
1

The project is co-financed by funds from the state budget, granted by the Minister of Science as part  
of the Excellent Science II Program, project no. KONF/SP/0109/2024/02, subsidy amount 67 870 PLN.

The project is co-financed by funds from the state budget, 
granted by the Minister of Science as part of the Excellent Science II Program, 

project no. KONF/SP/0109/2024/02, subsidy amount 67 870 PLN

The Impact of FPV Drone Frame Materials  
on Motor Thermal Conditions: Experimental  

and Numerical Analysis

Andrij Milenin
AGH University of Krakow, Al.A.Mickiewicza 30, 30-059 Krakow, Poland

milenin@agh.edu.pl

Keywords: FPV drone, carbon fiber, drone thermal management

1.	 Introduction

Effective thermal management of FPV (First Person View) drone motors is critical for en-
hancing their performance and durability, particularly under high-load conditions characteristic 
of competitive applications. This problem has become even more pressing now that FPV drones 
originally intended for amateur and sports purposes have begun to be used over longer distances 
(and therefore with a heavier battery) and with a large additional load. This significantly increases 
the load on the motors and can bring their thermal state to a critical point. Recent studies highlight 
the role of frame materials in dissipating heat generated by motors in UAV (Unmanned Aerial Ve-
hicle) systems. Research such as [1,2] emphasizes the need to incorporate thermal properties into 
frame design, underlining the relevance of this study. The aim of this work was an experimental and 
theoretical study of the thermal conditions of the frame of an FPV drone flying with an additional 
load and a heavy battery. As an option for improving the thermal conditions of the drone, replacing 
the frame material from carbon fiber to aluminum alloy was considered.

2.	 Materials and methods

This study combines experimental and numerical approaches to assess the thermal behavior 
of a 7-inch FPV drone (Figure 1a) with carbon fiber and aluminum alloy frames (Figure 1b). In the 
experimental setup (Figure 2a), the drone was mounted on a force sensor to control thrust while 
motor and frame temperatures were monitored using an infrared camera BOSH GTC 600 C.

Figure 1. Illustration of a 7-inch FPV drone (a) and the CAD model of its frame (b)
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During the experiment, the drone is connected to the force sensor, and, using the control equ-
ipment (Radiomaster TX12), the thrust is brought to the value of the payload (in our experiments 
it was 20N). The drone weighed 5.4 N, and the 6s2p battery weighed 8.8 N. After 10 minutes of 
physical simulation of the flight under load, the temperature of the motors and frame fragments in 
contact with the motors was measured. Subsequently, a numerical simulation of the steady-state 
thermal distribution in the arm was performed, leveraging inverse analysis to estimate the heat 
flux transferred from the motor to the frame. For thermal simulation, the SolidWorks 2022 pro-
gram was used. The following thermal conductivity coefficients were adopted for the simulation: 
Kcarbon = 10 W/mK; Kaluminium = 170 W/mK.

3.	 Results and discussion

The experimental tests showed, that for the carbon fiber frame, the motor and arm beneath it 
reached a temperature of 120°C (Figure 2b). Replacing the carbon fiber frame with an aluminum 
alloy frame in the FEM simulation demonstrated a significant reduction in maximum temperatures, 
with values dropping to 50°C due to aluminum’s superior thermal conductivity (Figure 3). These 
results were validated experimentally by integrating an aluminum arm into the drone, confirming 
the superior heat dissipation properties of aluminum compared to carbon fiber.

4.	 Conclusions

The findings indicate that aluminum alloy frames can substantially improve the thermal con-
ditions of FPV drone motors by functioning as effective radiators. This dual functionality of alumi-
num - structural support and heat dissipation - positions it as a promising material for applications 

Figure 2. Experimental setup for steady-state drone flight testing: (a) 1 – FPV drone;  
2 – battery 6s2p; 3 – force sensor (AXIS FM); 4 – infrared camera; 5 – remote drone  
control device (Radiomaster TX12); 6 – computer for recording force measurements;  

(b) example of a drone image captured by the infrared camera

b)a)

Figure 3. Calculated temperature distribution in the frame arm:  
(a) made of carbon fiber; (b) made of aluminum alloy

b)

a)
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requiring enhanced thermal management. These insights underscore the potential for optimizing 
drone frame materials to improve both thermal performance and component longevity.

References

1.	 A.S.J. van Heerden, D.M. Judt, S. Jafari, C.P. Lawson, T. Nikolaidis, D. Bosak, Aircraft thermal mana-
gement: Practices, technology, system architectures, future challenges, and opportunities, Progress in 
Aerospace Sciences, V. 128, 2022, https://doi.org/10.1016/j.paerosci.2021.100767. 

2.	 A. Balayan, R. Mallick, S. Dwivedi, S. Saxena, B. Haorongbam, A. Sharma, Optimal Design of Quad-
copter Chassis Using Generative Design and Lightweight Materials to Advance Precision Agriculture. 
Machines, V. 12, 2024 https://doi.org/10.3390/machines12030187


