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Abstract 

The LVDT (Linear Variable Differential Transformer) typically uses the step-winding mode because it 

has an advantage such as simple construction and fewer layers of winding. The LVDT converts a 

location or linear movement from a reference standard (zero or null point) impulse with direction and 

distance information into a proportionate electrical field using the phase and amplitude components. 

To produce the output in full stroke, the core’s length must be more than twice as long as the LVDT’s 

entire stroke. To increase linearity, morse secondary coils should be added in areas where the strength 

of the magnetic field lines is stronger. Here, the sectional winding method is recommended to increase 

the accuracy of the output voltage. This study also includes the modification of LVDT as a displacement 

sensor with strong opposition of slowly changing otherwise steady external magnetic fields using a 

finite element method (FEM) simulator. Eddy current should be taken into consideration while 

developing it because a typical LVDT has an open-type core, depending on the core material. It is a 

popular kind of electromechanical transducer that can translate an object's rectilinear motion into an 

electrical signal when it is mechanically attached to it. 
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INTRODUCTION  

The LVDT operates on the mutual induction principle. The LVDT uses the phase and amplitude 

components to translate a location or linear movement into a proportionate electrical field from a 

reference standard (zero or null point) impulse with direction and distance information. The coil 

assembly and the rotating component of the LVDT are not electrically connected; instead, 

electromagnetic coupling is used to drive the device. 

 

When the main winding, P, is excited by AC supply at a frequency of 50–400 Hz for 5–15 V, a 

magnetic field is produced. This magnetic field causes the S1 and S2 secondary windings to generate a 

mutual current. The flux connection between the main and secondary windings is reliant upon the 

displacement of a moving magnetic core along the axis. In order to minimize eddy current losses, a core 

with proper lamination is often used. The second-order voltage is greatest and the other is least, 

especially when the entire core is on one side of the structure. The two voltages are equivalent when 

the core is in the middle. By analyzing the 

secondary signals differentially, it is possible to 

determine the location of the core. 

 
Limitations include core loss, stray capacitance 

impact, restricted linear range, and electromagnetic 

interference. As a result, a great deal of research has 

been done on new LVDT designs, enhancement 

techniques, and specialized or general applications. 

Diagram of Linear Variable Differential transformer 

(LVDT) is shown in Figure 1. A modified LVDT 

design is also suggested by Martino et al. [1], and 

FEM software is used to evaluate the secondary's 

response to an external magnetic field.  
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Figure 1. Diagram of differential transformer (LVDT). 

 

The element whose location has to be measured is attached to the movable; soft magnetic component 

of the transformer known as the Ferromagnetic core (Figure 1). The primary winding-generated 

magnetic flux, which is associated with that coil, rises in amplitude as the core approaches it. As a 

result, the potential across it increases as well, but the amplitude of the voltage over the other  

coil decreases. 

 

LITERATURE REVIEW 

Here author discusses the design of LVDTs, focusing on common characteristics like sensitivity and 

primary voltage excitation. They investigates interference with DC or fluctuating magnetic fields and 

provides a method to enhance rejection. The discussion also discusses a suitable shielding design 

improved by primary DC polarization [1]. Due to its simplicity and limited number of winding layers, 

the step winding mode is widely used in LVDT. To detect output in full stroke, the core must be longer 

than twice the complete stroke. The magnetic field's intensity is lowered by the divergence of magnetic 

field lines at the frame's conclusion. Increasing the number of secondary coils at the frame's end is 

essential to increase linearity, but doing so may result in fluctuations in the total voltage that make it 

more difficult to identify faults [2]. Sectional winding mode evenly distributes the secondary coils so 

that the LVDT’s core can traverse the middle of the frame, shortening the core and preventing output 

deterioration at the end. 

 

Considering the output voltage is little affected by the analysis of an exponential winding shape with 

an equal cross-section of a conventional winding, necessitating more research for accuracy evaluation 

[3]. A specific LVDT prototype is designed using LVDT finite element analysis. A comprehensive 

FEM model of the sensor, simulation findings for the LVDT curve of characteristics, and the position 

reading effect of an external flux density of 1 mT are all shown. Based on this approach, a unique LVDT 

prototype was created [4]. The current scope of this work does not include the investigation of a 

comprehensive modelling of the magnetic disruption analytical impact on the LVDT when subjected to 

voltage. Future research will concentrate on a voltage analytical model, measurements with various 

materials, and alterations to simulation settings. Possible discrepancies between prescribed magnetic 

characteristics and features of magnetic materials, such as those produced by annealing processes, are 

the major focus of future research [4]. 

 

Eddy current loss in LVDTs is calculated using the weak AτA formulation approach while taking 

core shape and edge effects into account. The frequency, material, and number of laminations may all 

be optimized using this straightforward and precise process. This method might alter LVDT design and 

be used for unique designs. The creation of a tool to study eddy current events in LVDTs is the scientific 

goal [5]. 
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ANALYSIS OF LVDT 

Basic Mechanism of LVDT 

According to the LVDT principle, there is equal primary magnetic flux generated into both secondary 

coils when a ferromagnetic soft iron core is at the zero location [6, 7]. However, when the other two 

coils, i.e., the secondary coil, are twisted 180° out of phase, the EMFs cancel out, producing a secondary 

output voltage of zero as shown in Figure 2. This indicates that the null location of the core is entirely 

centered [8, 9]. One of the secondary coils will experience an increase in magnetic flux as a result of the 

tiny movement of the core, throwing the other secondary coil out of proportion. 

 

The output voltage (VOUT) is produced in relation to the peak voltage's sinusoidal frequency 

delivered to the main excitation coil winding by the magnetic imbalance between the two secondary 

windings. Therefore, the RMS voltage times by the cosine of the phase difference equals the difference 

in voltage between the two auxiliary outputs, VSEC1-VSEC2 in a single direction and VSEC2-VSEC1 

in the other [10, 11]. The resultant output voltage will therefore increase with the movable core's 

displacement (or stroke length) from its middle null position to either end.  

 

The opposition and amplitude of the output-containing signal are determined by the displacement of 

the core’s motion, which can be controlled by the associated object's motion. This results into an 

associated object's motion that depends on the core's displacement. Position vs. voltage graph of LVDT 

is shown in Figure 3. The RMS voltage of this has "amplitude" which is the displacement's linear 

function of the core and a "polarity" that points towards the displacement as stated [12–15]. 

 

Graphical Performance of LVDT 

The core displacement and voltage shift seen in Figure 3 indicate that there is an increase in magnetic 

connection serving as the core between the primary and secondary coils travels. The LVDT is therefore 

able to generate an AC signal as a result of variations in output voltage that are proportionate to the 

distance from the zero point [16]. 

 

 
Figure 2. Diagram of LVDT working principles and windings. 
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Figure 3. Position vs. voltage graph of LVDT.  
 

The accurate positioning information is provided by the LVDT by calibrating its output to a specified 

voltage per millimeter, permitting a range spanning between a few and hundreds of millimeters. It can 

determine the secondary coil's position and direction of travel by comparing output voltage and 

excitation voltage. 

 

Compared to resistive potentiometer-based transducers, variable differential transformers (LVDTs) 

provide better positional measuring benefits. They function without friction and provide outstanding 

linearity, precision, resolution, and sensitivity. More connection is made possible between the primary 

and secondary windings; there is electrical isolation provided by LVDT. The epoxy encapsulation that 

seals the sensor ensures its safety in a range of environmental conditions [17, 18]. 

 

FINITE ELEMENT MODELING (FEM) MODELING 

Finite element analysis (FEA) may be applied to any given physical phenomena with the help of 

numerical (FEM) method. Upon its first introduction, this showed significant promise in simulating 

many mechanical applications within the domains of civil and aircraft engineering. Features of the finite 

element approach are just now beginning to realize their whole capacity. Its use in linked issues, 

including biomechanics, biomedical engineering, piezoelectric, ferroelectric, electromagnetics, 
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thermomechanical, thermochemical, and thermo-chemo-mechanical problems, is one of the most 

interesting prospects [19–21]. 

 

There are two varieties of FEM techniques:  

1. Static Architecture, and  

2. Structural Dynamics. 

 

The mathematical model equations have an approximative solution provided by this method [22]. 

 

The error is the difference between the accurate solution to the mathematical model equations and 

the answer to the numerical equations: 

 e=u–uh. 

 

One-dimensional, two-dimensional, and three-dimensional elements make up the three main 

categories of elements. Next, by positioning the chosen core at different positions and computing the 

new mutual inductance value, finite element magnetic modeling software is utilized to determine the 

transfer characteristic between the displacement and the output voltage of the LVDT. 

 

Benefits of Using Finite Element Modeling 

The FEM technique has six benefits: flexibility, precision, time-dependent simulation, boundary 

conditions, visualization, and ease of modeling complicated geometrical and irregular structures. It 

enables designers to simulate both the inside and the outside, identifying important elements and 

potential problems. FEM may be customized to meet requirements, which eliminates the need for 

tangible prototypes. Additionally, it solves complicated physical deformities with great precision, which 

makes it helpful for time-dependent simulations like crash simulations [23]. 

 

EDDY CURRENT 

An investigation of this eddy current or core losses is required because of the usage of different 

materials. There are eddy current losses and hysteresis losses which are the two types of core losses 

associated with it. The area of the hysteresis loop represents the hysteresis losses, which are in line with 

the flux density. 

 

When alternating current is fed through it, a magnetic field is created within and around the coil. 

Current flows through conductive materials when a rod is brought close to them because of the rod's 

fluctuating magnetic field. We refer to these as eddy currents. The coil's main magnetic field interacts 

with the eddy currents generated by magnetic fields. Heat is produced as the eddy current passes through 

the conducting core. The core loses power as a result. The core has a slot in order to lessen the losses 

from eddy currents. This slot reduced the flow by cutting the magnetic field that was formed. The same 

is also true for laminated core. 

 

Lamination is required for greater conductivities to lower the loss of eddy current, therefore, 

laminated cores are utilized to reduce the losses. Typically, an LVDT's core is laminated and composed 

of a pile of tiny magnetic foils. By disrupting the core's consistency and minimizing the magnitude of 

the circulating currents, the eddy current losses are reduced thanks to the thin laminations. The core 

material and lamination thickness have an impact on reducing eddy current losses. According to 

research by Matharu et al., if the core's conductivity is lower than 1×104 S/m, eddy currents are 

negligible enough so that lamination of the core is not necessary [5]. 

 

RESULT AND CONCLUSION 

In order to find more accuracy in LVDT, winding modifications are taken into consideration and due 

to the FEM method, it is easier to identify displacement and output voltage. The output voltage is 

dependent on the location of the core. The examination of eddy current issues in cores has garnered 
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significant attention and has been the subject of several publications. The distinctions between two 

different types of cores: open and closed must be taken into consideration while figuring out eddy 

current losses. An open-core type makes up the core of an LVDT that is traditionally built. The 

examination of eddy current issues in cores has garnered significant attention and has been the subject 

of several publications. 
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