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Abstract: In many industrial and scientific applications, the Linear Variable Differential Transformer (LVDT) is a very accurate
and dependable sensor for sensing linear displacement. To transform this raw signal into a form that can be used, the LVDT
needs a specialised interface since it produces an alternating current (AC) output signal. Under such circumstances, the
Universal LVDT Amplifier becomes indispensable. In order for control systems like PLCs, data loggers, or monitoring devices to
read the clean, linear analogue or digital signal that is produced once the LVDT receives the required excitation voltage, it
demodulates the signal.

The fundamental operations, design components, and real-world application of a Universal LVDT Amplifier are examined in
this study. Excitation production, amplification, demodulation, and filtering are all included in the signal conditioning process,
which also highlights important application areas including robotics, automation, aircraft, and civil infrastructure monitoring.
Along with the drawbacks and calibration difficulties, the report also addresses the benefits of utilising such amplifiers, such as
accuracy and resistance to outside noise. Continuous improvements in embedded systems and electronics are making the
Universal LVDT Amplifier smaller, smarter, and more versatile, which will guarantee its continued use in precision
measurement systems.

Keywords: LVDT, Universal LVDT amplifier, displacement measurement, signal conditioning, demodulation, excitation signal,
analog output, industrial automation, precision sensors, position feedback, AC to DC conversion, sensor calibration,
electromechanical transducers, control systems integration, noise filtering.

I. INTRODUCTION
In the realm of precision measurement, the ability to detect and quantify small linear displacements with high accuracy is essential
across a wide range of industries. Whether in aerospace systems, industrial automation, robaotics, or civil infrastructure monitoring,
reliable position feedback plays a crucial role in maintaining system performance, safety, and control. One of the most widely used
sensors for such measurements is the Linear Variable Differential Transformer (LVDT). Known for its contactless operation,
durability, and high resolution, the LVDT has become a standard in environments demanding robust and accurate displacement
sensing.[1]
Despite their reliability, LVDTs generate an analog alternating current (AC) output that cannot be directly interpreted by most
control and monitoring systems. This is due to the sinusoidal nature of their output voltage, which varies in amplitude and phase
depending on the position of a movable ferromagnetic core within the sensor. As such, a specialized signal conditioning unit is
required to extract meaningful, calibrated, and linear output from the sensor. This is where the Universal LVDT Amplifier becomes
indispensable. [4]
A Universal LVDT Amplifier serves multiple functions that enable seamless integration of LVDTs with modern electronics. It
supplies a stable excitation signal, typically in the range of 2.5 kHz to 10 kHz, to energize the LVDT's primary coil. It then amplifies
the differential signal generated by the secondary coils, demodulates the AC signal into a direct current (DC) form, and applies
filtering to remove high-frequency noise. The final output is often a standardized voltage (such as 0-10 V) or current (such as 4-20
mA), suitable for programmable logic controllers (PLCs), digital acquisition systems, or analog input devices. [3]
The "universal” nature of such amplifiers lies in their adaptability. Unlike dedicated or sensor-specific signal conditioners, Universal
LVDT Amplifiers are designed to be compatible with a broad range of LVDT models and manufacturers. Many models feature
adjustable gain, zero, and span settings, making them versatile for different application scales and environments. Advanced units
may also offer digital communication protocols, auto-calibration features, and diagnostic functions. [5]
The use of Universal LVDT Amplifiers is not only limited to industrial machinery but extends to research laboratories, structural
health monitoring systems, hydraulic actuator feedback loops, and even medical devices. The demand for these amplifiers continues
to grow with increasing trends in automation, predictive maintenance, and Industry 4.0 initiatives.
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This paper aims to explore the underlying principles of LVDT operation, the functional architecture of universal amplifiers, and
their practical significance. By understanding the design and capabilities of these devices, engineers and researchers can better
leverage LVDT technology for enhanced measurement accuracy and reliability. The subsequent sections will delve into the
technical specifications, circuit configurations, application scenarios, and recent advancements shaping the future of LVVDT-based
sensing systems. [6]

Il. LITERATURE SURVEY
1) Author: Yu. K. Rybin
Title: Chapter in Electronic Devices for Analog Signal Processing (Springer)
Abstract: The author addresses modern analog electronic signal conditioners that interface with sensors like LVDTSs, focusing on
their construction, interfacing, and mutual interaction. It provides a comprehensive understanding of signal conditioners, enabling
proper application and parameter selection for specific sensors.[1]

2) Author: Lars E. Bengtsson

Title: Single-chip Implementation of LVDT Signal Conditioning Journal: American Journal of Sensor Technology, 2018, 5(1),
pp. 7-16.

Abstract: This work demonstrates that LVDT signal conditioning can be achieved using low-cost 8-bit microcontrollers, eliminating
the need for dedicated chips. By generating sine excitation from PWM and demodulating using internal analog/digital blocks, the
design achieves high resolution affordably.[2]

3) Authors: Prasant Misra, Santoshini Kumari Mohini, Saroj Kumar Mishra

Title: The Design and Implementation of an ANN-based Non-linearity Compensator of LVDT Sensor

Source: arXiv preprint (2014)

Abstract: The paper investigates LVDT non-linearity and introduces a functional link ANN (FLANN) model to compensate for it.
Both simulation and FPGA-based implementations show near-perfect linearity, validating the approach as feasible for
manufacturing-grade linearity correction.[3]

4) Author: Liu Zhi Cai

Degree: Master’s Thesis, Zhejiang University

Abstract: This dissertation builds a 2D electromagnetic model of LVDT coils and explores DSP-based techniques to address
temperature drift, power consumption, and non-linear errors. It demonstrates simulation and experimental validation of advanced
digital signal processing methods outperforming traditional analog solutions[4]

11l. DESIGN
Creating a small, effective, and all-purpose amplifier that can interface with a large range of LVDT sensors is the main goal of the
suggested design. The design seeks to preserve signal accuracy, minimise noise, and offer output that may be adjusted by the user
for interaction with contemporary control systems. [7]
Goals of the Design:
o Create an excitation signal that is steady and tunable (2.5-10 kHz).
e Demodulate and boost the differential LVDT output.
e Remove thermal and phase drift.
e Assign industry-standard analogue output (0-10 V/4-6 mA).
e Put zero/span calibration controls in place.
e  Make sure it works with a wide range of LVDT brands and types.
e Add optional digital output (RS-485 or Modbus).
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IV. KEY COMPONENTS AND FUNCTIONALITY

e Oscillator and Excitation Circuit: A Wein-bridge or digitally generated oscillator provides a stable AC excitation signal
(typically sinusoidal) to drive the L\VDT’s primary coil.

o Differential Amplifier: Captures and amplifies the voltage difference from the secondary coils of the LVDT, ensuring high
sensitivity and common-mode noise rejection.

o Demodulator (Synchronous Detector): Converts the amplified AC signal into a DC voltage proportional to the LVDT core
displacement using phase-sensitive detection techniques.

e Low-pass Filter: Smooths the demodulated signal by removing high-frequency noise and ripple, ensuring a stable DC output.

e Output Stage: Converts the signal into standard analog output (selectable 0-5V, 0-10V, or 4-20 mA). Digital-to-analog
conversion is handled via precision op-amps and current loop ICs.

e Calibration Controls: Potentiometers or digital trimming options allow users to adjust the zero (null position) and span (full-
scale output) based on their specific application.

e Optional Digital Output: For Industry 4.0 integration, a microcontroller or DSP can be added to digitize the signal and transmit
it using RS-485, Modbus RTU, or CAN protocols.
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Fig. Block Diagram for Universal LVDT amplifier.

V. METHODOLOGY
1) Requirement Analysis
The process begins with identifying the core functional requirements:
e Compatible with LVDTSs operating at 2.5-10 kHz excitation frequency
o Differential signal amplification with high Common-Mode Rejection Ratio (CMRR)
e Accurate synchronous demodulation to extract displacement information
e  User-adjustable gain, zero, and span
e Analog output in standard voltage or current ranges
e  Optional digital communication support (e.g., RS-485)
Datasheets from popular LVDT sensor manufacturers (e.g., RDP Electronics, Honeywell) were reviewed to define the universal
compatibility parameters.
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2) Circuit Design and Simulation

The amplifier design was broken down into the following subsystems:

e Oscillator Circuit

A precision sinusoidal oscillator (Wein-bridge or digitally generated via microcontroller PWM and filtering) was designed to
provide a stable excitation signal to the LVDT’s primary coil.

o Amplifier Stage

An instrumentation amplifier (e.g., INA118 or AD620) was used for differential signal amplification to ensure high accuracy and
noise rejection.

e  Synchronous Demodulator

A multiplier-based or switch-based demodulation circuit was implemented to convert the AC signal into a DC level, synchronous
with the excitation phase.

e  Filter and Output Stage

Low-pass filters (2nd or 3rd order) were designed to remove carrier ripple, followed by buffering and conversion to voltage/current
outputs.

Simulations were performed using LTspice to analyze signal integrity, phase response, gain bandwidth, and noise behavior.

3) Prototyping and PCB Development
A single-layer PCB was designed using KiCad to accommaodate all circuit blocks. Surface Mount Devices (SMD) were preferred to
minimize size. Adjustable potentiometers were included for zero and span settings.

4) Testing and Calibration

The prototype was tested with various LVDT sensors under lab conditions. The following procedures were followed:
e Excitation frequency tuning using a frequency counter and oscilloscope

e Output verification with respect to core displacement using a micrometer setup

e Linearity testing by plotting input displacement vs output voltage

o Noise analysis using a spectrum analyzer

e  Temperature drift observation under varying ambient conditions

5) Performance Metrics
Key parameters recorded:
e  Output linearity (%FS error)
e Response time (ms)
e Excitation signal stability (THD%)
o Noise rejection ratio (dB)
e  Output offset and drift

VI. CONCLUSION
The Universal LVDT Amplifier is essential for establishing a connection between contemporary control or data acquisition systems
and conventional LVDT sensors. A universal amplifier that can interface with a variety of LVDTs used in precise displacement
measurement was conceptualised, designed, and implemented in this article.
The suggested design guarantees excellent linearity, low noise, and resilient performance under a range of environmental
circumstances by carefully analysing signal conditioning techniques, such as excitation generation, differential amplification,
synchronous demodulation, and output filtering. With its modular construction and configurable gain, span, and output format, the
amplifier may be used in a wide range of industrial and research settings. The addition of various digital interfaces (such RS-485)
makes the system even more future-proof for incorporation into Industry 4.0 settings.
The design satisfies important performance characteristics in terms of linearity, stability, and signal quality, according to prototype
testing. In addition to simplifying the system, the suggested amplifier provides an affordable substitute for pricey professional signal
conditioners without sacrificing accuracy.
In summary, the Universal LVDT Amplifier is a unique, effective, and scalable solution for precision measurement systems that
opens the door for additional improvements via intelligent sensor integration and digital processing.
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