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1. Abstract 

This paper presents the noise level 
measurements of a thruster unit, consisted of two 

ducted fans. In a recently developed prototype, two 

parallel axial flow ducted fans are used to provide 
the necessary thrust force. The unit can be used for 

controlling the motion of a balloon based/lifted 

UAV (unmanned aerial vehicle), which may 
operate in such environments where the sound 

emission should be minimized.  

The aim of the present work is to understand 

and explain the noise measurement results, to 

identify the characteristic noise components of the 

developed thruster unit by using the modal analysis 

technique of finite element analysis, and based on 

that, some design considerations are formulated 

which takes into account the important noise 
reduction requirement. 

2. Introduction 

We can separate two major groups of the noise 

components according to the method of the 

phonation: aerodynamic noise sources, and 

mechanical noise sources [1]. In our case, the 

following major types of mechanical source noises 

occur: noise due to the unbalanced rotating 

elements, noise of the drive train and noise of the 

excited cover. Normally mechanical source noises 

are negligible, comparing to the aerodynamic noise 
of the fan [2].  

The examined structure behaved significantly 

louder, than it was previously expected. In order to 
determine noise component related to preventable 

sources, it is necessary to compare the intensity of 

aerodynamic noises, that occur under normal 

working conditions as well, and the intensity of  

 
noise components, related to inadequate 

aerodynamic circumstances, or to abnormally high 

intensity structural vibration. In this paper a 
possible separation method of mechanical and 

aerodynamic sources is introduced, based on the 

RPM dependence of the certain noise sources.  

According to the literature on the noise 

components of ducted fans [1], the major 

frequency peaks of aerodynamic noises have linear 

characteristics in RPM, in contrast to frequency 

peaks related to structural resonance, in these 

frequency components natural frequencies are 

dominating [3].  

In order to gain the benefits of the discussed 

issues above, a four channel measurement has been 
set up, consisted of two accelerometer signals, an 

RPM counter and a microphone signal. It is also 

necessary to carry out the modal analysis of the 
structure. 

 

3. Modal analysis with FEM 

Rotating parts always have eccentricity, and the 

periodically fluctuating reaction force acted on the 

shaft excites the ducted fans cover [3]. For the 

examination of this excitation process, it is 

necessary to determine the natural frequencies of 
the ducted fan unit.  

 

Fig. 1: Photo and finite element model of the 

ducted fan unit 



Since the aim is the identification of the natural 

frequencies, the model has no structural constrains 

on nodal displacements. The available version of 

COSMOS/M could only calculate the first 200 
natural frequencies, shown in Figure 2. The first 

six zero-frequencies have been removed from this 

graph. 

 

Fig.2: Natural frequencies (left), natural 
frequency density (right) 

The natural frequencies are relatively close to 

each other; for further examination it appeared to 
be useful to introduce frequency density, defined 

as the number of natural frequencies in particular 

20 [Hz] wide ranges (Figure 2, right). 

4. Experimental waterfall diagram 

During the measurement both fans’ blades were 

adjusted to maximum values, and due to the 

special characteristic of the PWM control, RPM 

values were decreased and held for 1 seconds in 

150 steps. The change of RPM was not linear in 

time according to the data from the pulse counter. 
Figure 3 represents the RPM graph. 

 

Fig. 3: RPM vs. time according to the pulse counter 

Figure 4 represents the waterfall diagram of the 

microphone signal; the colors denote the sound 

pressure levels. On the left side, horizontal lines 
show the values of natural frequencies calculated 

by COSMOS/M, the length of the lines are 

proportional with the frequency density, meaning 

the number of natural frequencies in each 20 [Hz] 

wide range. 

In the waterfall diagram of Figure 4, there are 

two different types of amplitude peaks: there are 

time (RPM) independent peaks forming horizontal 

lines, and time depending peaks.  

 

Fig.4: Waterfall diagram of the microphone 

signal 

It is fairly unusual that there are noise 
amplitude peak lines, with frequencies one 

hundred times the RPM. This should be an issue of 

further examination. 

5. Remarks 

• In the frequency region with the highest 

natural frequency density, noise has a 

relatively strong component, which is the 

RPM-independent noise of the excited cover. 

• After rescaling, the characteristics of RPM-

dependent noise amplitude peaks seem to be 

linear. 
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