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Abstract. The usage of instrumental methods to monitor the technical 

condition of mechanisms leads to improved efficacy in detecting and 

warning of malfunctions.  Timely detection of malfunctions during aircraft 

operation allows to avoid sudden failures and, as a consequence, to 

increase flight safety. Detection of defects is possible both during 

maintenance and by using inbuilt systems on board the aircraft. This paper 

proposes the method of instrumental monitoring of tail shaft condition 

based on the Hall effect, following an analysis of applied methods of 

transmission element diagnostics in single-rotor helicopters. The research 

outcomes permit us to suggest the development of various forms of 

selective and continual monitoring systems for the helicopter transmission 

condition, and advise for their implementation. Keywords: helicopter, 

diagnostics, Hall effect, tail shaft. 

1 Introduction  

The importance of addressing issues of improved reliability and efficiency regarding 

equipment components and technical systems is unquestionable. Within the aviation 

industry, this remains a key priority. The monitoring of technical conditions is directly 

related to human safety when it comes to aircraft. Due to the complexity of aircraft as 

technical systems, safety and reliability are of absolute importance [1]. 

In recent years, there has been significant progress in the diagnosis of faults in 

equipment, in keeping with the development of mechanical systems. The primary focus of 

research in this field is on four key areas: fault mechanisms, sensor and signal acquisition 

technologies, signal processing, and intelligent diagnostics [2]. It is worth mentioning that 

the implementation of non-contact technologies for acquiring and transmitting data 

regarding the state of the control object [3] represents a highly promising avenue with great 

potential. 
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2 Materials and Methods 

When operating helicopters, sometimes there is a problem associated with the deviation of 

the characteristics of the transmission operation from the mode parameters. This issue is 

prevalent in all mechanical systems that operate under static, cyclic, and shock loads, at 

both low and high temperatures, and in contact with diverse media. 

Numerous studies have been conducted on the diagnosis of helicopter mechanical 

systems. Several studies explore the application of vibration and acoustic control [4-15]. In 

that context, the primary focus is the diagnosis of the main gearbox, transmission 

gearboxes, gearboxes, and other gear mechanisms. Several studies have presented solutions 

to wear problems through tribological diagnostics of components.  

References [16, 17] provide insights into wear mitigation, while [18-25] offer further 

developments in fault modelling and analysis. Additional works have focused on 

mathematical modelling of fault occurrence processes and their analysis using various 

signal processing tools. 

This paper considers one of the passive elements of the transmission of a single-rotor 

helicopter - the tail shaft.  

The transmission's tail shaft is responsible for transmitting torque from the main 

gearbox through the intermediate and tail gearboxes to the tail rotor. The technical manuals 

for helicopter operation, specifically the single-rotor scheme, specify the requirement to 

check the condition of the tail shaft for the absence of torsion based on the straightness of 

the linear stripe applied onto the surface of the shaft sections. Non-linearity of the stripes (a 

sign of shaft tortional deformation) is not permitted [26]. 

Figure 1 shows the location of the shaft in the tail section of the helicopter and a 

fragment of it to illustrate the control stripes on the its surface.  

 

 

Fig. 1.  Tail shaft (1), control stripes (2) 

The design layout analysis of the tail components of the aircraft and the specified 

requirements pose doubts about the feasibility of conducting quality diagnostic work.  

To enhance quantification, instrumental monitoring, and non-contact technologies may 

be utilized. 

To acquire the essential information, using the Hall effect and its corresponding sensors 

is proposed. 

An experimental setup was designed for the study, comprising a segment of the tail 

shaft (1), a KY-003 Hall sensor module (2), magnetic tokens (neodymium magnets 

measuring 6 mm in diameter and 3 mm in thickness) (3), a PS 1502DD laboratory power 
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supply (4), an ISDS205A electronic USB oscilloscope (5), and an ICL laptop (6). Figure 2 

depicts the setup. 

The KY-003 module functions as a Hall sensor that is activated and deactivated by the 

presence of a magnetic field. 

When a magnetic field is absent, the signal output contact maintains a logical value of 

(+5V). The value of the output is reversed (logical value of zero or 0V) when the Hall 

sensor is triggered by the presence of a magnetic field. [27]. 

 

 

Fig. 2.  Experimental setup 1- fragment of tail shaft (1), 2 - Hall sensor module KY-003 (2), 3 - 

magnetic tokens (neodymium magnets with diameter of 6 mm and thickness of 3 mm) (3); 4 - 

laboratory power supply PS 1502DD (4); 5 - electronic USB oscilloscope ISDS205A (5); 6 – ICL 

laptop 

Magnetic tokens attached to the surface of the tail shaft allow the the Hall sensor to be 

switched on and off when the tail shaft rotates, generating the signal recorded by the 

oscilloscope (Figure 3). 

 

 

Fig. 3.  Signal on the oscilloscope screen 

In this instance, the registration of signals originates from two Hall sensors. 

The occurrence of lateral movement (refer to Figure 4) defines the proceedings 

happening in the transmission of the helicopter while in operation. 
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Fig. 4.  Quantitative Analysis with the Tau-Criterion 

The tau-criterion is used to identify critical levels of deformation at a 95% confidence 

level. Any values exceeding the set threshold, as indicated by the red line in Figure 4, are 

considered indications of deformation. 

 

 

Fig. 5. Recording Hall sensor signal displacement caused by tail shaft torsion processes. 

Based on conducted research, several types of selective and continuous control systems 

for monitoring the condition of helicopter transmissions can be developed. 

For scheduled maintenance, a portable unit can be installed to monitor the tail shafts for  

torsion. 

It is possible to install magnetic tags onto the shaft body and position stationary sensors 

on the helicopter to output information to a recording device via light signaling or in text 

format. 

Supplementary information can then be acquired on the speed of rotation of tail shafts, 

failure of support bearings (wear or destruction resulting in increased load), and wear 

(destruction) of intermediate or tail gearboxes. Installation of more sensors is recommended 

depending on the number of tail shaft components available. 
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3 Conclusions  

Thus, in conclusion, it should be noted that the possibility of timely detection of operational 

defects of aircraft structures can significantly increase their reliability and safety. The use 

of instrumental control (including in-built control) will have a positive impact on the 

airworthiness of the equipment in operation. 
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