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2.4 Rotary Variable Differential Transformer (RVDT)

Introduction

An RVDT is an electromechanical transducer that converts angular displacement into a
differential AC voltage.

It is similar in principle to a Linear Variable Differential Transformer (LVDT) but
measures rotational displacement instead of linear.

Construction

Core: Cylindrical ferromagnetic core.

Coil Assembly: Consists of a primary winding and two secondary windings placed
symmetrically on either side of the primary winding.

Shaft: Attached to the core and rotates with the input angular displacement.

Working Principle

The primary winding is excited by an AC voltage, inducing a magnetic field.

The core's rotation alters the magnetic coupling between the primary and secondary
windings.

When the core is centered, the induced voltages in the secondary windings are equal and
opposite, resulting in a net output voltage of zero.

As the core rotates, the differential voltage between the secondary windings varies
proportionally to the angular displacement.
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Output Characteristics

Linearity: The output voltage is linearly proportional to the angular displacement over a
specified range.

Sensitivity: The change in output voltage per unit change in angular displacement,
typically expressed in volts per degree.
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e Range: The maximum angular displacement that the RVDT can accurately measure.
Advantages

e High accuracy and resolution.
e Robust and reliable, suitable for harsh environments.
« Contactless operation, reducing wear and maintenance.

Applications

o Aerospace: Control surface position feedback, throttle control.
e Industrial: VValve position monitoring, rotary actuator feedback.
o Automotive: Steering angle sensors, pedal position sensors.

Error Sources

e Mechanical Misalignment: Can cause nonlinear output or erroneous readings.

o Temperature Variations: Affect the core and coil properties, potentially leading to drift
in output.

o Electromagnetic Interference (EMI): Can introduce noise and affect the accuracy.

Error Analysis

o Sensitivity to Temperature: Implement temperature compensation techniques or use
materials with low thermal sensitivity.

« Mechanical Precision: Ensure precise alignment and rigid mounting to minimize
mechanical errors.

« Shielding and Filtering: Use proper shielding and filtering techniques to reduce the
impact of EMI.

Maintenance and Calibration
« Regular calibration to maintain accuracy.

« Periodic inspection for mechanical wear and alignment issues.
« Ensure proper environmental protection to avoid contamination and damage.

Summary
An RVDT is a precise and reliable device for measuring angular displacement in various

applications, from aerospace to automotive industries. Understanding its construction, working
principles, and potential error sources is crucial for accurate measurement and application.
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2.6 Range Sensors

Introduction

e Range sensors measure the distance between the sensor and an object.
e Used in various applications including robotics, automotive systems, industrial
automation, and consumer electronics.

Types of Range Sensors

1. Ultrasonic Range Sensors

2. Infrared (IR) Range Sensors
3. Laser Range Sensors

4. Radar Range Sensors

1. Ultrasonic Range.Sensor's
Working Principle
e Uses ultrasonic waves to measure the distance to a target.
« An ultrasonic emitter sends out a sound wave, which reflects off the target and returns to

the receiver.
« The time taken for the echo to return is proportional to the distance.

Circuit Diagram

plaintext
Copy code
Ultrasonic Emitter

Ultrasonic Receilver

Ground

Applications

o Obstacle detection in robotics.
o Distance measurement in industrial automation.
o Parking assistance in automotive systems.

2. Infrared (IR) Range Sensors

Working Principle

« Emits an infrared light beam and measures the reflection from the target.
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o The distance is calculated based on the intensity or the angle of the reflected light.

Circuit Diagram
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Applications

« Proximity sensing in consumer electronics.
o Object detection in robatics.
o Non-contact measurement in industrial automation.

3. Laser Range Sensors

Working Principle

o Emits a laser beam and measures the time it takes for the beam to reflect back from the
target (Time-of-Flight principle) or the phase shift of the reflected light.
« Provides high accuracy and long-range measurements.

Circuit Diagram
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Applications

e Precision distance measurement in industrial automation.
o Obstacle detection and navigation in autonomous vehicles.
« Distance measurement in surveying and mapping.

4. Radar Range Sensors

Working Principle

o Uses radio waves to measure the distance to a target.
e The sensor emits a radio wave and measures the time it takes for the echo to return
(similar to ultrasonic sensors but with radio-waves).

Circuit Diagram
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Applications

o Long-range distance measurement in automotive systems (adaptive cruise control,
collision avoeidance).

o Object detection in industrial and security applications.

« Distance measurement in environmental monitoring.

Advantages

e Ultrasonic: Low cost, simple design, and effective for short to medium distances.

e IR: Quick response time, suitable for short-range applications.

e Laser: High accuracy, long range, and precise measurement.

e Radar: Long-range capability, unaffected by environmental conditions like fog, dust, and
rain.
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Disadvantages

e Ultrasonic: Limited range, affected by temperature and humidity.
o IR: Affected by ambient light and reflective surfaces.

e Laser: Higher cost, safety concerns with high-power lasers.

e Radar: Complexity and higher cost compared to other sensors.

Error Sources

e Environmental Factors: Temperature, humidity, and ambient light can affect sensor

accuracy.
e Surface Reflectivity: Highly reflective or absorbent surfaces can cause measurement
errors.
o Interference: Electromagnetic interference can impact the performance of radar and IR
Sensors.

Maintenance and Calibration

« Regular calibration to ensure accuracy.
o Periodic cleaning of sensor surfaces to avoid contamination.
« Inspect for mechanical damage or alignment issues.

Summary

Range sensors are essential for measuring distances and detecting objects in various applications.
Understanding the working principles, advantages, and limitations of different types of range
sensors helps in selecting the appropriate sensor for specific needs and ensuring accurate and
reliable measurements.
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