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ABSTRACT: This article briefly presents the design steps, from the conceptual design up to flight 
simulation of the Euclid 3D printed small Unmanned Aerial Vehicle (sUAV). The use of valid tools and 
proper methodology implementation is essential throughout this entire path to render the aircraft’s 
kinematics properly in the flight simulator. The primary object of study in this article is the Euclid sUAV 
handling qualities evaluation through flight simulation, using Cooper-Harper Handing Qualities Rating 
Scale. A novel methodology consisting of eighteen flight tests is presented, each one evaluating a certain 
flight procedure. For each procedure, performing instructions are provided. This methodology can be used 
either as is, or modified, to evaluate the handling qualities of similar sUAV’s. Furthermore, a full video of 
the procedure is given for validation and replication purposes. The results from the application of the 18-
step procedure for the Euclid sUAV, indicated that all scores fluctuated in the (1–3) score region. These 
score region is translated as satisfactory handling qualities, without improvement needed to the system, 
according to Cooper-Harper Handing Qualities Rating Scale. 
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1. Introduction 

Euclid Unmanned Aerial Vehicle (UAV) is a small Unmanned Aerial Vehicle (sUAV), part of the 
overall Euclid UAS. The system is designed to perform security, surveillance, and reconnaissance missions. 
Some basic characteristics of the sUAV are presented in the following Table 1. 

Table 1. Euclid UAV basic characteristics. 

General Characteristics 3D Image Velocities (m/s) 
Wingspan 
𝒃 ሺ𝒎ሻ 

Maximum Take Off Mass 
(MTOM) (kg) 

Main wing area (S) 
(m2) 

Stall 
(Vs) 

Cruise 
(Vc) 

Max 
(Vmax) 

2 2 0.35 9 15 30 
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The primary object of study in this article is to present Euclid sUAV handling qualities evaluation 
through flight simulation, using Cooper-Harper Handing Qualities Rating Scale. A secondary target is to 
promote the proposed methodology for use in similar applications. 

2. Materials and Methods 

Figure 1 briefly describes the sequence that took place for the Euclid evaluators to achieve an accurate 
output of the vehicle’s kinematics on the computer screen. 

 

Figure 1. Steps taken prior to the current handling qualities evaluation. 

To ensure the validity of the current (simulated) handling qualities evaluation, all prior studies 
performed on the aircraft must be valid too. Only using valid tools and implementing properly each study, 
guarantees that the final evaluators will conclude to a realistic result. 

Initially, the conceptual and preliminary design of the aircraft was conducted according to the 
methodology described in the aviation literature (indicative references [1–6]). Where appropriate, computer 
software is implemented to simplify the computational process. Ally through the airfoil, wing, and various 
other aerodynamic parameters simulation at this stage, was XFLR5 v6.48 software. 

XFLR5 is an open source, low Reynolds number software for airfoil, wing, and entire aircraft 
simulation. Analysis is based on Lifting Line Theory, Vortex Lattice Method, and 3D Panel Method [7]. 
Xfoil is the precursor software of XFLR5. Xfoil is proven to be valid since the era when Prof. Mark Drela 
conducted the first comparisons with wind tunnel data [8]. XFLR5 is nowadays used widely by the scientific 
community when studying low Reynolds numbers aerial vehicles [9,10]. 

After aerodynamic and geometrical parameters of the vehicle matured, stability and control studies 
were carried out, using the relatively new Flow5 software v7.24.1, first released in December 2020. Flow5 
is the descendant of XFLR5, and both are compatible with each other regarding the file type format. A 
major advantage of Flow5 compared to XFLR5 is its ability to import custom designed fuselages, in order 
to increase the results’ fidelity. Simulation results from various projects have already been published to the 
scientific community since the first year of the software’s release [11,12]. Stability derivatives, control 
derivatives, and a plethora of other useful parameters were extracted in this stage to be imported into the 
flight simulator later. Some snapshots from these studies are depicted in Figure 2. 

 

Figure 2. Euclid stability and control studies using Flow5 software. 
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The following Table 2, contains the major findings regarding the vehicle’s flying qualities, categorized 
according to [6]. 

Table 2. Major findings regarding Euclid sUAV flying qualities. 

Type of Study Major Findings Flying Quality Level 
Short Period Damping ratio ζs = 0.702 1 

Phugoid Damping ratio ζp = 0.01 2 
Roll subsidence Roll mode time constant Tr = 0.36 1 

Dutch Roll Damping ratio ζd = 0.176 1 
Spiral Spiral mode time constant Τs = 12.93 2 

The last step before handling the qualities evaluation was the selection of a suitable flight simulation 
software, with a reliable Flight Dynamics Model (FDM). Charles River RC Simulator (Crrcsim) was chosen, 
the Euclid 3D Computer Aided Design (CAD) model was imported, and the FDM was filled with the 
previously calculated parameters. 

Crrcsim is a fully customizable flight simulator developed for Radio Controlled (RC) gliders, 
reciprocating or electric engine small aircraft. The source code is written in C & C++, under the GNU’s 
Not Unix (GNU) General Public License (GPL) v.2. Supported operating systems are Linux/Windows/Mac. 
It has been widely used in UAV research by MIT, Stanford University, UC Berkeley, and others [13]. 

Crrcsim uses a Langley Research Center Simulator (LaRCsim) based FDM, which is capable of 
simulating the flight of any vehicle moving within the atmosphere as well as above the atmosphere, up to 
Low Earth Orbit (LEO). Kinematic equations used are based on National Aeronautics and Space 
Administration (NASA) Contractor Report (CR) 2497, titled “A Standard Kinematic Model for Flight 
Simulation at NASA-AMES” [14]. 

In the year 1957, NASA engineer George Cooper presented a rating scale under the «Pilot Opinion 
Rating Scale» title. This scale’s objective was to evaluate the correlation between the pilot’s compensation 
and the handling qualities of an aerial vehicle. In 1969, engineer Robert Harper cooperated with Cooper to 
develop NASA’s Technical Note D-5153, regarding the scale [15]. The most recent reference on the scale 
can be found in [16], where the Figure 3 flowchart originates. This diagram is well known to the aviation 
community as the Cooper-Harper Handing Qualities Rating Scale. 

The Cooper-Harper Handing Qualities Rating Scale allows pilots to correspond qualitative handling 
characteristics to a quantitative scale. The scale consists of numbers 1 to 10, where 1 corresponds to 
excellent handling qualities, while 10 corresponds to major deficiencies, where control of the vehicle will 
be lost during some portion of the required operation. Despite all those years in existence, Cooper-Harper 
Handing Qualities Rating Scale is of aviation industry’s first choice when it comes to handling qualities 
evaluation, as the anniversary article “Fifty Years of the Cooper-Harper Scale” [17], states. 

A significant element is that Cooper-Harper Handing Qualities Rating Scale can be used for evaluating 
UAV’s handling qualities, both when they are naturally flying and when they are in a computer simulated flight. 
Also, both remotely controlled flight and autonomous flight can be evaluated using the scale [18,19]. In addition, 
modified Cooper-Harper Handing Qualities Rating Scales have been developed for evaluating operator’s 
experience with Ground Control Station (GCS) instrumentation [20–22]. By examining previous references, it 
can be stated that the flying tests that participate in the evaluation procedure vary and are not standard. 
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Figure 3. Cooper-Harper handling qualities rating scale flowchart. Data adapted from [15]. 

Handling qualities evaluation through computer simulation will reflect the physical aircraft’s handling 
qualities only if extensive aerodynamic simulation of the vehicle is performed. Each variable’s value must 
be computed precisely in order for the flight simulator to be able to represent the kinematics of the vehicle 
properly. This procedure requires a lot of human and computational resources. 

Regarding the radio signal latencies that are present at remotely controlled flights, in this computer-
based simulation study, we assume that the aircraft is manually controlled via a typical RC transmitter and 
receiver setup, and no flight controller is present in the vehicle. When commanding physical remote-
controlled vehicles via full-duplex flight controller specific protocols such as MAVLink, a typical latency 
of 400 ms is present in the system [23]. When directly controlling such vehicles, manually, via typical 
simplex RC transmitters and receivers, a typical latency of 5–30 ms is to be expected [24]. This minimal 
delay will not affect the operator’s flying experience when flying the real vehicle at Line of Sight (LoS) 
short missions, compared to our results. 

3. Results 

In the following six subchapters and specifically at Tables 3–20, the results of the evaluation of the 
aircraft are given. Eighteen discrete studies were conducted, segregated into the following six main categories: 

 Preflight Tests & Hand Launch Test 
 Static and dynamic stability tests 
 Control tests 
 Maneuvers 
 Special flight conditions 
 Short surveillance mission execution 

All tests were carried out by three Remote Control (RC) specialists (A, B, C). All three evaluators have 
experience greater than 15 years in flying RC fixed wing aircraft in manual mode as well as in autonomous 
mode. All of them hold the European Union Aviation Safety Agency (EASA) A1/A3 drone operator license, 
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and one of them additionally holds the A2 drone operator license. Simulation dedicated PPM (Pulse 
Position Modulation) controllers, as well as real RC transmitters equipped with USB dongles, were used. 

For each test conducted, execution instructions and the evaluation objective were provided to the 
participants. As feedback, evaluators testified to their written opinion and a score for each test. Finally, a 
single text was synthesized containing all three evaluators’ remarks. 

It is important to note that all flight responses are evaluated relative to the ideal response an aircraft of the 
same type would exhibit. An aerobatic RC plane certainly would have registered a higher score under the 
maneuvers category, but in the current case, the aircraft is compared to a vehicle designed to execute the same 
or a similar mission. Closest category in terms of the aeromodelling community is the First Person View (FPV) 
category. This category’s geometric characteristics, flying and handling qualities are similar to the Euclid UAV. 
All these aircrafts, are, in general, of high aspect ratio, good stability, and moderate maneuverability. 

Maneuvers category, which is based on [25], is evaluated mainly by the scientific interest to perceive 
whether the aircraft is capable of executing them or not, in the exceptional case, it will be needed. It is, in 
other words, legitimate for the Euclid designer to have a handling forecast even for those extreme conditions. 
In the operational level, Euclid’s operators are strongly discouraged to perform such maneuvers when no 
emergency is present. 

3.1. Preflight Tests & Hand Launch Test 

In the following Table 3, the results of the control surfaces proper deflection are presented.  

Table 3. Type of study: Control surfaces proper deflection. 

Test 
description 

Operator deflects from ൅𝜹𝒎𝒂𝒙 to െ𝜹𝒎𝒂𝒙, all aircraft’s control surfaces (flaps, ailerons, rudder, elevator), 
twice, on ground. The purpose of this test is to make sure all control surfaces are moving freely and in the 
correct direction. It is a necessary preflight test, and it does not participate in the final score. 

Result 
remarks 

All control surfaces are moving freely and in the correct direction. 

Cooper-
Harper score 

First evaluator N/A, Second evaluator N/A, Third evaluator N/A 

N/A: Not Applicable. 

In the following Table 4, the results of the hand launch procedure are presented.  

Table 4. Type of study: Hand Launch. 

Test 
description 

It is a necessary test for hand launched UAV’s, such as Euclid. A reason Crrcsim flight simulator was chosen 
is because its ability to simulate hand launched procedures. Three main variables must be defined for the 
procedure: 
1. Launch height, in 1 ft increments. This height is defined at 6 ft (~1.8 m), as a typical height a human’s

hand can reach at an upwards semi-stretched position. 
2. Initial θ pitch angle in rads. 3 different θ angles were simulated (0 rad, 0.262 rad & 0.524 rad), which 

correspond to 0°, 15° and 30° respectively. 
3. Escape velocity 𝑽𝟐, calculated at 36.8 ft/s (11.2 m/s), using the UAV hand launch formula [2]. 
The main objective of this simulation is to provide evidence that the vehicle can be hand launched. Secondary 
targets are: 
 To record the θ angle at which the operator feels safer to launch the vehicle 
 To record the minimum throttle (%), the aircraft can be hand launched with the optimum θ angle. 
The overall hand launch procedure is evaluated, using the optimum values. 
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Result remarks 

 Vehicle is able to be hand launched. 
 Among the three θ angles, θ = 15° is considered to be the safest. 
 At θ = 15°, the operator will find it hard to launch the vehicle using throttle <60%. 
 At θ = 15°, the operator will not face any difficulty at all, launching the vehicle at full throttle. 
 A general remark is that the operator must avoid violent elevator deflection during the procedure. 

Cooper-Harper 
score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

3.2. Static & Dynamic Stability Tests 

In the following Table 5, the results of the short period are presented.  

Table 5. Type of study: Longitudinal static stability & Dynamic stability: Short Period (Pitch movement). 

Test 
description 

A simultaneous simulation regarding aircraft’s longitudinal static stability and its short period response, is 
performed. During Straight and Level Flight (SLF), the operator temporarily cuts off the engine power, so the 
generated force from it, not to affect the progress of the phenomena. Afterwards, the operator deflects shortly 
and quickly the aileron at െ𝜹𝒆𝒎𝒂𝒙 in order to for positive pitching moment (+Μ) to be produced, for the 

perturbation to appear. The object of research here is to evaluate the aircraft’s reinstatement to SLF. 
Result 
remarks 

Aircraft is longitudinally dynamically (therefore and statically), stable. The phenomenon is evolving absolutely 
satisfactory. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

In the following Table 6, the results of the Dutch roll movement are presented.  

Table 6. Type of study: Static stability (Directional & Lateral) & Dynamic stability: Dutch Roll (Yaw & Roll movements). 

Test 
description 

A simultaneous simulation regarding aircraft’s directional & lateral static stability is performed. The flight 
behavior of both is dynamically reflected through the Dutch Roll output. During Straight and Level Flight 
(SLF), the operator deflects shortly and quickly the rudder at െ𝜹𝒓𝒎𝒂𝒙, in order to for negative yawing moment 

ሺെ𝑵ሻ to be produced, for the perturbation to appear. For achieving the best results, it is important that the 
rudder stick returns to its neutral position as fast as possible. The optimum way to achieve this is to simply 
release the rudder stick and let it return using only the tension of the spring supporting it. The object of research 
here is to evaluate how well the Dutch Roll movement is damped. 

Result 
remarks 

Dutch Roll outputs a healthy damping ratio. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 2, Third evaluator 1. 

3.3. Control Tests 

In the following Table 7, the results of the elevator deflection are presented.  

Table 7. Type of study: Elevator deflection (Pitch movement). 

Test 
description 

Aircraft launches and after it gains safe altitude, it implements two sequential ascends and descents, deflecting 
the elevator only. In a well-trimmed aircraft only pithing angle θ should alter and none of φ & y angles, 
indicating that the aircraft’s Center of Gravity (CG) is in symmetry with ሺ𝜪𝒙𝒔𝒛𝒔ሻ plane of stability axes. The 
object here is to evaluate if only θ angle is altered and the handling quality of the movement. 

Result 
remarks 

Only θ angle is altered, and the pitch handling is absolutely satisfactory. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 
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In the following Table 8, the results of the ailerons deflection are presented.  

Table 8. Type of study: Ailerons deflection (Roll movement). 

Test 
description 

The aircraft launches, and after it gains safe altitude, it implements three indicative small bank turns using only 
the ailerons. The expected behavior and subject of evaluation should be mainly a variation in the roll angle (φ) 
and secondarily a smaller variation in pitch angle (ψ), because the UAV is designed with 𝐂𝒏𝜹𝒂  > 0. 

Result 
remarks 

When deflecting ailerons, the aircraft is behaving exactly as expected. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

In the following Table 9, the results of the rudder deflection are presented. 

Table 9. Type of study: Rudder deflection (Yaw movement). 

Test 
description 

Aircraft launches and after it gains a safe altitude, only the rudder is deflected. The expected behavior and 
subject of evaluation should be mainly a variation in pitch angle (ψ) and secondarily a smaller variation in roll 
angle (φ), because the UAV is designed with 𝐂𝒍𝜹𝒓  > 0. 

Result 
remarks 

When deflecting the rudder, the aircraft is behaving exactly as expected. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

3.4. Flight Maneuvers 

For maneuvers schematics see [25]. In the following Table 10, the results of the loop maneuver are 
presented. 

Table 10. Type of study: Loop. 

Test 
description 

While in SLF, the circular trajectory loop maneuver is executed with max thrust during ascent. The objective 
here is to investigate if the produced thrust is capable of executing the maneuver, and the pilot’s comfort while 
executing the maneuver, for the given type of aircraft. 

Result 
remarks: 

The aircraft is capable of executing the loop maneuver with adequate pilot comfort. 

Cooper-
Harper score 

First evaluator 2, Second evaluator 1, Third evaluator 1. 

In the following Table 11, the results of the roll maneuver are presented. 

Table 11. Type of study: Roll. 

Test description 
While in SLF, a full 360° rotation is performed around the x axis, deflecting only the ailerons. Objective here 
is for the UAV to return to its initial position, with acceptable altitude loss. 

Result remarks Aircraft is capable of executing the roll maneuver with adequate pilot comfort and acceptable altitude loss. 
Cooper-Harper 
score 

First evaluator 2, Second evaluator 1, Third evaluator 2. 
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In the following Table 12, the results of the inverted flight maneuver are presented.  

Table 12. Type of study: Inverted Flight. 

Test 
description 

While in SLF, a 180° rotation is performed around the x-axis, and the UAV remains in this inverted position 
for 10 s. The objective here is to investigate if the aircraft is capable of sustaining inverted flight according to 
the CL_min variable’s value calculated and imported to the flight simulator FDM. If the aircraft can execute 
inverted flight, the minimum throttle (%) should be recorded for sustaining this flight condition. 

Result 
remarks 

The aircraft is capable of flying inverted with a minimum throttle of 75%. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

In the following Table 13, the results of the Immelmann maneuver are presented.  

Table 13. Type of study: Immelmann. 

Test 
description 

While in SLF, the aircraft performs the Immelmann maneuver with full throttle during ascent. If the aircraft 
can execute the loop maneuver, it should be able to execute the Immelmann maneuver as well. The object here 
is to evaluate the pilot’s comfort while executing the maneuver. 

Result 
remarks 

The aircraft is capable of executing the Immelmann maneuver with adequate pilot comfort. 

Cooper-
Harper score 

First evaluator 2, Second evaluator 2, Third evaluator 2. 

In the following Table 14, the results of the Split-S maneuver are presented. 

Table 14. Type of study: Split-S. 

Test 
description 

Split-S is a reverse trajectory maneuver of Immelmann’s. The main difference between the two is that Split-S 
does not require great thrust forces by the engine, because it takes advantage of the potential energy the aircraft 
has gained due to altitude. The object here is to evaluate the pilot’s comfort while executing the maneuver. 

Result 
remarks 

The aircraft is capable of executing the Split-S maneuver with adequate pilot comfort. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

3.5. Special Flight Conditions Tests 

In the following Table 15, the results of the stall recovery maneuver are presented.  

Table 15. Type of study: Stall Recovery. 

Test 
description 

While flying at a safe altitude, the engine power is cut off and the aircraft is let to glide for a short distance in 
order to reduce airspeed. Afterwards, the operator implements an elevator up command, for the remaining lift 
force to be destroyed completely and to put the aircraft in a stall condition. Operator’s opinion is recorded 
regarding the easiness of exiting form this condition. 

Result 
remarks 

Stall recovery can be executed with varying ease among the evaluators, but is fairly easy for the aircraft’s type 
and given mass. To exit the stall with this aircraft, all operators aggraded that first a nose down and then a 
throttle increase should be implemented. 

Cooper-
Harper score 

First evaluator 2, Second evaluator 3, Third evaluator 1. 
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In the following Table 16, the results of the High Angle of Attack (High AoA) maneuver are presented.  

Table 16. Type of study: High Angle of Attack (High AoA). 

Test 
description 

Flying at a high AoA, or high alpha, is a dynamically complex and volatile aerodynamic condition, where an 
aircraft flies at a high angle of attack, for an adequate time, in the borderline between the stall region and the 
normal controlled flight, without losing altitude [26]. 
For replicating this flight condition in the flight simulator, the operator must follow the same steps as the 
previous test 11 until the elevator up command, which should be maintained throughout the whole duration of 
the maneuver. At the same time, the operator must regulate the aircraft’s thrust accordingly, in order to maintain 
the evolution of the maneuver, even when φ & ψ angles are changing. High AoA is a test of great importance, 
because it can evince whether the lift distribution upon the wing is in truth elliptical as designed, and the 
wingtips will not suffer a stall before the wing root, resulting in aileron ineffectiveness and lost of control.When 
executed in the flight simulator, high AoA is better performed near the ground so the evaluator has a better 
perspective on possible altitude loss. 

Result 
remarks 

High AoA flight conditions can be performed safely. Aircraft is fully controllable, even when φ & ψ angles are 
changing. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

In the following Table 17, the results of the Spin Recovery (SR) maneuver are presented.  

Table 17. Type of study: Spin Recovery (SR). 

Test 
description 

According to Sadraey [3], spin is a dangerous and continuous rotation of an aircraft around its z axis, which may 
occur after a stall. Aircraft suffers altitude loss with Rate of Descent (ROD) equal to 20–100 m/s and a Rate of 
Spin (Ω) equal to 20–40 rpm. Along with its axial rotation, it writes off a helicoid trajectory in space, with a 
radius equal to its semispan (R = 𝒃 𝟐ൗ ). Every aircraft type demonstrates a different behavior regarding spin. 

Usually, prone to spin are fighters and aerobatic aircrafts. The very opposite behavior have a lot of transport 
aircrafts, which are designed to exit the spin easily using big rudders (spin proof), or even being immune to spin 
(unspinnable). 
A beneficial contribution to avoid, or to easily exit a spin, has the proper mass distribution within the aircraft 
itself, which affects the aircraft’s moments of inertia.  
Official Federal Aviation Administration (FAA-H-8083-3C) textbook [27] describes exactly the procedures that 
must be followed by a pilot to willfully enter into a spin and to exit from it as well. In brief, to enter a spin after 
a stall, the pilot must deflect the rudder by 𝜹𝒎𝒂𝒙 and to exit from the spin a 𝜹𝒎𝒂𝒙 rudder of opposite direction 
must be applied.  
For the current simulated spin test, the UAV operator is encouraged to follow the aforementioned procedure to 
record whether the UAV can enter a spin and, if so, to evaluate the ease of the exit attempt from it. 

Result 
remarks 

After multiple attempts to put the UAV into a spin, no one among the three evaluators succeeded to spin the 
aircraft. 

Cooper-
Harper score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

In the following Table 18, the results of the glide maneuver are presented.  

Table 18. Type of study: Glide. 

Test 
description 

It concerns of a simple glide test, which aims to visually demonstrate in the computer screen, the CL/CD glide 
ratio of the UAV, which was found to be equal to 22.3 during Euclid’s aerodynamic simulations. 
The current test is performed from a high altitude, with a disabled engine. Projected to earth travel distance, 
ability of controlling the UAV, and easiness of landing are evaluated. 

Result remarks 
The UAV is able to glide with ease, covering a safe distance upon its landing. During the glide test, evaluators 
agreed that the aircraft is well controlled as long as small and smooth inputs are given to it from the 
controller. 
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Cooper-Harper 
score 

First evaluator 2, Second evaluator 1, Third evaluator 2. 

In the following Table 19, the results of the flaps usage are presented.  

Table 19. Type of study: Flaps usage. 

Test description 
This test assesses the flaps effectiveness during descent and landing. Flaps usage is evaluated regarding its 
ability to lead to a safer and of a short distance and speed, approach, and landing. 

Result remarks Using flaps, the aircraft can land more safely. Approach and landing distances and speeds are shortened. 
Cooper-Harper 
score 

First evaluator 1, Second evaluator 1, Third evaluator 1. 

3.6. A Typical Short Surveillance Mission Test 

In the following Table 20, the results of the typical short surveillance mission test are presented.  

Table 20. A typical short surveillance mission test. 

Short Surveillance Mission Execution 

Type of Study Test Description Result Remarks 
Cooper-Harper 
Score 

Flight Phases 
1→2: Take off Using hand haunch method.  

This short 
surveillance mission 
was carried out 
without any 
problems within ~2 
min. 

Α Β C 
2→3: Ascent Full throttle, up to cruising altitude  

1 2 1 

3→4: Cruise towards target For a short time at Vc.  

4→5: Loiter 
Three cycles of execution, above the 
hypothetical target. 

5→6: Cruise towards landing field For a short time at Vc. 
6→7: Descent Using 20% throttle and max flaps.  

7→8: Landing 
Belly landing, within the flight simulator’s 
available landing field.  

The following Figure 4 depicts the short surveillance mission’s flight phases. 

 

Figure 4. Typical surveillance mission’s flight phases. 

The following Figure 5 contains some screenshots from the Euclid flight simulations. 
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Figure 5. Euclid sUAV flight simulations. 

A video of the whole process with a duration of seven minutes can be viewed in the link provided in 
the Supplementary Materials named “Video S1”. 

4. Discusion 

Evaluating handling qualities, via simulation, with Cooper-Harper Handing Qualities Rating Scale, is 
an easy but important procedure, which can foresee various aircraft defects, prior to its physical maiden 
flight. For an accurate model motion in the flight simulator, it is essential that all prior aerodynamic studies 
be conducted carefully, using valid tools. The 18-step proposed novel methodology covers adequately all 
possible flight conditions a Small fixed wing UAV will face when executing security, surveillance, 
reconnaissance, or similar missions. This work can be used as is, by users who want to evaluate their fixed 
wing vehicle’s handling qualities in manual modes of flight. We will also be very happy if any research 
team expands our work. Directions for further experimental research could contain adding autonomous 
modes of flight and/or Vertical Take Off and Landing (VTOL) capabilities. 

5. Conclusions 

Specific conclusions from Euclid sUAV handling qualities evaluation are the following: 

 All Cooper-Harper scores fluctuated in (1–3) span. This fact is translated as satisfactory, without 
improvement, handling qualities. 

 Some tests evaluated with scores 2 or 3 are possibly related to UAV’s given mass for the simulation, 
as all three evaluators generally agreed. In further simulations conducted in those tests with a 200 g 
reduced vehicle mass, handling qualities seemed to be improved. This remark constitutes a strong 
motivation for the continuous effort of mass reduction during the construction phase. 

 All flight maneuvers executed successfully. 

Supplementary Materials 

The following supporting information can be found at: https://www.sciepublish.com/article/pii/885, 
Video S1: The process of evaluating the Euclid UAV using the proposed methodology. 
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