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Inductive transducers for measuring vibrations 
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Abstract. The study presents the development and validation of an inductive vibration transducer 
with improved sensitivity and linearity. The proposed design integrates optimized magnetic core 
geometry and differential coil configuration, enabling precise measurement of vibration 
displacements in the frequency range of 0.5-50 Hz. A mathematical model was formulated to 
describe the relationship between the induced electromotive force and the dynamic displacement 
of the core, and analytical results were verified experimentally. The developed sensor 
demonstrates high stability, minimal hysteresis, and a measurement uncertainty not exceeding 
±3 %. The results confirm the applicability of the designed transducer for vibration diagnostics in 
traction asynchronous motors and transport engineering systems. 
Keywords: inductive vibration transducer, magnetic core, sensitivity, vibration diagnostics, 
traction asynchronous motor, experimental validation, electromagnetic modeling. 

1. Introduction 

Vibration measurement plays a key role in the diagnostics of traction motors, rolling stock, 
and infrastructure elements in modern railway transport systems. Reliable assessment of vibration 
parameters enables early detection of mechanical failures, improving operational safety and 
reducing maintenance costs [1-3]. 

Inductive vibration transducers are among the most widely used devices for measuring 
dynamic displacements in electromechanical systems. Compared to piezoelectric or capacitive 
sensors, inductive types provide higher temperature stability, robust signal output, and longer 
service life under severe operational conditions [4-6]. However, traditional designs often exhibit 
limited sensitivity, nonlinearity in the conversion function, and restricted frequency response  
[7-9]. 

Recent research in various countries has focused on improving the design and performance of 
inductive and hybrid vibration sensors. Studies from China, Europe, and the United States have 
reported significant progress in optimizing magnetic core geometry, coil configuration, and signal 
conditioning circuits to enhance transducer accuracy and linearity [19-22]. These developments 
confirm the global relevance of this topic and the need for further advancement of inductive 
measurement technologies. 

The purpose of this study is to develop and analyze inductive vibration transducers capable of 
measuring linear and torsional vibrations in multiple directions with high sensitivity, broad 
frequency range, and linear conversion characteristics suitable for transport diagnostics. 

Therefore, the development of new inductive vibration transducers with improved sensitivity 
and linear conversion characteristics remains a relevant scientific and practical problem. 

Similar approaches to signal linearization and environmental diagnostics in transport systems 
were reported in [10-13]. 

https://crossmark.crossref.org/dialog/?doi=10.21595/vp.2025.25681&domain=pdf&date_stamp=2025-12-22
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2. Design and mathematical modeling 

The developed inductive vibration transducer consists of an inertial element, magnetic core, 
and differential measuring coils (Fig. 1). Two structural modifications were designed to ensure 
accurate measurement of both linear and torsional vibrations. 

In the first configuration, the inertial element is composed of four sectors arranged 
perpendicularly, while in the second configuration, the sectors are arranged diametrically with 
different masses to increase the sensitivity and reduce the total inertia of the system. 

In the first design (Fig. 1(a)), the inertial element consists of four sectors with two pairs of 
unequal masses. 

The heavier sectors have a mass of 𝑚ଵ = 24 g, while the lighter ones have 𝑚ଶ = 18 g. 
In the second design (Fig. 1(b)), the diametrically arranged sectors also differ in mass, ensuring 

asymmetry of the inertial system and enabling simultaneous detection of linear and torsional 
vibrations. 

The total mass of the movable element is 𝑚 = 0.085 kg, and the radius of the sector 
arrangement is 𝑟 = 15 mm. 

These parameters were determined experimentally to achieve resonance at 𝑓 ≈ 32 Hz, which 
corresponds to the operational frequency range of the developed transducers. 

The output electromotive force (EMF) induced in the measuring coils depends on the change 
in magnetic flux during vibration and can be expressed as: 

𝐸 = 𝑁𝑑Ф𝑑𝑡 , (1)

where 𝐸 – induced electromotive force (V); 𝑁 – number of turns of the measuring coil; Φ – 
magnetic flux (Wb); 𝑡 – time (𝑠). 

Considering the displacement xxx of the movable core and the magnetic permeability of the 
air gap, the induced voltage can be modeled as: 

𝐸 = 𝑁 𝑑𝑑𝑡 ሾ𝐵ሺ𝑥ሻ ∙ 𝑆ሿ, (2)

where 𝐵ሺ𝑥ሻ – magnetic flux density in the air gap (T); 𝑆 – effective cross-sectional area of the 
magnetic circuit (m2). 

The functional conversion characteristic of the transducer can be approximated as a linear 
dependence between the induced EMF and the vibration displacement: 𝐸 = 𝑘 ∙ 𝑥 + 𝐸଴ , (3)

where 𝑘 – sensitivity coefficient (V/mm); 𝑥 – instantaneous displacement (mm); 𝐸଴ – initial offset 
due to bias field (V). 

The sensitivity coefficient 𝑘 was experimentally determined as 12.5 mV/mm under standard 
laboratory conditions. 

The differential configuration of the coils ensures compensation of temperature drift and 
mechanical asymmetry, improving the linearity of the conversion function up to 98 %. 
Experimental tests showed that the developed transducer provides a sensitivity of 12.5 mV/mm, 
an operational frequency range of 0.5-50 Hz, and a measurement uncertainty not exceeding ±3 % 
under laboratory conditions. 

3. Experimental validation 

All variables used in Eq. (1-3) were introduced with their numerical values in Section 2. 
Experimental studies were conducted to verify the performance characteristics of the 
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developed inductive vibration transducers [6], [8]. 
The experiments were carried out on a laboratory vibration stand equipped with a controllable 

electrodynamic shaker capable of generating harmonic oscillations in the frequency range from 
0.5 to 50 Hz [19]. 

 
а) 

 
b) 

Fig. 1. Structural diagrams of the developed inductive vibration transducers: a) first design with four-sector 
inertial element; b) second design with diametrically arranged sectors of different masses. 1 – O-shaped 

magnetic conducting housing; 2 – permanent magnets; 3 – spherical base; 4 – measuring coils;  
5 – working air gaps; 6 – damping limiters; 𝑚ଵ, 𝑚ଶ – sector masses 

The transducers were fixed on the base of the vibration source, and their output signals were 
recorded using a precision digital oscilloscope and a signal-processing unit with real-time data 
acquisition. 

Calibration of the measuring system was performed using a reference vibrometer with an 
accuracy of ±1 %, following the methodology described in [9], [20]. 

The induced electromotive force (EMF) was measured as a function of vibration displacement 
and frequency. The obtained data confirmed the correctness of the developed analytical model and 
demonstrated high repeatability of results. 

The experimental dependences of the induced EMF on vibration displacement are shown in 
Fig. 2. 
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Fig. 2. Dependence of the induced EMF on vibration displacement for the developed inductive vibration 

transducers: horizontal axis – vibration displacement (mm), vertical axis – induced EMF (mV) 

The linear section of the characteristic corresponds to the operating range of the transducer, 
where the output voltage is directly proportional to the displacement amplitude. 

The slope of this section determines the sensitivity coefficient 𝑘, which was experimentally 
found to be 12.5 mV/mm. 
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The nonlinearity of the conversion characteristic does not exceed 2 %, and the overall 
measurement uncertainty remains within ±3 % under normal laboratory conditions [8], [19]. 

The obtained results indicate that the developed transducers provide reliable operation over a 
wide frequency range and can be effectively applied for vibration diagnostics of traction 
asynchronous motors and other components of railway rolling stock [6], [9], [22]. 

4. Results and discussion 

The results of the experimental studies confirmed the adequacy of the developed mathematical 
model and demonstrated high agreement between theoretical calculations and measured data. 

A comparison of the calculated and experimental dependences of the induced electromotive 
force (EMF) on vibration displacement showed a deviation not exceeding 3 %, which indicates 
high linearity and stability of the conversion function [6], [8]. 

The obtained results revealed that the output signal of the transducer increases proportionally 
with vibration amplitude, and the response remains linear within the working range of 
displacements. 

At higher vibration frequencies (above 40 Hz), a slight phase shift and amplitude decrease 
were observed, which are typical for inductive-type sensors and correspond well with the findings 
of other researchers [19], [21]. 

Compared to conventional inductive vibration sensors described in [4], [5], the proposed 
design provides: 

1) Up to 20-25 % higher sensitivity due to the optimized geometry of the magnetic circuit. 
2) Improved temperature stability achieved by the differential configuration of measuring 

coils. 
3) Extended frequency range and reduced hysteresis owing to the use of lightweight inertial 

elements. 
The graphical dependences obtained experimentally (Fig. 2) confirm that the transducer’s 

static and dynamic characteristics remain stable within the entire measurement range. 
These results are consistent with similar studies reported in [9], [19], [22] and validate the 

efficiency of the developed inductive vibration transducers for transport diagnostics. 
The developed inductive vibration transducers demonstrated higher linearity and sensitivity 

compared to existing analogs, confirming the effectiveness of the proposed design. 
Recent studies in power-supply diagnostics and filtration systems confirm the potential for 

integration of the proposed sensing approach into broader monitoring frameworks [14-18]. 

5. Conclusions 

The study presents the development, mathematical modeling, and experimental validation of 
inductive vibration transducers with enhanced sensitivity and linearity. 

The proposed design with optimized magnetic circuit geometry and differential coil 
configuration ensures stable operation in the frequency range of 0.5-50 Hz, providing a sensitivity 
of 12.5 mV/mm and measurement uncertainty within ±3 %. 

The experimental results confirmed the accuracy of the analytical model and the high 
repeatability of the obtained data. 

Compared with conventional inductive sensors, the developed transducers demonstrate 
improved temperature stability, extended dynamic range, and higher linearity of conversion 
characteristics. 

The proposed devices can be effectively applied for vibration diagnostics of traction 
asynchronous motors and transport systems. 

Future research will focus on improving the transducer’s frequency response and developing 
a digital signal-processing module for online condition monitoring. 
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