12 pages 

https://doi.org/10.1155/2022/9534180 

[10] Verling, Sebastian et al., Full Attitude Control of a VTOL tailsitter UAV, IEEE International 

Conference on Robotics and Automation (ICRA 2016), Stockholm, Sweden, May 16-21, 2016 

[11] Luiz F. T. Fernandez, Murat Bronz, Nathalie Bartoli, and Thierry Lefebvre, Development of a 

Mission-Tailored Tail-Sitter MAV, https://doi.org/10.1142/S2301385024430027 

[12] Incremental control and guidance of hybrid aircraft applied to the Cyclone tailsitter UAV, E. 

Smeur, M. Bronz, G. D. Croon, Journal of Guidance Control and Dynamics, Feb 2018 

[13] Helmi Abrougui et al., Roll Control of a Tail-Sitter VTOL UAV, International Journal of Control, 

Energy and Electrical Engineering (CEEE), Vol 7, pp.22-27 

[14] O. Garcia, A. Sanchez, J. Escareño, R. Lozano, Tail-sitter UAV having one tilting rotor: 

Modeling, Control and Real-Time Experiments, Proceedings of the 17th World Congress The 

International Federation of Automatic Control Seoul, Korea, July 6-11, 2008 

[15] Tri Kuntoro Priyambodo 1, Abdul Majid 2 , Zaied Saad Salem Shouran, Validation of Quad Tail-

sitter VTOL UAV Model in Fixed Wing Mode, Journal of Robotics and Control (JRC) Volume 4, Issue 

2, March 2023 

[16] Ximin Lyu et al., Design and implementation of a quadrotor tail-sitter VTOL UAV,  2017 IEEE 

International Conference on Robotics and Automation (ICRA) 

[17] K. Chinwicharnam, D. Gomez Ariza, J.-M. Moschetta and C. Thipyopas, « Aerodynamic 

Characteristics of a Low Aspect Ratio Wing and Propeller Interaction for a Tilt-Body MAV”, 

International Journal for Micro Air Vehicles, vol. 5, n°4, Déc. 2013, p. 245-260. 

[18] K. Chinwicharnam, D. Gomez Ariza, J.-M. Moschetta, C. Thipyopas, “A computation study on 

the aerodynamic influence of interaction wing-propeller for a tilt-body MAV”. (2015) Aircraft 

DISTRIBUTION A: Distribution approved for public release.

https://www.worldscientific.com/doi/abs/10.1142/S2301385024430027?download=true&journalCode=us
https://www.worldscientific.com/doi/abs/10.1142/S2301385024430027?download=true&journalCode=us
https://www.worldscientific.com/doi/abs/10.1142/S2301385024430027?download=true&journalCode=us
https://www.worldscientific.com/doi/abs/10.1142/S2301385024430027?download=true&journalCode=us
https://doi.org/10.1142/S2301385024430027


83 | P a g e  
 

Engineering and Aerospace Technology: An International Journal, vol.87 (n°6). pp.521-529. ISSN 

0002-2667 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISTRIBUTION A: Distribution approved for public release.



84 | P a g e  
 

Funding Summary 

Currency: United States dollar 

 

Year 1 

No. Description Planed Used Diff. 
1 Wind Tunnel Models and Components  

(Model Fabrication, Part & Material) 
5,000  

(4,000) 
-1,000 

2 Force Measurement Equipment 
(Loadcell, Part & Material) 

2,000  
(1,000) 

-1,000 

3 Wind Tunnel Cost  - -  
4 Engineering and Technician Support 

(Technician Support)  
2,000  

(1,000) 
-1,000 

5 Students / Research Assistants 
(Research Assistants 500*8)  

5,000  
(4,000) 

-1,000 

6 Researcher 
(Principal Researcher) 

4,000  
(4,000) 

- 

7 Report and Office Tools 
(Student and Office Material) 

1,250  
(1,250) 

- 

8 Transportations 
(Transportation in 1st year) 

1,000  
(1,000) 

- 

9 Conference and Related Expense  - - - 
10 University Fees 

(University Free) 
2,250  

(2,250) 
- 

 Total 22,500 18,500 -4,000 
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Year 2 

No. Description Planed Used Diff. 
1 Wind Tunnel Models and Components  - - - 
2 Force Measurement Equipment - - - 
3 Wind Tunnel Cost 

(Wind Generator) 
2,000  

(8,000) 
+6,000 

4 Engineering and Technician Support  
(Engineering Support) 

1,500  
(1,500) 

- 

5 Students / Research Assistants 
(Student 500*6)  

5,000  
(3,000) 

-2,000 

6 Researcher 
(Principal Researcher) 

4,000  
(4,000) 

- 

7 Report and Office Tools 
(Student and Office Material) 

1,250  
(1,250) 

- 

8 Transportations 
(Transportation in 2nd year) 

1,500  
(1,500) 

- 

9 Conference and Related Expense  
(For AIAA2024) 

5,000  
(5,000) 

- 

10 University Fees 
(University Free) 

2,250  
(2,250) 

- 

 Total 22,500 26,500 +4,000 
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