HALL-EFFECT
THEORY

AS APPLIED
TO ROTARY
POSITION
SENSORS

Hall-effect sensors are advantageous for use in
harsh environments and space-constrained applications.

They have fewer cost limitations,
excel in low power requirement operations,
and offer simpler installation.

They provide a reliable, low-maintenance solution
for many rotary position sensing applications.
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WHAT IS THE
HALL EFFECT

The Hall Effect is a phenomenon observed in
physics, particularly in electromagnetism. The
Hall-effect principle can be widely utilized in
various applications including sensors and
measurement devices.

Discovered by Edwin Hallin 1879, the basics and priciples of the technology are Figure 1. Industrial Robotics
detailed in this White Paper. %

PRINCIPLE OF THE HALL EFFECT

The Hall Effect occurs in a conductor or semiconductor when a magnetic field is
applied perpendicular to the flow of electric current. This interaction results in the
generation of a voltage difference, known as the Hall voltage, across the material,
perpendicular to both the current direction and the magnetic field.

1. Current Flow: When an electric current passes through a conductor, it results
in the movement of charge carriers (such as electrons in metals or holes in
semiconductors) within the material.

2. Magnetic Field Interaction: When a magnetic field is applied perpendicular to the
direction of the current flow, the moving charge carriers experience a force, the
Lorentz force that acts at right angles to their direction of motion and the magnetic
field.

3. Charge Accumulation: As a result of this force, charge carriers are deflected to one
side of the conductor, causing one side to be positively charged and the opposite
side to be negatively charged. This separation of charge creates an electric field
across the material.

4. Hall Voltage Generation: The difference in electric charge leads to the
establishment of a voltage across the conductor, known as Hall voltage. The
magnitude of this voltage is proportional to the strength of the magnetic field and
the amount of current flowing through the conductor.
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APPLICATIONS OF HALL-EFFECT TECHNOLOGY

1. Hall-effect Sensors: These sensors are commonly used to measure magnetic field
strength. They are widely deployed in various devices such as:

e Proximity sensors
e Position sensors
e Speed and angle measurement sensors

2. Current Sensing: Hall-effect technology allows for non-intrusive current
measurement. By placing a Hall sensor near a current-carrying conductor, the
magnetic field generated by the current can be measured without direct electrical
connections.

3. Automotive Applications: Hall-effect sensors are utilized in various automotive
systems for determining the position of the crankshaftin an engine or controlling
the operation of electric motors.

4. Electronics: These sensors are used in electronic circuits to detect the presence of
magnetic fields and can be found in compasses and flow meters.

ADVANTAGES OF HALL-EFFECT DEVICES

¢ Non-Contact Measurement: Hall-effect sensors can measure magnetic fields
without needing physical contact with the conductive material

e Robustness: They are usually less sensitive to environmental factors and represent
a reliable solution in harsh working conditions

¢ Wide Range: Hall-effect sensors can operate over various temperatures and in
various fields, making them adaptable to numerous applications

SUMMARY

Hall-effect technology is pivotal in the measurement and sensing of magnetic
fields, providing essential functionality in electronics, automotive, and industrial
applications. Its reliability and non-contact measurement capability make it an
invaluable toolin modern technology.
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DISCOVERY
OF THE
HALL-EFFECT
PRINCIPLE

The Hall-effect principle was discovered by
American physicist Edwin Hallin 1879. While
conducting experiments in a laboratory,

Hall observed that when an electric current
flowed through a conductor in the presence
of a magnetic field, a voltage generated was
perpendicular to both the current and the
magnetic field.

EDWIN HALLS EXPERIMENTATION

e Setup: Hall's initial experiments involved a thin gold foil containing a small electric
currentand a magnetic field applied perpendicularly to the current flow.

e Observation: He noted that a voltage difference appeared across the foil—the
Hall voltage—deflecting charge carriers to one side of the conductor due to the
magnetic field.

e Significance: This finding laid the foundation for understanding the behavior
of charged particles in magnetic fields and contributed to the field of physics,
particularly electromagnetism and semiconductor technology.

IMPACT ON SCIENCE AND TECHNOLOGY

Edwin Hall’s discovery of the Hall Effect has been applied extensively across various
fields. It has led to the development of Hall-effect sensors that are commonly used in
automobiles, consumer electronics, and industrial applications for current sensing,
position detection, and magnetic field measurement.

The Hall Effect has not only enabled practical advancements in technology but has
also contributed to a deeper understanding of solid-state physics and the properties
of materials.

APPLICATIONS OF HALL-EFFECT TECHNOLOGY

Hall-effect technology has many practical uses across various industries due to its
ability to measure magnetic fields and electric currents without physical contact. Sine
applications include:

1. Hall-effect Sensors
A. Position Sensing
Hall-effect sensors are widely used to determine the position of components in
machinery. In robotics and automation, these sensors can confirm the position of
moving parts, contributing to precise control.
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B. Proximity Sensors Figure 2. Robotics and Automation

S

These sensors can detect the presence of nearby magnetic objects, making them
valuable in applications such as door position sensing in security systems, and as
device switches.

C. Rotational Position Sensing
Hall-effect sensors can measure the angle of rotation of a shaft. This is crucialin
automotive applications for the detection of crankshaft and camshaft position.

2. Current Sensing
A.Non-Invasive Current Measurement
Hall-effect technology allows for the measurement of current without interrupting
the circuit. This non-invasive characteristic makes it ideal for:

e Electric vehicle battery monitoring
¢ Power distribution equipment for monitoring current loads

¢ Industrial equipment for monitoring motors and other devices

B. Smart Power Management
In energy management systems, Hall-effect sensors help monitor energy
consumption in real-time, allowing for better energy efficiency and management.

3. Transportation Applications
A.Speed Sensors
In automotive engineering, Hall-effect sensors are used for encoding wheel speed
data and monitoring vehicle speed. This data is integral for systems such as anti-
lock braking systems (ABS) and traction control systems.

B. Electronic Throttle Control

Hall-effect technology enables the measurement of throttle position, which
assists in optimizing engine performance and fuel efficiency by adjusting the air
intake to the engine.

C. Fuel Level Sensors
Hall-effect sensors can be utilized in fuel tanks to accurately measure fuel levels,
providing feedback to the vehicle’s fuel gauge.

Figure 4. Medical Equipment

4. Industrial Applications
A. Robotics and Automation
Hall-effect sensors are often used in industrial robots for feedback in position and
motion control, facilitating precision in automated tasks.

5. Conveyor Systems
In manufacturing, these sensors can monitor the position of items on conveyor belts,
ensuring correct positioning for further processing.

6. Medical Applications
A. Medical Equipment
In healthcare, Hall-effect sensors monitor mechanical arms in robotic surgeries or
detect the position of multiple axes in imaging equipment to maximize operational
capabilities.
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Figure 5. Navigation and Control System in Aircraft

7. Aerospace

In the aerospace industry, Hall-effect sensors are used for navigation and control
systems in aircraft, enabling accurate measurements in environments where
traditional methods might fail.

SUMMARY

Hall-effect technology’s versatility and reliability make it a preferred choice in
numerous applications across diverse industries. Its ability to provide precise, non-
contact measurements enhances both functionality and safety in the devices and
systems that utilize it.
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MEASURING g
ROTARY POSITION "

Hall-effect sensors are widely utilized to monitor rotary positions in various
applications due to their precision, reliability, and non-contact measurement
capabilities. Here's how Hall-effect sensors can be deployed for monitoring rotary
position:

WORKING PRINCIPLE

1. Magnetic Field Generation: In rotary position sensing, Hall-effect sensors typically
work in conjunction with a rotating magnetic disk or a magnet fixed to a rotating
object (like a motor shaft). These arrangements utilize permanent magnets or
magnetic encoders that can produce a magnetic field around the sensor.

2. Detection of Magnetic Poles: As the magnetic disk or magnet rotates, the Hall-
effect sensor detects the changes in the magnetic field strength as the magnetic
poles (north and south) pass by the sensor. The sensor generates a voltage signal
when it detects a magnetic field, and this signal is proportional to the field strength.

3. Output Signal Generation: The Hall-effect sensor produces output signals in the
form of pulses as it detects each magnetic pole. The frequency and pattern of these
pulses correspond to the angular position and rotational speed of the object.

4. Rotary Position Calculation: The system typically converts the pulse signals into
angular position data using a microcontroller or a digital signal processor (DSP).
The angle of rotation can be calculated based on the number of pulses and the
known characteristics of the rotary system (like the number of poles on the disk):

Angle - Number of Pulses Y 360°
Pulses per Revolution

APPLICATIONS OF HALL-EFFECT SENSORS IN
ROTARY POSITION MONITORING

1. Motor Control:
¢ Brushless dc Motors: Hall-effect sensors are commonly used in brushless dc
motors to determine rotor position. This information is essential for controlling
the timing of the electrical phases supplied to the motor, allowing for efficient
operation and speed control

e Servo Motors: They are also utilized in servo motors for feedback on angular
position, ensuring precise controlin applications like robotics and CNC
machinery

2. Automotive Applications:
¢ Throttle Position Sensors: Hall-effect sensors are employed to measure the
position of the throttle plate, providing input to the engine control unit for optimal
fuelinjection and air mixture, enhancing engine performance
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e Steering Angle Sensors: These sensors detect the angle of the steering wheel,
crucial for stability control systems and assistive steering technologies in
modern vehicles

3. Industrial Machinery:
¢ |nindustrial automation, Hall-effect sensors can monitor the position of robotic
arms or conveyor systems. This feedback is integral for precise movement and
safety in manufacturing processes

4. Position Encoders:
¢ Incremental and absolute encoders frequently utilize Hall-effect technology for
positional feedback. They are applied in various industries, such as automation,
manufacturing, medical, and aerospace, where precise position detection is
critical

5. Home Appliances:
¢ Hall-effect sensors can also be found in appliances, such as washing machines
and dishwashers, where they help determine the rotational position of agitators,
motors, and other components for optimal performance

ADVANTAGES OF USING HALL-EFFECT SENSORS

FOR ROTARY POSITION MONITORING

¢ Non-Contact Measurement: The sensors do not require physical contact with
moving parts, reducing wear and tear and promoting a longer lifespan

¢ High Reliability: Hall-effect sensors are robust and resistant to dust, dirt, and
moisture, making them effective in diverse environmental conditions

e Precision: These sensors deliver high accuracy in position detection, which is
crucial for applications that require precise movements

e Cost-Effective: Hall-effect technology often offers a cost-effective solution for
rotary position sensing compared to other technologies, such as optical encoders

SUMMARY

Hall-effect sensors are an excellent choice for monitoring rotary position due to their
reliability, accuracy, and ability to function in harsh conditions. They are used across
various industries and applications, ensuring precise control over both speed and
position in mechanical systems.
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HALL-EFFECT
SENSORS
AND OPTICAL
ENCODERS

Hall-effect sensors and optical encoders are
both commonly used technologies for rotary
position sensing, but they operate on different
principles and have distinct characteristics,
advantages, and limitations.

A detailed comparison of Hall-effect sensors and optical encoders in relation to their
effectiveness and deploymentin rotary position sensing:

WORKING PRINCIPLE

Hall-effect Sensors

Hall-effect sensors work by detecting changes in magnetic fields. They typically use a
magnet or magnetic encoder that generates a magnetic field, which is sensed by the
rotating Hall-effect sensor. The sensor outputs a voltage proportional to the magnetic
field, allowing the measurement of angular position based on the detected magnetic
poles.

Optical Encoders RTY Hall-effect Sensor
Optical encoders function by using light and optical sensors (like photodiodes). In

these encoders, a light source (LED) shines on a coded disk with alternately opaque
and transparent segments. As the disk rotates, the light beam is interrupted or
transmitted through the segments, generating pulses that correspond to the position
of the disk. The resulting signals are processed to determine the angular position.

ACCURACY AND RESOLUTION

Hall-effect Sensors

While Hall-effect sensors provide good accuracy, their resolution is typically limited by
the number of magnetic poles used. The resolution can be affected by factors such as
the distance between the magnet and the sensor. Accordingly, the resolution may not

be as high as optical encoders for applications requiring fine precision.

Optical Encoders RTY Dual-Output Hall-effect Sensor

Opticalencoders generally offer higher resolution and accuracy since the pulses
generated can be very fine, depending on the number of slots on the encoder disk.
They can achieve resolutions in the thousands of counts per revolution, making them
suitable for high-precision applications.

ENVIRONMENTAL RESISTANCE

Hall-effect Sensors

Hall-effect sensors are known for their robustness and resistance to environmental
factors such as dust, dirt, and moisture. They can perform well in harsh conditions,
making them ideal for industrial applications.

WHITE PAPER | Hall-effect Theory as Applied to Rotary Position Sensors | automation.honeywell.com/hss | 10


http://automation.honeywell.com/hss

Optical Encoders

Optical encoders, on the other hand, are more susceptible to contamination. Dust or
debris on the encoder disk can interfere with light transmission, leading to erroneous
readings. They may require more frequent maintenance in dirty environments.

SIZE AND COMPLEXITY

Hall-effect Sensors

Hall-effect sensors are generally simpler and more compact compared to optical
encoders. They can be easily integrated into various applications, making them ideal
for smaller devices.

Optical Encoders

Optical encoders tend to be more complex, as they require additional components
such as light sources and photodetectors. This complexity can lead to larger sizes and
more intricate mounting requirements.

POWER CONSUMPTION

Hall-effect Sensors
Hall-effect sensors typically consume less power, making them suitable for battery-
operated and low-power applications.

Optical Encoders
Optical encoders may consume more power depending on the type of light source
used. However, modern encoders can also be designed to be energy-efficient.

COoST

Hall-effect Sensors

Generally, Hall-effect sensors are more cost-effective. Their simplicity in design
and manufacturing results in lower costs, making them a suitable choice for many
applications.

Optical Encoders
Optical encoders can be more expensive due to their complexity and leve of precision.
For high-resolution types, the cost can significantly increase.

APPLICATIONS

Hall-effect Sensors
Used in various applications including automotive systems (e.g., throttle position,
wheel speed), industrial robotics, and consumer electronics.

Optical Encoders
Commonly used in applications requiring high precision, such as CNC machinery,
robotics, and aerospace applications.

CONCLUSION

Both Hall-effect sensors and optical encoders serve specific niches within rotary
position sensing applications. The choice between the two technologies will depend
on factors such as required precision, environmental conditions, space constraints,
budget, and application requirements.
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CHOOSING BETWEEN
HALL-EFFECT
SENSORS AND
OPTICAL ENCODERS

Choosing between Hall-effect sensors and
optical encoders for rotary position sensing
involves considering specific conditions and
application requirements.

When deciding between Hall-effect sensors and optical encoders, these
considerations should be thoroughly evaluated.

1. Harsh Environmental Conditions
e Dusty or Dirty Environments: In settings where there is significant dust, dirt,
or moisture, Hall-effect sensors are preferred. They are robust and can operate
effectively without the risk of contamination affecting their performance, unlike
optical encoders, that can malfunction if dirt obstructs the light path

e Extreme Temperatures: Hall-effect sensors can typically operate in a broader
range of temperatures. If an application requires operation in extreme heat
or cold, Hall-effect sensors are often more suitable due to their durability and
reliability

2. Compact and Simple Design Requirements
e Size Constraints: In applications where space is limited, Hall-effect sensors are
more compact and have simpler designs. Their small footprint makes them ideal
forintegration into tight spaces, such as in microcontrollers, small motors, or
portable devices

e Simpler Installation: Hall-effect sensors often require less complex installation
compared to optical encoders. Their straightforward mounting and wiring can
reduce the overall system setup time and effort

3. Cost Considerations
e Budget Constraints: Hall-effect sensors are generally more cost-effective than
opticalencoders. If a project has limited funding or requires a large number of
sensors, opting for Hall-effect technology can significantly reduce overall costs

e Economical Solutions for Lower Precision: In applications where high precision
is not critical, Hall-effect sensors can provide sufficient performance at a lower
cost compared to optical encoders that provide higher resolution but may be
unnecessary for less critical applications

4. Non-Contact Measurement Benefits
e Wear and Tear Concerns: Hall-effect sensors provide a non-contact solution
for rotary position sensing. If the system involves rotating parts that undergo
significant wear, using Hall-effect sensors can help extend the lifespan of the
components by eliminating the need for physical contact
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5. Power Consumption
e Low-Power Applications: Hall-effect sensors consume less power, making them
ideal for battery-operated devices or systems where energy efficiency is a priority.
If the application requires long battery life or low power consumption, Hall-effect
sensors are a better fit

6. Simplicity in Signal Processing
e Basic Position Feedback Needs: If the application requires basic rotational
position feedback without the complexity of high-resolution data logging or
intricate processing, Hall-effect sensors can fulfill these requirements efficiently.
The straightforward output signal allows for easy integration with simple control
systems

7. Direct Measurements of Magnetic Fields
e For Magnetic Applications: In scenarios where the monitored object is a
magnetic material or has magnets integrated (e.g., certain brushless dc motors,
positioning systems), Hall-effect sensors can directly measure the magnetic field
and provide accurate position feedback, potentially simplifying the design

8. Automotive and Industrial Applications
e Automotive Applications: In automotive systems such as crankshaft or camshaft
position measurement, Hall-effect sensors are commonly used due to their
robustness and reliability, providing accurate sensing in dynamic conditions

e Direct Drive Systems: For direct drive applications in robotics or industrial
machinery, where the system might experience frequent starts and stops, Hall-
effect sensors can offer reliable position detection without mechanical alignment
issues commonly associated with optical systems

CONCLUSION

Hall-effect sensors are particularly advantageous in conditions characterized by
harsh environments, space constraints, cost limitations, low power requirements, and
simpler installation. They provide a reliable, low-maintenance solution for many rotary
position sensing applications.
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For more information

Honeywell Sensing Solutions services
its customers through a worldwide
network of sales offices and distributors.
For application assistance, current
specifications, pricing or the nearest
Authorized Distributor, visit our website
or call:
USA/Canada
Latin America

+1 3026134491
+1 305 805 8188

Europe +44,1344 238258
Japan +81 (0) 3-6730-7152
Singapore +65 63552828
Greater China  +86 4006396841

Honeywell Sensing Solutions
830 East Arapaho Road
Richardson, TX 75081

www.honeywell.com
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WARRANTY/REMEDY

Honeywell warrants goods of its manufacture
as being free of defective materials and

faulty workmanship during the applicable
warranty period. Honeywell's standard product
warranty applies unless agreed to otherwise by
Honeywell in writing; please refer to your order
acknowledgment or consult your local sales
office for specific warranty details. If warranted
goods are returned to Honeywell during the
period of coverage, Honeywell will repair or
replace, at its option, without charge those
items that Honeywell, in its sole discretion,
finds defective. The foregoing is buyer’s sole
remedy and is in lieu of all other warranties,
expressed or implied, including those of
merchantability and fitness for a particular
purpose. In no event shall Honeywell be

liable for consequential, special, or indirect
damages.

While Honeywell may provide information or
engineering support for its products through
Honeywell personnel, literature and website, it
is the buyer’s sole responsibility to determine
the suitability of the Honeywell product(s) for
the buyer’s requirements.

Specifications may change without notice.
The information we supply is believed to

be accurate and reliable as of this writing.
However, Honeywell assumes no responsibility
forits use.
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