
 

Dynamic Evaluation of Electric Propulsion System 

Performance of Unmanned Aerial Vehicle (UAV) 

 

N. Norhashim 

Unmanned Aerial System Research 

Cluster, Avionics Section, Universiti 

Kuala Lumpur, Malaysian Institute of 

Aviation Technology, Dengkil, 

Malaysia 

nurhakimah@unikl.edu.my 

  

S. Ahmad Shah 

Unmanned Aerial System Research 

Cluster, Avionics Section, Universiti 

Kuala Lumpur, Malaysian Institute of 

Aviation Technology, Dengkil, 

Malaysia 

shahrul@unikl.edu.my  

 

N. L. Mohd Kamal 

Unmanned Aerial System Research 

Cluster, Avionics Section, Universiti 

Kuala Lumpur, Malaysian Institute of 

Aviation Technology, Dengkil, 

Malaysia 

nadhiyaliyanamk@unikl.edu.my 

H. S. Mat Yusri  

Unmanned Aerial System Research 

Cluster, Avionics Section, Universiti 

Kuala Lumpur, Malaysian Institute of 

Aviation Technology, Dengkil, 

Malaysia 

harith.yusri13@s.unikl.edu.my  

 

Z. Sahwee 

Unmanned Aerial System Research 

Cluster, Avionics Section, Universiti 

Kuala Lumpur, Malaysian Institute of 

Aviation Technology, Dengkil, 

Malaysia  

zulhilmy@unikl.edu.my  

M. N. F.  Haris Fadzilah  

Unmanned Aerial System Research 

Cluster, Avionics Section, Universiti 

Kuala Lumpur, Malaysian Institute of 

Aviation Technology, Dengkil, 

Malaysia 

mnabil.haris@s.unikl.edu.my  

 

 

Abstract— Unmanned Aerial Vehicle (UAV) propulsion 

system is significantly related to the UAV's flight performance 

as it is the core of UAV power produced. Propulsion systems 

include energy sources and power units such as engines and 

motors. Electric motors are used to generate thrust, which the 

thrust produced can affect the UAV performance. Thus, this 

study aims to investigate the best combination of electric motors 

and propellers for UAVs for high efficiency of thrust 

production. The experimental work involved electric motors 

and various small-scaled propellers (fixed and folding) with 

diameter ranges between 10 to 15 inches using a subsonic speed 

open loop wind tunnel. The wind tunnel was set to various 

speeds (0 m/s to 15m/s) to investigate the effects of static and 

dynamic thrust produced. Then, the efficiency of each motor 

and propeller combination is calculated based on the thrust 

produced and the best combination is determined. The 

significance of this work is to provide a reference when selecting 

a particular combination propeller (fixed or folding) and motors 

for specific uses of UAVs with the highest efficiency. As a result, 

a fixed propeller is proven to be more efficient than a folding 

propeller based on the thrust produced. 

Keywords— Unmanned Aerial Vehicle (UAV), propulsion 

system, efficiency motor and propeller combination, static and 

dynamic thrust, motor, and propeller 

 

I. INTRODUCTION 

Unmanned Aerial Systems (UAS) are defined as systems 
that do not carry a human operator but instead fly 
autonomously or are remotely piloted [1]. The equipment 
involved in UAS includes the command, control, and 
communications system. Unmanned aerial vehicles (UAVs) 
are classified according to size and flight speed [2]. 
Classification based on the size includes the mini, micro, and 
nano scales, whilst the flight speed includes low-speed, 
subsonic, transonic, supersonic, and hypersonic. Miniature 
UAVs are as having the smallest range and flying height. 

Long-endurance solar-electric UAVs are known as solar-
powered UAVs. This type of UAV can fly for longer due to 
the combination of solar cells and batteries that are used to 
power the UAV. Solar-powered UAVs are environmentally 
friendly, and have a high-flying height, stability, a vast 
coverage area, and an extraordinary load capacity [3][4]. 

UAVs have witnessed exponential growth in their 
applications across numerous industries, such as the delivery 
of goods and medical supplies, monitoring, farming, search 
and rescue mission and surveying [5], taking advantage of 
their compact size and ease of operation. In recent years, 
UAVs can fly in increased ranges with advanced technology, 
such as battery technology improvements, autopilot systems' 
increased independence, and efficient electrical propulsion 
systems. Thus, advanced technologies made these 
applications possible [6]. Developing various UAV 
technologies is vital for countries in worldwide to 
accommodate the diverse mission requirements. 

The core of the UAV power is the propulsion system that 
generates thrust, which allows the UAV to be controlled and 
to hover in the air. Propulsion system components are 
included electric motors [7], electronic speed controllers 
(ESCs) [8], power sources, and control systems that allow for 
efficient operation [9]. The propulsion system can be 
classified into three groups such as fuel, hybrid (fuel-electric), 
and electric [2]. Electrical energy is converted into mechanical 
energy by the electric motor, thus rotating the propeller to 
generate the required power for the UAV. A propeller is used 
to increase the speed of a large volume of air by converting 
the rotational energy of the shaft into forward motion. The 
propeller efficiency is determined based on the propeller's 
ability to convert engine torque into axial trust [10].  

Thrust is the force that propels an aircraft through the air 
[11][12]. In order to accelerate the aircraft by increasing 
engine power and propeller rotations, thrust must be greater 
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than drag. To propel the plane forward, air will accelerate 
across the propeller blades, creating a significant pressure 
differential. These characteristics will influence the propeller 
performance, producing static or dynamic thrust. Static thrust 
refers to the forward or reverse thrust produced by the 
propulsion system while the aircraft is stationary. The 
significance of static thrust is to establish a thrust model using 
static thrust data to estimate takeoff and landing distance and 
time [13]. Dynamic thrust is defined as the differential 
between the slipstream velocity of the air through the rotating 
propeller and the forward velocity of the aircraft to the air 
moving around the aircraft. The drag and dynamic thrust data 
can disclose an aircraft's top speed, most efficient cruising 
altitude, and other performance characteristics [11]. The 
experimental work that has been done by the Z. Sahwee et al. 
regarding the drag assessment can be referred in reference 
[14]. 

Two types of propellers involved in this experimental 
work which are fixed and folding propellers. A fixed propeller 
has the simplest design, and the angle of attack is fixed and 
not allowed to change during aircraft operation. The blade 
angle compromises the optimum pitch for takeoff, climb and 
cruise [15]. The propeller is connected to the engine 
mechanically, and its rotational speed depends on the engine 
speed. The pitch of the propeller is determined by two main 
variables which is the UAV’s airspeed and RPM of the UAV’s 
motor [16]. On the other hand, a folding propeller blade is 
used to provide thrust at various required flight conditions. 
When the propeller is not used, it will reduce the propeller 
drag by aligning the blade length with the freestream flow 
[17]. 

This paper aims to study the evaluation of propulsion 
system performance based on the propeller and motor 
combination. The experimental work focuses on the thrust 
produced using the wind tunnel, and the efficiency of each 
propeller and motor combination will be calculated. Lastly, it 
demonstrates which propeller is more efficient, either fixed or 
folding. 

II. EXPERIMENTAL SETUP 

 
For this experimental work, the main components used are 

listed in Tables I, II and III below. The choice of various 
ranges and sizes of propellers are used in the application of 
long duration monitoring and the weight of the solar powered 
UAV maximum is 2 kilograms. 

TABLE I.  THE COMPONENTS INVOLVED FOR THE EXPERIMENTAL 

WORK 

Components  Number 

Propeller 15  

Electric motors 3 

Electronic Speed Controller (ESC) 1 

Lithium Poli (LiPo) battery 1 

RCbenchmark 1520 series thrust stand 1 

Subsonic low speed open loop wind tunnel 1 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The fixed propeller (left) and folding propeller (right) used for 
the experimental work 

TABLE II.  THE DESCRIPTION OF FIXED AND FOLDING PROPELLER 

BASED ON THE DIAMETER AND PITCH.  

 

 

Fixed propeller Folding propeller 
Diameter (inch) Pitch (inch) 

 
Diameter (inch) Pitch (inch) 

1 10 6 10 6 

2 10 7 11 6 

3 11 7 11 8 

4 12 6 12 6.5 

5 12 8 13 6.5 

6 13 6.5 13 8 

7 14 7 14 8 

8 15 8   

 

 

 

 

 

 

 

 

 

Fig. 2: Three different motors (brand and model) used in this 
experimental work  

TABLE III.  THE BRAND AND MODEL USED FOR THE MOTOR IN THE 

EXPERIMENTAL WORK 

No. Brand Model 

1. SunnySky SunnySky X2814-7 

2. NTM NTM Prop Drive Series 35-36A 910Kv / 

350W 

3. T-Motor T-Motor AS2814 Long Shaft 

 

The propulsion system performance was investigated by 
measuring the power consumption of three electric motors and 
fifteen various small-scaled propellers (fixed and folding) 
ranges of 10 to 15 inches in diameter. The propellers used in 
this experimental work are shown in Fig. 1, whilst the motors 
are shown in Fig. 2. The measurements were conducted in the 
subsonic low-speed wind tunnel with various wind speeds to 
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imitate the natural wind as shown in Fig. 3. Open circuit 
tunnels are used due to low cost, resistant to temperature 
fluctuations and significant disturbances in return flow. The 
open loop tunnel draws air from the environment and then 
release it into the same environment. The drawback of this 
system is frequently impacted by the external weather, 
particularly the wind. 

 

 

Fig. 3: The setup for the measurement of thrust produced by the fixed 
and folding propeller conducted in wind tunnel 

 

The preliminary static and dynamic thrust experiment was 

initially performed at various wind speeds, starting from 0 

m/s (static), 2 m/s, 4 m/s, 6 m/s, 8 m/s, 10 m/s, and 12 m/s. 

The results obtained from the preliminary experimental work 

were analyzed, and the best combination of the propeller 

(fixed or folding) and the motor was chosen to run in the wind 

tunnel with various wind speeds varying from 10 m/s to 15 

m/s. The data obtained from the experiment were recorded 

using RCbenchmark open-source software that provides 

users with simple control and data recording.  

 
Series 1520 thrust stand is a propulsion testing tool for 

analyzing the UAV propulsion system for thrust below 5kgf. 
The test stand provides an excellent method for gathering 
necessary data, which can be operated manually or 
automatically using any modern desktop operating system, 
including Windows, Linux, Mac OS, and Chrome OS. 
RCbenchmark is the software that runs on the test stand, and 
communicates with the computer through a Universal Serial 
Bus connection (USB). The collected data are plotted using 
MATLAB software. Pre-written test scripts can also be edited 
to measure the thrust, voltage, current, rpm, and overall 
efficiency. The static thrust can be calculated by determining 
the power transmitted to the propellers using the motors in 
revolutions per minute (rpm). Equation 1 is the formula used 
to obtain the efficiency. 

(kgf /W) *1000    (1) 

 

Using static thrust calculations, the overall efficiency is 

calculated to determine the best combination of electric 

motors and propellers (fixed and folding). It is important to 

note that the final static thrust calculations are estimates 

rather than actual values. To fly the UAV at specific velocity, 

the power system of this UAV must produce a net thrust equal 

to drag as shown in equation 2 [18]. 

 

𝑇𝑅 = 𝐷 =  𝑞∞ S𝐶𝐷    (2) 

where the 𝑇𝑅 = required thrust, D = drag,  𝑞∞ = dynamic 

pressure, S = wing area and 𝐶𝐷 = coefficient of drag 

 

III. RESULT AND DISCUSSION 

 
This section presents and discusses the experimental data 

that was conducted in the open loop tunnel. From eight fixed 
propellers and seven folding propellers with different sizes 
that has been tested in the preliminary experimental work, the 
best three fixed and folding propellers in terms of efficiency 
were chosen as samples in the second experiment. The three 
fixed and foldable propellers of various diameters (12, 13 and 
14 inches), were compared with  various wind speeds(10 m/s, 
13 m/s, and 15 m/s). Fig. 4 shows the thrust and efficiency 
produced by a) fixed propeller and b) folding propeller and the 
wind speed was set at 10 m/s and the throttle level was 
increased. The thrust was set to 0 kg and increased slightly 
until 1 kg. Based on the thrust’s results, the 13-inch fixed 
propeller produced the highest thrust but had the lowest 
efficiency. The 12-inch fixed propeller is the highest 
efficiency but has the lowest thrust. The efficiency of folding 
propellers was reduced from 6.0 to around 3.0 kg/W. The 14-
inch folding propeller produced the most thrust but had the 
lowest efficiency. The slope of the graph that depicts the 
efficiency of the 14-inch folding propeller is steeper than that 
of another propeller. The 13-inch folding propeller has the 
highest efficiency at 10m/s wind speed. 

 

 

Fig. 4: Thrust and efficiency graph at 10 m/s wind speed for a) fixed 

propeller and b) folding propeller. 

Wind tunnel 

Thrust stand 

Propeller 

Laptop for 

data 

collection 
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Next, using the same experimental, the wind speed is 
increased to 13m/s. The 14-inch fixed propeller produced the 
highest thrust but was the least efficient, as seen in Fig. 5a). 
However, the 12-inch fixed propeller has the highest 
efficiency results. The graph in Fig. 5b) shows the force value 
increases from 0 kg to nearly 0.9 kg. The efficiency decreases 
from 6.0 kg/W to around 3.0 kg/W over the throttle 
percentage. The 14-inch folding propeller produced the 
highest thrust but the least efficiency whilst the 12-inch 
diameter has the highest efficiency.  

 

 

Fig 5: Thrust and efficiency graph at 13 m/s wind speed a) Fixed propeller 

b) Folding propeller 

Fig. 6 below shows the thrust and efficiency produced by 
a) the fixed propeller and b) the folding propeller when the 
wind speed is set to 15 m/s. The thrust data show that the 13-
inch fixed propeller produces the most thrust but the least 
efficient. The 12-inch fixed propeller, on the other hand, 
provides the highest efficiency results. Each propeller's thrust 
increases from 0 kg to around 0.9 kg. The efficiency reduces 
the same as other wind speed settings. The folding propeller 
with 14 inches produced the most thrust but was the least 
efficient and the 13-inch has the highest efficiency. 

 

 

 

 

Fig. 6. Thrust and efficiency graph at 15 m/s wind speed a) Fixed 
propeller b) Folding propeller 

Table IV shows the overall result for propeller efficiency at 
various wind speeds, which are 10 m/s, 13 m/s, and 15 m/s. 
The 13-inch folding propeller has the highest efficiency, 
followed by relatively 12-inch and 14-inch folding propellers. 
The solar-powered UAV requires a minimum of 0.5 kg of 
thrust to fly, and all the folding propellers could achieve 
between 0.8 to 1.0 kg of thrust, sufficient to provide lift for the 
solar-powered UAV. Thus, all the folding propellers are 
suitable to use for solar-powered UAVs. Only the power 
consumption of the propellers will be varied for the efficiency 
that determines the UAV performance. Overall, the graph of 
the combination of NTM motor and 12-inch fixed propeller 
was the most efficient compared to the other two motors and 
propellers. 

TABLE IV.  THE RESULT FOR FOLDING PROPELLER SIZE  WITH VARIOUS 

WIND SPEED.  

Types of 

Propellers Propeller 

size 

Wind speed Overall 

result 10 

m/s 

13 

m/s 

15 

m/s 

Fixed 

propeller  
12 x 6  1st 1st 1st Highest 

13 x 6.5 
3rd 

 

2nd 3rd 
Moderate 

14 x 7 2nd  3rd 2nd Lowest 

Folding 

propeller 
12 x 6.5 2nd 1st 2nd Moderate 

13 x 6.5 1st 2nd 1st Highest 

14 x 8 3rd 3rd 3rd Lowest 
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 It has been proven that the folding propeller 13-inch has 
the highest efficiency when the wind speed is set to 10 m/s and 
15 m/s and is the most suitable folding propeller for the solar-
powered UAV. The 14-inch propeller has the lowest 
efficiency and is unsuitable for solar-powered UAV 
operations. The design affects the performance of a folding 
and fixed propeller. Generally, fixed propellers are typically 
better in efficiency than folding propellers. This is because a 
folding propeller can be folded in and out of the hub, thus 
generating more vibrations than a fixed propeller of the same 
size and diameter. Folding propellers are used for space-
saving capabilities and break resistance due to the folding 
mechanism.  

 To verify this hypothesis, the 13-inch folding propeller 
and the 12-inch fixed propeller were compared. Fig. 7 shows 
the 12-inch fixed propeller requires 65% of the throttle 
percentage to generate 0.5 kg of thrust, while the 13-inch 
folding propeller requires approximately 72% throttle 
percentage to generate the same thrust. Thus, the 12-inch fixed 
propeller had a higher efficiency. According to the graph, 
increasing the throttle percentage will increase the amount of 
thrust being produced but reduce efficiency. The amount of 
thrust produced is proportional to the throttle percentage, 
whereas the efficiency is inversely proportional to the throttle 
percentage. Therefore, it has been proven that the 12-inch 
fixed propeller is more efficient than the 13-inch folding 
propeller.  

 

Fig. 7: Thrust and efficiency comparison between fixed and folding 
propeller 

IV. CONCLUSION 

This study investigated the importance of reliable 
propulsion system by having an efficient thrust production 
components to generate lift with relatively low power 
consumption. The combination of propeller and motor will 
affect the UAV performance. Hence, this study was conducted 
to determine the best propeller to be used for the solar-
powered UAV. The data obtained shown that the 12-inch 
fixed propeller has higher efficiency compared to the 13-inch 
folding propeller. The result of this study indicates that fixed 
propeller performs better in terms of efficiency. However, 
folding propellers can be folded, thus enable to save space 
compared to fixed propeller and break-resistance due to its 
nature and cost-saving. The finding of this work is best only 
for specific diameter ranges (10 to 15 inches) and certain wind 

speeds (0 - 15 m/s). Thus, for the further work, flight test will 
be conducted using the best combination propeller.  

ACKNOWLEDGMENT  

The authors gratefully acknowledged the financial support 
provided by UniKL through the Industrial Research Grants 
collaboration with Threetis Technologies Sdn. Bhd. to 
conduct this research work. 

REFERENCES 

 

[1] Suraj G. Gupta et. al. “Review of Unmanned Aircraft Systems,” 
International Journal of Advanced Research in Computer Engineering 
& Technology (IJARCET) Vol 2,  4, April 2013  

[2] Zhang, B.; Song, Z.; Zhao, F.; Liu, C. Overview of Propulsion Systems 
for Unmanned Aerial Vehicles. Energies 2022, 15,455. 
https://doi.org/10.3390/en15020455  

[3] Zhang, W., Zhang, L., Yan, Z. & Wang, L. (2019). Structural Design 
and Difficulties of Solar UAV. Retrieved from 
https://iopscience.iop.org/article/10.1088/1757-
899X/608/1/012016/pdf 

[4] Z. Sahwee, N. L. Mohd Kamal, N. Norhashim, S. A. Shah and S. A. 
Hamid, "From Concept to Flight: Developing a Hybrid Solar-Powered 
UAV Prototype for Malaysian Skies," 2023 10th International 
Conference on Recent Advances in Air and Space Technologies 
(RAST), Istanbul, Turkiye, 2023, pp. 01-06, doi: 
10.1109/RAST57548.2023.10198009. 

[5] Norhashim, N. Kamal, N. L. Mohd Shah, S. Ahmad Sahwee, Z. Ruzani, 
A. I. Ahmad (2023) A Review of Unmanned Aerial Vehicle 
Technology Adoption for Precision Agriculture in Malaysia Unmanned 
System pp.1-19 https://doi.org/10.1142/S230138502450016X  

[6] E. M. Coates, A. Wenz, K. Gryte, and T. A. Johansen, “Propulsion 
system modeling for small fixed-wing UAVs,” 2019 Int. Conf. 
Unmanned Aircr. Syst. ICUAS 2019, pp. 748–757, 2019, doi: 
10.1109/ICUAS.2019.8798082. 

[7] Z. Sahwee, N. L. M. Kamal, N. Norhashim and S. A. Shah, 
"Experimental Evaluation of Propeller and Motor for a Solar-Powered 
UAV," 2022 International Conference on Computer and Drone 
Applications (IConDA), Kuching, Malaysia, 2022, pp. 23-27, doi: 
10.1109/ICONDA56696.2022.10000311. 

[8] SA Shah, SA Hamid, NLM Kamal, N Norhashim, Z Sahwee (2021) 
‘Experimental Evaluation of Solar Charge Controller Installed in a 
Solar Powered Unmanned Aerial Vehicle (UAV)’ Def. S&T Tech. Bull 
14 (2), 198-210 

[9] Chu Et.al (2021). Retrieved from Development of a Solar-Powered 
Unmanned Aerial Vehicle for Extended Flight Endurance 

[10] M. Borges, “Design of an Apparatus for Wind Tunnel Tests of Electric 
UAV Propulsion Systems,” no. June, 2015 

[11] S. Zunnurhairy, “Measurement Of Dynamic Thrust Produced By 
Imbalance Propeller,” 2018. [Online]. Available: 
https://people.utm.my/mnazri/files/2020/02/Draft-report-zunur-1.pdf 

[12] A. H. Ibtisam, “Measurement of Dynamic Thrust Produced By 
Different Selection of Propeller,” no. December, 2018, [Online]. 
Available: https://people.utm.my/mnazri/files/2020/02/UGP- 

[13] D. Misir, H. A. Malki, and G. Chen, “Design and analysis of a fuzzy 
proportional-integral-derivative controller,” Fuzzy Sets Syst., vol. 79, 
no. 3, pp. 297–314, 1996, doi: 10.1016/0165-0114(95)00149-2. 

[14] Sahwee, Z., Mohd Kamal, N. L., Abdul Hamid, S., Norhashim, N., 
Lott, N., & Mohd Asri, M. H. (2019). Drag Assessment of Vertical Lift 
Propeller in Forward Flight for Electric Fixed-Wing VTOL Unmanned 
Aerial Vehicle. IOP Conference Series: Materials Science and 
Engineering, 705, 012007. doi:10.1088/1757-899x/705/1/012007  

[15] https://www.skybrary.aero/articles/fixed-pitch-
propeller#:~:text=A%20fixed%20pitch%20propeller%20is,be%20cha
nged%20during%20aircraft%20operation. [Retrived on 29 May 2023) 

[16] Stevenson, R., Chandra, C., Christon, J., Wiryanto, W., Virginio, R., & 
Adiprawita, W. (2020). Energy consumption comparison of static pitch 
propeller and variable pitch propeller using maximum thrust equation 
approach in small scale electric unmanned aerial vehicle. Proceedings 
Of The 3rd International Seminar On Metallurgy And Materials 
(ISMM2019): Exploring New Innovation in Metallurgy and Materials. 
doi:10.1063/5.0002285 

979-8-3503-0219-6/23/$31.00 ©2023 IEEE 1225



[17] B. L. Litherland and J. M. Derlaga, “A performance analysis of folding 
conformal propeller blade designs,” AIAA Aviat. 2019 Forum, pp. 1–
14, 2019, doi: 10.2514/6.2019-3676. 

[18] Jamaludin, M. F., Ab Wahid, M., Mohd Nasir, M. N., & Othman, N. 
(2018). Design and Analysis Performance of Fixed Wing VTOL UAV. 

Journal of Transport System Engineering, 5(1). Retrieved from 
https://jtse.utm.my/index.php/jtse/article/view/90 

.  

 

 

 

979-8-3503-0219-6/23/$31.00 ©2023 IEEE 1226


